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1.1  �  Introduction

Automation is the process or technique of doing certain works by the use of automatic 
equipment in the place of human operators during a product manufacturing (Groover, 
2007). Automation is achieved by the use of highly automatic tools and equipment 
embedded with sophisticated electronic devices. Although automation eliminates the 
human operators from a speci�c job, they create new jobs to assist the automatic 
tools and equipment (Hoos, 2000). Automation is widely used in several areas such 
as manufacturing industries, medicine, healthcare, engineering, supply chain, and dis-
tribution (Viswanadham, 2002). There are several areas where automation reduces 
human intervention to a minimum resulting in saving of labor and energy; improved 
precision, accuracy, and quality of products; and high productivity (Parasuraman and 
Riley, 1997; Paul and Becker, 1983; Stylios, 1996).

Before 1947, the concept of automation was not widely used. Although the knowl-
edge of automation existed in some areas such as temperature regulation, automatic 
loom, automatic spinning mills, and automatic �our mills, the concept did not gain 
wide industrial acceptance. Automation became familiar only after 1947, when the 
automotive manufacturer Ford established an automation department (Jarvis, 2000). 
Feedback controllers were widely used during this time for automation in manufactur-
ing. The developments in digital technology, controllers, relay switches, and sensors 
helped in the designing of automatic tools for various automation applications. Today, 
there have been wide applications of automation in various �elds such as chemical 
plants, oil re�neries, mining, textile industries, garment manufacturing, steel plants, 
plastic manufacturing, automotive components, aircraft production, and food process-
ing (Ostrouh and Kuftinova, 2012; Risch et al., 2014; Aitken-Christie et al., 2013).

Clothing is the second most important need to human beings after food. This 
need is increasing around the world because of increased population and behavioral 
changes of consumers toward fast fashion. The global need for clothing is ful�lled 
by the production facilities in developing countries as it is not economically viable to 
produce cheaper clothes in developed countries (Geref� and Frederick, 2010; Nayak 
and Padhye, 2015). The last few decades have witnessed the shifting of clothing 
production to countries such as Bangladesh, Vietnam, China, Indonesia, India, and 
Cambodia, where the wages are the lowest (Mani and Wheeler, 1998). This has helped 
to keep the price of �nal garment low because of cheap labor overhead. However, 
the recent garment production is suffering from stiff global competition, rising labor 
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costs in many countries, lack of skilled workforce, and a change in consumer behavior 
in�uenced by fast fashion and social media (Nayak and Padhye, 2015). Furthermore, 
the consumers today expect high quality and trendy clothes at cheaper price delivered 
to their doorstep in a short time.

Clothing production starts from �ber and includes yarn, fabric, and garment man-
ufacturing (Nayak and Padhye, 2015). In addition, other industries that produce trims 
and accessories for garments, leather industries, and fashion accessories industries 
are also considered as a part of the global fashion industry (Nayak et al., 2015b). The 
logistic providers for the supply chain management (SCM) of textile and clothing 
industries, retail stores, and the stores dealing with the recycling of end-of-life clothes 
are also considered as part of the fashion production process. Apparel manufacturing 
is labor intensive, but often there is a high demand on product quality. Hence, to ful�ll 
the high-quality requirements, it is necessary that the labor-intensive processes are 
converted into automated processes accomplished by the use of computerized tools, 
digital components, and arti�cial intelligence (AI) (Nayak et al., 2016).

Although there is a wide scope for automation in all the above activities, automa-
tion has not been widely adopted because of reasons such as high cost, complexity of 
processes, and availability of cheap labor (Stylios, 1996). Inspite of several bene�ts, 
in many of the developing countries, the labor-intensive clothing production still use 
manual practices as it was many years ago, rather than automatic equipment. This can 
be attributed to the factors such as: (1) clothing production has not progressed to the 
same extent as it has done in other sectors such as automobile production, (2) avail-
ability of cheap labor in many developing countries, (3) high initial investment on the 
automatic tools and equipment, (4) complexities involved in the automation because 
of inherent nature of clothing production, (5) frequent style changes, and (6) produc-
tion of a garment style in different sizes.

Several researches have been done on the automation and application of AI in gar-
ment manufacturing (Stylios, 1996; Wang et al., 2005; Fang and Ding, 2008; Stylios 
et al., 1995). During the preparation of the book, a gap was observed in the number of 
published articles reviewing the automation of garment manufacturing and the recent 
trends. Hence, an attempt was made to cover all the areas of automation in garment 
manufacturing in this chapter. This chapter discusses the global scenario of automa-
tion in garment manufacturing including the requirement and fundamental concepts. 
The major problems of automation lie in fabric handling, which has been covered in 
detail. Automation in various processes of garment manufacturing has been covered in 
detail. The other areas of automation such as spinning, weaving, and fabric inspection 
have also been covered. In addition, the advantages and disadvantages of automation 
and the future trends have also been discussed in this chapter.

1.1.1  �  Garment manufacturing: from concept to consumer

The garment manufacturing process starts from a concept or conceptualization stage 
and ends with the consumers. In the initial stage, a clothing style is conceptualized 
based on the forthcoming trends in silhouette, color, fabrics, and trims. These con-
cepts are translated into the forms of “mood boards” and “inspiration boards.” These 
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concepts are converted into real garment shapes by the designers with the help of 
computer-aided design (CAD) software (Nayak and Padhye, 2015; Kim and Kang, 
2003). Then, in the range planning a range of colors, fabrics and trims are �nalized 
including the raw materials. The prices for the range of garment styles and their cor-
responding volume are �nalized before moving into the production process.

The production process involves the selection and procurement of raw materials 
such as �bers, yarns, and fabrics (Fig. 1.1). A garment manufacturer can source the 
�nished fabric and start manufacturing the garment or it can start from the initial phase 
of �ber selection, yarn manufacturing, fabric production, and then �nally the garment 
manufacturing as a vertically integrated garment industry (Nayak and Padhye, 2015). 
In the �ber selection process the required �bers (natural and/or synthetic) are selected 
for spinning. In yarn manufacturing the �bers are converted into yarn of required 
�neness, strength, and uniformity by several spinning processes such as ring, rotor, 
and air-jet spinning. There are several automations done in the spinning process such 
as automatic yarn mixing, auto-dof�ng, auto splicing, and automatic bobbin change 
(Oxenham, 2003).

Fabric is produced by weaving or knitting processes. Weaving is performed by 
shuttle looms and shuttleless looms such as miniature gripper, rapier, water-jet, and 
air-jet looms, whereas knitting is performed by circular or �at knitting machines. 
Each process produces fabric with different properties and their suitability for speci�c 
end use application also varies. There are several automation in the weaving process, 
which involves automatic warp tension control, automatic pick repair, electronic warp 
and weft stop motion, and online fabric fault monitoring. Similarly, the automation 
in knitting involves seamless garment manufacturing, automatic yarn selection, and 
online fabric fault detection (Nawaz and Nayak, 2015). The details of automation in 
spinning, weaving, and knitting processes are discussed in Chapter 3.

The readers can refer to Fig. 5.2, which describes various steps followed during the 
process of garment manufacturing from receiving the fabric till the packaging. The 
major steps in garment manufacturing can be categorized into three groups such as 
(Nayak and Padhye, 2015):

	1.	� Preproduction processes: Preproduction processes cover product planning, sample devel-
opment, designing, approvals, raw material sourcing, preproduction meeting, and produc-
tion scheduling (Stylios, 1996). Selection and procurement of trims, threads, and accessories 
are also covered in this step. These preproduction processes ensure that the garment manu-
facturing is performed on time so that the �nal garments are delivered within the lead time.

	2.	� Production processes: The production process includes fabric spreading, cutting, bundling, 
and sewing. Fabrics are spread in �at tables and cut by tools such as knife cutter, laser cutter, 

Conceptualization

End-of-life

Fiber
selection

Consumers

Yarn
manufacturing

Retailing

Fabric
production

Garment
manufacturing

Figure 1.1  The process sequence of garment manufacturing.
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or water-jet cutter. The cut components are separated, bundled and �xed with a bundle tick-
ets, and moved to the sewing operation. A number of sewing operations are performed by 
different workers to �nish the garment.

	3.	� Postproduction processes: Postproduction processes involve thread trimming, pressing, 
inspection, folding, packaging, and shipment. Once the garments are manufactured, loose 
threads are trimmed, garments are pressed and inspected for quality, and packed and trans-
ported to the retail stores by the manufactures own logistic network or any third-party logis-
tic providers. The consumers purchase their favorite clothes from the retail stores.

Once the garments are manufactured, they are transported to the retail stores, 
which link the suppliers in the upstream and the consumers at the downstream end. 
Consumers buy their required clothes from the retail stores and use it as desired. Once 
the service life of a garment is �nished, it reaches its end-of-life stage. At the end-
of-life stage, the garments can be reused, recycled, or else they go to the land�ll. 
Numerous fashion brands are trying to reduce the amount of end-of-life garments 
going into the land�ll by the concept of reduce, reuse, and recycle (Pui-Yan Ho and 
Choi, 2012; Farrant et al., 2010).

1.1.2  �  Global scenario of automation

The current scenario of automation in the developing countries where the garments 
are manufactured will be covered in this section. The production of garments has 
moved from developed countries to developing countries to keep low cost of produc-
tion mainly because of low labor costs. In spite of the technological developments, 
garment production is still labor intensive in these countries. There are only few tech-
nologies that have been widely accepted as automation by garment manufacturers, 
which include button holing machine, button attaching machine, bar tacking machine, 
label attaching machine, and pocket sewer.

Technological advancements have helped the application of new concepts in gar-
ment manufacturing, which includes high sewing machine speed, CAD and com-
puter-aided manufacturing (CAM) applications, new techniques in cutting, fusing, 
and pressing, and application of robotics (Nayak and Padhye, 2014; Kim and Kang, 
2003; Yan and Fiorito, 2007). By introducing the new technologies into the process 
of garment production, a substantial increase in productivity and quality of work can 
be achieved. Consequently, the clothing industry is being transformed from a tradi-
tional, labor-intensive industry, into a highly automated and computer-aided industry. 
Garment production processes require, above all, the development and application of 
the computer-aided technologies as described in Table 1.1:

A garment manufacturer can have its own yarn and fabric manufacturing plants 
from where the fabric is brought for the garment production. This can help to produce 
the needed fabric within a short lead time with desired quality. However, majority of 
the clothing manufacturing companies procure �nished fabric externally as per their 
requirement and convert them into garment. Some clothing manufacturers can also 
perform various other processes relating to garment manufacturing externally such 
as embroidery, patch work, or design printing from other producers and complete the 
remaining processes in-house.
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Table 1.1  Various automation systems and advanced tools in garment manufacturing

Technology used in automation Abbreviation Description Areas of application

Computer-aided design CAD Creation of design, drawing of garment  
components by the use of computers

Designing, patternmaking, digitizing, 
and grading

Computer-aided manufacturing CAM Manufacturing of garments by the use of 
machines controlled by software

Spreading, cutting, sewing, and  
material handling

Computer-aided process planningCAPP The use of computers in production planning 
of garment manufacturing

Production planning, linkage between 
CAD and CAM

Computer-aided quality control CAQC Application of computers to inspect the garment 
quality

Garment inspection, statistical process 
control

Computer-aided testing CAT Testing the components by the use of 
computers

Intermediate testing of semi�nished 
garments, �nal inspection

Automated inspection AIN Presentation of the components and inspec-
tion are both done automatically

Fabric, trims inspection

Automated material handling 
devices

AMHD Used to automatically handle the fabric and 
other cut components

Fabric, patterns, semi�nished garment 
handling

Arti�cial neural network ANN Computational model based on the structure 
and functions of biological neural networks

Fabrics inspection, color solutions,  
garment inspection, supply chain, 
retail management

Pick/place robots PPR Robots are used to pick products from one 
location to another

Fabric handling for sewing

Continued
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	•	� Competitive advantage: The globalization of apparel manufacturing has led to stiff 
competition among various global partners. Hence, in a highly competitive atmosphere, 
there is a need to adopt newer technologies and automation to gain the competitive 
advantage. When the industries gain competitive advantage with the new technologies, it 
is likely that they adopt it. The use of advanced technologies can better satisfy the �rm’s 
requirements and ful�ll the requirements of the customers. The advanced technologies 
can help in solving complex problems, produce improved quality, and reduced defects.

1.2  �  Automation in garment production

A garment industry’s competitive advantage in global market depends on the level of 
advanced technologies and automatic tools and equipment that are used in its design-
ing, production planning, manufacturing, supply chain, and retailing. Clothing man-
ufacturers can meet the global market demand for high quality and reduced cost by 
constant adoption of newer technologies and automation for quick response (QR) and 
just-in-time production. Budget limitations in many developing countries prevent the 
garment manufacturers to adopt the advanced technologies.

1.2.1  �  Requirements of automation

Skilled labors are used in almost all the operations involved with garment manufac-
turing. The quality control of �nal garment is more subjective in nature based on 
nonnumeric description of quality and understanding of the garment style and design 
requirements. There is no doubt that automation can increase the ef�ciency of pro-
duction, reduce the number of defects, and reduce the overall cost of manufacturing. 
The global demand for quality garments, low cost of production, and competitive 
advantage can be achieved by the adoption of automation. However, the adoption of 
automation in garment manufacturing will take some time before it is fully realized in 
garment manufacturing.

1.2.2  �  Fundamentals of automation

Millions of dollars were spent in the developed countries including the Europe and 
the United States to automate the garment manufacturing process in 1980s (Nilsson, 
1983). However, this attempt did not achieve large-scale automation in garment indus-
tries, although some processes were automated. Although there have been a good 
number of research to automate garment manufacturing after 1980s, the progress in 
achieving fully automation has not been realized yet. This can be attributed to the 
associated dif�culties in fabric handling, which is discussed in Section 1.4. The prin-
ciples of automation in garment manufacturing can be started from the very beginning 
stage, i.e., �ber production through yarn manufacturing, fabric manufacturing, and 
�nally the apparel manufacturing as shown in Fig. 1.2.

Majority of the earlier researches on fabric handling are based on using an indus-
trial style robot arm, which can grip the fabric with a custom end effector and rotate 



9

it during the fabric feeding using the feed dog systems. Frank Paul (Paul and Becker, 
1983) designed a fabric handling system to detect the edge of a fabric using machine 
vision. This system can determine the placement of the end effector on the fabric 
and accordingly plan a seam path at an offset to that edge. However, this system was 
not much successful as it was lacking robustness because of outgoing �laments and 
unable to handle inhomogeneous cuts and wrinkles in the fabric. Furthermore, this 
system was unable to handle multiple pieces of fabric used in a seam and was not very 
useful for automatic fabric handling.

Programmable logic controllers (PLCs) are used while automation is incorporated 
in the manufacturing processes (Gungor and Lambert, 2006). Although PLCs are sim-
ilar to computers, they are optimized for task control during industrial applications 
compared with computers, which are optimized for calculations (Pinto et al., 2007). 
Programmable memory is used in PLCs, which store instructions and functions such 
as logic, counting, sequencing, and timing. The processing system of a PLC uses 
simple programming to vary the controls of inputs and outputs. The �exibility of the 
PLCs is their greatest advantage as the same basic controller can operate with a range 
of control systems. The �exibility also helps in cost saving while designing complex 
control systems.

The technological advancements in an apparel industry can be classi�ed as: (1) 
software technology and (2) hardware technology. The software technologies include 
the CAD, CAM, ERP software, statistical process control, software for production 
planning and inventory management, and data management; whereas the hardware 
technologies include automated sewing, automated identi�cation, programmable 
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Figure 1.2  The intelligent textile and garment manufacturing environment.
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production controllers, automated material handling, automated inspection systems, 
and robotics (Kumar et al., 1999).

The use of robotics is also increasing in the garment manufacturing mainly in the sew-
ing �oor (Bailey, 1993). Robotics is the branch of electronic technology that deals with the 
design, construction, operation, and application of robots. Various mechanical, electrical, 
and electronic components are used including the computer software to make the robotics 
accurate and fast. The application of industrial robotics started after World War II as there 
was a need for quicker production of consumer goods (Vogel, 1986). The technological 
advances has helped to design much advanced robots, which are employed in manufac-
turing, domestic, commercial, and military applications. Robotics is also applied in areas 
where there is potential threat or the job is repetitive in nature as in garment manufacturing.

1.3  �  Areas of automation

There are several areas of automation in garment production, which also includes yarn 
and fabric production processes. A brief description has been given earlier on the auto-
mation of yarn and fabric manufacturing. This section will focus on the automation of 
processes involved in garment production, which included fabric inspection, CAD and 
CAM, fabric spreading and cutting, sewing, pressing, material handling, and the role 
of radio-frequency identi�cation (RFID) in automation.

1.3.1  �  Automatic fabric inspection

Fabric inspection is performed by the skilled workers on a lighted surface who per-
form a subjective evaluation of the fabrics. As it is a manual process, many times the 
faults are not detected accurately. Furthermore, the inspection is also affected by the 
psychological factors, tiredness, and physical well-being of the inspector. Hence, 
the inef�ciency and inaccuracy of the inspection can be passed into the fabric, which 
can result in the production of defective garments. The use of automation tools and 
equipment can help in increasing the ef�ciency of the inspection process.

Online automated inspection systems can detect the faults during the fabric pro-
duction as well as during the fabric inspection process. Various techniques such as 
statistical approach, spectral approach, and model-based approach can be taken for 
automatic fabric inspection (Ngan et al., 2005, 2011; Park et al., 2000). In all these 
approaches fabric image is manipulated by a software or modeling tool to extract 
the information relating to the severity of fabric faults. The faults detected are auto-
matically marked in the fabric and some points are allocated depending on the fault 
dimension and severity. If the fabric lot exceeds a certain threshold, they are rejected.

1.3.2  �  Computer-aided design and computer-aided 
manufacturing

Introduction of computer-aided processes and appropriate information systems to 
support the area of technological preparation of production started in the clothing 
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industry in the mid-1970s. This was a logical result of rapid development in computer 
technology and is becoming both a matter of urgency and a decisive factor in the 
clothing producer’s success. The use of modern and capable computer hardware and 
software can assure high and constant quality of garments, increased productivity, 
�exibility, and QR to the requirements of the fashion market. Computer equipment 
is widely used for design and production of garments as well as for the assurance 
of effective information �ows. The producers of such computer equipment, such as 
graphic workstations, have successfully adopted the characteristics of the engineering 
area of clothing technology.

The measurement of body dimensions is a manual and time-consuming process. 
For the production of traditional mass customized garment, different body dimensions 
are measured and recorded in a paper. These measurements are used by the designer or 
tailor to produce the customized garment. These practices although inaccurate, incon-
sistent, and tedious, are still followed in many countries for the production of custom-
ized garments. However, for the production of mass customized garment in a retail 
store, the advanced tools such as 3D body scanning should be used to automatically 
extract the measurement of the body dimensions. The 3D body scanning devices can 
capture the three coordinates (X, Y, and Z) for the whole human body. Then appropri-
ate software can convert these data into accurate body dimensions.

3D body scanning is a noncontact technique that captures body dimensions over 
360 degrees by the use of white light or laser light (Nayak and Padhye, 2016). The 
data collected are accurate and represent the three-dimensional shape of the real body, 
which can be used in the formation of the body shapes and contours to create a 3D 
virtual model (Nayak and Padhye, 2011). These scanned data can be used to create 
patterns for different types of garments. For creating patterns, an automatic system 
need to be developed that can locate the referencing points or landmarks needed for 
generating body measurements from the scanned data by using a model-based fea-
ture recognition algorithm. The scanned data from the 3D scanner have a format of 
three-dimension point cloud, which indicates many points on the body surface (Kim 
and Kang, 2003).

These scanned data can also be used for developing the virtual �t model, which are 
similar to virtual clothing samples. These virtual clothing samples can be presented to the 
buyers, retailers, or even to the consumers. The virtual �t models eliminate the cost and 
time involved in the creation of physical samples, and the style is approved in the �rst 
attempt. The virtual �t models can help the customers to visualize the mass-customized 
product before making the purchase (Nayak et al., 2015a). The right type of fabrics can 
be selected as per the customer’s choice and then the virtual �t and appearance of the 
clothing can be evaluated before making the purchase decision. The virtual �t model is 
used by many online retail businesses such as eBay.

1.3.3  �  Fabric spreading and cutting

Fabric spreading can be accomplished by automatic machines on the spreading table. 
Some machines can work for fabric used in a wide range of applications such as 
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workwear, automotive, container bag, industrial applications, high-performance appli-
cations (e.g., Nomex, Kevlar, and carbon), nonwovens, and felts including the apparel 
fabrics. The fabric parameters such as length, width, and ply counts can be entered 
into the liquid crystal display touch screen of the machine. The fabric is automatically 
spread by the machine for the number of plies and stops when the number of plies 
has been completed. In addition, the machine has the provision to slow down when it 
approaches both the ends and take care of the alignment of the fabric grain line with 
the help of sensors.

Similarly automatic cutting machines are available to cut multiple plies of a range 
of fabric types ranging from lightweight apparel fabric to high-performance industrial 
fabrics. The marker is fed to a computer using a USB and the cutting head automati-
cally moves to cut the pattern pieces as per the marker. Cutting can be performed by 
the use of laser, knife, or water-jet. Some of the other features include auto-detection 
of blade sharpness and indication when the blade is blunt, automatic drilling, and 
notching. Laser cutters can provide certain degree of advantages than the other cutters 
in terms of accuracy, no fraying of fabrics, precise and smooth cutting edges, and no 
change of blades (Nayak et al., 2008). The advantages of automatic cutting over man-
ual cutting are increased ef�ciency and accuracy; ease of cutting single and multiple 
plies; and perfect cutting in the �rst time.

1.3.4  �  Sewing

As mentioned earlier, majority of the fashion brands and garment retailers have 
already shifted their production to the ASEAN (Association of Southeast Asian 
Nations) countries such as Vietnam, Cambodia, and Laos. In these countries, most 
of the garment manufacturing processes especially the sewing process is still done 
by skilled labor (Manchin and Pelkmans-Balaoing, 2008; Mirza and Giroud, 2004; 
Yue, 2005). Substantial progress has not done by the manufacturers on purchasing 
automated tools and equipment. This has helped them to keep their investments low. 
On the other hand, there are some manufacturers with automated tools and equipment 
for sewing and other activities that can produce value-added products more ef�ciently. 
The manufacturers not investing on the modern tools and equipment are facing very 
stiff competition to keep the labor cost low.

For automation of sewing process, industrial robots are recently being developed 
that can handle the fabric during sewing operation (Lu et al., 2010). The concept of 
automatic sewing robots was derived from a motorized hand-held medical sewing 
machine used to close the edge of wounds by spherical seams (Zöll, 2003). Fig. 1.3 
shows the image of a compact and light robotic sewing machine (Moll et al., 2009). 
In this machine the mechanism of seam formation is similar to a traditional sewing 
machine. The difference lies in the technology the machine operates, the weight, and 
dimensions. Being robotic, it carries miniaturized components performing speci�c 
functions. The machine works with an industrial robot by a coupling unit. Various 
types of stitches such as overlock stitch, double chain stitch, and double lockstitch 
can be formed by the machine. The technical challenges with this machine are: (1) the 
synchronization of the continuous robot movement and discontinuous sewing process; 
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and synchronization of the time sequence of vertical sewing foot movement, horizon-
tal needle movement, and robot speed.

There have been some experimental trials to stitch the whole garment by the use of 
robots. One such example is Zornow’s robot “Sewbo,” which can handle the fabric com-
ponents during automatic sewing (Graham-Rowe, 2011). The fabric need to be stiffened 
by the application of a water-soluble and nontoxic polymer (polyvinyl alcohol), which 
makes the handling operation easier. This polymer has been successfully applied to the 
yarn as a sizing material. The polymer can be removed from the yarn and fabric by the 
application of hot water. The fabric also retains its original softness after washing.

Invented by Zornow in 2015 (in Sewbo Inc.), the robot “Sewbo” can sew a T-shirt 
from start to the end. This success was a milestone in achieving 100% automation to 
manufacture a complete garment. The sequence of operations includes cutting of the 
panels of the T-shirt by a machine, drenching and stiffening the panels with the poly-
mer, laying them in a �at surface. Then the robotic arm lifts the panels by its suction 
cups and positions them in a commercial sewing machine. Once stitched, the robot 
lifts from the sewing machine and the T-shirt is ready. The industrial robot has been 
successfully applied in the manufacturing of a T-shirt.

The robot can be programmed to grip and position the fabric to the sewing machine 
repeatedly for a speci�c size and speci�c operation. When the size or the style of the 
garment changes, the robot need to be reprogrammed. The robot is now successful to 
completely �nish all the operations for a T-shirt. This technology can be extended to 

Figure 1.3  The use of robotics in garment manufacturing.
Source: (Top left): Basic principle: Robotic 3D sewing technology/Philipp Moll GmbH & Co 
KG/ and (bottom right): Spherically positioned fabric is assembled by robot guided sewing 
machine/Philipp Moll GmbH & Co KG/.
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other garment styles by the program and design modi�cation. However, multiple robots 
may be needed to perform all the operations relating to a particular garment style.

The use of sewbots such as “Sewbo” will help to achieve high-quality garments at 
reduced cost (Fig. 1.4). This will also help in solving the labor-related issues, reduc-
ing the lead time, reducing defects, and reducing the supply chain, which is a major 
concern for many global retailers. These robots can work with a wide range of fabrics 
except the fabric applied with hydrophobic �nish or other specialty �nish or leather 
material as it is hard to apply the stiffening polymer. In these cases operations such as 
attaching the cuffs and collars can be performed automatically.

Although reasonable progress has been made in the sewing machine settings and 
stitching quality to change with the fabric quality, there are areas of complexity such 
as needle–fabric interaction while sewing. As the relationship between the physical 
and mechanical properties on fabric behavior is nonlinear, the interaction between the 
fabric and needle is nonlinear (Shishoo, 1995). Relating to the nonlinear interaction, 
the behavior of individual materials is different, which makes the automation process 
dif�cult. Furthermore, during the sewing operation, the pulling or slipping of fabric 
cannot be precisely controlled by the automatic equipment, leading to seam pucker. To 
resolve this problem the control algorithms should be robust enough to work success-
fully where no transfer function exists.

(a)

(b)

Figure 1.4  Industrial sewing robot “Sewbo”: (a) fabric gripping and (b) sewing.
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The use of robotic 3D sewing technology can explore new dimensions in sewing as 
it can produce high-tech garments with high quality. Furthermore, the 3D sewing tech-
nology can help in cost reduction and fast response to customer demand. One of the 3D 
sewing technologies was developed by Philipp Moll GmbH & Co., which can make 3D 
seams automatically (Moll et al., 2009). The cut components of a garment are placed in a 
3D mold and an industrial robot guides a special sewing machine along the spatial seam 
course. The adjustable mold can adapt to different shapes and sizes of the garment. The 
3D sewing technology can be used to manufacture apparels (trousers, jackets, shirts) 
and car seat covers, airbag fabrics, and many other 3D shapes. This 3D technology can 
help in achieving better quality of sewn products at higher ef�ciency. The characteristic 
features of 3D sewing technology have been discussed below:

	•	� The cut components are placed in the 3D mold in their spatial shape free from creases and 
tension.

	•	� The cut components are not handled manually during 3D sewing operation.
	•	� The industrial robot guides the sewing machine along the spatial seam path, and the sewing 

is free from manual interference.
	•	� All the steps involved in sewing such as fabric positioning, transportation, sewing, and off-

loading are performed by the robot integrated with the special sewing machine. As multiple 
operations are handled by the robot, the ef�ciency of the process increases.

	•	� The 3D sewing technology can be extended to several fabric types, �exible, accurate, and 
free from skilled worker and their psychological well-being.

	•	� The 3D sewing technology helps to reduce the labor cost, increases productivity, and inde-
pendent of labor costs and manufacturing location.

1.3.5  �  Pressing

The other area lacking automation is pressing, which is one of the important steps to 
enhance the aesthetics of the product before going to the customers. Pressing is done to 
remove any creases in the garment so that it is attractive when the customer purchases 
it. A better way of presenting the purchased garment to the customers helps in brand 
recognition. There have been a wide range of developments in automating the pressing 
operation, which has been discussed elsewhere in detail (Nayak and Padhye, 2015).

In garment manufacturing, pressing is a taxing task and it is performed in relatively 
inhospitable environment. Often, it is performed by the workers with less skill of sewing. 
It is more suitable for male workers as the strenuous work in poor working conditions 
are counterbalanced by higher pay. There is always a challenge to �nd and retain skilled 
workers for pressing operation. The operators when acquire adequate skill, migrate to 
other industries for higher salary. The labor turnover in pressing is higher than sewing. 
Hence, getting consistent pressing quality is always a problem. These problems can be 
addressed by adopting the automation technique in pressing. Furthermore, the problem 
of labor shortage and human error during pressing are eliminated by automation.

Although there have been several technical advancements in the pressing technology, 
the number of automation tools is limited. A number of advanced technologies such as 
pressing robot, jacket �nisher (front), shirt �nisher, and shirt press have been commer-
cially available. However, the labor application is still prevalent in loading or removal 
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of the garment into the buck, smoothing, and shaping. For successful automation of the 
whole garment manufacturing process, it is essential to gain signi�cant improvement in 
pressing in addition to the other areas (cutting, sewing, and material handling).

1.3.6  �  Use of radio-frequency identi�cation

RFID is an identi�cation system that uses electromagnetic �elds to identify and track 
the movement of objects (Jones et al., 2005; Rekik et al., 2008). The use of RFID 
system can assist the automation process during garment manufacturing by helping to 
trace the products during the whole manufacturing process (Nayak et al., 2015c). The 
identi�cation technique helps to accurately identify and monitor the progress of the 
semi�nished and �nished garments from remote places in a real-time environment. 
The collected information can be used to increase in inventory turnover, improve qual-
ity, and automate the manual processes. RFID technology is easily installed and works 
in the production environment to increase the production ef�ciency.

For example in cutting, the cut bundles can be attached with an RFID tag, which can 
be used for the identi�cation of the components, style, color, and other relevant infor-
mation (Nayak et al., 2015c). Furthermore, the information on the processes that has 
been completed and the processes that is pending can be obtained from the tags. The 
use of RFID technology can help in the intelligent garment manufacturing and auto-
mation (Nayak et al., 2007). As the RFID tags contain the information on the processes 
to be performed, once a process is complete, the readers can update the information 
and transport the components for the next operation. The use of RFID tags can help 
to generate reports, monitor the progress of each operator and each production style.

RFID technology has many applications in textile and garment manufacturing such 
as inventory management, product tracking, production monitoring and control, retail 
management, and brand segregation. RFID technologies may improve the potential ben-
e�ts of SCM through reduction of inventory losses, increase of the ef�ciency and speed 
of processes, and improvement of information accuracy. The basic of success lies in 
understanding the technology and other features to minimize the potential problems.

1.4  �  Dif�culties in automation

Unlike the large-scale automation in other industries, garment industries are much 
slower in adopting the technology. The major problem hovers around proper handling 
of the fabric, due to high �exibility (Paul and Becker, 1983; Brown et  al., 1990). 
One of the major areas of research for several groups is related to the automation in 
fabric handling (Winck et al., 2009; Ono et al., 1992; Paul, 2004; Koustoumpardis 
and Aspragathos, 2003). The major component of clothing is the fabric, and in many 
operations they need to be moved from an operation or placed for a new operation. 
For moving the fabrics, they need to be held by an appropriate device and transferred 
to a movable component and then replaced for another operation. The selection and 
designing of such devices depend on the fabric properties, the operational speed, 



17

accuracy required, and the position of the points on the material for which such accu-
racy is required. The fabric may need to be gripped and transferred as a single com-
ponent placed on a surface (e.g., table) or from a bulk of other fabrics. For gripping 
a single component, a number of approaches can be taken as discussed in Table 1.2.

Some of the commercial devices based on the holding methods as described in 
Table 1.2 are discussed in the following section:

	•	� Clupicker uses the pinching method to hold the fabrics, which is similar to the human �ngers 
picking up the fabric. When a Clupicker is programmed to grip one component, it will be 
hard to grip the garment assemblies.

	•	� Polytex is based on the method of using pins or needles to pick up single fabric component. 
As these devices are prepared with high precision, they are slightly expensive.

	•	� Littlewood is also based on the method of using needles, which is a variation of the needle 
principle used to provide reliability in ply pick up.

	•	� Walton device is based on the combination of air foil, needle, and suction for picking up 
“oneply only.”

Although commercial equipment has been designed using the methods in Table 1.2, 
they are not very successful in fabric holding and transferring because of the following 
reasons:

	•	� There is lack of fundamental engineering approach,
	•	� There is lack of quantitative material data, and
	•	� The original equipment manufacturers (OEMs) do not perform dedicated research to solve 

the problems.

Table 1.2  Various approaches used for fabric gripping and transfer

Holding tool/method In�uencing fabric properties Comments

Pins or needles Fabric stiffness Chances of damaging delicate 
fabrics

Pinching Fabric stiffness and surface 
friction

May not be effective for limp 
fabrics

Friction Fabric stiffness and surface 
friction

Fabric dimensions should be 
stable

Penetration The hardness of the fabric The device used for penetration 
must not damage the fabric

Electrostatic Nature of �bers in the fabric, 
�atness, surface texture

May not be effective in some 
types of fabrics

Suction Fabric porosity Hard to handle porous fabrics 
such as nets

Adhesive Nature of �bers, effectiveness 
in postremoval of adhesive

Additional process of adhesive 
removal is needed

Freezing All fabric can be handled. The 
type of �ber in�uences the 
time needed for freezing and 
heating operations

Additional time needed 
for freezing and heating 
operations
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high-speed automatic sewing, researchers at the Georgia Institute of Technology (GIT) 
have developed a device that can identify excessive needle heating and indicate to the 
operator (Silva et al., 2003). The device is based on the use of certain sound frequen-
cies whose amplitudes increase when sewing needles become worn. In the incident 
of a thread break or when the needle wear exceeds a preset level, the computer alerts 
the operator by sending a signal that turns on a light. Researchers at GIT are also 
designing devices to detect sewing problems resulting from needles and thread before 
they occur. Piezoelectric sensors can be used to monitor the thread movement during 
sewing, which send the data into a computer and the computer detects the fault.

1.5  �  Advantages and disadvantages of automation

The use of automation in garment manufacturing provides several bene�ts and helps 
the industry to gain competitive advantage and produces good quality product at lower 
cost. The automation process also suffers from drawbacks, which are discussed in the 
following section.

1.5.1  �  Advantages

There are several bene�ts of using automatic tools and equipment in garment manu-
facturing, which are mentioned below:

	•	� Increase in productivity: Automation increases the productivity by increasing the ef�-
ciency of the process. When the job is performed by a labor, there are chances of error, 
reduced ef�ciency due to fatigue, and the breaks taken by the worker. However, automated 
process of performing the job eliminates these and increases the productivity.

	•	� Increased inventory turnover: As the productivity of the industry increases, the material 
turnover also increases. With manual operations the raw materials, cut components, and 
semi�nished components have to wait longer to get converted into the �nal garment. Hence, 
with automation increased inventory turnover is achieved.

	•	� Improvement in quality : As mentioned above, automation leads to reduced amount of error 
of garments because of human intervention is eliminated. This leads to the products with less 
defects, improved quality, and reduced rejection rates.

	•	� Replacement of repetitive and monotonous work: Majority of the garment manufacturers 
use progressive bundle system (PBS) of production. In PBS one worker performs a speci�c 
job and passes to the other. Hence, the work becomes repetitive and monotonous for the 
worker. This can lead to fatigue and reduced ef�ciency. However, automation can help to 
avoid these as all these repetitive works are performed by the machine.

	•	� Reduction of variability among products and product batches: As the involvement 
of labor is reduced, the variability of the products produced by different workers is also 
reduced. Similarly, the variability of the same product manufactured in different batches 
(manufactured over different times or in different industries) is also reduced.

	•	� Performing jobs beyond human capability: Automation can perform some jobs, which 
needs high skills of the labor. As today’s garments are moving toward the integration of 
electronic devices and other gadgets, high skill is needed many times to perform these oper-
ations. Automation can achieve these objectives much easily.
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	•	� Reduction of direct human labor costs and overheads: Automation helps to achieve 
increased productivity and ef�ciency. Automation also helps to perform the task of multiple 
operators. Furthermore, the need for training of workers for each new style and other quali-
ty-related training is reduced. Hence, the cost of human labor and labor overheads are reduced.

1.5.2  �  Disadvantages

Although there are several advantages of automation in garment manufacturing, there 
are several disadvantages associated with it, which are discussed below:

	•	� High initial cost of installation: The initial cost of installing automated tools and equip-
ment is high compared with the unit cost of garment. The cost of investment may be bene�-
cial when the automation is applicable to many products over a period.

	•	� High cost of research and development: The cost involved in the research and develop-
ment of automatic tools in garment industry is high. Therefore, it may take long time to 
realize the bene�ts and cost savings from automation.

	•	� Security threats: As the automatic systems lack intelligence, it is common to encounter 
errors when there is an unexpected change from the normal operation or deviation from the 
immediate scope. The automated subsystems cannot apply the general principles for simple 
logic to solve common problems.

	•	� High cost of maintenance: Automated equipment need special spare parts too, to repair and 
skilled people to do the repair and maintenance. Hence, the cost of care and maintenance 
will be higher compared with the normal machineries.

	•	� Unexpected production delays: This situation will arise when the automated equipment 
malfunctions or ceases to function. As it will take longer time to repair the automatic equip-
ment, there will be production delays. The whole product line will be suffered in case of 
mal- or nonfunctioning of automatic equipment.

	•	� Limited scope: Automation cannot be extended to all the processes involved in garment 
manufacturing. Some processes are hard or more expensive to automatize. Fabric �exibility, 
proper alignment of two components joined together, correct tension during sewing, and 
slippage of fabric during garment manufacturing are some of the factors that limit the scope 
of automation in garment manufacturing.

	•	� Lack of �exibility : Automation is not a �exible and convertible process in production of 
clothing. Garment manufacturing demands more �exibility as there are many style and size 
changes in a short time. Automation should allow the switching of production line from one 
to the other without much hassle. The use of digital electronics is helping to achieve more 
accuracy and �exibility in the product line.

	•	� Unemployment: Many workers may lose their jobs because of automation as automatic 
equipment can perform the job done by multiple workers. Hence, the workers doing the 
job will be at the risk of losing their jobs by automation. However, there will be some new 
jobs emerging because of the automation, which will provide employment. A recent report 
published by the International Labour Organization revealed that about 88% of workers 
in Cambodia’s textile, clothing, and footwear industry are at high risk of losing their jobs 
because of automation. Various advanced technologies such as 3D printing, CAD, 3D body 
scanning, and robotics application are the potential areas that need less people. Similar prob-
lems will be faced by the garment manufacturers in many other developing countries. The 
use of automatic cutting equipment and the increased use of robots in sewing (or sewbots) 
will be the most in�uencing areas. Several manufacturers in the Europe, the United States, 
and China are facing the problem. Although there is no immediate threat in ASEAN region, 
it will impact more with increased automation.
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1.6  �  Book contents

This chapter discusses brie�y about the garment manufacturing process (from con-
cept to consumer) and the global scenario of automation. This chapter also covers the 
requirements and fundamentals of automation in garment manufacturing. The areas 
of automation such as design development, body dimension measurement, sewing, 
pressing, and material handling are also discussed. Automation not only provides 
several advantages in garment manufacturing but also suffers from some drawbacks 
(disadvantages), which are discussed in this chapter. The future scope of automation 
in garment manufacturing has also been discussed.

Chapter 2, Automation versus modeling and simulation compares between the 
automation techniques, and modeling and simulation tools. It describes the tradi-
tional process of garment manufacturing, the application of automation, and com-
pares this with the results obtained by modeling and simulation regardless of their 
industrial adoptability. The intention of using automation and digitalization is to 
reduce production time, increase the diversity of products by acceptable cost for 
mass production as well as for custom production. It also describes the process of 
pattern construction using CAD.

Chapter 3, Automation in production of yarns, woven, and knitted fabrics deals 
with the automation in spinning and weaving, which are used for the production of 
yarns and fabrics, respectively. The �rst section on automation in spinning includes the 
developments by various manufacturers of spinning machineries. A section has been 
included to discuss on the automation in the sewing thread production. The �nal section 
discusses on the automation in fabric production by weaving and knitting (especially 
weft knitted fabrics). The quality monitoring of knitted fabrics has also been described.

Chapter 4, Automation in fabric inspection discusses the advancements in fabric 
inspection, which is a primary component of the garment. The principles and appli-
cations of statistical, spectral, and model-based approaches for the fabric inspection, 
which are faster and reliable, are also discussed. The researches on fabric inspection 
done by several researchers are also highlighted. Various commercial fabric inspec-
tion systems such as BarcoVision’s Cyclops, Elbit Vision System’s I-Tex4, Zellweger 
Uster’s Fabriscan, and Shelton webSpector for online or on-loom fabric fault analysis 
are also discussed in this chapter.

Chapter 5, Arti�cial intelligence and its application in the apparel industry focuses 
on the types of AI techniques that are employed in the garment manufacturing process. 
Various applications of AI in the textile industry such as �ber, yarn, and fabric produc-
tion are described. The major applications include, predicting the fabric properties, rec-
ipe prediction, and fabric fault detection. It also covers the applications of AI in apparel 
industry such as pattern design, production planning and control, marker making, sew-
ing automation, sales forecasting, fashion recommendation, SCM, and retail. The chal-
lenges faced by the AI and the future directions are also discussed.

Chapter 6, Automation in spreading and cutting discusses the role of automation in 
important garment manufacturing steps such as spreading and cutting in�uencing the 
garment quality. This chapter also highlights on the detection of faults by the use of 
automated machines. In addition, automatic cutting machines based on laser, knife and 
water-jet cutting are also discussed. The automatic pattern matching process during 
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cost and QR to the consumer market in terms of current designs and orders. Automation 
costs have come down recently, have been more �exible to accommodate varying cus-
tomer needs, more and more companies have been keen on accepting this technology.

Chapter 13, Use of advanced tools and equipment in industrial engineering focuses 
on the role of industrial engineering in garment manufacturing and the tools and equip-
ment used in the garment industry for time and motion study. This chapter highlights 
the methods-time measurement technique and the software applications development 
for work method design and to establish the operational time. The applications of 
software for time study, using the Reichsausschu�  für Arbeitsstudium techniques, are 
also presented in this chapter. This chapter also focuses on the line balancing speci�c 
problems including the case studies.

Chapter 14, Automation in quality monitoring of fabrics and garment seams is 
based on the application of automation in fabric and seam inspection. Fabric faults 
detection using machine vision has been discussed in this chapter. The role of image 
processing on fabric quality monitoring has been discussed. The automatic quality 
monitoring of seams, the traditional approaches, and the factors in�uencing the same 
have also been discussed. The detection of seam puckering, 2D process pattern rec-
ognition, quality monitoring of welded seams, and photogrammetry have also been 
discussed in this chapter.

Chapter 15, Recent developments in the garment supply chain covers the developments 
in logistics and supply chain starting from the �ber processing especially cotton �ber. This 
chapter covers the developments achieved in the supply chain to facilitate various activ-
ities. The role of logistic service providers, ware housing, distribution and retailing and 
their current trend has been discussed relating to fashion supply chain. The contemporary 
issues and the recent trends in the garment supply chain have been discussed. The role of 
lean and agile manufacturing and the use of RFID in fashion supply chain are also included 
in this chapter.

1.7  �  Future trends

Garment manufacturing process is labor intensive and now heading toward automa-
tion because of several advantages. The application of automation and robotics can 
transform the labor-intensive garment production into high-tech production centers. 
The automation can perform small tasks such as bobbin change to the use of sewing 
robots to produce the entire garment with improved quality, reduced cost, and reduced 
lead time compared with human work. Although the manufacturing of entire garment 
is not commercially successful till now, it will be a reality in near future. When auto-
mation is adopted in any process during garment manufacturing, the manufacturers 
should be aware of the pros and cons of installing automatic equipment.

The automation has not gained much success in garment manufacturing because 
of the �exibility of fabrics (Yue, 2005). For automated fabric handling, the relative 
changes in the humidity and temperature can lead to dif�culty during material han-
dling. Hence, the precise control of fabric and environment is very essential. For reli-
able results in automation, the fabric need to be manufactured with consistent quality 



24

and the environment should not change rapidly in humidity. The fabric handling area 
is the most challenging �eld of research for many researchers. In future, the research 
and development teams, garment manufacturers, and OEMs should look into alter-
native approaches for effective gripping and transferring of fabrics by using precise 
engineering principles. If a real solution is achieved, it will be a large success for a 
number of industries to adopt automation in fabric handling.

In future, the application of automation and robotics will be increasing in garment 
production. However, complete automation of clothing manufacturing may not be fea-
sible because of complex nature of the production systems and cost factors. As cost 
is the prime driving factor in garment manufacturing, the company owners in several 
instances do not want to install expensive automation tools and equipment. Hence, the 
scope and level of automation in future will be directly in�uenced by the labor cost 
in garment manufacturing. If the labor cost increases substantially, the manufacturers 
will focus on the automation techniques to reduce the cost of production.

It is believed that in future when the automation becomes a reality, several work-
ers will lose their job, which may not be true always. Although automation can per-
form the jobs done by multiple workers, there will be new jobs emerging because 
of automation. For example, the need to run the control software of the automation 
equipment and robotics can create more high-wage jobs compared with the low-wage 
manufacturing jobs. Hence, the workers can acquire these skills and earn high wages. 
There will be always some demand for high-skilled people to modify the program, 
maintain the machineries for automation.

1.8  �  Conclusion

Apparel manufacturing is a labor-intensive process since it was �rst mechanized in the 
19th century. Although, there have been several technological developments in many 
other �elds, the technology of sewing and its related processes have not done much 
progress. The modern apparel manufacturing process can be characterized by low �xed 
capital investment; a wide range of product designs and hence input materials; variable 
production volumes; high competitiveness; and often high demand on product qual-
ity. To achieve the products at competitive price, several fashion brands have moved 
their manufacturing facilities to developing countries such as Bangladesh, Vietnam, 
China, Indonesia, India, and Cambodia. Several garment industries in these countries 
are still performing manual operations because of availability of cheap labor, high cost 
of automation, and complexity of processes. The increased labor cost and demand for 
high-quality clothes cannot be ful�lled by the manual operations. The use of automatic 
tools and equipment is essential to cater these demands at lower production cost.

Fabric inspection, spreading, cutting, sewing, pressing, and material handling 
are some of the areas where automation can be adopted in garment manufacturing. 
Automation is achieved by the use of automatic tools and equipment embedded with 
sophisticated electronic devices or even by the use of robotics. Although not success-
ful commercially, the use of robots with high-speed sewing machines have helped to 
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produce complete garments without the use of labor. In future these processes will 
be extended to commercial manufacturing of garments fully by the robots. Increase 
in production ef�ciency, quality accuracy and reduction in the lead time are some 
of the bene�ts achieved by automation. There are several areas where automation 
reduces human intervention to a minimum resulting in saving of labor and energy 
and improved precision. Although automation eliminates the human operators from a 
speci�c job, they create new jobs to assist the automatic tools and equipment. In future 
the garment manufacturing will be fully automated that will eliminate the requirement 
for high-skilled labor. This will help the industries to gain competitive advantage and 
keep their product cost low.
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2.1  �  Introduction

The world is increasingly becoming digitally connected through networking and thus also 
production, which of course also affects the textile industry. The German government 
has named this process of the digital networking of products and production “Industry 
4.0,” the fourth stage of the development of industrialization, after mechanization, elec-
tri�cation, and digitization. Today, modern companies already connect information and 
communication technology in production (Dewan and Kraemer, 2000; Eason, 2005). In 
the next stage of the industry, however, this will be controlled and documented around 
the entire chain from the idea of a product (partly through the cooperation of customers) 
through development, production, use, and maintenance to recycling (Roth, 2016).

Automation has already enabled manufacturers to produce large volume of produc-
tion within a short time. In the clothing industry, the automation of individual pro-
cess steps for low-cost production has been the main focus (Nayak and Padhye, 2015). 
Without such automation, countries with high wages and energy costs are not able to 
offer competitive products (Wang et al., 2005). The price of such mass products is 
thus signi�cantly reduced, which has contributed signi�cantly to the constantly rising 
operational costs of today’s industries. Through automation, production is enormously 
accelerated and precise, and production time is calculated effectively (Boer et al., 2005; 
Forza and Vinelli, 2000). However, the introduction of automation is also cost-intensive 
and producers have to calculate precisely whether the use of a robot or automation 
tool is necessary or whether personnel are more cost-effective than high investment in 
an automated system (Nayak and Padhye, 2014). It is already technically possible to 
assemble a highly automated production line in the clothing industry. The production 
costs are reduced enormously owing to high production output and a small number of 
operating staff, but production becomes more in�exible and is pro�table because of 
high investment costs resulting from high throughput (Joshi and Singh, 2010).

Automation can also be used to make limited product customization affordable for 
customers’ requirements. Today’s production chains, for example, are often so �exible in 
the automotive industry, despite their high degree of automation, that they are able to pro-
duce even smaller quantities without a large number of shifts. In this chapter, items of the 
clothing productions are described where automation and simulation is possible to use. All 
described processes are possible to apply on industrial or customized production. The rea-
sons for using automation and digitalization are to reduce production time and increase the 
diversity of products by keeping costs acceptable for mass as well as custom production.

2
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2.2  �  The way from idea to technical sheets

Digital modeling and the simulation of clothing are a kind of automation (Kim and 
Park, 2004; McCartney et al., 2000). With the invention of the sewing machine, embel-
lishments spread rapidly, and also the technique of pattern making. In small factories, 
patterns were and still are handcrafted, modeled, and edited into cut templates. About 
80 years ago, these cuts were performed exclusively by hand.

With the introduction of computer-aided design (CAD), the cutting design and 
modeling of the cuts has been considerably simpli�ed and, above all, accelerated (Au 
and Ma, 2010, Nayak and Padhye, 2011). Interfaces for automatic nesting, electronic 
data processing systems, product life-cycle management (PLM), and automatic cut-
ting have enormously accelerated garment production (Nayak and Padhye, 2015).

In the area of design, however, the creative process of automation is untouched (Hu 
et al., 2008). Gathering inspiration and keeping pace with the rapidly evolving trends 
requires good networking in the world of fashion and fast communication between 
designers and producers. Gathering, sorting, and applying the inspiration depends 
exclusively on people.

To communicate ideas in a comprehensible way, the �rst approaches to automation 
are applied. Sketches and technical drafts are created using drawing software such as 
Illustrator, CorelDRAW, GNU Image Manipulation Program, or other vector-based 
drawing programs (Kim and Kang, 2003). Individual elements such as buttons, cuffs, 
and zippers are created once and applied or copied for several designs. The time sav-
ings are enormous. The vector-based software also allows the image size to be changed 
without loss of quality. The concept of designing a sketch and technical drawing have 
been explained in Figs. 2.1 and 2.2, respectively.

Figure 2.1  Design sketch.
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The drawings are positioned on a �gurine. The �gurine has the right proportions 
and the pose is individually tailored according to the choice of every designer. In 
this case, artistic representation is already dispensed with and ruf�es and shading are 
reduced to a bare minimum.

The proportions of the �gurine match reality. The lengths correspond to the dimen-
sions; it should also be possible to read the lengths and depths of the out�t from the 
technical drawing. The dimensions do not have to be marked separately, which helps 
the designer to shorten the processing time signi�cantly. However, this method is pos-
sible only if the designer and the production agree. The widths must be viewed as 
mirror widths. This means that all sizes are not readable from the technical sketch and 
must be de�ned by the �nal size table.

With the introduction of technical drawing, communication between the design 
process and realization was signi�cantly shortened and more precisely de�ned. Good 
knowledge of vector-based drawing programs is required, which is taught in standard 
fashion or textile schools.

Technical documentation of designs has not yet been standardized. For fast orien-
tation and speci�cation of all necessary details, it is best to use software that contains 
tables and offers designers or technologists a structure tree with detailed speci�cations 
for individual designs (Eberle et al., 2014, Fontaine, 2011).

The table of end measurements belongs to technical documentation, as do acces-
sories and pricing. For pricing, knowledge of production times and material costs is 
necessary. Calculation systems integrated into CAD systems or added to PLM help to 
organize production. The information can be saved into a cloud to give access to data 
to partners that are involved.

Figure 2.2  Technical drawing.
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further production information. For the production of ready-made goods, the order is 
forwarded electronically to the production site, which has the appropriate technology 
and material. The selection of machines for the realization of the garment is made auto-
matically on the basis of the technology and current use (Boer et al., 2005). The dispo-
sition of materials and accessories in the production facility is also carried out without 
human intervention. The fabric is placed and cut with the help of robots at the cutting 
table, also as the multi-ply. The arrangement on transport trolleys and the transport of 
individual piles with seams and accessories for sewing robots are also fully automated. 
Even in the sewing process, individual steps are increasingly being implemented auto-
matically, but it can be assumed that the sewing process will not reach a high degree 
of automation in the foreseeable future such as that seen in the automotive industry.

The second production route involves the production of tailor-made assembly lines. 
There are only a few differences from standard clothing. However, the cut is only one-
ply here and production will take place even closer to the customer. This is to reduce 
transport distances and transport times, but also because the share of labor costs owing 
to automation of the total product will be even lower in the future. In contrast to pro-
duction, logistics already has a high level of automation (Echelmeyer et al., 2008). 
In the future, environmental aspects, which are mainly in�uenced by the energy sup-
ply of the locations for production and logistics, will become even more important. 
Because the production networks will become more limited, it is to be expected that 
the selection of materials will tend to become smaller.

2.3  �  Pattern development

In 1979, before CAD systems were introduced, the production of garments involved 
making cuts exclusively by hand, tracing the paper, and making a template. The tem-
plates were stored in a room and used again and again. Damaged templates were 
replaced or repaired.

With the development of computer technology and cutting software, the devel-
opment of cuts has accelerated considerably. It is no longer necessary to carry out 
the modeling of basic cuts with the help of paper (Mori and Igarashi, 2007). The 
consumption of paper has been minimized, and only the �nal templates are printed. 
With the introduction of the automatic cutter, paper can be completely omitted. The 
development process was also accelerated with the development of 3D simulation. 
Evaluation of the modeled cuts and the correct �t no longer has to be carried out on 
real patterns, but the simulated and animated models are judged and faults are cor-
rected (Figs. 2.3 and 2.4).

A major step in development was achieved by the possibility of �lling the cut-
ting templates with their own printed pattern. With a digital printer, cut templates are 
printed directly onto the fabric, including patterns as a �ll of the cut templates. The 
full or dyed printed areas of the fabrics fall out. The color that would otherwise be 
used in the areas where there is waste is saved. A disadvantage associated with this 
is the pressure capability of the fabrics. Not every fabric can be printed with a digital 
printer. The fabric to be printed must also have special equipment so that the authentic 
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color and shades are displayed correctly. The contour lines are even recognized by a 
camera and are cut out at an exact point. Thus errors that could occur as a result of the 
materials being warped are avoided.

The possibility of evaluating the models in 3D also makes it easier to decide which 
colors and fabric structures are to be used for the respective products. Innumerable 
variations in color and substance can be presented internally or to the customer 
(Ashdown et al., 2004; Volino et al., 2005). Larger companies use 3D simulation for 
internal matching and to select collections. In the future, the virtual presentation of an 
out�t may be considered normal for the customers. The simulations of an out�t are 
realistic, so it is dif�cult to distinguish among a simulation, a real image, and a real 
out�t.

Material properties will also be con�gured digitally. Existing materials will be 
examined; elasticity, bending stiffness, and shear behavior can be measured in a textile 
laboratory. Digital materials will have de�ned properties in the digital world similar 
to real behavior. In addition, it will be possible to see the speci�c in�uences of mate-
rial on the avatar. Thus the clothing’s comfort can be evaluated before it is produced  
(Fig. 2.5).

After 3D simulation, the next steps in production are possible (Metaaphanon and 
Kanongchaiyos, 2005). The cuts with a �lled color pattern can be printed directly 
onto the fabric. Digital printing machines can work with pigments and binders, so it is 
possible to print onto materials such as cotton and viscose or synthetic materials such 

T1

H1
H11

G1

H4
H4

Figure 2.3  Basic pattern made in computer-aided design and its modeling.
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as polyester and polyamide. The print has to be thermally �xed. The major advan-
tage of this technology is that the pigments will be used only on areas where the cut 
is actually placed. The space between the cut pieces remains untouched by color or 
any other treatment. This area is waste but the material can be recycled as unpolluted 
material with few problems. The cut with the color �lling will be nested and printed 
as a marker. The printed fabric material is then placed on the roll to be transported 
to the cutter. There, problems might occur because the nesting picture on the fabric 
material may no longer be the same as the marker on the screen. Special devices such 
as Gemini VisionCUT are placed on the cutter. This device can detect the new position 

Figure 2.4  Basic pattern by GRAFIS with interactive features.

Figure 2.5  Three-dimensional simulation by Assyst Vidya.
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of the cut pieces and compare it with the original marker. The cut piece will then be 
cut at the correct position.

Other systems such as those used by Bullmer or Zünd employ a scanner or cam-
era to recognize edge contours or special notches as cutting lines. This connection 
between printing and the cutting process is a remarkable step forward for small and 
middle enterprises, especially in Europe, because it enables the production of small 
collections involving high quality and individual designs (Fig. 2.6).

2.4  �  Basic pattern

2.4.1  �  System pattern construction

In contrast to the way in which clothing �ts, the system pattern is based on mathemat-
ical principles. Anthropometric values of the body are calculated from a few measured 
values. Geometrical connections among lengths, widths, and circumferences are sys-
tematized. The construction process is precisely de�ned. There are countless systems 
developed by various institutes and authors.

The decision regarding which system should be used is made individually. It is 
not possible to say which system will work well. The general advantage is that it 
is applicable regardless of the producer’s origin. The use of a systematic pattern 
makes it possible to model and trace individual patterns from a basic pattern. The 
basic design is designed once and stored on paper or in a CAD system. In all basic 
patterns can be applied producer-related added values. Thus each manufacturer 
develops its own �t form; also, the clothing sizes of various manufacturers can 
differ.

The use of a systematic pattern has made it possible for the company GRAFIS to 
develop a CAD system in which the basic cuts are preprogrammed. With the aid of 
tools, it is possible to adapt individual dimensions to the customer’s dimension tables; 
other measures that represent a mathematical relationship are automatically adapted. 
The lengths of seams are controlled; thus, errors in patterns are avoided. In other soft-
ware it is necessary to draw the basic pattern and trace the cut pieces of the model. 
All software has advantages but none is usable for all demands of current producers 
(Fig. 2.7).

Figure 2.6  Marker prepared for print.
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2.4.2  �  Basic pattern as a modi�cation of three-dimensional forms

The next method is not usually employed. It is an alternative method suitable 
for customized pattern making that creates a 3D avatar by changing prede�ned 
parameters on an existing shape (Yunchu and Weiyuan, 2007). Usual 3D software 
is able to roll up the surface to transfer a 3D form into a 2D �at surface with the 
measurements of a 3D form (Luo and Yuen, 2005). This method can be used when 
a scan of the body or its avatar exists. The seams of the basic pattern are drawn 
on the surface as virtual seams. Areas between the seams are then rolled up. The 
surface of the 3D form has to be reworked so that it is possible to use it as a basic 
pattern. This method can be implemented using different types of 3D software, 
e.g., Lectra (Fig. 2.8).

Currently there is no available way to obtain a body scan at a low cost (Bye and 
McKinney, 2010). With the quickly developing technology, smartphones and tablets 
might not only take great photos, but in the near future 3D scans may create ava-
tars. Therefore, as an iterative step, different software solutions will create an avatar 
using only limited and easily measured data for a person, such as age, height, and 
the circumferences of the breast, waist, and hip. Remaining and not easily measured 
information will be assumed on the basis of statistical data. These will be evaluated by 
using the full measurements of thousands of individuals.

Figure 2.7  Basic pattern for dress as a system pattern.
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Data from the avatar can be used in online shops or stores, and clothing may 
be chosen or recommended according to the customer’s taste and size. If problems 
remain with different sizes from different producers, more information about the exact 
dimensions of their products will have to be made available.

2.4.3  �  Basic pattern as drapery

Through the drapery method, cut templates are developed directly on a dressmaker 
dummy or model. Drapery is a kind of art. It is used for individual models as well as 
complicated cut shapes. A fabric web is built; and the darts, folds, or rafts are pinned 
together, marked on the fabric, designed as a 2D template, and marked as a paper 
template (Wang et al., 2003). In this area the experience and skill of the cut maker are 
extremely important. It is also dif�cult to �nd some kind of automation in this �led. 
This is a handmade method. The computer is used exclusively to rework and grade 
cut templates.

The form of clothing, also called the silhouette, is made from woven cotton or other 
fabric. The fabric is copied onto a paper sheet as a cut template. This cut template is 
made in one size, equal to the dressmaker dummy. In the area of custom tailoring it 
is not necessary to rework the cut pattern in any other form. The cut template will be 
used only once for one single person.

Of course, there are companies that use drapery to develop cuts for whole col-
lections. There it is necessary to drape the clothing onto dressmaker dummies of 
speci�c sizes. After draping, the fabric is copied onto the paper. The draped cut 
templates are digitized and reworked into CAD software. The seam allowances, 
notches, grain lines, and other cut information are then added to the cut template. 
Grading, which means enlarging or reducing different sizes, is also carried out in 
CAD (Fig. 2.9).

This method may seem old-fashioned or used only for custom tailoring. However, 
it is still the method of choice for developing complicated pattern forms and presum-
ably will never be completely eliminated.

Figure 2.8  Two-dimensional form modeling: avatar-cut lines, basic pattern.
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2.5  �  Cutting and printing systems

Pattern that are developed or digitized in a CAD system are simultaneously prepared 
in a suitable format for cutout by an automatic cutter (Vilumsone-Nemes, 2015). 
Lines, notches, drill holes, and other marks are detected owing to the cutter software. 
Cutting through an automatic cutter is not only fast but also extremely precise. Further 
features can also be introduced automatically, e.g., printed labels.

Automatic cutting systems connected to CAD software enormously optimize the 
use of materials (Vilumsone-Nemes, 2012). In a short time it is possible to compare 
the use of materials for types of markers: one or more size markers as separated or 
combined sizes. Information about results is integrated into PLM and production costs 
for materials can then be calculated (Fig. 2.10).

Another advantage, which is not negligible, is that the operation of a system 
can be carried out by one person. For cutting, fabric is placed on a worktable. 
The laying machine is part of the cutting table; optionally it is selected by the 
cutter manufacturer. The laying system facilitates manipulating fabric rolls and 
the placement of individual fabrics into position is much more precise than laying 
them by hand. Edges lie exactly one against the other, and thus waste is substan-
tially reduced.

In the clothing industry, different types of cutting systems are used. The most com-
monly employed cutting system is the oscillating or round knife. The advantages of 
the oscillating knife are that it is possible to cut several layers at once and the precut 
is small, so there is no size difference between the top and bottom layers. The cutting 
speed depends on the material cut; however, it is generally faster to cut with a round 
knife.

Figure 2.9  Drapery: handwork on dressmaker dummy.
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The automatic cutting method generally used in the apparel industry is laser cut-
ting; less commonly, ultrasonic cutting is used. Laser cutting is extremely precise and 
fast (Nayak et al., 2008; Nayak and Padhye, 2016; Vilumsone-Nemes, 2012). It is pos-
sible to cut almost all kinds of material, but it is necessary to think about combustion 
gases when cutting materials with a �uorine or chlorine content. When cutting several 
layers of synthetic materials, the layers can become connected at the edges owing to 
the melted mass.

Hand cutter devices are still used. Beside the classical scissor band saw, jigsaws 
and round knifes are often used (Nayak and Padhye, 2015). Cutting by hand is not 
controlled by software, and the person who uses the saw or knife cuts according to a 
pattern that is usually printed on paper. The decision to use this slow kind of cutting 
depends on the �nances of the company but also the amount of production and the 
diversity of the collection. Within the context of Industry 4.0, the interaction between 
the pattern marker and the handling of the cut pieces is of primary importance.

The process of cutting is closely connected to printing. Modern digital printers 
are able to print directly onto fabrics or as impressions on paper so that the print can 
be transferred onto fabric. The biggest challenge is to keep the fabric �at in position 
without warping as contractions, skews, or bows (Figs. 2.11 and 2.12).

The technologies of printing and cutting both aim for the same goal: the fabric is 
printed and pattern pieces need to be cut. Because of the elastic properties of the fabric, it 
is likely that the position of the marker will change. Therefore, the position of the pattern 
pieces has to be detected automatically to compensate for the position of the new cutting 
contour, e.g., by Gemini VisionCUT. Such technology is a big step in the processing of 
individual apparel or small collections, because pattern pieces can be cut without losing 
of their original shape (Figs. 2.13 and 2.14).

Furthermore, pattern pieces have to be identi�ed after cutting. Nearly all cutter 
machines include a labeling system that mark pattern pieces with words or codes 
used by the company and its quality management system. The cutting bridge out�ts 
the equipment for labeling and ultrasonic sealing, an inkjet printer, and other optional 
tools (Fig. 2.15).

Figure 2.10  Automatic cutter PROCUT from Bullmer.
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Figure 2.11  Digital print on paper.

Figure 2.12  Transfer print on fabric.
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Figure 2.13  Gemini: VisionCUT.
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Between cutting and joining, it is still necessary to use physical labor because 
no technical device exists that transports cut pieces safely to the sewing or joining 
station. The �rst reason is that the fabric is usually �exible; the second (Ono et al., 
2001) is that there is a chance of mixing of different sizes.

Standard grippers to hold and transfer the materials work on the basis of a vacuum 
or needles and therefore are not suitable for clothing fabric (Koustoumpardis et al., 
2006). In the area of technical textiles, it is far more easy because the fabrics are less 
sensitive. Because of this manipulation, using gripper has become more of a standard 
(Fig. 2.16).

2.6  �  Joining systems

Complete automation of the joining process in clothing technology will never be pos-
sible (Tyler et al., 2012; Shi and Little, 2000). The human hand still needs to control 
the sewing process, which directs, positions, and composes substances. Despite this, 

Figure 2.14  Perfectly cut pattern pieces.

Figure 2.15  �ullmer:�labeling�device.
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more and more individual parts of production are being automated. For example, items 
such as neck openings for polo shirts, piped pockets, attached pockets, and zippers are 
manufactured using computerized numerical control–programmed sewing machines. 
Juki, PFAFF Industrial, and Dürkopp Adler developed sewing machines and suitable 
accessories for numerous sewing processes. Sewing with automatic sewing machines 
delivers highly professional results in the shortest time that a person would never be 
able to achieve (Fig. 2.17).

Many experts say that sewing processes will be increasingly robotized, but com-
plete automation will not be possible in the near future. Automation levels of more 
than 95% as in the automotive industry cannot be reached. Clothing styles change 
too quickly and there are nearly countless cuts of forms. With the development of 
robots, it is within reason, however, that more and more individual processes of 
the production will become automated. In this way, smaller companies will be able 
to keep the prices of the out�ts at an affordable level and still offer individualized 
clothing.

Figure 2.16  Bullmer and KUKA robots with vacuum gripper manipulate pattern pieces.

Figure 2.17  PFAFF industrial automatic sewing system.
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Despite dif�cult conditions because of their soft material properties, the automated 
processing of fabrics is the focus of several ongoing projects. For example, Adidas 
successfully developed the fully automated production of shoes in the so-called 
“Speedfactory.” The shoe sole is printed using a 3D printer and the shaft is knitted as 
one piece. The connection of the sole and the shaft is made by a robot that manipulates 
all necessary components. The customer can design his or her own pattern and obtain 
a shoe in the exact size.

Especially for the production of jeans, automation is already being used. Pockets, 
zippers, side seams, and waist belts can be sewn automatically (Caputo and Palumbo, 
2005). This automation level signi�cantly reduces time and is suitable for large pro-
duction. When the collection changes the form of patterns, it is possible to set up the 
pocket form, the width of the waist belt, or the length of stitches in the automatic 
sewing system (Fig. 2.18).

2.7  �  Fitting systems

After production, the products are ironed, folded, and packaged. Various aids 
such as �nishing equipment and pressing machines are used to automate the 
process. Here, humans take over the task of the machine. The garments are 
brought to the machines and installed on the �gurines, and the system is activated  
(Fig. 2.19).

Figure 2.18  PFAFF industrial automatic sewing machine for waist belt.
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2.8  �  Conclusion

In the current age of increasing product customization in all areas of life, this will 
become the standard, which is why individually designed, modeled, and simu-
lated products has to be automated even more. In the course of Industry 4.0, this 
is intended to enable the networking of products and production to the extent that 
without additional outside manual intervention, customers will be able to create 
their own product design using simple tools and their own measurements, to then 
produce materials. However, the data required for production require comprehensive 
modeling and simulation of products and processes to demonstrate the necessary 
�exibility.

For the clothing industry, the greatest potential is in the networking of digital sys-
tems from cutting development to automatic sewing machines to achieve the highest 
degree of �exibility and individualization of products along with reasonable costs. The 
particular advantage of the digitized world is that modeling and simulation or produc-
tion do not need to take place in one location, because the transmission of data for the 
entire production chain is possible from anywhere in the world. This means that the 
design can be carried out directly with the customer selecting the fabric at a different 
location. The cuts are automatically done from the correct fabric and an automatic 
sewing machine makes up all of the elements that are planned for the design, such as 
bags, zippers, and quilting seams. Completion of the product remains in the hand of 
the seamstress, who may be in another place.

By modeling and simulating it will be avoided to buy wrong size or bad �t. The 
customer is scanned and his or her clothing size is precisely adapted or modeled and 
simulated without further detail. In doing so, new possibilities open up for online 
shops to reduce the rate of complaints or to sell tailor-made products directly.

Modeling and simulation create new prospects for such tailor-made products. 
Customers who are willing to wait for their own clothing or design for a short time are 
rewarded by a perfect �t and individual look through their own composition of fab-
rics. The entirety of all of the different steps and the automation of production enable 
digital designs to be realized within a short time at a reasonable price. However, the 

Veit: ironing table Veit: t-shirt finisher Veit: universal press machine

(a) (b) (C)

Figure 2.19  VEIT �nishing devices: (a) ironing table, (b) t-shirt �nisher, and (c) universal 
press machine.
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networking of modeling, simulation, and production has to be done from a single 
source, or future standards have to be established that will allow the specialization of 
individual aspects of the overall process.

One of the biggest challenges of changes resulting from digital production is in 
training employees. In the future, not only will technical skills be required, the ability 
to use simulation software and machines will be critical. For this purpose, the training 
center must adapt the content of its training to the new requirements of a networked 
automation system. New courses of study must be developed that are directly con-
nected to the industry.

Furthermore, sociocultural questions arise as to the in�uence that networking will 
have on our environment and culture. There is already an overproduction of clothing 
and thus an enormous amount of old clothing that is not always properly disposed 
of or is blamed in developing countries for negative effects on local industry. On the 
other hand, such countries still bene�t from the high demand for human labor, which 
will not be needed as much in this form.

The short life span of today’s clothing is mainly attributable to low prices. 
According to a study by Greenpeace, 19% of clothing that is bought is never even 
worn. Another reason may be that the �t is not correct. By simulating the clothing 
and modeling its dimensions, in the future garments might correspond better to the 
�t of the wearer, and thus the piece may actually be worn. This shows an example 
in which changes in networking in clothing production can have positive as well as 
negative aspects.

Sources of further information

	•	� www.gra�s.de; Retrieved 09/2016
	•	� www.assyst.de; Retrieved 09/2016
	•	� www.optitex.com; Retrieved 09/2016
	•	� www.hugoboss.com; Retrieved 09/2016
	•	� www.optitex.com; Retrieved 05/2017
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3.1  �  Introduction

In the global competitive textile and clothing market, the cost and quality are playing 
major roles in the survival of the industries (Nayak and Padhye, 2015b). This in turn 
is in�uenced by the adoption of the automated tools and equipment by the industries. 
The industries that are unable to adopt these technologies are thriving to survive. On 
the other hand, the industries that adopt automation are gaining competitive advan-
tage. In a global market where the cost of labor is increasing, automation can help to 
keep the labor cost low (Nayak and Padhye, 2015a).

Spinning industries provide yarn to the weaving industries, which provide fabric to 
the garment industries. The quality of yarn and fabrics greatly in�uences the quality 
of the garments. By the incorporation of automation from the preliminary stages can 
result in the production of good-quality raw materials for the subsequent stages. The 
automation in spinning mainly focuses on auto-dof�ng, automatic material handling, 
auto fault detection, and automatic bobbin replacement. Similarly weaving automa-
tion includes the automatic fault detection and mending, automatic splicing, automatic 
temperature and moisture control in sizing, automatic drawing, and automatic pick 
repair to name a few.

This chapter deals with the automation in spinning and weaving. Automation in 
spinning includes the developments by various manufacturers of spinning machin-
eries. A section has been included to discuss on the automation in the sewing thread 
production. Separate sections describe the automation in weaving and knitting.

3.2  �  Types of industries

In several industries the spinning and weaving operations are performed in tandem. 
The yarn prepared from the spinning is directly used as a raw material in weaving. 
These industries can better monitor the quality of the products (yarn and fabric). These 
types of industries are shown in Fig. 3.1. It shows the combination of spinning and 
weaving process in one �rm. In this case the automation of spinning and also the qual-
ity of spinning processes affect the effectiveness of weaving, which is easier to control.

* Edited by Dr. R. Nayak and Dr. R. Padhye, RMIT University, Australia.
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All premium models of ring spinning machines provide automatic dof�ng systems 
(http://schlafhorst.saurer.com/de/zinser-351/; http://www.rieter.com/en/machines-sys 
tems/products/; https://www.lakshmimach.com/). During the mixing stage in blow 
room, �bers from several bales are drawn and mixed automatically, which results 
a homogeneous blending. Chute feed systems in carding and auto-levelers help in 
achieving improved productivity and quality, respectively. Automatic dof�ng and 
empty package replacement in ring spinning has led to increased machine ef�ciency. 
Automatic splicing and yarn fault detection in autoconers have helped to achieve yarns 
with higher uniformity and improved quality. The following section describes various 
automation by different spinning machine manufacturers.

3.3.1  �  Saurer Schlafhorst GmbH & CO. KG, Übach Palenberg, 
Germany

Saurer Schlafhorst GmbH & CO. KG, Übach Palenberg, Germany produces machin-
ery for ring- and rotor spinning and winding. The “Zinser 351” is the premium 
model for ring spinning at Saurer AG, Wattwil, Switzerland. The Zinser 351 model 
promises increased productivity and can be individually tailored to a variety of pro-
duction requirement through the installation of additional modules and automation 
components. The most important spinning parameter and machine component, e.g., 
spindle drive, FancyDraft, and CoWeMat, is centrally controlled. Central settings min-
imize adjustment errors and eliminate inaccuracies (http://schlafhorst.saurer.com/de/
zinser-351/; http://schlafhorst.saurer.com/de/produkte/).

The winding machine of Saurer AG, Wattwil, Switzerland is called “Autoconer 6.” 
The highlights of this new development are

	•	� Self-adjusting winding unit with Eco-Drum-Drive System and SmartCycle,
	•	� Power on demand with intelligent vacuum control,
	•	� Intelligent doffer functions,
	•	� New feed principle and up to 80 winding units on the type RM machine,
	•	� State-of-the-art automation with VarioReserve, Intelligent Bobbin Sharing, and High-Speed 

Feeding,
	•	� Intelligence inside for maximum reliability,
	•	� Schlafhorst quality packages with standard tension control and optimized splicing technology 

(http://schlafhorst.saurer.com/de/zinser-351/; http://schlafhorst.saurer.com/de/produkte/).

The rotor spinning machine of Saurer AG, Wattwil, Switzerland is called “Autocoro 
9”. The highlights of this new development are

	•	� Reduce energy costs by up to 25%,
	•	� Maximize ef�ciency with the unique individual spinning position technology,
	•	� High rotor speeds of up to 180,000 rotations per minute (RPM) and take-off speeds of up 

to 300 m/min—on all lengths of machine and also for very large packages up to 350 mm in 
diameter,

	•	� Individually customizable machine length, perfectly automated spinning positions with up 
to 6 doffers and SynchroPiecing 24,

	•	� Maximum productivity/m2, which leads to optimal space utilization,

In Fig. 3.2, the industries producing yarn and fabric as independent organization 
have been explained. It is the case of decentralized situation, where multiple organi-
zations are involved. In this case there are several spinners and weavers. The weaver 
buys the yarn in one quality from different spinners. Therefore, the yarn quality is the 
determining parameter, which may be hard to control. There can be wide variability 
of the yarn quality received from various industries. The automation in spinning can 
help to improve the yarn quality and reduce the variability of the yarns. Improper yarn 
quality can result in yarn breakages during weaving and reduce the weaving ef�ciency 
and quality of the fabrics.

As it shown above for isolated spinning and weaving mills and for fully integrated 
companies the automation in spinning is crucial to ensure suf�cient availability of 
yarn in a certain quality. The following section provides an overview of the automa-
tion and quality-control systems of renowned machine manufacturers for spinning 
systems.

3.3  �  Global spinning machine manufacturers

The most relevant spinning systems are ring spinning (c.65% market share), fol-
lowed by rotor spinning (c.30% market share), and air-jet spinning (c.2%–5% market 
share) (Gherzi). Exotic spinning principles such as friction spinning are not taken into 
account here as the utility is not very high. Suppliers of the above indicated spinning 
technologies include

	•	� Saurer Schlafhorst GmbH & CO. KG, Übach Palenberg, Germany: ring-, rotor spinning, and 
winding.

	•	� Rieter AG. Winterthur, Switzerland: ring-, rotor-, and air-jet spinning.
	•	� Murata Machinery, Ltd., Fushimi-ku, Kyoto, Japan: air-jet spinning and winding.
	•	� Savio Macchine Tessili S.p.A., Pordenone, Italy: rotor spinning, twisting, and winding.
	•	� Lakshmi Machine Works Limited, Coimbatore, India: ring spinning and winding.

Figure 3.1  Spinning and weaving in one 
�rm.
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All premium models of ring spinning machines provide automatic dof�ng systems 
(http://schlafhorst.saurer.com/de/zinser-351/; http://www.rieter.com/en/machines-sys 
tems/products/; https://www.lakshmimach.com/). During the mixing stage in blow 
room, �bers from several bales are drawn and mixed automatically, which results 
a homogeneous blending. Chute feed systems in carding and auto-levelers help in 
achieving improved productivity and quality, respectively. Automatic dof�ng and 
empty package replacement in ring spinning has led to increased machine ef�ciency. 
Automatic splicing and yarn fault detection in autoconers have helped to achieve yarns 
with higher uniformity and improved quality. The following section describes various 
automation by different spinning machine manufacturers.

3.3.1  �  Saurer Schlafhorst GmbH & CO. KG, Übach Palenberg, 
Germany

Saurer Schlafhorst GmbH & CO. KG, Übach Palenberg, Germany produces machin-
ery for ring- and rotor spinning and winding. The “Zinser 351” is the premium 
model for ring spinning at Saurer AG, Wattwil, Switzerland. The Zinser 351 model 
promises increased productivity and can be individually tailored to a variety of pro-
duction requirement through the installation of additional modules and automation 
components. The most important spinning parameter and machine component, e.g., 
spindle drive, FancyDraft, and CoWeMat, is centrally controlled. Central settings min-
imize adjustment errors and eliminate inaccuracies (http://schlafhorst.saurer.com/de/
zinser-351/; http://schlafhorst.saurer.com/de/produkte/).

The winding machine of Saurer AG, Wattwil, Switzerland is called “Autoconer 6.” 
The highlights of this new development are

	•	� Self-adjusting winding unit with Eco-Drum-Drive System and SmartCycle,
	•	� Power on demand with intelligent vacuum control,
	•	� Intelligent doffer functions,
	•	� New feed principle and up to 80 winding units on the type RM machine,
	•	� State-of-the-art automation with VarioReserve, Intelligent Bobbin Sharing, and High-Speed 

Feeding,
	•	� Intelligence inside for maximum reliability,
	•	� Schlafhorst quality packages with standard tension control and optimized splicing technology 

(http://schlafhorst.saurer.com/de/zinser-351/; http://schlafhorst.saurer.com/de/produkte/).

The rotor spinning machine of Saurer AG, Wattwil, Switzerland is called “Autocoro 
9”. The highlights of this new development are

	•	� Reduce energy costs by up to 25%,
	•	� Maximize ef�ciency with the unique individual spinning position technology,
	•	� High rotor speeds of up to 180,000 rotations per minute (RPM) and take-off speeds of up 

to 300 m/min—on all lengths of machine and also for very large packages up to 350 mm in 
diameter,

	•	� Individually customizable machine length, perfectly automated spinning positions with up 
to 6 doffers and SynchroPiecing 24,

	•	� Maximum productivity/m2, which leads to optimal space utilization,
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	•	� Reduced maintenance time and personnel requirements,
	•	� Maximum economic ef�ciency in all markets (http://schlafhorst.saurer.com/de/zinser-351/; 

http://schlafhorst.saurer.com/de/produkte/).

3.3.2  �  Rieter AG. Winterthur, Switzerland

Rieter, Winterthur, Switzerland produces machinery for ring-, rotor- and air-jet spin-
ning. The main ring spinning machine of Rieter, Winterthur, Switzerland is called “G 
36 ring spinning machine.” It contains an electronically controlled drafting arrange-
ment drive Flexidraft, which permits highest �exibility. Customers pro�t from a 
high-capacity, dependable, and high-quality machine with multiple technical spinning 
solutions. Quality is ensured by SERVOgrip, the Rieter innovation for real, under 
winding-free dof�ng, eliminates thread under winding, distinctly reduces �ber �y 
and thereby ensures dependable and rapid dof�ng. Besides, the proven Ri-Q-Draft 
drafting arrangement with pneumatically loaded guide arm and the Ri-Q-Bridge for 
superior spinning conditions form a solid basis for high and consistent yarn quality. 
Finally, the direct motor-driven intermediate drive ensures consistent quality with long 
machines (http://www.rieter.com/en/machines-systems/products/).

The fully automatic rotor spinning machine of Rieter, Winterthur, Switzerland is 
called “R 66.” It sets the standard for quality and productivity. Quality is ensured 
by improved breaking tenacity and yarn consistency with the advanced spin box S 
66 with individual centering and easily replaceable spinning elements. Additionally, 
good properties in further processing through uniform yarn quality are reached. 
Yarnlike piecing technology “AEROpiecing” and rotor cleaning “VARIOclean” on 
each piecing cycle helps to achieve better yarn quality. Furthermore, better yarn 
quality is ensured through cooler nozzle surface with COOLnozzle technology 
(prevents damage to sensitive �bers) (http://www.rieter.com/en/machines-systems/
products/).

The fully automated air-jet spinning machine of Rieter, Winterthur, Switzerland 
is called “J 26.” Quality is ensured by the unique Com4jet yarn structure that pro-
vides bene�ts in downstream processing and in the fabric. Technological innovations 
enable fabric softness to be adjusted. The well-established Rieter Q 10A yarn clearer 
is integrated in the J 26 machine. All standard clearer functions and special monitoring 
channels for polyester spinning are available. With the new edge displacement, pack-
ages have homogenous density, heavier weight, and soft edges for best performance in 
downstream processing. The automated piecing system utilizes the proven principle 
of progressive �ber feeding that helps to create strong, yarnlike piecings, which are 
undetectable in fabrics (http://www.rieter.com/en/machines-systems/products/).

3.3.3  �  Murata Machinery, Ltd., Fushimi-ku, Kyoto, Japan

Murata Machinery, Ltd., Fushimi-ku, Kyoto, Japan produces machines for winding 
and air spinning. Their air-spinning machine is called VORTEX. The �rst genera-
tion of VORTEX spinning machine contains an automatic yarn piecer for continuous 
spinning. The second generation of VORTEX implies self-spinning technologies and 
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splicers were added. These lead to more stable and improved joint for all types of yarn. 
The third generation of VORTEX will answer the expectations in the three concepts of 
value, vantage, and versatility (http://www.muratec.net/tm/index.html).

Another product of Murata Machinery, Ltd., Fushimi-ku, Kyoto, Japan is the 
Spinning Tension Stabilizing System (STS). This STS System is the key technology 
for VORTEX. This mechanism draws the yarn from the spinning nozzle where a fric-
tion roller is adopted instead of a nip roller. This system and newly developed spinning 
sensor realize stable yarn structures as well as consistent and reliable yarn qualities for 
the third generation of VORTEX (http://www.muratec.net/tm/index.html).

Furthermore, Murata Machinery, Ltd., Fushimi-ku, Kyoto, Japan produces the 
automatic winder, called PROCESS CONER II QPRO Plus. This automatic winder 
ensures high quality through auto setting. This keeps uniformity of tension, consis-
tency of package density, and optimized positioning of bobbin (http://www.muratec.
net/tm/index.html).

3.3.4  �  Savio Macchine Tessili S.p.A., Pordenone, Italy

Savio Macchine Tessili S.p.A., Pordenone, Italy produces rotor spinning frames. Their 
rotor spinning frame is called “FlexirotorS 3000.” For Savio Macchine Tessili S.p.A., 
Pordenone, Italy production �exibility is the main feature they want to offer their 
clients. Therefore, FlexirotorS 3000 is designed to meet the most different needs of 
�exibility in open end processing line.

The use of a Suessen spinning unit, together with two separate fronts, associated 
with a completely electronic machine, offer the customers the ideal solution for pro-
duction control. Furthermore, FlexirotorS 3000 guarantees the highest speed and 
take-up performances. It ensures best production planning, high quality yarn and 
packages, and it minimizes unproductive time (https://www.saviotechnologies.com/
savio/en/Products/Pages/default.aspx).

3.3.5  �  Lakshmi Machine Works Limited, Coimbatore, India

The Lakshmi Machine Works Limited, Coimbatore, India produces the “LR60” line 
for ring spinning frames. The variants in “LR60” Ring frames are

	•	� LR60/A: spinning frame without doffer,
	•	� LRJ 60/A: spinning frame without doffer and with suction compact,
	•	� LR60/AX: spinning frame with doffer, and
	•	� LR60/AXL: spinning frame with link coner.

All LR60 ring frames contain an inverter drive. This inverter drive controls the 
speed through the inverter system and leads to less speed variation during the spinning 
process. The optional features of ring frame “LR60” series are auto doffer, link coner, 
and compact spinning. The series is an automated and user-friendly machine. The auto 
doffer leads to rationalization of labor. With it the doff time is less than 3 min. Because 
of the gentle removal of cops, the life expectancy of spindles is increased (https://
www.lakshmimach.com/).
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Another product of Lakshmi Machine Works Limited, Coimbatore, India is the 
Lakshmi Winder “LW72.” This winder implies the following features concerning 
automation and quality assurance of the process:

	•	� Digital signal control technology,
	•	� Square type unwinding accelerator with variable speed control system,
	•	� Variable timing antikink system,
	•	� Electronic antipatterning,
	•	� Dual drive cycle shaft to increase splicing cycle,
	•	� Twin-disc type pneumatic yarn tensioner, and
	•	� Inverter controlled suction motor (https://www.lakshmimach.com/).

3.4  �  Automation in production of sewing threads

Sewing is still one of the most important joining technologies used to manufacture 
garments. For sewing the sewing thread is crucial. The sewing thread determines the 
joining process and the seam quality. Parameters of sewing threads in�uencing the 
joining process are (Gries and Klopp, 2007): (1) bending stiffness, (2) tensile strength, 
(3) shear resistance, and (4) friction. The listed parameters of the sewing thread can 
be determined by: (1) material and material blends, (2) yarn spinning process (Basu, 
2009), and (3) yarn postprocessing (twisting and �nishing). Usual materials for sew-
ing threads include (Amann & Söhne: Amann product range, 2016):

	•	� Polyester,
	•	� Cotton,
	•	� Viscose,
	•	� Polyamide.

Materials used for sewing threads can be of pure material or blended material. Blending 
is possible in �ber stage or in the thread stage. An example for thread blending is the 
twisting process. Man-made �bers such as polyester and polyamide (nylon) are produced 
continuously in in�nite (very long) �lament form for sewing threads. Natural �bers are of 
�nite length, such as cotton. Hence if a �ber blending is needed, the �lament yarns need to 
be cut. After cutting most man-made �bers are crimped to improve the �ber to �ber cohe-
sion. The �bers are blended in the blow room or while drawing in short-staple �ber pro-
cessing in a draw-frame before yarn spinning. Filaments and spun yarns can be blended in 
additional process steps such as twisting, doubling, and core spinning (Lawrence, 2003).

Sewing threads of natural �bers such as cotton demand further �nishing steps after 
spinning. A usual �nishing process for cotton sewing threads is the Mercerization. 
Mercerization increases the strength, dyeing, and the brilliance of cotton yarn. The 
yarns are processed with sodium hydroxide (NaOH) solution and the molecular chains 
get a parallel orientation (Haller, 1928; Amann & Söhne: Amann product range, 2016). 
Furthermore, it is possible to reduce the hairiness of a sewing thread by singeing. The 
singeing is a textile �nishing process, which burns protruding �bers of a yarn with a 
gas �ame (Kiessling and Matthes, 1993).

The automation in sewing thread manufacturing is similar to the automation in 
spinning. The yarns prepared by ring spinning are mainly used for sewing thread 
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production because of the highest strength of these yarns. Hence, the automation pro-
cess of sewing threads is the same as the yarn production as discussed in the previ-
ous section. The sewing threads are doubled yarns prepared by winding and doubling 
machines. The automation in these processes include automatic splicing, automatic 
bobbin change, fault detection, and auto-dof�ng to name a few. The automation in 
sewing thread production can help to produce threads free from faults that can lead to 
increased ef�ciency in garment production.

3.5  �  Automation in production of woven fabrics

Weaving is the most widely used method for fabric production. Weaving industries 
have also adopted several automation technologies that include automatic shuttle and 
shuttleless looms (rapier, air-jet, projectile, etc.). The use of computer technology 
has helped in the automatic fault detection, design, and arti�cial intelligence. Various 
steps involved in woven fabric production such as warping, sizing, and weaving have 
seen several automation technologies. These automation technologies can be related 
to the machine operations or material handling.

The automation in warping includes automatic section positioning, pneumatic stop 
brakes, automatic warp beam loading, dof�ng and chucking, sensors for machine 
stop, and automatic creel movement. Automation in sizing includes automatic yarn 
tension control, automatic humidity and temperature control during sizing, and auto-
matic machine stop in case of fault detection. Automatic detection of warp breakage, 
automatic pick repair, automatic color selection, and automatic fabric fault detection 
are some of the automation in weaving. The warp beam change and mending of warp 
threads is still done by manual operations.

Real (physical) objects melt together with information-processing (virtual) objects 
to create cyber-physical production systems (CPPS). Through embedding of intelli-
gent, self-optimizing CPPS in process chains, productivity of manufacturing compa-
nies and quality of goods can be increased. Textile producers especially in high-wage 
countries have to cope with the trend toward smaller lot sizes in combination with the 
demand for increasing product variations. One possibility to cope with these changing 
market trends consists of manufacturing with CPPS and cognitive machinery. Current 
approaches for CPPS focus on implementing intelligent algorithms in machines’ con-
trol systems to self-optimize the production process (Saggiomo et al., 2016). This pres-
ents a method for multiobjective self-optimization (MOSO) of the weaving process.

3.5.1  �  Multiobjective self-optimization of weaving process

Weaving is the most common as well as the oldest process for fabric manufacturing. 
Until today a fabric is created by crossing warp and weft threads in a right angle, like 
it was done since � 4000 BC. Today’s applications of woven fabrics are, for example

	•	� apparel (jeans, lining fabric, etc.),
	•	� geotextiles (erosion protection, soil reinforcement, etc.), and
	•	� technical textiles (�reproof fabric, airbag fabric, reinforcements for �ber composites, etc.) 

(Gries et al., 2015).
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The analog input modules ibaMS16xAI-20 mA and ibaMS16xAl-10 V collect and 
process the signals from the sensor system. Both analog input modules are connected 
to the base unit ibaPADU-S-IT-16 using a back panel bus. The base unit receives the 
data from the analog input modules through the back panel bus.

The central unit ibaPADU-S-IT-16 is connected to a computer using the trans-
mission control protocol/internet protocol (TCP/IP) interface. On the computer the 
software ibaLogicV4 from iba AG is installed. IbaLogicV4 is a programming envi-
ronment, which forms a software-based programmable logic controller (soft-PLC) 
together with the introduced modular system. An ibaLogicV4 program is created on 
the computer and transmitted to the central unit using TCP/IP. The central unit pro-
vides a runtime platform for the ibaLogicV4 program (runtime system). In the iba-
LogicV4 program the data from the analog input modules are collected and processed. 
The program for MOSO is developed within the environment of ibaLogicV4 and uses 
the ibaPADU-S-IT-16 module as runtime system.

For measuring the warp tension, the yarn tension sensor TS44/A250 by BTSR 
International S.p.A. Partita, Olgiate Olona, Italy is used. The yarn tension sensor gen-
erates a voltage signal in the range of 0–10 V, which is proportional to the present 
yarn tension. The yarn tension sensor is placed in the middle of the weaving machine, 
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Figure 3.3  Infrastructure (hardware and software) of multiobjective self-optimization of the 
weaving process.
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In the �rst step, an experimental design is calculated automatically. Within this 
design, the three setting parameters: static warp tension, vertical position of warp stop 
motion, and revolutions per minute are varied. The user sets the parameter spaces to 
ensure that the algorithm acts within a feasible range.

During the second step, the test procedure, the weaving machine sets up every test 
point. Sensor data describing the objective functions are recorded for the respective 
parameter setting. In the third step, the obtained data are used to calculate three regres-
sion models (one model per each objective function), which describe the objective 
functions in dependence of the setting parameters.

In the last step, an optimized setup of the weaving machine based on prede�ned 
quality criteria is calculated by the application of desirability functions and a 
numerical optimization algorithm. Before execution of the optimization proce-
dure, user-de�ned preferences regarding the objective functions (warp tension, 
energy consumption, and fabric quality) can be integrated through target weights. 
The preference scale for each objective function is divided into three sections 
(low, middle, high).

The program for MOSO is implemented within the ibaLogicV4 programming envi-
ronment and runs on a CPU. The next section illuminates desirability functions and 
the optimization algorithm used for MOSO.

The origin of the application of desirability functions in the multidimensional opti-
mization goes back to Derringer and Suich (Derringer and Suich, 1980). The aim of 
using desirability functions is to summarize the objective functions, which need to be 
optimized into one common function. The aggregation of the objective functions is 
conducted using the so-called desirability. For each objective function, one desirability 
function is developed. The desirability function assigns a desirability to each value 
of the objective functions. The desirability function has a value range of 0–1. If the 
value of an objective function reaches a desirability of zero, the result is invalid within 
the optimization routine. In case the desirability reaches the value one, the value of 
the objective function is optimal. The desirability wZ is plotted over the normalized 
objective function Z(X). Desirability functions can be constructed in three different 
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Figure 3.4  Program �ow of multiobjective self-optimization of the weaving process.



60

ways. If the goal is to achieve the highest possible value for one objective function, the 
desirability function for maximizing has to be used. The desirability increases when 
the objective function value increases, etc.

The aim of the utilization of desirability functions is to aggregate the target func-
tions into one common function, the so-called total desirability dtot. The dtot is calcu-
lated by using the geometric mean of the individual desirabilities:

	 �E�U�P�U�� � �X�� �•�X�� � • � d � •�X�O�
��
�O	 (3.1)

Whereas w1, w2, …, wn are the desirabilities of n objective functions.
The total desirability reveals how close the individual desirabilities are to the opti-

mal range. Because of the multiplication of the individual desirabilities, dtot is in the 
range of 0–1. A total desirability of one is reached, when all target functions are in the 
optimal range. In case only one target function has an invalid value, the total desirabil-
ity equals to zero.

The combination of process parameters, which maximizes dtot, represents the opti-
mal operating point for the weaving process. Numeric algorithms are suitable for max-
imizing the total desirability. The application of numeric algorithms is more ef�cient 
than, for example, grid search methods (Blobel and Lohrmann, 1998). It is advised in 
several references to utilize Nelder/Mead algorithm to maximize the total desirability 
(Bera and Mukherjee, 2010).

The Nelder/Mead algorithm is a numeric optimization procedure (Nelder and 
Mead, 1965). To �nd a subjective optimal operating point of the weaving machine, 
dtot is maximized. The Nelder/Mead algorithm searches for a combination of the three 
parameters: basic warp tension, revolutions per minute, and vertical warp stop motion 
position that maximizes dtot.

Setting the start values for the considered parameters leads to the starting point for 
the algorithm. The start values are set before the �rst iteration and are moved toward 
the optimal values during the utilization of the algorithm. Starting from a minimi-
zation problem with m parameters, the algorithm considers m + 1 parameter combi-
nations (P1, P2, …, Pm+1). The values of the objective functions are calculated in the 
m + 1 points and sorted in ascending order. The next step is the examination of the 
three points P1, P2, and P3 in the parameter space. At each of the three points the algo-
rithm calculates the value of the objective functions F(x1, x2):

	 �' �J�� �' � �1�J�
� �J�� ��� ��� ��	 (3.2)

Afterward the function values are sorted:

	 �' �� �z �' �� �z �' ��	 (3.3)

Considering this example, F3 is the worst (highest) and F1 is the best (lowest) 
value in the context of the optimization. The minimization of the target function is 
achieved by applying several iterations of the algorithm. In each iteration one new 
point in the parameter space is created, which replaces the point Pm+1 with the largest 
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value of the function to be minimized. In the present case the point P3 results in the 
worst value of the target function and is therefore replaced in the next iteration. The 
replacement of the worst point is achieved through the basic operations of the Nelder/
Mead algorithm.

The ibaLogicV4 program for MOSO of the weaving process is validated during a 
long-term test in the laboratory of ITA. To establish industrial conditions, the duration 
of the long-term test is 8 h, like usual shift duration. A long-term test is carried out 
using the MOSO against not using the optimization procedure, respectively, to exam-
ine the in�uence of MOSO on production �gures. The long-term test is conducted 
with an air-jet weaving machine “OmniPlus 800 by Picanol n.v., Ieper, Belgium.” 
During the long-term test, polyester �lament yarn with 330 dtex for warp and weft 
was used (pattern: twill 3/1). The con�guration of MOSO used for the long-term test 
is listed in Table 3.1.

After program execution of MOSO, the algorithm calculates the following optimal 
parameter settings: bwt = 3.71 kN; n = 522 RPM; wsmy = 20 mm.

The following settings are used as reference that was derived from an indus-
trial weaving mill processing the same material as mentioned above: bwt = 4 kN; 
n = 900 RPM; wsmy = 0 mm. During the long-term test, the following parameters of 
the weaving process are recorded:

	•	� ef�ciency of the weaving machine (i.e., the amount of fabric or the amount of weft insertions)
	•	� warp/weft defects and breakages

Additionally, data of the objective functions are recorded. The results of the long-
term test using MOSO and reference settings are shown in Table 3.2.

During the long-term test, sensor data regarding the objective functions are recorded 
using the software ibaPDA from iba AG, Fürth, Germany. The measured data are illus-
trated in Figs. 3.5–3.7. Data are plotted over the main shaft position of the weaving 
machine, which is the rotating angle of the machine’s main drive.

Table 3.1  Con�guration of self-optimization used for long-term test

Setting Value

Lower limit BWT 2 kN
Upper limit BWT 4 kN
Lower limit n 400-RPM
Upper limit n 900-RPM
Lower limit—WSMy 0 mm
Upper limit—WSMy 20 mm
Target weight warp tension [1, 2,..., 10] 1
Target weight energy consumption [1, 2, ..., 10] 1
Target weight quality [1, 2, 3, 4] 4
Algorithm start point BWT 3.5 kN
Algorithm start point n 750-RPM
Algorithm start point—WSMy 15 mm
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Figure 3.6  Comparison of air consumption with and without self-optimization.
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Table 3.2  Results of long-term test

With self-optimization Without self-optimization

Ef�ciency 98.6% 97.2%
Produced fabric 8.16 m 15.41 m
Weft insertions 125,157 215,982
Weft defects 2 6
Warp breakages 0 0
Average warp tension 1.27 N 1.49 N
Average air consumption 134.23 m3/h i N 155.26 m3/h i N
Average active power usage 2.49 kW 4.62 kW
Average quality category 0.93 1.55
Setup time 30 min 120 min
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The program for self-optimization enables the weaving machine to autonomously 
�nd an operating point, which improves all objective functions compared to conven-
tional (reference) machine settings.

The ef�ciency presents the relation of production time of the weaving machine 
to the total time. The ef�ciency of the weaving machine is higher using the optimal 
setting than in case of using the reference settings, see Table 3.2. Higher ef�ciency is 
mainly achieved by reduced machine downtime.

Using the optimal machine settings, two weft defects caused be the collision of 
the weft threads with sagging warp threads occurred. In contrast, using the subop-
timal settings, six weft defects occurred. During the long-term test it was observed 
that the machine runs more stable with less RPM. The higher amount of weft defects 
can be explained by a disadvantageous machine speed of 900 RPM. Weft defects 
result from the faulty transport of weft threads across the width of the weaving 
machine.

Without MOSO, a machine operator needs around 120 min for the con�guration 
of the weaving machine and to �nd appropriate settings for the process. The pro-
gram for self-optimization is concluded in 30 min and successfully reduces the setup 
time by 75%.

3.6  �  Automation in production of weft-knitted fabrics

Knitted fabrics are de�ned as “fabrics, made of interlooping of one or several threads 
or one or several thread systems by stitch formation.” (German Industrial) For fur-
ther explanations of knitwear production see Au (2011), Ray (2011), and Spencer 
(2001). The most used form of interlooping is weft knitting followed by warp knitting. 
Both techniques are separated by movement of loop building yarn. In weft knitting, 
all needles are sequentially supplied with one weft yarn during one knitting cycle.  
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In warp knitting the yarn feeding and the loop forming occurs along all the needles in 
the needle bar level at the same time in one knitting cycle. All needles are lapped by 
different warp guides (Spencer, 2001).

Knitted fabrics are used in the �elds of classic apparel and clothing, such as pull-
overs, underwear or bathing suit fashions, or home textiles such as curtains or cover 
for furniture (Schrank et al., 2015). As knitting technology has been implementing 
possibilities to manufacture technical yarns such as aramid, carbon, glass, polyamide, 
and polyester, the �eld of knitted technical textiles is rising. Moreover, by variation 
of process parameters, the porosity of the structure and therefore the stress and strain 
behavior of the fabrics can be designed according to the application. Typical applica-
tions can be found in geotextiles, automotive interior, sport industry, �lter materials, 
or nets in addition to the apparel textiles (Schrank et al., 2015).

In industry three types of knitting machines are mainly used: �at knitting machines, 
large circular knitting machines (diameter larger than 165 mm), and small circular 
knitting/body size machines (diameter smaller than 165 mm). Flat knitting machines 
provide high �exibility in product design. Because of the special needle-thread 
arrangement, the range of pattern and color variation is higher in �at knitting machines 
compared with circular knitting machines. Using �at knitting machines, whole gar-
ments such as pullovers, can be produced within one knitting process (Nawaz and 
Nayak, 2015).

This technology of whole garment production is either called Stoll-knit and wear 
by H. Stoll AG & Co. KG, Reutlingen, Germany, or WHOLEGARMENT by SHIMA 
SEIKI MFG., LTD., Wakayama, Japan. So no additional sewing process is needed 
afterward. This high �exibility is accompanied with a reduction in knitting speed (Fig. 
3.8). The stable realization of complex pattern command, such as loop transfer from 
one needle to the other, requires more time than the realization of, e.g., standard loop 
formation (single jersey t-shirt pattern). Moreover the construction of the �at needle 
bed being fed with yarn by the horizontally moving carriage results in a discontinuous 
knitting movement.

In general, circular knitting machines are more productive (m2/min) than �at knit-
ting machines because of the continuous circular movement of the needles. The nee-
dle movement speed of circular machines can go up to 2.2 m/s, whereas the carriage 
speed of �at knitting machines is about 1.3 m/s. Moreover, up to 144 threads can 
be knitted simultaneously using large circular knitting machines. Using �at knitting 
machines up to four threads can be knitted at the same time (Weber and Weber, 2004; 
www.stoll.de).

3.6.1  �  Properties of pattern elements in large circular  
weft-knitted fabrics

In knitting pattern such as t-shirt or polo shirt structures are realized by the use of 
pattern elements (pattern cams), such as tuck, miss, or knit elements (Fig. 3.9). By 
the combination of these pattern elements not only the haptic and optic properties but 
also the mechanical properties (stress/strain behavior) of the knitted product can be 
in�uenced.
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www.terrot-g).

Fig. 3.10 shows the results of a Drapetest of �ve different standard knitting pat-
terns in collaboration with the Faserinstitut Bremen e.V, Bremen, Germany. The 
diagram shows that the fabric resistance is depending on the combination of the 
three existing pattern or cam elements in large circular knitting: knit, tuck, and miss 
(Simonis et al., 2016a).
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The knitted fabric is produced by de�ning fabric structure information in pixel 
images where each pixel refers to one knitted loop. This information is then trans-
ferred to the knitting machine. The general input parameters for knitted products are 
(Simonis et al., 2016b):

Product requirements: Color design and knitted pattern/structure based on desired 
mechanical and optical/haptic properties.

Machine status: Position of yarn bobbins in the bobbin creel and number/posi-
tion of used knitting units (systems), diameter of the cylinder of circular knitting 
machines, respectively, production width of �at knitting machine, machine gauge, 
electronic or mechanical needle selection, electronic or mechanical sinker height 
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Figure 3.9  Cams and pattern element of single jersey large circular knitting machine.

0

5

10

15

20

25

30

35

40

0 20 40 60 80

F
or

ce
 F

 [N
] 

Drape height H [mm]

Cross Miss

Locknit

Single Jersey

Piqué

Maglia Spiga

75 % knit; 
25 % miss 

100% knit; 

75 % knit; 
25 % tuck
75 % knit; 
25 % tuck

50 % knit; 
50 % tuck

50 % knit; 
50 % miss 

F

H

Machine: 
Large circular knitting 
machine, BSM 3.0, Beck 
GmbH, Albstadt (E24, 
30“), 24 systems activated,  
sinker-0.1, Speed 30rpm 
Material: 
Polyester yarn, 30  
filaments ,167 dtex, 
texturised , not intermingled

Figure 3.10  Drapetest of �ve different standard patterns in weft knitting investigated at 
Institut für Textiltechnik der RWTH Aachen University (Simonis et al., 2016a).





68

in Germany (Mayer & Cie. GmbH & Co. KG, Albstadt and Terrot GmbH, Chemnitz) 
both have invented knitting processes, which interlink the yarn processing with the 
process step of weft knitting. Mayer & Cie. GmbH & Co. KG, Albstadt calls its 
technology Spinit technology or Spinitsystems, whereas Terrot GmbH, Chemnitz, 
Germany, has launched the cross-linked technology called Corizon (Tuschak, 2016; 
Mutschler, 2016).

In �at knitting complete, near-net shaped production of knitted fabrics for techni-
cal application, such as sport shoe industry, medical application, or 3D covering and 
cushioning can be produced (Legner, 2016).

3.6.2  �  Quality monitoring of knitted fabrics

Quality is interpreted as “uniformity” or homogeneity of the knitted fabric. “Texture 
imperfections are nontextured patches that locally break the homogeneity of a tex-
ture pattern” (Chetverikov, 1988). A de�ned deviation in quality is called defect. The 
defective point differs optically by its appearance or material-speci�c with a changed 
machine density from the rest of the product. The fabric’s quality is evaluated by 
measuring four main parameters: weights per area, mesh density, fabric feel includ-
ing softness or stiffness, and elasticity (Au, 2011). A fast, ef�cient as well as pre-
cise quality monitoring of yarn-based textiles is important for industry. In 2010, the 
waste caused by dead times in production of warp knitted structures has led to a loss 
of 160,000 � /year/enterprise. Because of the high requirements of the knits’ quality, 
one defect within 4000 m2 produced fabric is allowed (Strauf Amabile, 2010). By the 
increase in production speed, e.g., regarding large circular weft-knitting machines, 
the probability of defect production is increased too, which stays in con�ict with the 
quality requirements (Au, 2011).

Optical quality monitoring can be executed off- or online. The inspection of sam-
ples after being produced, often in a downstream process, is called off-line quality 
monitoring. An inspection during fabric production is called online quality monitoring 
(Malek et al., 2013). As the online monitoring lead to a higher rate of defect detection 
than by the trained personnel, the online monitoring system is preferred. The rate of 
defect detection of trained personnel is around 70%, whereas the off-line monitoring 
systems can deliver rates up to 100% (Niebel et al., 2013; Jeffrey Kuo et al., 2015). 
The Institut für Textiltechnik of the RWTH Aachen University, Aachen, in cooperation 
with the Institute for Imaging and Computer Vision of the RWTH Aachen University, 
Aachen, Germany, have shown that even horizontal stripe defects in weft-knitted fab-
rics due to uneven yarn tension settings can be detected off-line with a rate of 97% 
(Kopaczka et al., 2016).

The online defect detection regarding knitted structures is more challenging 
than monitoring woven fabrics because of the loop geometry and the overall mesh 
structure. Therefore fewer amounts of investigations have been executed in the 
�eld of online monitoring of weft-knitted structures. There are no sources talking 
about online defect measuring in knitting. Defect measuring is different to defect 
detection. Defect detection shows signi�cant differences in the structures’ surface 
or appearance. Defect measuring displays yarn dimensions (length, diameter, etc.) 
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within the fabric (Niebel et al., 2013). There are several sources referring to online 
defect detection during the production of knitted fabrics (Abou-Taleb and Sallam, 
2008; KirciTorun and Kircitorun, 2011; Li et al., 2013; Li and Zhang, 2016; Sun 
and Long, 2011).

The majority of defects in knitting can be divided into two categories: (1) bands and 
streaks, (2) stitch defects (Au, 2011).

	1.	� Bands and streaks:
	 	� The �rst category encourages the so-called barré effect—a continuous horizontal visual 

barred or striped pattern (Fig. 3.11). These defects are mainly caused by physical, optical 
or dye differences in the yarns, errors introduced while yarn spinning, or inef�cient fabric 
formation. The last reason can be caused by a wrong setting of sinker height of at least one 
feeding system, incorrect yarn tension, or variation in fabric take-off tension (Au, 2011).

	 	� 	  The skew distortion is the angularly display from the ideal perpendicular angle of wales 
and courses of the knitted fabric. This defect is mainly caused by errors in yarn twist param-
eters and yarn twist direction. Moreover, bowing, stop marks, and needle lines belong to the 
�rst category of knitting defects (Au, 2011).

	2.	� Stitch defects:
	 	� Dropped stitches, also called laddering effect, are caused when loops are casted off during 

production. This error occurs when the yarn is fed wrongly to the needle because of too loose 
yarn tension or even yarn break. The process of formation of the laddering effect is described 
in Fig. 3.12. Cloth press-off and holes also stitch defects and are caused by yarn breaks or 
weak places in the yarn (Spleiss, 2005; Au, 2011). Also knitting undesired pattern elements 
such as tuck or miss elements are classi�ed as stitch defects (Au, 2011).

	 	� 	  Defects of weft-knitted fabrics are currently detected by the knitting expert during the 
knitting process on a random basis. Here, roll material from, e.g., large circular knitting 
machines, is inspected in an additional and downstream process, therefore, there is no pos-
sibility of error prevention but rather error detection and waste disposal.
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Figure 3.11  Principle and picture of stripe defects (Institut für Textiltechnik der RWTH 
Aachen University).
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	 	� 	  Defects are caused either by inhomogeneous yarn material mixture, �neness, and tension 
or by false setting of knitting process parameters such as speed [RPM], sinker height [mm], 
yarn tension [cN], take-off tension [N], or the width of the spreader [mm] (Saggiomo et al., 
2016).

	 	� 	  Optical properties of knitted fabrics, such as surface evenness or surface quality, are 
important quality parameters of knitted fabrics. “The human eye is very sensitive and can 
detect deviations in patterns as �ne as 20 µm” (Schneider, 2015). Regarding technical 
applications, such as �ame-retarding underwear, clothing for fencer skiing underwear, or 
very �ne knitwear (sheer panty hose), a little selective fabric mistake can lead to disqual-
i�cation of the fabric’s mechanical and optical requirements. In particular, errors with a 
spatial extension in production direction, such as color mistakes, pattern failures, or lad-
dering, are critical because a huge number of wasted running meter result without being 
detected.

	 	� 	  Moreover, repetitive errors, such as stripe defects because of uneven yarn tension of the 
yarn feeders, are hard to detect—even by trained operators because of the repetitive surface 
change is hard to differentiate from a (desired) pattern. Therefore, these tasks are more 
and more substituted by automated vision detection systems by counting or measuring the 
fabrics characteristics. Despite the practical advantages, there are just less applications in 
weft-knitting technology so far.

	 	� 	  Investigations for online quality monitoring regarding large circular knitting machines 
exist on research level. In industry these settings are not used, yet. Regarding circular 
weft-knitting machines two main settings exist: the camera system can be either installed 
inside or outside the cylindrical knitted tube (Fig. 3.13). Therefore, ring light is being used. 
Outside the tube, the camera can be installed by the use of a stand to prevent perspective 
distortion by machine vibrations during production.
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Figure 3.12  Principle and picture of laddering creation.
Institut für Textiltechnik der RWTH Aachen University.
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3.7  �  Conclusion

The spinning and weaving technologies already offer a high degree of mature automa-
tion technologies. The next step to improve such existing technologies is to connect 
the processes within the production and along the textile process chain. To guarantee 
an overall product quality it is necessary to access all necessary information of the 
production. Many product quality issues are related to the stability of the whole pro-
duction process. The knitting process can be divided into the highly productive circu-
lar knitting process or the slower but more �exible �at knitting process. The aim is to  
combine both bene�ts in one machine to ful�ll the increasing demand for mass-
customized products in the future. Therefore, the circular knitting process was improved 
by individual design capabilities. Such a new system will enable unknown �exibility 
for the circular knitting process with its known productivity advantages. Such a design 
�exibility requires streamlined interfaces to connect the process to the product design 
by the use of direct data transfer. In addition, with such a high degree of automation 
the automated detection of fabric failures is necessary. Therefore, image-based quality 
monitoring systems are developed and ef�ciently integrated into the process.

The weaving process already offers a high degree of automation and process 
stability. By the integration of self-optimizing technologies the process becomes a 
smart production system. Based on the product requirements the weaving machine 
automatically adjusts the production parameters according to the measured prod-
uct parameters. In general the weaving process can run without the attendance of 
an operator. The �nancial bene�t of low labor costs because of a high amount of 
machines, which can be operated by one person, has to be compensated by quality 
monitoring systems to ensure the overall fabric quality. Therefore, imaging systems 
have been developed to inspect the fabric for typical defects. An advanced and more 

Camera

Ring light

Ring light

Knitted tube

Camera

Figure 3.13  Top view of two principle arrangements of online quality monitoring of circular 
knitted fabrics.
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ef�cient version of the quality monitoring system is the on-loom imaging system, 
to detect all relevant fabric defects online at the weaving machine. The advantage is 
minimization of waste and the possibility to transfer amount and location of defects 
to subsequent process steps.

Increasing use of automation technologies within these processes of yarn spinning, 
knitting, and weaving production will also include an implementation of digitalization 
technologies. The necessary infrastructure on the shop �oor needs to be provided and 
ful�ll standard requirements to allow a lead data management. The aggregation of pro-
duction parameters of yarn production, knitting or weaving, and the analysis of data 
pattern and structures will increase the understanding of production-related quality 
through the whole production systems of garment manufacturing. Automation is a key 
technology and in general necessary to enable added value for the garment manufac-
turer and also for the customers.
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Automation in fabric inspection
Ashvani Goyal
The Technological Institute of Textile & Sciences, Bhiwani, India

4.1  �  Introduction

In the modern textile industry, visual surface inspection of fabrics plays an important 
role in quality control of textile and fashion products because defects on the fabric can 
have a great impact on costs and grading of �nal products. Fabric defects are respon-
sible for nearly 85% of the second quality items found in the garment industry, which 
represents a loss in revenue for manufacturers because the second quality product will 
sell for only 45%–65% of the price of �rst quality fabric. Therefore, fabric inspection 
is an utmost priority to prevent delivering inferior quality production.

The traditional methods of manual fabric inspection cannot meet the demand and 
accuracy sought for good quality garment manufacturing. In recent decades, numer-
ous algorithms based on computer vision have been proposed to address the problem 
of fabric defect detection. The development of fully automated web inspection system 
requires robust and ef�cient fabric defect detection algorithms. Various approaches 
for fabric defect detection have been proposed in past and on the basis of nature of 
features from the fabric surfaces; the proposed approaches have been characterized 
into three categories; statistical, spectral, and model-based.

This chapter discusses the advancements in fabric inspection systems to inspect the 
quality of fabrics. The principles of various approaches such as statistical, spectral, and 
model-based approaches for the fabric inspection, which are faster and reliable, are 
discussed. The research studies on fabric inspection done by several researchers are 
also highlighted. Various commercial fabric inspection systems such as BarcoVision's 
Cyclops, Elbit Vision System's I-Tex4, Zellweger Uster's Fabriscan, and Shelton web-
Spector for online or on-loom fabric fault analysis are also discussed in this chapter.

4.2  �  Fabric inspection

Until recently, fabric inspection is carried out by textile experts, who conduct a com-
pletely subjective evaluation of fabric products. However, an expert can detect no 
more than 60% of typical defects on a fabric wider than 2 m or when its moving speed 
is faster than 30 m/min. In addition, because of factors such as tiredness, boredom, 
and inattentiveness, the staff performance is often unreliable. As the recent production 
speeds are faster than ever, manufacturers must be able to identify defects, locate their 
source, and make the necessary corrections in less time so as to reduce the amount of 
second quality fabric.

4
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The increased speed and demand for high-quality fabric have placed a greater strain 
on the inspection departments of fabric manufacturers. Therefore, the best possibility 
for objective and consistent evaluation is through the application of an online automated 
inspection system. The wider application of online automated fabric inspection would 
seem to offer a number of potential advantages including improved safety, reduced labor 
costs, the elimination of human error and/or subjective judgment, and the creation of 
timely statistical product data. Moreover, as they are computer based, these systems do not 
suffer the drawbacks of human visual inspection.

4.3  �  Conventional fabric inspection techniques

There are various fabric inspection systems, which are based on the dimensions and 
severity of faults. Some of the systems widely used for fabric inspection are described 
in the following section.

4.3.1  �  Dallas system

Dallas system was speci�cally developed for knitted fabric in 1970, and this system 
was approved by Dallas Manufacturers Association. In this system, if any defect was 
found on a �nished garment, the garment would then be termed as a “second.” For 
fabrics, this system de�nes a second as “more than one defect per 10 linear yards, 
calculated to the nearest 10 yards.” For example, one piece 60 yards long would be 
allowed to have six defects.

4.3.2  �  Graniteville “78” system

This system was introduced in 1975 for the �eld of fabric grading. The system divides 
defects into major and minor types. The major defect is one, which is very obvious 
and leads the goods to second quality. The minor defect is one, which may or may not 
have caused garment to second, depending on its location in the end use item (Rana, 
2012). Penalty points are assigned as per Table 4.1.

Table 4.1  Fabric defect grading system  
in Graniteville “78” system

Length of defect Penalty points allotted

Up to 9 inches 1
9–18 inches 2
18–27 inches 3
27–36 inches 4
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Table 4.2  Fabric defect grading 
system in 4-point system

Length of defect Penalty points allotted

Up to 3 inches 1
3–6 inches 2
6–9 inches 3
Over 9 inches 4

Woven fabric hole
1 inch or less 2
More than 1 inch 4

Knitted fabric
Any hole 4

4.3.3  �  4-point system

The 4-point inspection system is the most common and widely used fabric quality 
inspection system for all types of fabrics in textile and apparel industry. The 4-point 
system, also called the American Apparel Manufacturers (AAMA) point grading sys-
tem for determining fabric quality, is endorsed by the AAMA as well as the ASQC 
(American Society or Quality Control). The 4-point system assigns 1, 2, 3, and 4 pen-
alty points according to the size and signi�cance of the defect (Table 4.2). No more than 
4 penalty points can be assigned for any single defect. Defect can be in either length or 
width direction, the system remains the same and only major defects are considered. 
No penalty points are assigned to minor defects. In this system, one should inspect at 
least 10% of the total rolls in the shipment and make sure to select at least one roll of 
each color way. Fabric defects are assigned points based on Table 4.2.

Total defect points per 100 square yards of fabric are calculated, if fabric rolls 
contain less than 40 points per 100 square yards are considered “�rst” quality and 
as an acceptance criteria. Fabric rolls containing more than 40 points are considered 
“seconds.”

4.3.4  �  10-point system

The 10-point inspection system is a point per fault system, which gives a measurable 
guide to quality grading per roll (Islam, 2015). In 1955s “Ten Points” piece goods 
evaluation was adapted by the Textile Distributors and National Federation of Textiles. 
The system assigns penalty points to each defect as in Tables 4.3 and 4.4.

Under the 10-point system, a piece is graded a “�rst” if the total penalty points 
do not exceed the total yardage of the piece. A piece is graded a “second” if the total 
penalty points exceed the total yardage of the piece. This system is bit complicated 
and dif�cult to use in practice because points per length are different for warp and 
weft defects.
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4.4  �  Automatic fabric inspection techniques

In general, images of normal woven fabrics are dominated by a texture, which always 
exhibits a high periodicity among subpatterns because of the characteristics of the 
weaving process used in fabric formation. If a defect is present, the local regular-
ity of a fabric will be disrupted, resulting in an imperfection or anomaly against the 
homogeneous texture. With this observation, to inspect defects with computer vision 
techniques, a defect in a fabric image is usually de�ned as any abnormality deriving 
from the homogeneous texture background. How to describe such anomalies becomes 
a baseline for researchers to design detection algorithms. Generally, the automatic 
fabric inspection techniques have been extensively reviewed (Kumar, 2008; Mahajan 
et al., 2009; Ngan et al., 2011; Malek, 2012) and mainly classi�ed in three categories 
namely, statistical, spectral, and model-based.

4.4.1  �  Statistical approach

Statistical approach measures the spatial distribution of pixel values with the objec-
tive of separating the image of inspected fabric into the regions of distinct statistical 
behavior. In this approach, the important assumptions are that the statistics of defect-
free regions are stationary, and that these regions extend over a signi�cant portion of 
inspected images. Statistical methods can be classi�ed into �rst-order (one pixel), 
second-order (two pixels), and higher-order (three or more pixels) statistics based on 
a number of pixels de�ning the local features (Mahajan et al., 2009).

Table 4.3  Fabric warp defect grading 
system in 10-point system

Length of warp defect Penalty points allotted

Up to 1 inch 1
1–5 inches 3
5–10 inches 5
10–36 inches 10

Table 4.4  Fabric weft defect grading system in 
10-point system

Length of weft defect Penalty points allotted

Up to 1 inch 1
1–5 inches 3
5 inches to half the width of fabric 5
Full width 10
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The �rst-order statistics estimate properties such as the average and variance of 
individual pixel values, ignoring the spatial interaction between image pixels, second-, 
and higher-order statistics on the other hand estimate properties of two or more pixel 
values occurring at speci�c locations relative to each other. The defect detection meth-
ods employing texture features extracted from fractal dimensions (FDs), �rst-order 
statistics, cross-correlation, edged detection, morphological operations, cooccurrence 
matrix (CM), eigen �lters, rank-order functions, and many local linear transforms 
have been categorized into this class.

4.4.1.1  �  Autocorrelation function

Autocorrelation technique combines all parts of an image and can be used to characterize 
repetitive structures (Zhang and Bresee, 1995). It measures the correlation between the 
image itself and the image translated with a displacement vector. As autocorrelation mea-
sure regular textures, it exhibits peaks and valleys. Tolba and Abu-Rezeq (1997) applied 
a self-organizing feature map to detect and classify automatically the textile defects. For 
fabric defect detection, Wood (1990) utilized a 2D autocorrelation function to describe 
the translational and rotational symmetry of an image at plain carpet but no explicit result 
was given. However, autocorrelation function (Zhang and Bresee, 1995) can misinterpret 
a �ne texture and cannot analyze a texture without a reference frame of tonal primitive.

4.4.1.2  �  Local linear transform

This approach is closely related to �lter-bank analysis methods. It gives a statistical 
justi�cation for the extraction of texture properties by means of convolution operators 
(masks). These masks may be considered as local detectors of elementary structures 
such as defects. Texture properties can be extracted by using several bidimensional 
transform such as discrete cosine transform (DCT), discrete sine transform (DST), 
discrete Hadamard transform (DHT), Karhunen–Loeve transform (KLT), and eigen 
�ltering ( Kumar, 2008; Mahajan et al., 2009; Harwood et al., 1995).

Unser (1986) tested different local linear transforms for texture classi�cation and 
found KLT as the best algorithm. Neubauer (1992) has detected fabric defect using tex-
ture energy features from low mask on 10 × 10 pixels windows of inspection images. In 
his approach, three 5 × 5 pixels Laws’ masks corresponding to ripple, edge, and weave 
features are used to extract histogram features from every window of the image. These 
features are then used for the classi�cation of the corresponding window into defect-free 
of defect class, using a three-layer neural network (NN). Also Ade et al. (1984) com-
pared Laws’ �lters, KLT, DCT, and DHT for textile defect detection. In online fabric 
inspection, the local transforms such as DCT or DST could be preferable to eigen �lters 
or KLTs because DCT or DST can be directly obtained from the camera hardware using 
commercially available chips that perform fast and ef�cient DCT or DST transforms.

4.4.1.3  �  Fractal dimension

FD or fractal image analysis can be used occasionally to discriminate between texture 
defective areas (Anagnostopoulos et al., 2001; Behera, 2004; Gedziorowski and Garcia, 



80

1995; Harwood et al., 1995). The differential box-counting method used differences in 
computing nonoverlapping copies of a set of images, and the method gave satisfactory 
results in all ranges of FD. Conci and Proenca (1998) implemented fractal image anal-
ysis system using a box-counting approach with an overall detection accuracy of 96% 
for eight types of fabric defects (Kumar, 2008; Mahajan et al., 2009; Behera, 2004; 
Gedziorowski and Garcia, 1995). Bu et al. (2009) have tested with seven data sets of 
14,378 defect-free and 3222 defective samples of plain and twill fabric of size 256 × 256 
pixels. The detection rates ranged from 94.09% to 98.30%. FD evaluation have some 
drawbacks that this method does not cover all possible ranges for textiles, that is, any 
value from 2.0 to 3.0, therefore it is not applicable to many types of textiles. Moreover, 
the method also has a poor ef�ciency and high false alarms rate (Kumar, 2008; Mahajan 
et al., 2009; Conci and Proenca, 2000a,b; Anagnostopoulos et al., 2001).

4.4.1.4  �  Edge detection

Edge detection is a traditional technique for image analysis. Edges can be detected 
either as microedges using small edge operator masks or as macro edges using large 
masks (Davis and Mitiche, 1980). The distribution of amount of edges per unit area is an 
important feature in the textured images. The amount of gray-level transitions in the fab-
ric image can represent line, edges, spots, ripples, and other spatial discontinuities. Thus 
these features have been largely employed for conformity testing, assembly inspection, 
and fabric defect detection. Conci and Proenca (2000a,b) have used Sobel edge detec-
tion to detect fabric defects and compared the results with those based on thresholding 
and FD. Lane (1998) has detailed a systematic approach to detect fabric defect. It is 
mainly suitable for plain weave fabrics imaged at low resolution. But, the dif�culty in 
isolating fabric defects with the noise generated from the fabric structure results in high 
false alarm rate and therefore makes them less attractive for textile inspection (Kumar, 
2008; Mahajan et al., 2009; Conci and Proenca, 1998, 2000a,b; Unser and Ade, 1984).

4.4.1.5  �  Cross-correlation

Cross-correlation is used to locate features in one image that appear in another one, 
and the correlation coef�cient can generate a correlation map for defect declaration. 
The cross-correlation function provides a direct and accurate measure of similarity 
between two images. Any signi�cant variation in the values of resulting measure indi-
cates the presence of a defect (Kumar, 2008; Mahajan et al., 2009). Bodnarova et al. 
(1998) have used the correlation coef�cient from multiple templates to generate a 
correlation map for defect declaration. The correlation approach in (Bennamoun and 
Bodnarova, 1998) yields satisfactory results when detecting imperfections in regularly 
textured backgrounds, but randomly textured backgrounds do not correlate well and 
demonstrate a limitation of this approach.

4.4.1.6  �  Morphological operations

Zhang and Bresee (1995) have detailed on morphological operations for detection of 
fabric defects. The practical utility of this approach is limited as most of the commonly 
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occurring fabric defects will be missing from the binary image generated from the 
simple thresholding operation. Detecting defects morphologically on spatially �ltered 
images of fabrics produces better results (Mallik-Goswami and Datta, 2000), partic-
ularly when the fabric is �ne and contains defect of small size. The mathematical 
morphology helps describing the geometrical and structural properties of an image 
(Tunak and Linka, 2005). Because the morphological operations are one of the ideal 
tools for removing noise, the technique can be pro�tably exploited for noise removal 
in spatially �ltered images of fabrics. Mallik-Goswami and Datta (2000) illuminated 
the inspected fabric by a collimated laser beam to obtain its diffraction pattern while 
the technology spatially �ltered noisy image is recorded by a charged coupled device 
(CCD) camera and converted to a binary one. The noise is then removed using suitable 
morphological operations with a critically selected structuring element. However, the 
presented experimental results are on obvious defects (Kumar, 2008).

Mathematical morphology (Serra, 1982) extracts useful components in an image 
for the geometric representation and description of regional shape (e.g., boundaries 
and skeletons). It performs operations (Gonzalez and Woods, 2002; Weeks, 1996) 
such as erosion and dilation, for smoothing, sharpening, and noise removal. The most 
successful method is an optimal morphological �lter designed by Mak et al. (2005, 
2009), for plain and twill fabric defect detection. The method reached accuracies of 
97.4% (Mak et al., 2005) and 94.87% (Mak et al., 2009) (off-line detection) over 78 
images of 256 × 256 pixels in size, of which there were 39 defect-free and 39 defec-
tive images from different defects, resolutions, and textural backgrounds. Mak et al. 
(2009) further tested their approach on a real-time inspection machine for 276 frames 
of images sized 768 × 256 pixels (17 defective images and 259 defect-free images) and 
achieved 96.7% detection accuracy.

4.4.1.7  �  Cooccurrence-based features

The CM method, known also as the spatial gray-level dependence method, has been 
widely used in texture analysis, and it is one of the most popular statistical texture 
analysis tools for fabric defect detection (Xie, 2008; Kumar, 2008). It is known also as 
the spatial gray-level dependence (Mahajan et al., 2009). It is based in repeated occur-
rences of different gray-level con�gurations in a texture. CM, originally proposed 
by Haralick and Shanmugam (1973), characterizes texture features as second-order 
statistics by measuring 2D spatial dependence of the gray values in a CM for each 
�xed distance and/or angular spatial relationship. He derived 14 features from the 
CM and used them successfully for characterization of textures. However, only two 
of these features have been used for the defect detection on fabrics. Rosler (1992) has 
also developed a real fabric defect detection system, using CM features, which can 
maintain 95% of the defects as small as 1 mm2 in size.

Balakrishnan et al. (1998) developed a vision system to identify and classify fab-
ric defects (fabric defect identi�cation and classi�cation system) using the CM with 
a total cost around $ 5300. For twill fabric, Tsai et al. (1995) applied CM to extract 
six image features as input parameters for a back-propagation (BP) NN algorithm. 
A detection success rate of 96% was achieved with 25 images (5 defect-free and 
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20 defective  images). Latif-Amet et al. (2000) proposed the subband cooccurrence 
matrix method. They achieved a detection accuracy of 90.78% on 36 plain fabric 
images of 256 × 256 pixels.

The spatial features of the CM are superior to that of AF because the cooccur-
rence probabilities can extract more information in one spatial distance, which is the 
measure between two pixel locations. Two main weaknesses of the CM (Zhang and 
Bresee, 1995) are poor performance in textures constructed by large-sized primitive 
and intensive computer requirements because of large number of adjacency pixels in 
calculation. Despite it is very popular and many studies exploited it as highly accurate 
technique, the CM features suffer from many drawbacks (Xie, 2008; Kumar, 2008; 
Mahajan et al., 2009; Anagnostopoulos et al., 2001). It is time-consuming while there 
is no generally accepted solution for optimizing the displacement vector. In addition, 
the number of gray levels is usually reduced to keep the size of the CM manageable. 
For a given displacement vector, a large number of features can be computed, which 
implies dedicated feature selection procedure. Moreover, this technique is computa-
tionally expensive for the demands of a real-time defect inspection system. Finally, 
the portioning of cooccurrence space and the description of multipixel cooccurrence 
are inef�cient, which should be addressed to achieve the best possible performance 
for online fabric inspection.

4.4.1.8  �  Arti�cial neural network

Arti�cial neural networks (ANN) are among the fastest and most �exible classi�ers 
used for fault detection because of their nonparametric nature and ability to describe 
complex decision regions composed of a number of similar elementary processing 
units (neurons) connected together into a network (Xie, 2008; Kumar, 2008; Mahajan 
et al., 2009; Kuo and Su, 2003; Malamas et al., 2003; Nayak et al., 2016). Huang and 
Chen (2001) have used BP NN, with fuzzy logic, to achieve the classi�cation of eight 
different kinds of fabric defects along with defect-free fabric. Elragal (2006) proposes 
an automated visual inspection system using adaptive neural fuzzy interface system 
that can detect and classify knitting machine fabric defects.

M. Shi et al. (2009) described an adaptive image-segmentation method based on a 
simpli�ed pulse-coupled neural network for detecting fabric defects. They introduced 
a new parameter called the deviation of the contrast to describe the contrast difference 
in row and column between the analyzed image and a defect—free image of the same 
fabric. The fast and noise immune probabilistic neural network classi�er has been 
found to be very suitable for defect detection in homogeneous nonpatterned surfaces 
with acceptable slight variations, such as textile fabrics (Tolba, 2011). A defect detec-
tion accuracy of 99.87% has been achieved with 99.29% recall/sensitivity and 99.91% 
speci�city.

Castilho et al. (2007) implemented a real-time fabric defect detection–based intelli-
gent techniques. They used NNs, fuzzy modeling to obtain a clearly classi�cation for 
defect detection. The experimental results stated that NN has a faster performance. The 
used algorithms can be easily implemented online and may be adapted to industrial 
applications without great efforts. They also proposed new methods for determining 
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threshold values for fabric defect detection using feedforward NN. Behera and Mani 
(2007) used BP-based NN coupled with the DCT technique to characterize and classify 
woven fabric defects. Banumathi and Nasira (2012) uses BP-based NN algorithm to 
calculate the weighted factors and generates the desired classi�cation of fabric defects.

Furferi and Governi (2008) described an arti�cial vision inspection system for 
real-time detection and classi�cation of raw material defects. This system based on 
an ANN approach with 90% detection reliability and an adequate computational 
time. Many other research works (Mitropulos et al., 1999; Behera and Mani, 2007; 
Furferi and Governi, 2008; Kuo and Lee, 2003; Kuo et al., 2003; Mursalin et al., 2008; 
Schmalfuss and Schinner, 1999; Shiau et al., 2000) implemented ANN approach to 
detect automatically the fabric defects. Its limitations (Egmont-Petersen et al., 2002) 
include its black-box character, dif�culty in coping with abundance of features and 
concomitant variations in scale, position, and orientation.

Stojanovic et al. (2001) suggested a three-layer BP ANN for low-cost fabric defect 
detection with off-the-shelf components. It achieved a detection accuracy of 86.2%. 
Similarly, a cost-effective feedforward NN architecture based on principal compo-
nent analysis was proposed in Kumar (2003). A three-layer BP NN was proposed by 
Kuo et al. (2003) for plain white fabric defect detection. From four defect classes, 
160 defective images (acquired by 1 × 4096 high-resolution line-scan camera) were 
tested with a defect recognition accuracy of 91.88%. Its merit was to model a high-
dimensional system by nonlinear regression algorithm. For the same kind of fabric, 
another BP network (Kuo and Lee, 2003) was presented with a preprocessed �ltering 
step. It was tested on 240 defective images (by an area-scan camera) from four classes 
and offers 94.38% accuracy. A recent BP NN (Yin et al., 2009) has accomplished 91% 
and 100% detection success rates for hole (16 images) and oil stain (16 images) of 
twill fabric, respectively. ANN method (Castilho et al., 2007) achieved over 99.9% 
accuracy in both off-line (two plain weave fabric) and online defect detections.

4.4.1.9  �  Bilevel thresholding

Studies of fabric defect detection have been based primarily on gray-level statistical 
approaches (Zhang and Bresee, 1995). These approaches are direct and simple mean to 
detect high contrast fabric defects. The occurrence of a defect causes the signal level to 
rise or fall locally; the presence of a peak or trough then indicates a defect. This defect 
is detected when the signal crosses a decision threshold. Cho et al. (2005) proposed 
algorithm for �nding defect in textile fabrics with �ne web surface, which shows 80% 
recognition rate on warp and pick �oat. Stojanovic et al. (2001) have developed a fabric 
inspection system that uses thresholding, noise removal followed by local averaging to 
identify eight categories of defects with 86.2% accuracy and 4.3% of false alarm. The 
advantages of such a technique lie in its ease of implementation. Otherwise, it fails to 
detect the defects, which appear without altering mean gray level in defect-free areas.

4.4.1.10  �  Histogram analysis

Histogram analysis and the rank function provide exactly the same information. 
Histogram analysis is done rather than a point-to-point analysis. Since different images 
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usually become more comparable to one another after histogram equalization because 
their brightness and contrast are more similar, equalization is usually performed. 
Zhang and Bresee (1995) used histogram equalization that reassigns gray-level values 
of pixels to achieve a more uniform gray-level distribution in an image. During this 
process, individual pixels retain their brightness order, but a more �attened histogram 
is produced so the brightness and contrast of images are altered. The color informa-
tion in textured images can also be used to extract color histograms and this has been 
used in (Boukouvalas et al., 1999; Bergsa et al., 2000) to detect defects. Thilepa and 
Thanikachalam (2010) applied noise �ltering, histogram, and thresholding techniques 
using Matlab to detect fabric defects with 85% overall ef�ciency. Despite their sim-
plicity, histogram techniques have proved their low cost and high detection accuracy 
(Xie, 2008; Behera, 2004).

4.4.1.11  �  Rank-order functions approach

An image rank function is a simple statistical approach for defect detection based 
on histogram analysis. It is given by the sequence of gray levels in the histogram 
when this sequence is sorted in the ascending order (Kumar, 2008). There exists 1:1 
correspondence between the rank function and the related histogram, which does not 
exist between histogram and the image. Therefore the histogram and the rank function 
provide exactly the same information. However, rank functions are used instead of his-
tograms because of the existence of very ef�cient de�nition of rank distances, which 
can be ef�ciently computed.

The median �lter and other rank-order �lters (Tunak and Linka, 2005) such as min-
imum or maximum are the best known examples of order statistics–based �lers. These 
nonlinear �lters are especially useful because of their robustness toward the modi�ca-
tions of the image local properties. Harwood et al. (1995) found that, local rank-order 
correlations of images with Laws’ masks could perform better than the basic convo-
lutions, for suitable image and mask sizes. These more robust measures of correlation 
are less sensitive to local random pattern and gray-scale variabilities, which are every-
where apparent in large textured images. The fabric texture information regarding 
spatial distribution and orientation, etc., is not uniquely determined from the knowl-
edge of rank-order functions. Because of such drawbacks the approaches based on 
rank-order functions or classical histogram analysis have failed to generate any further 
interest for fabric defect detection.

4.4.1.12  �  Statistical moments approach

In statistical moments approach, large windows are preferred to gather a statistical sam-
ple. Mean, standard deviation, skewness, and kurtosis provide statistical information 
over a region, whereas the values are used for image segmentation. Abouelela et al. 
(2005) proposed a method of obtaining texture features by computing the moments in 
local regions directly from the gray-level image. The used algorithm has successfully 
segmented binary images containing textures with iso-second-order statistics as well as 
a number of gray-level texture images. Because of the in�uence of nonuniform illumina-
tion conditions on the image, statistical moments reveal the necessity of a preprocessing 
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step to correct the image illumination inhomogeneities. The main advantage of these 
techniques is their computational simplicity (Anagnostopoulos et al., 2001).

4.4.1.13  �  Eigen �lters or independent component analysis 
approach

The eigen �lter approaches are useful in separating pairwise linear dependencies, 
rather than higher-order dependencies, between image pixels (Kumar, 2008). As these 
�lters are of particular interest because they adapt automatically to the class of texture 
to be treated, Unser and Ade (1984) suggested a �exible texture inspection system 
based on the evaluation of a sequence of local textural features. Their system pre-
sented accurate defect detection with an extremely low probability of false alarms.

Monadjemi (2005) introduced the usage of structurally matched eigen �lters to 
overcome the practical drawbacks of traditional approaches, which require an exten-
sive training stage. Sezer et al. (2004) developed a new methodology for defect detec-
tion based on the independent component analysis. This method extracts the feature 
from the nonoverlapping subwindows of texture images and classi�es a subwindow 
as defective or nondefective according to Euclidean distance between the feature 
obtained from average value of the features of a defect-free sample and the feature 
obtained from one subwindow of a test image. It gives good detection results with 
96%–97% accuracy.

4.4.1.14  �  Local binary patterns approach

Usually, a simple local contrast measurement is calculated as a complement to the 
(Local binary pattern (LBP)) value to characterize local spatial relationships. The (LBP) 
operator is computationally simple, gives good performance in texture classi�cation, 
and is relatively invariant with respect to changes in illumination and image rotation 
(Mallik-Goswami and Datta, 2000). Ojala et al. (1996) described the LBPs as a shift 
invariant complementary measure for local image contrast. It uses the gray level of the 
center pixel of a sliding window as a threshold for surrounding neighborhood pixels.

4.4.2  �  Spectral approach

Spectral approaches are robust and ef�cient computer vision approaches for fabric 
defect detection. In these approaches texture is characterized by texture primitives or 
texture elements and the spatial arrangement of these primitives. Thus, the primary 
objective of these approaches is �rstly to extract texture primitives, and secondly to 
model or generalize the spatial placement rules. Spectral approaches require a high 
degree of periodicity thus, it is recommended to be applied only for computer vision 
of uniform textured materials such as fabrics.

For automated defect detection, such approaches are developed to overcome 
the ef�ciency drawbacks of many low-level statistical methods. Therefore, these 
approaches were rendered as a robust solution for online fabric defect detection. 
Spectral approaches are more advantageous in terms of computational ef�ciency but 
less robust in dealing with random texture images, which cannot be described in terms 
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of primitives and displacement rules. In spectral-domain approaches, the texture fea-
tures are generally derived from the Fourier transform (FT), Gabor transform, and 
wavelet transform (WT).

4.4.2.1  �  Fourier transform

Fourier analysis is a global approach that characterizes the textured image in terms of 
frequency components. The spatial domain is usually noise sensitive and arduous to 
locate defects, whereas FT utilizes the frequency domain to characterize the defects. 
Fourier techniques have desirable properties of noise immunity, translation invariance, 
and the optimal characterization of the periodic features (Kumar, 2008; Mahajan et al., 
2009; Tsai and Huang, 2003). They can be used to monitor the spatial frequency spec-
trum of a fabric and compare the power spectrum of an image containing a defect with 
that of a defect-free one. When a defect occurs, the fabric regular structure is changed, 
so that the corresponding intensity at some speci�c positions of the frequency spec-
trum will also change, which could signify the presence of a defect.

Many researchers (Chan and Pang, 2000; Sengottuvelan et al., 2008; Tunak and 
Linka, 2004, 2005, 2006; Escofet et al., 2001; Rallo et al., 2007; Sakaguchi et al., 
2000; Tsai and Hu, 1996; Malek et al., 2011) proposed a simulated fabric model to 
understand the relationship between the fabric structure in the image space and that 
in the frequency space. To implement Fourier analysis for fabric defect detection, 
various methods are available; optical Fourier transforms (OFT) obtained in optical 
domain by using lenses and spatial �lters can be used, but most techniques, digitally 
implemented, are derived from discrete Fourier transforms (DFT) and/or its inverse 
discrete Fourier transforms (IDFT), which recovers the images in the spatial domain: 
classic fast Fourier transforms (FFT) or windowed Fourier transforms (WFT) ver-
sions, which have the ability to localize and analyze the features in spatial as well as 
frequency domain.

Chan and Pang (2000) used the Fourier analysis for fabric defect detection. Seven 
textural features extracted from the vertical and horizontal frequency components in the 
Fourier spectrum are used to discriminate four defect types including double yarn, miss-
ing yarn, webs, and yarn densities. Tsai and Hsieh (1999) detected fabric defects using 
a combination of DFT and Hough transform. Based on a global image reconstruction 
scheme using the FT, Tsai and Huang (2003) presented a global approach for the auto-
matic inspection of defects in randomly textured surfaces as sandpaper. In the restored 
image obtained by IFT, the homogeneous region in the original image has an approx-
imately uniform gray level, and yet the defective region will be distinctly preserved.

As OFT is relatively easy to implement and fast (Kumar, 2008), Castellini et al. 
(1996) developed a defect detection system using the measurements of the �rst- and 
the zero-order intensities. Ciamberlini et al. (1996a,b) have described the design of 
spatial �lters: a �xed �lter adaptable for different types of fabric and a universal spatial 
�lter for the detection of defects in textured materials. Campbell and Murtagh (1998) 
have detailed a WFT-based method to detect defect on denim fabric samples.

Chan and Pang (2000) used DFT and IDFT to extract seven signi�cant character-
istic parameters from the central spatial frequency spectrums. These parameters are 
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then applied using FFT to detect fabric defects (Sengottuvelan et al., 2008; Tunak and 
Linka, 2004). In addition, Cardamone et al. (2002) used FFT to analyze the woven 
fabric construction. He et al. (2004) used FT to develop an oblique scanning method, 
which scans the fabric surface on a running air-jet loom to estimate the fabric �uctu-
ation in the cloth fell during weaving. Mallik-Goswami and Datta (1999) used a joint 
transform correlator technique, which is an extension of FT analysis and is extremely 
useful for real-time pattern recognition to identify fabric defects.

Based on FT, Perez et al. (2004) presented an automated analysis system for defect 
detection in the print process of �ocked fabrics with repetitive patterns. Ralló et al. 
(2007) developed and tested a fully automatic system to inspect a variety of fabrics 
and defects. The method is achieved by applying Fourier analysis to the image of the 
sample under inspection, without considering any reference image so that, no prior 
information about the fabric structure or the defect is required. Based on FT, Weng and 
Perng (2007) detailed a reliable and computationally ef�cient two-dimensional (2D) 
convolution mask to detect irregularities and defects in a periodic 2D signal or image.

Hoffer et  al. (1996) presented an OFT to detect and identify the defects on an 
on-loom NN-based inspection machine. The only explicit detection result, given by 
Chiu et  al. (2002), was Fourier-domain maximum likelihood estimator (FDMLE), 
which was based on a fractional Brownian motion model for detecting fabric sur-
face defects. Four defective images of size 128 × 128 were shown to be successfully 
detected by FDMLE. The method was invariant to geometric transformation such as 
rotation, position shift, gray-level shift, and size rescaling of an image.

FT is simple, fast, and simulates the human visual inspection. Although on the other 
hand, it has a low-computational complexity and is less sensitivity to noise. The FT 
is insensitive to the minor modi�cations to the frequency spectrum caused by local 
fabric defects. To overcome this drawback, researchers used other approaches, such 
as Gabor �lters and WT. The DFT- and OFT-based techniques are suitable for both 
global and local defects. Furthermore, the DFT-based approaches are not effective in 
the fabric images in which the frequency components associated with the homogenous 
and defective regions are highly mixed together in Fourier domain. It is due to the dif�-
culty in manipulating the frequency components associated with homogenous regions 
without affecting the corresponding components associated with the defective regions.

The relevant limitation to OFT approach is the laser beam diameter employed to 
generate the image of the moving fabric. It cannot be too large relative to the spac-
ing of weft and warp yarns in the fabric. Consequently, multiple optical systems are 
required to cover the width of fabric, which is very costly and complex (Kumar, 2008). 
Moreover, FT is known to be a computationally expensive method. For instance, the 
time of 2D DFT is proportional to the square of the image size. Therefore, to reduce 
the computation time, FFT is used.

4.4.2.2  �  Gabor �lters

Gabor �lters are considered to be the most successful approach, of the nonfeature 
extraction detection schemes, for detecting fabric defects, in that it does not need 
an explicit feature extraction stage but utilizes a set of optimized Gabor �lters and 
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shown) with a classi�cation success rate of 87% from 360 defective images of nine classes 
of defects. Among the GFs methods, Mak and Peng (2008) achieved the best detection 
result on a fair amount of testing samples. They applied a GWN to extract optimal texture 
features from a defect-free image and then a well-tuned real-valued GF was employed for 
detecting defects. The detection success rates were 96.2% (39 defect-free and 32 defective 
images sized 256 × 256 from plain, twill and denim weaving fabrics acquired by a �at-bed 
scanner) and 97.1% (259 defect-free and 17 defective images sized 768 × 256 from twill 
fabric captured by a line-scan camera with front and back lighting). The main drawback of 
this approach comes from the nonorthogonality of Gabor functions, which results in many 
correlations of features between the scales.

4.4.2.3  �  Wavelet transform

In the recent past, multiresolution decomposition schemes based on WT have received 
considerable attention as alternatives for the extraction of textural features. As the 
basis functions of FT are sinusoids, WTs (Gonzalez and Woods, 2002) are based on 
small waves of varying frequency and limited duration called wavelets. WT offers 
localized information (more local support than FT) from horizontal, vertical, and diag-
onal directions on any input image. For plain and twill fabrics defect detection, WT 
(Yang et  al., 2002; Tsai and Hsiao, 2001; Tsai and Chiang, 2003; Sari-Sarraf and 
Goddard, 1999; Han and Shi, 2007; Yang et al., 2004; Truchetet and Laligant, 2004) is 
commonly used for the feature extraction.

An on-loom fabric inspection system by Sari-Sarraf and Goddard (1998, 1999) pro-
posed to use WT and edge fusion as preprocessing tools to attenuate the background 
texture and accentuate the defects on sheeting, �lament-yarn, and spun-yarn fabrics. 
It reached an 89% detection success rate over 3700 images of fabrics, containing 26 
different kinds of defects. Scharcanski (2005) used the discrete WT to classify sto-
chastic textile texture. Rather using �xed scales, Kim et al. (1999) employed a learn-
ing process to choose the wavelet scales for maximizing the defect ability of fabric 
defects. Latif-Amet et al. (2000) extracted cooccurrence and Markov random �eld 
(MRF)-based features from WT coef�cients for fabric defect detection. Gray-level 
difference-based features from subbands of the WT were also applied in classifying 
fabric defects.

Kumar and Gupta (2000) have used mean and variance of “Haar” wavelet coef�-
cient for the identi�cation of surface defects. The fabric texture can also be considered 
as noise and removed using wavelet shrinkage. Recently, Truchetet and Laligant (2008) 
gave a detailed review on wavelet analysis in industrial application. On the basis of 
wavelet and singular signal-characteristic analysis, Guan et al. (2008) presented a new 
defect detection method based on wavelet characteristics. The detail signal feature 
after wavelet decomposition of fabric image is extracted, and it is compared with the 
detail signal feature of normal fabric image decomposition to determine fabric defects. 
Their experimental result shows the defect detection accuracy is over 92.5%.

Ngan et al. (2005) have developed the method of wavelet preprocesses golden image 
subtraction (WGIS) for defect detection on patterned fabric. They concluded that the 
WGIS method provides the best detection result. Dorrity et al. (1996) developed a 
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real-time fabric defect and control system based on fuzzy wavelet analysis. Tsai and 
Hsiao (2001) detailed with some experimental results, an approach based on selective 
wavelet coef�cients, to reconstruct the fabric image. It enhances the defects to be  
detected by thresholding in another step. Yang et  al. (2002) designed a state-of-
the-art technique of an adaptive wavelet-based feature extractor with a Euclidean 
distance-based detector for plain and twill fabrics. It achieved a detection rate of 
97.5% with known defects (480 defect-free and 480 defective samples) and dropped 
to 93.3% with unknown defects (780 defect-free and 180 defective samples).

Yang et al. (2004) later compared a new discriminative feature extraction (DFE) 
method with �ve other WT-based classi�cation methods on nine classes of samples 
(8 defect and 1 defect-free classes) of plain and twill fabrics. The DFE method out-
performed the rest; however, fabric defect classi�cation accuracy slightly decreased 
to 95.8% for a larger database of plain fabric samples (434 defect-free and 466 defect 
samples) when compared to that of previous work (Yang et al., 2002). But, after sur-
veying of numerous wavelet-based research works, Truchetet and Laligant (2004) 
concluded that, wavelet cannot solve all the problems and that there are still a lot of 
limitations inherent to WT.

It suffered from either image components interference or features correlations 
between the scales (Kumar, 2008). Xia et al. (2016) modi�ed contourlet transform for 
a more complex situation to obtain a subtler decomposition of the warp-knitted fabric 
image. The new contourlet transform is named the nonsubsampled wavelet-packet–
based contourlet transform (NWPCT), and it consists of wavelet-packet transform and 
a nonsub sampled directional �lter bank. The result demonstrates that NWPCT has 
excellent properties to segment out the defects (broken wrap, oil, and width barrier) 
of warp-knitted fabric.

4.4.2.4  �  Filtering approach

Some fabric defects that produce very subtle intensity transitions may be dif�cult 
to detect using abovementioned spectral approaches. A potential solution to detect 
such defects is to employ optimal �nite impulse response (FIR) �lters. An FIR �l-
ter has generally more free parameters than an in�nite impulse response �lter or a 
Gabor �lter and thus offers added advantage of computational ease. Therefore, it 
offers a large feature separation between the defect-free and the defective regions 
of the �ltered image (Kumar, 2003, 2008; Kumar and Pang, 2002a). The biggest 
advantage of FIR �lters is that they can implement any impulse response, provided 
it is of �nite length.

Kumar (2003) emphasized on smaller spatial masks, as compared to those from 
optimal Gabor �lters, and demonstrated fabric defect segmentation with optimal FIR 
�lters as small as 3 × 3 or 5 × 5 mask size. Kumar and Pang (2002a) proposed a linear 
FIR �lter with an optimized energy separation. They investigated the approach perfor-
mance with the size variation of both optimal and smoothing �lters. They concluded 
that the size of optimal �lter has appreciable effect on the performance for the defect 
detection. These �lters can be used to supplement the performance of the existing 
inspection systems that fail to detect a class of speci�c defects.
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Filtering is utilized in many applications (e.g., image enhancement) and performed 
(Gonzalez and Woods, 2002) between an image neighborhood and a �lter mask. Two 
kinds of �ltering methods (Gonzalez and Woods, 2002) are (1) frequency domain 
�ltering based on FT, and (2) spatial �ltering based on direct operations on image 
pixels. Neubauer (1992) recommended a defect segmentation method based on multi-
ple linear �lters (including three separable convolution �lters as �rst-order statistics). 
Depicting only one fabric sample in poor quality, the true positive rate and the true 
negative rate of detection were 98.3% and 90.6%, respectively.

An eight-parameter 2D lattice �lter (Meylani et al., 1996a,b) was utilized to detect 
defects on raw fabrics. To reduce the computation complexity for detection, a multi-
scale differentiation �ltering (MSDF) method (Zeng and Hirata, 2002) was suggested 
with the help of B-spline. The defects from small to large size of 12 plain fabric image 
sized 256 × 256 pixels (acquired by camera on real-time air-jet looms) were outlined 
after detection. The MSDF method was successful in suppressing the background tex-
ture, and seemed effective to detect different defects, and had a high sensitivity. Yet, 
it produced distorted output for large-scale defects. No explicit results were presented 
(Neubauer, 1992; Meylani et al., 1996a,b; Zeng and Hirata, 2002) and their reliability 
on a large database was not clear.

4.4.2.5  �  Wigner distributions approach

The Wigner distribution function is Fourier-like but offers better cojoint resolu-
tion than Gabor or difference of Gaussians for cojoint spatial and spatial frequency 
image representation. This algorithm is effective when implemented for online fab-
ric defect detection but its computation time is prohibitive. However, its utility for 
unsupervised fabric inspection, in simultaneously detecting defects from a large 
number of classes, is yet to be demonstrated. The major drawback of this technique 
(Kumar, 2008) is the presence of interference terms between the different compo-
nents of the image.

4.4.3  �  Model-based approach

Model-based texture analysis methods try to capture the process that generated 
the texture. It tries to model the texture by determining the parameters of a pre-
de�ned model. Model-based approaches are particularly suitable for fabric images 
with stochastic surface variations (possibly due to �ber heap or noise) or for ran-
domly textured fabrics for which the statistical and spectral approaches have not 
yet shown their utility. These approaches often require that the image features at 
different levels of speci�city or detail match one of possible many models of dif-
ferent image classes. This task is very dif�cult and computationally intensive if the 
models are complex and if a large number of models must be considered (Malamas 
et al., 2003). A random �eld (Jain, 1989) of an image is a stochastic modeling (SM) 
by a simple function of an array of random variables. In general, SM in image pro-
cessing can be broadly classi�ed into three classes: covariance, 1D, and 2D mod-
els. Autoregressive model belongs to the 1D class. The 2D models include casual, 
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semicasual, and noncasual predictions. Markov random �eld (MRF) is one of the 
noncasual predictions.

4.4.3.1  �  Gauss–Markov random �eld model

As the brightness level at an image point is dependent on the brightness levels of 
the neighboring points unless the image is simply random noise, MRFs use a pre-
cise model of this dependence. They are able to capture the local (spatial) contextual 
information in an image. The theory provides a convenient and consistent way for 
modeling context-dependent entities such as pixels, through characterizing mutual 
in�uences among such entities using condition MRF distribution (Xie, 2008; Kumar, 
2008; Mahajan et al., 2009; Baykut et al., 1998).

MRFs have been popular for modeling images. It can combine both statistical and 
structural information in pattern recognition. These models assume that the intensity at 
each pixel in the image depends on the intensities of only the neighboring pixels. Cohen 
and Fan (1988) used Gaussian Markov Random Fields (GMRF) to model defect-free 
textile web. The inspection process was treated as a hypothesis testing problem on 
the statistics derived from the GMRF model. The images of fabric to be inspected are 
divided into small windows in inspection process; a likelihood ratio test is then used to 
classify the windows as nondefective or defective. The testing image was partitioned 
into nonoverlapping subblocks where each window was then classi�ed as defective 
or nondefective. � zdemir and Erçil (1996), Baykut et al. (1998, 2000) implemented 
GMRF-based defect detection system. They showed that the �fth-order GMRF-based 
defect detection scheme runs at about 10 times faster than that based on KLT.

4.4.3.2  �  Poisson model

The stochastic models of some randomly industrial textured materials are based on 
the nature of the manufacturing process (Kumar, 2008). One example of such material 
is the �brous, nonwoven material used for air �ltration that is manufactured through 
adhesive technology. Brzakovic et al. (1995, 1997) discuss a theoretical approach based 
on a Poissonian model for inspection of web materials. The inspection objective is to 
quantify the randomness and homogeneity across the material. It was shown that the 
difference between the theoretical estimated model and actual measurements from the 
defect-free images is within 10%. Thus a statistical hypothesis testing between these 
two measurements can also be used to detect the fabric defects.

4.4.3.3  �  Model-based clustering approach

The problem of locating possible clusters in a data set (image) is a recurrent one 
with a long history. Campbell et al. (1997, 1999) combined image processing tech-
niques with a powerful new statistical technique to inspect denim fabrics. They detect 
an alignment pattern in preprocessed images via model-based clustering and use an 
approximate Bayes factor to assess the evidence for the presence of a defect. Each of 
the aforementioned defect detection methods has limitations. There are still industrial 
needs to develop ef�cient and robust algorithms for online fabric inspection.
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4.4.4  �  Combination of computational methods

It is dif�cult to perform a robust individual approach that detects all fabric defects with 
high accuracy. Each technique has some advantages and disadvantages. Therefore, 
many researchers combined two or more different approaches to give better results 
and to minimize the computational complexity and enhance the detection capability. 
Sari-Sarraf and Goddard (1999) described an online automated fabric defect detection 
system with 100% coverage. The relatively low-cost system is synchronized with the 
loom motion and produces high-quality fabric images with either front or back light-
ing. The acquired images were then processed by a segmentation algorithm, which 
combines WT, image fusion, and the correlation dimension. The approach overall 
detection rate under realistic conditions was found to be 89%, with 0.2 inches mini-
mum defect size and a false alarm rate of 2.5%.

Röesler (1992) used a combination of two statistical approaches; histograms and 
CMs to develop a real fabric defect detection system. About more than 50 defective 
samples were recognizable up to 95%. Chen and Libert (1998) developed a real-time 
automatic visual inspection system for high-speed plane products. The implemented 
algorithm combines the connected component labeling, the moment calculation, and 
the pattern recognition. Jianli and Baoqi (2007) combined discrete WT and BP NN 
to develop feasible approach for the recognition of fabric defects. Latif-Amet et al. 
(2000) described an effective algorithm that combines concepts from wavelet theory 
and CMs to detect fabric defect.

Mak et al. (2009) extracted fabric defects using a pretrained GWN. Then texture 
features are used to facilitate the construction of structuring elements in subsequent 
morphological processing to remove the fabric background and isolate the defects. 
Malek et  al. (2013) applied FFT and cross-correlation techniques to examine the 
structure regularity features of the fabric image in the spatial domain. To improve 
the ef�ciency of the technique and overcome the problem of detection errors, fur-
ther thresholding operation is implemented using a level selection �lter. The proposed 
detection technique is able to detect each fabric defect of a 1.5 mm size with a 100% 
detection rate even with the deferent added noise levels. Stojanovic et  al. (1999) 
implemented simple and fast binary and statistical algorithms in combination with 
NN to improve fabric inspection process for reduced number of defect classes under 
real industrial conditions.

4.4.5  �  Comparative studies of different model

Because of the huge number of fabric defect detection algorithms and techniques, the 
need of effective methods to compare between these approaches is very important 
than before. The statistical and structural approaches have been in favor in terms of 
the amount of research reported. There are several comparative studies in the litera-
ture that evaluate texture analysis methods in applications to fabric defect detection. 
It must be noted that different studies use different data sets and possibly different 
parameter settings. Also resolution of the acquired images is an important factor in 
selecting the suitability of an approach for the defect detection. Therefore comments 
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method by comparing it with CM, histogram, Gabor Filters, wavelets transforms, and 
FD algorithms. The results showed a similar or superior performance to more complex 
approaches but with greatly saving computational cost.

Randen and Husoy (1999) and Chen and Chen (1999) indicate that the Gabor fea-
tures in most of the cases outperform the other methods regarding the complexity 
and overall error rate, but the Gabor features suffer from a number of dif�culties. A 
major dif�culty of this method is how to determine the number of Gabor channels at 
the same radial frequency and the size of the Gabor �lter window in the application. 
Although a solid conclusion cannot be drawn to determine the best method for defect 
detection, it is clearly evident that �ltering approaches, in particular Gabor �ltering 
has been more popularly applied in these areas. Finally, Vergados et al. (2001) detailed 
a description of the state-of-the-art techniques for texture segmentation as well as an 
evaluation of experimental research and results on the basis of selected algorithms 
suitable for real-time applications. They concluded that the ef�ciency of the various 
methods is strongly related to the nature of the inspected image while an algorithm for 
real-time applications should be specially designed on the basis of fast computational 
approaches.

4.5  �  Commercial automated fabric inspection systems

Traditionally fabric inspection has been carried out manually through human visualiza-
tion performed by inspectors. This process can be tedious and can add to the production 
cost. Besides many defects can be missed, and the inspection can be inconsistent where 
by the output is dependent on the training and the performance and skill level of the 
human inspectors. In recent years automated machines have been developed based on 
adaptive and NN systems. Automated fabric inspection systems are designed to �nd and 
catalog defects in a wide variety of fabrics including greige, apparel, upholstery, fur-
nishing, dyed, �nished, denim, and industrial fabrics. Systems such as the BMSVision 
Cyclops, Zellweger Fabriscan, Elbit Vision I-Tex, and Shelton webSpector have proven 
to produce consistent and reliable results (Dockery, 2001; Guruprasad and Behera, 2009).

4.5.1  �  BMSVision Cyclops

What makes the BarcoVision Cyclops system different from the Elbit Vision System 
(EVS) and Zellweger Uster offerings is that it has a traveling scanning head and can 
be deployed on the weaving machine itself. I-Tex and Fabriscan both inspect fabric 
in full width either at the batcher for greige fabrics or at the exit end of a �nishing 
machine. Therefore, Cyclops can prevent the production of off-quality fabric by stop-
ping the weaving process if it detects a serious or running defect. Examples of defects 
that would prompt Cyclops to stop a loom are running warp defects, recurring �lling 
defects, and a high concentration of local defects (Fig. 4.1).

The Cyclops (Fig. 4.2) has a traveling head that can scan at a speed of 18–54 cm/s. 
The head includes a camera and illumination system and can prevent production 
defects by stopping the weaving process. The camera is based on complementary 
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metal–oxide–semiconductor technology. The illumination system has been speci�-
cally designed to achieve optimal detection of defects in woven structures. Proprietary 
algorithms run on a combination of in-house designed processing hardware and an 
industrial PC to carry out the image processing. The embedded software is the heart 
of Cyclops and runs on special purpose hardware designed by Barco. The major fea-
tures of the software include calibration of the camera and illumination, tuning of 

Figure 4.2  BMSVision Cyclops.
Source: http://www.visionbms.com/sites/default/�les/downloads/Cyclops_BRCH_EN_
A00511_0.pdf.

Tight pick Starting marks in tracer
fabric

Slub Coating drop
in mesh fabric

Kinky filling Broken pick in carbon
fabric

Tight end Broken end
in tracer fabric

Figure 4.1  Fabric defects detected by Cyclops.
Source: http://www.visionbms.com/sites/default/�les/downloads/Cyclops_BRCH_EN_
A00511_0.pdf.
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image processing algorithms for warp/weft density and weave, boundary detection, 
and JPEG-encoded image storage of fabric defects.

The on-loom fabric inspection system communicates with the microprocessor 
of the weaving machine. In case a running defect is detected, the on-loom fabric 
inspection system stops and holds the loom, preventing to continue the production of 
defective fabric. All detected defects are transmitted to the QualiMaster system. To 
complete the information, each defect is marked with time, date, and pick stamp. This 
allows locating the defect in the cloth roll, to generate quality reports by weaver, per 
shift, per style, and many more.

A typical application of QualiMaster is the “bypass” software. At cloth roll doff-
ing, the system formulates a fabric quality advice. In case, based on the number and 
concentration of the detected defects, the fabric is judged to be �rst grade, the system 
will indicate on the loom’s display that the cloth roll can pass the greige cloth inspec-
tion and can be sent on directly for further processing. The pieces which have been 
marked “quality risk” by the bypass software are reinspected and possibly mended on 
a gray inspection table. QT I/O-unit can interface with the speed control of the inspec-
tion table, allowing high-speed forwarding in defect-free zones and slowing down 
the speed of the table when approaching a mendable defect. This feature signi�cantly 
increases the ef�ciency in the mending department.

The latest version of the Cyclops system has now also been optimized for the inspec-
tion of carbon, Kevlar, and glass fabrics, which are dif�cult to inspect because of their 
specular re�ecting nature. A specially designed Cyclops measuring head exploiting the 
re�ection characteristics of these fabrics, together with dedicated software algorithms, 
guarantee a 100% reliable on-loom inspection system for these high-cost fabrics.

4.5.2  �  Zellweger Uster Fabriscan

The Zellweger Uster Fabriscan online fabric inspection system like the Cyclops provides 
automatic quality control directly to the weaving loom. This automatic fabric inspection 
system from Zellweger Uster uses a NN to learn the characteristics of the �awless fabric 
(Beri, 2003). The system then detects marks, records, and classi�es the faults automat-
ically. The fabric passes over a two-component, illumination module, which allows for 
an inspection in re�ected or transmitted light. The selection of the illumination type 
depends on the fabric density, the special fault types or the textile process stage at which 
the inspection is carried out. Depending on the inspection width, there are between 2 and 
8 special CCD high-resolution line cameras installed above the light source.

Automatic fabric inspection offers advantages including consistency, speed, and 
objectivity. The Fabriscan classi�es defects in a matrix called Uster Fabriclass, which 
is similar to the Uster Classimat systems for yarns. This system differentiates between 
disturbing defects from nondisturbing defects and makes overdetection virtually non-
existent. Fabriscan, can inspect fabric at speeds up to 120 m/min (off-line) and can 
detect defects down to a resolution of 0.3 mm (Fig. 4.3). The inspection speed of an 
online system is � 30 m/min. It can handle fabric widths from 110 to 440 cm. The 
Fabriscan marks the fabric faults by paper tag labels and by ink. In addition to fabric 
grading, the Fabriscan allows the possibility to determine which faults one wish to 
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declare, pass, or repair. Basic weave constructions, cotton, cotton blends, wool and 
�lament yarns, plain greige, denim fabrics, and single piece dyed, unicolored fabrics 
all can be inspected. However, it cannot measure color shade variations, Dobby and 
Jacquard designs, pile fabrics (velvets and terry), and knitted goods.

4.5.3  �  Elbit Vision IQ-Tex system

IQ-TEX4 is an automatic, in-line �nal inspection solution, and real-time process mon-
itoring system. This latest EVS (IQ-TEX4) innovation utilizes high-resolution color 
line-scan technology and enhanced Defect Sorting Algorithms, to achieve unparal-
leled defect detection and interpretation. With the capability to detect defects <0.1 mm 
in size, at speeds of up to 1000 m/min and fabric widths up to 5 m, the IQ-TEX4 was 
designed to provide Vision Empowered Monitoring, at each stage of manufacturing. 
With the capability to capture any visible defect at line speeds, IQ-TEX4 can be used 
in a variety of positions in the majority of manufacturing equipment. It provides real-
time operator alerts for running or repetitive defects as well as creating �nished roll 
inspection maps—driving optimized product yield and high-speed debatcher control 
(Fig. 4.4). IQ-TEX4 eliminates the most expensive, nonvalue added process in manu-
facturing by removing the need for slow, costly manual inspection.

IQ-TEX4 combines state-of-the-art, computer-aided, smart vision cameras with 
patented defect detection algorithms to provide unparalleled inspection in textile fab-
rics, technical webs, nonwovens, composite materials, and many more. IQ-TEX4 low-
ers operating costs, optimizes product yield, maximizes raw material utilization, and 
improves the quality of “�rst quality” for the majority of running substrates. From 
process-speci�c applications to the �nal inspection of �nished products, this solution 
is tailor-made to meet each customer’s individual needs. Its narrow pro�le and modu-
lar frame design allow for seamless integration into virtually any processing machine.

4.5.4  �  Shelton slow moving vision inspection

The Shelton Vision slow moving web (SMW) vision inspection system meets the 
need for machine quality monitoring equipment that performs fabric inspection 

Figure 4.3  Zellweger Uster Fabriscan.
Source: http://www.ttp.com/case-studies/uster.
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to a standard or better than an operator. Because of large number of installations 
required per factory, SMW vision inspection system has been developed as a 
cost-effective solution consisting of low-cost high-resolution hardware coupled 
with sophisticated software and lighting control. For reliable detection of the 
full range of defects, in particular long running or repeating defects, often more 
than one light source is required, but to maintain low-unit costs the SMW vision 
inspection system employs a unique method of multiple light sources operating 
with a single set of cameras. Moreover, it provides unrivaled inspection perfor-
mance in terms of defect detection and prevention of value reduction in the fabric 
forming process because of yarn and fabric manufacturing defects, human error 
setup, and contamination.

4.6  �  Conclusion

Fabric is an important component of a garment and fabric quality highly in�uences the 
garment quality. In the modern textile and garment industry, visual surface inspection 
of fabrics plays an important role in quality control because defects on the fabric sur-
face can have a great impact on costs and grading of �nal products. For a long time the 
fabric inspection process has been performed with human visual inspection, and thus, 
the process is insuf�cient and costly. Therefore, automatic fabric inspection system is 
developed to offer a number of potential advantages such as improved safety, reduced 
labor costs, elimination of human error and/or subjective judgment, and the creation of 
timely statistical product data. In the past two decades, interesting research work rel-
evant to automated fabric inspection has been reported and all researchers interpreted 
this task as a texture analysis problem.

Figure 4.4  Elbit Vision IQ-TEX4 system.
Source: www.evs.co.il.
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This chapter has discussed the application of statistical, spectral, and model-
based approaches for the fabric inspection, which are faster and reliable. The 
research work done by several researchers is also discussed in this chapter. Each 
application has its own advantages and disadvantages, which are also discussed. 
Only a few existing defect detection methods have real-time implementation. 
Ef�cient and effective fabric inspection systems such as BarcoVision’s Cyclops, 
EVS’s I-Tex4, Zellweger Uster’s Fabriscan, and Shelton webSpector are commer-
cially available for online or on-loom fabric fault analysis. In future, extra effort 
will be required to develop new computationally ef�cient methods to apply them 
to real-time fabric inspection scenarios.

References

Abouelela, A., Abbas, H.M., Eldeeb, H., Wahdan, A.A., Nassar, S.M., 2005. Automated vision 
system for localizing structural defects in textile fabrics. Pattern Recognition Letters 26 
(10), 1435–1443.

Ade, F., Lins, N., Unser, M., July 1984. Comparison of various �lter sets for defect detection in 
textiles. In: International Conference on Pattern Recognition, vol. 1, pp. 428–431.

Anagnostopoulos, C., Vergados, D., Kayafas, E., Loumos, V., Stassinopoulos, G., 2001. A com-
puter vision approach for textile quality control. Computer Animation and Virtual Worlds 
12 (1), 31–44.

Arivazhagan, S., Ganesan, L., Bama, S., 2006. Fault segmentation in fabric images using Gabor 
wavelet transform. Machine Vision and Applications 16 (6), 356–363.

Balakrishnan, H., Venkataraman, S., Jayaraman, S., 1998. FDICS: a vision-based system for the 
identi�cation and classi�cation of fabric defects. Journal of the Textile Institute 89 (2), 365–380.

Banumathi, P., Nasira, G.M., 2012. Fabric inspection system using arti�cial neural networks. 
International Journal of Computer Engineering Science 2, 20–27.

Baykut, A., Ozdemir, S., Meylani, R., Ercil, A., Ertuzun, A., 1998. Comparative evaluation of 
texture analysis algorithms for defect inspection of textile products. In: Proceedings of 
the 14th International Conference on Pattern Recognition (ICPR), vol. 2, pp. 1738–1741.

Baykut, A., Atalay, A., Erçil, A., Güler, M., 2000. Real-time defect inspection of textured sur-
faces. Real-time Imaging 6 (1), 17–27.

Behera, B.K., Mani, M.P., 2007. Characterization and classi�cation of fabric defects using 
discrete cosine transformation and arti�cial neural network. Indian Journal of Fibre and 
Textile Research 32 (4), 421–426.

Behera, B.K., 2004. Image-processing in textiles. Textile Progress 35 (2–4), 127–137.
Bennamoun, M., Bodnarova, A., October 1998. Automatic visual inspection and �aw detec-

tion in textile materials: past, present and future. In: IEEE International Conference on 
Systems, Man, and Cybernetics, 1998, vol. 5. IEEE, pp. 4340–4343.

Bergsa, L., Duffy, N., Laecy, G., Mazo, M., 2000. Industrial inspection using Gaussian func-
tions in a color space. Image and Vision Computing 18, 951–957.

Beri, M.R., 2003. Fabric Inspection That Think for Itself. Retrived from: http://ptj.com.pk/
Web%202003/6-2003/uster.htm.

Bodmarova, A., Bennamoun, M., Kubik, K.K., 2000. Suitability analysis of techniques for 
�aw detection in textiles using texture analysis. Pattern Analysis and Applications 3 (3), 
254–266.



101

Bodnarova, A., Bennamoun, M., Kubik, K.K., October 1998. Defect detection in textile materi-
als based on aspects of the HVS. In: IEEE International Conference on Systems, Man, and 
Cybernetics, 1998, vol. 5. IEEE, pp. 4423–4428.

Bodnarova, A., Bennamoun, M., Latham, S., 2002. Optimal Gabor �lters for textile �aw detec-
tion. Pattern Recognition 35 (12), 2973–2991.

Boukouvalas, C., Kittler, J., Marik, R., Petrou, M., 1999. Color grading of randomly textured 
ceramic tiles using color histograms. IEEE Transactions on Industrial Electronics 46 (1), 
219–226.

Brzakovic, D., Vujovic, N., Liakopoulos, A., October 1995. An approach to quality control 
of texture web materials. In: Proceedings-SPIE the International Society for Optical 
Engineering. SPIE International Society for Optical, pp. 60–69.

Brzakovic, D.P., Bakic, P.R., Vujovic, N.S., Sari-Sarraf, H., April 1997. A generalized devel-
opment environment for inspection of web materials. In: Proceedings, 1997 IEEE 
International Conference on Robotics and Automation, vol. 1. IEEE, pp. 1–8.

Bu, H.G., Wang, J., Huang, X.B., 2009. Fabric defect detection based on multiple fractal features 
and support vector data description. Engineering Applications of Arti�cial Intelligence 22 
(2), 224–235.

Campbell, J.G., Murtagh, F., 1998. Automatic visual inspection of woven textiles using a two-
stage defect detector. Optical Engineering 37 (9), 2536–2542.

Campbell, J.G., Fraley, C., Murtagh, F., Raftery, A.E., 1997. Linear �aw detection in woven 
textiles using model-based clustering. Pattern Recognition Letters 18 (14), 1539–1548.

Campbell, J.G., Fraley, C., Stanford, D., Murtagh, F., Raftery, A.E., 1999. Model-based meth-
ods for textile fault detection. International Journal of Imaging Systems and Technology 
10 (4), 339–346.

Cardamone, J.M., Damert, W.C., Phillips, J.G., Marmer, W.N., 2002. Digital image analysis for 
fabric assessment. Textile Research Journal 72 (10), 906–916.

Castellini, C., Francini, F., Longobardi, G., Tiribilli, B., Sansoni, P., 1996. On-line textile qual-
ity control using optical Fourier transforms. Optics and Lasers in Engineering 24 (1), 
19–32.

Castilho, H., Gonçalves, P., Pinto, J., Sera�m, A., 2007. Intelligent real-time fabric defect detec-
tion. Image Analysis and Recognition 1297–1307.

Chan, C.H., Pang, G.K., 2000. Fabric defect detection by Fourier analysis. IEEE Transactions 
on Industry Applications 36 (5), 1267–1276.

Chen, C.C., Chen, C.C., 1999. Filtering methods for texture discrimination. Pattern Recognition 
Letters 20 (8), 783–790.

Chen, W.B., Libert, G., 1998. Real-time automatic visual inspection of high-speed plane prod-
ucts by means of parallelism. Real-time Imaging 4 (6), 379–388.

Chiu, S.H., Chou, S., Liaw, J.J., Wen, C.Y., 2002. Textural defect segmentation using a 
Fourier-domain maximum likelihood estimation method. Textile Research Journal 72 (3), 
253–258.

Cho, C.S., Chung, B.M., Park, M.J., 2005. Development of real-time vision-based fabric inspec-
tion system. IEEE Transactions on Industrial Electronics 52 (4), 1073–1079.

Ciamberlini, C., Francini, F., Longobardi, G., Poggi, P., Sansoni, P., Tiribilli, B., August 
1996a. Weaving defect detection by Fourier imaging. In: Lasers, Optics, and Vision 
for Productivity in Manufacturing I. International Society for Optics and Photonics, 
pp. 9–18.

Ciamberlini, C., Francini, F., Longobardi, G., Sansoni, P., Tiribilli, B., 1996b. Defect detec-
tion in textured materials by optical �ltering with structured detectors and self-adaptable 
masks. Optical Engineering 35 (3), 838–844.



102

Cohen, F.S., Fan, Z., April 1988. Rotation and scale invariant texture classi�cation. In: 
Proceedings, 1988 IEEE International Conference on Robotics and Automation. IEEE, 
pp. 1394–1399.

Conci, A., Proença, C.B., 1998. A fractal image analysis system for fabric inspection based on a 
box-counting method. Computer Networks and ISDN Systems 30 (20), 1887–1895.

Conci, A., Proença, C.B., 2000a. A comparison between image-processing approaches to textile 
inspection. Journal of the Textile Institute 91 (2), 317–323.

Conci, A., Proença, C.B., 2000b. A computer vision approach for textile inspection. Textile 
Research Journal 70 (4), 347–350.

Conci, A., Proença, C.B., July 2002. A system for real-time fabric inspection and industrial 
decision. In: Proceedings of the 14th International Conference on Software Engineering 
and Knowledge Engineering. ACM, pp. 707–714.

Cuenca, S.A., Cámara, A., September 2003. New texture descriptor for high-speed web inspec-
tion applications. In: ICIP 2003. Proceedings. 2003 International Conference on Image 
Processing, vol. 3. IEEE, pp. III-537–540.

Cyclops Automatic On-loom Fabric Inspection. Retrieved from: http://www.visionbms.com/
sites/default/�les/downloads/Cyclops_BRCH_EN_A00511_0.pdf.

Davis, L.S., Mitiche, A., 1980. Edge detection in textures. Computer Graphics and Image 
Processing 12 (1), 25–39.

Dockery, A., 2001. Automated Fabric Inspection: Assessing the Current State of the Art. 
Techexchange.com.

Dorrity, J.L., Vachtsevanos, G., Jasper, W., 1996. Real-time fabric defect detection and control 
in weaving processes. National Textile Center Annual Report 113–122.

Egmont-Petersen, M., de Ridder, D., Handels, H., 2002. Image processing with neural net-
works—a review. Pattern Recognition 35 (10), 2279–2301.

Elragal, H.M., March 2006. Neuro-fuzzy fabric defect detection and classi�cation for knitting 
machine. In: Radio Science Conference. NRSC 2006. Proceedings of the Twenty Third 
National. IEEE, pp. 1–8.

Escofet, J., Millán, M.S., Ralló, M., 2001. Modeling of woven fabric structures based on Fourier 
image analysis. Applied Optics 40 (34), 6170–6176.

Furferi, R., Governi, L., 2008. Machine vision tool for real-time detection of defects on textile 
raw fabrics. Journal of the Textile Institute 99 (1), 57–66.

Gedziorowski, M., Garcia, J., 1995. Programmable opticaldigital processor for rank order and 
morphological �ltering. Optics Communications 119 (1), 207–217.

Gonzalez, R.C., Woods, R.E., 2002. Digital Image Processing, second ed. Prentice Hall.
Guan, S., Shi, X., Cui, H., Song, Y., 2008. Paci�c-asia workshop on computational intelligence 

and industrial application. PACIIA 266–370.
Guruprasad, R., Behera, B.K., June 2009. Automation fabric inspection system. Indian Textile 

Journal 119 (9). Available from: http://www.indiantextilejournal.com/articles/FAdetails.
asp?id=2131.

Han, Y., Shi, P., 2007. An adaptive level-selecting wavelet transform for texture defect detec-
tion. Image and Vision Computing 25 (8), 1239–1248.

Han, R., Zhang, L., May 2009. Fabric defect detection method based on Gabor �lter mask. In: 
GCIS’09. WRI Global Congress on Intelligent Systems, vol. 3. IEEE, pp. 184–188.

Haralick, R.M., Shanmugam, K., 1973. Textural features for image classi�cation. IEEE 
Transactions on Systems, Man, and Cybernetics (6), 610–621.

Harwood, D., Ojala, T., Pietikäinen, M., Kelman, S., Davis, L., 1995. Texture classi�cation by 
center-symmetric auto-correlation, using Kullback discrimination of distributions. Pattern 
Recognition Letters 16 (1), 1–10.



103

He, X., Taguchj, Y., Sakaguchi, A., Matsumoto, Y.I., Toriumi, K., 2004. Measuring cloth fell 
�uctuation on a weaving machine. Textile Research Journal 74 (7), 576–580.

Hoffer, L.M., Francini, F., Tiribilli, B., Longobardi, G., 1996. Neural networks for the optical 
recognition of defects in cloth. Optical Engineering 35 (11), 3183–3190.

Hou, Z., Parker, J.M., January 2005. Texture defect detection using support vector machines 
with adaptive Gabor wavelet features. In: WACV/MOTIONS’05 Volume 1. Seventh IEEE 
Workshops on Application of Computer Vision, vol. 1. IEEE, pp. 275–280.

Huang, C.C., Chen, I.C., 2001. Neural-fuzzy classi�cation for fabric defects. Textile Research 
Journal 71 (3), 220–224.

IQ-TEX4 Automatic Web Inspection. Retrieved from: https://www.evs.co.il/UserFiles/File/
EVS/EVS%20products%20brochures/EVS_IQ_TEX4_pages.pdf.

Islam, M., 2015. 10 point System for Fabric Inspection in Garment Industry. Available from: 
http://textilelearner.blogspot.in/2015/07/10-points-system-for-fabric-inspection.html.

Jain, A.K., 1989. Fundamentals of Digital Image Processing. Prentice-Hall, Inc.
Jianli, L., Baoqi, Z., 2007. Identi�cation of fabric defects based on discrete wavelet trans-

form and back-propagation neural network. Journal of the Textile Institute 98 (4), 
355–362.

Kim, S., Lee, M.H., Woo, K.B., 1999. Wavelet analysis to fabric defects detection in weaving 
processes. In: ISIE’99. Proceedings of the IEEE International Symposium on Industrial 
Electronics, vol. 3. IEEE, pp. 1406–1409.

Kumar, A., Gupta, S., January 2000. Real time DSP based identi�cation of surface defects using 
content-based imaging technique. In: Proceedings of IEEE International Conference on 
Industrial Technology, vol. 2. IEEE, pp. 113–118.

Kumar, A., Pang, G., 2000. Fabric defect segmentation using multichannel blob detectors. 
Optical Engineering 39 (12), 3176–3190.

Kumar, A., Pang, G.K., 2002a. Defect detection in textured materials using optimized �l-
ters. IEEE Transactions on Systems, Man, and Cybernetics, Part B (Cybernetics) 32 (5), 
553–570.

Kumar, A., Pang, G.K., 2002b. Defect detection in textured materials using Gabor �lters. IEEE 
Transactions on Industry Applications 38 (2), 425–440.

Kumar, A., 2003. Neural network based detection of local textile defects. Pattern Recognition 
36 (7), 1645–1659.

Kumar, A., 2008. Computer-vision-based fabric defect detection: a survey. IEEE Transactions 
on Industrial Electronics 55 (1), 348–363.

Kuo, C.F.J., Lee, C.J., 2003. A back-propagation neural network for recognizing fabric defects. 
Textile Research Journal 73 (2), 147–151.

Kuo, C.F.J., Su, T.L., 2003. Gray relational analysis for recognizing fabric defects. Textile 
Research Journal 73 (5), 461–465.

Kuo, C.F.J., Lee, C.J., Tsai, C.C., 2003. Using a neural network to identify fabric defects in 
dynamic cloth inspection. Textile Research Journal 73 (3), 238–244.

Lane, J.S., June 1998. US Patent No. 5,774,177.
Latif-Amet, A., Ertüzün, A., Erçil, A., 2000. An ef�cient method for texture defect detection: 

sub-band domain co-occurrence matrices. Image and Vision Computing 18 (6), 543–553.
Lee, T.C., 2004. Fabric Defect Detection by Wavelet Transform and Neural Network. University 

of Hong Kong.
Mahajan, P.M., Kolhe, S.R., Patil, P.M., 2009. A review of automatic fabric defect detection 

techniques. Advances in Computational Research 1 (2), 18–29.
Mak, K.L., Peng, P., 2008. An automated inspection system for textile fabrics based on Gabor 

�lters. Robotics and Computer-Integrated Manufacturing 24 (3), 359–369.



104

Mak, K.L., Peng, P., Lau, H.Y.K., December 2005. Optimal morphological �lter design for 
fabric defect detection. In: ICIT 2005. IEEE International Conference on Industrial 
Technology. IEEE, pp. 799–804.

Mak, K.L., Peng, P., Yiu, K.F.C., 2009. Fabric defect detection using morphological �lters. 
Image and Vision Computing 27 (10), 1585–1592.

Malamas, E.N., Petrakis, E.G., Zervakis, M., Petit, L., Legat, J.D., 2003. A survey on industrial 
vision systems, applications and tools. Image and Vision Computing 21 (2), 171–188.

Malek, A.S., Drean, J.-Y., Bigue, L., Osselin, J.-F., June 8–10, 2011. Online fabric defect detec-
tion by fast Fourier transform and cross-correlation. In: 11th World Conference AUTEX, 
Mulhouse, France, 1056.

Malek, A.S., Drean, J.Y., Bigue, L., Osselin, J.F., 2013. Optimization of automated online fabric 
inspection by fast Fourier transform (FFT) and cross-correlation. Textile Research Journal 
83 (3), 256–268.

Malek, A.S., 2012. Online Fabric Inspection by Image Processing Technology (Doctoral disser-
tation). Université de Haute Alsace-Mulhouse.

Mallik, B., Datta, A.K., 1999. Defect detection in fabrics with a joint transform correlation 
technique: theoretical basis and simulation. Textile Research Journal 69 (11), 829–835.

Mallik-Goswami, B., Datta, A.K., 2000. Detecting defects in fabric with laser-based morpho-
logical image processing. Textile Research Journal 70 (9), 758–762.

Meylani, R., Ertuzun, A., Ercil, A., October 1996a. A comparative study on the adaptive lattice 
�lter structures in the context of texture defect detection. In: ICECS’96., Proceedings of 
the Third IEEE International Conference on Electronics, Circuits, and Systems, vol. 2. 
IEEE, pp. 976–979.

Meylani, R., Ertuzun, A., Erçil, A., September 1996b. Texture defect detection using the adap-
tive two-dimensional lattice �lter. In: Proceedings, International Conference on Image 
Processing, vol. 3. IEEE, pp. 165–168.

Mitropulos, P., Koulamas, C., Stojanovic, R., Koubias, S., Papadopoulos, G., Karayanis, G., 
January 1999. Real-time vision system for defect detection and neural classi�cation of web 
textile fabric. In: Proceedings of SPIE-the International Society for Optical Engineering, 
vol. 3652, pp. 59–69.

Monadjemi, A., 2005. Towards Ef�cient Texture Classi�cation and Abnormality Detection 
(Doctoral dissertation). University of Bristol.

Mursalin, T.E., Eishita, F.Z., Islam, A.R., 2008. Fabric defect inspection system using neural 
network and microcontroller. Journal of Theoretical and Applied Information Technology 
4 (7), 560–570.

Nayak, R., Kanesalingam, S., Wang, L., Padhye, R., 2016. Arti�cial intelligence: technology 
and application in apparel manufacturing. In: TBIS-APCC 2016. Binary Information 
Press, Textile Bioengineering and Informatics Society, pp. 648–655.

Neubauer, C., August 1992. Segmentation of defects in textile fabric. In: Pattern Recognition. 
Proceedings, 11th IAPR International Conference on Conference A: Computer Vision and 
Applications, vol. I. IEEE, pp. 688–691.

Ngan, H.Y., Pang, G.K., Yung, S.P., Ng, M.K., 2005. Wavelet based methods on patterned fabric 
defect detection. Pattern Recognition 38 (4), 559–576.

Ngan, H.Y., Pang, G.K., Yung, N.H., 2011. Automated fabric defect detection—a review. Image 
and Vision Computing 29 (7), 442–458.

Ogata, N., Fukuma, S., Nishikado, H., Shirosaki, A., Takagi, S., Sakurai, T., December 2005. An 
accurate inspection of PDP-mesh cloth using Gabor �lter. In: ISPACS 2005. Proceedings 
of 2005 International Symposium on Intelligent Signal Processing and Communication 
Systems. IEEE, pp. 65–68.



105

Ojala, T., Pietikäinen, M., Harwood, D., 1996. A comparative study of texture measures with 
classi�cation based on featured distributions. Pattern Recognition 29 (1), 51–59.

Ozdemir, S., Ercil, A., November 1996. Markov random �elds and Karhunen-Loeve transforms 
for defect inspection of textile products. In: EFTA’96. Proceedings, 1996 IEEE Conference 
on Emerging Technologies and Factory Automation, vol. 2. IEEE, pp. 697–703.

Ozdemir, S., Baykut, A., Meylani, R., Ercil, A., Ertüzün, A., 1998. International Conference on 
Pattern Recognition, pp. 1738–1740.

Perez, R., Silvestre, J., Munoz, J., 2004. Defect detection in repetitive fabric patterns. In: 
Proceeding of Visualization, Imaging and Image Processing, September, 6–8.

Ralló, M., Millán, M.S., Escofet, J., 2007. Referenceless segmentation of �aws in woven fab-
rics. Applied Optics 46 (27), 6688–6699.

Rana, N., 2012. Fabric inspection systems for apparel industry. Indian Textile Journal 122 (11), 
57.

Randen, T., Husoy, J.H., 1999. Filtering for texture classi�cation: a comparative study. IEEE 
Transactions on Pattern Analysis and Machine Intelligence 21 (4), 291–310.

Rosler, R.N.U., 1992. Mellind Texilberichte 73, 292.
Sakaguchi, A., Kim, H., Matsumoto, Y.I., Toriumi, K., 2000. Woven fabric quality evaluation 

using image analysis. Textile Research Journal 70 (11), 950–956.
Sari-Sarraf, H., Goddard, J.S., June 1998. Robust defect segmentation in woven fabrics. In: 

Proceedings. 1998 IEEE Computer Society Conference on Computer Vision and Pattern 
Recognition. IEEE, pp. 938–944.

Sari-Sarraf, H., Goddard, J.S., 1999. Vision system for on-loom fabric inspection. IEEE 
Transactions on Industry Applications 35 (6), 1252–1259.

Scharcanski, J., 2005. Stochastic texture analysis for monitoring stochastic processes in indus-
try. Pattern Recognition Letters 26 (11), 1701–1709.

Schmalfuss, H., Schinner, K.L., 1999. Automatic fabric inspection on the loom. Melliand 
Textilberichte International Textile Reports 80, 499–500.

Sengottuvelan, P., Wahi, A., Shanmugam, A., 2008. Automatic fault analysis of textile fabric 
using imaging systems. Research Journal of Applied Sciences 3 (1), 26–31.

Serra, J., 1982. Image Analysis and Mathematical Morphology, vol. 1. Academic press.
Sezer, O.G., Ertüzün, A., Erçil, A., 2004. Independent component analysis for texture defect 

detection. Pattern Recognition and Image Analysis 14 (2), 303–307.
Shady, E., Gowayed, Y., Abouiiana, M., Youssef, S., Pastore, C., 2006. Detection and 

classi�cation of defects in knitted fabric structures. Textile Research Journal 76 (4), 
295–300.

Shi, M., Jiang, S., Wang, H., Xu, B., 2009. A simpli�ed pulse-coupled neural network for adap-
tive segmentation of fabric defects. Machine Vision and Applications 20 (2), 131–138.

Shiau, Y.R., Tsai, I.S., Lin, C.S., 2000. Classifying web defects with a back-propagation neural 
network by color image processing. Textile Research Journal 70 (7), 633–640.

Shu, Y., Tan, Z., June 2004. Fabric defects automatic detection using Gabor �lters. In: WCICA 
2004. Fifth World Congress on Intelligent Control and Automation, vol. 4. IEEE., pp. 
3378–3380.

Slow Moving Vision Inspection. Retrieved from: https://www.sheltonvision.co.uk/
visual-inspection-systems/slow-moving-web-solutions/.

Stojanovic, R., Mitropoulos, P., Koulamas, C., Koubias, S., Papadopoulos, G., 1999. Vision 
Inspection of Web Textile Fabric. QCAV, France.

Stojanovic, R., Mitropulos, P., Koulamas, C., Karayiannis, Y., Koubias, S., Papadopoulos, G., 
2001. Real-time vision-based system for textile fabric inspection. Real-time Imaging 7 
(6), 507–518.



106

Thilepa, R., Thanikachalam, M., 2010. A paper on automatic fabrics fault processing using 
image processing technique in MATLAB. Signal and Image Processing: An International 
Journal (SIPIJ) 1 (2), 88–99.

Tolba, A.S., Abu-Rezeq, A.N., 1997. A self-organizing feature map for automated visual inspec-
tion of textile products. Computers in Industry 32 (3), 319–333.

Tolba, A.S., 2011. Neighborhood-preserving cross correlation for automated visual inspection 
of �ne-structured textile fabrics. Textile Research Journal 81 (19), 2033–2042.

Truchetet, F., Laligant, O., October 2004. Wavelets in industrial applications: a review. In: Proc. 
SPIE, vol. 5607, pp. 1–14.

Truchetet, F., Laligant, O., 2008. Review of industrial applications of wavelet and multireso-
lution-based signal and image processing. Journal of Electronic Imaging 17 (3), 031102.

Tsai, D.M., Chiang, C.H., 2003. Automatic band selection for wavelet reconstruction in the 
application of defect detection. Image and Vision Computing 21 (5), 413–431.

Tsai, D.M., Hsiao, B., 2001. Automatic surface inspection using wavelet reconstruction. Pattern 
Recognition 34 (6), 1285–1305.

Tsai, D.M., Hsieh, C.Y., 1999. Automated surface inspection for directional textures. Image and 
Vision Computing 18 (1), 49–62.

Tsai, I.S., Hu, M.C., 1996. Automatic inspection of fabric defects using an arti�cial neural net-
work technique. Textile Research Journal 66 (7), 474–482.

Tsai, D.M., Huang, T.Y., 2003. Automated surface inspection for statistical textures. Image and 
Vision Computing 21 (4), 307–323.

Tsai, D.M., Wu, S.K., 2000. Automated surface inspection using Gabor �lters. The International 
Journal of Advanced Manufacturing Technology 16 (7), 474–482.

Tsai, I.S., Lin, C.H., Lin, J.J., 1995. Applying an arti�cial neural network to pattern recognition 
in fabric defects. Textile Research Journal 65 (3), 123–130.

Tunák, M., Linka, A., 2004. Applying spectral analysis to automatic inspection of weaving den-
sity. In: 11th International Conference on Structure and Structural Mechanics of Textiles 
(STRUTEX 2004). Liberec, vol. 6, pp. 133–140 No. 7.12.

Tunák, M., Linka, A., November 2005. Planar anisotropy of �bre systems by using 2D Fourier 
transform. In: Proceedings of the 12th International Conference (STRUTEX), Liberec, 
Czech Republic.

Tunák, M., Linka, A., November 2006. Simulation and recognition of common fabric defects. 
In: Proceedings of 13th International Conference on Structure and Structural Mechanics of 
Textiles, Liberec, Czech Republic, pp. 363–370.

Unser, M., Ade, F., 1984. Feature extraction and decision procedure for automated inspection of 
textured materials. Pattern Recognition Letters 2 (3), 185–191.

Unser, M., 1986. Local linear transforms for texture measurements. Signal Processing 11 (1), 61–79.
Uster fabriscan. Retrieved from: http://www.ttp.com/case-studies/uster.
Vergados, D., Anagnostopoulos, C., Anagnostopoulos, I., Kayafas, E., Loumos, V., 

Stassinopoulos, G., 2001. An Evaluation of Texture Segmentation Techniques for Real-
Time Computer Vision Applications, Advances in Automation, Multimedia and Video 
Systems and Modern Computer Science. WSES Press, pp. 332–335.

Weeks, A.R., 1996. Fundamentals of Electronic Image Processing. SPIE Optical Engineering 
Press, Bellingham, pp. 316–414.

Weng, Y.S., Perng, M.H., May 2007. Periodic pattern inspection using convolution masks. In: 
MVA, pp. 544–547.

Wood, E.J., 1990. Applying Fourier and associated transforms to pattern characterization in 
textiles. Textile Research Journal 60 (4), 212–220.



107

Xia, D., Jiang, G., Ma, P., 2016. Warp-knitted fabric defect segmentation based on the non-sub-
sampled wavelet-packet-based Contourlet transform. Textile Research Journal 86 (19), 
2043–2055.

Xie, X., 2008. A review of recent advances in surface defect detection using texture analysis tech-
niques. ELCVIA Electronic Letters on Computer Vision and Image Analysis 7 (3), 1–22.

Yang, X.Z., Pang, G.K., Yung, N.H., 2002. Discriminative fabric defect detection using adaptive 
wavelets. Optical Engineering 41 (12), 3116–3126.

Yang, X., Pang, G., Yung, N., 2004. Discriminative training approaches to fabric defect classi�-
cation based on wavelet transform. Pattern Recognition 37 (5), 889–899.

Yin, Y., Zhang, K., Lu, W., 2009. Textile �aw classi�cation by wavelet reconstruction and BP 
neural network. Advances in Neural Networks–ISNN 2009, 694–701.

Zeng, P., Hirata, T., October 2002. On-loom fabric inspection using multi-scale differentiation 
�ltering. In: 37th IAS Annual Meeting. Conference Record of the Industry Applications 
Conference, vol. 1. IEEE, pp. 320–326.

Zhang, Y.F., Bresee, R.R., 1995. Fabric defect detection and classi�cation using image analysis. 
Textile Research Journal 65 (1), 1–9.

Zhang, Y., Lu, Z., Li, J., 2010. Fabric defect detection and classi�cation using Gabor �lters and 
Gaussian mixture model. Computer Vision–ACCV 2009, 635–644.

Zhu, Q., Wu, M., Li, J., Deng, D., 2014. Fabric defect detection via small scale over-complete 
basis set. Textile Research Journal 84 (15), 1634–1649.





Arti�cial intelligence and its 
application in the apparel industry
Rajkishore Nayak1, Rajiv Padhye2
1RMIT University Vietnam, Vietnam; 2RMIT University, Melbourne, VIC, Australia

5.1  �  Introduction

Wearing clothing by human being started since the time immemorial and is a feature 
of all human societies now. The type of clothing in a speci�c society mainly depends 
on social, cultural, and geographic factors. As the world population is ever growing, 
the demand for clothing, fashion accessories, and other textiles is also growing. The 
growing global demand is ful�lled by the textile and clothing manufacturers mainly 
located in developing countries such as Bangladesh, Cambodia, India, and Vietnam 
(Nayak and Padhye, 2014). The demand for cheap clothing and rising labor cost in 
developed countries in addition to globalization has resulted in the shifting of manu-
facturing of these products to developing counties (Nayak and Padhye, 2015).

Garment manufacturing from the day of it’s invent is a labor-intensive process, 
which has not done much progress toward automation (Nayak and Padhye, 2015). The 
manufacturing of textile, clothing, and fashion accessories in developing countries is 
still done by manual practices due to the high cost of installing automated tools and 
equipment. However, due to high demand on garment quality and increased consumer 
awareness is leading to the use of automated tools and equipment in recent years 
during garment manufacturing. Every year, increased numbers of garment manufac-
turing industries are adopting the automation process to facilitate speed of production 
and improved quality of products. The automation in garment production is becoming 
a reality due to the technical developments and the use of modeling and simulation 
(Nayak and Padhye, 2011).

In this era of information technology, arti�cial intelligence (AI) has revolutionized 
the �eld of engineering, physics, medicine, and management (Vas, 1999). Traditional 
mathematical models are used to solve problems or in the decision making process, 
which is the key principle of AI (Nayak et al., 2016). AI can provide superior solu-
tions to various problems due to its heuristic and intelligent characteristics. Signi�cant 
results such as improving quality, increasing productivity, and lowering production 
cost can be achieved with the help of AI (Shamey and Hussain, 2003; Wong et al., 
2004).

5.1.1  �  History of arti�cial intelligence

Around three decades ago, the main emphasis on apparel production was solely on the 
volume of production, which has now changed a lot. The recent focus is on achieving 

5





111

5.1.2  �  Current status of arti�cial intelligence

The clothing production process has been described in Fig. 5.1. It starts from the 
conceptualization phase, passes through design development, manufacturing, supply 
chain, and retailing till it reaches to the consumers (Nayak et al., 2015a). In the con-
ceptualization stage a designer conceptualizes a theme based on the forecasting of 
trends in the color, fabrics, silhouette, and trims. The concept is then translated into 
mood boards as abstract images. Inspiration boards are also prepared from the images 
and trims to represent the �nal theme.

The abstract images are subsequently transformed into real fashion illustrations by 
using computer-aided design (CAD) software, which is the �rst stage in the design devel-
opment process (Kennedy, 2015). In this stage the color, silhouette, fabrics, and trims are 
�nalized. The selection of the color palette is done from the mood board, considering 
the future fashion trends based on forecasting. The selected colors are matched with the 
pantone shades for a closest match. The right type of fabric is selected to produce the sil-
houette. Trims and embellishments are selected to complement the design and which are 
cost competitive. Subsequently, the initial garment is created in white muslin and draped 
on mannequin to visualize the appearance of the garment (Nayak and Padhye, 2017).

Once the design development has been �nalized, the garment production pro-
cess starts. The garment production process involves fabric spreading, cutting, 
bundling, sewing, pressing, inspection, and packing (Fig. 5.2) (Nayak and Padhye, 
2015). Fabric is the major component of a garment and it is the input material for 

Conceptualization

Consumers

Design
development

Garment
manufacturing

Fashion retailing Supply chain

Product & information flow Information flow

Figure 5.1  Production processes involved in the clothing manufacturing.

Fabric
spreading Cutting Bundling

Sewing

Packaging Inspection Pressing

Figure 5.2  Process sequence of garment manufacturing.
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5.2  �  Types of arti�cial intelligence

AI can be broken into several different disciplines. Each of them is unique but often 
they intermix to accomplish a speci�c task. Till date there are several types of arti�cial 
neural networks (ANNs) that can be employed to solve a speci�c problem. The selec-
tion of a right type of ANN depends on the characteristic features of the problem and 
the number of variables in�uencing the parameter that need to be investigated (Nayak 
et al., 2016). The different disciplines of AI that are mainly used in garment manufac-
turing process are as follows:

	•	� Expert system,
	•	� NN,
	•	� FL,
	•	� ES,
	•	� AIS,
	•	� Generalized regression NN,
	•	� GA.

5.2.1  �  Expert system

Expert system is a knowledge-intensive computer program, which solves a problem 
that normally requires human expertise (Nayak et al., 2016). It operates in the same 
manner as a human expert. Expert systems are made of two parts: a knowledge base 
and an inference engine. The program in the expert system incorporates the knowledge 
of the expert consisting of facts and heuristics by storing it in the form of rules. The 
inference engine is the software used to search and interpret the rules in the knowledge 
base by logical deduction. Facts are the information that is widely available and gen-
erally agreed on by the experts. Heuristics are the rule of thumb derived from personal 
experience and judgment of individual experts. Production rules of IF/THEN form 
are the easiest way of coding the knowledge. “IF” portion contains the conditions and 
“THEN” portion contains the actions. By prompting the right questions and consid-
ering the user’s reply, an expert system decides which element of knowledge to use 
as the basis for further questioning until the intended goal is reached. This goal is the 
information, which the expert is expected to provide.

Expert systems can be built in two ways. One way is to develop the computer code 
by using programming languages such as PROLOG and LISP or by using any of the 
high-level programming languages such as BASIC and FORTRAN. The other way is to 
use expert system building tools called expert system shells. These are specially designed 
programs by specialists in computer science. MYCIN is the �rst expert system developed 
in the world. This expert system has been used by physicians to diagnose certain forms of 
bacterial blood infections and to determine suitable treatments for various diseases.

5.2.2  �  Neural network

Mankind is distinguished from other animals by their ability to think and their intelli-
gence. Animals react adaptively to the changing environment by their nervous system 
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(Nayak et al., 2016). Similar responses are produced by the appropriate simulation 
of the nervous system. The nervous system is built up by simple units: The Neurons. 
Human brain consists of 1011–1014 neurons. These neurons receive any process and 
transmit electrochemical signals via synaptic connections. ANN behaves similar to a 
human brain in a digital computer. ANN may be applied where traditional techniques 
have failed to give satisfactory results, or where small improvement in modeling per-
formance can make a signi�cant difference in operational ef�ciency.

ANN is the representation of biological NN composed of many arti�cial neurons, 
which are linked together by special network architecture and have the ability to learn 
from examples. Though ANN was established before the advent of computers, it has 
evolved into a powerful tool for solving complex problems only recently. In AI, the input 
signal is converted to output signal by the neurons obeying some transfer function. This 
output becomes an input to the subsequent neuron. A simple neuron is shown in Fig. 5.3.

In the above �gure x1, x2, …, xn are inputs; W1, W2, …, Wn are the weights, and y is the 
Output. The single neuron converts the input units to output units according to the weights 
and the transfer function. The single neuron acts in a linear behavior. This is also known 
as single layer perception. All most all the NNs are based on multilayer perception (MLP) 
consisting of an agglomerate of neurons interconnected in some speci�c architectural way. 
Fig. 5.4(a) shows the typical NN with one hidden layer and Fig. 5.4(b) with multiple hid-
den layers between the input and the output. The selection of the number of hidden layers 
is important. AI may follow a linear function or a nonlinear (sigmoid) function.

In MLP the units are arranged in distinct layers and each unit receives weight input 
from each unit in previous layer. Initially the output is calculated with initial set of weights. 
Then weights are modi�ed according to the expected output by reducing the difference 
between the actual and expected output values. Each input and output pairs would be pre-
sented to the network in turn and small changes made to weights every time. The presen-
tation of all the training pairs to the network is known as an epoch. Training may require 
many hundreds of thousands of epochs and could take many hours even in a fast computer.

When the training is complete the values of the weights are �xed. During the recall 
phase the weights are not modi�ed but the network can be used to predict the output 
values when set of input values are given. If the network has been trained correctly 
then it will be able to do this accurately for all the training data and also for other input 
values that were not included in the training set. This important property is called gen-
eralization. The training of the NNs is a complex activity and it can be done by back 

Figure 5.3  Image of a simple neuron used 
in arti�cial neural network .
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propagation (BP), counter propagation, standard conjugate gradient, dynamic learning 
vector quantization, etc. Among these the BP is widely used.

5.2.3  �  Fuzzy logic

FL is used where the behavior is not linear (e.g., the trend in today’s dyeing industry 
is to use highly concentrated dyeing liquor that do not behave in a linear fashion due 
to interaction between the dye molecules). In FL, IF/THEN reasoning is used when 
applying a fuzzy inference system. Adaptive–neuro-fuzzy inference systems (ANFIS) 
are used where the BP method is implemented like work for modeling or �tting of 
spectroscopic data. The number of membership functions (MFs) has a clear in�uence 
on the ANFIS’ training results. The root-mean-square error is determined as the differ-
ence when the number of MFs increases.

ANNs based on FL have shown a high success rate in AI applications in many �elds 
including the garment manufacturing. FL-based ANN systems have been applied in 
various �elds of textile clothing research such as prediction of the thermal environ-
ment, thermophysiological comfort (Hamdi et al., 1999; Wong et al., 2003; Hui et al., 
2004), recipe prediction, color solutions, supply chain, and retail management.
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Figure 5.4  (a) Neural network (NN) with one hidden layer and (b) NN with multiple hidden 
layers.
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5.2.4  �  Evolution strategy

ES is an optimization technique in computer science, which is based on the theory of 
adaptation and evolution. ES is one of the arti�cial evolution methodologies, which 
acts as search operator by using natural problem-dependent representations. Similar 
to the evolutionary algorithms (EA), the operations in ES are applied in a loop. A 
generation is known by iteration of the loop and during the operations, the sequence 
of generations is performed till it meets with a termination criterion.

5.2.5  �  Arti�cial immune system

AISs are computational algorithms that work on the principles of the vertebrate 
immune system. AIS is inspired by theoretical immunology and observed immune 
functions, which is an adaptive system based on principles and models. AIS can 
be used to solve problems in mathematics, engineering, and information technol-
ogy by abstracting the structure and function of the immune system to compu-
tational systems. AISs are based on biologically inspired natural computing and 
widely used in the area of AI. AISs are applied for complex problem solving in 
computing, which are inspired by theoretical immunology and observed immune 
functions.

5.2.6  �  Generalized regression neural network

A generalized regression neural network (GRNN), mainly used in function approxi-
mation, is a one-pass learning algorithm consisting of highly parallel structures. Based 
on the nonparametric regression, GRNNs represent an improved technique in the AI 
�eld. The algorithms used in GRNN provide a smooth transition from one observed 
value to another in spite of small number of data. GRNNs are selected for AI applica-
tions due to the following reasons:

	•	� GRNNs take very less time to design and training despite they need higher number of nodes 
in their architecture, and

	•	� GRNNs can closely approximate any desired function with �nite discontinuities.

5.2.7  �  Genetic algorithm

Both the constrained and unconstrained optimization problems can be solved by GA, 
which is a method based on a natural selection process that mimics biological evo-
lution (Nayak et al., 2016). In GA, a population of individual solutions is repeatedly 
modi�ed by the algorithm. GA is a part of the larger class of EA, which generates 
solutions for optimization problems using techniques inspired by natural evolution, 
such as inheritance, mutation, selection, and crossover. GA is an iterative procedure 
that maintains a population of chromosomes representing different possible solutions 
to an optimization problem. Each individual iteration is called a generation and in each 
generation, the �tness of each chromosome is evaluated by a suitable �tness function. 
By this approach, the optimal solution can be obtained in various �elds of apparel 
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manufacturing such as apparel design, marker planning, PPC, production scheduling, 
fabric and other materials location, and replenishment decision making in apparel 
supply chain.

5.2.8  �  Other arti�cial intelligence appr oaches

Various other approaches such as genetic programming (GP), MAS, and simulated 
annealing (SA) have also been used in various sections of apparel manufacturing. GP 
is an EA, which is inspired by biological evolution and based on computer programs 
that perform a user-de�ned task. MAS is composed of multiple interactive intelligent 
agents, those possessing the characteristics of interaction and cooperation and can 
help the agents execute different tasks with autonomous functions on receipt, transfer 
and delivery of information simultaneously. SA approach is based on a generic proba-
bilistic metaalgorithm, which is inspired by the annealing process used in metallurgy.

5.3  �  Applications of arti�cial intelligence in apparel 
industry

A detailed outline of apparel manufacturing process starting from �ber till the con-
sumers has been given in Chapter 1, and the complete process of garment manufactur-
ing is described in Fig. 5.2. AI can be used in various processes of textile production 
such as �ber grading, prediction of yarn properties, fabric fault analysis, and dye rec-
ipe prediction. Similarly, AI can be applied in all the stages (preproduction, produc-
tion, and postproduction) of garment manufacturing. Garment manufacturing involves 
processes such as conceptualization, design development, PPC, spreading, cutting, 
bundling, sewing, pressing, and packaging. Some of the major applications of AI in 
textile and garment manufacturing are discussed in this section. Out of several types 
of AI as discussed above, ANN is widely used in garment manufacturing mainly in 
following �elds:

	1.	� Prediction of mechanical properties,
	2.	� Classi�cation and grading,
	3.	� Identi�cation and analysis of faults,
	4.	� Process control and online monitoring, and
	5.	� SCM and retailing.

The following section describes the application of AI in various production pro-
cesses involved with garment manufacturing.

5.3.1  �  Application of arti�cial intelligence in �ber and yar n 
production

Textile �bers are the basic raw material for the production of clothing and other tex-
tiles. As there are many different types of textile �bers, it is often dif�cult to identify 
an unknown �ber by visual inspection. The traditional practices of �ber identi�cation 
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are based on destructive tests using �ame or chemicals. The recent advancements 
include the use of optical microscope, Fourier transform infrared and Raman spec-
troscopy (Nayak et al., 2012). AI can also be used to identify and grade textile �bers 
according to their color and other properties such as �neness, length, uniformity ratio, 
tenacity, and effect of spinning performance on yarn properties (Jasper and Kovacs, 
1994; Chattopadhyay and Guha, 2004).

Among the several methods of yarn manufacturing, ring spinning is the robust and 
versatile for a wide range of yarn production. Operational parameters such as ring 
size, traveler type, spinning speed in�uence the spinning performance and yarn prop-
erties (linear density, amount and direction of twist, yarn strength, and uniformity). 
As several independent variables are involved during yarn manufacturing, the appli-
cation of AI is rather dif�cult to cover the entire range of parameters. The assess-
ment of interactive contribution of each independent variable and interpolating and 
extrapolating the experimental observations or mill measurements is also dif�cult. 
There have been several applications of AI in yarn manufacturing that includes virtual 
modeling of yarn from �ber properties (Yin and Yu, 2007), prediction of yarn tensile 
properties (Majumdar and Majumdar, 2004; Üreyen and Gürkan, 2008), prediction 
of yarn unevenness (Demiryürek and Koç, 2009), and yarn engineering (Majumdar 
et al., 2006).

Two different spinning industries can use the same �ber to produce a speci�c yarn 
count as per the established norms. However, the spinning performance of the yarns 
usually varies from one to the other industry. Therefore, empirical models need to be 
developed to address all the known processing variables existing in different spinning 
industries. Furthermore, it is also needed to generalize this information for an indi-
vidual mill so that the yarn quality is predicted accurately. Conventional techniques 
involve several limitations due to strict assumptions of normality, linearity, and vari-
able independence. On the other hand, ANNs are based on universal approximations, 
they can learn directly from the data being modeled.

5.3.2  �  Application of arti�cial intelligence in fabric production

The major raw material for a clothing industry is fabric. The quality of the fabric in�u-
ences the quality of the garment, productivity, and the ease with which garments can 
be manufactured. The fabrics are selected based on the type of the garment and their 
end use applications (Kumar et al., 2016). The fabric speci�cations for making any 
garment can be classi�ed as primary and secondary. The physical dimensions are con-
sidered to be the primary, whereas the fabric reaction to external forces is considered 
to be the secondary. From consumer perspective, garment appearance, comfort, and 
durability are the important parameters. AI can be applied to control these parameters 
and achieve the fabric speci�cations as discussed below.

5.3.2.1  �  Predicting fabric properties

In today’s competitive market, clothing manufacturers are trying to reduce the lead 
time, which in�uences the product development process. The fabric manufacturers 
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neural network (FNN) can predict the total hand value of outer fabrics (Halttunen 
et al., 1999). While developing a NN for hand prediction from fabric properties, it is 
essential to establish a relationship between the fabric properties and hand attributes 
(Hui et al., 2004).

There have been wide area of application of AI in predicting fabric thermophysi-
ological comfort properties (Luo et al., 2007; Wang et al., 2005). For example, Wang 
et al. (2005) developed a FL-based system to predict fabric thermal comfort proper-
ties. The subjective perceptions of thermal comfort were based on simulated results 
of thermal and moisture sensations, while wearing the cloth. A modeling system 
consisting of a series of published mathematical models was used to simulate heat 
and moisture exchanges between human skin and clothing. In this study the thermo-
regulatory system of human body and the neuropsychological responses were taken 
into consideration.

Luo et al. (2007) proposed a FNN to predict the clothing thermal comfort, while 
designing functional textile systems. This model was based on the human body’s core 
and skin temperatures. The feed-forward BP network was used for developing the 
FNN. The use of FNN helped to reduce the amount of training data. Furthermore, for 
acquiring, representing, and using the knowledge of the domain expert, FNN helped 
to achieve a human–machine friendly knowledge representation scheme. A good cor-
relation was established between the experimental results and the results predicted 
by the FNN. NN systems are also used to predict the thermal resistance of fabrics 
(Bhattacharjee and Kothari, 2007; Alibi et al., 2012).

AI can be used to predict fabric end use applications based on fabric properties. 
For example, Chen et al. (2001) used a NN to predict the end uses of fabrics from 
its properties at low stress such as extension, shear, bending, compression, surface 
friction, and surface roughness. These parameters were measured by using the KES 
instruments. The fabric end use application was determined by the NN with an esti-
mated error rate of 0.07 during the prediction.

5.3.2.2  �  Color solutions

Color is the �rst element of design to which the consumers respond, hence it is one 
of the important features of textiles. Consumers select or reject the clothing or other 
fashion accessories on the basis of the color appeal. Hence, for getting the right color, 
precise quality control during dyeing and printing is essential, which can affect the 
volume of sales. Both the dyeing and printing process should ensure that the required 
color fastness, depth of shade, color matching, and surface characteristics have been 
achieved. These parameters are in�uenced by the dye and fabric combinations and 
the chemical rules governing them. Deviation of these parameters from the allowable 
limit may lead to reprocessing or rejection of the whole fabric batch.

The use of AI can resolve these issues, which can be used for recipe prediction; 
process control during dyeing and printing; color matching; and evaluation of the �nal 
dyed or printed fabric. This process involves the training of the NN with a set of input 
(color values) and output data (concentrations of each dye). Once trained, the NN can 
be used to calculate the concentrations for any set of unknown colored samples.
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One of the applications of AI for color solution is during the �ber blending stage, 
while the roving is converted to yarn. The roving is converted into yarn, and subse-
quently the yarn is converted into fabric by weaving or knitting. As there is no chem-
ical compound used in this stage, the color effect is not in�uenced by any chemical 
rules. However, the intimacy of mixing of different types of �bers rather physically 
governs the color. Hence, the color production depends on the nature of the �bers and 
the compatibility of the blend. The use of AI can assist in predicting the color pro-
duced when �bers of different colors are mixed together. In the case of a homogenous 
blend, the prediction of color can be performed more accurately by using theoretical 
and empirical models.

AI can be used for color matching of fabrics and shade sorting. It can be used for the 
true color production by predicting the concentration of dyes from their spectrophoto-
metric absorbance. For example, Senthilkumar (2007) designed a NN for predicting the 
CIE L*a*b* values for cotton fabric dyed with vinyl sulphone reactive dye (Fig. 5.5). 
A multilayer feed-forward network was used to predict the required shade of color. The 
CIE L*a*b* values of the fabric were predicted by this NN, and the results were accu-
rate with about 2.0% of the average error. For other dyes and for the input and output 
parameters beyond the training range, the NN also showed similar error.

It is very important to achieve the required depth of shade of the fabric after dyeing 
is �nished. Correct recipe and accurate timing during dyeing are essential to achieve 
a good dyed fabric. When the difference in shade between the dyed good and control 
exceeds the tolerance limit, then the whole lot is either reworked or rejected. Statistical 
tools such as multiple regression analysis can be used to predict the duration of dye-
ing. However, the application of ANN has been found to be more accurate than the as 
multiple regression analysis (Senthilkumar and Selvakumar, 2006; Jasper et al., 1993).

Other application of AI in color solution involves: application of ANN and lin-
ear regression (LR) approaches to predict the color of laser-treated denim fabrics  
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Figure 5.5  Arti�cial neural network for color prediction (Senthilkumar, 2007).
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(Hung et  al., 2014); application of FNN in classifying dyeing defects in fabrics 
(Huang and Yu, 2001); application of ANN to predict the color properties of 100% 
cotton fabric treated with laser (Hung et al., 2011); application of ANN to predict the 
ef�ciency of dye decolorization with UV/K2S2O8 (ultraviolet/potassium peroxydisul-
fate) (Soleymani et al., 2011); and the use of BP NN for computerized color separation 
system for printed fabrics (Kuo et al., 2007).

5.3.2.3  �  Fabric fault detection

A poor quality fabric can result in substandard garments as well as reduces the produc-
tivity during garment manufacturing. Any defect in the fabric is passed into the �nal 
garment, which can result in the rejection of the garment. Hence, it is essential to check 
the quality of the fabric before manufacturing the garment (Vijayan and Jadhav, 2015). 
Generally, fabric inspection is performed by skilled workers using lighted tables or 
equipment. This process is rather slow and many times can allow faults to pass to the 
garment. Furthermore, the ef�ciency of the fabric inspectors will be reduced quickly 
with fatigue. However, the use of AI can perform this task at a faster rate, with much 
higher accuracy and without fatigue.

AI can be applied for fault inspection and grading of the fabrics that are received in 
a garment industry (Tsai and Hu, 1996). The image of the faults are stored in the sys-
tem and compared with the captured image (Fig. 5.6) (Shady et al., 2006). If a differ-
ence is observed, the defect is identi�ed and the inspector calculates the fault points. 

(a) (b) (c)

(d) (e) (f)

Figure 5.6  Different fabric defects inspected (arrow indicates defects) by arti�cial 
intelligence: (a) gout, (b) warp �oat, (c) draw back, (d) hole, (e) dropped stitches, and  
(f) press-off (Ngan et al., 2011).



123

Furthermore, during the fabric manufacturing a pretrained NN can be used to detect 
and mark the fabric faults in the loom or knitting machine by charge coupled device 
(CCD) cameras as shown in Fig. 5.7. This can be used as a process control tool and 
save the time and cost of fabric checking at latter stages. The grading of fabrics can 
be done on the basis of frequency and severity of the faults by the application of AI. 
Fabric quality is dependent of the �ber type, yarn properties, and fabric structure. For 
different types of clothing, the fabric quality requirements are different. AI can be used 
for appropriate fabric selection depending on the end use application of the clothing.

Various applications of AI in fabric fault inspection includes application of BP 
algorithm-based ANN to recognize fabric defects (Tsai and Hu, 1996); detection and 
classi�cation of knitted fabric faults based on image analysis and ANN (Shady et al., 
2006); detection and classi�cation of defects with ANN using two kinds of optical 
patterns (Tilocca et al., 2002); detection of fabric faults using a feed-forward-based 
NN (Kumar, 2003); classi�cation of woven and knitted fabric based on FL and BP 
learning algorithm-based ANN (Huang and Chen, 2001); develop an automated visual 
inspection method using the wavelet transform to detect defects on patterned fabric 
(Ngan et al., 2005); and detection of faults in woven fabrics by ANN-trained structur-
ing elements (Chandra et al., 2010).

5.3.3  �  Application of arti�cial intelligence in garment 
manufacturing

The garment manufacturing process is becoming more automated to cater the increas-
ing demand of consumers, reduce the number of faults, and keep the production cost 
low. AI is increasingly used to predict the performance of a sewn seam, designing 
of clothing, in PPC, in various sewing operations, and in quality control. AI can be 
applied for intelligent manufacturing of clothing to predict the clothing properties 
after a particular process. So it can be used for suitable garment designing by fabric 
engineering and monitoring the garment manufacturing processes.
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Figure 5.7  Con�guration of a typical automatic inspection system (Abouelela et al., 2005).
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5.3.3.1  �  Performance of sewn seam

In sewn garments seams and stitches are used to join two or more pieces of fabric 
together. The ease of seam formation and the performance of the seam are the import-
ant parameters, which are judged by the term known as “sewability.” Fabric low-stress 
mechanical properties such as tensile, shear, bending, and surface can affect the sew-
ability. AI system can be used to �nd the sewability of different fabrics during garment 
production (Nayak et al., 2010, 2013). Fabric mechanical properties affect the perfor-
mance during spreading, cutting, and sewing. For example, Chen et al. (2001) used 
fabric mechanical properties as input parameter to evaluate their performance during 
garment manufacturing.

A good quality seam is essential for a good quality garment. Variations in seam 
quality can be caused by improper setting of sewing machine or by human error. The 
sewing machine parameters need to be optimized depending on the fabric proper-
ties and type of seam before starting the sewing operation. Fabrics parameters such 
as stretch, distortion, needle cutting index, and other mechanical properties govern 
the ef�ciency of sewing, which need to be detected before optimization. Similarly, a 
skilled operator is essential to produce a good quality garment free from sewing faults.

The performance of a sewn seam depends on the type of fabrics and sewing thread 
combination; seam and stitch type; and sewing conditions, which includes needle size, 
stitch density, and the sewing machine condition. The performance properties of the 
seam are evaluated by seam puckering, seam slippage, and yarn severance, which can be 
predicted by AI. Seam puckering is detected using BP algorithm by taking fabric areal 
density, thickness, and bending stiffness in warp and weft direction as input. In addition, 
two networks can be used for the prediction of puckering. The process involves pattern 
reorganization by a laser beam followed by training of the network. The seam perfor-
mance properties can be accurately predicted from the fabric manufacturing parameters 
by training the network with suf�cient number of replicated experimental data.

Hui et al. (2007) and Hui and Ng (2009) applied ANN to investigate the perfor-
mance of fabrics during in garment manufacturing based on seam puckering, seam 
�otation, and seam ef�ciency. The ANN model was very accurate in detecting fabric 
faults although a small amount of training data set was used. Several other researches 
on the prediction of seam performance include: application of ANN for automated 
quality control of textile seams (Bahlmann et al., 1999); application of ANN to predict 
the performance of fabrics during sewing (Hui and Ng, 2005); and the application of 
ANN for modeling the seam strength and elongation at break of fabrics (Yildiz et al., 
2013).

5.3.3.2  �  Computer-aided design systems

One of the important steps in garment manufacturing is patternmaking, where 
paper patterns are made by the designers and subsequently digitized to a computer 
(Kennedy, 2015). Several two dimensional (2D) patterns are prepared for a garment, 
which are the basic blocks of a 3D garment. Various CAD software are used in the gar-
ment industry for patternmaking, digitizing, grading, and marker planning. The CAD 
software helps in achieving high productivity and improved quality. The designers 
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innovative apparel styling for customers. GA-based system was used for the search-
ing operation to search for different types of clothing combinations. ANN was used 
to construct the classi�er through learning and knowledge acquisition to evaluate 
the mechanism of classifying the combinations of evolved clothing wearing styles. 
This system can help a customer with no prior knowledge in fashion design to select 
the design schema, which is the best solution for the demand. The limitation of this 
research was that it considered only several simple color types.

Nowadays the consumers want to have proper �tting of the garments they purchase 
to their body. However, the mass produced garments may lack in �tting in some body 
parts (Nayak et al., 2015b). The proper �tting of a garment is controlled during the 
patternmaking process by designing appropriate pattern sizes and shapes. Hu et al. 
(2009) used the data on customer’s body size to develop an intelligent system for 
designing optimal garment component sizes to predict the �t of the garments. Precise 
values of body measurements were used to generate the exact body dimensions for 
proper �tting of the garments.

CAD systems are used in garment manufacturing for creating designs, pattern-
making, and grading operations. Several attempts have been made by researchers to 
integrate AI with CAD systems to generate designs automatically. For example, an 
intelligent system was developed by Zeng et al. (2008) to assist the designers in deci-
sion making process. The objectives were to predict the fashion messages conveyed 
by the design elements in the garment and to extract design elements for real garment 
design.

Experienced designers are needed for appropriate pattern design of different cloth-
ing styles. However, the AI system can be used to provide the expert knowledge of 
experienced designers (Fang and Ding, 2008). Hu et al. (2008) designed an expert 
system that combines the knowledge of experts and designers. It provided valuable 
suggestion on speci�c design by interactive design functionalities. To set up a huge 
anthropometrical database for designing the garments that �t the wide ranges of vari-
ation in body type is time-consuming and uneconomical. To avoid that AI can be 
remarkably used for prediction of shirt pattern from 3D body measurements by mul-
tiple LR.

During the garment manufacturing process the 2D fabric is converted in to a 3D 
garment. The nature of the fabric in�uences the drapability of the 3D garment, which 
is rather a dif�cult task. The application of AI can help to predict the drapability and 
model to create 3D virtual garment designs. An intelligent system was developed by 
Fan et al. (2001) to predict the drape images for different clothing styles for women 
using different fabrics. The intelligent system searches from the database consisting 
of typical drape images of various garment styles and �nds the most identical drape 
image with the speci�c fabric properties and feature dimensions. The intelligent sys-
tem worked satisfactory in predicting the drapability of fabric for women’s dress.

5.3.3.3  �  Production planning and control

PPC coordinates between various departments of production so that delivery dates are 
met and customers’orders are delivered on time. Various research activities focused 
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on the problems related to PPC and avoid the bottlenecking (Wong et al., 2005; Guo 
et al., 2008). Majority of the studies were based on the problems in PPC relating to 
sewing �oor such as �xing the machine layout, line balancing in sewing, and man-
aging operators in the sewing �oor. AI can be used to solve or optimize the problem 
of machine layout, operation assignment, and sewing line balancing. This can help in 
achieving the objectives of PPC.

AI based decision support system was used in decision making to determine the 
most appropriate manufacturing plant for a particular customer order (Chen et al., 
2005). A GA-based real-time segmentation for rescheduling was developed by Wong 
et al. (2005) to deal with the PPC-related problems in sewing �oor during: (1) marker 
making, (2) fabric spreading, (3) cutting, and (4) bundling.

In another study a GA-based system was designed by Guo et al. (2008) for produc-
tion scheduling for each production order to appropriate assembly lines. This system 
was designed by considering various factors for production delay, production uncertain-
ties (such as processing time, orders, and lead arrival times), and other bottlenecking.

5.3.3.4  �  Final garment inspection

The inspection of �nished and semi�nished garments during their production is essen-
tial to get fewer rejections. The �nal quality of a �nished garment depends on the 
sewing quality and other faults present in it. The �nal quality inspection of �nished 
garments is mainly done by experienced people, which is very time-consuming and 
often subjective in nature. The results of the inspection are in�uenced by the physical 
and mental condition of the inspector. Therefore, automated inspection devices are 
essential to achieve increased ef�ciency and accurate results. Although limited studies 
have been done, automated inspection can be performed by the use of AI and image 
processing for inspection of the quality of �nished garments (Yuen et al., 2009a).

During the garment production, each process (cutting, sewing, and pressing) 
plays a vital role in�uencing the quality of the �nished garment. The quality of the 
semi�nished products should be inspected at each of these processes before the �nal 
inspection. The �nished garments are inspected as per their speci�cations, overall 
appearance, faults, and sizing and �t. In detail the �nished garments are inspected for 
stitching quality, mismatched plaids or stripes along the seam, puckered seam or extra 
material caught in seams, uneven seam along hems, and many other faults that can 
arise during the garment production.

The application of AI in �nal garment inspection includes: automatic classi�cation 
of general faults in shirt collars (for monocolored materials) using machine vision 
(Norton-Wayne, 1990); application of AATCC (American Association of Textile 
Chemists and Colorists) wrinkle rating for evaluation of wrinkle by using a laser sen-
sor (Kim, 1999; Mori and Komiyama, 2002); detection and classi�cation of stitching 
defects using wavelet transform and BP NN (Wong et al., 2009; Yuen et al., 2009b); 
seam pucker evaluation by using self-organizing mapping (Mak and Li, 2008); and 
designing of a smart hanger for garment inspection (Yuen et al., 2008). In manufac-
turing the seamless garments (Nawaz and Nayak, 2015), AI can be used to detect 
faults online. The image of the �nal garment can be captured and compared with the 



128

standard and any variation from the standard is reported as a fault that can be mended 
at that time or a marking is done where the fault occurs.

5.3.3.5  �  Application in supply chain

SCM in fashion includes the �ow of �bers, yarns, fabrics, garments, trims, and acces-
sories in between different production points or to retail. It also involves the storage 
and control of all the above listed materials including the �ow of information. SCM 
integrates various business processes, activities, information, and resources for cre-
ating value for the customers. Appropriate SCM can manage the cost and business 
competitiveness. Although there have been a wide application of AI in supply chain 
activities of other goods, there are several areas in fashion supply chain where there 
is limited application.

AI-based models can be used for integrating and sharing information at any point in 
SCM (Lo et al., 2008; Au et al., 2006). Various AI approaches can be used for supply 
chain planning (Chiu and Lin, 2004); supply chain demand forecasting (Carbonneau 
et al., 2008); optimization of supply chain network (Yu et al., 2011); managing the 
logistics in textile supply chain (Chandra and Kumar, 2000); sample management 
(Choy et al., 2009); effective inventory management (Paul and Azeem, 2011); and 
inventory replenishment (Dong and Leung, 2009; Pan et al., 2009).

5.3.3.6  �  Application in retailing

Fashion retailing establishes the link between the manufacturers of fashion goods 
with the consumers. Over the last two decades or so, fashion retailing has become 
one of the most competitive retail sectors due to technological advancements and 
behavioral changes of consumers toward fast fashion. There are several areas in 
retailing such as sales forecasting (Yu et al., 2011; Sun et al., 2008; Wong and Guo, 
2010; Choi et al., 2014); fashion retail forecasting (Au et al., 2008; Xia et al., 2012); 
style suggestion to consumers (Hsu et al., 2009); customer relationship management 
(Ngai et al., 2009; Groves and Valsamakis, 1998); demand forecasting (Fumi et al., 
2013); determining customer satisfaction (Goode et al., 2005); and fashion coor-
dination; where AI application is ever increasing. Sales forecasting in fashion has 
become more challenging now due to volatility of demand as it depend on several 
factors. Historical data on sales in combination with the style, color, and garment 
size can be used for sales forecasting (Sztandera et al., 2004; Thomassey et al., 
2005; Thomassey and Fiordaliso, 2006).

AI suggestion systems can be used for selection of appropriate style and design 
combination for consumers (Ding and Xu, 2008; Hsu et al., 2009). In several instances 
it is very hard to identify the subtle differences between two different styles. AI can be 
used to identify the differences and similarities between two or more different styles. 
For example, Koehl et al. (2008) used FL-based AI to characterize the dissimilarity 
and inclusion between fashion themes of fabric products. The dissimilarity between 
fashion themes identi�ed by AI can be used to analyze the relevancy of the input 
space, which can establish relationship between consumer’s fashion choices and the 
technical parameters of fabric products.
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In addition it can be also used to select the right clothing combination depending on 
the occasion. In fashion coordination, AI can be used to provide improved service to 
customers and increased sales. Professional advice can be given to consumers on style 
selection based on price. Today’s consumers are more aware on the comfort features 
than before. AI can also be used for selection of right type of garment for provid-
ing necessary comfort including the appearance, which can be used by the customers 
(Wong et al., 2004; Luo et al., 2007; Nayak et al., 2009).

While making the purchase decision of a garment, the consumers evaluate the fab-
ric performance by using their sensory perceptions, which is more convenient and 
direct. A fabric advisory system was developed by Lau et al. (2006) to assist fashion 
designers in selecting appropriate fabric in fashion product development by using 14 
fabric hand descriptions as inputs.

In addition to the fabric hand, consumers also try to inspect the texture of the fabric. 
Fabric texture is the quality of a textile surface. Texture can be rough or smooth and 
it greatly in�uences the design process of a garment. Several researches have been 
done to investigate the texture of a fabric. For example, to produce optimal results in 
generating fabric texture, Muni et al. (2006) developed an interactive texture gener-
ation process using GP. The GP-based texture generation process was really helpful 
in generating textile texture. However, the GP-based approach was not suitable for 
generating color texture of textiles.

Jung et  al. (2003) proposed the Fashion Design Recommender Agent System 
based on customer’s representative sensibility and preference by applying two-way 
combined �ltering technologies. A database was established by extracting the repre-
sentative sensibility adjective from user’s sensibility and preference about textiles to 
create textile designs. Although the system helped in recommending textile designs 
to a customer with similar choice on textiles, the accuracy of prediction by the agent 
system was not high, which needs further improvement for reliability and practical 
applications.

5.4  �  Challenges and future directions of arti�cial 
intelligence

5.4.1  �  Challenges faced by arti�cial intelligence

Although the use of AI is increasing rapidly in apparel production starting from raw 
material selection to the �nal product, there are several challenges faced by the tech-
nology. In �ber selection and classi�cation, the accuracy of classi�cation needs to be 
improved by adopting more powerful learning strategies. For the accurate predictions 
of number of end down in yarn manufacturing and the occurrence of neps, more work 
is needed for the simulation of AI. Further developments are needed to accurately map 
the yarn tenacity at higher spinning speeds. Similarly, modeling and simulation tools 
need to be developed to accurately detect the yarn hairiness.

There are limitations in the range of constructional parameters that can be used for 
training the AI. Hence, to improve the correlation of the actual values and the results 
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predicted by AI, the constructional parameters need improvement. The accuracy of 
predicting fabric properties depends on the quantity and quality of data used in the 
training of AI. For the prediction of fabric properties accurately, different ANN con�g-
urations can be tried in addition to adequate qualitative training data. The coef�cient 
of variation (CV) of the training data also plays a big role in providing accurate results. 
Higher is the CV of the input training data, the higher is the chance of getting errors 
in the output results.

It is always essential to have good yarn quality for producing fabrics with lower 
amount of defects. The application of ANN plays a crucial role in the quality control 
of yarns and hence the fabric quality. Hence, there should be wider application of 
ANN during various operations of yarn manufacturing such as roving formation and 
yarn spinning. Furthermore, monitoring the fabric quality online by the use of CCD 
during the production process can help to improve the fabric quality. Although many 
faults can be easily identi�ed by the use of ANN, there are several faults such as miss-
ing picks and missing ends, reed mark, �nger marks to name a few, which cannot be 
detected accurately. Hence, further research is needed to investigate these faults by the 
use of AI tools such as neuro-fuzzy ES, GRNN for accuracy of the predicted results.

The application of AI is lower in knitting compared to weaving. This can be attributed 
to the higher speed and design of the circular knitting machine. Research and development 
can help to achieve online monitoring of fabric faults at higher speeds. In this context, the 
application of AI need to be extended to the 3D space from its current application in 2D 
space and the results of the AI prediction in higher speeds need to be validated. The appli-
cation of AI in 3D pattern prediction is not standardized yet. The research and development 
is not enough to study all garment sizes and the virtual �t pattern.

Limited amount of research has been done to address the clothing comfort issues 
due to complexities involved in training the NNs by using the fabric properties to pre-
dict clothing comfort. One of the major challenges of applying AI in predicting cloth-
ing comfort is the high amount of fabric parameters that in�uence clothing comfort 
properties. Other challenges involve long computational time needed to handle a large 
amount of data, determination of adequate model inputs, choice of suitable network 
architecture, and validation of the predicted results.

5.4.2  �  Future directions of arti�cial intelligence

Application of AI in predicting the properties of textile and clothing is rapidly increas-
ing. Several research groups around the world are focusing to apply various AI tools 
and optimize the prediction of fabric and clothing properties. The future research 
and development should focus on various challenges faced by AI to establish intelli-
gent systems to predict the performance properties of textile and clothing. The future 
research on the application of AI in textiles and clothing industries will focus on:

	1.	� Improving the method of data collection such as capturing online data during the production 
process for the training of ANN,

	2.	� Enhancing the feature-extraction processes before the data can be fed to an ANN,
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	3.	� Improving the prediction capability of ANN by extrapolation of the system, and
	4.	� Improving the man–machine interaction during ANN applications.

There have been the highest number of investigations on the application of AI in 
woven textiles than other structures. The number of research is increasing in knitted 
fabric. However, limited research has been done on the application of AI in nonwoven, 
seamless garments, and composites. The application of computational tools is limited 
to feed-forward and FL networks. Hence, the applicability of computational tools such 
as pulse propagation network, tree network, and support vector machines need to be 
investigated in future research.

The application of AI has not received wider acceptance in the production �oor. 
Although the automation is increasing, the AI application is limited. This might be due 
to the fact that there are limited textile-speci�c software, high cost, and availability of 
cheap labor. This may become a reality in future and increased research and develop-
ment will help to achieve the desired results. In future the application of AI may be 
involved in the decision making process.

Although SCM is a wide area in garment manufacturing, limited research has been 
done to address the issues and risks in SCM with the application of AI. The appli-
cation of AI is increasing but at a much slower pace compared to other industries 
such as automotive. Some of the leading brands are applying AI in their supply chain 
and logistic network. Research and development can help to increase the application 
by providing more solutions and reducing the cost. The future research should focus 
on the application of AI to optimize SCM network for solving decision making and 
inventory management problems.

5.5  �  Conclusion

In this modern era, AI is being used in many areas to solve various problems with 
intelligence similar to human being. The application of AI was not widely accepted in 
the labor-intensive clothing production. However, the global competitive environment 
and a target to achieve low cost of production are the main reasons for the AI’s wider 
applications in apparel industry starting from material selection and sourcing, through 
manufacturing till retailing. AI can be used in various processes of textile production 
such as �ber grading, prediction of yarn properties, detection of fabric faults, and dye 
recipe prediction. Similarly, AI can be applied in all the stages of garment production 
such as preproduction, production, and postproduction operations. Developed coun-
tries have already started using AI to improve quality of garment, enhanced customer 
service, and hence increased sales. Much progress is undergoing in AI rapidly and 
in near future it will become an important tool for the garment manufacturers for 
enhancing quality, increasing production, lowering operating costs, and exercising in 
house control over production, leading to quick response and just-in-time concept. 
The application of AI in garment manufacturing has a bright future similar to other 
areas of application.
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Sources of further information

There are several research organizations and academic institutions that are involved in 
the research and development of AI in different application �elds. In addition, several 
journals also publish the recent research work in the �eld of AI. The list of research 
organizations and journals relating to the development in AI is given in the following 
section.

Research organizations

	•	� School of Computer Science & Engineering, University of Washington, AC101 Paul G. 
Allen Center for Computer Science & Engineering, Box 352350, 185 Stevens Way, Seattle 
WA 98195-2350, Phone: (206) 543-1695, Fax: (206) 543-2969

	•	� MIT’s Computer Science and Arti�cial Intelligence Laboratory (CSAIL), The Stata Center, 
Building 32 32 Vassar Street Cambridge, MA 02139 USA, CSAIL HQ Reception Tel: 617-
253-5851, CSAIL HQ Fax: 617-258-8682

	•	� Machine Intelligence Research Institute, 2030 Addison St Fl 7, Berkeley CA 94704
	•	� Stanford Arti�cial Intelligence Laboratory, 353 Serra Mall, Stanford, CA 94305, Tel: 

650.725.3860, Fax: 650.725.3358
	•	� Computer Science Department, Carnegie Mellon University, Gates Center 6105, Pittsburgh 

PA 15213-3891, Phone: 412-268-2565
	•	� Arti�cial Intelligence Research Center, AIST Tokyo Waterfront, 2-3-26, Aomi, Koto-ku, 

Tokyo 135-0064, Japan
	•	� Istituto Dalle Molle di studi sull’intelligenza arti�ciale, Galleria 2, Via Cantonale 2c, 

CH-6928 Manno, Tel: +41 (0)58 666 66 66, Fax: 41 (0)58 666 66 61
	•	� German Research Center for Arti�cial Intelligence, DFKI GmbH, Trippstadter Strasse 122, 

D-67663 Kaiserslautern, Tel: +49 (0)631/205 75-0, Fax: +49 (0)631/205 75-5030
	•	� School of Computer Science, University of Waterloo, 200 University Avenue West, Waterloo, 

Ontario, Canada N2L 3G1, Tel: 519-888-4567 x33293, Fax: 519-885-1208
	•	� Centre for and Robotics, Defence Research & Development Organization, DRDO Complex, 

C.V. Raman Nagar, Bangalore-560 093
	•	� The Austrian Research Institute for Arti�cial Intelligence, Freyung 6/6, A-1010 Vienna, 

Austria, Tel: (+43-1) 5336112-0, Fax: (+43-1) 5336112-77
	•	� Arti�cial Intelligence Center, 333 Ravenswood Avenue, Menlo Park, CA 94025-3493, 

United States, Tel: +1 (650) 859-2000
	•	� Computer Science Department, University of Texas at Austin, 2317 Speedway, Stop D9500, 

Austin, TX 78712, Phone: 512.471.7316
	•	� Department of Computer Science, University of Rochester, 734 Computer Studies Building, 

P.O. Box 270226, Rochester, NY 14627
	•	� Department of Computing Science, University of Alberta, 2-32 Athabasca Hall, Edmonton, 

Alberta, Canada T6G 2E8, Tel: 1 (780) 492-2285, Fax: 1 (780) 492-6393

Journals to read

	•	� Journal of Arti�cial Intelligence Research (www.jair.org)
	•	� Arti�cial Intelligence Research (http://www.sciedupress.com/journal/index.php/air)
	•	� Arti�cial Intelligence An International Journal (https://www.journals.elsevier.com/arti�cial- 

intelligence/)
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	•	� International Journal of Robotics Research (http://journals.sagepub.com/home/ijr)
	•	� Journal of Memory and Language (https://www.journals.elsevier.com/journal-of-memory- 

and-language)
	•	� Autonomous Robots (http://www.springer.com/engineering/control/journal/10514)
	•	� Fuzzy Optimization and Decision Making (https://link.springer.com/journal/10700)
	•	� Pattern Recognition (https://www.journals.elsevier.com/pattern-recognition)
	•	� Cognitive Science (http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1551-6709)
	•	� Neural Networks (https://www.journals.elsevier.com/neural-networks/)
	•	� Journal of Intelligent Manufacturing (http://www.springer.com/business+%26+management/ 

operations+research/journal/10845)
	•	� Engineering Applications of Arti�cial Intelligence (https://www.journals.elsevier.com/ 

engineering-applications-of-arti�cial-intelligence/)
	•	� International Journal of Intelligent Systems (http://onlinelibrary.wiley.com/journal/10.1002/ 

(ISSN)1098-111X)
	•	� IEEE Transactions on Neural Networks and Learning Systems (http://ieeexplore.ieee.org/xpl/ 

RecentIssue.jsp?punumber=5962385)
	•	� Intelligent Service Robotics (http://www.springer.com/engineering/control/journal/11370)
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6.1  �  Introduction

In very competitive global market, fashion companies are constantly forced to offer 
greater product selection, deliver goods faster, and reduce their costs. For several 
decades the cost savings were reached by reducing operating costs—using lower 
cost labor and advanced manufacturing tools to improve production ef�ciency. 
However, over the past years input costs of textile and garment manufacturers such 
as labor, energy, and raw materials, are constantly increasing. In the main manu-
facturing countries, such as China, Vietnam, Indonesia, Bangladesh, Burma, and 
Cambodia, the minimum wage, in�ation, utility costs, currency exchange are rising 
fast, often faster than work ef�ciency gains.

Besides the growing labor problem, textile manufacturers face constant increase in 
raw material costs. The rise of raw cotton and wool prices has increased the demand 
for alternate man-made �bers. The increased demand for man-made �bers, and rising 
oil prices have boosted the prices of synthetic �bers such as polyester and nylon. 
Although the material prices are rising and they (�bers) account for more than half 
(i.e., about 50%–70%) of the total product costs, there is always a growing pressure to 
keep the cost of garments low.

The other challenging facts are the rising labor and transportation costs. Hence, it 
has become a real challenge to keep the cost of garment low. Now, more than ever, 
the time has come to make good and well-grounded changes in work organizations 
and material savings directly in the garment manufacturing process, to maintain the 
trend of low cost. In this context, a cutting room has become the most vital place in an 
apparel enterprise, as exactly its management and production processes ensure smooth 
�ow or work to all further garment manufacturing processes and determine fabric 
consumption ef�ciency.

This chapter highlights the role of automation in spreading and cutting processes, 
which plays vital role in garment quality. This also focuses on the fault registration 
by the use of automated machines. Various automatic cutting machines such as laser, 
knife, and water-jet are discussed in this chapter. Furthermore, the automatic pattern 
matching process is illustrated by matching of images. The advancements of fusing 
technologies are also covered in this chapter. The future directions section includes 
the further scope in the automation in spreading and cutting including the online assis-
tance during the production processes.

6
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6.2  �  The role of automation in textile material spreading 
and cutting

A cutting room is a separate area in a production enterprise where garment components 
are cut from fabrics. Traditionally, the most part of the activities in the cutting room are 
performed manually. However, the manual spreading and cutting equipment and work 
methods used cannot ensure high productivity and work quality. During the working in 
spreading and cutting sections of a garment industry, operators have both heavy phys-
ical load, and mental load, which can negatively in�uence work ef�ciency and quality. 
Unlike other processes in clothing manufacturing, garment components’ cutting is very 
much dependent on the skills, experience, and decision making of the cutting room 
workers. The immense variety of textile materials, their quality variability and the con-
stant need to minimize the usage of materials, force the cutting room specialists to work 
creatively in every new situation.

The �rst changes in the cutting room came with the development of mass production, 
when a simple spreading machine was invented to carry a roll of fabric over the table. 
From that time, the spreading and cutting equipment have changed drastically reducing 
the human resource importance in the cutting room more and more. As it is well know 
that in many other industries, for several decades, die cutting machines were used to 
increase cutting ef�ciency and quality. However, they had limited �exibility and could 
not be used to process frequently changing styles. Die cutting presses were replaced with 
a new type of numerically controlled machines that performed a continuous cut by means 
of a specialized cutting device, which moved around the pro�le of the object. In the late 
1960s, H. Joseph Gerber invented the �rst fully automated multi-ply textile cutting sys-
tem (the GERBERcutter S-70).

Nowadays, due to powerful software, high-tech equipment and advanced services, 
the cutting room has become the most advanced department in an apparel manufacturing 
enterprise. The automated management and manufacturing processes can successfully 
react on the latest tendencies of the global economy and changes in the apparel market.

6.3  �  Automation in cutting room work process 
organization

The ef�cient and well-planned operations of a cutting room ensure a smooth �ow of 
work to all further manufacturing processes and controls the utilization of fabric. In tra-
ditional management system, material requirement planning, material inventory, and 
lay planning processes have been separate work steps ful�lled in different departments. 
These traditional work methods have several serious disadvantages. Often specialists 
doing the job are weakly informed and connected with the manufacturing process. 
They have insuf�cient knowledge about production; the departments are located far 
from real production sites, even abroad. A lot of paperwork, manual calculations and 
unavailability of easily accessible database, complicates the work process and reduces 
the product quality. As a result, companies are forced to purchase certain amount of 
extra raw material and accept the changes in the delivery dates of �nished goods.
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By the help of automation, the cutting room work process are fully changed. 
Specialized management software schedules jobs for production, select optimal raw 
material and utilize remnants, generate cut plans and nests, track production activities, 
and provide management reports for analysis and future planning. All these described 
processes can be done simultaneously, in high speed, providing an optimal solution in 
every work step.

6.3.1  �  Automated cutting room management system

A centralized database is the main part of the computerized management system. It 
ensures possibility to view and edit style, inventory, labor, costing, an order, cut plan-
ning, and manufacturing information. The data are transparent and easily available for all 
members of authorized staff. There is no need to enter identical information more than 
one time. Once a change is made it is instantly available for all the database users. During 
work process all data are accumulated and a company gradually gains knowledge and 
valuable experience about its material consumption, costs, and their optimization options.

Often the management system also includes material requirement planning soft-
ware. Optimal material purchase is calculated using a set of special techniques and 
data from the database—previous bills of material and production orders, as well as, 
current inventory data.

The management systems include two inventory systems: �nished goods inven-
tory and raw material inventory. The �nished goods inventory system provides the 
ability to enter incoming stock from manufacturing orders or a raw material pur-
chase orders. The raw materials inventory system tracks everything not covered by 
the �nished goods inventory. The system is able to transfer and maintain inven-
tory levels between different warehouses and contractors. At any point in time the 
company knows the current status of its inventory. The system ensures information 
about raw materials on hand, ordered raw materials, raw materials in work process, 
available inventory amounts, as well as, raw material utilization, and raw material 
requirements.

Based on inventory data, cutting orders or �nished goods requirements, material 
purchasing software can automatically generate a purchase order for needed items and 
post them directly to suppliers. Thus materials are delivered just before their process-
ing. There is no need to do long term purchases of regularly used materials, such as, 
interlinings, elastic bands, packing material, and labels.

Management systems for apparel industry are developed by companies such 
as: AIMS Technology, AMS, Apparel Business Systems, Apparel Data Solutions, 
ASAP Apparel Software, Assyst, Jomar Softcorp International, Jonar Systems, 
Lectra, Olotech, Optitex, Plataine, Polygon Software, Reach Technologies, Texbase, 
TradeStone Software, and others.

6.3.2  �  Automated lay planning

The part of the management system coordinating work process in a cutting room 
is a cut planning software. It links together ERP (enterprise resource planning), 
fabric management system, computer-aided design (CAD) and computer-aided 
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manufacturing (CAM), exchanges information in between these systems, and creates 
the best solutions to cut material for manufacturing orders.

Cut planning software is developed by companies such as: Lectra (Optiplan), 
Polygon Software (Cut Planning), AMS (Cut Plan), Option Systems (Cutting Room 
Planning), Optitex (Cut Plan), Assyst (Lago), FK Group (Future Cut planner), Plataine 
(Cut Order Planning), Reach Technologies (Reach Cut Planner), and others.

6.3.2.1  �  Methodology

Cut planning software imports customer orders from internal or any external system. 
It runs different cutting plan scenarios (markers and their combinations) to see their 
impact to the fabric usage, cutting time, productivity, and choose the best of them. The 
system is designed to reuse already existing suitable nests from maker library and only 
after that sends requests for new markers directly to CAD system. De�ning which 
markers are necessary for the order, it creates the optimal cutting plan for one or mul-
tiple factories considering speci�c product and manufacturing characteristics (fabric 
qualities, technological limits of the spreading and cutting processes). To perform the 
created cutting plan, the system �rstly selects (using material inventory data) fabric 
rolls that can be 100% consumed then it takes those pieces that result in the least end 
and width loss. If reusable fabric remnants appear, they can be used, giving preference 
to the smallest pieces. The system can determine where to lay and how to cut selected 
fabric to achieve most effective fabric savings.

Then the system generates optimized cutting schedule in sync with sewing plan, 
print manufacturing reports, and send the orders to the cutting room. Spreading and 
cutting operations are monitored at each stage of the cutting process (using barcode 
scanners). Reports are provided to monitor production throughput and ef�ciencies 
across multiple plants. Fabric utilization reports can be used for ef�cient material 
requirement planning of further manufacturing processes.

Most important steps of automated cut planning process are as follows: run-
ning of different planning scenarios, establishing the marker processing time, per-
forming marker calculations, spreading planning, and processing of manufacturing 
reports.

6.3.2.2  �  Running of different planning scenarios

After the user �lls up all necessary order data (order quantity for each fabric type, 
fabric, initial marker, and spreading settings), the program tries all possible size com-
binations in markers. Based on a model information and marker library (data from pre-
viously used the same or similar styles) the program estimates length and ef�ciency of 
every yet uncreated marker. Finally the program selects and displays the best marker 
combinations for certain order.

6.3.2.3  �  Establishing the marker processing time

The yet uncreated markers are classi�ed by their importance depending on the number 
of sizes in a marker, lays in a spread and garment pieces produced from the marker. 
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More time to �nd the best fabric consumption is given to progress more important 
markers. Marker progressing time can be determined:

	•	� Automatically—the program distributes the time for each marker considering the marker 
size;

	•	� Semiautomatically—the user can indicate how much time he/she wants the program to 
spend for each marker.

6.3.2.4  �  Performing marker calculations

Getting markers ready back from CAD, the program obtains the exact length and the 
ef�ciency of every performed marker. The fabric amount needed to produce the order 
is calculated now using data of markers length. The available info is also used to cal-
culate statistics regarding average fabric use per product, per fabric type or total, fabric 
input, total average ef�ciency, etc.

Working with Lectra cut planning software (Optiplan) and also with their spreading 
and cutting equipment, the program can calculate: garment costs, fabric costs, man-
ufacturing time (spreading time, cutting time, bundling time), and total costs. This 
information can be obtained for every markers to choose the best solution.

6.3.2.5  �  Spreading planning

Trying to respect the maximum number of fabric plies in the lay, program generates all 
spreads. Fabrics with similar properties are grouped together for one spread to reduce 
spreading time. If disproportioned number of layers (very small number) appears for 
separate spreads, the program can make automatic balancing.

6.3.2.6  �  Processing of manufacturing reports

During and at the end of planning process several reports could be generated: marker 
making, spreading, and cutting instructions as well as fabric use reports. To avoid mis-
takes, barcode scanning can be used to deliver data for automated spreading. The bar-
code can be used also to load a marker for a cutting process. Fabric report is send to 
warehouse to know how much fabric has to be taken to spreading. It can also go down to 
a roll level. Then planning will be done for every roll separately, �nding its best usage.

6.4  �  Automated spreading methods and machines

Manual spreading is time and labor consuming. With the development of mass pro-
duction, it could no longer provide the necessary productivity, therefore, the need 
arose for specialized machines that were capable of carrying out spreading at a much 
higher speed. The �rst stage spreading machines only carried a roll of fabric over 
the table. Nowadays, with the help of computer technologies, spreading process has 
become fully automated. Automated spreading systems have signi�cantly increased 
the productivity of the spreading process and reduced the work load of the spreading 
operator, but have not altered its main work principles.
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Several companies produce automated spreading machines for a variety of textiles 
and uses such as: Lectra (France), Gerber (United States), Kuris (Germany), Bullmer 
(Germany), Phillips (UK), Eastman (United States), Unicraft Corporation (United 
States), Cosmotex (Spain), Oteman (Spain), Morgan Tecnica (Italy), FK group (Italy), 
B.K.R. Italia (Italy), Caron Technology (Italy), Ozbilim (Turkey), Tukatech (India), 
Shimaseiki (Japan), and Oshima (Taiwan).

6.4.1  �  Automatic spreading machine and its main parts

Multi-ply spreading is performed by an automatic spreading machine, which provides 
fabric feeding and transportation over the spreading table and ensures tension free 
spreading. The main parts of the spreading machine are as follows: a fabric spreader 
truck, a fabric feed system, an automatic cutting device, an end catcher, an operator 
stand panel, an encoder system, and a control panel (see Fig. 6.1).

A spreader truck ensures the transportation of a fabric roll above a spreading table in the 
lengthways and transverse directions. It consists of two main parts—a body and a turret.

	•	� The body of a spreader truck ensures lengthways transportation of a fabric roll above a 
spreading table. The body of the truck also carries several special spreading machine 
devices: a cutter, a zigzag spreading device, a tubular fabric spreading device, and a fabric 
tearing device.

	•	� The turret ensures transverse transportation of the roll during the spreading process to adjust 
the fabric ply to achieve a perfect alignment of one fabric edge on the table.

A fabric feed system rolls material from a fabric setting bar or a special cradle 
(see Fig. 6.2) and moves it to the spreading table. The feed system is synchronized 
to the speed of the spreader and ensures fabric tension control to provide tension free 
spreading. During the spreading process, the fabric feed system automatically adjusts 
the feeding speed of the material and measures its length.

During the spreading process, the cutting device moves together with the spreader 
truck. When the lay of fabric is fully spread, a round knife automatically moves across 
the table and cuts it off. The cutting device is sharpened automatically. It has an 
adjustable cutting speed. An automatic height detection sensor ensures the minimum 

Figure 6.1  The automatic spreading machine, Apolo Smart 300 by Cosmotex.
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distance between the cutting device and the top of the spread. The spreading machine 
can be also equipped with a material tearing device.

A special platform allows the operator to ride alongside the table during the spreading 
process. It can be equipped with an adjustable seat. However, the panels where the opera-
tor stands during the work process are more comfortable and, therefore, more widely used.

The spreading process is driven and controlled by an encoder. Using a special belt 
with metal denticles �xed to one side of the spreading table, the encoder system counts 
the number of denticles and recalculates them in the distance (meters, inches) from 
the start point. This de�nes the placement coordinates of the spreader truck on the 
spreading table at a given moment. A spread can be started and �nished at any point 
on the spreading table. Semiautomated machines have a special mechanical stopping 
device, which stops the machine by friction at the end of a ply.

An interactive control panel is used to set up parameters and to program the spread-
ing process. A spreading machine may perform different spreading programs: basic 
spreading, block spreading, or step spreading. A spreading machine can ensure auto-
matic counting of plies during the spreading process. Usually the machine will show 
the number of plies that remain to be spread.

Spreading machines are designed to work with fabrics of different weight and qual-
ity and can be categorized according to spread fabric properties—diameter, weight, 
width of the fabric roll, and fabric manufacturing way—opened or tubular (Fig. 6.3). 
However, there is the last tendency used by brands to categorize spreading machines 
in accordance with the type of the fabric to be spread (woven, knitted, technical) or the 
sector of application (apparel textiles, automotive, furniture, others).

6.4.2  �  Automated spreading process

The spreading process may be performed in semiautomated and fully automated modes.

Figure 6.2  A fabric feeding system of an automatic spreading machine.
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6.4.2.1  �  Semiautomated spreading process

In the semiautomated spreading process, the operator moves along the spreading table 
(walking or riding on a stand panel) and follows the spreading process. The opera-
tor smoothes the surface of the lay, identi�es faults in the spread fabric, and decides 
whether to leave faults in the spread or to cut them out. The operator uses a manually 
operated speed control handle to change the spreading speed and to reduce the speed 
in problematic areas, or even to stop the spreading process if it is necessary to de�ne 
the location of a fault and to cut it out.

6.4.2.2  �  Fully automated spreading process

The fully automated spreading process is used for high-quality materials, which are 
easily spread. An operator sets the necessary parameters (the length of the lay, the 
spreading speed, the fabric tension, etc.). The spreading machine automatically per-
forms the following operations: lays the fabric in the required length of the spread, 
cuts the material at the end of every ply, counts the number of plies, and stops after 
laying the required number of plies.

6.4.3  �  Automated fabric fault registration

Automated spreading systems can also determine fabric faults during the spreading pro-
cess in a similar manner to that of manual spreading processes. Fault registration system is 
used to carry out this process. During the spreading process, faults are identi�ed visually 
by a spreading operator. Using a joystick and laser beam, the operator marks the fault and 
determines its position on a ply and also on the marker on the screen. The operator can 
assess whether the fault affects any cut component and makes the decision whether or not 

Figure 6.3  The automatic spreading machine Apolo Smart 300 by Cosmotex equipped with 
several special devices to lay tubular fabrics.
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to leave the fault in the spread. The spreading machine can automatically cut off the unus-
able part of the fabric and record it. Then the spreading machine moves to the place of the 
corresponding splice mark on the cutting table to continue the spreading process.

6.5  �  Automated fabric pattern matching

Spreading intricate pattern fabrics, the coordination of patterns for all the cut compo-
nents is an important task. Three reasons: pattern matching necessity, variability in 
fabric structures, and incompleteness of the work methods used, make the spreading 
and cutting processes very complicated. Manual processing of intricate pattern fabrics 
is still widely used in the industry because of its low expenses, and in long period, 
well-developed and proved work principles and methods are established. Usually sec-
tioned markers are performed directly on a fabric, using real size pattern pieces printed 
on paper. Spreading and cutting are performed in two work steps. During the �rst step 
a lay of plies matching the fabric pattern is created. Rough cutting is done leaving 
certain fabric allowances around cut components. During the second work step the 
roughly cut components are respread to ensure more precise pattern coordination and 
the �ne cutting is performed. Finally, the fabric allowances that had ensured shift-
ing of roughly cut components to increase pattern matching accuracy are cut off and 
wasted. Precise pattern matching is obtained, which is time and labor consuming work 
process. Besides, the operator performing the process requires expertise in cutting 
intricate pattern fabrics and, because of it, work productivity and pattern matching 
accuracy is dependent on the skills and work experience of the operator.

To improve processing of the styles from intricate pattern fabrics, several com-
panies have automated it developing specialized pattern matching hardware and 
software. Using the new work methods, semiautomated and fully automated pattern 
matching, can be achieved in several different ways.

6.5.1  �  Semiautomated work methods

In semiautomated way, styles from intricate pattern fabrics can be processed by:

	•	� projecting images of the pattern pieces directly on the fabric and performing pattern match-
ing and marker making on the fabric ply; and

	•	� generating an on-screen fabric design image and performing pattern matching and marker 
making on the image of the fabric pattern.

Projecting images of the pattern pieces on the fabric: Using an overhead pro-
jector, a full size pattern piece is projected onto the fabric as it is spread onto a cutting 
surface. The pattern piece can be moved or rotated to match with the fabric design. It is 
possible also to distort slightly the shape of the pattern piece and to cut the component 
in accordance with irregularities in the fabric design. The cutting process is performed 
by a single-ply cutter.

In this way, cutting of intricate pattern fabrics can be done by using “CutWorks 
Matching” software by Gerber, “Visual Nest” by Morgan Tecnica, “VisionCUT” by 
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Kuris and overhead projectors and nesting software by FK Group, Aeronaut, Shima 
Seiki, Elitron, and others.

Advantages of the method: (1) high pattern matching accuracy can be achieved for 
every fabric ply; (2) although the marker is made of a fabric ply, possibility to use 
projected images of pattern pieces signi�cantly ease and speed up the work process; 
(3) possibility to distort slightly pattern pieces allows to conform them to the design of 
every certain fabric ply; and (4) as a marker is performed for every fabric ply, material 
faults can be easily avoided and there is no need to add material allowance around 
the pattern piece thus the highest material utilization is ensured comparing with other 
methods.

Disadvantages of the method: (1) styles with simple shapes and few components 
are not typical for apparel manufacturing; (2) placing (projecting) of pattern pieces on 
material (nesting) has to be done for every fabric ply; (3) the method does not ensure 
pattern matching and cutting of multi-ply spreads; and (4) single-ply cutters are not 
typically used in apparel manufacturing.

Generating an on-screen image of the fabric pattern: Fabric design image is 
scanned, imported, or generated as a grid representing fabric pattern and a marker is 
performed on a PC screen, placing pattern pieces on the fabric image. Certain move-
ment allowances are added around the pattern pieces in the marker to perform �nal 
corrections of the marker directly before the material cutting. When a fabric ply is laid 
on a cutting surface, by use of special camera �xed in the cutting head and pattern 
matching software, the corrections in the previously created marker are realized by 
shifting and slightly distorting the pattern pieces to compensate for existing pattern 
irregularities in each piece of fabric. Cutting is performed by a single-ply cutter.

In this way, pattern matching and cutting is done by using “SiliconEye Machine 
vision” and “Cyclops Machine Vision” by Aeronaut, “Visual Nest” by Morgan Tecnica, 
“Matching B&S” and “Match It” by Bullmer, a overhead camera and “PathCut” by 
Path�nder, old versions of “In Vision” by Gerber and “Mosaic” by Lectra.

Advantages of the method: (1) performance of markers on PC screen speed up the 
work process; (2) high pattern matching accuracy can be achieved for every fabric ply; 
and (3) possibility to shift and slightly distort pattern pieces in the marker allows to 
conform it to the design of every certain fabric ply.

Disadvantages of the method: (1) the shifting and slight distortions of pattern 
pieces have to be performed for every fabric ply; (2) the cutting head is used for both, 
to scan fabric ply pattern and to cut material, therefore, while geometry of the pattern 
pieces in the marker is corrected, cutting can not be performed; and (3) the operator 
has to perform the corrections in the initial marker.

6.5.2  �  Fully automated pattern matching

The most advanced, latest generation pattern matching systems “AutoMatch” by 
Gerber, “Mosaic” by Lectra, “Multi-array scanner system” by Bullmer, “VisionCut” 
by Gemini, and “Match++” by Optitex ensure highest level of automation in the 
work process. A high-resolution digital camera creates an image of the fabric pat-
tern, while the fabric from the roll is advanced on the cutting table. In real time the 
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specialized software analyzes the �uid image of fabric pattern—its exact position and  
distortions—and, in accordance with it, recalculates geometry of pattern pieces, mod-
i�es markers, and automatically launches cutting process. The modi�ed markers are 
developed gradually. The new part of the nest is created on the bases of the newly 
scanned part of fabric, while the previous one is being cut. Comparing with the previ-
ous generation scanning and matching systems, which use a camera �xed in a cutting 
head, the cutting speed is increased dramatically.

Advantages of the method: fabric ply image is created in real time gradually; shift-
ing, rotation, and distortions of original geometry of pattern pieces in the marker are 
performed automatically in real time, while the fabric ply is advanced on the cut-
ting surface; minimal training and skills are necessary for an operator as most part of 
actions are performed automatically; and the continuous work process without any 
interruptions is ensured feeding fabric from a roll.

Disadvantages of the method: only single-ply cutting can be performed.

6.5.3  �  Multi-ply pattern matching and cutting

This section describes about the pattern matching and cutting processes of multi-ply 
patterns. Similar way pattern matching and nesting is done using a pattern matching 
and cutting system “Match-It” developed by Topcut-Bullmer. In this case one more 
work surface—a matching segment is involved in a work process. The matching seg-
ment with the movable camera is used to obtain image of the real fabric ply.

To ease pattern matching process, the system uses initial markers. They are avail-
able in a database and used for several fabrics of similar typical design (striped, 
checked) and with pattern repeats of similar size. Performing the work process, an 
appropriate initial marker is superimposed onto the fabric ply image on a PC screen 
and the pattern pieces are shifted (within movable allowances) to match the patterns 
to the actual design. Only the necessary corrections in the initial marker are made to 
get the �nal marker.

Multi-ply spreads on the matching segment or on a spreading table are performed 
manually, laying every fabric ply onto pins to match the designs with the patterns of 
the �rst basic fabric ply. The ready fabric spread is transported to the cutter by a con-
veyor. Cutting can be performed by a single-ply or multi-ply cutting system. While 
the cutting process is performed, necessary corrections in the initial marker can be 
performed on the matching segment to get the �nal marker for the next fabric spread.

Advantages of the method: (1) the use of the initial markers save time and speed 
up pattern matching and nesting; (2) if the system involves a separate matching seg-
ment, it provides a continuous work process thereby ensuring higher productivity; and  
(3) both single- and multi-ply pattern matching and cutting can be performed.

Disadvantages of the method: (1) the use of the initial markers restricts free 
placement of pattern pieces on a material and thus reduces marker ef�ciency; (2) to 
use a separate matching segment, an additional area in a cutting room is necessary;  
(3) performance of pattern matching in a low-ply and high-ply spreads using pins is 
performed manually; and (4) signi�cantly complicating work process and reducing its 
productivity.
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6.6  �  Automated cutting methods and cutting systems

Traditional multi-ply cutting by manual cutting equipment is still often used at small 
enterprises for its low production costs. The manual method can be used to cut normal 
fabrics in multi-ply, as well as, to cut intricate fabrics, when automated cutting cannot 
be used. However, the work process is time and labor consuming and cannot ensure 
high cutting accuracy and productivity. The cutting is performed in several sequential 
steps such as: dividing a spread into sections, the rough cutting of components, �ne 
cutting of components, placing notches, and drill marks in cut components, using dif-
ferent cutting equipment (straight and round knife machines, band knife machines, a 
drill machine). The cutting quality is in�uenced by: the displacement of fabric plies in 
a spread, the shape of a cutting device, the movement of the cutting blade, the ease of 
movement of a cutting machine, or parts of a spread during the cutting process.

From 1970s, apparel industry has been using automated cutting methods, which 
brought about signi�cant changes in garment manufacturing processes. Automated 
multi-ply knife cutting systems are highly ef�cient while working with large diversity 
of styles and large orders, and cutting components with complex shapes. Using fully 
different work methods and cutting tools, they reduce or even eliminate most seri-
ous disadvantages of manual cutting process. The displacement of fabric plies in the 
spread, while cutting is avoided by the help of a vacuum system, which compresses 
the fabrics plies during the cutting. The high precision of the knife movement helps 
to increase the cutting quality signi�cantly. The productivity of automated cutting 
process is higher than that of the automated material spreading and sewing processes. 
Many important changes in the management of manufacturing processes have arisen 
from this as several spreaders and sewing lines have to operate with one cutter.

During the last decade new changes have happened in the apparel industry. Because 
of market demand to raise diversity of styles, reducing their quantities, small orders 
have become the reality of the industry. Their cutting by a powerful multi-ply cutter or 
manually is very much inef�cient. Therefore, the single-ply knife cutters, which can 
process single fabric ply and low spreads slowly increase their importance in apparel 
manufacturing.

There are many companies which produce automated knife cutting systems for 
textiles, such as: Lectra (France), Gerber (United States), Eastman (United States), 
Bullmer (Germany), Kuris (Germany), Novocut (Germany), Oteman (Spain), Morgan 
Tecnica (Italy), Elitron (Italy), FK group (Italy), Tecno-Systems (Italy), B.K.R. (Italy), 
S.M.R.E. Engineering (Italy), Atom (Italy), Zund (Switzerland), Blackman & White 
(UK), Autometrix (United States), Gemini (Romania), Kimla (Poland), Shimaseiki 
(Japan), Takatori Corporation (Japan), Tukatech (India), Iecho (China), Oshima 
(Taiwan), Aeronaut (Australia), and Path�nder (Australia).

6.6.1  �  Automated cutting systems

Automated cutting systems are used to process a wide variety of materials. Despite 
differences in the cutting tools and materials to be cut, the work principles and main 
parts involved in automated cutting process are similar. These are: a cutting device and 
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a carriage in which the cutting device is �xed, a crossbar (gantry, beam, cutting bridge) 
that carries the carriage across the cutting surface, a working surface, a control panel 
to control the cutting process (see Fig. 6.4), and a nesting and cutter control software.

Two synchronized servo motors move the beam (crossbar) along the length of the 
cutting table (the X axis), while the third servo motor moves the carriage on the beam 
across the width of the cutting table (the Y axis) and a fourth rotates (the C axis) the 
cutting tools during the cutting process. If the cutting tool also moves vertically (the  
Z axis), an additional motor is used to complete the cutting process. To increase pro-
ductivity, the automated cutting system can be equipped with two cutting heads (�xed 
on two crossbars) to perform synchronized and simultaneous cutting process.

The cutting process is carried out on static or conveyorized cutting tables. Using 
the static table the cutting process is completed in one step on the �xed surface. The 
conveyorized table has a movable surface that ensures a continuous cutting process 
and increased productivity. The most part of cutting tables are equipped with a special 
vacuum system to hold the material plies �xed during the entire cutting process.

The cutting process is controlled by the use of a control panel. Before starting the 
process, the operator sets the main cutting parameters. Using advanced cutters, the 
operator have to set up only the properties of the material, while the cutter automati-
cally determines all needed process parameters. A cutting path is seen on the screen 
of the control panel during the whole work process. The operator can distinguish the 
components that have already been cut (these are marked in different colors from 
those as yet uncut) and the location of the cutting device at any given moment of the 
cutting process.

A full-size preprinted marker, an of�oad screen, an overhead projector, marking 
on the cut component surface, and adhesive labels can be used to identify cut compo-
nents, simplify their bundling, and reduce the risk of errors in the work process.

After the components are cut fully and placed in the storage area of the cutting table, 
the operator off-loads and groups the components and includes the bundle tickets.

Figure 6.4  The automated multi-ply cutting system Raptor by Eastman.
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6.6.2  �  Automated knife cutters

Knife cutting is the most widely used automated method for processing textile mate-
rials. The cutting is done by multi-tool cutting head, which can carry out a variety of 
cutting operations (see Fig. 6.5).

The choice of each tool for the cutting process depends on the material to be cut 
and the con�guration of the required contours and cutting operations. The pro�les of 
the components are cut by rotary blade knives, drag knives, and oscillating knives; and 
punches are used to make holes.

	•	� Rotary blade knife—during the work process, the rotary blade knife rolls over the material 
(see Fig. 6.6). The knife is used to cut contours of the components. The diameter of the knife 
depends on the properties of the material and the complexity of the shape to be cut.

	•	� Drag knife—has a sharp angled blade (see Fig. 6.7). The knife is used to cut detailed con-
tours, sharp corners, small circles, and notches. During the cutting process, the knife is 
dragged along the pro�le of the cut component. The angle of the blade depends on the prop-
erties of the material.

Figure 6.6  A rotary blade knife.

Figure 6.5  The cutting head with tools of a single-low ply cutter by Eastman.
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	•	� Oscillating/reciprocating knife—performs vertical movement up and down in regular 
rhythm. The knife is used to cut multi-ply spreads, thick materials, and complex shapes.

	•	� Punch—creates small round holes in the cut components, where they cannot be easily or 
quickly cut by other blades (see Fig. 6.8). Different diameter punches are used to make dif-
ferent size holes.

Other operations during cutting process can be performed using, notch tools  
(to cut V or slit notches), and different marking tools (to identify cut components).

Each job may be cut in several ways. The markings are normally done �rst for the 
entire work zone. This is followed by any necessary punch or drill marks. Next, all 
the contours of the components are cut using the chosen cutting tools. The cutting 
process is carried out in separate work zones. All the cutting operations (cutting of 
contours, notches, drills, etc.) are performed in a speci�ed work zone. The material is 
then moved and the cutting job is started in the next work zone, continuing the cutting 
of the components. Cutting speed is dependent on many different factors, the most 
important of them are as follows: the properties of the material being cut, the number 
of material plies being cut, the cutting tool used, and the shapes being cut.

Figure 6.7  A drag knife.

Figure 6.8  A punch.
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6.6.2.1  �  The single and low-ply automated cutting

Single and low-ply cutting is performed by automated cutters, which can work with 
material heights up to 30 mm (maximum thickness of the compressed material). The 
cutting is performed by rotary (“pizza wheel”) and drag knives.

The rotary blades (18 and 28 mm diameter) are ef�cient in cutting contours of the 
components. The rotary blade rolls over the fabric and, because of it, does not cause 
its displacement during cutting process. As the rotary knives cannot ensure very high 
cutting precision, drag knives are used to cut detailed contours, sharp corners, small 
circles, and notches.

If only one ply is cut, the material quality control, the matching of patterns and the 
marking of cut components can be done during the cutting process. Advanced cutters 
also ensure printing certain patterns on the components during the cutting process. 
Single-ply cutting is used for sample making, in made-to-measure manufacturing and 
cutting of styles from intricate pattern fabrics.

Low-ply cutting is used to process small orders and preproduction runs. They can 
be cut also by high-ply cutters (using oscillating knives), however high-ply cutters are 
more expensive and their use in low-ply cutting is not ef�cient.

6.6.2.2  �  The high-ply automated cutting

Multi-ply cutting is used for textile materials which are porous and air permeable. The 
multi-ply spread, prepared on a spreading table, is moved to the cutting table and covered 
with a lay of air impenetrable polyethylene �lm cover (see Fig. 6.9). Using a vacuum sys-
tem, all the fabric plies are �xed to the cutting table and pressed tightly together to form an 
airtight seal, which ensures the material is held together during the entire cutting process.

As the cut material is thicker and not homogenous, cutting tools used for single-ply 
cutting cannot be used and the normal processing time will be longer than that of  

Figure 6.9  The fabric spread covered with polyethylene �lm during the cutting process.
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single-ply cutting. The cutting process is carried out by a vertical high oscillation knife 
and a drill or a punch. Because of the vertical movement of the knife and the necessity 
of ensuring accurate cutting (also for the lowest plies), the cutting surface is covered 
with bristles that allow the knife to pierce all the fabric plies easily, not displacing 
them or causing any damage (see Fig. 6.10).

A large variety of high-ply knife cutting systems are available. Their power level 
is determined by the maximum thickness of the compressed material to be cut: 5, 7, 
and up to 10 mm. High-ply cutters are working in lower speed and accuracy than the 
single-ply cutters. They are used for high volume, comparatively low cost goods such 
as garments and upholstery, where a very high degree of accuracy is not required.

High-ply cutters have several important advantages: they ensure very high produc-
tivity, high effectiveness cutting large orders, enough high quality of cut components, 
and a high degree of �exibility. However, they are more expensive than single-ply 
cutters, not ef�cient to cut small orders, and cannot be used to process the styles 
from intricate pattern fabrics where pattern matching is required. For several decades 
the high-ply cutters have been the most ef�cient cutting equipment used in garment 
industry. However, during the last decade small orders are replacing large ones and the 
high-ply cutters slowly losing their importance.

6.6.3  �  Automated laser cutters

Because of very high accuracy, high processing speed, �exibility, simple operation, 
and high degree of automation, laser cutting has become the second most widely 
use automated cutting method in the garment industry. Textile materials are treated 

Figure 6.10  Bristle blocks covering cutting surface.
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by carbon dioxide (CO2) laser equipment to perform through cutting, kiss cutting, 
engraving, and marking. The laser cutting is tool free, no contact surface treatment 
method that has also several additional advantages—treated material is not distorted 
during the processing, there is no cutting tools wearing out, and there is no need for 
sharpening and replacement of the cutting tools.

Several companies produce laser equipment to treat different textile materials such 
as: Jeanologia (Spain), Macsa ID (Spain), Iberlaser (Spain), Sei Laser (Italy), Proel 
TSI (Italy), Puntoart (Italy), GMI (Italy), Eurolaser (Germany), Ro�n (Germany), 
Trotec (Austria), BITO (United States), Golden laser (China), GBOS laser (China), 
Ant Laser (China), and Perfect Laser (China).

6.6.3.1  �  General characteristics of a laser cutter

To perform the cutting process, the light from a laser source is focused, intensi�ed, 
and transferred by a lens or mirror to create a laser beam on the cut surface. As the 
beam of light strikes the material, fabric absorbs great part of the energy it receives, 
and rapidly heats up. To perform laser cutting, the laser beam is steered onto the mate-
rial surface by a cutting head, following a computer-driven path.

The main parts of the laser cutting head are: a focusing lens and a cutting nozzle. 
By the help of the lens the laser beam is focused onto the material surface. The cutting 
nozzle guides the stream of compressed air into the cutting gap to drive out of it the 
debris and molten material and protect optical lenses from �ying sparks, vapors, and 
particles generated on the cut material surface. The gas also cools the heat-affected 
material zone and thus increases cutting quality.

During the work process, the cut material is kept �at and �xed on a cutting surface. 
As the cutting surface also has to support the work of an extraction system to evacuate 
smoke particles and soiling from the cut material, the metal grid is most often used as 
a table surface cutting textiles. While performing engraving, marking or kiss cutting, 
cutting surface can be a metal plate.

By the help of special extraction systems, the smoke particles and soiling created 
in the cutting process are drawn away above and below the cut material surface. A 
suction device located beneath a grid or the perforated cutting surface collects cutting 
emissions under the material and drives them away. The suction of air under the cut 
material also helps to �x it on the work surface and prevents already cut components 
from slipping and lifting. Above the cut material the cutting emissions use to be col-
lected in two different ways: laterally or upward. In the case of lateral extraction, the 
emissions are evacuated via lateral exhaust slots that are usually located at the rear. 
In case of upper extraction, cutting emissions are collected around the laser beam 
directly upward. Upper/lateral extraction is very important when the functioning of 
the lower extraction unit is restricted (e.g., performing engraving or marking).

6.6.3.2  �  Laser treatment methods

During the last decade, laser through cutting, kiss cutting, engraving, and marking are suc-
cessfully replacing many traditional textile �nishing methods, such as: cutting, printing, 
discoloration, embroidering, pleating, and wide range of denim �nishing methods.
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Through cutting
During laser through cutting, laser beam fully melts or burns one or more material 
plies. The through cutting is used to cut out separate material components and to cre-
ate different decoration (wholes) in the material, manufacturing garments, �nishing 
textile materials, and creating embroideries.

Kiss cutting
Laser kiss cutting is used to cut the top layer of a textile material without cutting 
another attached material. Cutting the fabric on the fabric and stitching them together, 
different kind of multiple-layer embroideries, appliqués, and labels are created.

Engraving and marking
Engraving and marking are two more laser treatment methods that can be performed 
by laser cutting equipment by changing processing parameters. During laser engrav-
ing, the laser beam physically removes only the part of material surface and creates on 
it a noticeable visually and in touch cavity. Engraving is widely used in carpet and rug 
manufacturing, producing garments from textiles with low cut pile and �eece. During 
laser marking the laser beam slightly alters its properties or appearance. The color 
change of the treated material is the most typical physical effect of this process. This 
method is used widely in denim, as well as, cotton and linen fabric. Laser marking is 
also used to create codes, brand names, and engrave other info on �nished garments, 
or other textile and leather labels.

Using different process parameters, both the processes, surface engraving and 
marking, can be done by the same equipment.

6.6.4  �  Laser cutting of textiles of different origin

Textiles of different origin differently react on laser treatment creating, different kind 
of desirable and undesirable changes in the material structure.

6.6.4.1  �  Textiles of natural origin (cotton, linen, wool, silk)

Natural organic materials vaporize quickly, when cut with a laser resulting in smooth 
edges. Annealing marks in light brown/orange tinge can appear on the cut edges. The 
thicker is the fabric, the more apparent are the marks. After the cutting, the edges of 
the fabric can still be frayed.

While performing the laser marking, most part of natural fabrics is marked in a 
brown/orange tinge. Indigo color denim fabrics treated by laser lose their color, and 
the marks on the fabric surface appear in white. The dense fabrics are more suitable 
for marking than the light ones. While marking very light fabrics, the laser beam could 
cut the material through. One or few natural origin material plies can be cut by laser.

6.6.4.2  �  Textiles of synthetic origin (polyester, nylon, polyamide)

Cutting synthetic materials with laser beam, melts material edges and, protects them 
from fraying. This is an advantage in many applications. In garments manufacturing 
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hard edges resulting from melting can irritate skin. Therefore, laser cutting cannot be 
used to process garments that have direct contact with the body. Engraved marks in the 
fabric are usually slightly glossy and darker in contrast to the material surface.

The �ber melting complicates multi-ply cutting process if the cut edges of several 
plies fuse together. In order to avoid this problem, textiles of synthetic origin are cut 
only by laser in one ply.

6.6.4.3  �  Cutting intricate textiles

There are several kinds of fabrics whose processing by manual or automated knife cut-
ting methods are problematic. Their cutting by laser is more effective as they ensure 
higher quality and cutting speed. The laser cutting of various intricate textiles has been 
discussed in the following section.

Arti�cial fur
Arti�cial fur is usually cut manually, separating its substrate material by scissors 
because of pile, which must not be compressed and cut/damaged during cutting pro-
cess. Contactless laser cutting is performed from the left side of the material keeping 
it in uncompressed state. Individual strands creating pile of the fur remain intact, while 
laser cuts only the substrate material in high speed and quality.

Velcro
Knife cutting is dif�cult and cannot give high precision because of Velcro material’s dual 
structure. Similar to arti�cial fur, Velcro is cut easily by laser from its left side separating 
only its base material. Laser processing ensures much higher cutting quality and speed.

Very light materials
Lightweight fabrics may be distorted due to moving or dragging by bladed tools 
during the processing. Using laser, high precision and speed cutting are performed in 
contact-free way without clamping or �xing the light material.

Fabrics with intricate patterns
The laser cutting is more effective while cutting fabrics with intricate patterns than the 
knife cutting. This is because the automated pattern matching methods developed till 
now ensure a simple fabric ply effective processing (see Section 6.4). It can be per-
formed in higher speed, keeping the fabric ply in uncompressed state.

6.6.5  �  The use of water-jet systems for cutting textiles

Water-jet cutting is a universal separation method that is increasingly used in garment 
industries. “Pure” water-jet cutters are used to cut soft materials such as paper, foam, 
plastic, rubber, leather, composites, and textiles. Ordinary tap water is pressurized to 
ultrahigh levels (up to 6000 bar) and forced through a small ori�ce in an industrial 
jewel to form an intense cutting stream. The jet stream moves at a speed of up to 2.5 
times the speed of sound.
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Water-jet cutting does not generate levels of heat that would harm textile �bers or 
fabrics. It is possible to process very narrow and sharp corners and dif�cult contours. 
There is no deformation as the cutting forces are very small. Clamping devices are 
rarely needed. As only water is used, the cutting device does not need to be sharp-
ened, changed, or cooled during the cutting process. In addition, only a short cutting 
program needs to be created and no time loss occurs in setting the machinery and 
equipment for subsequent process. The jet is so thin that it does not even wet the 
material. The water consumption is low and it produces a low wear and tear of the 
components. The maintenance costs of the water-jet system are low comparing with 
other kind of cutting systems. Although there is no danger of fusing as in the laser 
cutting methods, there is a tendency for these edges to mesh together, making it dif-
�cult to separate the plies.

6.6.6  �  Multi-purpose cutters

Multi-purpose cutting systems are developed to use more than one cutting method to 
process a wider range of materials than the traditional cutting systems.

6.6.6.1  �  Blade cutters plus lasers

These dual purpose cutting systems combine a different type of blade cutter with a 
high or low power CO2 laser. A rotary blade cutter works with materials that are not 
suited to laser cutting, while laser cutting can be combined with creasing tool oper-
ations. Vacuum tables can be built with quick change cutting surfaces or with dual 
zones suitable for either laser or blade cutting.

6.6.6.2  �  Blade cutters plus ultrasonic tools

Cutting systems can work with thick and dif�cult materials (corrugated cardboards, 
composites, rubber, cork, and �lter materials) using blade cutters. When �tted with 
ultrasonic tools, the cutting system can also cut technical textiles that cannot be cut 
by conventional methods, and has the capacity to cut and seal the edges of synthetic 
fabrics. The table top is zoned to allow for both blade and ultrasonic cutting.

6.7  �  Fusing of cut components

Today about 80% of all garments require the use of interlining to increase their strength 
and stability and to improve the shape and crease resistance. Fusing is a process in 
which cut components are fused with interlinings that are coated with thermoplastic 
resin by the application of heat and pressure over a controlled period.

The fusing is carried out by special fusing presses. They are divided into two 
groups according to their work processes such as: discontinuous work process (�at) 
fusing presses and continuous work process fusing presses. Discontinuous fusing 
presses work sequentially and separately from other fusing processes. They are less 
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productive and are suitable for small and medium production units. Continuous fusing 
presses enable an ongoing process by moving the components on a conveyor belt. 
They offer a higher level of productivity, are more energy ef�cient, and can ensure fus-
ing without material shrinkage and fading. Because of these advantages, continuous 
presses are designed for a variety of production units.

Several well known companies produce fusing presses which include: Meyer 
(Germany), VEIT-Group (Germany), Macpi (Italy), Konsan (United Kingdom), 
Hashima (Japan), and Oshima (Taiwan).

6.7.1  �  Continuous fusing press and its main parts

The operation of the press depends on a continuously moving conveyor belt, which 
moves the face fabric and its interlining components in and out of the heating cham-
ber. The press consists of the following main parts: a work surface to move the com-
ponents; a heating chamber that heats the components; pressure rolls to press the 
components; and a cooling system to cool down the fused components.

6.7.1.1  �  Work surface

The work surface of the press is a heatproof, seamless conveyor belt. The width of the 
belt determines the power of the press. The work surface can be made up of several 
conveyor belts (see Fig. 6.11):

	•	� front loading conveyor belt: positioned at the front of the fusing machine to load components (1);
	•	� feed (lower) conveyor belt (1): maintains contact with the upper conveyor belt during the 

heating (by the upper (3) and lower (4) heating zone) and pressing (by pressure rolls (5 and 
6)) process;

	•	� upper conveyor belt (2): maintains contact with the feed (lower) conveyor belt during the 
heating and pressing process; and

	•	� exit conveyor belt (7): cools the fused components and moves them to an unloading operator.

Belts are manufactured from adhesive resistant materials and have a te�on nonstick 
surface, which can withstand temperatures up to 230°C and which assure an accurate 
temperature during the heating process. The presses have special belt cleaning sys-
tems that provide both cleaning and lubrication to keep the belts in good condition 
during the fusing process. They can also be equipped with a special return belt system 
that returns the fused components to the front of the machine.

1

2 3 5

4 6

7

Figure 6.11  The schema of a continuous fusing press: (1) loading and feed (lower) conveyer 
belt, (2) upper conveyer belt, (3) upper heating zone, (4) lower heating zone, (5, 6) pressure 
rolls, and (7) exit conveyer belt.
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6.7.1.2  �  Heating chamber

The heating chamber of a press consists of several individually controlled separate 
heating zones for the even distribution of heat. By the use of an electronic thermostat, 
the range of temperature difference can be kept to ±3°C. The temperatures for the 
upper heating zones (3, which heat the interlining) and the lower heating zones (4, 
which heat the face fabric) can be adjusted separately and precisely using a special 
heat control system. A high-quality fused assembly is thus created, maintaining the 
face fabric structure (avoiding shrinkage or fading) and controlling the adhesive resins 
on the type of interlining that has been selected.

6.7.1.3  �  Pressure rolls

After the face fabric and interlining have been heated in the upper and lower heating zones, 
the components are moved between the upper (5) and lower (6) pressure rolls to press 
them together. One or two pairs of large diameter pressure rollers assure stable and equal 
pressure. As the pressure rollers are �xed on the back of the upper and lower belts, the face 
fabrics and interlining cannot become entangled around them. The pressure is usually gen-
erated pneumatically. Most fusing presses have silicon rubber coated pressure rollers to 
ensure a more uniform and larger area of pressure than hard pressure rollers. The silicone 
coating also can enable the simultaneous pressing of thick and thin fabric components.

6.7.1.4  �  Cooling system

After fusing, the components must be cooled to stabilize the fusing effect, to main-
tain their permanent shape, and to prevent deformation during the unloading process.  
The cooling process can be performed on the exit conveyor belt (7), which moves 
the components to an unloading point, or by using special cooling conveyors with 
air-blowing or vacuum systems or water-cooled pressing plates.

6.7.1.5  �  Additional equipment

Fusing presses can be enhanced by a variety of additional equipment, such as:

	•	� feeding conveyors with several loading belts that are positioned on the front of a fusing press 
to create ergonomic workplaces and increase productivity;

	•	� collection stackers that stack fused components and require fewer operators;
	•	� return belts that return the fused components to the front of the press when only one operator 

is working with the machine;
	•	� waistband fusing devices to fuse long and narrow waistband rolls.

6.7.2  �  Advanced fusing technologies to avoid fabric shrinkage

The most serious problem that often arises during the fusing process is the material 
shrinkage. It complicates fabric cutting process, reduces fabric utilization ef�ciency, 
and leads to fabric loss. The reason for shrinkage is the thermal shock of the fabric, 
which occurs when the material is exposed to a sudden and rapid change in tempera-
ture. It causes structural stress and irreversibly changes the properties of the material. 
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To avoid the fabric damage the heating temperature should be raised gradually by 
extending its processing time. However, conventional fusing presses cannot ensure 
gradual heating of the components and different extent of fabric shrinkage occurs very 
often. As a result, the dimensions of the fused components are reduced and their join-
ing with other parts of the garment can become embarrassed or even impossible.

To avoid the above described complication in the component joining, the extent of 
shrinkage for each fabric should be predetermined and added to dimensions of the compo-
nents in their markers. However, because of the wide variety of textile materials, their tests 
and corrections of pattern pieces are seldom performed. Most often, the occurrence of 
further problems are prevented by adding safety buffers around the fusible components or 
their blocks in markers and performing two-step cutting. In the �rst step, the fusible com-
ponents or their blocks are cut slightly bigger. After fusing, the �ne cutting is completed 
and the extra material remaining after fabric shrinkage is removed and material is wasted.

Advanced fusing technologies offer new generation fusing presses, which can ensure 
more qualitative fusing process and avoid material shrinkage. The continuous work 
process fusing press has a long heating chamber and very sensitive heating system. The 
heating chamber of the press consists of several, up to 5, 7, even 9, or 12, individually 
controlled separate heating zones. Every heating zone has different temperature and 
can heat up components step by step in longer heating time. Temperatures for the upper 
heating zones, which heat the interlining, and the lower heating zones, which heat the 
face fabric, can be adjusted separately taking into account qualities of the materials.

The long heating chamber with several heating zones extends the heating time and 
ensures gradual temperature rise so that the fabric can be fused perfectly avoiding shrink-
age even under the lower temperature than in a traditional short heating chamber press.

The heating capacity and the geometry of the heating chamber of the press deter-
mine the material to be fused. Lighter fabrics generally require lower heating capacity 
and the use of a press with shorter heating chamber with less heating zones can be 
much bene�cial. The main heat should come from the face fabric side, to have the 
melting resins �ow toward the face fabric. For heavier fabrics and sandwich or multi-
layer fusing, the presses with higher heating capacity and a longer heating chamber 
with several heating zones are needed. Besides, only heating from both top and bottom 
sides with separate thermocontrol ensures the correct temperature balance.

Continuous fusing presses with extended heating chambers and separate heat 
control systems are developed by companies such as: Meyer (Germany), VEIT-
Group (Germany), Reliant Machinery (United Kingdom), The Martin Group (Italy), 
and Oshima (Taiwan).

6.8  �  Future trends in automation of textile  
material spreading and cutting

In the nearest future, because of very high competition in apparel industry, manual 
work in a cutting room will have to be replaced fully with highly automated equip-
ment. The general tasks of automation in the cutting room are as follows: to increase 
work productivity, to increase cut components quality, to ensure maximally ef�-
cient use of raw materials, to ensure maximal �exibility of the work process, and to 
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minimize work process dependence of human recourses. Introduction of automation 
should improve the following:

	•	� production planning and control systems to plan and schedule work process more effectively 
and reduce fabric loss,

	•	� fabric defect elimination to reduce spreading time and fabric loss,
	•	� automated pattern matching methods for single- and multi-ply spreading of fabrics with 

intricate patterns,
	•	� universal spreaders and cutters to process the most diverse materials with the same machinery,
	•	� multi-purpose cutters to cut wider range of materials and perform additional operations 

during fabrics cutting,
	•	� simplify operating of automated systems and improve work process monitoring and control 

systems to reduce the role of the operator in the work process,
	•	� online support to an operator, remote technical assistance, predictive maintenance, and 

anticipation of breakdowns.

6.9  �  Conclusion

By the help of automation, the most drastic changes in the garment manufacturing 
has happened in the cutting room. From manual work process, fully dependent on 
human recourses, fabric cutting has become highly organized, productive, and very 
�exible process. The signi�cance of the work, results of the cutting department, is the 
whole production process, determines necessity to continue advancement in the fabric 
cutting processes to reach the maximal automation level with the minimal human 
intervention. The newer technologies such as laser cutting and water-jet cutting are 
increasingly used in fabric cutting because of the increased productivity, accuracy, and 
quality of cutting. Because of increased demand for high-quality garments and rising 
labor costs, garment industries are adopting automated cutting tools into their produc-
tion lines. In near future, many of the garment industries will be almost replacing the 
manual cutting methods with automatic cutting tools and equipment.
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7.1  �  Introduction

The manufacturing of clothing can be divided into two categories such as: joining of 
fabric components or pattern pieces and material handling.

Till today, both in the clothing industry and technical textiles production a signi�-
cant portion of the works of joining and handling work is being performed manually 
(Nayak and Padhye, 2015). In high-wage countries the material handling plays a sig-
ni�cant role, which leads to high cost and offers a potential for automation. Material 
handling plays an important role in textile as well as clothing industries to increase 
the productivity and save the labor cost. In garment manufacturing, majority of the 
material handling involves the transportation of fabrics, cut components, trims, and 
�nished garments from one work station to the other. Automatic material handling 
involves suitable tools or equipment or even robots to transport the materials.

In garment manufacturing, signi�cant time is spent in material especially fabric han-
dling, cut or semi�nished components handling, and storage. The manufacturing costs of 
technical textiles constitute of 72% compared with the costs for �ber (23%) and matrix 
material (5%). Besides the demand for economic and ef�cient technologies there is a claim 
to the handling in terms of precision and a gentle material treatment. The most important 
reason for that is the limp material behavior of textile semi�nished parts (i.e., fabric).

From semi�nished to ready-made products the processes of separation, joining, 
and handling have to be undertaken by the material-handling equipment. Furthermore, 
superordinated quality assurance systems are of great relevance for automated pro-
duction processes. For the selection of methods for automated production of textile 
products, a holistic view of the textile mounting process is necessary. Fig. 7.1 shows 
the overview of the basic process steps in textile forming.

Studies show that the handling and the mass transport are still predominantly under-
taken manually. For example, in the manufacture of a garment about 80% of the total 
labor cost is due to handling. In other words the amount of the transport and handling 
operations around the sewing machine measured on the total assembly time is about 
80%. In the �eld of seat cushion production, �oor mats and vehicle cradles for automo-
bile, a handling time ratio compared with the joining process of � 2/3 in the total pro-
duction time (Koch, 1992; Egbers and Bühler, 1993; Szimmat, 2007; Wulfhorst, 1998; 
Hanisch and Krockenberger, 1993; Gutsche, 1992; Gebauer et al., 2004; Stephan, 2001).

Automated handling processes are an important aspect of ef�cient concepts for 
garment manufacturing in the future. However, there is still a gab of mature auto-
mated handling solutions for garment-related textiles in the production chain. As the 
knowledge of automated handling of textiles for reinforcement materials is further 

7
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developed compared with the handling of garment textiles, the transfer of results and 
solutions seems to be applicable. Hence the aspects of automation in composite mate-
rials can be used to identify the concepts for automation in garment handling.

To illustrate the potential for automation, 415 companies from the German automo-
tive, shoe, and protective clothing industry were examined in 2004. The results proved 
that 85% of the breezy body parts are delivered as bales, and 77% are automatically 
placed and trimmed. The layers are cut with 79% as multilayers. None of the compa-
nies then automatically pick up the blanks. The handling in the joining process takes 
place with 79% manually, 21% semiautomatically; and 72% without the use grippers, 
whereas the remaining 28% use almost exclusively needle or scrap grippers. In total, 
59% of the companies run a singling process, of which none is automated, although in 
51% of the cases the stacks are even ordered (Szimmat, 2007). These results strongly 
prove the gab of automation for handling processes in textile manufacturing. It is 
expected that the results are lower in particular for garment manufacturing because of 
the higher degree of �exible textiles and huge amount of different variants.

The handling of �exible products, compared to bend-resistant materials, e.g., met-
als, is signi�cantly more challenging. As clothing production involves handling of 
fabrics in many operations, it is extremely dif�cult to design tools and equipment for 
accurate handling of fabrics. In this chapter, �rst the concept of handling, subsequently 
the handling-relevant material properties are described. Various types of grippers for 
handling textile materials also described in this chapter. The use of radio-frequency 
identi�cation (RFID) in material handling has made the process much easier com-
pared with the traditional ticket systems, which is also a part of this chapter.

7.1.1  �  De�nition of material handling

The Verein Deutscher Ingenieure (VDI)-Directive 2860 de�nes the handling as well as 
transport and storage as a partial function of the material �ow. Handling means “cre-
ating, de�ned change or temporary maintenance of a predetermined, spatial arrange-
ment of geometrically determined bodies in a reference coordinate system” (VDI, 
1990). Compared to the transport and storing of items, handling is de�ned by the 
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Figure 7.1  Overview of the basic process steps in textile forming.
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position and orientation of an object. It can be divided into �ve subfunctions: save, 
change quantities, move, secure, and check. In Fig. 7.2, the partial functions of the 
handling according to the VDI-Directive 2860 are shown in an organizational chart 
(VDI, 1990; Gutsche, 1992).

The individual subfunctions can be divided up further to elementary functions, com-
bined functions, and additional functions, which are described in the VDI-Directive. 
The de�nitions are held very general to ensure a broad applicability. The strong, gen-
eral breakdown serves the structured �nding of solutions for speci�c applications. 
For each handling task the corresponding partial functions are differently pronounced 
(VDI, 1990; Stephan, 2001).

7.1.2  �  Properties of material and processes

For optimum handling, the knowledge about the speci�c properties of textiles is essen-
tial. Textiles are considered to be particularly dif�cult to handle because they have a 
component behavior, which is dif�cult to predict. Moreover, the measurement of the 
characteristic properties is often dif�cult to perform. There are a large number of dif-
ferent fabric qualities, which often have inhomogeneous and anisotropic even within 
the same material. These can, in turn, vary from one production batch to another pro-
duction batch. Even “pure materials” are made of several components with variability 
in their properties. This further increases the variance of the properties. Many of the 
textile properties are also climate-dependent, e.g., shape, and dimensions, depend on 
the temperature and humidity of the work place.

In any case, textiles have greater tolerances and deviating behavior compared to 
semi�nished products made from other materials. Curling edges are a good example of 
such behavior. Important for handling is the fact that many textiles are highly sensitive 
to dirt and mechanical damage due to forces acting on the surface. Coarseness, elonga-
tion, drapability, surface texture (roughness and hairiness), air permeability, adhesive-
ness, frictional behavior, surface weight, sliding resistance, wettability, and thickness 
are some of the properties (Koch, 1992; Stephan and Jensen, 2004; Gutsche, 1992; 
Stephan, 2001; Hanisch and Krockenberger, 1993; Hou, 1993). Various properties are 
explained in the table (Table 7.1), and reference is made to possible measuring meth-
ods. In his work, Gütsche developed an assessment of the importance of the component 
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Figure 7.2  De�nition of handling corresponding to the VDI standards. VCI, Verband der 
Chemischen Industrie e.V.; VDI, Verein Deutscher Ingenieure.
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properties within the handling process (Koch, 1992; Hou, 1993; Monkman et al., 2007; 
Gutsche, 1992; Stephan, 2001; Gebauer et al., 2004; Stephan and Jensen, 2004). For 
various process steps, Table 7.1 gives an example of a qualitative evaluation.

The results by Gütsche (Gut92) showed that the type of material has a strong impor-
tance on nearly all partial steps of handling. This is obvious because of the fact that the type 
of material is directly in�uencing all major material and mechanical properties. The per-
meability of a specimen will in general in�uence the decision of the gripping technology.

7.2  �  Gripping technologies for textile handling

The handling of ampli�cation semi�nished products is for various reasons techni-
cally challenging. The softness of the textiles can even under small pressure (dead 
weight, air resistance) lead to impermissible deformations. Furthermore, the low slid-
ing strength of many reinforcing textiles in aspect of a distortion-free handling is a 
major challenge; especially the automated handling is made dif�cult by these factors 
(Greb, 2013). According to the state of the art the handling and the reshaping of the 
textiles are still dependent on a large manual operation.

Table 7.1  Importance of specimen properties on partial steps of 
textile handling

 Strong

Partial steps of handling

 Average

 Low

Specimen 
properties Supply Shaping

Gripper 
principle

Size of 
gripping 
area

Gripper 
kinematics Separation

Type of 
material

Formstability
Elasticity
Surface 

properties
Permeability
Adhesion of 

the surface
Friction
Mass per area
Dimension of 

specimen

Based on Gutsche, C., 1992. Beitrag zur automatisierten Montage technischer Textilien Berlin. Techn. Univ., Diss. (Zugl. 
München, Wien: Hanser, 1993).
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Table 7.2  Schematic representation as well as advantages and 
disadvantages of gripping elements for preform handling (Part 1)

Bellow suction pads

PU P1

P1 <PU

Vacuum
Vacuum connection

Flexible bellows

Semifinished

Advantages 	•	� Low unit costs
	•	� Small construction space
	•	� Separating possibility

Disadvantages 	•	� Handled material must be 
air-tight

	•	� Vacuum generation required
	•	� Leaves minute deformations

Flat suction pads
Vacuum Vacuum

Vacuum

connection

Semifinished
P1

P1 <PU

Advantages 	•	� Low unit cost
	•	� Small construction space
	•	� Textile is not lifted

Disadvantages 	•	� Handled material must be 
air-tight

	•	� Vacuum generation required
	•	� Leaves minute deformations

Bernoullie gripper

P1P1

P1 <PU

Semifinished

Compressed air
connection

Compressed air

Compressed air
pipe

Advantages 	•	� Contactless gripping
	•	� Direct use of compressed 

air
	•	� Small deformations

Disadvantages 	•	� Pollution through 
compression

	•	� No lateral �xation
	•	� Air consumption
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Figure 7.3  Subprocesses of automated handling tasks (top) and relevant technical solutions 
(below).
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gripping and draping system (composite handling and draping system), the textiles can 
also formed by means of a �exible membrane �lm (Brö13). For handling of fabrics with 
low transversal strengths, simple suction lifting devices can be used.

According to the principle of a surface gripper, textile blanks are vacuumed over 
the entire surface. The gripping element is moved manually. The warp-free handling 
allows the production of high-quality sample plates in laboratory scale (Meyer, 2008).

The aspects of gripping technologies in composite material handling are also appli-
cable on garment manufacturing environments considering different textile properties 
through analogy observations.

7.3  �  Automation in material handling related to  
high-performance textiles

For the gripping and forming of glass �ber noncrimped fabrics a robot-guided gripper 
was introduced at Institute für Textiltechnik der RWTH Aachen University. About an 
unequal transmitting gear, the textile can be gripped on a �at surface by pneumatic 

Table 7.3  Schematic representation as well as advantages and 
disadvantages of gripping elements for preform handling (Part 2)

Needle gripper
Advantages 	•	� High holding force

	•	� Adjustable needle stroke
	•	� Only compressed air pulse 

required
Disadvantages 	•	� High per unit cost

	•	� Damage to the textile
	•	� Large installation space

Freeze gripper
Advantages 	•	� Low textile damage

	•	� Dividing well possible
	•	� High holding force can be 

achieved
Disadvantages 	•	� High per unit cost

	•	� Separate control required
	•	� Low process stability

Roll gripper
Advantages 	•	� High holding force

	•	� High gripping and deposit-
ing rates

	•	� Low-impact to the textile
Disadvantages 	•	� Only simple geometries

	•	� Dividing is limited possible
	•	� Gripping material must be 

deformable
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actuators and can be positioned in a shell mold. As gripping elements bellow suction 
pads are used, this allows the placement of several gripping elements in the narrowest 
space (Klingele and Devaux, 2013).

A form-�exible pad �lled with granules is used in the gripping system “FormHand” 
for gripping and forming textiles. By evacuating the pad, the system �exibly adapts to 
different surface geometries (Raatz and Löchte, 2013). In the “AutoRTM” project an 
end effector has been developed with which various semicut blanks can be handled. 
The textiles are gripped with vacuum thereby. In the end effector, different areas of the 
gripper surface are activated via a chamber system (Eberth et al., 2006).

Ehinger describes a handling system based on the principle of a vacuum surface 
gripper (Ehinger, 2012).

Individual areas of the assembly tools can be switched on and off thus different 
cutting geometries can be gripped and deposed. The �exible surface of the gripper 
made of foam material allows the draping of the textiles in the preforming process 
(Ehinger, 2012).

In the “AutoPreforms” project an active handling end effector for curved preforms 
was developed. The system is robot guided and has a spring-mounted freeze gripper 
(Henning and Gries, 2008). In project “FOR860” an adaptive gripping system accord-
ing to the �n-jet principle was developed at the Fraunhofer Institute for Production 
Engineering (IPT, Aachen). With the gripping system, textiles can be placed on curved 
surfaces (Brecher et al., 2012b). Fig. 7.4 indicates the handling system for automated 
gripping and draping of textile materials.

7.3.1  �  New conveyer systems

A new approach to transport single textiles between the process steps has been devel-
oped by SoftWear Automation Inc., Atlanta, US. The system is designed as a conveyer 
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Figure 7.4  Handling system for automated gripping and draping textile materials: CAD 
model (left) and technical implementation at Institute für Textiltechnik der RWTH Aachen 
University-Preformcenter (right).
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based on vacuum ball systems. Each ball can be driven in two directions. Each ball 
with vacuum and drives is called a budger. The conveyance system consists of distrib-
uted budgers in a transport table along the way of transportation. With this technol-
ogy the stiffness or �exibility of �at textiles is not relevant to the de�ned movement 
over various distances. Even wrinkles could be eliminated by pulling with at least 
two budgers in the opposite direction. In combination with modern vision systems 
to detect the contour of the textile a precise placement of textiles becomes possible. 
Compared to gripping technologies, the conveyer system using clusters of budgers 
will allow an always �at and de�ned transportation (http://www.softwearautomation.
com/#!technology/ch7k).

7.4  �  Digital tracking with radio-frequency identi�cation

In garment manufacturing for mass production cloth hangers have established to trans-
port the semi�nished or �nished garments. The use of automated cloth hangers with 
a rail system guiding clamps or hangers to a dedicated destination in the production 
has improved the material �ow in terms of time ef�ciency. Automated cloth hangers 
conduct the product until delivery. Today the use of RFID technology makes a 100% 
localization of goods possible during the production. The RFID can be implemented 
in the hangers or in the cloth as a label for identi�cation (Nayak et al., 2007, 2015).

The use of RFID was a major key to improve the ef�ciency, the customer service, 
and the availability of products on the sales �oor. The data, which RFID transmits, can 
help to build a better overview on products on the sales �oor (Tellkamp and Quiede, 
2005). The RFID technology can be used as an identi�cation of more than one prod-
uct at a time and without intervisibility between the reader and the writer (IWL09). 
RFID tags or chips are easy to reuse because they are rewritable. The tracking with 
RFID is easier than the one by hand. It helps to cut down the time of the shipment 
and the tracking of the shipped products because a 100% control of the products is 
worthwhile. When using the RFID, the collector does not need to scan a single bar-
code, which has been in use for the last 20 years. The information of the product is 
directly sent to the computer when the RFID reader captures the product (Tellkamp 
and Quiede, 2005).

During a project cooperation between Kaufhof AG and Gerry Weber, they tested 
the use of the RFID technology within the supply chain. They used this project to test 
if the technology of RFID is viable for clothing. As readers for the RFID tags they 
used movable and �xed readers, which are attached to shelves, as well as readers, 
which were �xed under the table next to the cashier. The readers, which were installed 
on the sales �oor used their RFID range to identify the clothes next to them.

Other companies tested the technology in the United Kingdom and the United 
States. The projects all resulted to be successful. Nevertheless, there is still work to be 
done according the technology and the business cases. The implementation costs were 
also a milestone to reach. To sum up, all projects were successful. It could be shown 
that the ef�ciency within the supply chain could be improved. The customer service 
was improved as well as the product availability on the sales �oor. Furthermore, it was 
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shown that the sales rate has improved while using the RFID technology on the shop 
�oor ( Tellkamp and Quiede, 2005).

With the help of RFID, products can be detected very easily in the goods receipt. 
There is less effort for the workers and customers can save time at the cashier (Nayak 
and Padhye, 2014). Within the project of Kaufhof and Gerry Weber, some problems 
had been detected. When the RFID was used with suspended products, the RFID tags 
could not be detected, as the clothes sometimes were to near to each other and the 
reader could just detect one tag. Furthermore, metal pieces at the shelves on the shop 
�oor, sometimes limited the range of the RFID. Therefore, more readers are needed, 
which means additional cost of installation. RFID tags or chips are relatively costly 
and they are cheaper when used more than one time (Tellkamp and Quiede, 2005).

As a next step, the coexistence of barcode and RFID has to be a possibility. The 
use of the RFID can help for shop-in-shop solutions. Another application of RFID 
in the future could be a self-checkout system for customers. Currently, the prices of 
RFID tags are still several times higher than the bar codes (Sarma, 2001). Based on 
the experience of existing projects to implement RFID in garment business the costs 
of installation should not exceed EUR 0.10–0.12. If the RFID tag is only used once, 
the tag cost is a more important cost driver. If, on the other hand, the RFID tag is 
used more than once, it decreases the importance of procurement costs (Tellkamp and 
Quiede, 2005).

7.5  �  Conclusion

In this chapter various aspects of automated gripping technologies to handle tex-
tiles have been discussed using the parallel aspects of automated preforming process 
chains. Depending on the process steps and the textiles to be handled, different gripper 
technologies can be chosen. Permeability and the ease of undesired textile deforma-
tions during handling operations are the main challenges to be addressed. Various 
grippers are often attached to multifunctional gripper guides enabling active or passive 
forming of textiles. The handling process itself is often carried out by robots or portal 
systems. In the future, gripper textile interaction needs to be investigated to reduce 
gripping-induced defects while using needle grippers or reduction of energy consump-
tion using vacuum gripper systems.

However, new transportation systems such as conveyers using vacuum rollers and 
vision systems may close the gap of manual transportation between process steps. 
The reduction of manual handling quantities will result in a strong increase of produc-
tion ef�ciency. Apart from the mechanical transportation the possibility to track every 
piece of a garment at any time will allow 100% knowledge of material �ow and added 
value even for the customer.

The garment industry could be one of the �rst industries to use RFID at the product 
level. At present, most applications are still in pilot-experimental stage. Much will 
depend on how many companies are actively driving the introduction of RFID. It is 
not yet �nal how the actual introduction of RFID might be implemented and adopted 
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by the garment industries. In the foreseeable future there will be a coexistence of bar-
code and RFID. In this case, corresponding transitional scenarios must be established. 
It is not yet clear how the RFID tags will be installed on the individual product level. 
Thus, it is possible, e.g., in hanging labels, in ease tapes or directly into the clothing 
to integrate. All methods have certain advantages and disadvantages and implications 
(e.g., in the set of reusability or usability of the RFID tag over the logistics chain) 
(Tellkamp and Quiede, 2005).

However, both approaches to improve handling technology and digital tracking 
technology will enable garment production to increase ef�ciency by the reduction of 
handling costs.
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Application of robotics in garment 
manufacturing
Thomas Gries, Volker Lutz
Institut für Textiltechnik of RWTH Aachen University, Aachen, Germany

8.1  �  Introduction

The art of sewing has not fundamentally changed since the �rst seamstress put needle 
and thread to fabric thousands of years ago. Even with great engineering advances 
including mechanized looms and sewing machines, the way sewn goods are produced 
is just as labor-intensive today as it was 100 years ago. To further complicate matters, 
today’s consumers want inexpensive, high-quality goods delivered to their doorstep 
within days, pushing the limits of the traditional manufacturing business model to its 
breaking point.

Over the past few decades, sewn goods manufacturers lowered overhead by relo-
cating operations to the developing countries paying the lowest wages. However, this 
business strategy is becoming increasingly dif�cult to maintain because of rising labor 
costs in the developing countries, a global shortage of skilled labor, and a change in 
consumer behavior pushed by fast fashion brands and social media platforms (Nayak 
and Padhye, 2015a). New market conditions have made the sewn garment industries 
mature enough for a new age of automation (Reddy, 2016).

Sewing, with a percentage of 85% of all joining methods, represents the most 
important textile joining technology. As an essential process step of the manufactur-
ing of clothes and technical textiles, sewing contributes with an approximately per-
centage of 35%–40% of the total costs (e.g., male outerwear) to a considerable part 
to the added value of textile products (Textil und Mode Jahrbuch, 2011). Due to the 
industrialization clothing manufactures originated and the work organization and the 
operational procedure of individual workstations changed signi�cantly toward sew-
ing lines and sewing cabins. A fundamental characteristic of the sewing industry is 
the high personnel commitment and the low level of automation (Moll, 1999a). This 
personnel commitment led to a drift of 90% of the sewing industry toward low-wage 
countries, especially to southeast Asia.

Survey results revealed that the material handling and the converting of fabric into 
garment are still realized manually (Fig. 8.1). For example, nearly 80% of the factory 
cost of the manufacture of a piece of clothing is related to the handling cost and the 
handling time is also about 80% of the overall production time. Hence, it is essential 
to use automation in material handling to achieve cost bene�ts.

The percentage of the transportation and treatment processes for apparel cloth-
ing represents 80% measured at the overall manufacture time. In the production of 
other textile components such as seat cushion, doormats, and roof of vehicles for 
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automobiles, the handling time regardless of the joining technique represents 2/3 
of the overall manufacture time. In the �eld of technical textiles, several operations 
are also performed manually. The dif�culty in achieving automation levels can be 
ascribed primarily to the inhomogeneous characteristics of textiles. Fig. 8.1 illustrates 
the industry �gures relating to the material handling of the clothing and automotive 
industry (Egbers and Bühler, 1993; Szimmat, 2007; Hanisch and Krockenberger, 
1993; Gutsche, 1993; Gebauer et al., 2004; Stephan, 2001).

8.2  �  Automation and robotics for sewing

Given that clothing needs to be modi�ed according to season, purpose and consumer 
demand, large-scale production is especially labor-intensive (Nayak and Padhye, 
2015b). Partial automation has aided in faster production, improved quality, and 
increased quantity but it’s still not a viable option for several high-cost labor coun-
tries. As a result, these countries are heavily dependent on imports still today (The 
Fung Group, 2015). There are various principles in the literature for the automation 
of the sewing process, which must ful�ll the following two challenges for the real-
ization of an automated manufacture of clothing: (1) Quality: In cooperation with 
the three-dimensional (3D) sewing, the concept of a moving tool allows a very high 
quality, which manifests itself in the repeatability and minor manufacturing errors.  
(2) Flexibility: Within a product, e.g., shape of a skirt, it is possible, due to the fast-
adjustable �exible shaped body, the individual-layer cutting and the sorting and buff-
ering capacities of the transport system, to produce different fabrication sizes, material 
qualities, and patterns quickly and in frequent alternation (Brozio, 2001).

During sewing, as in many high-cost industries, a higher automation level or robot-
ics offers the potential to replace manual work steps, e.g., by robots and automated 
handling devices. Robots do not tire and can, except for maintenance and repair times, 
carry out endless repetitions with constant precision 24 h/day. This improves the per-
formance and quality of production. Furthermore, they can eliminate the inef�ciencies 
of humanization relating to the working environment because they are resistant to 
environmental pollution (such as dust, noise, and heat) and can take over monotonous, 

Ratio of the handling costs of the overall costs within   
the manufacturing of a clothing 

Ratio of the handling time of the sewing machine of  
the overall production time during the manufacturing  
of a clothing

Ratio of the handling time of the overall production  
time (independent of the joining method) during the 
manufacturing of seat cushion, foot mats and vehicle 
headliner

80%

80%

66,67%

Figure 8.1  Industry �gures relating to the material handling of the clothing and automotive 
industry.
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as well as dif�cult physical work from humans. In addition, the removal of human 
beings from the machine cycle eliminates a bottleneck, which otherwise slows the 
overall process (Hanisch and Krockenberger, 1993; Jauch, 1992; Kondratas, 2005).

Fig. 8.2 describes the formation of two-dimensional (2D) and 3D seams. In the case 
of a 2D �  2D seam, the textiles are submitted to the sewing process laminary and are 
also removed laminary. In the case of a 3D �  3D seam, the textiles are already submit-
ted to the sewing process spatially. With both principles, the seam does not provide 
additional spatial transformation of the sewn textiles.

For the creation of a 2D �  2D seam, especially the computer numerical control (CNC) 
sewing technology is widely used among all automation solutions. With the advancement 
of the sewing heads toward mobile single and double sewing heads, they can be guided 
3D in space by means of robots. In the case of a 3D �  3D seam, the sewing head is guided 
by the robot over the textile along the previously programmed seam path during the sew-
ing process. When the sewing process is completed, the 3D textile component is removed 
from the shape. When sewing clothes, the sewing is mainly due to the 2D �  3D seam 
principle (Fig. 8.3). The textiles, which are �at before the sewing process in the form 
of fabric, become a spatial 3D structure through the seam. The 3D form of the stitched 
textiles is necessary, for example, in the case of clothing, to allow a wear comfort adapted 
to the body. To be able to produce a 2D �  3D seam, either both fabrics must be sewn with 
different contours or a curvature along the seam must be produced by means of different 
tension in the textile, the so-called “seam width.” A combination of seam contours and 
tension in the textile is also possible to realize a 3D positioning of the sewn textiles.

Following the established technologies and automation approaches in sewing, tech-
nologies are described and compared with each other. A substantial distinction of the 
sewing result is the dimensionality. Since the 1980s many research projects have been 
realized worldwide for the automation of the sewing process. The projects focused 
on the sewing automation of the clothing industry. In the period from 1982 to 1991, 
the Japanese Ministry of Trade and Industry (MTI), provided US $ 55 million for the 
development of new textile manufacturing processes. Under the name TRAASS, 27 
companies merged to develop a fully automatic production system for clothing.
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Figure 8.2  Principle and example of a 2D �  2D seam (left), of a 3D �  3D seam (right) CNN, 
computer numerical control; FRP, �ber reinforced plastics.
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The pilot system was planned to produce a ladies’ blazer. The project resulted in 
solutions for various subproblems, such as automatic functions for a needle threading 
device or automatic needle replacement. However, the planned complete system could 
not be implemented due to the lack of technologies, high investment costs, and the 
lack of tolerance requirements (Jones and Stylios, 2013; Anon., 1993a,b, 1995, 1998; 
Winck, 2009; Zöll, 2002).

In the United States, the Textile/Clothing Technology Corporation (TC)2 organiza-
tion was setup in 1980, with the aim of developing an automated production line to 
signi�cantly reduce costs. Apart from American institutes, the project involved more 
than 20 garment and textile companies as well as �ber manufacturers. The planned 
automated production lines were speci�cally designed for one component. The �n-
ished piece of clothing should then be produced from these various automatically 
manufactured components with manual control. However, solutions suitable for the 
serial production for the production line were not presented (Zöll, 2002).

In Europe, three sewing automation projects were carried out between 1986 and 
1997 under the name BRITE/EURAM. In contrast to the TRAASS and (TC)2 projects, 
these ones were not targeted to create a complete automation but rather for speci�c 
partial automations. From these projects, technologies for the handling (e.g., freezer 
grippers) and for positioning of workpieces have emerged. However, none of these 
technologies could be converted into a product, which is ready to go into mass produc-
tion (Anon., 1993a,b; 1995; 1998; Wulfhorst et al., 2006; Zöll, 2002).

8.3  �  Computer numerical control technologies  
for sewing process

The CNC technology is the most important 2D-sewing operation for small- and large-
area �at sewing applications. Due to the use of �xed sewing frames, the �exibility 
and scalability of this technology are limited. The CNC sewing technology allows the 
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Figure 8.3  Principle of a 2D �  3D seam. Contour dependent 3D-shape creation (left), depen-
dent on the length of the edge 3D-shape (right).
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sewing of one or more layers of textile, which must be clamped laminar. With the aid 
of a CNC, it is possible to place a free seam path on the workpiece. By clamping the 
workpiece into a workpiece holder during CNC sewing, the complex handling of �ex-
ible textiles is avoided. The sewing material, which is usually to be �nished with an 
ornamental seam in the CNC sewing process, is clamped in a rigid workpiece holder 
and afterward guided under the sewing head in an X- and Y-movement. Depending 
on the size of the overall equipment, there are machine models in which the sewing 
head is guided in an X- and Y-movement and the workpiece is �xed. Fig. 8.4 shows 
the principle of a combined sewing material and sewing head guide. 3D seams cannot 
be realized with this method. The sewing process is used for ornamental and design 
seams (Fig. 8.5). Beyond that, several 2D-textile layers can be connected to each other 
by means of the programmed seam contours.

The development of CNC sewing has already succeeded in automating the creation 
of the seam pattern. However, a human operator is still required to program the sewing 
process and monitor the seam quality, there is still no fully automated seam pattern 
generation (Jones and Stylios, 2013). In addition, the �xed dimensions of the work-
piece holders severely limit the use of variable sewing product sizes.

In the work process using CNC sewing technology, it is particularly ef�cient to 
work with at least two clamping frames. While one clamping frame is clamped in the 
machine, the second one can already be equipped with new workpieces. With the help 
of quick-change systems, e.g., based on magnetic closures, the operator can place the 
machine’s clamping frame without additional locking and automatically lock it to the 
X-Y system of the machine.

The size of the CNC �eld is basically limited by the dimensions of the linear axes. 
Large machine types can cover a sewing area up to 3 m × 3 m. Machines with small 
sewing �eld sizes of less than 10 cm × 10 cm are generally referred to as small-�eld 
CNC machines. A typical application for small-�eld CNC machines is, for example, 
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Figure 8.4  Computer numerical control sewing factory with two workpiece holder for a fast 
change of the workpiece.
Source: http://www.ksl-lorsch.de/produkte/automotive/interieur/.
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the automatic sewing of labels into clothing. If, in addition to the small-�eld CNC 
machine, further aggregates are available, e.g., for the transportation of the machine, 
the complete system is referred to as an automatic sewing machine.

8.4  �  Sewing automats and sewing units

Sewing automats and units have been developed to offer semi or fully automated 
solution for de�ned production steps in garment production, e.g., buttonholes or 
slit pockets. In general, this sewing process is limited to one speci�c 2D-seam 
application. There have been attempts in the past to fully automate the sewing 
process. Most of the previous systems relied on clamps to hold the fabric taught, 
making it more rigid and less susceptible to distortion. This system limited auto-
mation to certain operations during the sewing process such as when sewing on 
buttons or pockets. Aligning two pieces of fabric correctly and feeding them 
through the sewing head without slippage or buckling—while maintaining the cor-
rect tension levels—has proven to be a process better managed by human hands 
(http://www.textileworld.com/textile-world/knitting-apparel/2016/05/the-rise-of- 
robotic-automation-in-the-sewing-industry/).

Semiautomatic sewing machine systems are understood to be systems that allow sew-
ing of at least two laminar textiles based on a �xed seam path. Thus, 3D semi�nished 
products are produced from laminar textiles. In addition to a CNC-controlled seam path, 
the automatic sewing machines have feeding systems that transport and position the work-
piece to a clamping position. After the sewing process, the stitched textile is automatically 
released from the clamping and transported to a de�ned storage area.

CNC-sewing head

Workpiece in clamping

frame

Figure 8.5  Computer numerical control-sewing machine for ornamental seams for car seats.
Source: http://www.ksl-lorsch.de/produkte/automotive/interieur/.
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For the garment industry, automatic feeding systems of textile semi�nished prod-
ucts are already commercially available. For the mass production of clothing elements, 
e.g., of men’s clothing various systems have been developed. These handling systems 
are designed for individual seams. The operator positions the textile at a starting point. 
The machine then pulls the material into the sewing process (Dürkopp Adler AG, 
2009).

The machine system is based on a standard sewing machine for the required sewing 
stitch. Handling and positioning components are applied to and around the sewing 
table. The fabric is �xed and transported via belts, rollers, suction pads, or vacuum 
pumps. Furthermore, there are clamping frames which are pressed onto the textile. 
Various seam shapes can be realized by moving the frame. This technique is mainly 
used for decorating textiles (Dürkopp Adler AG, 2009). Fig. 8.6 shows a pocket sew-
ing machine from PFAFF Industry systems and Machine GmbH, Kaiserslautern. With 
this system, an operator has to insert the cut components, the positioning, transport, 
sewing, and dropping, are performed fully automatically (http://www.vetron-europe.
com/; Dürkopp Adler AG, 2009; Gottschalk, 1996; Anon., 1998).

For many 2D-sewing tasks, nowadays automation solutions are offered in the 
form of semiautomatic machines. However, these automatic processing systems offer 
only partial automations for the manufacturing of individual seams. A submission by 
an operator is furthermore required. To create a complex 3D textile, many process 
steps of these semiautomatic machines are necessary, whereby an economical and 
�exible production is also dif�cult to achieve. These solutions are limited to speci�c 

 

Sub components 
Supply

Positioning unit Moveable sewing 
unit

Sewing pattern

Control unit Depositing unit
0,5 m

Figure 8.6  Pfaff 3588: programmable pocket sewing machine for shirts, blouses, jeans, or 
working clothes (Dürkopp Adler AG, 2009).
Source: https://www.pfaff-industrial.de/de/service-support/downloads.
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applications. Sewing systems for the sewing of pockets in trousers, shirts, or jackets, 
sewing systems for sewing seams (trouser step seam, trouser seam), as well as CNC 
small- and large-area sewing machines, are state of the art. The installed workpiece 
carriers or the control unit must be individually adapted for each size. This results in 
�nancial limitations due to high tool costs with different workpiece dimensions.

Atlanta-based SoftWear Automation Inc. recently introduced a radical new 
approach to sewing automation (Fig. 8.7). The company has developed a system that 
eliminates fabric distortion issues by relying on an advanced computer vision sys-
tem. The camera tracks stitching at the needle and coordinates the precise movement 
of the fabric using lightweight robots (http://www.textileworld.com/textile-world/
knitting-apparel/2016/05/the-rise-of-robotic-automation-in-the-sewing-industry/).

By the integration of vision systems, the automated process is not depending on 
further programming skills in production. Changing the product from small to large 
scale will be possible without programming a new seam path. This technology will 
become the reality in future world of garment manufacturing.

8.5  �  Robotics for three-dimensional sewing operations

In many approaches and research projects robots have been used to either guide the 
textile through the sewing process or movement of a sewing head mounted to a robot. 
Compared to the production of composite materials, robots have not yet been estab-
lished in garment production, for example, due to high investment costs.

Sewing machine Textile Linear axis

Figure 8.7  Sewing unit by SoftWear Automation Inc. for �at sewing goods.
Source: http://www.textileworld.com/textile-world/knitting-apparel/2016/05/the-rise-of-robotic- 
automation-in-the-sewing-industry/.
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8.5.1  �  Integrated three-dimensional sewing system

The integrated 3D-sewing system refers to a system in which the cut components are 
provided tensioned in a room in a 3D manner, are sewn. The system was developed for 
the sewing of a head cushion cover of a car seat head cushion. The structure is shown in 
Fig. 8.8.

An operator �xes the cut components into a workpiece carrier, following the auto-
matic process is started. First, the cut components are clamped and thus tensioned 
around a shaped body. The parts are then positioned to each other and one step further 
navigated into the sewing station by rotating the rotary table. In the sewing station the 
two circumferential seams are sewn by a robot. The rotary table is rotated again and 
the sewn material is moved into the unloading station. There, the clamps are released 
and the resulting 3D shell is peeled off with a mechanical gripper. After a repeated 
rotation, the shaped body again reaches the feeding station. The processes of the sta-
tions run parallel. Thus, the cycle time is calculated from the longest processing time 
of a station plus the transport time (Gries et al., 2014; Winck, 2009; Anon., 1998).

A major disadvantage of the integrated 3D-sewing system is the high investment 
costs due to the two industrial robots and the automated clamping and turning devices. 
Furthermore, the system proves to be in�exible with regard to different geometries 
of the cuttings because new moldings are produced for other product designs and the 
industrial robots have to be manually reprogrammed.

8.5.2  �  Three-dimensional sewing with robots for preforms

A particular advancement of the last decade is the one-sided sewing process, in which 
the textile is held stationary and the sewing head is guided over the textile. These 
sewing methods are primarily interesting for composite applications, especially due to 
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Figure 8.8  Integrated three-dimensional sewing system for the automatic sewing of a head 
cushion cover (Winck, 2009).
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the possibility to sew complex component geometries, for example, with 3D reinforc-
ing ribs. In contrast to clothing, the textiles used for composite must not be folded or 
pleated to avoid damage to the reinforced �bers.

In case of large components, sewn with conventional sewing methods, correspond-
ingly wide sewing machines must be used and the suitable large sewing material must 
be guided. Because the movement is carried out by the sewing head, in the case of 
one-sided sewing techniques, very large components can be sewn and a synchronously 
moved gripper or lower thread system, underneath the workpiece, can be dispensed.

For the guidance of the sewing heads, the use of robots has been established. The 
four most important one-sided sewing methods used for composite today are all 
guided by a robot or a sewing portal. These sewing processes are shown in the follow-
ing in Fig. 8.9.

At the Institute for Textile Technology Aachen (ITA), Aachen, Germany, the “ITA-
Preformcenter” makes it possible to map and evaluate the process chain from the 
textile reinforcement semi�nished product to the �nished preform. The robot cell of 
the “ITA-Preformcenter” has been manufactured by Keilmann Sondermaschinenbau 
GmbH, Lorsch. A sketch of the individual components can be found in Fig. 8.10.

It consists of a 6-axis industrial robot type KR150 from KUKA Roboter GmbH, 
Augsburg, which is assembled on a portal made of steel girders and has an additional 
linear axis to increase the working space. The industrial robot can access a wide vari-
ety of effectors, as listed below:

	•	� Various gripper systems (needle, freezer, vacuum, etc.)
	•	� Blind stitch sewing head (Keilmann Sondermaschinenbau GmbH, Lorsch)
	•	� Tufting sewing head (Keilmann Sondermaschinenbau GmbH, Lorsch)
	•	� ITA one-sided sewing head
	•	� Binder application system
	•	� Camera and laser sensors for quality control

Needle/gripper

sewing head (Altin)

Curved needle-

sewing head (KSL)

2-needle-

sewing head 

(ITA)

Figure 8.9  Schematic description of the three most important one-sided sewing technologies 
(Laourine, 2005).
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8.5.3  �  Three-dimensional sewing operations with automated 
sewing units

In addition to robotics further principles to �exibly guide textiles through the sew-
ing process are developed in research projects worldwide. In this chapter all known 
approaches are discussed and compared. An automatic sewing system that sews up 
slightly curved cuttings is presented within the dissertation of Thomas Gottschalk. 
Within tests the construction is appraised by using body and arm cut components of 
men’s jackets. The transportation and the feed movement are realized with the help of 
three rubber coated roller pairs.

The two roller pairs in the front of the sewing machine can thereby be adjusted 
transversely with respect to the sewing direction. A laser distance sensor monitors the 
seam allowance for each layer. The rollers and linear units are controlled by a pro-
grammable logic controller. The seam lines are generated in the AutoCAD software 
of Autodesk Inc., San Rafael, United States via a Lisp macro. The adjustment of the 
curvature is effected by oblique warping of the respective position by means of the 
transverse feed units (Gottschalk, 1996).

The prerequisite for the automated sewing system are the cut components with 
large radii of curvature of the contour, which allow a certain degree of elongation 
and oblique warping. These characteristics are not guaranteed in the materials of the 
cuttings for car seat covers.

8.6  �  Real-time sewing cell with two lightweight  
industrial robots

During the robot-guided sewing process, unlike the integrated 3D-sewing, the work-
piece is guided by an industrial robot rather than the sewing head. Within the robot-
guided sewing process, a sewing cell consists of an industrial C-frame sewing machine 

Portal
Linear axis 

Robot
Effektors in 

parking position

Cutting table

Working 

table

Figure 8.10  Schematic presentation of the ITA-Preformcenter (Grundmann, 2013).
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and two robot arms, each of which guides the upper or the lower workpiece. Finally, 
the material is gripped by the robots and fed to the joint patch. At the same time, the 
sewn edges are monitored by sensors and the robot arms are controlled in real-time via 
an analogue board. The sewing cell is shown in Fig. 8.11.

The disadvantages of the robot-guided sewing are a very limited possible radius of 
curvature of the seam sections and the restricted working areas of the industrial robots. 
An automated sewing cell was developed in a �nancial funded project (budget about 
� 6.4 million (http://sfweb2.sintef.no/SINTEF-Raufoss-Manufacturing/Prosjekter/3D-
sewingjoining/)), in which the Norwegian research community, the Scandinavian 
research organization SINTEF, the TU Trondheim, and several Norwegian compa-
nies participated. The sewing cell consists of two robots with mechanical grippers 
equipped with force sensors. With these sensors, the tension of the textile is constantly 
monitored and regulated during the sewing process. The system is connected to a 
commercially available industrial sewing machine. A one-dimensional diode array is 
used to monitor the edge guidance. The control of the industrial robots is carried by a 
piece of special software consisting of a Linux computer, the Robot Operation System 
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Figure 8.11  Sewing cell with industrial robots for workpiece feeding (Schrimpf et al., 2013).
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The stiffness of the textile makes it possible for the robot to guide the textiles through 
the process such as a solid material. Following the sewing process, a washing process 
is performed to completely remove the polymer from the textile. The additional use of 
the polymer as an auxiliary agent and further washing processes increase the produc-
tion costs so that the cost-effectiveness of the overall process is questionable.

Within the project speedfactory, funded by the Federal Ministry for Economic 
Affairs and Energy, a new sewing system to automatically sew two layers of tex-
tiles has been developed. The seam is placed according to a seam path coming from 
design data and is monitored by a vision system to ensure seam position quality. At the 
Institut für Textiltechnik of the RWTH University (ITA) the patented system to guide 
textiles with different contour through the sewing process has been developed and 
validated. The system consists of two transport rollers, which are placed in front of the 
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Figure 8.12  Vetron Autoseam machine for the automatic manufacturing of three-dimensional 
seams.
Source: http://www.vetron-europe.com/.

Robot Vacuum gripper Frozen textile Sewing machine

Figure 8.13  SEWBO robot sewing system guides a frozen textile.
Source: http://www.sewbo.com/author/jonzornow/.
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needle, one roller for each of two individually guided textile layers. The principle and 
the system are shown in Fig. 8.14.

The textiles are separated into a top and bottom area by a separation plate. Both 
top and bottom area use the same principle. The transport roller can be placed with a 
certain angle and position toward the needle to achieve total �exible seam geometries.  
In addition each roller can be precisely driven to individually exert tension to the textile 
layers. The result is a new system with the capability to produce seams with de�ned full-
ness and �exible seam paths for a high variety of materials. Using a modular concept the 
system could be mounted to already existing machines. With this system sewing of 2D- 
and 3D-seam dimensions is possible with existing sewing machines and the same amount 
of workspace needed compared with a manual workspace (Simonis and Lutz, 2017).

As with the 2D work�ows, 3D-sewing requires greater personal independence 
to ensure productivity, quality, and pro�tability. It is only when most of the process 
operations in the clothing industry are mechanized, especially during sewing, which 
several production stages can be linked and automated (Moll, 1999b). The intensive 
use of robotics and intelligent manufacturing are important in competing successfully 
in today’s competitive international economy (Michelini and Razzoli, 2013). Some 
apparel companies are much ahead of the competition on automation. Later this year, 
Germany sportswear giant “Adidas” will open “Speedfactory,” its �rst shoe manufac-
turing plant controlled largely by robots. The company, which employs over a million 
workers in contract factories, and sources most of its production in Asia, is tapping 
automated production as a way to quickly produce and deliver goods in response to 
consumer demand in major markets closer to home. The �rst Speedfactory will be in 
Ansbach in Southern Germany (Abnett, 2016).

Industr. sewing machine
Linear axis

Linear axis
Seperation plate

Rotation axis

Rotation axis

Upper roller

Lower roller

Figure 8.14  Automated sewing system developed by ITA (Lutz, 2017).
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The plant is expected to reach a mature production level of 500,000 pairs of shoes 
annually. This will help to improve supply chain issues that have traditionally plagued 
the industry. In the case of footwear, consumers receive products many months after 
a retailer has placed an order. That can result in reduced sales, quality, and customer 
experience (Abnett, 2016). As the pace of automation continues—the IFR (International 
Federation of Robotics) predicts double-digit growth in global sales of industrial robots 
between 2015 and 2018—Ford predicts that, in the fashion industry as well as the broader 
economy, “robotic technologies and machine learning technology are likely to eventually 
automate nearly any job that is on some level routine and predictable” (Abnett, 2016).

8.7  �  Advantages and disadvantages of automation  
in sewing

The use of automation and robotics helps in improving the quality and ef�ciency but 
they are expensive and need program changes when the style of the garment is differ-
ent. Table 8.1 describes the advantages and disadvantages of application of automa-
tion and robotics in sewing.

8.8  �  Conclusion

This chapter presented automation solutions for 2D- and 3D-sewing operations, that 
are established in varied intensity in industrial applications. The technical solutions 
for 2D-sewing are already in use in the production of clothing, e.g., for longitudinal 
seams of trousers or piped pockets. In addition, the CNC sewing technique is inten-
si�ed used to produce decorative seams, e.g., in the automotive sector. On the other 
hand, the much more complex 3D-sewing is known to very few established applica-
tions, such as the sewing of 3D �ber composite preforms. However, the operations 
requiring 3D shaping and assembly of the workpiece presuppose expansion and fur-
ther development of the existing mechanical approaches.

Robot-based sewing systems have already been developed but have only been used 
in special applications in small series production so far. Therefore, on the one hand, 
systems to produce clothing and on the other hand to produce mass products (such 
as headrests, airbags, etc.) have been developed. The limitation in various sizes of 
the textiles has severely limited its suitability for use. Moll has clearly described this 
problematic aspect of automatic sewing machines as: “An automatic sewing machine, 
for example, cannot sew parts with arbitrarily different seam lengths to one another” 
(Moll and Zöll, 1998). Further problems for the automation of the manufacture are 
the choice of the sewing technique (e.g., double locked stitch, double chain stitch), 
the limited design possibilities, the preliminary and subsequent process steps or the 
handling times (Moll and Zöll, 1998; Stephan, 2001). Although there are several dif-
�culties ahead of the automation and use of robotics, the days are not far when the 
garments will be fully manufactured by industrial robots.
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Table 8.1  Advantages and disadvantages of automatic sewing

CNC-sewing (2D-sewing)
Advantages 	•	� Free seam design

	•	� High productivity
	•	� Mass production capable

Disadvantages 	•	� Manual preparation
	•	� High setup times
	•	� High investment

Sewing units (2D-sewing)
Advantages 	•	� Low investment

	•	� High productivity
	•	� Semiautomated preparation

Disadvantages 	•	� Fixed seam operation
	•	� Low �exibility (seam 

design)
	•	� Highly dependent on 

material

Integrated sewing (3D-sewing)
Advantages 	•	� Automated preparation

	•	� High productivity
	•	� High Seam quality

Disadvantages 	•	� Need professional staff
	•	� High investment
	•	� Large workspace

Robot sewing (3D-sewing)
Advantages 	•	� Free seam designs

	•	� Allows seam fullness
	•	� Seam quality

Disadvantages 	•	� High investment
	•	� Programming necessary
	•	� Slow

Alternative foot transport (3D-sewing)
Advantages 	•	� Low investment

	•	� Low workspace
	•	� Easy operation

Disadvantages 	•	� Fullness not possible
	•	� Seam dependent on textile 

edge
	•	� Manual placement of tex-

tile parts

2D, two-dimensional; 3D, three-dimensional; CNC, computer numerical control.
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Automation in sewing technology
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9.1  �  Introduction

The word automation is claimed by some to be a contraction of the term “automatic 
operation.” The roots of automation can be traced to mechanization, which can be 
de�ned as the transfer of skills and manual activities to machine operation (Liberatore, 
1996). Automation has been de�ned by manufacturing engineers as a technology con-
cerned with the application of mechanical-, electronic-, and computer-based systems 
to operate and control production (Groover, 1987). Glock has de�ned three stages 
in the advancement of sewing technology; mechanization, automation, and robot-
ics (Glock and Kunz, 2000). Robotics are the most advanced form of automation, 
which are computerized, reprogrammable, and multifunctional manipulators designed 
to move materials, parts, tools, or specialized devices through variable programmed 
motions for the execution of a variety of tasks (Rosenberg, 1983) and is discussed in 
a separate chapter.

The early 1970s and 1980s saw extensive research and development activities in 
the United States, Europe, and Japan, aiming toward a totally human less sewing 
factory that is �exible as well as productive. The important research and develop-
ment initiatives in sewing area included pretreatment technology for stiffening and 
bending fabrics, temporary joining of pieces for ef�cient sewing assembly, sew-
ing head movable-type-automated sleeve mounting, work movable-type skirt waist 
belting, spatial clamp system shoulder pad wrap sewing, a mechanism that can grip 
�exible fabrics such as a worker and technology for transporting fabric items being 
processed between different workstations (Jana, 2003a). Always looking for ways 
to reduce operating costs, although the apparel manufacturers became increasingly 
comfortable with automation (Bobbin Show International, 1995), the primary hur-
dle toward automation of sewing was to handle the dimensionally unstable fabric. 
Despite the appearance of some early prototypes (of automated sewing systems) 
at machine fairs, none of these initiatives have produced commercially exploitable 
outcomes (Totterdil, 1995). Such workstations improve the ergonomics, ef�ciency, 
and safety of operations and may be purchased off-the-shelf or custom developed 
by plant engineers or research and development (R&D) departments (Glock and 
Kunz, 2000; Jana, 1999).

This chapter “Automation in sewing technology” is broken down into several sec-
tions. The section basic sewing kinematics explains the mechanism of stitch formation 
and continuous and cyclic feeding of fabric to complete sewing task. The next section 
discusses the evolution and basic principles of automation, the hardware and software 

9
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systems typically used in sewing automation. The sewing machine with under bed 
trimmer (UBT) and with automatic bobbin changer describes the use of simple hard-
ware and software to achieve the basic level of automation in sewing. The next sec-
tions give examples of automated workstations for different apparel and nonapparel 
merchandise categories. The �nal section discusses the future trends and researches in 
sewing automation and important sources for further information.

9.2  �  Basic kinematics for continuous and cyclic sewing 
machines

Industrial sewing machines are of two types; continuous and cyclic. Kinematics for 
both continuous and cyclic sewing machines are made up of four mechanisms, the 
take up mechanism, the needle piercing mechanism, the fabric feeding mechanism, 
and the hook rotating mechanism. Sewing is a complicated process involving synchro-
nized motion of the four parts. In continuous machine the fabric feeding mechanism is 
linear, whereas in cyclic it is nonlinear.

9.2.1  �  Kinematics for continuous sewing machines

The �rst functional sewing machine was invented by the French tailor, Barthélemy 
Thimonnier in 1830. The invention sparked fear among other tailors for their liveli-
hood, and Barthélemy Thimonnier’s workshop was burnt down. After 16 years, Elias 
Howe, the American inventor, patented an improved sewing machine in 1846. Earlier 
sewing machines used only one thread and a chainstitch that could unravel. Howe’s rev-
olutionary machine was the �rst that used two separate threads, one threaded through 
the needle and one in a shuttle; it was powered by a hand crank. A sideways-moving 
needle with its eye at one end would pierce the fabric, creating a loop of thread on the 
other side; a shuttle would then push thread through the loop, creating a tight lock-
stitch. Howe’s business did not thrive. Others, such as Isaac M. Singer made slight 
modi�cations in the machine and built successful businesses. Howe sued those who 
had infringed on his patent and won royalties on all machines sold. Howe died the year 
his patent expired.

The sewing machine has anatomical parts such as machine head, machine arm, 
throat plate, teeth in feed dog, and presser foot. All four mechanisms of sewing 
machine are synchronized through a single source of rotatory motion in the main hor-
izontal shaft, which runs through the machine arm from �ywheel/handwheel at right 
to machine head at left. The shaft gets its rotatory motion through manual rotating of 
handwheel or through a belt drive that is either driven by pedal crankshaft or electric 
motor. All industrial sewing machines are �tted with electric motor, which is housed 
below the machine bed. The motor pulley drives the �ywheel/handwheel shaft by 
a belt through a slot in the machine bed. The important mechanical motion princi-
ples used are cam-follower, crankshaft, and gear drive. Fig. 9.1 shows cam-follower,  
Fig. 9.2 shows gear drive, and Fig. 9.3 shows crankshaft mechanism.
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Line contact

Follower

CAM

Axis of CAM shaft

Figure 9.1  Cam-follower mechanism.

Figure 9.2  Gear drive mechanism.

Figure 9.3  Crankshaft mechanism.
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From �ywheel shaft, the motions are transmitted through two different systems; 
belt driven and cam-follower driven. The belt driven kinematics is used by brands that 
used sealed lubrication-type machine head (German origin brands). The cam-follower 
driven kinematics is used by brands that used open tub lubrication-type machine head 
(Japanese origin brands).

9.2.1.1  �  The cam-follower driven kinematics

The right corner of the main shaft (arm shaft in Fig. 9.4) has two cam-follower mecha-
nism; rotation of main shaft transmits up–down motion to two connecting rods, which are 
connected to two rocking shafts (front and rear bed shafts in Fig. 9.4). The rocking shafts 
are so-called because these shafts get small amount (usually lesser than 30 degrees) of 
rotatory motion from the two connecting rods. The other ends of the front and rear rocking 
shafts are connected to a specially shaped bar where feed dog is mounted. While the rear 
rocking shaft is connected to the feed dog bar by a vertical connector, the front rocking 
shaft is connected to the feed dog bar by a horizontal connector. The rear end of the feed 
dog bar gets to and fro motion and front end of the feed dog bar gets up–down motion 
(refer Fig. 9.5). Fig. 9.4 shows the sewing machine head with cam-follower kinematics.

The motions are so synchronized that the feed dog bar gets “to” motion (away 
from operator) from rear rocker shaft, followed by “down” motion from front rocker 
shaft, followed by “fro” motion (coming back toward operator) from rear rocker shaft 
and lastly úp’ motion from front rocker shaft (refer Fig. 9.5). The resultant theoretical 
motion is a rectangular motion in a vertical plane. In reality the vertical and horizontal 
motions are slightly overlapped at the transfer point (means, while the feed dog bar 
is nearing completion of it’s forward motion, the down motion also starts simultane-
ously), resulting smoothening of the corners of rectangle. The actual motion of the 
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Figure 9.4  Machine head with cam-follower driven kinematics.
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feed dog is therefore elliptical. One 360 degrees rotation of the main shaft will result 
one complete elliptical cycle of feed dog.

After the cam-follower, there is a bevel gear in the main shaft, which transfers 
rotatory motion to one vertical shaft that runs through the bottom of the machine. The 
vertical shaft is further connected to horizontal hook shaft by another bevel gear. The 
hook shaft is housed below the machine bed, positioned centrally between the two 
rocker shafts and hook is mounted on the left end of the hook shaft. The number of 
gears is so numbered that one 360 degrees rotation of the main shaft will result two 
360 degrees rotation of the hook shaft.

There is a cam mounted in the left end of the main shaft (inside the machine head), 
which is connected to the take up lever moving is a vertical plane. The shape of the 
cam is such that one 360 degrees rotation of the main shaft will result one complete 
skewed elliptical motion of the take up lever.

The main shaft is also attached to the needle bar through a crank; resulting, the nee-
dle bar moves vertically giving up–down movement to the needle. The fabric is kept in 
horizontal plane �at on machine bed and the needle moves vertically to penetrate the 
fabric. One 360 degrees rotation of the main shaft will result one complete up–down 
cycle of the needle.

9.2.1.2  �  Belt driven kinematics

While the above kinematics are present in most of the industrial sewing machine sold 
today, earlier German origin brands (such as Pfaff) used to follow slightly different 
kinematics, where a toothed belt was used to drive another shaft at the bottom rear of 
the machine. The bottom shaft further drives the hook shaft by gear mechanism. The 
bottom rear shaft is connected to front rocker shaft by cam-follower mechanism and 
the front rocker shaft is attached with one end of the feed bar by vertical connection. 
The bottom rear shaft is connected with the other end of the feed bar by horizontal 
connection. Quite similar to cam-follower driven kinematics, the vertical connection 
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Figure 9.5  Feed bar connection with rocker shaft and elliptical motion of feed dog.
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gives to and fro motion to feed dog and horizontal connection gives up–down move-
ment to the feed dog. Fig. 9.6 shows the belt driven kinematics.

9.2.2  �  Kinematics for cyclic sewing machines

These sewing machines complete the sewing work in a short automatic cycle (Carr 
and Latham, 1999), thus the name cycle or cyclic (Jana, 2015) or automatic (Kilgus, 
1996). Glock categorized these machines as semiautomatic special purpose machine 
where the operator places the materials or garment part, activates the machine, and the 
machine completes the cycle of preprogrammed number of stitches (Glock and Kunz, 
2000). While the fabric is held by clamps, sewing guides or templates, the movement 
of clamp is controlled by cam-follower mechanism or electronics. Typical applica-
tions of this type of machines are button sewing, buttonhole sewing, and pattern tack-
ing machines. Fig. 9.7 shows the front and back view of two faced cam; one groove is 
vibrating the needle bar and another groove driving the feed clamp.

Needle bar
vibrating groove Feed groove

Figure 9.7  Front and back view of two cycle face computer-aided manufacturing used in 
buttonhole and button sew machines.

Rocker 
shafts

Hook shaft

Toothed belt

Figure 9.6  Belt-driven kinematics.
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microprocessor controlled machine can create any shape, and therefore the name of 
the machine changed to more generic “pattern tacking machine.” The cost of these 
machines depends on the maximum size of the tack and corresponding clamp size. 
Machines are available from approximately 6 cm2 to 4 m2 stitch area.

9.3  �  The building blocks of automation

Automation is a technology that minimizes various costs incurred by both routine 
labor and routine human intellectual reasoning, by designing and building machines 
that perform human-desired operations with minimal or no human intervention. 
These machines are self-activated, self-acting, self-determining, self-regulating, and 
self-reliant (Liberatore, 1996). Sewing automats are engineered workstation, which 
is de�ned as separate category (Glock and Kunz, 2000) the combination of equip-
ment and work aids that are needed to perform a designated operation and include 
the machine table, power supply, compressed air supply, clamp stands, mobile work 
racks, pneumatic cylinders, and programmable logic controllers (PLCs). While auto-
mating any operation, there is logic/decision (brainpower) and movement (muscle 
power); whereas logic and decision making is achieved by electronics, the move-
ment is achieved by pneumatics, electropneumatics, and mechatronics (Jana, 1999). 
Automation includes feedback for controlling automated systems (Odrey, 1992). The 
important hardware and software components that are commonly used in sewing auto-
mation can be categorized as mechatronics, pneumatics, sensors, and vision systems. 
Another important category of hardware used in sewing automation is laser pointers, 
which act as a visual guide for manual positioning of components.

9.3.1  �  Mechatronics

The �rst type of “mechatronic” control or microprocessor control is the PLC. A PLC is a 
simpler, more rugged microcontroller designed for environments such as a factory �oor. 
Input is usually given from switches such as push buttons controlled by machine opera-
tors or position sensors. Timers can also be programmed in the PLC to run a particular 
process for a set amount of time. Outputs include lamps, solenoid valves, and motors, 
with the input–output interfacing done within the controller (Noval and Dolezal, 2002).

9.3.2  �  Pneumatics

Pneumatics word is originated from the Greek � � � � µ� � �� � �  pneumatikos, which 
means “coming from the wind.” It is the use of pressurized gas to do work in science 
and technology (Anon., n.d.-a). Pneumatics is also de�ned as engineering science 
pertaining to gaseous pressure and �ow (Anon., n.d.-b), or the branch of mechan-
ics that deals with the mechanical properties of gases (Anon., n.d.-c). Most sewing 
machinery mechanization, that uses pneumatic applications, uses pressures of about 
80–100 pounds per square inch (psi) (500–700 kPa). Air is freely available in the 
pneumatics; most factories are preplumbed for compressed air distribution, which 
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makes it very easy to set up a manufacturing process. Pneumatic systems tend to have 
long operating lives and require very little maintenance. The basic components in a 
pneumatic circuit are variable restrictors, directional control valves, actuators, �lters, 
regulators, and lubricators and air cylinders.

9.3.2.1  �  Variable restrictors

Variable restrictors are used to control the volume of air�ow discharged through a 
needle cooler tube, thread blower tube, or some type of material guidance blower. It is 
important to remember that a variable restrictor will restrict the air�ow equally in both 
directions. Variable restrictors with a check valve, also called a “speed control,” are 
sometimes used to control the speed of an air cylinder. A speed control will restrict the 
air�ow in one direction but allow the air to �ow freely in the other direction.

9.3.2.2  �  Directional control valves and actuators

A directional control valve is a device, which connects, disconnects, or changes the 
direction of air�ow in a circuit. The �rst thing that needs to be determined is the num-
ber of positions the valve has. Most valves have two positions, but some valves do 
have three positions. The number of positions a valve have is represented in its symbol 
by a series of squares. Fig. 9.8 shows the symbol for a 2-position, 2-way directional 
control valve. It is a 2-position valve because it consists of two squares. It is a 2-way 
valve because if you look at any one square it has two ports labeled 1 and 2. Generally 
speaking, if each square has two ports it’s a 2-way valve, three ports is a 3-way valve, 
and four ports is a 4-way valve. Fig. 9.9 shows the symbol for a normally open 2-posi-
tion, 3-way, solenoid-activated, spring-return directional control valve. The actuator 
symbol for a solenoid is attached to the top square. The top square shows us how the 
three ports are connected when the valve is activated, and bottom square shows the 
deactivated state. In its activated state, port 1 is blocked and port 2 is connected to port 
3. When the valve is deactivated and the spring has returned it to its normal condition, 
the port 1 connects to port 2, and port 3 is blocked. In its normal or deactivated state, 

1 2

1 2

Figure 9.8  Symbol for a 2-position, 2-way directional control valve.
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this valve allows air to go through it to an air cylinder, we say this valve is normally 
open.

Examples of use of directional control valves are as follows:

	•	� 2-position, 2-way—Used primarily to activate needle coolers, thread blowers, etc.
	•	� 2-position, 3-way—Used to activate single-acting air cylinders or for any component with one 

air connection that must be allowed to exhaust the air so it can return to its original position.
	•	� 2-position, 4-way—Activates double-acting air cylinders or any component with two air 

connections. A 4-way valve will connect pressurized air to one end and allow exhaust air to 
escape from the other end of a component in one position, but in the other position it will 
reverse the pressurized and exhaust connections.

9.3.2.3  �  Actuators

An actuator is the means by which the valve is energized and deenergized. Actuators are 
represented by symbols that are added to the ends of the directional control valve’s symbol.

Fig. 9.10 shows some actuator symbols that represent manual operation.  
Fig. 9.10(a) shows the symbol that is used to indicate that a push button is depressed to 
energize the valve, Fig. 9.10(b) indicates lever operation and Fig. 9.10(c) is universal 
symbol. Similarly Fig. 9.11 shows different types of mechanical actuator symbols.

9.3.2.4  �  Filters, regulators, and lubricators

Filters, regulators, and lubricators (FRL) are generally used together on each machine 
to condition the air properly. When used together they are referred to as FRL’s, which 
is shown in Fig. 9.12. In the pneumatic system, the air�ows through the �lter �rst, the 
regulator second, and, if needed, the lubricator third.

3

Air
In

To Air
Cylinder

3

1

1

Figure 9.9  Symbol for a normally open 2-position, 3-way, solenoid-activated, spring-return 
directional control valve.
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(a) (b) (c)

Figure 9.10  Manual actuators. (a) Push button, (b) lever, and (c) universal symbol.

(a) (b) (c)

Figure 9.11  Mechanical actuators. (a) Roller, (b) cam-follower, and (c) spring.

Figure 9.12  Filters, regulators, and lubricators.

9.3.2.5  �  Air cylinders

An air cylinder is a device that converts pneumatic energy into mechanical energy. 
At this time we are concerned with two basic types of air cylinders: single-acting 
and double-acting cylinders. Fig. 9.13 shows the symbol for a typical single-acting, 
single-rod spring-return air cylinder. It is single-acting because the air can only enter 
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in one end; single-rod because the rod only extends out one end of the cylinder; and 
spring-return because a spring inside the cylinder will return the rod to its normal 
position when high pressure air to the cylinder is shut off. Fig. 9.14 shows the symbol 
for a double-acting, single-rod air cylinder. When high pressure air enters port B it will 
push the piston to the left, which will pull the cylinder rod into the cylinder. When the 
high pressure air is removed from port B and enters port A the piston will push the 
cylinder rod to the right, extending it.

Fig. 9.15 shows the symbol for a double-acting, double-rod air cylinder. It is dou-
ble-acting because air can enter and be discharged from either end of the cylinder; and 
double-rod because the rod will extend out the left end of the cylinder when air enters 
port B, or out the right end of the cylinder when air enters port A.

There are several factors that determine the amount of force an air cylinder can 
produce. For example, a large diameter cylinder will produce a greater force than a 
smaller diameter cylinder. In addition, increasing the air pressure to the cylinder will 
increase the amount of force.

The speed of an air cylinder is determined by the �ow of air in cubic feet per min-
ute (CFM) to the air cylinder. If we restrict the �ow to a cylinder, it will move slowly.  

Air Port

Piston with seals Spring

Cylinder
Rod

Figure 9.13  Symbol for a typical single-acting, single-rod spring-return air cylinder.

Air Port A Air Port B

Piston

Cylinder Rod

Figure 9.14  Symbol for a double-acting, single-rod air cylinder.
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On the other hand, if we allow the air to �ow to a cylinder unrestricted it will move 
with great speed, PRESSURE causes FORCE, FLOW causes SPEED.

9.3.2.6  �  Pneumatic circuits

The application of pneumatics to the sewn products industry is limited only by the 
imagination of mechanics and engineers. While pneumatics is sometimes used exclu-
sively on a machine, many times electronics is used to control the operating sequence 
of the pneumatic components.

Figs. 9.16 and 9.17 show a circuit that could be used to control the speed of a  
single-acting air cylinder in one direction. This circuit consists of: A 2-position, 3-way 
solenoid-activated directional control valve, a speed control, and a single-acting, 
spring-return air cylinder. In Fig. 9.16, the solenoid valve has been activated. This 
allows the air to �ow through the valve to speed control #1. Because of the orientation 
of the speed control the air entering will push the check ball off of its seat, allowing the 
air to �ow through freely. The air then �ows to the air cylinder causing the air cylinder 
to extend with full force.

In Fig. 9.17, the solenoid valve has been deactivated. This removes the high pres-
sure air from the circuit and allows the spring in the air cylinder to retract the cylinder 
rod. As the spring retracts the cylinder, it pushes the air out of the cylinder and to speed 
control #1. Because the air is now entering the right side, it will push the check ball 
into its seat, blocking this passage for air�ow.

Fig. 9.18 shows a circuit that could be used to raise a presser foot on a typical lock-
stitch machine. This circuit consists of:

	1.	� A �lter separator to remove contaminants and water from the air.
	2.	� A regulator to reduce the air pressure to the correct pressure.
	3.	� A lubricator could be used at this point, however, because the control valve is the knee 

operated-type, the exhaust air would contain some oil that could stain the operator’s cloth-
ing. For this reason lubricators are sometimes left out of this type of circuit.

Cylinder Rod

Air Port A Air Port B

Piston

Figure 9.15  Symbol for a double-acting, double-rod air cylinder.
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Speed Control #1
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Figure 9.16  The solenoid valve has been activated.
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Deactivated Retracted

Figure B

Speed Control #1

Figure 9.17  The solenoid valve has been deactivated.
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Figure 9.18  Circuit diagram for pneumatic presser foot lifter.
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	4.	� A 2-position, 3-way manually operated directional control valve. This must be a 3-way 
valve so that the exhaust air from the air cylinder can escape, allowing the presser foot  
to drop.

	5.	� A single-acting air cylinder. Because this cylinder is lifting a presser foot, it is not necessary 
to have a spring-return cylinder as the presser foot spring will return the air cylinder as it 
pushes the foot back down.

9.3.3  �  Sensors

Sensor is a device that when exposed to a physical phenomenon (temperature, dis-
placement, force, etc.) produces a proportional output signal (electrical, mechan-
ical, magnetic, etc.) (Anjanappa et  al., 2002). Out of a wide array of sensors, 
photoelectric proximity sensors are widely used in sewing automats. A photo-
electric sensor consists primarily of an emitter for emitting light and a receiver 
for receiving light. When emitted light is interrupted or re�ected by the sensing 
object, it changes the amount of light that arrives at the receiver. The receiver 
detects this change and converts it to an electrical output. Photoelectric sensors 
work in different modes; thru-beam, re�ective, and retrore�ective. These sensors 
use light sensitive elements to detect objects and are made up of an emitter (light 
source) and a receiver.

9.3.3.1  �  Thru-beam

In this case, the emitter and detector are two separate units. The emitter emits the 
light that is detected by the detector. A target is detected when it passes in-between 
the emitter and detector. Fig. 9.19 shows the working principle of thru-beam sensor.

The advantage of this mode is that the sensing range is more. The disadvantage 
is two parts need to be mounted separately and for long range the installation could 
be dif�cult because the emitter has to be put with the detection range of the detector. 
Such sensors are used in the sewing machine where the machine has to be stopped on 
detection of the end of a cloth-overlap or a stepped portion formed at a terminus of 
the upper cloth on the lower cloth (Hagino and Ando, 1990). Pfaff 2481/2483 model 
offers such features called sensewmat.

Transmitter

Light emitting 
element

Signal light

Target

Signal light is 
interrupted

Receiver

Light receiving
element

Figure 9.19  Thru-beam sensor.
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9.3.3.2  �  Re�ective

In this case the emitter and detector are put in the single package in such a way that 
their �eld of view crosses. Here the emitter continuously emits the light. When the 
target comes within the operating range of the sensor the light from the emitter is 
re�ected off the target and detected by the detector. Fig. 9.20 shows the working prin-
ciple of re�ective sensor.

The advantages of this are low cost and easy installation. The disadvantages are 
short sensing distance. The sensing distance depends on target size, surface, and 
shape. These are very effective and appropriate for automating start–stop function of 
sewing machine based on presence of fabric ply. A drill small hole is created in the 
needle plate along the sewing line 1 cm before presser foot. The transmitter/receiver is 
installed beneath the hole so that the light is transmitting vertically upward through the 
hole, when the fabric is placed near needle point (means fabric is covering the hole), 
the light is re�ected back from fabric, and the machine starts. As long as the fabric is 
covering the hole the machine keeps running, when last end point of fabric reaches the 
needle point (means the hole is left open), the light does not re�ect back, and machine 
stops. Most serging automats are �tted with such sensors.

9.3.3.3  �  Retrore�ective

The main components of this sensor are the emitter, detector, and the retrore�ector. 
The emitter and the detector are in the same package. The retrore�ector is placed little 
far from the sensor. The light from the emitter is re�ected off the retrore�ector and 
detected by the detector. When the target passes between the sensor and the retrore-
�ector the beam is not re�ected back to the detector. Here the problem can be that 
the beam could re�ect from the target itself. For this the polarizing �lter is used in 
the sensor. Hence only the light re�ected by the retrore�ector is detected by detector.  
Fig. 9.21 shows the working principle of retrore�ective sensor.
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Figure 9.20  Re�ective sensor.
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Figure 9.21  Retrore�ective sensor.
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The advantages of this are low cost and easy to install. The disadvantages are: 
separate retrore�ector need to be used, it cannot be used to detect small objects as the 
target has to block the entire beam from emitter, performance could be affected in case 
of dirt on retrore�ector, and problems in detecting clear targets.

9.3.4  �  Vision systems

Vision systems have the advantages derived from being noncontact sensors. Most 
vision systems are based on the detection and measure of some feature in objects 
such as perimeters, vertices, areas, holes, etc. (Casals, 1989). A vision system may 
consist of one or more cameras acting as sensors. The vision interface unit connects 
the cameras to the video display and the hardware to convert the image into a suitable 
digital form. The hardware includes a video buffering unit called a frame grabber and 
an image preprocessor. A computer using the image processing software extracts the 
information about the scene, interpretation of the image, and recognition of the objects 
for desired application (Mittal and Nagrath, 2003). The increased processing power of 
computing and miniaturization of chip size made things possible, which earlier were 
not thought to be so. The ability of a vision-based system to look (capture image), 
process the captured image at a split second (much like neurons in our brain), and 
direct mechanical actions is a reality. This is very similar to a sewing operator who 
is handling/guiding the creation of fabric during the sewing process (Henderson and 
Jana, 2017). Fig. 9.22 shows the working of Bother’s vision sewing system.

9.3.5  �  Laser pointers

A laser is a device that emits light through a process of optical ampli�cation based 
on the stimulated emission of electromagnetic radiation. The term “laser” originated 
as an acronym for “light ampli�cation by stimulated emission of radiation.” A laser 
pointer is a device with a power source and a laser diode emitting a very narrow 
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Figure 9.22  Vision sewing system from Brother.



216

coherent low-powered laser beam of visible light, intended to be used to highlight 
something of interest by illuminating it with a small bright spot or line of colored light. 
The small width of the beam and low power of typical laser pointers make the beam 
itself invisible in a reasonably clean atmosphere, only showing a point of light when 
striking an opaque surface (Anon., n.d.-d). These laser pointers are generally used in 
the loading section of sewing automats as a visual guide so that the fabric component 
can be placed matching with the laser line visible on the machine bed. The color of 
laser light used in sewing automat is usually red and safe to human eye.

9.4  �  Evolution of sewing automats

It is interesting to record that the need for automation in sewing was triggered by 
search for methods for rapidly manufacturing military apparel, should the need arise 
for quick and heavy mobilization of men for the armed forces (Casten, 1987). The 
Defense Logistics Agency (DLA), United States in collaboration with universities had 
spent $3.2 million during 1986–87 on advanced apparel manufacturing technology 
demonstration on a project to increase the use of advanced technology by apparel 
manufacturers (Casten, 1987). Some unclassi�ed documents from DLA, United States 
(McPherson, 1987) shows that early automation initiatives was by North Carolina 
State University, that included operations such as combat trouser uniform front pocket, 
forming and sewing of waistband loops for pull on slacks, rail seamers (up to 28 ft) 
primarily for the home fashion, large area automatic sergers and binders, automatic 
small part sergers (single-ply guidance), sleeve seamers (double ply guidance), and 
buttonhole indexers for large parts as shower curtains to name some important opera-
tions. Some of the important researches in sewing automation can be summarized as:

	•	� Unmanned (workerless) factory by Senkoken, Japan… year 1967–70
	•	� Unmanned sewing system 2000 by Singer, United States… year 1967–69
	•	� Automatic sleeve attaching in menswear by [TC]2 (Textile Clothing Technology 

Corporation), Draper Labs and Singer, United States… year 1986
	•	� BRITE Project by Courtaulds PLC, United Kingdom and Pfaff, Germany… 1985–88
	•	� Automated sewing system by Chalmers University and TEFO, Sweden
	•	� Technology Research Association for Automated Sewing Systems (TRAASS) by Ministry 

of International Trade and Industry, Japan… year 1982–90

These researches de�nitely indicate that automation was aimed toward formal and 
commodity products and easy to handle fabrics (rather fashion products and dimen-
sionally unstable fabrics).

Any sewing operation can be broken up into three steps; loading, sewing, and 
unloading (Jana, 1999). In commercially available workstations, loading is manual, 
while sewing and unloading steps are completely automated without any human inter-
vention (Jana, 2014). Arthur D. Little divided automation into �ve consecutive ele-
ments; namely separation and pick up, orientation of piece in direction and plane, 
bringing two or more pieces or plies under proper orientation with each other in plane 
and rotation, control through the work point, and accurate stacking, so that subsequent 
operation can be performed on the combined piece again (Tyler, 2000).
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9.4.1  �  Loading of fabric component

Loading involves picking up the fabric component/s by one/two hand/hands, placing/
aligning/folding/matching and sliding below the presser foot. While mechanizing loading 
operation, identifying the right/wrong side of a fabric will require visual or touch sensor, 
separating plies and picking up a single ply from a stack of fabric will require specialized 
picker that will be able to separate top ply from a stack of fabrics and pick up. Although 
there are numerous patents for single ply picker from a fabric stack (Kamal, 1987), 
and even some of the patents are assigned to clothing brands such as Fruit of the Loom 
(Beasock et al., 1993) and Levi’s (Blessing, 1977), only Cluett Peabody picker (Hughes 
et al., 1976) was commercially used in automats (Jet Sew Technologies, 1998). Placing the 
component at sewing table and sliding beneath needle point are achieved by conveyor belt.

9.4.2  �  Sewing of fabric component

Sewing involves sewing needle movement and occasional stopping for guiding/align-
ing/matching/measuring/pivoting till the sewing cycle is complete. While start of sew-
ing may be mechanized by proximity or optical sensor, feed manipulation will require 
the tension adjusted belt-feed system, dynamic edge alignment of similar or dissimilar 
curve during sewing will require air-assisted multilayer edge guide, and pivoting the 
fabric keeping the dimensional stability intact will require spatial clamp feed or tem-
plate sewing (Jana, 2015). Zippy edge guide from Profeel aligns edge of two plies 
together, while the plies are separated by a metal plate, where air jet continuously 
pushes the fabric edge to the guide. Air guide from Profeel can direct the movement 
of fabric during sewing by inbuilt air guides strategically located in the sewing table. 
Vetron AutoSeam—an automated sewing machine—that is capable of automated sew-
ing of two opposite shape of fabric, by tracking the movement of fabric with intelligent 
cameras and controlling the movement of the fabric under the needle on a stitch by 
stitch basis (Frye and Jana, 2017). The patented ThreadVision system from Softwear 
Automation also tracks individual threads in each fabric, rede�ning the traditional coor-
dinate system to thread-count, allowing for high accuracy panel tracking regardless of 
deformation. This system controls the feed and orientation of the fabric with multide-
gree freedom feed dogs to fully automate the sewing process (Frye and Jana, 2017).

9.4.3  �  Unloading of (disposing off) sewn component

Unloading- or disposing-off the sewn piece involves sliding/�ipping/folding to 
arrange/stack/hang the piece in order once the thread is cut. Disposal involves severing 
the sewing thread as well as sliding/�ipping the sewn component from table to stack/
hang in a stacker/trey to make loading for next operation less cumbersome and less 
time-consuming (Carr and Latham, 1999; Jana, 2003a). Depending on the size of the 
sewed parts to be disposed off, the mechanism of disposal can be pick and place, slide 
and align, �ipped to hang on fold, or concentrically arranged. There are two types of 
stackers; small part stacker and large part stacker.

Small part stackers are placed behind or on one side of the machine, as desired and 
controlled by thread trimmer, chain or tape cutter, and knuckle or knee switch. T-shirt 
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sleeve hemming workstation, cuff, and collar band felling workstation, the �ip-type 
small part stacker has a swivel bar for short parts folded up or folded down. Turntable 
stacker is another type of small part stacker that stacks small parts concentrically such 
as cards held in hand. The larger garment part after sewn slided off the back of the 
machine table over the horizontal bar of a stacker. Pneumatic force then moves the 
bar away from the machine so that the garment part falls astride it and bar returns to 
its formal position to await the next part (Carr and Latham, 1999). Large part stackers 
are of different types, standard, with de�ectors, �ip-type, etc. Freely stacked large 
part stackers are common in trouser panel serging workstations. The components are 
either stacked freely on a double bar mechanism (for better stability) or stacked on a 
single bar with clamping bar. Rotary stackers are generally used for stacking closed 
loop type sewn components, for example, elastic loops made for closed waistbands. 
Elastic tapes are cut and sewn (butt join or overlap join) automatically before glides 
onto the stacker, which rotates intermittently (Jana, 2003a). Fig. 9.23 shows a small 
part stacker and Fig. 9.24 shows a large part �ip stacker.

9.5  �  Sewing machines with under bed trimmer

Electronic control has introduced a new form of machine versatility that allows 
a general purpose machine to become semiautomatic with speci�c programma-
ble processes such as positioning of needle (up/down), backtracking, counting 
of stitches, detect bobbin run out, and trimming of thread (Jana, 2015; Glock 
and Kunz, 2000). Computerized sewing machines or UBT sewing machines have 

Figure 9.23  Small part stacker.
Figure courtesy: Beisler.
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memory banks and electronic control panels, which the operator uses to program 
an operation, which the machine will perform repeatedly (Solinger, 1988), and 
reprogrammable in terms of stitch patterns, cycle times, and operation of work 
aids (Glock and Kunz, 2000).

Needle positioner will ensure automatic lifting or lowering of needle whenever 
the machine is stopped without operators requirement to manually rotate the hand-
wheel. Back-tack feature will ensure automatic preprogrammed number of back-tack 
stitches at start or end of seam without operator manually and vigilantly operating the 
back-tack lever. Step programming feature will ensure operator not to slow down to 
perform a precise stop, as the machine will stop automatically (even if the pedal is kept 
pressed) after sewing the preprogrammed number of stitches. And the UBT will auto-
matically cut the needle and bobbin threads together leaving a very short tail of thread 
without any further requirement of thread trimming. The above functions are achieved 
by combining various hardware and software components such as PLCs, electromag-
netics, and pneumatics as described in earlier sections. The following manual actions 
are being mechanized or automated in computerized sewing machine with UBT.

	1.	� Slowing down the speed of the machine for accurate stop
	2.	� Perform back-tack operation, if required
	3.	� Rotate handwheel to bring the needle up (during any stop there is 50% probability that nee-

dle may be down or up)
	4.	� Lift the presser foot
	5.	� Pull the sewn component away from the needle, while continuously rocking the handwheel 

to release both the needle and bobbin thread
	6.	� Pick up the scissor and cut the thread
	7.	� Move away the cut thread ends manually behind the presser foot.

Figure 9.24  Large part �ip stacker.
Figure courtesy: Beisler.
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9.6  �  Sewing machine with automatic bobbin changer

Automatic bobbin changer works on the principle of �rst checking the remaining amount 
of thread in bobbin and once a predetermined amount of remaining thread is reached in 
bobbin, the bobbin is replaced with a �lled one by a robotic catcher. Automatic bobbin 
changer �rst made it’s appearance in Bobbin Show International (1995), where Juki dis-
played two position bobbin changer. Only two bobbin casees are being used, while one 
bobbin is being used in sewing, the spare bobbin is getting winded and ready for replace-
ment. Subsequently, Philippe Mall from Germany and Kinoshita from Japan invented 
magazine-type automatic bobbin changer, where �lled up bobbins are �rst loaded onto 
magazines and then magazines are attached to sewing machine. An eight bobbin mag-
azine can lasts up to two and half hours continuous sewing. This is effective for thick 
thread stitching and for work requiring the lower thread to be replaced frequently. It is 
optimum for products in which the thread cannot be overlapped, for stitching. In addition 
to increased ef�ciency, the auto bobbin changer prevents stitching defects and reduces 
the mental strain of the worker. Fig. 9.25 shows automatic bobbin checker by Kinoshita, 
while Fig. 9.26 shows magazine-type automatic bobbin changer by Kinoshita.

The common magazine for lockstitch has eight slots, seven slots are �tted with 
�lled bobbin case and one slot is free for changeover to take place. While the machine 
is running the empty slot is lined with robotic changeover arm. The remaining thread 
amount, thread thickness, and stitch length is set at the control box of the auto bobbin 
checker. The metallic probe of the auto bobbin checker checks the remaining thread 

Figure 9.25  Automatic bobbin checker by Kinoshita.
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amount at regular intervals during sewing. When the remaining thread reaches the 
lowest level, the lower thread is cut and machine stops. The robotic arm removes the 
empty bobbin case from the machine and places it onto the empty slot of magazine. 
The magazine rotates and aligns the �lled bobbin case in line with the robotic arm. 
The robotic arm removes the �lled bobbin case from magazine and �xes onto the 
machine. The machine is ready to run again.

9.7  �  Sewing automats for gent’s and lady’s shirts

The gent’s and lady’s shirt category includes casual and formal (dress) shirts for 
men, ladies shirt, and front open tops for women. The following sewing automats 
were commercially developed by different sewing machine brands during the last 
quarter century.

	 1.	�pocket setter
	 2.	�pocket hemmer
	 3.	�buttonhole indexer
	 4.	�button sew indexer
	 5.	�label attaching
	 6.	�autojig (collar, cuff, �ap runstitch)
	 7.	�cuff felling
	 8.	�collar cuff topstitch
	 9.	�collar and band join
	10.	�sleeve top placket
	11.	�sleeve bottom placket
	12.	�yoke-back join
	13.	�shoulder join
	14.	�cuff join to sleeve

Figure 9.26  Automatic bobbin changer by Kinoshita.
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Pocket hemmer for shirt is comparatively a rare automat and only Yuho brand cur-
rently offers such automat. The hemmer comes with thread breakage indicator, twofold 
as well as threefold option and auto heat pressing after threefold hemming. Pocket setter 
for shirts and ladies top generally works with �at front pattern. The front pattern should 
be in two-dimensional form and not in three-dimensional (3D) form, i.e., without darts 
and princess line seam. The front is loaded into the machine, followed by hemmed 
pocket being loaded into the clamp. The machine automatically creases the pocket, posi-
tion the creased pocket onto a predesignated position of the front, transfer the pocket 
and front assembly to the sewing head and attaching is done. Pfaff offers pocket with 
�ap option also in some of its model. Duerkopp, Pfaff, and Yuho offer such automats.

Buttonhole and button sew indexer works with continuous band or conveyor feed-
ing for accurate guiding of front part. The operator simply places the front on the band 
and rest is done automatically. The band moves the front by a predetermined amount 
between two buttonhole/sew, the feeding of the button and stacking of the front after 
sewing is automatic. The preloading device enables overlapped working. Cycle time 
for button sewing is comparatively faster than button holing, therefore a 2:1 or 3:1 
buttonhole:buttonsew machine ratio is common. On average 2000 shirts are possible 
per 8 h shift with 2:1 buttonhole:buttonsew machine ratio. Fig. 9.27 shows multihead 
cuff runstitch and trimming automat from Duerkopp Adler.

Brand Label attaching in shirt yoke is again not a very common automat, and 
Brother displayed such automat during 1999. The label is cut and setting base is trans-
ported to sewing area. The label transfer mechanism picks up the label and held by the 
inner clamp for sewing, a lockstitch sewing head sews the label.

Collar/Cuff/Flap runstitch is a common automat complete with a lockstitch (301) sewing 
head, with sewn collar/cuff trimming. It is a totally electronic controlled unit managed by 
a piece of software that allows the sewing of any type of stitch with automatic size changing. 
To change the model simply replace the low cost and easily made fabric holding plates. 
The trimming is performed separately from the sewing phase, therefore a different cut 
can be made, compared to the stitching. While 971-01 (Durkopp Adler) is equipped 
with a sewing head producing two-needle chain stitch, U-3101-E/01 (YUHO) and 
UAM 03 (MAICA) produces single-needle lockstitch. Durkopp, MAICA, Weishi, and 

Figure 9.27  Cuff runstitching automat by Duerkopp Adler.
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Yuho are prominent brands in the market. All these automats comprises of four distinct 
zones feeding zone, sewing zone, trimming zone, and stacking zone. The product 
moves sequentially through each zone. This sequential arrangement in a single work-
station facilitates high productivity and improved manpower utilization.

Cuff felling is again a simple automat yet not very common now. Duerkopp has 
demonstrated an automat capable of felling 5500 cuffs per 8 h shift using belt-feed mecha-
nism with a double chainstitch (401) machine. Collar and cuff topstitch are available from 
Yuho and Duerkopp, a semicircular clamp feeder negotiates the material during sewing.

Automats for collar and band join, sleeve placket make, yoke-back join, and 
shoulder join and cuff join to sleeve are very specialized and rare. Currently only 
Yuho offers models for these operations. The machine can be customized for speci�c 
requirements. The yoke-back join automats are available with options for center loop, 
center box pleat, or two side pleats. The cuff join to sleeve automat can accommodate 
different knife-pleat size and positions.

9.8  �  Sewing automats for casual bottom wear

The casual bottom wear category consists of casual �at front trousers, khakis, car-
gos, and jeans. The category characterizes with continuous waistband seam either 
single-piece folded or two-piece sandwiched, and continuous inseam operation. The 
following sewing automats were commercially developed by different sewing machine 
brands during the last quarter century.

	1.	� Welt pocket making
	2.	� Belt loop setter Jeans
	3.	� Decorative sewing in back pocket
	4.	� Hemming back pocket
	5.	� Back pocket setter jeans
	6.	� Topstitching of �y (J-stitch) in trousers
	7.	� Coin pocket attach
	8.	� Waist band (WB) label attaching
	9.	� Automatic bottom hemmer

Welt pocket making is undoubtedly the most iconic automat in this category. AMF 
Reece, which pioneered pocket welting in the 1950s, introduced the Speedwelt 1000, 
an electronic version of its old standby (Bobbin Show International, 1995). Productivity 
is increased because the machine is sewing a pocket, while the operator is loading the 
panel and pocket. A stacker automatically off loads as well. Welt pocket making or bone 
pocket making or double bone pocket making as it is called is achieved by a two-needle 
lockstitch head (301 stitch-type) with center knife cutter and needle feed mechanism.

Belt loop setter is a twin needle pattern tacking (304 stitch-type) head, where oper-
ator only loads the jeans; operations such as cutting, folding, and positioning of loops, 
sewing of loops at jeans waistband and stacking happens automatically. The premade 
loop roll is already loaded to the machine, identifying and eliminating the belt loop 
joints happens automatically during die cutting of loops.
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Decorative sewing in back pocket, hemming of back pocket, and attaching back 
pocket in jeans and jeans look-alikes are some of the most viable automats. Decorative 
sewing is performed by single-needle pattern tacking head (304 stitch-type) with 
clamp feeding mechanism. The pocket hemming is accomplished by double-needle 
double chainstitch head (401 stitch-type), the operator only places the pocket on a con-
veyor, the conveyor transport the pocket, folds downturn, and the sewing and stacking 
happens automatically. Most of the models come with hot wedge label cutter and auto-
matic label dispenser to the sewing head so that the label is sewn at a predetermined 
position of the hem automatically. The stacking is commonly done by a magazine or 
turntable stacker. The production can go up to 14,500 pockets per 8 h.

Pocket attaching automats use sewing jig with a lockstitch sewing head (301 stitch-
type) come with variable features. In some models, creased pocket to be loaded, while 
in some models the creasing is done by the machine. The operator �rst loads the pocket 
in a creasing clamp and then loads the trouser leg component in the loading area. 
Then the operator presses the actuator, the creasing clamp �rst creases the pocket then 
comes down and positions the creased pocket onto the trouser leg. A separate jig then 
grasps the pocket plus the leg assembly, carries to the sewing head and the attaching 
is accomplished by the stationery sewing head in two nonparallel sewing bursts and 
bar-tacking at both ends. There are options for using two different color sewing threads 
in two rows of stitching. Cargo pouch pocket attach option was offered by pfaff (Pfaff 
Industrial, 2006) model 3588, wherein cargo pouch pocket with or without �ap also 
can be attached automatically. Fig. 9.28 shows piped or welt pocket sewing automat.

Figure 9.28  Welt pocket automat.
Courtesy: Beisler.
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Automats for topstitching of �y in trousers (commonly called “J-Stitch” due to the 
shape of the stitch pro�le) are also accomplished by lockstitch pattern tacking head 
where a jig holds the component and laser beam positions the component accurately. 
The large part �ip-type stacker collects the sewn components. There are options for 
using two different color sewing threads in two rows of stitching.

Coin pocket attach, brand label attaching in waistband, and automatic bottom hem-
mer are not very common or widely adopted automats. While Yuho and JAM devel-
oped automats for coin pocket attach, Brother developed label attaching to waistband, 
which was equipped with automatic label loader. Juki announced model ALH-326, 
for automatic bottom hemming of jeans (Juki Corporation, 1999) with top and bottom 
roller feed mechanism.

9.9  �  Sewing automats for formal wear

The formal wear category includes men’s and lady’s jacket, men’s and lady’s skirt and 
pants. From the available records, the following sewing automats were commercially 
developed by different sewing machine brands during the last quarter century.

	 1.	�Welt pocket making
	 2.	�Dart and waistband pleat sewing
	 3.	�Single- and double-pointed breast darts
	 4.	�Serging
	 5.	�Side seam and in seam closing
	 6.	�Sewing of endless zipper with �y
	 7.	�Topstitching of �y (J-stitch) in trousers
	 8.	�Felling left �y
	 9.	�Premanufactured WB lining and reinforced strip to WB
	10.	�Two step belt loop attach
	11.	�Folding and attaching of pocket facing to pocket bag
	12.	�Attaching pocket bag to WB edge of hind trousers
	13.	�Runstitching of side seam and wing pockets
	14.	�Sewing of sleeve parts and center back of jacket
	15.	�Lapel padding
	16.	�Pocket facing attach in blazer
	17.	�Eyelet buttonhole indexer
	18.	�Autojig runstitch of �ap
	19.	�Sleeve setting
	20.	�Collar band and gorge seam sewing in jacket/coat

Out of these, some automats have become extremely popular and currently widely 
used in the industry, such as welt pocket making, serging, whereas others are discon-
tinued or become made to order. Automation of welt pocket became so extensive, 
Duerkopp during IMB (1997) displayed as many as nine different models of welt pocket 
making automats, �ve models (745-26, 745-28F, 745-28A, 745-28D, 745-24) for jack-
ets and coats and four models (745-22, 745-23, 745-22, 745-26) for trousers. The dif-
ferent variants specialized in straight, slant, with or without �ap, matching of plaids, 
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and also automatic insertion of continuous zippers. The mechanism for formal wear is 
similar to welt pocket making of casual bottom wear with additional features such as 
check/stripe matching, zipper insertion, and slant shape are incorporated.

With value added features, one brand tried to outsmart others in these �ercely com-
petitive automat categories. Juki in their model APW-298 added a feature of welting 
patch attach at the back side in slanting welt pocket making for added dimensional sta-
bility (Juki International, 2002). Brother in their model BAS-615, BAS-620 introduced 
a feature of back-tacking done by needle movement, rather commonly used reverse 
feeding of fabric (Brother International, 2000). This feature negates any possibility 
of ply shifting, thereby a neater appearance, while sewing dif�cult to handle fabrics. 
Duerkopp in their model 745-26, 745-22 has introduced a mechanism to insert endless 
zipper automatically (Duerkopp Adler, 1997). Fig. 9.29 shows the side seam joining 
automat from Beisler.

Dart and waistband pleat sewing for trousers and single and double-pointed breast 
darts for jackets are primarily lockstitch sewing head (301 stitch-type) with stitch 
condensation at dart point and back-tacking at beginning/end of seam. The loading is 
done by feeding plate and positioning is done by laser beam.

Serging or single ply overlocking of individual panels of trousers is another common 
and widely used automat in the industry. The serging ideally should use two thread over-
lock head (503 stitch-type), edge controller, curve edge sensor for negotiating crotch 
area and large part stacker. Almost all important brands: Juki, Duerkopp, Brother, Pfaff, 
Yuho even Pegasus and Yamato developed serging automat. There are serging automats 
with two sewing heads placed at right angled to each other, where serging of side seam, 
inseam, bottom serging including crotch and �y curves are integrated.

Figure 9.29  Side seam joining of trouser.
Courtesy: Beisler.
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Side seam and in seam closing are again a very important sewing automat, where 
the sewing head is either double chainstitch (401 stitch-type) or �ve-thread over-
lock (504 + 401 stitch-type). The operator aligns and places both the trouser panel 
to needle point; photocell senses the presence of fabric and starts the machine. The 
variable top feed system enables positive control of feeding of top and bottom plies. 
Electronically controlled contour guide or zippy type of edge guide ensures automatic 
edge alignment.

Sewing of endless zipper with �y involved two-needle double chainstitch machine 
(401 stitch-type) with photocell sensing of edge and vertical knife cutter. Topstitching 
of �y (J-stitch) in trousers is similar to casual bottom wear with single head lockstitch 
machine with laser beam positioning and jig guided sewing pro�le. Premanufactured 
WB lining and reinforced strip joining to WB uses a double chainstitch machine (401 
stitch-type) with puller feed. The photocell senses and maintains the edge alignment 
and vertical knife cuts the lining and strip. A lockstitch head (301 stitch-type) attaches 
belt loops in two steps. The belt loop attach automat, cuts the loop, and brings it to the 
machine, which sews the loop to trouser/skirt with two tackings. First tacking is covered 
by WB, the second tacking can be straight-tack or bar-tack. The sensor identi�es and 
eliminates the belt loop joints and the die cutter cuts the loops. Folding and attaching 
of pocket facing to pocket bag uses either a lockstitch sewing head (301 stitch-type) or 
double chainstitch sewing head (401 stitch-type). The facing is automatically folded, 
automatically positioned on pocket bag and sewn. The lockstitch head is equipped with 
bobbin thread indicator. Other not so common automats are attaching pocket bag to WB 
edge of hind trousers, runstitching of side seam, and wing pockets and felling of left �y.

Automats for sewing of sleeve parts, center back of jacket, jacket front edge con-
sists of double chainstitch head (401 stitch-type), step motor driven guide rail feed 
or clamp feed of parts to ensure zero ply slippage, while superimpose joining two 
plies. Lapel padding, pocket facing attach in blazer, eyelet buttonhole indexer, autojig 
runstitch of �ap and collar band, and gorge seam sewing in jacket/coat are automats 
that are often used in jacket manufacturing. Sleeve setting in jacket is an important 
operation that is not automated. The programmable variable top feed single-needle 
lockstitch post bed sewing machines are available, where the fullness in sleeve is 
fully programmed; however, it is not considered an automat as operator is feeding the 
components, while sewing.

9.10  �  Sewing automats for knitwear and intimate wear

The product categories under knitwear and intimate wear includes T-shirts, track suits, 
sweatshirts, cut and sew sweaters, sports bra, structured bra, panties, vests, and men’s 
brief. The following sewing automats were commercially developed by different sew-
ing machine brands during the last quarter century.

	 1.	�Elastic ring making
	 2.	�Hemming and closing sleeves
	 3.	�Bottom hemmer 406/605 or 503 (blindstitch)
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Atlanta Attachment Company, YUHO, Jack, UZU, and JUITA are prominent brands 
in the market offering integrated front placket setting and center cutting workstations. 
The integrated workstations have an extended machine table for placing and position-
ing the body front and the placket panel. The machine is equipped with laser guides 
to assist in precise placement and alignment of components. Operator is just required 
to slide the component assembly to the sewing position, and the machine cycle begins 
automatically. The machine completes the sewing, slit cutting, bar-tacking, and stack-
ing operation automatically. The machine is equipped with automatic thread cutting 
system. In case of thread break, the machine stops, back-tracks to facilitate the repairs, 
and eliminates the need to repair of�ine. The machine has programmable center knife, 
which operates independent of sewing head. The auto stacker also has unloaded fea-
ture. The machine is equipped with bobbin monitor system to facilitate instances of 
midcycle bobbin run out. The program can be set to select between �ve different 
shapes for hidden placket.

Automatic workstation for sewing circular knit bottom bands on sweatshirts incor-
porates a cylinder arm overlock sewing head with vacuum thread trimmer giving a 
precise cut. The workstation has electronic controls with a dual electronic active edge 
guiding system for band and body panel. It is also equipped with pneumatic expansion 
rollers that facilitates loading of band and body panel to the sewing head. The machine 
has automatic stacking device that withdraws the sewn panel from the sewing position 
and stacks them automatically. The operator’s task is limited to folding the circular 
rib knit piece in half to form a band and places it over the expansion guide rollers. 
The rollers automatically expand for loading the body. The body is loaded over the 
rollers and band, and a touch of the start sensor expands the rollers to sew position 
and indexes the parts under the presser foot and sew cycle begins. While one operator 
tends two machines in tandem, more than 3500 pcs/8 h shift can be produced.

Figure 9.30  Rib attaching at bottom hem of sweatshirts (Union Special).
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Patch pocket setter in knitwear is comparatively dif�cult than woven fabric due to 
stretch in fabrics. In this automat creasing, positioning, and sewing is done automat-
ically. The suction device holds the creased pocket and the main fabric secure during 
sewing. Yuho (model 3206E) and Brother (BAS-751-KL) are few of the brands offer-
ing this automat.

Some of the less popular automats are T-shirt side seaming (U-9705-E/FP), T-shirt 
side slit sewing (U-3404-E), and pin tucking of sportswear (Pegasus 004). In the lin-
gerie section, Rimoldi offers an interesting automat for elastic attaching to leg opening 
of panties. In the Rimoldi model GW3-34-2MR-13 there are two 514 sewing head 
face to face (one of which is mobile) for simultaneously attaching rubber or elastic 
lace to closed or open leg. In the bra manufacturing hook tape sewing and eye tape 
sewing are common automats.

9.11  �  Sewing automats for nonapparel sewn products

The nonapparel sewn product category includes home textiles, car upholstery, shoe 
upper, luggage, and other allied products such as caps, gloves, sports goods, medi-
cal orthotic products, etc. The sewing of home textile segment is highly automated 
because of the comparatively dimensionally stable fabrics, large size of components, 
and straighter seam pro�les. Curtain, bed sheet, mattress, towel, and mats sewing 
automats are quite common. Home textiles have specialized automats for material 
handling, folding stacking also; automats that do sewing are listed here. A separate set 
of machinery brands such as Texpa, Rimac, Kinna Automatic, Automatex, and MPT 
caters to home textile segment.

	 1.	�Length hemming terry towels
	 2.	�Crosscut and hemming of terry towels
	 3.	�Length hemming table linen
	 4.	�Cross hemming linen table linen
	 5.	�Automatic machine for cut and overlock on four sides of table linen
	 6.	�Length hemming, crosscutting, label dispensing, cross hemming, inspection, folding, card-

board dispensing, stacking for bed linen
	 7.	�Width/length, hemming, crosscutting, label dispensing, closing of three sides, stacking for 

duvet covers
	 8.	�Length hemming, doubling, crosscutting, label dispensing, lateral closing (U-shape or 

L-shape), stacking of pillow case covers
	 9.	�Length hemming, crosscutting, label dispensing, elastic feeding, cross hemming, corner 

forming, corner sewing of �tted sheets.
	10.	�Automatic pleating machine of curtains with application of tape.
	11.	�Carpet binding/overedging
	12.	�Longitudinal and bilateral binding and overedging on blankets
	13.	�Mattress hemming machine
	14.	�Mattress Handle attaching machine
	15.	�Serge master high speed dual side mattress border serge system
	16.	�Taping machine for mattresses
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Automotive seat, furniture, �lters, battery insulators, leather goods, leather car 
seats, convertible soft tops, large area �lters, bulletproof vests, parachutes, and stitch-
ing applications in the �eld of aerospace industry, etc., mainly requires two types of 
automats; single-needle large area pattern sewer and multineedle sewing unit. For 
example, a single-needle pattern sewer 220 mm × 100 mm sewing area, automatic 
label feeding, bobbin detector, thread detector, rotation sensor, and bobbin thread con-
sumption detector are mandatory for seat belt and airbag sewing. Multineedle sew-
ing automats have linear needle drive that ensures highest stitch quality. The needle 
is not de�ected, and the penetration holes are not widened. Large foldable loading 
table helps to push the sewing material into the system, laser marking device helps 
exact manual positioning of the processed material. Sewing unit are available in mod-
ular structure in steps of 600 mm up to approximately 7200 mm maximum distance 
between needles. Double chainstitch (401 stitch-type) height-adjustable top feed sys-
tem helps to adjust to the material thickness.

9.12  �  Sewing preparatory machines with automatic 
control system

Preparatory operations such as marking, creasing, folding, trimming, and turning are 
part and parcel of sewing operations. These operations prepare the fabric components 
for quicker and easier sewing operations. Some of the important automats in these 
category are as follows

	•	� Collar marking
	•	� Collar and cuff turning
	•	� Collar trimming/cutting
	•	� Pocket creasing
	•	� Sleeve placket creasing
	•	� Placket pressing

Collar marking workstation marks at three points along collar band seam line by 
needle hole. The three points act as reference points for left and right shoulder line and 
center back point. The operator only loads the ready collar, aligns it, and then presses 
the actuator. The vertical marking pins come down pierces the collar band edges to 
create visual mark and goes up. The stacker automatically collects the marked collars 
and stacks in �at condition. The marking pins/pens can be easily adjusted on a slid-
ing scale for accommodating different collar size. This workstation uses pneumatic 
components.

After collar topstitch, the raw edge of the ready collar is trimmed by collar trim-
ming/cutting workstation before attaching with collar band. The collar either in open 
condition or folded condition is trimmed by a vertically moving guillotine cutter. The 
stacker automatically collects the cut collars and stacks in �at condition. Fig. 9.31 
shows sleeve placket creasing machine. Some of the notable brands offering automats 
in sewing preparatory are MAICA and Ngai Shing.
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9.13  �  Future trends

The future trends in sewing kinematics and automation are modularization, digitaliza-
tion, vision-based sewing, Internet of Things (IoT) and robotics. Modular structure of 
machine head by Typical Corp (Vetron) and Duerkopp Adler (M-Type) have enabled 
the use of exchangeable common parts between different machine types resulting easy 
repair, lesser inventory, and reduced cost of ownership. The main shaft-driven syn-
chronized motion between the needles, take up lever, feed dog, and hook/looper was a 
worldwide standard kinematics. The Tice technology’s double-needle belt loop tacker 
and multiple head buttonhole sewer has freed the mechanical linkage to the bobbin, 
opening the doors for unprecedented modularity in sewing (Jana, 2003b). Because 
Efka showed possibility of real-time machine downtime data in desktop and through 
SMS a possibility (IMB 2003), networked sewing machine �nally poised to become a 
reality. The IoT functionality are being demonstrated by Brother, Pegasus, Juki, where 
all the sewing machines are connected to Internet and monitored remotely from any 
geographical location to analyze production data, off-standard time, break downtime 
analysis, etc.

In the area of information technology integration, there are already USB-based 
operator log in Vetron (Typical Corporation, 2015), networked sewing machine (Jana, 
2004), Android app-based sewing data exchange (Juki Corporation, 2016), Pfaff 
SmartSeaming (Pfaff Industrial, 2013) has shown touch screen-based service, and 
operation and management modules. The mechanical movement of traditional ellipti-
cal feed system is now given way to digitally driven horizontal and vertical movement 
of feed dog resulting various kinds of feed locus that can be selected, while sewing 
(Juki Corporation, 2016; Brother Industries, 2015). The digital feed is further facili-
tating decorative stitch, half-stitch at corners, unclogged stitch at crossover seams and 

Figure 9.31  Sleeve placket creasing.
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many other possibilities (Jana, 2017). With online connectivity becoming affordable, 
machine to machine communication for computer numerical control–based machine 
and predictive maintenance will become a norm.

Vision systems integrated sewing has already created ripple in the market. The 
ability for a vision-based system to look (capture image), process the captured image 
at split second (much like neurons in our brain), and directing mechanical actions is 
the reality, which is very similar to a sewing operator handling/guiding fabric during 
sewing. The Autoseam from Vetron, Brother Vision Sewing, and Softwear Automation 
have already shown promising prototypes based on this logic (Frye and Jana, 2017).

Time will tell if the recent 3D robotic sewing of T-shirt by the Seattle-based start up 
Sewbo and Amazon securing patent on “demand-based manufacturing” are really rein-
venting the wheel or an indication of things to come. There are multiple factors behind 
the renewed interest in research and development in automation in developed countries 
after a lull of quarter century. First, during 1990s the developed nations gave up research 
spending on automation initiative as migration option was lucrative, but after quarter 
century probably further migration option is looking bleak. Second, the increased pro-
cessing power of computing and miniaturization of chip size is making things possible 
earlier thought impossible. Third, the remarkable development in prosthetics is enabling 
handling dimensionally unstable limp material (such as human hand) easy. Fourth, the 
political agenda of developed nations toward reshoring and sustainable manufacturing.

Sources of further information

The apparel manufacturing industry has migrated from Europe, United States and 
Japan to Asia during 1980s and gradually to least developed countries during 2000s. 
Traditionally, there were three major exhibitions; Bobbin in United States, IMB 
in Germany, and JIAM in Japan, held once in three years showcasing the R&D 
of machinery manufacturers. Industry associations such as The Textile Institute, 
AAMA (American Apparel manufacturers Association), VDMA, International 
Apparel Federation (IAF), and research institutes such as [TC]2, SATRA, used to 
compliment the academic institutes such as The Nottingham Trent University-United 
Kingdom, Manchester Metropolitan University-United Kingdom, Fashion Institute 
of Technology-United States, Royal Melbourne Institute of Technology-Australia, 
Institute of Textile and Clothing-HK in nurturing the research and manpower.

However, with migration the investment on R&D by developed countries and 
machine manufacturers also reduced. Today CISMA exhibition in China and 
StitchWorld magazine from India are the de facto standards of the manufacturing 
industry. While the automation initiative in developed countries is restricted to techni-
cal textiles, automation initiatives in Asia are more of low-cost improvisation of exist-
ing automats. The decade old books such as Apparel Manufacturing Handbook by 
Jacob Solinger, The Technology of Clothing Manufacture by Harold Carr and Barbara 
Latham, Apparel Manufacturing Sewn Product Analysis by Ruth E. Glock and Grace 
I. Kunz and Clothing Technology: from Fiber to Fashion edited by Roland Kilgus are 
inadequate for providing the latest information of sewing automation.
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The books such as Carr and Latham’s Technology of Clothing Manufacture by 
David J. Tyler, Garment Manufacturing Technology edited by Rajkishore Nayak and 
Rajiv Padhye, and e-catalogs from machine manufacturers are the new sources of lat-
est information on sewing automation, however, due to lack of printed catalog there is 
dearth of documented information. Some of the important brands that manufacturers 
sewing automats and e-journals that provide related information are given below.

Brands supplying sewing & preparatory automats

	•	� Atlanta attachment Company, United States (www.atlatt.com)
	•	� Automatex, Sweden (http://www.automatex.com)
	•	� Beisler, Germany (http://www.beisler-sewing.com)
	•	� Brother, Japan (http://www.brother.com/as_oc/ism/)
	•	� Duerkopp Adler, Germany (https://www.duerkopp-adler.com/en/index.html)
	•	� JAM, Italy (http://www.jaminternational.it)
	•	� Juki, Japan (http://www.juki.co.jp/industrial_e/index_e.html)
	•	� Kinna Automatic, Sweden (http://www.kinnaautomatic.com/index.php?page=products)
	•	� KSL, Germany (http://www.ksl-lorsch.de/en/company/)
	•	� MAICA, Italy (http://www.maicaitalia.com/company-pro�le/)
	•	� MPT, United Kingdom (http://www.mptgroup.com/products)
	•	� Pegasus, Japan (https://www.pegasus.co.jp/en/)
	•	� Pfaff, Germany (https://www.pfaff-industrial.com/de/)
	•	� Rimac, Italy (http://www.rimac.it)
	•	� Rimoldi, Italy (http://www.rimoldiecf.com/it)
	•	� Sipami, Italy (http://www.sipami.com)
	•	� Sunstar, South Korea (http://www.sunstar.co.kr/en/product/sm/)
	•	� Texpa, Germany (http://www.texpa.de/en/)
	•	� Typical, China (http://english.chinatypical.com/Company.asp)
	•	� Vetron, Germany (http://www.vetron-europe.com/en/products/sewing-machines/)
	•	� ViBeMac, Italy (www.vibemac.com/en)
	•	� Yamato (www.yamato-sewing.com)
	•	� YUHO (http://www.yuhomac.com)

Apart from above off-the-shelf brands for sewing automats there are specialized 
companies that makes customized sewing automats, such as

	•	� Henderson sewing (https://www.hendersonsewing.com),
	•	� DEMA Sewing (http://www.demasewingautomation.com/)
	•	� Global Technical Network Inc. (http://www.gtninc.net/products/products.htm)
	•	� Sewn Products Equipment Company (www.sewnproducts.com)

Media and associations

	•	� www.apparelresources.com
	•	� www.tc2.com
	•	� www.SPESA.com
	•	� www.texprocess.com
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3D body scanning
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10.1  �  Introduction

An important aspect of automation in garment manufacturing is related to the emerg-
ing 3D whole body scanners to the market. 3D body scanners make a digital copy of 
the outside of the human body. This digital copy or body scan can be combined with 
clothing patterns to provide made-to-measure garments. The individually adapted dig-
itized clothing patterns can be further processed, for instance, by automated grading 
and cutting.

This 3D body scanning technology may prove to be useful in reducing the number 
of returns in clothing web shops. There is currently no good alternative for physically 
�tting garments in a retail store. Most web shops ask for the garment size, but the cus-
tomer often has no cue on which the size �ts best, in particular because of vanity sizing 
(a marketing tool used by several clothing manufacturers to adjust the size indication 
in the garment to the desire of the customer). Several companies offer to send several 
clothing sizes to the customer so that they can be �tted at home, but this is an expensive 
and unsustainable method. Uploading the 3D scan data of the customer over the internet 
to the manufacturer or retailer may provide the opportunity of virtual �tting to deter-
mine the best �tting size or even to make made-to-measure garments. These options are 
currently investigated in the Dutch national project “�tting garments over the internet.”

This chapter is dedicated to 3D body scanning, focused on the clothing indus-
try. The �rst section describes how manual measurements are used to determine the 
body dimensions essential for clothing design. The second section is dedicated to 3D 
scanning devices. The third section focuses on the 3D body scan and processing tech-
niques. The fourth section deals with virtual �tting of garments. Finally, this chapter 
also discusses standardization initiatives related to 3D body scanning.

10.2  �  Body dimensions and garment sizing

10.2.1  �  Manual measurements

The starting point of a �tting garment is the correct knowledge of body dimensions. 
How to measure the human body dimension unambiguously for clothing is described 
in ISO 8559-1 (2017). This standard describes in detail what posture the subject 
should be in when measured, what tools should be used, and how the measurement 
should be done. This standard is limited to garments only. For technical design (for 
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