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ABSTRACT	

Today’s customers always seek for affordable garments that are customised to their 

unique needs. The research on integrating advanced computer technologies with 

garment design for customization has attracted much attention in recent years. Many 

clothing related commercial software have been developed. As a crucial step in 

garment manufacturing, pattern making translates an abstract design idea into a 

tangible apparel product. Therefore, it is of paramount importance to improve the 

efficiency of pattern making process. However, two main obstacles are encountered. 

First of all, traditional patternmaking involves mainly manual operations, depending 

on individual operators’ skills and experiences. There is little theory or standard about 

pattern making. On the other hand, the state-of-the-art 3D computer technologies are 

not robust and effective enough to model soft fabrics. A lot more improvements are 

needed for 3D patternmaking to be implemented in actual manufacturing applications.  

 

This project aims to realise intelligent patternmaking based on a theoretical model of 

personalised clothing fit. An intelligent skirt pattern making system is developed, 

which is a core module of a new computer-aided fashion design framework. The 

development of intelligent skirt patternmaking system includes six steps. First, an 

optimised skirt pattern making sequence is defined. Secondly, a system for skirt design 

analysis is established including a skirt classification system and a skirt style database. 

Thirdly, the mathematical relationship between standard design sketch and clothing 

patterns are established. Fourthly, a patternmaking knowledge database is developed. 

Fifthly, methods to quantify the fabric impacts on patternmaking are proposed. Lastly, 

intelligent skirt patternmaking is realised by integrating different components based on 

an optimised workflow. The proposed system could automatically generate clothing 
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patterns for a ready-to-wear style of skirt in a few seconds.  

 

A two-phase experiment has been conducted to verify and evaluate the proposed 

system. In the first phase, the accuracy of different levels of algorithms was verified 

separately. Later on, more complete styles containing three levels of design elements 

were used to test system effective pattern generation. Samples made based on 

generated patterns, the garments were trial fit on a standard mannequin and by a young 

lady who has similar body measurements as that of the mannequin. The experimental 

results show that the intelligent skirt patternmaking system could automatically 

generate well fitted patterns for customized designs. To conclude, the patternmaking 

model proposed in this study contributes the fashion industry in improving efficiency 

and effectiveness of product development and pattern making. It can be used for 

realising ready-to-wear fashion product customization.  

 

Key words: Computer-aided pattern design; Flat pattern making; Customization; 3D; 

Fit evaluation;  
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CHAPTER 1  INTRODUCTION  

To react to today’s volatile and unpredictable market situation, companies realise the 

importance of customer-centric strategies to improve responsiveness to the rapidly 

changing demands. It is generally agreed that consumers always seek for affordable 

products and services that are customised to their unique needs (Simmons, 2003; Yang 

2007). In before, consumers would probably purchase products not meeting their 

expectations due to limited supplies or cost concerns (Apeagyei, 2007). Today, by the 

domination of mass production, clothing products are more affordable and readily 

available in the market. However, customers often find that ready-to-wear garments do 

not fit them properly (Goldsberry et al., 1996). Although traditional tailoring method 

could provide personalised/customised apparels for individual customers, these 

products are yet too expensive and time-consuming to manufacture. 

It is challenging for companies to accommodate both the customers’ desire for 

high-quality and customised products and the industrial needs for low cost and fast 

product development. The concept of mass customisation, a new paradigm to 

manufacturing, was emerged in the late 1980s. Mass customisation is defined as the 

ability to profitably provide customers with individually designed products and 

services anytime, anywhere and anyway they want (Da Silveira et al., 2001). It is the 

use of flexible processes and organizational structures to provide a variety of products 

and services that are designed to individual customer specifications, near the cost of a 

mass production system (Hart, 1995). Mass customisation is usually supported and 

enabled by the use of information technology. Among the many procedures and 

processes, product design and development are essential areas to concentrate on for 

mass customisation. 

In apparel product design and development process, patternmaking is one of the most 
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critical procedures, which directly determine garment fit and outlook. Nevertheless, 

mass customisation at the level of patternmaking is challenging and costly to 

implement. Made-to-measure (MTM) apparel patternmaking was proposed, as a 

strategy for mass customisation, by the end of last century. Some researchers believed 

that it can produce attractive apparels with accurate fit satisfying customers’ individual 

needs (Istook, 2002). However, the MTM patternmaking has never become popular in 

the industry as expected. This is probably because MTM patternmaking requires 

lengthy setup process before implementation, and MTM does not allow any style 

alteration. Currently, MTM patternmaking is only implemented by some companies 

with huge digital pattern libraries of garment styles. In summary, MTM patternmaking 

is not a practical solution for mass customisation, and MTM is hard to implement for 

the majority of the small and medium enterprises (SME) apparel companies.  

On the other hand, integrating 3D technology to computer aided clothing 

patternmaking has attracted much research attention in the past two decades. 

Nevertheless, although basic items with little design feature could be obtained by 3D 

computer-aided patternmaking methods, currently there is no 3D system that is mature 

and stable enough for manufacturing applications. In addition, the state-of-the-art 3D 

techniques are not robust and effective enough to model soft fabrics. A lot more 

improvements are needed for 3D patternmaking to be implemented in actual 

manufacturing applications.  

To sum up, it is of great value yet challenging to have intelligent patternmaking for 

custom-fit and affordable garments. In this project, a new computer-aided 

patternmaking method is proposed to accommodate such desire of the fashion industry.  

 



3 

1.1 Clothing Patternmaking Research 

Patternmaking interprets or translates an intangible fashion design idea/concept into a 

tangible garment (Keiser & Garner, 2008). In the fashion industry, patternmaking 

represents a process of developing a set of clothing patterns according to a particular 

design sketch and a set of body measurements. Since patterns comprise all necessary 

components needed to form a complete unit of clothing, patternmaking has direct and 

enormous influence on clothing quality as well as manufacturing efficiency and fabric 

saving (Joseph-Armstrong, 2000; Jaffe & Relis, 2005).  

 

1.1.1 Patternmaking Approaches 

Traditionally, there are two major approaches of patternmaking, namely draping and 

flat patternmaking. Draping, also called modelling, is a design process for converting 

three dimensional shapes into two dimensional shapes. The process starts from a 

designer placing a piece of fabric onto the surface of a body form, which represents the 

shape of a human body. The fabric is then manipulated by the designer to create a 

desired shape using pins. Later on, the shape is carefully marked, taken off from the 

form, flattened out, and transferred onto paper to create the first two-dimensional 

pattern. Figure 1-1 is an example showing the development of basic skirt patterns by 

draping method (Jaffe & Relis, 2005). Step 1 shows the shape of a calico fabric when 

drape on a dummy. Steps 2 and 3 show the marks and pins on the grey fabric, which 

represent the outline and darts of a basic skirt pattern. 
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Front Skirt – step 1 Front and back Skirt – step 2 

  

Front Skirt – step 3 Skirt Patterns 

Figure 1-1 Skirt draping (Jaffe & Relis, 2005) 
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Draping method takes consideration of customer’s body shape and fabric properties in 

pattern making at the same time, thus is good at producing garments that fit well to the 

body. However, the drawbacks of draping are also apparent. It is time-consuming, 

expensive and lacking of consistency for producing ready-to-wear products. 

On the other hand, flat patternmaking uses a set of basic blocks, also called slopers, to 

create patterns for various styles. The actual ways of practicing flat patternmaking 

techniques differ from pattern maker to pattern maker, yet the general rules or 

principles are the same. In general, flat pattern making involves three key steps: basic 

block or slope construction, fashion silhouette modification, and fashion feature 

creation.  

A basic block or sloper is a plain, flat outline area representing the respective shape of 

a body dimension. The basic blocks contain basic wearing ease, or even the seam 

allowances. The wearing ease used in the basic block is the necessary ease for normal 

body movements. The ease used is determined by body shapes and fit designs (namely, 

tight-fit, just-fit or loose-fit). In the fashion industry, basic blocks are usually 

constructed by drafting methods with a set of body measurements taken from an 

"average" body figure or a size chart. High quality basic blocks should fit well to the 

target body and be easy to reconstruct and transfer. Figure 1-2 is an example of skirt 

basic blocks.  

The second step of flat patternmaking is to modify the basic blocks by incorporating 

design ease, which can be positive or negative, to achieve a specific fashion silhouette. 

Different from wearing ease, design ease is closely related to a design idea instead of a 

consumer’s body shape. The modified patterns are called intermediate patterns.  
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Figure 1-2 Basic skirt block – a template pattern for flat pattern making  

After the silhouette are altered, the third step of flat patternmaking is to incorporate 

fashion features, such as pleats, gathers and pockets, to the intermediate patterns so as 

to create the final clothing patterns.  

In today’s fashion industry, flat patternmaking approach is considered to be the fastest 

and most efficient way to achieve consistency of sizes and to solve the difficult 

problem of fitting in ready-to-wear manufacturing (Joseph-Armstrong, 2000). An 

obvious advantage of flat patternmaking is that it could develop a large variety of 

styles in a relatively short period of time and less costly manner. However, this 

approach has two limitations. First, neither “the best” nor “the most generic” way of 

manipulating the basic blocks exists. There are different pattern making techniques, 

such as pivoting, slash and spread, adding fullness, contouring and so on. Nevertheless, 

there is no standard on how such techniques should be integrated and applied to create 
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patterns. Each pattern maker developed his/her own set of rules by experiences (Bray 

& Slack, 1986; Kopp et al., 1991; Stanley, 1991; Joseph-Armstrong, 2000; Miyoshi, 

2001; Rosen, 2004; Liu, 2005; Aldrich, 2008). Those methods derived from experience, 

by trial and error methods, may be quite different from one another. In addition, pattern 

makers’ expertise is category specific. It takes years of training for a pattern maker to 

master the techniques needed for a specific type of garment. For example, a pattern 

maker who is specialized in drafting dress patterns may not be good at drafting jacket 

patterns. The second limitation of flat patternmaking is that perfect fit is not guaranteed, 

and iterative fit improvement through sampling is necessary. The main reason of less 

satisfactory fit is the unsatisfactory fit of basic blocks. Since flat patterning techniques 

use basic block to create styles, well fitted basic blocks with ideal fit is of vital 

importance. However, currently well fitted basic blocks can hardly be found. Pattern 

experts draft basic blocks by their own set of rules and formula with a few body 

measurements. Besides, these rules and formula were developed by experiments 

especially for a person with “average” figure. However, the majority customers do not 

have ideal figures. It was found that the blocks developed by different sets of drafting 

rules with measurements obtained from a same dress would not fit the very single 

dress form (Mok, 2007a). Therefore, in the fashion industry, sampling is a necessary 

step in the product development process to improve the clothing fit. “Sampling” means 

making a sample garment to check pattern accuracy and fit. This process is tedious and 

time consuming, and the industry is striving to reduce the number of sampling cycles. 

 

1.1.2 Computer-Aided Garment Design and Patternmaking 

Computer-aided design (CAD) is an important strategy for many industries to improve 

efficiency and cut down cost. In recent years, research on clothing/garment related 
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CAD technology (GCAD), including computer-aided style design, computer-aided 

measuring, computer-aided pattern making, and virtual simulation, has drawn much 

attention. Both specialized garment CAD software like Gerber system and generic 

CAD software like AutoCAD have been introduced to the fashion industry. The 

specialized GCAD packages support typical clothing pattern functions such as pattern 

making, grading, and marker planning. In terms of pattern making, these systems 

improve the accuracy and efficiency in pattern storage and modification. However, 

most of them are designed for professional users only. It means only experienced 

pattern makers with solid training in fashion design, pattern making, and computing 

knowledge can operate these systems (Choi & Ko, 2005; Volino et al. 2005). It is 

always appealing to reduce the dependence on pattern makers by introducing software 

systems for both professional and non professional users. 

Patternmaking is one of the most important elements in computer aided fashion design. 

Recent research in computer aided patternmaking follows two approaches, namely 

2D-to-3D approach and 3D-to-2D approach of pattern making (Figure 1-3). 

Body 
Measuring

2D Pattern 
Virtual 
Sewing

3D Body 
Modeling

3D garment 
design 

3D virtual 
simulation

3D Pattern 
Flattening

2D Pattern 
design

2D to 3D approach

3D to 2D approach

2D Patterns

(Pattern grading, MTM, & 
Parametric pattern making)

 

Figure 1-3 Computer-aided patternmaking approaches 

The 2D-to-3D approach starts from creating 2D patterns, and this can be done by either 

digitizing manually drafted paper patterns or constructing electronic patterns directly 

by pattern design systems (PDS). In addition to the standard pattern design (drafting) 
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functions, some commercial software integrate PDS with other patterning functions 

like grading, marker planning, or even made-to-measure (MTM) patternmaking. 

Extended from the concept of MTM, parametric pattern making were also reported 

(Okabe et al, 1992; Kang & Kim, 2000a; 2000b;). Parametric pattern making alters 

pattern dimensions automatically by parameter inputs according to some topology 

structure constraints (Yang et al, 2007).  

Later on, digitalized 2D patterns are then virtually stitched and put onto the surface of 

a virtual 3D dummy which represents an individual body shape (Figure 1-4). The 3D 

dummy can be converted from 3D scan data. It mimics the “sampling” process for 

checking garment appearance and fit, in which the 2D patterns are interactive modified 

until satisfactory outlook is achieved. Well-known commercial GCAD have launched 

3D simulators in recent years, such as 3D Runway by OptiTex, V-stitcher by 

Browzwear of Gerber Technology, and Modrias 3D Fit by Lectra. Nevertheless, it is 

important to note that before any 3D simulation can be launched, 2D patterns must first 

be constructed, which are still relied on pattern maker’s experience and manual work.  

 

Figure 1-4 Virtual sewing (Volino et al. 2005)  

 

Another approach is 3D-to-2D pattern flattening. 3D garments are first created on the 
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basis of a dummy in a virtual environment, and the garment surfaces are then flattened 

to obtain the 2D patterns. Flattening 3D garments into 2D patterns has been an active 

research topic in the field of computer graphics. Generally, there are two approaches of 

surface flattening, namely geometrical and physical methods. The former one maps 3D 

mesh surface onto a 2D plane with some geometrical constraints without considering 

physical properties of the materials (Kim & Park, 2004; Wang, 2005), see Figure 1-5 

for an example. Though this method is commonly preferred for its speed (Sul & Kang, 

2006), it usually involves some geometric distortions that causes inaccuracy. Only 

developable surfaces can be completely flattened without distortions, whilst body or 

garment surfaces are not developable surfaces. Geometric flattening methods assume 

fabric as non-elastic in most circumstances, and the geometric properties such as area, 

angle and length are remained the same between the 3D garment surfaces and the 

flattened 2D patterns.  

 

Figure 1-5 An example of geometrical flattening method (Wang, 2008) 

Alternatively, physical methods (Cho et al, 2005; Choi et al, 2007 and Wang et al, 2007) 

are more accurate but computational expensive. Physical methods usually represent 3D 

garments as triangular or rectangular grids with finite mass at the intersection points. 

By physical flattening, strain energy of the 3D model is released to reach equilibrium 

by minimizing the deformation between 3D surfaces and 2D patterns. However, the 
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physically flattened objects often have irregular geometrical shapes and are not 

understandable for people in the fashion industry. Besides, the irregular patterns are 

not suitable for actual manufacturing applications. 

To conclude, both approaches for computer aided pattern making have their own 

drawbacks. Generally speaking, the 2D-to-3D approach suffers from the fact that all 

pattern creation and alteration are still very much dependent on the pattern makers. 

Besides, it is still questionable if the 2D-to-3D simulation addresses the fitting issue 

accurately. In terms of 3D-to-2D methods, it work well for basic items like shirt and 

trousers (Wang et al, 2005), or basic block patterns flattening (Huang et al, 2010), the 

flattening techniques are not mature enough to handle 3D designs with non-trivial style 

elements such as gathers and pleats. Moreover, the 3D-to-2D methods require 

operators to have certain understanding on pattern making and possess high level of 

skill in 3D modelling. Some researchers realised the shortcomings of the existing 

methods and proposed various improvements (Cho et al, 2006; Kim & Park, 2007; 

Want et al., 2005). However, a common problem has not yet been overcome: 

non-professional users cannot use those systems to create their own designs and the 

clothing patterns. Most existing systems could only generate patterns for digitally 

predefined garment styles without complex features. The predefining work is time 

consuming and tedious, not practically feasible when considering the numerous styles 

in fashion design. In short, the existing systems could not be regarded as “intelligent” 

at all. The “intelligence” here means not only a minimum amount of human interaction, 

a high level of pattern making efficiency, but more importantly a variety of styles and 

satisfactory fit. It is of paramount importance to develop intelligent patternmaking 

systems that automatically generate patterns for numerous styles, integrating well with 

other GCAD systems.  
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1.2 Justifications for the Research 

As discussed above, nowadays customers complain about the fit of ready-to-wear 

garments. People always wish for affordable personalised designs. Researchers are 

trying to solve the problem by advanced computer technology. However, because of 

the following five reasons, this task has not yet been completed.  

(1) The nature of fashion design. There are countless styles in the field of fashion 

design, and new designs are being created every day. It is impossible to pre-define 

patterns for each style.  

(2) Conflict between the flexible and adaptable nature of patternmaking rule 

implementation and the systematic and structural operation of computerised 

automation. To realise automatic patternmaking, a logical workflow must be defined 

for all the pattern making steps. However, traditionally, designers draw a design sketch 

or a technical sketch to illustrate the design idea. Patternmaking, as a process of 

translating a design from a sketch into a set of garment patterns, does not have a well 

defined standard procedure. Instead, pattern makers in industry flexibly apply a 

number of flat patternmaking rules to develop patterns from basic blocks. In other 

words, there are different flat patternmaking techniques and rules, but there is no a 

standard way how to integrate these rules in patternmaking.  

(3) The diversity of human body shapes. People have different body shapes. Garment 

fit is difficult to achieve in mass produced products, which assume fit well to people 

with ‘average’ figure.  

(4) The variety of fabric characteristics. Fabric is an important factor to consider in 

pattern making. The ease design in patternmaking would be different if different 
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fabrics are used. There is no clear understanding on the relationship between fabric 

properties and ease design.  

(5) The compatibility with other GCAD systems. Pattern making is an integral part of 

the clothing development process, which involves many other steps such as grading, 

marker planning and cutting. Most research CAD systems were developed based on 

OpenGL, making them difficult to bridging with other GCAD systems.  

Consequently, it is appealing to research on intelligent patternmaking that could 

generate garment patterns, for different styles, automatically and efficiently. The 

system must satisfy two requirements: diversified styles and personalised fit. 

 

1.3 Research Problem and Scope 

Based on the above identified problems of current research in computer aided 

patternmaking, this research project aims to develop an intelligent patternmaking 

system for ready-to-wear products. The philosophy behind is to develop a 

system/framework that systematically applies flat patternmaking rules to automate and 

computerise the pattern making process.  

Flat patternmaking techniques have been practiced for years in the industry, and it is 

believed over 90% of the clothing products selling in the ready-to-wear market are 

created by flat patternmaking techniques. However, there is no a systematic study so 

far on how different flat patternmaking rules are integrated and implemented to create 

styles. The proposed system provides a systematic framework for applying flat 

patternmaking rules in pattern design, and it also studies how clothing fit can be 

achieved in flat pattern making. 

Two fundamental requirements of patternmaking process are: (1) the clothing patterns 

can correctly present the design and (2) the clothing patterns achieve a satisfactory fit. 
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It is a huge and ambitious task to automate and computerise flat patternmaking process 

for the above requirements. To do this, a comprehensive review on flat patternmaking 

will be provided in Chapter 2. Based on the review, a model is proposed to explain 

relationship between ease design and clothing fit. Due to the limited time and 

resources, the project will focus on correct design presentation in patternmaking, but 

not the fit optimisation. However, a theoretical model on how a personalised fit can be 

achieved will be proposed and explained in Chapter 3.  

To control the project in a more manageable scale, the current study will focus on skirt 

pattern making only. More specifically, the project develops an intelligent pattern 

making system for creating countless skirt styles utilising design information 

expressed in standard design sketches. Skirt is taken to illustrate the research idea of 

automatic pattern making mainly for two reasons: first of all, the theoretical basis of 

making skirt patterns is the same as that of other garment types. Secondly, there are 

less design restrictions and modules in skirt, which makes skirt a good trial. Once the 

concept of computerised pattern making is approved by this skirt patternmaking 

system, other garment types could be developed in the future.  

 

1.4 Research Objectives 

To realise intelligent skirt patternmaking, specific objectives of the research are as 

follows: 

1. To establish a systematic understanding of flat pattern making techniques for 

clothing pattern design.  

2. To comprehensively analyze the skirt styles from the perspective of computerising 

pattern making process so as to develop a skirt style classification system and a skirt 

style database for “automatic” pattern making. 
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3. To define the mathematical relationship between standard sketch and clothing 

pattern design in terms of ease design.  

4. To develop a knowledge base of patternmaking rules and techniques. 

5. To explore the ways to quantify the influence of fabric on patternmaking, namely 

the relationship between fabric properties and ease design. 

6. To integrate different component for intelligent pattern making.  

 

1.5 Research Contribution and Thesis Organization 

The proposed skirt pattern making system has three contributions. First of all, it 

standardizes patternmaking process, therefore it improves patternmaking efficiency. 

Secondly, a new method for achieving personalised fit and shape is established. Lastly, 

the proposed system is ready for industry application and expandable. As mentioned 

above, though skirt is the current focus, the concept and methodology described in this 

thesis can be applied in pattern making for other product types such as shirts, pants, 

coats and so on. It is possible to realise countless number of Ready-to-Wear styles 

through the proposed system. Besides, no expertise in pattern making or computing is 

required for users and no tedious human interaction is involved.  

The rest of this thesis is organized as follows: previous work including basic 

patternmaking knowledge and computer aided garment design background is reviewed 

in Chapter 2. In Chapter 3, the system architecture and methodology overview is 

presented. Chapter 4 reports the detailed methods of achieving intelligent garment 

pattern design. Chapter 5 presents system verification and discusses experimental 

results. Chapter 6 concludes this research projects and at the same time outlines future 

work.  
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CHAPTER 2  LITERATURE REVIEW 

This study aims at investigating and implementing a systematic method to realise 

automatic skirt pattern generation based on standard design sketch. This chapter 

reviews the related literature in the following five areas: (1) Flat patternmaking 

approach; (2) Patternmaking for ready-to-wear products; (3) Made-to-Measure; (4) 

Cutting-edge computer-aided patternmaking techniques; (5) Fabric and patternmaking 

 

2.1 Flat patternmaking approach  

By conducting a comprehensive study of the classic flat patternmaking techniques 

(Rosen, 2004; Liu, 2005; Knowles, 2005; Armstrong, 2006; Aldrich, 2007; Zamkoff, 

2009; Liechty, 2010), flat patternmaking approach could be summarised as a four-step 

method in Figure 2-1. Pattern makers firstly analyse designs (in form of sketches) and 

communicate with designers to determine the ease allowances to use in the designs. 

Secondly, pattern makers draft block patterns on the basis of a set of body 

measurements and drafting formulae. Such drafting formulae were developed through 

years of practice and by their experiences. The body measurements could be individual 

customer’s body measurements or standard measurements listed on size tables. After 

basic block constructions, pattern makers manipulate basic blocks to create clothing 

patterns for the designs using various patternmaking techniques such as dart 

manipulation, slashing and pivoting, adding fullness and so on. In Figure 2-1, basic 

skirt block patterns are modified to create a bell shape panel skirt pattern, according to 

the result obtained from a design analysis step, namely the ease and fit designs, by a 

series of pattern making techniques and rules (step 3). Finally, seam allowances and 

manufacturing instructions are added on the clothing patterns. 
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Figure 2-1 Flat patternmaking method 

 

2.1.1 Ease allowance and fit 

Garment ease, also called ease allowance, must be optimised and distributed properly 

in pattern design, because it determines the final garment appearance and fit. As shown 

in Figure 2-1, ease design is one of the most important considerations in 

patternmaking.  

Ease allowance of a garment refers to the quantitative differences between body 

dimensions and clothing dimensions. It is generally recognized that the amount of ease 

allowance is determined by four factors: (1) the design and function of the garment, (2) 

the garment fabric, (3) the body figure of target customers, and (4) personal preference 

(Cooklin, 1997). In general, there are two types of ease allowances (Myers-Mcdevitt, 

2004): wearing ease and design ease. Wearing ease of a garment is used for providing 

space for basic body movement, for the reason that a wearer must be able to move, 

bend, breathe, sit, raise arms and walk without the garment being over pulled, pinched, 
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binded, stretched, or strained beyond a natural relaxed position. Differently, design 

ease is employed for creating design features. In contrast, a recent study showed that 

there are three types of ease allowance, namely, static ease allowance, dynamic ease 

allowance, and styling ease (Ng et al. 2008). However, the first two types of ease could 

be classified into the category of wearing ease while the last type belongs to the 

category of design ease. Although no systematic study on the relationship between ease 

design and patternmaking has ever been conducted, it normally agreed that wearing 

ease is introduced in drafting basic blocks while design ease is incorporated in 

manipulating basic blocks to create styles.  

 

Figure 2-2 An example of improper ease distribution (Wang, 2008) 

 

The amount of wearing eases contained in basic block patterns and the amount of 

design eases introduced to alter the basic pattern for style creation shouldn’t be rigid. 

Improper ease distribution may result in poor fit performance. For example, a large 

amount of ease is concentrated on the side seam resulting in uncomfortable feeling as 

well as bad garment outlook (see Figure 2-2).  

Tremendous efforts have been spent to find out the right amount of ease allowances 

and the distribution in patternmaking for different styles and different body shapes. 

Initial research were focusing on digging out the relationship between ease allowance 
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and garment mobility human perception (Tomita et al., 1989; Makabe et al., 1991) and 

developing methods for testing human perception on ease variation (Ashdown et al., 

1995a). Later on, Huck et al. (1997) suggested a method of distributing crotch ease to 

maximize wearer mobility for protective garments. Miyoshi et al. (2001) studied the 

method of transforming wavy pattern into a convex curve and the method of measuring 

the ease amount between a body and a jacket. Recently, the fuzzy logic control 

technique was introduced to determine the amount of ease allowance for diverse body 

shapes (Chen et al. 2006; Chen et al. 2009) and to develop mathematical models for 

calculating ease allowance based on body movements (Ng et al., 2008). Wang (2008) 

attempted to develop an ease distribution model for jacket style. Pattern alteration was 

implemented by inserting appropriate ease into the basic block patterns at the 

corresponding positions according to the desired jacket style (Figure 2-3).  

However, previous research was focusing on providing optimised ease distribution for 

a predefined garment style, such as a specific jacket style. In other words, the issue of 

automatic calculating the proper amount of ease allowance for different styles has not 

been resolved yet. 
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Figure 2-3 Ease distribution for jacket (Wang, 2008) 

 

2.2 Patternmaking for Ready-to-Wear Products 

It is very expensive and time-consuming to produce clothing patterns for a single 

customer, i.e., tailoring. Ready-to-wear concept was introduced in last century to 

produce clothing by mass production method for providing low-cost clothing to a large 

group of customers with different sizes and shapes. In the industry, grading is used to 

lower the manufacturing cost by duplicating the same pattern design for customers of 

different size groups. Figure 2-4 illustrates this method. Firstly, patterns of a basic size 

such as size medium are constructed. Then, those patterns are graded to a obtain 

patterns of multiple sizes according to defined grading rules. Flat patternmaking plus 

grading are considered as a fast and efficient method to achieve size consistency and 

solve the difficulty of fitting for ready-to-wear products.  
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Figure 2-4 Flat patternmaking plus grading (OptiTex) 

 

2.2.1 Grading 

Grading is the process of proportionally increasing and decreasing the dimensions of a 

pattern to reproduce a range of patterns of different sizes to fit groups of people 

(Paterson, 1978; Price et al., 1996; Mullet et al., 2009). Generally, grading contains 

three steps: determining grade points; determining alteration rules and amounts of each 

grade point; join altered point using a curve smoothing technique (Istook, 2002). 

Traditionally, grading was done by manually operating some grading machines, as 

shown in Figure 2-5. In recent years, to further improve grading quality, some 

researchers proposed optimised grading (Bye et al, 2008), which could produce better 

fitted products (see Figure 2-6). 

 

Figure 2-5 Grading machine 
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Figure 2-6 Optimised grading (Bye et al., 2008) 

 

2.2.2 Computer-aided patternmaking and grading 

The development of computer-aided design (CAD) in the apparel industry was 

relatively slow comparing with other industries, such as automobile and electronics. At 

the initial stage, researchers were focusing on introducing computer-aided grading 

packages in order to improve the accuracy as well as efficiency. The research on 

computerised grading started in 1960s in the U.S. and followed by Germany, Italy, 

Denmark, and U.K. and France (Paterson, 1978). The principle of computer aided 

grading is basically the same as that of manual grading. Computers were treated as a 

drawing tool, therefore computer-aided grading was still tedious. Since the 70s, 

researchers have trying to simplify the work of computerised grading. To some extend, 

automation was achieved by predefining the grading rules at some key points (Liu, 

1993; Liu et al. 1995). Since then, some commercial computer-aided grading packages 

were developed. Firstly, patterns of a base size are created according to some 

anthropometric data. By comparing and calculating the geometrical difference of the 
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patterns and the body measurements, grading rules can be determined. Currently, 

grading techniques are very mature and computer-aided grading is widely applied in 

the industry.  

Although currently computer-aided grading is very popular, the fit condition of grading 

has always been challenged (Bye et al., 2008). Improvements are necessary. Kang et al. 

(2000a) proposed a system to realise automatic patternmaking and grading. However, 

their methods requested a great amount of coding work. For every style, pattern 

drafting and grading rules must be predefined by professional pattern makers. 

Therefore, it cannot satisfy the need of the industry, where new designs are coming out 

every day.  

Apart from computer aided grading, computer-aided applications for downstream 

operations of the clothing manufacturing such as marker planning and fabric cutting 

are widely used in the industry. These computer-aided applications made 

patternmaking not only fast, but also standardized, reproducible, and adjustable.  

However, it is important to note that although computer-aided applications contributed 

in lowering production cost and improving manufacturing efficiency, it cannot satisfy 

the customer’s need for individualization. It is because the core step of patternmaking 

is still manual process, depending on individual pattern markers’ skills and experiences. 

In summary, the manual flat patternmaking plus computerised grading and other 

downstream operation still cannot fulfil the need of today’s fashion industry, where 

customers ask for both individualization and low price at the same time.  

 

2.3 Made-To-Measure 

Mass customisation strategies and technologies offer solutions for customised products 

at affordable prices. Made-to-Measure (MTM) is an application of mass customisation 
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in the fashion industry. The idea of MTM is to reduce production cost, at the same 

time, improve garment fit by considering consumers’ body measurements and fit 

preferences. 

Different from the mainstream method of pattern making in the industry, that is flat 

patternmaking plus grading (Figure 2-7), MTM employs pattern alteration rules for 

catering individualized shapes (Figure 2-8). In general, MTM has four steps. First of 

all, a consumer’s body measurements are collected, which can be extracted by 3D 

body scanning or other methods. Then, the customer chooses a design from a style 

library. Thirdly, MTM system selects the closest size of the chosen style according to 

the customer’s measurements. Fourthly, the sized patterns of the selected style are 

altered based on some pre-defined alteration rules.  

A successful case of MTM in the industry is Levi’s Personal Pair, also called Original 

Spin (Cornell et al., 2002), which offered a greater number of sizes and styles than 

their ready-to-wear items. The different combinations of waist, hip, inseam and crotch 

length values offered as much as 2000 choices of clothing patterns for a given design. 

In academia, Yang et al. (2006) proposed a pattern construction and modification 

method to construct patterns for suits. A series of standard sized suit patterns were first 

digitalized and recorded. Customer’s measurements were then imported and compared 

to the standard sized patterns, some key points on the suit patterns would be adjusted 

for altering the standard sized patterns to individualized ones.  
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Figure 2-7 Grading methods 
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Figure 2-8 MTM methods 

Nevertheless, the current implementation of MTM has two limitations. First, a huge 

amount of preparation work such as creating style and pattern libraries as well as 

alteration rules are necessary. Therefore, MTM is only adopted by some large 

companies which have huge style and pattern libraries. Secondly, MTM has limited 

ability to accommodate people with proportions or measurements outside of the 

general norm. For this group of customers, it would be hard to choose the closest size, 

so the predefined alteration rules would not work. To conclude, a new method is 

required to develop patterns based on an individual’s measurements without the use of 

an existing pattern.  
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2.4 Cutting-edge Computer-aided Patternmaking Approaches 

The research on new computer-aided garment patternmaking methods has been 

booming since the end of last century. Integrating 3D CAD with patternmaking is 

considered as a potential solution for improving patternmaking efficiency. A large 

number of commercial 3D systems have been developed and introduced to the apparel 

industry. However, 3D computer-aided garment patternmaking methods, similar to 2D 

methods, also have limitations, for example high computational cost, instability and 

inflexible for style creation. To overcome the shortages of both 2D methods and 3D 

methods, many researchers proposed to combine both 2D and 3D techniques in recent 

years.  

Based on the principle of traditional patternmaking approaches, generally there are two 

approaches of combining 2D and 3D techniques: 2D-to-3D parametric approach and 

3D-to-2D flattening approach (Figure 1-3). The 2D-to-3D approach means integrating 

2D pattern drafting and grading techniques with body measuring, virtual sewing and 

simulation packages (Kang et al. 2000b; Zhang et al. 2001; Volino et al. 2005; Sul et al. 

2006; Kim et al. 2006; Meng et al. 2010). Digital 2D garment patterns are firstly 

constructed and then virtually stitched and simulated for fit checking in 3D space in 

real time. This method has become a hot research topic in the recent two decades. The 

3D-to-2D patternmaking approach is very different. Firstly a 3D human body model 

with detailed semantic features is constructed, and the model either has standard size 

or is customised based on customer’s measurements. Then, 3D garments are developed 

based on the 3D human body. Later on, the garment surfaces would be flattened to 

obtain 2D clothing patterns. One advantage of this approach is that the users can 

examine their virtual designs in 3D space. Lectra Systems, Inc., and Gerber 

Technology, Inc. are two well-known commercial 3D garment systems (Smith, 2007) 
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which follow the 3D-to-2D approach. The relevant cutting-edge computer techniques 

are discussed in the following sub-sections. 

 

2.4.1 Body measuring 

Accurate body measurements are the prerequisite for patternmaking. If the wrong body 

measurements are used to develop the pattern, good fit would never be achieved. After 

more than 20 years of research, the current technology of 3D body scanning is quite 

mature and many commercial 3D body scanning systems are widely applied in 

garment industry. Istook et al. (2001) compared different 3D body scanning systems 

and provided some directions for further research. Fan et al. (2004) reviewed the 

mainstream 3D body scanning systems currently available and studied the underlying 

principles of these systems. Figure 2-9 is an example of a 3D whole body scanner: (a) 

Cyberwar WB4 whole body Scanner; (b) point Cloud (Kim et al. 2003).  

 

Figure 2-9 3D body scanning (Kim et al. 2003) 
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In addition to 3D body scanning, size charts and photographs (see Figure 2-10) are 

more preferred in some circumstances to acquire accurate body measurements. The 

reasons include 3D body scanning systems are relatively more expensive, difficult to 

manipulate, not suitable for remote usage such as online shopping. 

 

Figure 2-10 Photo based measuring (Lu et al., 2010) 

 

2.4.2 Computer-aided 2D pattern drafting 

2D pattern construction is a core component of any 2D-to-3D approach. At the early 

stage of 2D computer-aided pattern design, computers are only used as drawing tools. 

Currently, there are still several commercial systems are focusing on assisting the 

apparel design process. For instance, Snapfashun works along with Adobe Illustrator to 

provide an interactive reference library as well as browser to store sketches. However, 

it doesn’t include a patternmaking function. Later on, a few studies on 2D parametric 
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pattern making have been reported. This method normally involves three steps: (1) 

define the topology structure constraints of a garment by computerised pattern making 

script language, (2) modify parameter values according to individual body 

measurements, and (3) automatic pattern generation. Firstly, Kang et al. (2000a) 

proposed a parametric basic blocks construction method (Figure 2-11). 

 

Figure 2-11 2D pattern making for basic blocks (Kang et al., 2000a) 

 

Later on, Hu et al. (2008) proposed an interactive co-evolutionary CAD system for 

parametric pattern design of a leisure shirt, as shown in Figure 2-12. To improve the fit 

performance of 2D parametric pattern making, some researchers used artificial 

intelligence techniques like fuzzy logic to optimise garment pattern making (Chen et 

al., 2009), while others used 3D techniques to verify and improve the fit of the clothing 

patterns. Most recently, Lu et al. (2010) introduced an expert knowledge base in 
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assisting customised pattern making. However, the accuracy and performance of this 

method have not been systematically verified. 

   

Figure 2-12 Co-evolutionary garment design (Hu et al., 2008) 

 

By reviewing the literature, it is found that the most critical bottlenecks of 

computer-aided 2D pattern design are the lengthy setup and incapable of changing 

style. The pattern making steps of every known style needs to be coded as a computer 

program. Clothing styles are too numerous to be counted in the fashion world, it is 

apparently impossible to pre-code patterns of every style. In other words, the problem 

of automatic pattern generation for different styles has not been resolved. In addition, 

the 2D pattern drafting methods follow the principle of flat pattern making and grading. 

Therefore they share the same merits and flaws: easy to manipulate but no customised 

fit. It is interesting and significant to find out how the flaws can be overcome.  

 

2.4.3 3D human body modelling 

Fashion design and pattern making are key applications of 3D human body modelling. 

With the advance of body measuring techniques, customised body model can be 

captured and created (Allen et al., 2003). 3D body scanning not only measures a 
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subject but also provided a digital form of the subject. Such digital data of the subject 

could be utilised for customised body modelling. Although Kim et al. (2003) 

demonstrated that garment pattern can be generated directly from 3D body scan data 

(see Figure 2-13), it is more preferable to first construct 3D body model from point 

cloud data (Kim et al., 2004; Cho et al., 2005; Choi et al., 2007; D'Apuzzo, 2007; 

Wang et al., 2007) because it makes patternmaking process reproducible. Several ways 

of constructing body models from 3D body scan data have been proposed. Wang et al. 

(2003) proposed a method to obtain sizing dimensions through identifying and 

extracting key feature points using fuzzy logic. Wang (2005) further improved this 

method by introducing parametric design of human model. Based on a database of 

parametric human models, a customised body can be synthesised according to the 

specified size dimensions.  

 

Figure 2-13 Pattern generated from body scan data (Kim et al., 2003) 

 

Other than parametric modelling, size-chart-based and photo-based methods are 

utilised for the generation of customised 3D human body as well. Seo et al. (2003) 

developed a novel approach for creating customised virtual models by entering a set of 
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sizing parameters. The photo-based body modelling methods usually have two steps: 

The silhouette information of a human model are extracted from photos (both front 

view and side views photos); Next, in accordance to the extracted silhouette, a 

previously built generic 3D human model is deformed to satisfy individual body shape. 

Hilton et al. (1999) proposed a simple method for modelling human body. However, 

the texture of the model developed by this method had some mismatching problems in 

animation, for the reason that the regions around certain skeleton joints of a generic 

model do not have smoothly connected surface. In addition, the photos must have a 

few requirements to fulfil, such as uniform background and well controlled lighting. A 

full body modelling method developed by Lee et al. (2000) solved the problem of 

uniform background by using a friendly user interface to define feature points on 

human face and body, so as to automatically detect face and body silhouette (Figure 

2-14). The method could generate an individualized photo-realistic virtual human body 

as well as animate face. Lu et al. (2010) proposed a simple feature point marking and 

extracting method, yet the accuracy of their work is questionable. 
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Figure 2-14 Photo based face and body modelling (Lee et al., 2000) 

 

A great challenge of human body modelling is morphing a template standard model to 

create different body figure models. Feature-based technology is commonly used to 

tackle this problem (Case et al., 1993). Feature-based technology includes two 

techniques: feature recognition methodology (Li et al., 2000) and design by features 

approach (Berg et al. 2002). Au et al. (2000) proposed a semantic-oriented feature 

technique to model human body. By pre-defining semantic features such as neck, bust, 

waist and hip, the natural segmentation of a human body could be obtained to 

parameterise a human body. The parametric body model can then be scaled or 

deformed to represent different body shapes. Wang et al. (2003) developed a similar 

technique to realise feature based human body modelling (Figure 2-15). 
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Figure 2-15 Feature technique in body modelling (Wang et al., 2003) 

 

Based on the parameterisation of human body, feature-based technology also facilitates 

the process of 3D garment simulation, literatures in this area will be reviewed in later 

section.  

 

2.4.4 3D Clothing simulation  

Garment simulation or draping means computing the shape of a piece of cloth under 

the control of gravity (Volino et al., 2005). Comparing with other 3D simulation, 

garment simulation is special and challenging for two reasons: garment fabric is soft 

and human body is usually in movements. 

Normally, a garment on human body can be classified into two parts (Cordier et al., 

2002; Kim et al., 2007): one is the fit part which is in direct contact with the body 

model and the other is the fashion part which is draped freely to create aesthetic 

appearance. The fit part can be directly determined by semantic features on a body 

model (Wang et al., 2010) while the fashion part is simulated according to the physical 

properties of garment materials.  

Before the pioneer work of Prof. Nadia Magnenat-Thalmann, little has been done on 
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realistic garment simulation (Carignan et al. 1992; Volino et al. 1995). Only simple 

scenes such as blowing flag could be simulated. After the last two decades of clothing 

simulation research, many efficient simulation models were proposed, with which 

customers can visualize the realism of virtual try-on (Volino et al. 2005).  

Generally, garment simulation includes three parts: 3D pattern virtual sewing, 3D 

garment design and 3D surface flattening which are based on the same technology. 

However these they share the same technical foundation. Garment simulation methods 

can be divided into two groups: geometric based and physical based methods. 

Geometric methods describe complex geometric details by mathematical models, such 

as wrinkles and folds (Hinds et al. 1990). It treats garment as developable surfaces. 

Developable surface means materials cannot be stretched or torn during the process of 

virtual sewing and simulation. Considering that most textiles have little stretch in 

physics, the geometric model could indeed achieve acceptable level of accuracy. On 

the other hand, in physical based simulation, the mechanical properties of fabrics are 

calculated leading to higher level of simulation accuracy. However, its computing 

speed is much slower than the geometric methods. Many types of physical models 

were proposed, such as the mass-spring models (Provot, 1995; Fan et al. 1998), the 

particle models (Fontana et al. 2005) and the elasticity-based models. In order to take 

advantages of the merits of both geometric methods and physical based method, to be 

specify, the fast speed in geometrical methods and the accuracy in physical methods, 

some researchers proposed hybrid methods (Kunii, 1990; Volino et al. 2000). It 

adopted a triangular mesh equivalent to precisely describe surface deformation, 

meanwhile accurate fabric properties are specified in physical based method.  

 

Virtual sewing 
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Only clothing patterns in digital format can be used for virtual sewing. Kim et al. 

(2006) developed a versatile DXF conversion algorithm to import the DXF clothing 

pattern files from most commercial CAD systems. However, the efficiency of such 

conversion is still not satisfactory (Istook et al., 2001; Hwang, 2004). Further research 

is required.  

Pre-positioning garment pattern pieces on a human model is a challenging task for 3D 

virtual sewing. Geometrical based approach is one of the two approaches for 

pre-positioning before virtual sewing. Okabe et al. (1992) firstly proposed a 3D 

computer-aided garment design system which mapped triangulated cloth patterns onto 

a body model by minimizing a quadratic energy function. Aono et al. (1994) extend 

the work by addressing the fit. Igarashi et al. (2003) presented interaction functions for 

clothes manipulation around the 3D body surfaces. In contrast, Fuhrmann et al. (2003) 

proposed a novel interaction free geometric pre-positioning approach to place clothing 

pattern pieces with respect to a human body (Figure 2-16). However this method is not 

suitable for clothing industry application (Meng et al., 2010).  

 

Figure 2-16 Interaction free pattern position (Fuhrmann et al., 2003) 

 

Another way of realising 3D virtual sewing and fitting is by physical based methods. 

Volino et al. (1995, 1997) proposed some multifunctional interactive techniques to 

improve the 3D simulation with 2D pattern input. Fan et al. (1998) employed a 
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uniform triangular mass-spring deformable model and Lagrange mechanism to drive 

the sewing and fitting process. Kang et al. (2000b) utilised the finite element analysis 

method and coded mesh generating program to transform 2D patterns into 3D shapes. 

The surface texture of the cloth was taken into consideration as well. In (Fontana et al. 

2005), a particle-based cloth model was used to accurately predict garment shape by 

taking into account of material properties. Meng et al. (2010) introduced a set of 

manipulations allowing users interaction of placing pattern pieces around human 

models. This method can realise complex garment design details, which was not 

possible by traditional geometric methods (Figure 2-17). 

 

Figure 2-17 Virtual sewing of a ‘wawa’ style blouse (Meng et al., 2010) 

2.4.5 Garment design in 3D 

In the research field of CAD and computer graphics, free-form 3D object design such 

as garment design through 2D sketches on screen has been studied over the years. 
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Many important results have been obtained in the past ten years. Wang et al. (2003) 

presented a new feature based method which utilises 2D strokes as input to model 3D 

garments around a body model. Later on, 3D strokes were used to modify garment 

templates freely by Wang et al. (2005). Four sketching-based modification operators, 

namely mesh painting, mesh cutting, mesh partitioning and mesh extrusion were 

proposed, and ease relationship between garment and human body was included. 

Figure 2-18 is an example of mesh cutting.  

 

Figure 2-18 An example of mesh partitioning (Wang et al., 2005) 

 

Jing proposed a new method that could realise realistic fine details in almost real time 

(Jing et al. 2005). Sul et al. (2006) proposed to realise free-form style design over 

existing garments by virtual scissor (Figure 2-19). This method provided interaction 

functions for users to pick point, edge and face on a human model and also to draw 

free-form curves on the human model as well as on the garment. In contrast, no style 

modification was allowed in the method proposed by Petrak et al. (2006), they focused 

only on fit issue.  
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Figure 2-19 Mesh cutting by virtual scissors (Sul et al., 2006) 

 

More recently, Decaudine et al. (2006) proposed a fast geometric method for 3D 

garment design. As shown in Figure 2-20, this method is commonly favoured for its 
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speed, but not its accuracy owing to the involvement of geometric distortion (Choi et 

al., 2007). The draping results of a garment style on a standard body model can be 

pre-computed offline. The realistic simulation results of the pre-computed garment 

style could be transferred from the standard-size human to a customised human. 

Turquin et al. (2007) developed an intuitive sketching system to design garment using 

contour lines. 

 

 

Figure 2-20 An example of virtual simulation (Decaudin et al., 2006) 

 

2.4.6 Pattern/Surface flattening 

Garment industry eventually needs 2D patterns for manufacturing. In this regard, 

garment designed in 3D space should be trimmed by mesh cutting operator along 
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sewing lines into 3D pieces and then virtually flattened to give 2D patterns. There are 

two pattern/surface flattening approaches, geometrical based methods and physical 

based methods. The former method assumed that each piece of fabric is non-elastic 

and developable in most of circumstances (Hinds et al. 1990; Wang et al., 2005; Cho et 

al., 2006; Yang et al. 2007; Wang et al., 2010). Alternatively, the physical based 

methods defined fabric pieces by energy function and then transformed them into 2D 

plane with a minimal elastic deformation energy distribution (Wang et al., 2002; 

Fontana et al., 2005; McCartney et al. 2005; Wang et al. 2009; Wang et al., 2010). 

Physical based methods are more accurate but time consuming because of involving 

repetitive and complex mechanical calculations. In addition, physical based flattening 

methods are not consistent; the flattened 2D patterns have different shapes for every 

flattening simulation, thus not suitable for manufacturing. Figure 2-21 is an example of 

unconstrained triangle flattening. 
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Figure 2-21 Surface flattening (Wang et al., 2002) 

 

2.5 Fabric and Patternmaking 

The quality and appearance of the final garments are highly related to the properties of 

the fabric being used, for example fabric hand. Traditionally, fabric hand is evaluated 

by individual experts with subjective sensations. This assessment method is neither 

consistent nor accurate. As early as 1930, researchers recognized the difficulty of 

fabric hand evolution, and started to develop a quantitative evaluation method. Peirce 

(1930) firstly utilised fabric mechanic properties to describe subjective physiological 

sensation. Later on, the reliability on human in fabric evaluation process was gradually 

diminished (Howarth, 1964; Dawes et al., 1971a; Dawes et al. 1971b). A breakthrough 
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in this field was made by Kawabata and his research team in 1980s. After the 

establishment of the Hand Evaluation and Standardization Committee and the 

publication of Kawabata’s classic paper (Kawabata, 1980), the terminology and 

procedures used in subjective hand evaluation was standardized. The connection 

between subjective hand expressions and objective fabric mechanical properties was 

established (Atkinson, 1995). Based on his research, Kawabata developed a testing 

system (KES-F system). The system has four instruments: Tensile and shear tester, 

Bending tester, compression tester and surface tester. The KES-F system could test 

fabric and provide continuous stress-strain curves. The system has been widely used 

for academic research purpose. However, it has a few disadvantages. For instance, it is 

relatively expensive and it is complex to operate. The Fabric Assurance by Simple 

Testing (FAST) developed by CSIRO Division of Wool Technology was a cheap and 

simple alternative to KES-F system. Different from the KES-F system, the FAST 

system only measures fabric resistance to deformation, while the KES-F system could 

also measure fabric recovery after deformation. The two systems are widely utilised in 

the industry, but the FAST system is more popular due to its simple operation.  

 

2.6 Summary 

This chapter provides an extensive review of the literature related to pattern making 

and computer aided garment design and patternmaking, including traditional pattern 

making approaches and grading techniques, Made-to-Measure, computer aided 

parametric pattern making, body measuring, 3D body modelling, and 3D simulation. 

To summarize, traditional pattern making approaches have drawbacks on the fit 

inconsistency, low manufacturing efficiency, and the dependence on human expertise. 

Although some researchers proposed new solutions, the current GCAD technology is 
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not mature enough for industrial applications. The technical challenges for realising 

automatic pattern making are listed as follows: 

 Traditional way of design idea interpretation is too confusing and vague to be 

adopted for computer-aided patternmaking. In the apparel industry, 

time-consuming and irritating communications between designers and 

patternmakers are vital for making the final products exactly the same as 

original design idea, because patternmakers may interpret a design sketch very 

different from designers. However computer-aided patternmaking only allows 

rigid and specific instructions are required. It is of great importance to develop 

a new design analysis method.  

 Since the number of clothing styles are too numerous to be counted, it is 

impossible to develop a computer program for every single style. Besides, there 

is no strict rule of patternmaking. It is challenging to find a general approach 

for generating garment patterns automatically. Patternmaking expertises should 

be firstly comprehensively studied and systemized so as to standardize and 

optimise computer-aided patternmaking process. 

 Fabric is an essential factor in the process of garment design and pattern 

making. It has been neglected by most of the precious research work.   

 To achieve acceptable fit and desired outlook of a garment, several computing 

techniques such as computer-aided body measuring, pattern drafting and 3D 

simulation should be employed together. However, no model has been 

developed to establish a connection between different computer techniques.  
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CHAPTER 3  SYSTEM ARCHITECTURE AND METHODOLOGY 

OVERVIEW 

This research project aims to develop an intelligent patternmaking system for 

ready-to-wear skirt styles. The proposed pattern making system is focusing on 

automating pattern development process for various skirt styles. An effective pattern 

design system must be compatible with other CAD systems, namely the downstream 

processes such as grading, marker planning, cutting, and 3D try-on simulation. It 

means the system can output files that should be recognizable by other CAD systems. 

The proposed patternmaking system can work independently. It is also an integral part 

of the new approach for computer aided fashion design proposed by Mok (2007), see 

Figure 3-1. The new approach for fashion design differs from other systems in two 

aspects. First of all, it doesn’t involve tedious and time-consuming initial setup for 

design and patternmaking. As reviewed in Chapter 2, previous systems all require huge 

digital style libraries as well as garment pattern libraries. Such systems allow only 

dimensional modifications or minor adjustments to the existing styles. However, the 

proposed patternmaking system can seamlessly integrate with the upstream sketch 

design and the downstream virtual try-on simulation systems. Instead of modifying the 

existing style or patterns, it directly interprets the design sketches from the upstream 

process and designs the corresponding patterns following an optimised patternmaking 

sequence (Figure 2-1 on page 17). The output pattern pieces can be simulated on 3D 

models for fit evaluation and style editing. The three systems of sketch design, pattern 

making and 3D simulation can work in a synchronised way, minimising the tedious 

setup work between processes. It enables any edit in one system to be instantly 

reflected and updated on the other two means. Secondly, the new approach for fashion 
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design suggests a model to realise customised fit. Although “fit” is a complex concept 

in fashion design and has ambiguous criteria, there are some generally accepted rules. 

Theoretically, ideal fit can be achieved by applying a personalised basic block through 

optimised pattern design operations. The personalised blocks have incorporated the 

best amount of wearing ease, and the optimised pattern operations can incorporate the 

best amount of design ease to the pattern design. It is the first theoretical model to 

realise customised fit.  

 

Figure 3-1 A new approach for computer aided fashion design 
 

3.1 System Description 

This section briefly describes the new proposal on computer aided fashion design 

approach (Mok, 2007), in which the intelligent patternmaking system developed in this 

project is a core component. As depicted in Figure 3-1, the new approach of computer 
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aided fashion design follows a similar workflow as that of traditional fashion design 

and flat patternmaking. It streamlines the process from the perspective of computer 

automation. It begins with a Sketch Recognition/Design System, which produces 

proportional flat drawings. On the other hand, personalised basic blocks are generated 

based on customer’s 3D body scan data or photos. The personalised blocks and design 

sketches are inputs to the Intelligent Patternmaking System for creating patterns. The 

output 2D patterns are virtually simulated in 3D space. Fabric material properties have 

significant impacts on pattern making, 3D simulation, as well as the colour and 

appearance simulation. The architecture of the fashion design system guarantees 

overall garment fit as well as style variations.  

 

3.1.1 Sketch Recognition/Design System 

A Sketch Recognition/Design System is the starting point of the whole process. The 

main task of this system is to help users create their own designs using advanced 

computational techniques, for example interactive evolutionary algorithms (Mok et al, 

2011a b). The final designs are expressed as standard or proportional design sketches 

in DXF file format.  

Sketch is a well accepted mean to present a design idea. Designers often use free hand 

sketches to address the silhouette, perhaps with some details. Later, proportioned 

drawing must be prepared based on the free hand sketches, showing the exact details of 

the design. They are called technical drawings or flats, which are the universal means 

to communicate designs within the industry. Pattern makers use the flats as a guide to 

design patterns in 2D. In the industry, the flats are usually drafted based on some 

templates ‘croquis’ with standard software, like adobe illustrator. However, there is no 

industrial standard in what ways the flats should be prepared. It is not uncommon that 
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designers deliberately change body proportion and exaggerate some parts of a design 

to emphasise design idea and to show personal preference. Besides, the way of 

interpreting a flat could be different from person to person. Apparently, standardizing 

sketch/flat drafting is necessary for computers to ‘understand’ a design. The sketch 

recognition/design system (Mok et al., 2011a b) outputs standard proportional sketches. 

Here ‘proportional’ means the proportion of a design sketch strictly represents that of a 

final garment. Thus, the standard sketches output provide explicit information for the 

pattern design process. 

 

3.1.2 Customised Block Development System 

As discussed in section 2.1, the foundation of flat pattern technique is a series of basic 

blocks. Basic blocks incorporate wearing ease should fit exactly to a customer body. In 

the industry, experienced tailors draw the basic blocks on paper on the basis of some 

predefined formulae of body measurements derived from experience. Yet, these 

formulae are seldom scientifically verified (Chan, 2005). Therefore, it is often found 

that the blocks developed using the traditional drafting methods do not fit (Mok et al, 

2009). If the foundation does not fit, it hardly believes that designs developed on the 

basis of such foundation can ensure satisfactory garment fit.  

Recently, customised basic blocks can be developed based on 3D body scan data 

(Huang et al., 2010), or even from customer’s photos (Zhu et al. 2011). These 

customised blocks can be used to in pattern design for ensured garment fit.  

 

3.1.3 Smart 2-way Pattern Design System  

A smart 2-way pattern design system is proposed, including an intelligent 2D 
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patternmaking system and a 3D simulation and editing system. With a standard sketch 

and optimised basic block, the intelligent patternmaking system constructs patterns 

automatically based on flat patternmaking techniques. Final patterns are in DXF 

format suitable for manufacturing applications. The 3D simulation system can virtually 

sew up pattern pieces in 3D space to confirm the design and fit by physical-based high 

quality real-time simulation (Meng et al. 2010). The 2D patternmaking and 3D 

simulation are fully integrative processes, allowing two-way editing. It means style 

editing can be done either on 2D patterns or directly on 3D garment, and the results 

can be immediately reflected on the other means (Meng et al, 2011).  

The ultimate goal of the new computer aided fashion design system is to integrate the 

three systems of sketch design, 2D patternmaking and 3D simulation, allowing users to 

interactively modify the designs on 2D patterns, 2D sketches or 3D design. The edit 

can be immediately visualised and synchronized. The synchronised editing is possible 

for three reasons. Firstly, individual systems are developed as module systems that 

work either independently or as a whole. Secondly, the mathematical relationships 

among the proportional sketches, 2D patterns, and 3D simulation are well defined and 

shared among the system modules. Thirdly, the system architecture and data structure 

are carefully planned for the integration, which will be discussed in next section. This 

research project will focus on developing the intelligent patternmaking system. More 

detailed methodology for the system development is presented in section 3.3 and 

Chapter 4. 

 

3.1.4 Textile Material Properties 

Fabric property is one of the most important factors to consider in patternmaking and 

3D simulation. In patternmaking, fabrics with the right handle and properties must be 
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chosen to accurately present the design and reduce manufacturing difficulties. If 

different fabrics are used, the draping should be different even for a same design and 

with the same patterns. Therefore fabric properties must be considered to create a 

realistic simulation on the colour and appearance. The impact of textile material 

properties to patternmaking and 3D simulation will be included for establishing 

mathematical relationships between fabric properties and ease design by referencing to 

a standard fabric. More details are discussed in Chapter 4. 

 

3.2 System Architecture and Integration 

As introduced above, the sketch design, 2D pattern making and 3D simulation systems 

are module-based systems, which could work either independently or in an integrative 

manner. This project aims to develop a patternmaking system that integrates well with 

other modules and be compatible with other commercial CAD systems. Therefore, the 

system architecture and data structure are carefully planned for the integration. The 

patternmaking system is developed on AutoCAD 2010 platform.   

AutoCAD 2010 was selected among the many other CAD programming languages and 

software for four reasons. First of all, AutoCAD is one of the most popular software 

that has been widely accepted for product design in many industries. In addition, 

AutoCAD has a comprehensive library that allows users to extend and to construct 

more complex objects with primitive entities, like lines, polylines, circles, arcs, splines 

and texts. All patternmaking operations can be completed in a similar way. 

Furthermore, it supports a number of API for customisation and automation, such as 

AutoLISP, VisualLISP, Object-ARX, VBA, and Dot NET. Last but not least, AutoCAD 

fully supports DXF file format, solving the difficult problem of data exchange between 

different modules and commercial CAD applications. Considering a number of factors, 
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including the objectives and scale of the project, the characteristics of skirt 

patternmaking, as well as the computer skills of potential users, AutoLISP was chosen 

to construct the patternmaking system in this project. Detailed information about the 

algorithms development and experimental results are given in Chapter 4. 

To facilitate system integration, the data file structure and terminology proposed by 

Hwang (2004) was used and further extended in this project to integrate systems for 

sketch design, 2D pattern design and 3D simulation. Pattern design is indeed a process 

determining the position of key points and the shape of curves on the pattern pieces 

based on the design sketch, and such point and curve positions correspond to some 

landmarks on the body models in 3D simulation. Hwang (2004) developed a MMP 

model to connect apparel CAD with body models for the exchange of data in apparel 

design and pattern making. This model is shown on the right of Figure 3-2, with a set 

of identification codes (Table 3-1) and syntax (Table 3-2) matching body landmarks 

and measurements.  
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Table 3-1 MMP terminology (Hwang, 2004) 
No. Identification Code (= Body Code) Body Parts Terminology 
1 AD Abdomen 
2 AH Amhole 
3 AK Ankle 
4 AM Arm 
5 AP Armpit 
6 BC Bicep 
7 BR Break 
8 BU Bust 
9 CB Cross back 
10 CH Chest 
11 CL Calf 
12 CR Crotch 
13 EL Elbow 
14 FL Floor 
15 FT Foot 
16 HD Head 
17 HH High Hip 
18 HN Hand 
19 HP Hip 
20 KN Knee 
21 NK Neck (Neck Base) 
22 SD Shoulder 
23 SL Shoulder Slope 
24 SM Side Seam 
25 SN Shoulder Neck 
26 SS Sitting Spread 
27 SY Scye Depth 
28 TH Thigh 
29 TR Trunk 
30 WR Wrist 
31 WS Waist 
32 WT Weight 

 
Table 3-2 The syntax used in MMP model (Hwang, 20004) 

 Body Code Cate- 
gory 

Location 
1 

Location 
2 

Location 
3 

Move 
Direct- 
ion 

Amount Measure 
Unit 

No
. 

2 1 1 1 1 1 4 2 

 Identificatio
n code-Body 
measuremen
t 
terminology 
 
e.g. 
WS-waist 

g-girth 
 
l-length 
 
w-widt
h 
 
p-point 

f-front 
 
b-back 
 
s-side 
 
x-not 
applicabl
e 

1-left 
 
2-right 
 
x-not 
applicabl
e 

1-left 
 
2-right 
 
0-center 
 
x-not 
applicabl
e 

“-” 
toward 
to 
negative 
directio
n 
 
“+” 
toward 
to 
positive 
directio
n 

180 
 
0.05 
 
90 
 
x-not 
applicabl
e 

in-inch 
 
cm-cm 
 
de-degre
e 

 



53 

The MMP model (Hwang, 2004) was extended to introduce new syntax in this project 

to cover garment patterns. First of all, each key point and curve on basic blocks was 

assigned with a specific name based on the MMP model. This is because basic blocks 

are the starting points of the pattern design process. With basic blocks properly named, 

the clothing patterns developed thereafter can be named accordingly. This makes 

possible of synchronised design editing. Two types of point were defined on the 

garment patterns, including control points and auxiliary points. Control points are 

points on pattern pieces that have counterparts on a body model. In this circumstance, 

a control point uses the name of its corresponding point on human body as prefix. 

Figure 3-2 shows control points on skirt basic blocks and their corresponding points on 

human body. Table 3-3 is the extended syntax description for control point definition. 

 

Table 3-3 Syntax for control point definition 
Levels Ease Category 

SH=shape 
WA=waist 
YO=yoke 
DA=dart 
PL=pleat 
GA=Gather 
VS=vertical  panel/styleline 
HS=horizontal panel/styleline
SP=side panel/styleline 
HE=hem 
PO=pocket 
ST=slit 
AT=attached tiers 

w= Wearing Ease 
d= Design Ease 
x= not applicable 

p=position 
v= value 
r= ratio 
l= length 
a=angle 
x= not applicable 
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Figure 3-2 Control points on basic blocks and Hwang’s (2004) MMP models 



55 

Apart from control points, auxiliary points are defined for points on pattern pieces that 

do not have corresponding landmark points on a human body model. Figure 3-3 shows 

auxiliary points for a bell shape panel skirt pattern. Table 3-4 shows the syntax for 

auxiliary point definition. 

 
Figure 3-3 Auxiliary points on a bell shape panel skirt pattern 

 
Table 3-4 Syntax for auxiliary points definition 

Abbreviation Location 1 Location 2 Location 2 
DA=Dart f=front 

piece 
b=back 
piece 

t=tip 
1=point close to 
centre line 
2=point away from 
centre line 

  

CP=Cross Point Horizontal position 
WS=waist line 
HP=hip line 
TH=thigh/bell line 
KN=knee line 
HE=hem line 

1=point on centre piece 
2=point on the piece next to 
centre piece, and close to centre 
line 
3=point on the piece next to 
centre piece, but away from 
centre line 
…… 
n=point on the piece next to 
former piece, and close to centre 
line 
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3.3 Methodology Overview of Intelligent Patternmaking 

This project develops an intelligent patternmaking system that could automatically 

generate garment patterns based on digitalized design information and the optimised 

basic blocks, following the principle of flat patternmaking. This section briefly 

introduces the overall methodology. More detailed information is presented in the next 

chapter. 

 

Figure 3-4 Intelligent patternmaking 
 

As illustrated in Figure 3-4, intelligent patternmaking is achieved by the following six 

steps, corresponding to the six research objectives defined in Chapter 1. 
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(1) Determining optimal patternmaking sequence. A thorough understanding of flat 

patternmaking techniques for clothing pattern design was firstly established through 

studying flat patternmaking techniques. By classifying and generalising flat 

patternmaking procedures and techniques, an optimal sequential operation on 

patternmaking rules is defined, by which the patternmaking process can be 

computerised and automated. 

(2) Skirt style analysis. Traditionally, design analysis is the very first step in pattern 

design. It is often carried out to identify design elements in a style and determine the 

size and position of each design element. Following the same philosophy, skirt styles 

are analysed from the perspective for patternmaking process automation. A skirt 

classification system is proposed to decompose every skirt design as a set of design 

elements. A skirt style database is then built to record the parametric models of these 

design elements, and these models define the relationship between design elements and 

design eases. 

(3) Establishing mathematical relationship between standard sketch and clothing 

patterns. Because design elements involved and the value setting of parameters 

concerned in a proportional sketch are all defined as ratios, which could not be directly 

used in pattern design, interpreting sketch for necessary design information is a 

necessary step for automatic patternmaking. In general, there are two types of design 

information: wearing ease and design ease. Firstly, in order to achieve a personalised 

fit, personalised blocks in which wearing eases have been included should be used. 

Later on, the design eases are introduced to manipulate the personalised blocks by a 

series of pattern operations. In this regard, mathematical relationships should be 

established to translate and incorporate required wearing ease and design ease in 

pattern design. Based on the mathematical relationships, design information provided 
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by a sketch could be calculated accordingly and be used in the patternmaking process.  

(4) Developing a patternmaking knowledge base. Patternmaking techniques are 

summarized in a knowledge base, and the procedures are generalised and coded as 

computer algorithms to automate the patternmaking process. The knowledge base 

contains four types of patternmaking knowledge: flat pattern techniques, garment 

construction rules, seam information, and sequential workflow. 

(5) Incorporating fabric impact. Fabric properties are known to have significant 

impacts on the drape effects (Shishoo, 1991; Fan et al. 2004; Aldrich 2007). Its impact 

is less influential in patternmaking, but must also be taken into account. The current 

study for skirt patternmaking is verified using a single type of fabric, namely grey 

fabric, to control the project in a more manageable scale. A more comprehensive study 

must be carried out to understand the fabric property influences on patternmaking, and 

a mathematical relationship model should be developed between fabric properties and 

ease design by referencing to the standard grey fabric. By establishing such 

mathematical relationships, the fabric influence then could be incorporated in 

patternmaking algorithms. A preliminary study was conducted in project to investigate 

the potential use of 3D simulation as a tool for formulation of mathematical models. 

Findings is presented in Appendix 2. 

(6) Integrating different components to realise automatic patternmaking. For any given 

style, once design information is identified through design analysis procedure, the 

design element parameters are calculated. Personalised basic blocks are manipulated 

by computerised patternmaking algorithms to alter the silhouette, introduce key style 

elements and design details based on an optimised sequence. The system automates 

pattern making process and outputs clothing patterns in dxf file format.  
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3.4 Summary 

This chapter introduces the architecture of the new computer aided fashion design 

system and discusses the relationships between different modules. The overall 

methodology of the skirt patternmaking system is briefly explained. More detailed 

descriptions about the method are given in next chapter. 
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CHAPTER 4  INTELLIGENT PATTERNMAKING SYSTEM (IPS) 

DEVELOPMENT 

As discussed, six steps are involved to realise intelligent patternmaking. This chapter 

discusses each step in details and provides some results in each step.  

 

4.1 Determining Optimal Patternmaking Sequence  

The first objective of this research project is to establish a systematic understanding on 

flat pattern making. By studying flat pattern techniques, an optimal sequence for the 

application of pattern making rules can be defined. The results of this step serve as the 

foundation for the whole project for two reasons.  

First of all, the proposed system is developed based on the theory of flat patternmaking. 

Although most flat pattern techniques have been practiced for years in everyday 

production, it still lacks of a systematic theory or standard. Pattern makers working in 

the industry often construct patterns based on rules they have learnt from the pattern 

experts with whom they have been associated. They established their knowledge on 

pattern making by trial-and-error, which sometimes produces the right effect, but 

sometimes not. On the other hand, although different pattern experts have their own 

preferences on the use of flat pattern techniques, the techniques, skills and concepts are 

well established and widely applied in the industry. It is hence appealing to extract, 

classify and generalize those rules through comprehensive review of garment design 

and pattern making techniques. By defining an optimal sequence of operation, the 

pattern making process can be more generic and suitable for computerisation. 

In this project, an in-depth review on flat pattern craftsmanship was conducted. To the 

best of our knowledge, it is the first of its kind study and development. An optimised 
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pattern making sequence has thus been determined, as shown in Figure 4-1, which 

includes creation of basic blocks, achieving silhouette, introducing key style elements, 

adding design details, and finally adding necessary information for manufacturing 

operation. Silhouette here means the shape of a style. Key style elements are some 

important design components that contribute to the silhouette construction, while 

design details are some decoration and functioning parts. Silhouette, key styles 

elements and design details are all design elements. 

 

Figure 4-1 An optimised pattern making sequence 
 

4.2 Skirt Style Analysis 

The second objective of this research project is to analyze skirt styles from the 

perspective of computerising and automating the patternmaking process. Skirt style 

analysis (also called design analysis) is the very first step of pattern making. It is often 

carried out to identify design elements of a style and determine the size and position of 

each design element. It answers a number of questions, for example, would it be 

necessary to add fullness or take out ease to achieve a certain silhouette, where and 

how dart excess be handled. A typical design analysis process starts from a designer 

sketch. A pattern maker interprets and turns the designer sketch into a technical sketch 

(flat), from which then create a suite of patterns. In the process, a few times of 

clarification and communication with the designer may be necessary (Figure 4-2).  
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Figure 4-2 Traditional design analysis procedure 
 

Design information presented in a sketch may be vague, leading to varied 

interpretation from different pattern makers, for example the volume of fullness. 

However, to computerise patternmaking, explicit design information must be provided. 
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To solve the problem, a skirt style classification system was developed, by which 

design elements are classified into different categories, and design information for 

each design element are quantified and parameterised. Two steps were adopted to 

complete design analysis in this project. Firstly a skirt classification system was 

developed for decomposing a skirt design into a set of style elements. Secondly, a skirt 

style database including the definitions and parametric models of style elements was 

constructed. 

 

4.2.1 Development of a skirt classification system 

A classification system for skirt style (Figure 4-3) was developed from the point of 

view of patternmaking automation by following the optimised pattern making 

workflow. It is crucial to realise automatic pattern making. The basic principle is 

decomposing a style into a 3-level structure of design element, which is consistent with 

the optimal workflow of patternmaking (Figure 4-1). The 3-level structural model is 

proposed based on the study of skirt designs, contemporary fashion trend and design 

theory. Following this principle, no matter how complicated skirt styles are, they can 

be represented as different combinations of three-level design elements. Thus, pattern 

making of the styles can be accomplished by following a generic workflow to 

incorporate different levels of design element to the basic block patterns. 

 
Figure 4-3 Classification of design elements 
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In this classification system, the first level classifies the silhouette (Figure 4-4), 

including the waist and hem information plus the shape category. Each skirt design 

was assigned to one of the shape categories, such as tapered, straight, round and so 

forth. For example, if the width of the hem line is smaller than that of hip line, the 

silhouette of this skirt style falls into the category of tapered. On the other hand, a flare 

silhouette is defined as a shape that the width of hem line is much larger than that of 

hip line. The second level classifies the key design elements that contribute to the 

overall skirt shape (Figure 4-5). The third level classifies additional details of the 

design (Figure 4-6). Following this classification system, each design element could fit 

into a unique combination of the three-level design elements. This type of explicit 

design information caters the requirements for pattern making automation. 

 

 

Figure 4-4 Silhouette 
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Figure 4-5 Key design elements 
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Figure 4-6 Design details 
 

4.2.2 Development of a skirt style database 

A skirt style database was then constructed based on the classification system to record 

design elements. It provides definition and parameters of each design element which 

indicate corresponding shape, size and position. In the project, default value and value 

range of the parameters for each design element were found and recorded in the skirt 

style database. 

Take silhouette as an example again. Two types of design information are needed from 

the sketch for the construction of skirt silhouette. One is hip width (HW) and the other 

one is hem width (HemW) of the skirt. The parameter values of HW and HemW 

determine silhouette type and size. It was found by experiments that when HemW 

parameter value is 1~1.06 times of HW value, a skirt has straight silhouette. Therefore 

straight silhouette was defined and parameterised.  

To develop patterns of a specific style, the involved design elements and the 

corresponding parameter values must be obtained. Design information could be 

manually defined as well as imported from a standard design sketch. Traditional design 

sketch information may be ambiguous, and the interpretation varies from person to 
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person. It is therefore attractive to integrate the intelligent patternmaking system with 

sketch design system (as shown in Figure 3-1 on page 46), because the latter system 

outputs standard proportional sketches with all essential design element and parameter 

values defined in digital numeric format. It saves the tedious parameter setting process, 

and enables seamless data exchange and system integration. 

Take a straight skirt as an example to explain the process of interpreting a design 

sketch. Figure 4-7 is the standard design sketch. By analysing this sketch using the 

proposed skirt style classification system, the involved design elements are interpreted 

and summarised in Table 4-1. Necessary parameters of each design element are listed 

and the value of each parameter can be extracted. For instance, the hem level 

determines skirt length. The skirt length which is defined as the waist to knee 

measurement can be extracted by analysing the sketch in Figure 4-7. 

 

 

Figure 4-7 Straight skirt sketch 
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Table 4-1 Straight skirt design analysis 

Design analysis Design elements 
General 
information 

Garment sections Front (cut on fold) Back (cut 2) Waist band 
Symmetry info Symmetry   

Silhouette Waist level Normal waist   
 Hem level Knee level   
 Shape type Straight   
Key style element Dart 2 Straight darts 2 Straight darts  
Design details Zip  Invisible zip at CB 
 Slit  Vent at CB  

 

As mentioned above, the information obtained from design analysis must input to the 

pattern making system, therefore an input and output mechanism are defined for data 

exchange. On the one hand, the parametric model is served as input specification of 

each design element. On the other hand, the parameter values of a particular design 

element are saved in txt file format. Such txt files are used for data exchange in the 

intelligent patternmaking system. Table 4-2 shows necessary parameters for basic 

block contruction and Figure 4-8 is an example of using .TXT files to import 

information for drafting basic blocks.  

 

Table 4-2 Parameters of basic block 
Parameter Definition  Default 

value  
Value 
range 

Annotation  

Waist 
Measurement (W) 

Waist circumference 
of a customer  

64   

Wearing ease at 
waist (WE) 

Customer preferred 
ease amount at waist 

1 -2~2 Very tight shirt: - 
2;  

Hip measurement 
(H) 

Hip circumference of 
a customer  

90   

Wearing ease at 
hip (HE) 

Customer preferred 
ease amount at hip 

4  2  

Waist to hip 
length (WS2HP) 

Waist to hip length of 
a customer 

20  distance from waist 
level to hip level 

Waist to knee 
length (WS2KN) 

Waist to knee length 
of a customer 

57  distance from waist 
level to knee level 

Basic blocks 
length (WS2H) 

Customer preferred 
basic blocks length 

60  distance from waist 
level to hem level 
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Figure 4-8 Data transfer txt file for basic block parameters 

Table 4-3 shows the parameters required for straight silhouette. Since parameters 

defining silhouettes are provided by several different .TXT files, for instance, waist 

level information is contained in Waist.txt while silhouette type information is 

provided by style_definition.txt,.TXT defining files are provided here. All detailed 

parametric definition of each design element is presented in Appendix 1.   

Table 4-3 Parameters of silhouette 
Parameter Definition  Default 

value  
Value 
range 

Annotation  

Waist level 
(WL) 

The distance from skirt 
waist level to body hip 
level : the distance from 
body waist level to body 
hip level 
(WL2HP:WS2HP) 

1 1 Normal waist  
0.5~1 Low waist 
1 ~ 1.5 High waist 

Hip level 
width 
(HPw) 

Skirt waist level width: 
skirt hip level width 
(WLw:HPw) 

0.67 0.5~0.95 The smaller the 
value is, the wider 
the hip level width 
is (WLw is the same 
as body width at 
skirt waist level).  

Hem level 
(HL) 

The distance from skirt 
waist level to body hip 
level : the distance from 
body hip level to skirt 
hem level 
(WL2HP:HP2HM) 

0.5 0.17~0.25 The smaller the 
value is, the longer 
the skirt is. 

Hem level 
width 
(HMw) 

Skirt hem level width: 
skirt hip level width 
(HMw:HPw) 

1 0.7~2 The smaller the 
value is, the smaller 
the hem width is. 

Silhouette 
type (ST) 

The shape of a skirt 2 1~10 1=tapered; 
2=straight; 3=bell; 
4=round; 5=A-line; 
6=semi-tight; 
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7=high waist 
(Empire); 8=tiered; 
9=wrap; 10=flared 

Turn level 
position 
(TP) 

The distance from skirt 
waist level to skirt turn 
level : the distance from 
skirt turn level to skirt 
hem level 
(WL2TL:TL2HM) 

2.5  Optional, used only 
when silhouette type 
is bell or round 
(when ST=3/4) 

Turn level 
width (TW) 

The width of skirt turn 
level: the width of skirt 
hip level 
(WL2TL:TL2HM) 

0.67  Optional, used only 
when silhouette type 
is bell or round 
(when ST=3/4) 

 

With reference to the design analysis results shown in Table 4-1, Table 4-4 shows the 

parameters required for key style element (Dart) and Figure 4-9 provides further 

information about how to define darts. Figure 4-10 is an example of using .TXT files 

to import information for dart manipulation. 

Table 4-4 Parameters of dart (key design element) 
Parameter Definition  Default 

value  
Value 
range 

Annotation  

Dart type 
(DT) 

Dart shape 1 1~3 1=straight line; 2= 
curve; 3= tuck; 
referring to figure 
4-5. 

Dart 
number 
(DN) 

The number of darts 2  0  

Dart start 
line(DS) 

The line/curve darts 
locate on 

1 1~5 1=waist line; 2=side 
line; 3=hem; 
4=centre line; 
5=other panel line. 

Dart 
position 
(DP) 

The distance from dart 
start point to the start 
point of the line/cure a 
dart locates : the length of 
the line/curve 

0.5 0~1 Repeat DN times to 
import DP of each 
dart.  

Dart angle 
(DA) 

Referring to figure 4-9  90 0~180 Repeat DN times to 
import DA of each 
dart  

Dart length 
(DL) 

Referring to figure 4-9 13 5~ 
(W2H-5) 

Repeat DN times to 
import DL of each 
dart  
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Figure 4-9 Definitions of dart parameters 

 

 
Figure 4-10 Data transfer txt file for dart parameters 

 

Table 4-5 shows the parameters required from design details, Figure 4-11 and Figure 

4-12 are the .TXT files to import the value of each parameter. 

Table 4-5 Parameters of design details 
Parameter Definition  Default 

value  
Value 
range 

Annotation  

Slit type 
(SlT) 

Referring to Figure 4-6 1 1~4 1= Straight; 2= Curve; 
3= Angle; 4= Back 
vent 

Slit length 
(SlL) 

WL2Slit:W2H 1.75  0  

Slit location 
(SlLo) 

The placement of a slit 0 0~4 0= Centre back; 1= 
Centre front; 2= Side; 
4= Other panel line 

Zip type 
(ZT) 

The type of a zip  1 or 2 1= invisible zip; 2= 
visible zip 

Zip length 
(ZL) 

The distance from Body 
waist level to the end of 
a zip : W2H 

0.75  0  

Zip location 
(ZLo) 

The placement of a zip 0 0~4 0= Centre back; 1= 
Centre front; 2= Side; 
4= Other panel line 
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Figure 4-11 Data transfer txt file for slit parameters 
 

 

Figure 4-12 Data transfer txt file for zip parameters 
 

By experiment and verification by sampling, the parameter value ranges of the design 

elements were defined and recorded in the style database (see Figure 4-13). This 

ensures realistic style clothing pattern creations. 
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Figure 4-13 Define parameter value range of design element 
 

4.3 Establish Mathematical Relationship between Standard Sketch and Clothing 

Patterns 

The third objective of this research project is to define the mathematical relationships 

between standard sketch and clothing patterns. This is because only absolute 

measurement values can be used in patternmaking, while parameter values of design 

elements provided by a proportional sketch are expressed as ratios in relation to a 

standard size pattern. Therefore, to achieve reasonable garment fit and desired shape, 

such ratios must be converted into actual pattern measurements. It is necessary to 
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establish mathematical relationship between design element and clothing patterns. 

Such relationship can be presented in form of ease design because flat patternmaking is 

all about ease design. As reported by a number of pattern experts (Sylvia, 2004; Liu, 

2005; Knowles, 2005; Armstrong, 2006; Aldrich, 2007; Zamkoff, 2009; Liechty, 2010), 

a fashion silhouette can be achieved by adding wearing and design eases to body 

measurements as follows: 

 SilhouetteFashion   easeDesign   ease  Wearing tsmeasuremenBody   (1) 

Thus, the design information provided by a standard sketch should be associated with 

two categories of ease: (1) wearing ease and (2) design ease. In general, wearing ease 

is used for achieving garment fit while design ease is for achieving a certain silhouette 

and adding design details.  

 

4.3.1 Wearing ease 

Wearing ease is a certain amount of ease between human body and garment to allow 

for basic body movements. For instance, the circumference difference between hip 

girth and basic blocks is the wearing ease at hip. Traditionally, wearing eases are added 

to body measurements to construct basic blocks, which are the foundation of 

satisfactory garment fit. A garment without any wearing ease is too tight to wear and 

the amount of wearing ease to be used in different parts of the body varies. For skirt, 

wearing ease at waist and wearing ease at hip are always required. In this research 

project, two approaches are utilised to create personalised skirt basic blocks. One 

approach is coding the traditional block drafting instructions into algorithms, in which 

wearing ease amounts at waist and hip are parameters to be input by users. Basic block 

construction instructions are presented in appendix 2. The other approach is utilising 

an intelligent basic blocks generation system to automatically output customised basic 
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blocks based on 3D scan data (Huang et al, 2010).  

 

4.4.2 Design ease 

Design ease is extra ease, in addition to wearing ease in the basic blocks, to create 

shape. Basic blocks contain only wearing ease, basic blocks must be modified by 

adding design ease to achieve a certain outlook. 

Take a bell shape skirt of Figure 4-14 as an example, in which the dotted line shows 

the basic block sketch. Figure 4-15 is a cross section view of Figure 4-14 at hip level, 

the circumference difference between hip girth and basic blocks is the wearing ease at 

hip, while the circumference difference between basic blocks and bell shape skirt 

silhouette represents design ease at hip. Similarly, Figure 4-16 shows the situation at 

knee level. 

 

Figure 4-14 Standard bell skirt design sketch 
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Figure 4-15 Cross section at hip level 

 

 

Figure 4-16 Cross section at knee level 
 

4.3.3 Mathematical relationship establishment 

By differentiating the concept of wearing ease and design ease in pattern design, a 

mathematical relationship model between benchmark size and user’s body 

measurements should be established for calculating absolute value of each parameter 

which is expressed in the format of ratios by standard design sketches. Two types of 

interpretations are required: interpret design ease representing the shape and size of a 

design element and then interpret design ease determining the position of a design 

element. Two examples are provided in this section to illustrate the mathematical 

relation establishment for silhouettes and key design elements respectively. 
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Example 1: Bell Silhouette (Level 1: Silhouette) 

A bell shape skirt (Figure 4-14) is introduced to explain the process of establishing 

mathematical relationships for silhouette. 

 

Figure 4-17 Sketch with annotation points 
 

Design ease at turn level ( tDE ) is important for controlling the skirt shape (Figure 

4-14). It is used as an example to explain the process of interpreting design ease 

representing a silhouette. Let LAB be the distance between Point A and Point B, which 

is obtained from sketch; hSWE  be the wearing ease at hip, and SH be the hip 

circumference measurement of a standard reference size. tDE  is defined as 

 

4 AB
t

h

L
DE

SWE SH




  (2) 

Assume hSWE  and SH equal to 4cm and 94cm, respectively on the basic block, then 
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tDE  = ABL
49

2
. By inputting the sketch parameter value of LAB to equation (2), tDE  

could then be calculated. Once wearing ease ( hWE ) and hip circumference (H) for a 

customised basic block are given, the absolute measurement value of design ease at 

turn level, tAbDE , could be calculated by 

 

( )

4
h t

t

WE H DE
AbDE

 


 (3) 

Therefore, mathematical relations for interpreting design ease representing shape and 

size of other design element could be established in a similar approach.  

After calculating absolute measurement value of each design element parameter 

referring to pattern shape and size, the position of the design element should also be 

determined. Take the position of a panel line as an example. In Figure 4-17, Point CF 

(PCF), Point PP (PPP), and Point SF (PSF) refer to the centre front point, the panel line 

position point and the side front position point, respectively. 
CFPPPPL  is the distance on 

curve between PPP and PCF and 
SFPPPPL  the distance on curve between PPP and PSF on 

the bell shape design sketch (Figure 4-17). Since standard sketch is strictly 

proportional flat, the panel line position on the patterns could be calculated as follows 

 

1

2

PP CF PP CF

PP SF PP SF

P P P P

P P P P

L D

L D


 (4) 

where 
1PP CFP PD  is the distance on curve between PPP1 and PCF and 

2PP SFP PD  is the 

distance on curve between PPP2 and PSF on the pattern (Figure 4-17). In other words, if 

PPP is the mid-point of line PCFPSF in Figure 4-17, 
1PP CFP PD  should be equal to 

2PP SFP PD
 

in Figure 4-18. 
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Figure 4-18 Bell shape skirt patterns 
 

To sum up, since standard design sketch only provides design information in terms of 

ratio, which could not be used directly for guiding automatic patternmaking, absolute 

measure values corresponding to the ratios must be calculated. This task could be 

completed by establishing mathematical relationship between benchmark size which is 

the foundation of standard design sketch and a user’s body measurements. Detailed 

methodology is discussed above. Once absolute value of each parameter is obtained, 

by flat patternmaking techniques, patterns of a standard design sketch could be 

constructed.  

 

Example 2: Inverted Box Pleat (Key design element) 

A skirt with three inverted box pleats (Figure 4-19) is provided in this section as an 

example to explain the establishment of mathematical relationships for key design 

element.  
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Figure 4-19 Standard sketch of inverted box pleat skirt 
 

Assuming an A-line silhouette has already been achieved, to construct the patterns of 

inverted box pleats, the following design information are required: Pleat type, Number 

of pleats, Pleat spacing, Pleat shape, Pleat depth, and Pleat end style. As defined in the 

style database, there are the seven types of pleat, involving three kinds of pattern 

operations. Box pleat and inverted box pleat follow the first kind of pattern operation, 

while knife pleat follows the second one, and the other four types of pleat follow the 

third one. Therefore the value range of the parameter representing pleat type is 1 to 3. 

Figure 4-19 illustrates the definitions of all design ease, including pleat spacing, pleat 

shape, pleat depth and pleat end style. 

 

Pleat spacing (Sp) is defined as ratio of total width for non-even spacing. It must be 

smaller than 1. When it equals 1, pleats are evenly arranged. As shown in Figure 4-19, 

pleat spacing refers to CA/AS. In this case, it equals 1. 
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Pleat shape (Sh) reflects the shape of a pleat which could be either parallel or radiating. 

If a pleat it has radiating edge, the value of this parameter is 0, otherwise it is 1. As 

shown in Figure 4-19, pleat shape is radiating therefore the value of this parameter 

equals 1. 

Pleat depth (De) means ratio of folded fabric amount to pleat width. In the style 

database, the value range of this parameter has been defined. If it is a knife pleat, the 

value range is 0 to 0.6; otherwise it is 0.15 to 0.5. Pleat depth refers to XY/CA in 

Figure 4-19.  

Pleat end style (ES) is a parameter only used for knife pleat. It decides the direction of 

folding a pleat. When it equals 1, the pleat is right over folded. Otherwise the pleat is 

left over folded. 

 

Interpreting design ease 

In the case of inverted box pleat, three types of design ease, namely pleat spacing (Sp), 

pleat shape (Sh) and pleat depth (De) are required for patternmaking. As explained 

above, they are all defined as ratios by a standard design sketch (Figure 4-19). 

Therefore, it is first to interpret them into absolute value by some mathematical 

calculation. 

Since the silhouette of the customised basic blocks must be first altered before adding 

key design elements, it is reasonable to conclude that the length of S’C’ and dart 

amounts (two times of  ) are already known, see Figure 4-20. Therefore the location of 

a pleat which is decided by the position of A and A’ in patterns (Figure 4-21) could be 

calculated as follows: 

 '

( ' ' 2 )CA

A S

L
Sp S C

L
   

 (5) 
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 'AA CAL L    (6) 

 

Figure 4-20 Intermediate patterns of box pleat 
 

Besides, the size of pleat backing could also be determined as follows: 

 XY CAL L De   (7) 

 

Figure 4-21 Final pattern of inverted box pleat 
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To sum up, since standard design sketch only provides design information in terms of 

ratios, which could not be used directly for patternmaking, absolute measure value 

correspond to the ratios must be calculated. This task could be completed by 

establishing mathematical relationship between benchmark size which is the 

foundation of standard design sketch and a user’s body measurement. Detailed 

methodology is discussed above. Once absolute value of each parameter is obtained, 

the corresponding patterns of a standard design sketch could be constructed 

accordingly.  

 

4.4 Pattern Making Knowledgebase Development 

The fourth objective of this research project is developing a patternmaking knowledge 

base. A patternmaking knowledge base is crucial because there are too many designs 

to code every single design one by one for automatic patternmaking. A patternmaking 

knowledge base is thus proposed. This is inspired by flat pattern method, in which 

general patternmaking techniques and rules, such as pivoting, slash and spread, adding 

fullness, are repeatedly used to design patterns. The general principle is that complex 

flat pattern operations are composed of a sequence of geometrical operations 

Therefore, in this project, three types of patternmaking knowledge were coded as 

computer algorithms in the knowledge base using object oriented technology: flat 

pattern techniques, garment construction rules, and seam information. Flat pattern 

techniques are detailed pattern manipulation techniques. Garment construction rules 

are for avoiding conflicts among different design elements, ensuring pattern accuracy 

and compatibility (e.g., curve truing), and being ready for manufacturing and virtual 

stitching. Seam information guides finalizing process, in which seam allowances, 

annotations and other manufacturing instructions such as notches and holes are added 
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to the pattern pieces.  

Apart from coding generic pattern operations, in the patternmaking knowledge base, 

optimal workflow sequence was defined for each design element in the style database. 

The workflow specifies the required sequence of generic pattern operations for each 

style element. Then, the pattern design for a particular style element can be completed 

by going through the operations sequentially. The design ease obtained from previous 

mathematical calculation would be used as inputs to such pattern operations. The data 

exchange mechanism was defined in section 4.2.2. 

 

4.5 Fabric Influence on Patternmaking 

The fifth objective of this research project is to explore ways to quantify the influence 

of fabric on patternmaking, namely the relationship between fabric properties and ease 

design. Fabric is known as an important factor determining the appearance, quality and 

performance of apparel products (Shishoo, 1991; Fan et al. 2004; Aldrich 2007). 

However, no systematic study has ever been conducted to quantify such influence on 

patternmaking.  

As review in Chapter 2, it is always a topic of interests for researchers regarding the 

impact of fabric properties on drape and 3D simulation. However, in terms of fabric 

impacts on pattern making, only very limited information is found in the literature. 

Designers and pattern experts traditionally make subjective adjustments to their 

designs or patterns in relation to the use of different fabrics. These subjective 

adjustments are developed based on individual pattern experts’ experiences. Table 4-6 

summarises these subjective adjustments reported in the pattern textbooks. It is shown 

that fabric properties affect the seam allowances in most cases, and ease allowances in 

some cases too. For seam allowance, there is already standard industry regulation. 
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Therefore, only the relationship between fabric properties and ease design should be 

investigated further. 

It is very challenging to study the mathematical relationship between patternmaking 

and fabric properties because of the great number of fabrics. Due to the limited time 

and sources, this project only studied the possible ways to quantify the relationship. 

Table 4-6 Fabric influence on pattern making and design 
Fabric Test Items Pattern Making Design 
 Affected areas Suggested 

modifications 
 

Material Seam Allowance larger seam allowance 
for synthetic fibre and 
filament fibre 

 

Texture/Construction Seam Allowance the looser the texture, 
the larger the seam 
allowance 

Velour: larger 
seam 
allowance; 
more notches; 
less seams and 
darts; 
Leather: 
smooth curves; 

Weight Seam Allowance   
Density Seam Allowance The larger the density, 

the smoother curves 
and the less seam 
allowance; the smaller 
the density, the more 
notches. 

 

Thickness Seam 
Allowance; 
Curve arc; Ease 
allowance; the 
number of 
Notches; 

 Thin: avoid 
tight design; 
less seams, 
darts and 
openings; 

Fall/Drape Curve arc;  The more obvious the 
draping effects, the 
smoother curves 

 

Retractility (Shrinkage; 
Resilience; Hot 
Shortness) 

Seam 
Allowance; Ease 
allowance 

The larger retractility, 
the larger the seam 
allowance and the less 
dart intake  

 

 

It is interesting to note that fabrics are traditionally assessed in terms of the fabric 

handle subjectively by experts in the industry. Other than fabric handle, there are many 
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other types of fabric property. It is suggested to investigate the relationship between 

ease design and objective fabric properties, in form of objective data obtained from 

Kawabata Evaluation System for Fabrics (KES-F) and the Fabric Assurance by Simple 

Testing system (FAST). This can avoid problems associating with subjective 

assessments. It is also suggested to establish mathematical relationship between ease 

design and objective fabric properties with respect to a standard fabric, e.g., cotton 

grey fabric. By quantifying the differences between the properties of the standard 

fabric to that of other fabrics, the mathematical relationships between patternmaking 

and fabrics could be obtained.  

Upon knowing the mathematical relationship, the fabric influence on patternmaking 

can be integrated into the ease design as a factor, similar to the formulation given in 

Section 4.3. 3D simulation is recommended to use for the study of the mathematical 

relationship, because large scale fabric experiments using sampling and drape 

evaluation are costly and time consuming. A preliminarily study on reliability and 

accuracy of 3D simulation in relation to fabric properties is presented in Appendix 2.  

 

4.6 Integrative Pattern Generation 

The sixth objective of this research project is to integrate different components for 

intelligent patternmaking. For any given style defined by a standard design sketch, 

clothing patterns can be generated automatically by integrating results of different 

components based on an optimised sequence (Figure 4-22). 
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Figure 4-22 optimised patternmaking sequence 

 

As shown in the optimal patternmaking sequence (Figure 4-22), optimised basic blocks 

are input to the patternmaking process. The intelligent patternmaking system either 

uses optimised basic blocks obtained from 3D block generation system (Huang et al, 

2010), or creates personalised blocks using block drafting algorithms stored in the 

patternmaking knowledge base. Figure 4-23 is a suite of basic skirt blocks constructed 

based on Bunka basic block patterns drafting method. Key body measurements and 

wearing ease were inputted as parameters. Besides, key feature points of these basic 

blocks are recorded properly for integration with other CAD system based on the 

MMP model proposed by Hwang (2004) (see section 3.2). 

 

Figure 4-23 Basic skirt block 



88 

 

For any given style, once design information is identified through design analysis 

procedure, the different levels of design element and the relevant parameter values are 

extracted and calculated. By integrating this design information with personalised 

basic blocks, generic pattern operations are selected from the patternmaking 

knowledge base, to realise silhouette, key element and design details on the pattern 

pieces based on an optimised sequence (Figure 4-24). Different components of the 

patternmaking system work coherently to generate clothing patterns, as shown in 

Figure 4-24. The output patterns are in DXF file format, which are ready for direct 

manufacturing applications and is compatible with other CAD systems and 3D 

simulation. 

 

 

Figure 4-24 Pattern operations under patternmaking knowledge base 
 

 



89 

As discussed, the intelligent patternmaking system is developed based on flat pattern 

technology, which can handle most styles of the ready-to-wear market. The proposed 

system may not be very suitable for high-end fashion, where flat pattern method is 

seldom used in the industry for the creation of patterns of these products. However, it 

is important to note that the architecture of the proposed patternmaking system allows 

flexible expansion. New style elements can be added to the style database, and the 

workflow sequence of the new style element can also be updated correspondently to 

the knowledge base. As a result, the systems can be used to create patterns for 

numerous styles. 

 

4.7 Summary 

This chapter explains the methodology of realising automatic skirt patternmaking. First 

of all, flat pattern skills were studied. Secondly, a skirt style database was constructed 

to analysis skirt styles. Thirdly, a novel way of interpreting design information 

provided by a standard design sketch was proposed. Fourthly, patternmaking 

techniques were coded into AutoLISP algorithms and optimal workflows were 

prepared for style elements in a patternmaking knowledge base. Fifthly, a 

mathematical model was proposed to incorporate the influence of fabric as parameters 

to pattern generation. Last but not least, different components were integrated to 

generate clothing patterns based on standard design sketches, and the output patterns 

are ready for manufacturing applications and 3D simulation. With such an intelligent 

patternmaking system, clothing patterns for numerous ready-to-wear styles can be 

generated automatically. 
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CHAPTER 5  EXPERIMENTAL VERIFICATION AND RESULT 

DISCUSSIONS 

In this chapter, a two-phase experiment was conducted to evaluate the proposed 

intelligent skirt patternmaking system. In the first phase, the accuracy of basic blocks 

algorithms and algorithms for silhouette modification and a few key style elements 

was verified separately. Secondly, more complete styles containing all three levels of 

design elements were used to test system for effective pattern generation. Since it is 

impossible to test all design elements in the style database, five skirt styles with 

different combinations of silhouette, key design elements and design details were 

presented. For each skirt style, design analysis result is firstly summarised, and then 

the patterns generated from the system are presented. Sample garments were prepared 

based on the generated patterns. The sample garments were put on a standard 

mannequin and by a young lady who has similar body measurements as that of the 

mannequin. 

 

5.1 Phase 1: Test algorithms separately 

According to the skirt style classification system, each skirt style could be classified 

into a three-level structure of design elements. Inspired by flat pattern method, the 

intelligent pattern making system generates clothing patterns for any given design by 

manipulating the basic blocks through a sequence of operations to achieve the 

silhouette, key style elements and design details one by one. The first phase of 

experiment is to validate the accuracy of individual algorithms for the pattern 

operation for realising each level of design element.  
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5.1.1 Silhouette verification experiment 

In total, 75 skirt samples representing 12 types of silhouettes and 2 key design 

elements (dart and panel) were made by the intelligent skirt patternmaking system. The 

main purpose of the experiment is to validate the correct silhouette presentation. 

Different combinations of design elements for the 75 sample skirts are shown Table 

5-1. Figure 5-1 shows the standard design sketches of 6 representative skirt styles 

among the 75 skirt styles: (1) Tapered skirt with 3 graduating darts; (2) Straight skirt 

with 2 straight darts; (3) A-line skirt with 1 dart; (4) Flare skirt without dart; (5) 8 

panels bell skirt; and (6) 12 panel round skirt. 

Table 5-1 Samples of phase 1 experiment 
 Silhouette Key design elements  Number of samples 

Style Tapered Darts 9 
 Straight Darts 3 

 A-line Darts 9 

 Flare Darts 6 

 Bell Panels 24 

 Round Panels 24 

Total     75 

 

 

Figure 5-1 Design sketches of 6 different silhouettes 
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Figure 5-2 and Figure 5-3 are the design analysis results and the clothing patterns of 

the first skirt style (Tapered skirt with 3 graduating darts).  

 

 

Figure 5-2 Design analysis of tapered skirt 
 

 

Figure 5-3 Patterns of tapered skirt 
 



93 

Figure 5-4 and Figure 5-5 are the design analysis results and the clothing patterns of 

the second skirt style (straight skirt with 2 default darts).  

 

 

Figure 5-4 Design analysis of straight skirt 
 

 

Figure 5-5 Patterns of straight skirt 
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Figure 5-6 and Figure 5-7 are the design analysis results and the clothing patterns of 

the third skirt style (A-line skirt with 1 dart. 

 

 

Figure 5-6 Design analysis of A-line skirt 
 

 

 

Figure 5-7 Patterns of straight skirt 
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Figure 5-8 and Figure 5-9 are the design analysis results and the clothing patterns of 

the fourth skirt style (flare skirt without dart).  

 

 

Figure 5-8 Design analysis of flare skirt 
 

 

 

Figure 5-9 Patterns of flare skirt 
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Figure 5-10 and Figure 5-11 are the design analysis results and the clothing patterns of 

the fifth skirt style (8 panel bell skirt).  

 

 

Figure 5-10 Design analysis of bell skirt 
 

 

 

 

Figure 5-11 Patterns of bell skirt 
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Figure 5-12 and Figure 5-13 show the design analysis results and the clothing patterns 

of the sixth skirt style (12 panels round skirt), respectively.  

 

 

Figure 5-12 Design analysis of round skirt 
 

 

 

Figure 5-13 Patterns of round skirt 
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Figure 5-14 shows sample skirts of the six styles. 

 

Figure 5-14 Sample skirts of the 6 example silhouettes 
 

5.1.2 Pattern verification for different level of design element 

Silhouette 

Figure 5-15 shows the clothing patterns achieved by the intelligent patternmaking 

system after the first level of silhouette modification. In the definition of silhouette 

style element, the waist level and waist type, the hem level and hem type, and the skirt 

shape are defined by parameters. In Figure 5-15, sample patterns together with 
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sketches are presented. Because hem type is closely related to the key style element 

selected, no individual hem pattern is given. However, all hem types could be realised 

and will be illustrated in later section of key style element pattern making. 

 

 

Figure 5-15 Silhouette patterns 
 

Key Design Elements 

Figure 5-16 and Figure 5-17 show the clothing patterns achieved by the intelligent 

patternmaking system after the second level of pattern operations for the incorporation 

of key design elements. It corresponds to the second level of style classification, which 

defines different key design elements and their parameters, including darts, yoke, pleat, 

gathers and layers. In Figure 5-16 and Figure 5-17 both sample patterns and illustrative 

sketches of the key style elements are presented.  
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Figure 5-16 Key style elements patterns part 1 
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Figure 5-17 Key style elements patterns part 2 
 

Design Details 

Figure 5-18 shows the clothing patterns achieved by the intelligent patternmaking 

system after the third level of pattern operations for adding design details. It 

corresponds to the third level of style classification, which defines additional details of 

the design, including different types of pockets, slits and openings. In Figure 5-18, 

both sample patterns and illustrative sketch of the design details are presented. 
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Figure 5-18 Design details patterns 
 

5.2 Phase 2: Experiments of system integration 

In the second phase of the experiment, five styles were selected to demonstrate the 

ability of the intelligent patternmaking system to create clothing patterns for various 

skirt designs. Since darts have been extensively verified in the first phase of the 

experiment, the five selected styles contain design elements other than darts for 

demonstration purpose. The detail design elements of the five styles are shown in 

Table 5-2. In addition, instead of using standard grey fabrics, five fabrics were used to 

produce sample skirts for the five styles, in order to better show different design 

elements. The fabrics swatches are shown in appendix 3. 
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Table 5-2 Design elements of 5 illustrative skirt styles 
Design Analysis Style 1 Style 2 Style 3 Style 4 Style 5 

Silhouette  Shape A-line Straight Round Tiered  Tiered 
Waist Normal Low Low Normal Normal 

Hem Curve Line  Line  Flare Flare  

Key design 

element 

Yoke Yoke  Panel Layers Layers 
Pleat  Panel   Gathers   

Design details  Patch pocket Inseam   
 Insert Ruffles   

 Slit    

Zip  Zip Zip Zip Zip 

Finalizing   Lacing Underskirt Underskirt 

 

Clothing patterns were generated based on the measurements of a standard UK size 12 

mannequin. The measurements and wearing ease used in pattern development (basic 

blocks) are shown in Table 5-3. In addition, the final sample skirts are trial fit on a 

subject with similar body measurements as that of the mannequin. Table 5-3 also 

shows the body measurements of the subject.  

Table 5-3 Measurements and wearing ease 
 Dummy Real person 

Measurements Waist  64 63 
Hip  90 91 

Waist to hip 20 19 

Wearing ease Wearing ease at waist 1 1 

Wearing ease at hip 4 4 

 

5.2.1 Style 1: Skirt with yoke and pleat 

The first style is a skirt with yoke and inverted pleats. Figure 5-19 shows the standard 

design sketch. This style was chosen mainly for demonstrating the yoke and pleat 

pattern functions of the system. Table 5-4 summarizes design analysis results of style 

1. 
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Figure 5-19 Standard design sketch of style 1 
 

Table 5-4 Style 1: design analysis result 
Design analysis Property 

General 
information 

Garment sections Front (cut on fold) Back (cut on fold) Waist band 
Symmetry Symmetry  

Silhouette 
information 

Waist level Normal waist Designer shape 
Hem level Above Knee level  
Shape A-line  

Key style 
element 

Yoke  Default shape  
Pleat  4 Inverted box pleat  

Design details Zip Invisible zip at side 
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Based on design analysis results of style 1 and the optimised patternmaking sequence, 

the pattern operation workflow of style 1 was decided, as shown in Figure 5-20. 

 

 

Figure 5-20 Patternmaking workflow of style 1 
 

Based on this pattern operation workflow, the system automatically calls the related 

pattern manipulation techniques, garment construction rules, pattern finalizing 

operations from the patternmaking knowledge base to draft the clothing patterns. The 

output clothing patterns without seam allowance added are shown in Figure 5-21. Style 

1 sample skirt was made. Figure 5-22, Figure 5-23 and Figure 5-24 show the front, 

side and back views of the design, respectively. It is demonstrated that the clothing 

pattern of style 1 achieved the desired outlook.  
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Figure 5-21 Patterns of style 1 
 



107 

 

Figure 5-22 Style 1 front view 
 

 

Figure 5-23 Style 1 side view 
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Figure 5-24 Style 1 back view 
 

5.2.2 Style 2: Skirt with panel and yoke 

The second style is a skirt with 4 panels and back yoke, similar to a jean skirt style. 

Figure 5-25 shows the standard design sketch of the style. This style was chosen 

mainly for demonstrating the pattern operation functions for panel, yoke, slit, and 

pocket. Table 5-5 summarises design analysis results of style 2. 
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Figure 5-25 Standard design sketch of style 2 
 

Table 5-5 Style 2: design analysis result 
Design analysis Property 

General 
information 

Garment sections Front (cut 2) Back (cut 2) Waist band 
Symmetry Symmetry  

Silhouette 
information 

Waist level Low waist Default shape
Hem level Above Knee level  
Shape  Straight  

Key style 
element 

Yoke   Back jean shape  
Panel  2 Panels   

Design details 
Pocket 2 Insert pockets 2 Patch pockets  
Slit  Center back  
Zip Invisible zip at side 
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Based on design analysis results of style 2 and the optimised patternmaking sequence, 

the pattern operation workflow of style 2 was decided, as shown in Figure 5-26. 

 

 

Figure 5-26 Patternmaking workflow of style 2 
 

Based on this pattern operation workflow, the system automatically calls the pattern 

operations from the patternmaking knowledge base to draft the clothing patterns. The 

output clothing patterns without seam allowance added are shown in Figure 5-27. Style 

2 sample skirt was made. Figure 5-28, Figure 5-29 and Figure 5-30 show the front, 

side and back views of the design, respectively. It is demonstrated that the clothing 

pattern of style 2 achieved the desired outlook. 
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Figure 5-27 Patterns of style 2 
 

 

Figure 5-28 Style 2 front view 
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Figure 5-29 Style2 side view 
 

 

Figure 5-30 Style 2 back view 
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5.2.3 Style 3: Skirt with panels, inseam pockets and ruffles between panels 

The third style is a round shape skirt with 12 panels and other design details. Figure 

5-31 shows the standard design sketch of the style. This style was chosen mainly for 

demonstrating the pattern operation functions for silhouette through panelling and 

inseam pocket. Table 5-6 summarises design analysis results of style 3. 

 

 
Figure 5-31 Standard design sketch of style 3 
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Table 5-6 Style 3: design analysis result 
Design analysis Property 

General 
information 

Garment sections Front (cut 6) Back (cut 6) Waist band 
Symmetry Symmetry  

Silhouette 
information 

Waist level Very low waist Default shape 
Hem level Mid thigh level  
Shape Round  

Key style 
element Panel  6 Panels 6 Panels  

Design details 
Pocket 2 Inseam pockets  
Zip  Invisible zip  

 Ruffles Ruffles in seams Ruffles in seams  
Finalizing Underskirt 6 front panels 6 front panels  
 

Based on design analysis results of style 3 and the optimised patternmaking sequence, 

the pattern operation workflow of style 3 was decided, as shown in Figure 5-32. 

 

 

Figure 5-32 Patternmaking workflow of style 3 
 

Based on this pattern operation workflow, the system automatically calls the pattern 

operations from the patternmaking knowledge base to draft the clothing patterns. The 

output clothing patterns without seam allowance added are shown in Figure 5-33. Style 

3 sample skirt was made. Figure 5-34, Figure 5-35 and Figure 5-36 show the front, 

side and back views of the design, respectively. It is demonstrated that the clothing 

pattern of style 3 achieved the desired outlook. 
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Figure 5-33 Patterns of style 3 
 

 

 

Figure 5-34 Style 3 front view 
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Figure 5-35 Style 3 side view 
 

 

Figure 5-36 Style 3 back view 
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5.2.4 Style 4: A line layered skirt with gathers 

The fourth style is an A-line shape skirt with 4 detached layers with gathers in each 

layer. Figure 5-37 shows the standard design sketch of the style. This style was chosen 

mainly for demonstrating the pattern operation functions for layers and gathers. Table 

5-7 summarises design analysis results of style 4. 

 

 

Figure 5-37 Standard design sketch of style 4 
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Table 5-7 Style 4: design analysis result 
Design analysis Property 

General 
information 

Garment sections Front (cut 2) for 
each layer 

Back (cut 2) for 
each layer Waist band 

 
Underskirt (cut 
on fold) 

Underskirt (cut 
2)  

Symmetry Symmetry  

Silhouette 
information 

Waist level Normal waist Default shape 
Hem level Below knee level  
Shape A line  

Key style 
element 

Layers 4 detached layers  
Gathers  Gathers in each layer  

Design details Zip  Invisible zip   
 

Based on design analysis results of style 4 and the optimised patternmaking sequence, 

the pattern operation workflow of style 4 was decided, as shown in Figure 5-38. 

 

 

Figure 5-38 Patternmaking workflow of style 4 
 

Based on this pattern operation workflow, the system automatically calls the pattern 

operations from the patternmaking knowledge base to draft the clothing patterns. The 

output clothing patterns without seam allowance added are shown in Figure 5-39. Style 

4 sample skirt was made. Figure 5-40, Figure 5-41 and Figure 5-42 show the front, 

side and back views of the design, respectively. It is demonstrated that the clothing 

pattern of style 4 achieved the desired outlook. 
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Figure 5-39 Patterns of style 4 
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Figure 5-40 Style 4 front view 
 

 

Figure 5-41 Style 4 side view 
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Figure 5-42 Style 4 back view 
 

5.2.5 Style 5: A line skirt with layers and ruffles 

To demonstrate the pattern techniques for different types of layer skirt, a fifth skirt 

style with A-line silhouette with 3 detached layers was selected. Figure 5-43 shows the 

standard design sketch of the style, in which ruffles are shown on each layer. This style 

was chosen mainly for demonstrating the pattern operation functions for layers and 

ruffles. Table 5-8 summarises design analysis results of style 5. 
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Figure 5-43 Standard design sketch of style 5 

 

Table 5-8 Style 5: design analysis result 
Design analysis Property 

General 
information 

Garment sections Front (cut on fold) 
at each layer 

Back (cut 2) at 
each layer 

Waist band 

 
Underskirt (cut on 
fold) 

Underskirt (cut 2)  

Symmetry Symmetry  

Silhouette 
information 

Waist level Normal waist Default shape 
Hem level Knee level  
Shape A line  

Key style 
element 

Layers 3 layers with ruffles  

Design details Zip  Invisible zip   
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Based on design analysis results of style 5 and the optimised patternmaking sequence, 

the pattern operation workflow of style 5 was decided, as shown in Figure 5-44. 

 

 

Figure 5-44 Patternmaking workflow of style 5 
 

Based on this pattern operation workflow, the system automatically calls the pattern 

operations from the patternmaking knowledge base to draft the clothing patterns. The 

output clothing patterns without seam allowance added are shown in Figure 5-45. Style 

5 sample skirt was made. Figure 5-46, Figure 5-47 and Figure 5-48 show the front, 

side and back views of the design, respectively. It is demonstrated that the clothing 

pattern of style 5 achieved the desired outlook. 
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Figure 5-45 Patterns of style 5 
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Figure 5-46 Style 5 front view 
 

 

Figure 5-47 Style 5 side view 
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Figure 5-48 Style 5 back view 
 

More detailed measurements of skirt samples are attached as appendix 4. 

 

5.3 Discussion 

In this research project, an automatic pattern design model has been proposed for 

achieving personalised design. An intelligent patternmaking system which follows the 

proposed model has been constructed to generate skirt patterns automatically. Skirt 

samples have been made based on the output patterns to confirm that the system can 

obtain the desired shape and look. By proving the effectiveness of proposed method for 

skirt pattern making, it could be further extended to cover other products such as shirts, 

trousers, jackets and so forth.  

This section first discusses the experimental results presented above for model 

verification. Secondly, the contributions of the patternmaking model are briefly 

summarised and the focus of this research project is highlighted. Lastly, the limitations 

of the proposed model are discussed.  
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5.3.1 Theoretical model verifications  

In order to verify the proposed model for automatic pattern design, a skirt 

patternmaking system has been constructed. Iterative sampling and fit evaluation were 

employed to develop the system database as well as to investigate the usability of the 

system.  

A two-phase experiment was conducted. In the first phase, based on patterns 

automatically generated from the system, a total of 75 samples with different 

silhouettes were constructed. It validates the accuracy of individual algorithms and 

confirms the value range of design element parameters. In the second phase, 5 skirt 

styles of various combinations of representative design features were made. These 5 

sample skirts were examined on a standard size mannequin and tried on by a subject. It 

verifies the system’s ability to create clothing patterns for ready-to-wear skirt styles.  

The final results have proved that: 

(1) Ready-to-wear skirt styles could be obtained by the proposed intelligent pattern 

making system. All experimental results show that the system generated patterns can 

correctly and accurately present the original design ideas, as given in design sketches. 

Comparing with other computer-aided patternmaking systems, the proposed system is 

more ‘intelligent’ because it can design patterns for new styles, not just modifying the 

pattern measurements of predefined styles. 

(2) The efficiency of pattern making is improved. First of all, all patterns were 

automatically drafted in a few seconds. Secondly, thanks to the development of 3D 

simulation techniques, time consuming and expensive iterative sampling process is 

simplified. Thirdly, as the patternmaking system can be readily integrated with 3D 

body scanning and sketch design, body measurements and design information were 
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exchange between systems with the defined input specification. Last but not least, 

output patterns are saved in DXF file format, which is ready for use in other CAD 

solutions such as marking, plotting, cutting and virtual try-on.  

(3) The accuracy of patternmaking is improved because over-all fit of the samples are 

good. Since patternmaking techniques are fuzzy, the process is not structured. The 

optimised sequential workflow and standardized pattern operations provide a 

systematic way to complete pattern making process. It minimises human errors in 

pattern making. Take pleat as an example. When there are many pleats, say more than 

two in a design, it is often a patternmaker would easily mix up different patterns. If 

pleats are automatically generated, each of them is assigned with a name by the system. 

All later pattern operations are correctly carried out. 

(4) The proposed system can be used by both professional and non-professional users, 

since it requires no expert knowledge in skirt design, illustration or patternmaking. For 

professional users, it not only reduces tedious drafting work but also inspires users’ 

creativity in the design process. In addition, it allows manual pattern modification to 

fulfil the requirements of the professional users for some high level pattern operations. 

On the other hand, for users who have no fashion design and garment pattern making 

experience, it helps them to design their own clothes and provides professional pattern 

making suggestions. 

To conclude, an intelligent skirt patternmaking system has been developed to verify 

the automatic pattern making model. Experimental results prove that the model could 

achieve personalisation in terms of style and fit. The model for automatic 

patternmaking is proved to be a feasible and sound research idea, and the model can be 

extended to cover other ready-to-wear product types for industrial applications. 
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5.3.2 Contributions 

A novel patternmaking model for achieving personalised fit and design has been 

proposed. This model is distinct from other computer-aided patternmaking systems in 

following three aspects.  

 

Standardize patternmaking process and improve patternmaking efficiency  

Since the proposed computer-aided patternmaking model is based on a comprehensive 

study of flat pattern making, it features in standardizing patternmaking process for 

ready-to-wear products. It is the first of its kind study. The system reduces the reliance 

on pattern makers in clothing development. This is an obvious advantage comparing to 

other computer-aided pattern design systems. Traditional patternmaking process is 

highly dependent on pattern makers’ experience, skills and personal preferences; 

therefore pattern quality is not consistent and errors always exist. For example, a 

company always wishes to find pattern makers of similar skills and patternmaking 

training, because ensuring the consistence of clothing pattern for ready-to-wear 

products is vitally important in the fashion industry. Nevertheless, it is very difficult to 

find two patternmakers who share exactly the same patternmaking expertise. It 

happens that sometimes when a pattern maker resigns, he/she might leave with the 

pattern making skills. Computer-aided patternmaking can be a solution to the problem. 

By reviewing flat patternmaking, it is found that although there is no standard 

approach, there are still some well-established patternmaking rules to be extracted, 

summarised and generalised. As discussed, automatic patternmaking is achieved by a 

sequence of pattern operations. First of all, construct personalised basic blocks 

according to individual’s body measurements and preferred wearing ease. Secondly, 

manipulate basic blocks in terms of design ease to achieve a certain style. Lastly, 
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adding finalizing information. This research project is focusing on the second step 

above.  

 

A new method for achieving personalised fit and shape  

This method is focusing on realising 2D automatic patternmaking on the basis of flat 

pattern making. Although 3D based patternmaking research has received much 

attentions in recent years, 3D methods are still too expensive for ready-to-wear 

products. So far, only a few basic styles could be created by 3D methods, but 

ready-to-wear products have countless styles. Therefore, 2D patternmaking has 

inherent advantages than 3D methods to create patterns for ready-to-wear styles.  

By the patternmaking method developed in this project, personalised fit and shape 

could be achieved by firstly creating personalised basic blocks which incorporates 

customer preferred wearing ease, and then by modifying basic blocks to create shape 

according to a systematic flat patternmaking process with optimised design eases. 

Figure 5-49 shows a theoretical model how personalised fit and shape can be achieved. 

This research project is focused on flat pattern optimisation, that is the red box of the 

below theoretical model. 

 

Figure 5-49 Theoretical model of personalised fit and shape 
 

Ready for industry application 

The proposed patternmaking model is capable of making patterns for countless styles. 

It has been verified by a skirt pattern design system where patterns can be 

automatically generated for styles with diversified silhouettes, key style elements and 

design details. Besides, since object oriented technology has been used to develop the 
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system, more design elements could be added to the model for more complex style 

pattern making. 

 

To sum up, by optimising and generalising the well established flat patternmaking 

techniques, it makes the proposed patternmaking model not only feasible but also 

promising. This model overcomes the disadvantages of traditional patternmaking 

method, for instance, high human involvement and generates industrial patterns 

systematically in a few seconds. 

 

5.3.3 Limitations 

The proposed patternmaking model has limitations too. First of all, the current work 

aims to provide a solution for ready-to-wear products only. For styles that are difficult 

to create even manually by flat pattern method, for example evening dress, the 

proposed model may not be suitable. Nevertheless, as mentioned in the introduction 

chapter, the objective of this research project is to provide personalised products with 

reasonable price. This agrees with the product scope of flat pattern making method.  

Moreover, the intelligent patternmaking system was developed for skirt pattern 

development only in this project. It is believed the method could be extended for 

pattern making of other product types, such as shirts, trousers and jackets, with 

additional work on the style classification system and patternmaking knowledge base.  

Although the proposed patternmaking model could be extended to cover many other 

product types, it is important to note the system expansion for the style classification 

system and the patternmaking knowledge base is demanding. It must follow the same 

architecture as the current work for skirt. The style classification and knowledge base 

development must be done by professional patternmakers with thorough understanding 
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about flat pattern making of the selected product types.  

Last but not least, fabric impacts have not yet been included in the current model. A 

method was proposed in this project to integrate the fabric impacts to the 

patternmaking model with reference to a standard grey fabric. Some preliminary study 

has been done to support the use of 3D simulation for the investigation. More research 

work must be carried out in the future to quantify the relationship between fabrics and 

patternmaking. 
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CHAPTER 6  CONCLUSIONS AND RECOMMENDATIONS FOR 

FUTURE WORK 

6.1 Conclusions 

Nowadays, consumers always seek for affordable products and services that are 

customized to their unique needs. This is a great challenge for the Ready-to-Wear 

industry because it demands low cost and fast product development. Many efforts have 

been made to solve the problem. Among them, improving patternmaking quality is a 

key research direction. Being a crucial process in apparel product design and 

manufacture, patternmaking directly determines the garment fit and outlook.  

Comparing with other traditional methods, flat patternmaking is considered to be the 

most efficient method for industrial applications, especially suitable for ready-to-wear 

products. By flat pattern method, a large variety of styles could be achieved in a 

relatively short period of time and in a less costly manner. However, the current 

practice of the method is still mainly relying on manual operations. Although there are 

a lot of flat patternmaking techniques, neither “the best” nor “the most generic” way of 

utilising flat patternmaking techniques exists. Different patternmakers have different 

strategies. The accuracy and efficiency of the method vary from patternmaker to 

patternmaker. Because of lacking systematic approach or industry standard, highly 

dependent on operator’s skills and experience, there is still no successful application of 

flat patternmaking in mass customization.  

With the emergence of the concept of mass customization as well as the development 

of computer technology, it is appealing to improve patternmaking efficiency by 

advanced computer technologies. In recent years, many researches on computer-aided 

patternmaking have been reported, following either a 2D-to-3D approach or a 
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3D-to-2D approach. Nevertheless, both approaches for computer aided pattern making 

have their own drawbacks. Generally speaking, the 2D-to-3D approach is still very 

much dependent on the pattern makers. Besides, it is still questionable if it addresses 

the fitting issue accurately. 3D-to-2D methods work well for basic items, but the 

pattern flattening technologies are not mature enough, often resulting in irregular shape 

patterns not suitable for manufacturing. Moreover, the 3D-to-2D methods require 

operators to have certain understanding on pattern making and also high level of skills 

in 3D modelling. In addition, design of new styles by 3D-to-2D methods is relatively 

more complicate. There are two common shortcomings of all existing methods. Firstly, 

non-professional users cannot use those systems to create their own designs and 

clothing patterns. Secondly, existing systems could only generate patterns for 

predefined styles without complex features. In view of the numberless styles in fashion 

design, these systems are of limited practical value because predefining every single 

style is time consuming and tedious. To sum up, the existing systems has little 

‘intelligence’. The “intelligence” here means not only a minimum amount of human 

interaction, a high level of pattern making efficiency, but more importantly a variety of 

styles. It is of paramount importance to develop intelligent patternmaking systems that 

automatically generate patterns for various styles, integrating well with other GCAD 

systems.  

The aim of this research project is to develop an intelligent skirt patternmaking system 

based on standard design sketch and well fitted basic block patterns. The specific 

objectives have been defined as (1) to establish a systematic understanding of flat 

pattern making techniques for clothing pattern design; (2) to comprehensively analyze 

the skirt styles from the perspective of computerizing pattern making process so as to 

develop a skirt style classification system and a skirt style database for “automatic” 
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pattern making; (3) to define the mathematical relationship between standard sketch 

and clothing pattern design in terms of ease design; (4) to develop a knowledge base of 

patternmaking rules and techniques; (5) to explore the ways to quantify the influence 

of fabric on patternmaking, namely the relationship between fabric properties and ease 

design; (6) to integrate different component for intelligent pattern making.  

To achieve the objectives listed above, a comprehensive review of the related literature 

has been carried out, from which a new approach for automatic pattern making has 

been proposed. This method includes six steps. First, optimal patternmaking sequence 

is determined. Second, skirt design is analysed by modelling the sketch as a three-level 

structure of parametric design elements. Third, the mathematical relationships between 

design elements and patterns are established. Fourth, the pattern operations and 

optimal sequences are defined. Fifth, fabric impact on pattern making is considered. 

Finally, different pattern operations are systematically carried out to generate clothing 

patterns. 

In order to verify the proposed method for intelligent patternmaking, some 

experiments were conducted. The two-phase experiments have proved that (1) multiple 

garment skirt styles could be obtained by the intelligent skirt patternmaking system. 

Samples are well fitted and correctly present the original design ideas; (2) the 

efficiency of patternmaking is improved; (3) the accuracy of patternmaking is 

improved; (4) output digital patterns are standardized, and are ready for manufacturing 

application and virtual try on; (5) the proposed system can be used by both 

professional and non-professional users. To conclude, the new patternmaking model 

contributes the fashion industry in improving efficiency and effectiveness of product 

development and pattern making.  
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6.2 Recommendations for Future Work 

The current study has a number of limitations. First of all, the proposed system works 

only for ready-to-wear skirt patterns. Besides, fabric impacts on patternmaking have 

not been studied due to the limited time and resources in this project. The project can 

be extended in the following directions. 

Firstly, following the style classification system proposed in this project, more design 

elements can be defined and add to the style database. Currently only the most 

fundamental and important design elements have been defined and modelled. Since 

fashion is changing everyday, more design elements should be included, and the 

corresponding patternmaking making sequence should be introduced to the pattern 

making knowledge base. In other words, the patternmaking knowledge base could be 

enlarged. On the other hand, following the same methodology, intelligent 

patternmaking for other product types, which have more diversified design elements 

than skirts, could be achieved to serve the demanding ready-to-wear market. Since the 

patternmaking method is proven practical by skirt products, it is possible to extend the 

method to other types of ready-to-wear product. Besides, adding more creativity to the 

design system and updating pattern making rules to meet the requirements of 

nowadays fashion industry is of great value. It assists professional users to create 

designs more efficiently. 

Moreover, it has been confirmed that fabric properties could have a significant impact 

on the patternmaking process. A systematic study should be carried out to quantify 

such impact as a mathematical model between fabric properties and patterns.  

Last but not least, the proposed patternmaking system is an important component of an 

integrative fashion design system (Mok, 2007). By working with a sketch design 

component, a basic blocks generation component, a 3D simulation component and 
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other related components, the functions of the proposed system would be greatly 

enhanced. For example, establishing connections between 3D simulation component 

and patternmaking system is useful for confirming the design idea in advance, 

evaluating garment fit as well as assisting fabric selection. 

It is believed that by more future work, the proposed system can be developed into a 

truly intelligent fashion design and pattern making system. 
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APPENDIX 1: PARAMETRIC DEFINITION OF 

DESIGN ELEMENTS IN THE STYLE DATABASE 
 

File 1: basic_blocks.txt is for drafting basic blocks 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Waist 
Measurement (W) 

Waist circumference 
of a customer  

64   

Wearing ease at 
waist (WE) 

Customer preferred 
ease amount at waist 

1 -2~2 Very tight shirt: - 
2;  

Hip measurement 
(H) 

Hip circumference of 
a customer  

90   

Wearing ease at 
hip (HE) 

Customer preferred 
ease amount at hip 

4  2  

Waist to hip 
length (WS2HP) 

Waist to hip length of 
a customer 

20  distance from waist 
level to hip level 

Waist to knee 
length (WS2KN) 

Waist to knee length 
of a customer 

57  distance from waist 
level to knee level 

Basic blocks 
length (WS2H) 

Customer preferred 
basic blocks length 

60  distance from waist 
level to hem level 

 

 

File 2: main.txt is for defining the combination of design elements 

Parameter 
Name 

Definition Default 
value 

Value 
range 

Annotation 

Silhouette Skirt 
shape 

2 1~10 1=tapered; 2=straight; 3=bell; 
4=round; 5=A-line; 6=semi-tight; 
7=high waist; 8=tiered; 9=wrap; 
10=flared 

Dart  1 0 or 1 0=no; 1=yes
Yoke  1 0 or 1 0=no; 1=yes
Pleat  0 0 or 1 0=no; 1=yes
Gathers  0 0 or 1 0=no; 1=yes 
Panel  0 0 or 1 0=no; 1=yes
Hem  1 0 or 1 0=no; 1=yes 
Pocket  1 0 or 1 0=no; 1=yes 
Slit  1 0 or 1 0=no; 1=yes 
Attached 
tiers 

 0 0 or 1 0=no; 1=yes 
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File 3: Design_information_ratio.txt is for providing design information ratios 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Symmetry  1 0 or 1 0=symmetry; 
1=asymmetry 

Waist level 
(WL) 

The distance from skirt 
waist level to body hip 
level : the distance from 
body waist level to body 
hip level 
(WL2HP:WS2HP) 

1 1 Normal waist  
0.5~1 Low waist 
1 ~ 1.5 High waist 

Hip level 
width 
(HPw) 

Skirt waist level width: 
skirt hip level width 
(WLw:HPw) 

0.67 0.5~0.95 The smaller the value 
is, the wider the hip 
level width is (WLw 
is the same as body 
width at skirt waist 
level).  

Hem level 
(HL) 

The distance from skirt 
waist level to body hip 
level : the distance from 
body hip level to skirt hem 
level (WL2HP:HP2HM) 

0.5 0.17~0.25 The smaller the value 
is, the longer the skirt 
is. 

Hem level 
width 
(HMw) 

Skirt hem level width: 
skirt hip level width 
(HMw:HPw) 

1 0.7~2 The smaller the value 
is, the smaller the 
hem width is. 

Silhouette 
type (ST) 

The shape of a skirt 2 1~10 1=tapered; 
2=straight; 3=bell; 
4=round; 5=A-line; 
6=semi-tight; 7=high 
waist (Empire); 
8=tiered; 9=wrap; 
10=flared 

Flag   0 0 or 1 Only for defining 

sketch 
Turn level 
position 
(TP) 

The distance from skirt 
waist level to skirt turn 
level : the distance from 
skirt turn level to skirt 
hem level 
(WL2TL:TL2HM) 

2.5  Optional, used only 
when silhouette type 
is bell or round 
(when ST=3/4) 

Turn level 
width 
(TW) 

The width of skirt turn 
level: the width of skirt 
hip level 
(WL2TL:TL2HM) 

0.67  Optional, used only 
when silhouette type 
is bell or round 
(when ST=3/4) 

 



140 

File 4: Waist.txt is for providing design information of waist ratios 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Waist level 
(WL) 

The distance from skirt 
waist level to body hip 
level : the distance from 
body waist level to body 
hip level 
(WL2HP:WS2HP) 

1 1 Low waist 
 0.5~1 Low waist 
 1 ~ 1.5 High waist 

Waist band 
width 
(Wbw) 

 3 0 No band, facing 
>1 Band 

Waist 
increment 

0 0 > minus 
Wbw 

 

Waist type (waist type defined by 
style classification system, 
the shape of waist line) 

(1, 1) (1~9,1~3) the shape of waist 
line:1=straight line, 
2=angle, 3=curve 

Control 
point for 
upside 
line/curve 

Upside curve shape (0, 0)  must be (0,0) for 
waist style 1,2 

Control 
point for 
downside 
line/curve 

Downside curve shape (0, 0)  must be (0,0) for 
waist style 1,2 

Opening 
position 

 0 0~2 0= centre; 1= side; 
(0~1)= design 
position; 2= facing, 
no opening 
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File 5: Dart.txt is for providing design information of dart 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Dart type 
(DT) 

Dart shape 1 1~3 1=straight line; 2= 
curve; 3= tuck; 
referring to figure 
4-5. 

Dart 
number 
(DN) 

The number of darts 2  0  

Dart start 
line(DS) 

The line/curve darts 
locate on 

1 1~5 1=waist line; 2=side 
line; 3=hem; 
4=centre line; 
5=other panel line. 

Dart 
position 
(DP) 

The distance from dart 
start point to the start 
point of the line/cure a 
dart locates : the length of 
the line/curve 

0.5 0~1 Repeat DN times to 
import DP of each 
dart.  

Dart angle 
(DA) 

Referring to figure 4-9  90 0~180 Repeat DN times to 
import DA of each 
dart  

Dart length 
(DL) 

Referring to figure 4-9 
13 5~ 

(W2H-5) 
Repeat DN times to 
import DL of each 
dart  
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File 6: Dart.txt is for providing design information of yoke 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Yoke type (YT) Yoke shape 1 1~5 1=straight line; 2= curve; 
3= tuck; referring to 
figure 4-5. 

Yoke start to 
end dist (S2E) 

Vertical start to 
end distance/W2H 

0.3 0~1 If it is high waist, start to 
end dist*w2h must larger 
than the value of waist 
level 

Increment dist Vertical 
increment 
distance/W2H 

0.15 (- S2E) 
~ 1 

When <0, the apex is the 
highest point 

Divided_num  1 1~8  
Number of 
control points 

 0  0=straight line 

Part_ratio  0 <1 only for yoke type 5 
 

File 7: Pleat.txt is for providing design information of pleat 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Pleat type 
(PT) 

Referring to 
style 
classification 
system 

1 1~3 1 Invert/Box pleat ;2 knife pleat 
(N);3 
Accordion/Sunburst/Fluted 
Pleats (M) 

Pleat 
number 

 1  if pleat type is 1, range is 1 
(inverted) to 3 (box); 

Pleat 
spacing 

 1  1=even spacing, or ratio of total 
width for non even spacing 

Pleat shape 1   1=parallel, 0=radiating edge 
Pleat depth pleat 

depth/pleat 
spacing 

0.25 0.15~0.5 When PT=1 
0.15~0.6 When PT=2 or 3 

Pleat end 
style 

 1 0 or 1 Only for pleat type 2, 1=right 
over fold, 0= left over fold 
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File 8: Panel.txt is for providing design information of pleat 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Panel type Referring to style 
classification system 

0 0 or 1 0=even, 
1=uneven 

Panel 
number 

 6 >0  

Panel ratio piece n width/ total width 1/panel 
number 

  

 

File 9: Flare.txt is for providing design information of flare 

Parameter Definition  Default 
value  

Value 
range 

Annotation 

Flare number  3 >0  
Single flare 
Fullness  

Average fullness amount 
of each flare 

6 >1  

 

File 10: Gathers.txt is for providing design information of gathers 

Parameter Definition  Default 
value  

Value 
range 

Annotation 

Gather number  5 >0  
Single gather 
Fullness  

Average fullness amount 
of each gather 

3 >1  

 

File 11: Layers.txt is for providing design information of layers 

Parameter Definition Default 
value  

Value 
range 

Annotation  

Layer type  0 0 or 1 0=separated layers; 
1=attached layers 

Layer 
number 

 3 >1  
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File 12: Pocket.txt is for providing design information of pocket 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Pocket type  0 0~3 0=patch; 1= in 
seam;2= 
slash;3=insert 

Pocket 
location line 
1 

The position of pocket 
opening line 

0 0~4 0= not online; 
1=waist level; 
2=side;3=hem; 
4=centre line;5 
other panel line 

Pocket 
location line 
2 

The position of pocket 
side line 

0 0~4 0= not online; 
1=waist level; 
2=side;3=hem; 
4=centre line;5 
other panel line 

Pocket line 
shape 

 0 0~3 0= straight line, 
1=angle, 2=curve 

Pocket 
position 1 

(related arc from the 
start point of pocket 
location line ,the ratio of 
pocket placement point 
to start line length ) 

(0.7,0.6) (0~2pi, 
0~1 

related arc=0, if 
pocket placement 
point is on line 

Pocket 
position 2 

(related arc from the 
start point of pocket 
location line ,the ratio of 
pocket placement point 
to start line length ) 

(0.7,0.6) (0~2pi, 
0~1 

related arc=0, if 
pocket placement 
point is on line 

pocket 
shape 
control 
point 

relative point for 
calculating shape control 
point 
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File 13: Slit.txt is for providing design information of slit 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Slit type 
(SlT) 

Referring to 
Figure 4-6 

1 1~4 1= Straight; 2= Curve; 3= 
Angle; 4= Back vent 

Slit length 
(SlL) 

WL2Slit:W2H 1.75  0  

Slit location 
(SlLo) 

The placement of 
a slit 

0 0~4 0= Centre back; 1= Centre 
front; 2= Side; 4= Other 
panel line 

 

File 14: Slit.txt is for providing design information of slit 

Parameter Definition  Default 
value  

Value 
range 

Annotation  

Zip type 
(ZT) 

The type of a zip  1 or 2 1= invisible zip; 2= 
visible zip 

Zip length 
(ZL) 

The distance from 
Body waist level to the 
end of a zip : W2H 

0.75  0  

Zip location 
(ZLo) 

The placement of a zip 0 0~4 0= Centre back; 1= 
Centre front; 2= Side; 
4= Other panel line 
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 APPENDIX 2 AN INVESTIGATION ON THE VALIDITY OF 

3D CLOTHING SIMULATION FOR GARMENT FIT EVALUATION 



  

An investigation on the validity of 3D clothing simulation for 
garment fit evaluation 

Y.Y. Wu (a), P.Y. Mok (a), Y.L. Kwok(a),  J.T. Fan(a),  J. H. Xin(a) 
(a) The Institute of Textiles and Clothing, The Hong Kong Polytechnic University 

 
Article Information 

Keywords: 
3D virtual simulation, 
Garment fit evaluation, 
Fabric drape. 
 

Corresponding author: 
P.Y. Mok  
Tel.:+852 27664442 
Fax.: 
e-mail: tracy.mok@ 
Address: QT707, ITC, The Hong 
Kong Polytechnic University,  
Hunghom, Hong Kong.  
 

Abstract 
Virtual cloth simulation received much att ention in the past  decade, and t he fashion 

industry has bee n attracted to us e this newly available tool in ac tual product development 
process to strengthen the collaboration along the supply chain and shorten the product time 
to market. This paper serves as an exploratory study to analyse  the accuracy of  3D cloth  
simulation system so as to examine its validity and effectiveness in garment fit evaluation. A 
four-phase methodology is proposed in this paper: 20 types of woven fabrics are first tested  
in standard laboratory, and the obtained fabric property data are input to simulate the results 
of a fla re skirt design. Real sa mple skirts are produced for comparison. An objective 
evaluation method is proposed  to assess the accuracy of 3D  simulation by comparing th e 
quality of 3D virtual simulation results.  Generally speaking, 3D clothing simulation is accurate 
because 18 out of the 20 tested fabrics have statis tically similar results of 3D s imulation and 
the real sample. The simulated results of the tw o fabrics are different fro m the real sample, 
particularly in the hip areas. Further study is thus required. With the range of validity identified, 
guidelines can b e provided to t he fashion industr y for the use of  3D sim ulation system in 
design and fit evaluation. 

 

1 Introduction 
In the past few decades, large efforts have been 

devoted to 3D computer aided design and simulation, 
which can speed up the product development process and 
cut down the cost of development by vividly visualizing a 
design before actual manufacturing is committed. Many 
industries such as architecture and automobile have been 
benefited from the 3D CAD technology; comparatively, the 
fashion industry lags behind its development and 
applications. The research on 3D human modelling and 
virtual garment was started in 1980s, mainly for the 
applications in movies or animations. Since then, different 
systems for 3D virtual garment simulation have been 
developed from different perspectives and with various 
objectives. Both geometric-based and physical-based 
approaches have been proposed in modelling and 
simulation in order to increase the accuracy and speed. It 
is interesting to note that although a number of 
commercial clothing CAD software packages are now 
providing 3D virtual simulation modules, such as Runway 
3D by OptiTex, V-stitcher by Browzwear of Gerber 
Technology or Modrias 3D Fit by Lectra, the fashion 
industry somehow hesitates to adopt these 3D features in 
the actual pattern design process. One major concern is 
the accuracy of the 3D virtual simulation results. To 
evaluate design, 3D simulation systems should not only 
predict the garment shapes correctly on a 3D fit model, but 
also accurately simulate a variety of fabric behaviours. For 
a given clothing design, the draping effects would be very 
different if the same fabric is cut on different grain 
alignments or different fabrics are used. This is because 
clothing fabrics have substantial influence on the resulted 
garment shapes. Some commercial 3D simulation 
systems claim that the draping effects of different fabrics 
can be predicted by inputting the fabric material properties, 
which is obtainable from standard laboratory tests. It is 

imperative to investigate the validity of the simulation 
results, namely within which range the simulation results 
can be regarded as reliable, while beyond which caution 
must be taken in referencing the simulation results in 
fashion product development. There is so far no 
systematic study been taken on the effectiveness of virtual 
clothing simulation system as design and fit evaluation tool. 
This paper proposes a four-phase method to examine the 
accuracy of 3D virtual clothing simulation systems. 

The organization of this paper is as follows: the related 
literatures are first reviewed in section 2. The four-phase 
methodology is explained in section 3. Then, experimental 
results are presented and discussed. Finally, the findings 
and further works are outlined in the conclusion section. 

2 Literature Review 
Clothing fit is an influential factor for customers’ 

purchase decision making. However, garment fit is an 
abstract concept, and the definition and perception of fit 
vary between cultures and people. Fitting trial is thus a 
necessary step in the product development process. 
Traditionally, live models are favoured because they 
represent real human body shape and interact with 
designers in the fitting process to give detail comments. 
However, this method is expensive. Comparatively, dress 
forms have more consistent measurements and are 
convenient to use. However, both live models and dress 
forms are not efficient enough for today’s fast moving 
business, in particular the fitting sessions are now taking 
place in multiple locations. Photographs and videotapes 
[1,2] have been used for fitting analysis, however they 
provide limited information on fit evaluation. To compete 
in the global arena, a reliable and convenient virtual tool 
for garment fit analysis is necessary [3].  

With the advancement of 3D technologies, such as 3D 
body scanning, 3D modelling and 3D clothing simulation, 
some studies have been carried out recently to investigate 
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the reliability and usability of 3D technology in garment fit 
evaluation. Ashdown et al. tested the effectiveness of 
using 3D scans of clothed participants in the fit analysis 
process and pointed out that 3D scan was of potential to 
substitute live fit models, though some dimensions of a 
live fit analysis cannot be addressed from a 3D scan [4,5]. 
Bye and McKinney further investigated the reliability of 3D 
scan model as a fit analysis tool by comparing it with a 
live model [6]. They found that though fit can be virtually 
tested with 3D scans, there are some concerns about its 
accuracy in some specific locations.  

On the other hand, the research on 3D clothing 
simulation is booming. 3D cloth simulations are either 
geometrical based or physical based. Because of the 
contributions from the computer graphics community, the 
simulation accuracy and speed have been much 
improved in recent years [7,8]. In the field of clothing and 
textiles, 3D simulation is considered to be of great 
potential for fit analysis [9], and a number of commercial 
clothing CAD systems have deployed 3D simulation 
modules. Typically, a 3D virtual fit model is firstly created 
and then the clothing patterns are virtually sewn around 
the 3D model as if the garment were worn by the 
customer. The fit model can be customised based on 
customers’ body dimensions. It can be an excellent tool 
for clothing product development, because costly sample 
making and fitting process can be reduced or completely 
eliminated, suggested by the software suppliers. However, 
there is no systematic investigation on the validity of 3D 
clothing simulation for fit analysis, especially from the 
angle of fabric diversity. Lee et al. [10] has utilized 
sensory test to identify the deviation of virtual garments 
from real garments based on body shape. Comparing to 
slack, skirt showed higher similarity in appearance. 
Besides, different levels of similarity were shown in 
different body positions. But a non-mainstream 3D 
simulation was recruited in [10]. Whether current 
mainstream systems are proper for fit evaluation or not 
has not yet been identified. Furthermore, only basic 
materials were utilized, Differently, [11] evaluated the 
effectiveness of a mainstream 3D simulation system in 
assessing pants fit through participant evaluation. It was 
pointed out that the visual information of overall pants 
silhouette was accurate, however the virtual simulation 
did not give correct information about fabric. Further 
investigation was required to identify the range of validity 
from the perspective of fabric. 

3 Methodology 
A four-phase methodology is proposed to study the 

accuracy of the clothing simulation, namely fabric 
property test, 3D simulation, real sample production, and 
virtual sample and real sample comparison, as shown in 
fig. 1.  

 
Fig. 1 Methodology Outline 

 

A dress form of size 12 is used in the experiment for 
fitting trial. A simple design of flare skirt with opening at 
centre back is used in the experiment, and a set of 
patterns are created for the flare skirt (see fig. 2). The 
same set of skirt patterns is used in simulation and 
sample production. For 3D clothing simulation, OptiTex 
software system is chosen because it is one of the most 
widely accepted clothing CAD systems, and its 3D 
simulation is well known for versatility and quality. Besides, 
it allows user to input fabric properties to define the fabric 
materials in the simulation. 

The first phase of the proposed method is fabric 
property test. In total, 20 types of woven fabrics are tested 
in the experiment. These fabrics are selected because 
they represent the most popular fabrics used in apparel 
product development, and these fabrics can be 
categorized into different groups according to the fabric 
properties. Fabric objective measurement methods by 
Fabric Assurance by Simple Testing Systems (FAST) and 
Kawabata Evaluation Systems (KES) are used to 
measure fabric physical properties. Both FAST and KES 
test results can be inputted to the OptiTex software to 
define fabrics in the simulation experiment. In this paper, 
only FAST results are reported, because FAST systems 
are relatively more reliable, less expensive and simpler to 
operate compared with KES. 

 
Fig. 2 Flare Skirt Design and Clothing Patterns 

 

Extensibility Bending Fabric
E001 E002 B1 B2 

Shear 
Rigidity 

Thick
ness

Weight

1 10.20 12.27 4.46 2.64 12.1 0.155 146.8
2 2.77 8.83 2.66 2.37 14.2 0.060 69.3 
3 5.10 14.50 11.92 2.21 9.9 0.450 115.5
4 3.87 2.90 0.66 1.83 11.0 0.131 29.0 
5 2.70 6.17 3.08 0.68 11.4 0.085 38.8 
6 7.23 13.87 0.77 0.64 8.0 0.221 31.4 
7 12.37 5.27 1.08 1.76 9.4 0.229 39.3 
8 6.97 7.93 1.30 0.68 8.9 0.201 30.8 
9 5.50 7.97 1.85 1.77 9.0 0.137 32.8 
10 1.60 0.60 8.40 11.98 41.0 0.058 74.4 
11 4.90 12.17 1.49 1.35 10.8 0.057 48.3 
12 5.70 8.67 11.53 4.64 17.1 0.063 207.4
13 1.30 1.00 7.60 12.47 34.3 0.222 120.9
14 1.37 15.63 79.47 17.65 615.0 0.194 230.9
15 4.33 4.03 6.86 3.03 19.7 0.191 116.8
16 5.73 0.30 15.38 119.52 369.4 0.211 305.8
17 1.47 4.90 29.15 16.87 31.0 0.181 151.1
18 4.77 4.57 32.22 7.87 28.9 0.156 237.8
19 1.10 4.50 36.19 29.56 59.5 0.215 261.7
20 1.63 2.67 26.43 14.43 321.2 0.193 153.4

 

Tab. 1 FAST Fabric Properties 
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Fig. 3 Customised Model and Standard Dress Form 

 
The second phase of the experiment is 3D simulation. 

OptiTex software allows importing 3D scan data as fit 
model. However, detail fit evaluation is only available 
when the default 3D model is used. The default model 
can indeed easily be customised by defining all the body 
measurements. A model is created based on the 
measurement specification of the standard dress form 
(see fig. 3), and the same dress form is used for fitting 
evaluation of the real samples. In order to ensure the 
exact shape of the virtual model and the dress form, the 
customised model can be exported to a standard 3D file, 
like WRL file. The exported model is compared with the 
scanned dress form model using reverse engineering 
software say RapidForm.  

Fabric data obtained by FAST system in the phase 1 
experiment are input to the OptiTex Software to define the 
20 fabrics. Five properties including Extensibility, Bending 
Rigidity, Shear Rigidity, Surface Thickness and Weights 
by FAST tests are used for fabric definition in the 
simulation software. The pattern pieces of a flare skirt 
(see fig. 2) are virtually sewn up around the model, as 
shown in fig. 4. Among the 20 types of fabric, 5 types 
(Fabric NO. 1, 8, 12, 16, 18) are randomly selected to cut 
on straight grain, while the rest are cut on bias. Both grain 
lines are popular for flare skirt designs. The simulation 
software provides detail information for fit evaluations, 
e.g., the gap value describing the distance between 
virtual garment and the model surface, the fabric stretch 
and tension maps (see fig. 5). In other to compare the 
simulated shape or drape with real sample garment, the 
front view, side view and back view images are captured 

from the simulation results. 

 
Fig. 4 3D Simulation Image 

 

 
Fig. 5 Distance, Stretch and Tension Maps 

 

In the third phase, 20 real samples are produced using 
the 20 types of fabrics, and the samples are put on the 
dress form for fit evaluation (see fig. 6). Although 3D body 
scanning can be applied for fit evaluation [4], it is not 
chosen in this study because 3D scanning technology is 
only good at evaluating tight-fit or just-fit garments. For 
loose-fit garments, some part of the garment surface 
cannot be scanned due to the folders and flares, and the 
resulted data would contain lots of noise. Instead, 
photographs are taken for the front, side and back views 
of each sample garment. The shape and drape are 
analysed by extracting measurements from the 
photographs.

 
Fig. 6 Real Sample Photo 

 
Important measurements for fit and shape evaluations 

are extracted from image, which include both width and 
length measurements. In total, four data are extracted 
from the photos of each 3D simulation and real sample, 
namely Waist Width (WW), Hip Width (HW), Hem Width 
(HEW), and Skirt Length (SL). Figs. 7 and 8 show the 
definition of these measurements on simulated result 
images and real sample photos. Since images have 
different resolutions, the absolute pixel measurements are 
converted into ratio by eq. 1: 

AM
RM

P
=

                            (1) 
where AM represents absolute pixel measurements 
obtained directly from simulation images and real sample 
photos. In the calculation of horizontal measurements 
such as WW, HW and HEW, P equals to the absolute 
pixel measurements of the model waist width, while it 
represents the waist to hip distance in the calculation of 
vertical measurement of SL. Therefore, 3D simulation 
images and photos could be compared in the same scale 
according to eq. 2:  

Re

Re

100%Simulation al

al

RM RM
V

RM

−
= ×              (2) 

In eq. 2, RMSimulation and RMReal represent the 
measurement ratios obtained form 3D simulation images 
and real samples’ pictures, respectively. V shows the 
percentage of difference between the 3D simulation and 
the real samples, thus the accuracy of fabric drape 
simulation can be evaluated accordingly. 

When calculated the measurement ratios by eq. 1, the 
mean value of both front view data and side view data are 
calculated for fit and shape similarity comparison. 
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Fig. 7 Measurements Definition: 3D Simulation 

 

 
Fig. 8 Measurements Definition: Real Samples 

 

4 Results and Discussion 
The 20 types of fabric (Tab. 1) are simulated by 

OptiTex software and used to produce real samples. The 
defined measurement ratios are extracted from the 20 
3D-simulation images and real sample photos. Tab. 2 
compares the percentages V obtained from eq. (2) 

 
Fabric V(WW) V(HW) V(HEW) V(SL)
1 -4.95 -1.66 -10.81 -2.26 
2 0.19 -4.15 9.63 2.36 
3 -5.33 -3.71 1.40 -1.05 
4 1.51 -3.84 6.30 1.97 
5 0.93 6.21 13.95 -1.83 
6 -1.30 -4.06 6.97 -0.14 
7 -1.90 -4.56 -0.14 -0.38 
8 0.41 2.67 5.66 -7.43 
9 0.72 -1.44 4.71 -3.38 
10 -0.31 -5.84 -0.27 3.63 
11 1.46 5.24 0.58 -3.63 
12 3.10 -9.41 5.62 0.38 
13 0.77 -6.39 -8.23 6.80 
14 1.81 -2.68 -8.98 2.61 
15 -2.02 -6.37 1.86 5.07 
16 -1.02 -5.29 -9.76 2.07 
17 -0.26 -4.07 -7.12 3.87 
18 -1.56 -4.44 -8.10 -1.09 
19 2.38 -3.92 -8.77 2.20 
20 4.31 -3.14 -13.59 4.33 
Min -5.33 -9.41 -13.59 -7.43 
Max 4.31 6.21 13.95 6.80 
Ave -0.05 -3.04 -0.96 0.70 
StdDev 2.40 3.81 7.90 3.44 

Tab. 2 Data Variations 
 
As shown in tab.2, generally the four measurement 

ratios are relatively small when comparing the 3D 
simulation and real samples. 

However, in the HW data, only 3 out of 20 fabrics have 
positive values of V(HW) (see fig. 9). The difference 
between 3D simulation and real samples shows that 
simulated results are often smaller than the real samples 
at the hip width. This may indicate a bias in the 3D 
simulation system. Further study is needed to invest two 
problems: (1) why there is bias at hip level, (2) why for 

three fabrics, namely fabric NO. 5, 8, 11, simulation 
results are different. Such investigation can identify the 
range of validity in 3D simulation, so cautions can be 
taken by the industry when 3D simulation is used as a 
virtual tool for fit evaluation. 

For the rest of the three measurement ratios, only 
slight differences are detected. As shown in fig. 10, 
although the values of V(HEW) vary for different clothing 
fabrics, they are randomly distributed. It means the 
simulation results are not consistently smaller or larger 
than the real samples, the difference are come from 
natural randomness. Comparing with other locations, 3D 
simulations perform the best at waist, where the 
differences between the simulations and real samples are 
less than 6%. Similarly, there is no obvious bias in skirt 
length simulation.  

 

 
Fig. 9 Comparison of HW 

 

 
Fig. 10 Comparison of WW, HEM, and SL 

 
In this paper, box plot figures are utilized to graphically 

depict groups of numerical data through their five-number 
summaries: the smallest observation (sample minimum), 
lower quartile (Q1), median (Q2), upper quartile (Q3), and 
largest observation (sample maximum). Q1, Q2 and Q3 
are set as 25%, 50% and 75%, respectively. Without 
making any assumptions of the underlying statistical 
distribution, box plots displayed differences between the 
20 fabrics. By examining the spacing between the 
different parts of the box, the applicable range of 3D 
simulation as a virtual tool for garment fit evaluation is 
indicated. 

A box plot for variation percentage (eq. 2) of 3D 
simulations and real samples are generated using SPSS 
software. Results are identical with previous ones: no 
outliers were found in the box plots of WW, HEW, and SL, 
while fabric NO. 5 and 11 were highlighted in the box plot 
of HW as outliers. The rest analyses of 3D simulations 
and real samples are excluded results of fabrics No. 5 and 
11. More investigations should be carried out to study the 
validity range. 
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Fig.11 Box Plot   

 
After screen out outlier fabrics that the 3D simulation 

cannot generate reliable simulation, t-tests are carried out 
to investigate is there any statistically significant 
differences between 3D simulation results and real 
samples. The results of fabrics 5 and 8 are taken out from 
the t-tests. The paired t-test results are shown in tab. 3. 
Since paired t-test result of HW is -6.91 with significance 
value 0, less than 0.05 meaning 3D simulation results has 
significant difference at hip level width, even though 2 
fabrics have already been taken out. The rest 
measurements at waist width (WW), hem width (HEW) 
and skirt length (SL) shows no significant difference 
between the 3D simulation and the real sample. 
Therefore improvements are necessary in the hip level 
simulation. 

Simulation VS Real WW HW HEW SL 
Mean -0.003 -0.050 -0.051  
Std. D 0.027 0.030 0.168 0.091
Std. Err Mean 0.006 0.007 0.039 0.022
Lower -0.016 -0.065 -0.134 -0.024
Upper 0.011 -0.034 0.032 0.067
t  -0.400 -6.906 -1.290 1.014
d  17 17 17 17 
Sig. 0.694 0.000 0.214 0.325

Tab. 3 Paired Sample Test 
 

To sum up, this study shows the waist level is the most 
reliable location when assessing skirt fit through 3D 
simulation image. Though there are some problem in hem 
level simulation, these might be eased by improving 3D 
positioning and other related setting steps. On the other 
hand, the hip level shows the least satisfaction overall 
and should be examined and corrected carefully 

5 Conclusion 
This study has limitations because the results are 

based on a relatively small sample size. However, in this 
study we have developed objective fit evaluation method 
and analysed the 3D simulation results for a number of 
clothing fabrics to investigate the accuracy of the 3D 
simulation system. Fundamentally, the potential of using 
3D simulation as a virtual tool for fit analysis has been 
identified, whereas several limitations of current 
mainstream commercial 3D simulation systems have also 
been indicated. 

First of all, in some positions such as hip level, 
systematic error exists. Since hip level is a crucial location 
for garment fit evaluation, improvement is necessary. 

Secondly, for some particular clothing fabrics, 3D 
simulation results are significantly different from real 
samples. Further study is aiming at exploring the reason 
why some types of fabric couldn’t be imitated correctly 
and thereby to indicate the direction of system rectification. 
3D simulation system currently couldn’t be used arbitrarily 
as a virtual tool and traditional sample making and fitting 
process cannot be completely eliminated. However, with 
the range of validity identified, guidelines can be provided 
to the fashion industry for the use of 3D simulation system 
in design and fit evaluation. Thereby 3D simulation can 
benefit the industry by reducing cost and shortening 
development process. 
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APPENDIX 4 SAMPLE SKIRT MEASUREMENTS 

Style 1: Skirt with Yoke and Pleat 

Items Sample measurements (cm) Pattern measurements (cm) 

Waist 65 65 

Hip 100 100 

Length 48 47.2 

Pleat  (top width/bottom width/depth) 9.0/10.0/4.0 8.5/10.6/4.25 

Yoke width (side/center) 5/9.5 4.75/10 

Zip 17 17 

Waistband width 3.5 3 

 

  



159 

Style 2 Skirt with yoke and pockets 

Items Sample measurements (cm) Pattern measurements (cm) 

Waist 73.8 72.56 

Hip 94 94 

Length 43 43.6 

Yoke width (side/center) 5.1/9 4.8/9 

Front pocket  (opening width)  12.4 12.7 

Patch pocket  (opening width)  12.5 12.7 

Slit length 12.5 12.86 

Zip 20 20 

Waistband width 3 3 

 

  



160 

Style 3: Round skirt with panels and ruffles 

Items Sample measurements (cm) Pattern measurements (cm) 

Waist 76 76.77 

Hip 120 120 

Length 34.5 34.2 

Panel width (top/max/bottom) 6.0/11/8.3 6.4/10.83/8 

Insert pocket opening width 13.8 13.2 

Zip 15 15 

Waistband width 2 2 
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Style 4: 4 layers skirt with gathers 

Items Sample measurements (cm) Pattern measurements 
(cm) 

Waist 64.7 65.2 

Hip 96 96 

Length 62.5 62.5 

Layers  14/17/19.5/23 14.26/17.23/19.3/23.14 

Zip 21 21 

Waistband width 3 3 
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Style 5: 3 layers skirt with flares 

Items Sample measurements (cm) Sample measurements (cm) 

Waist 64.8 65.2 

Hip 95 95 

Length 45 45.2 

Layers  13.2/18.1/21 13.25/18.34/20.5 

Zip 19 19 

Waistband width 3.2 3 
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APPENDIX 5 FABRIC MECHANICAL PROPERTIES OF 5 WOVEN 

FABRICS 
 

Style 
no. 

Etensbility-
E100(%) 
warp 

Etensbility-
E100(%) 
weft 

Bending 
Rigidity 
(B) 
warp 

Bending 
Rigidity 
(B) weft 

Shear 
Rigidity 
G) 

Surface 
Thickness 
(ST) 

Weight 
(W) 

1 1.367 15.633 79.473 17.65 615 0.194 230.867

2 1.1 4.5 36.193 29.564 59.51 0.215 261.667

3 1.3 1 7.601 12.47 34.33 0.222 120.867

4 4.333 4.033 6.861 3.029 19.73 0.191 116.767

5 1.467 4.9 29.146 16.867 31.01 0.181 151.1 
 

 

Scans of fabrics 

Fabric for style 1    Fabric for style 2 
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Fabric for style 3 
 

 Fabric for style 4 

   

 

Fabric for style 5 
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