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ABSTRACT 

 

The objectives of this study are to analyze the automatic pattern generation process for making 

custom fit garment using the made-to-measure (MTM) CAD system, which produces apparel 

products based on individual body measurements, and to provide basic materials for the 

utilization of this technology in apparel manufacturing for mass customization. In order to make 

MTM patterns, basic patterns were digitized by using the Gerber CAD system, and designated 

critical alteration points based on body measurements important for pattern design. Then, 

grading rules and alteration rules based on the ASTM 5585 standard sizes were formulated, size 

tables for entering standard sizes and individual sizes were made, and MTM patterns were 

generated for custom fit garment according to individual body measurements. In the apparel 

manufacturing process, the computer-aided design (CAD) system for pattern design has been 

utilized merely for digitizing and grading patterns, and the application of individual size has 

usually been made through manual work on the patterns. The MTM CAD system in this study is 

expected to be utilized as a computer-aided manufacture system for the clothing industry in the 

age of mass customization and to play an important role in manufacturing custom fit garment 

reflecting individual customers’ body measurements. Moreover, the MTM CAD system may be 

usable in the automated pattern generation reflecting individual body measurements. 
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I. Introduction 

 

Today’s apparel industry is evolving from 

the traditional mass production system to the 

mass customization system, which takes into 

account individual consumers’ needs (Yang 

& Zhang, 2007). That is, people’s interest is 

switching from conventional mass 

production (ready-to-wear), which has 

problems in size fitness and inventory 

control due to the manufacturing of limited 

designs and standardized sizes, to mass 
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customization that can produce various 

designs and individual sizes (Fontana et al., 

2005). For mass customization as such, 

advanced computer technology is being 

utilized extensively in the apparel industry 

from product planning to manufacturing and 

marketing. Particularly for fast and accurate 

production in the apparel manufacturing 

process, flexible computer-aided 

manufacturing systems are being applied to 

apparel manufacturing processes such as 

apparel pattern making, grading, and marker 

making (Ashdown & Dunne, 2006; Beazley 

& Bond, 2003). The MTM CAD system, 

which produces apparel products according 

to individual body measurements using such 

computer technologies, is playing an 

important role for mass customization in the 

apparel industry, and there are several 

different types of MTM CAD systems 

including Gerber, Lectra, Investronica, 

PAD, Optitex, and Assyst (Istook, 2002). 

Research on the MTM pattern system is 

being made particularly for pattern making 

based on 2D and 3D CAD technologies. 

Individual patterns created by 2D CAD 

technology can be used as 2D basic patterns 

for generating MTM patterns by applying 

grading rules and alteration rules according 

to body measurements, so have a practical 

aspect to be utilized in the apparel industry. 

Previous studies in this area include Jeon 

and Kim (1998), Ashdown and Dunne 

(2006), Istook (2002). Individual patterns 

created by 3D CAD technology are 2D 

patterns that are flattened from a 3D body 

model, so they can reflect the human body 

type but have practical limitations including 

the need to build a new 3D CAD system on 

top of the existing apparel manufacturing 

process system. Among previous studies in 

this area, Kim and Park (2006), Petrak et al. 

(2006), Yang and Zhang (2007) researched 

on 2D pattern flattened from an individual 

3D virtual dummy, and Jeong and Nam 

(2007), Kim and Park (2004), McCartney et 

al. (2000) researched on 2D patterns built 

from a 3D body model with 3D body scan 

data. 

The objectives of this study were to 

analyze the automatic pattern generation 

process for making customized MTM 

patterns based on 2D CAD technology used 

currently in the apparel industry and to 

provide basic materials for the utilization of 

this technology in apparel manufacturing for 

mass customization. 

 

II. Methods 

 

In this study, Gerber CAD software for 

making made-to-measure (MTM) patterns 

was used and basic-style pants <Fig. 1> for 

experimental garment were chosen. As a 

pants pattern, the basic pattern of basic size 

8 used by apparel manufacturers was 

digitized by using the Gerber Pattern Input 

Digitizer to AccuMark CAD software. 

Based on research by Istook (2002), a MTM 

pattern for producing custom fit garment 

was made from the digitized basic pattern. 

In the first step, critical alteration points 

based on body measurements that had an 

important effect on pattern composition 

were designated. In the second step, grading 

rule values were entered into the critical 

alteration points from the basic pattern of 

size 8 based on the ASTM 5585 size table. 

That is, grading rule tables were made by 

designating the grading points of pattern and 

entering grading rule values which indicate 

changes in axis X and Y into each grading 

point.  

 

 

Fig. 1. Pants design 
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Table 1 shows the ASTM 5585 size table. 

In the third step, alteration rules were 

formulated in order to make a pattern 

adjusted by individual body measurements. 

Each alteration rule was produced by 

assigning a unique alteration number to each 

critical alteration point and entering 

algorithm that alters the critical alteration 

points of pattern according to body 

measurements. In the fourth step, size tables 

were made in order to enter standard basic 

size and individual size for making a MTM 

pattern that reflects an individual’s size from 

the basic-size pattern. That is, a MTM size 

table was made for entering basic body 

measurements into each standard size of 

grading size 2-20 and entering individual 

body measurements into custom size. In the 

last step, a MTM pattern reflecting 

individual body measurement was created 

by selecting alteration rule from the 

‘Alteration Setup’ window and the ‘Altered 

Size’ (AM) window and selecting a MTM 

size table, and then choosing an individual 

size entered in advance. 

 

Table 1. ASTM 5585 size table: Standard table of body measurements for adult female 

misses figure type 

Unit: inch 

 
 

III. Results 

 

1. Basic pattern 

 

The front, back and waist belt patterns of 

pants without seam allowance were used, 

and the outline, angle point, notch, dart 

point, dart notch, and grain line of the 

patterns were digitized. <Fig. 2> shows the 

basic pattern digitized by using a Gerber 

Pattern Input Digitizer. 
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Fig. 2. Digitized basic pattern 

 

 

2. Grading Rule 

 

Body measurements for critical alteration 

points that have an important effect on 

pattern composition were designated. For 

example, in the human circumference 

measurements, critical alteration points are 

waist, hips (seat), thigh, knee, and ankle. In 

the length measurements, critical alteration 

points are inseam and body rise. <Fig. 3> 

shows the results of entering grading point 

numbers to the basic pattern based on the 

designated critical alteration points. In the 

grading rules, apparel items were designated 

in a 3-digit number (ex, tank top: 1##, skirt: 

2##, pant: 3##), and the number to classify 

grading rule values (changes in axis X and 

Y) for each alteration point of pattern was 

designated in a 2-digit number. Through this 

principle, grading point numbers were 

entered into each point, and graded patterns 

were generated by entering the grading rule 

values into the grading points. 
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Fig. 3. Grade point numbers of pants’ pattern 

 

The patterns were graded by the grading 

rule values through increasing or decreasing 

the difference of each body measurement 

item between size breaks (ex, size 6-8, size 

8-10, size10-12, etc.). <Fig. 4> shows the 

grading rule table of pants’ pattern. In the 

circumference measurements, the difference 

(1 inch) of waist circumference between 

each size break was divided by 4 and then 

0.25 (or 1/4) inch was entered into the 

grading value of axis Y for point 303 on the 

front and back patterns. For hip 

circumference also, 0.25 (or 1/4) inch was 

entered into one of axis Y for point 304. In 

addition, 0.25 or 1/4 inch, which was the 

difference of knee circumference and ankle 

circumference same as that for waist and hip 

circumferences ,was entered into the grading 

value of axis Y for points 305, 307, 308 and 

309 on the front and back patterns.  

In the length measurement, 0.25 inch, 

which was the difference of body rise, was 

entered into the grading values of axis X for 

points 301, 303 and 312 on the front and 

back patterns. In addition, 0.25 inch, the 

difference of inseam length, was entered as 

the grading values of axis X for points 307 

and 308 on the front and back patterns. 

<Fig. 5> shows the graded nest of all size 

patterns through this process. 

 

 

Fig. 4. Grading rule table of pants’ pattern 
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Fig. 5. Graded nest of pants’ pattern 

 

3. Alteration point numbering 

 

In order to make an alteration rule table, 

first, a unique alteration point number was 

assigned to each critical alteration point. 

<Table 2> shows alteration point numbers 

for several garments. A 4-digit number is 

assigned to each apparel item. Tank top was 

given number 1### beginning with ‘1,’ 

pants 2###, and jacket 3###. According to 

pattern piece, a 3-digit number was given. 

That is, front was given #1##, back #2##, 

sleeve #5##, and collar #6##. <Fig. 6> 

displays pattern of point numbers/names 

applied to the pattern piece of pants. All 

point numbers within a piece should be 

unique. For example, in the pants’ front 

piece (31##), the ankle point of center front 

was numbered to 3110 and the waist point of 

center front was numbered to 3150 as shown 

in <Table2> and <Fig. 6>.  
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Table 2. Alteration point numbers 

Category Part Point Number 

Pants Front 

 

 

 

 

Back 

 

 

 

 

Belt 

 

CF Ankle 

CF Knee 

CF Waist 

SF Waist 

 

CB Ankle 

CB Knee 

CB Waist 

SB Waist 

 

31## 

3110 

3120 

3150 

3160 

32## 

3210 

3220 

3250 

3260 

33## 

Tops Front 

Back 

 

 

11## 

12## 

Jackets Front 

Back 

Sleeve 

Collar 

 21## 

22## 

25## 

26## 

 

 

Fig. 6. Alteration points numbered in the pattern piece 

 

4. Alteration Rule 

 

The waist, ankle, knee, thigh, inseam, hip 

(seat) and rise measurements of critical 

alteration points which is important in the 

pattern composition of pants were included 

into the alteration rule table. Alteration rule 

values were given to the points on the 

pattern affected by these body 

measurements. There are 5 types of 

alteration movement for alteration rules: (1) 

counterclockwise, no extension, (2) 

counterclockwise, extension, (3) clockwise, 

no extension, (4) clockwise, extension, and 
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(5) X and Y move. In general, a hold point 

and a move point should be defined for these 

alteration movements. Thus, pivoting from 

the designated hold point (first point), the 

move point (second point) according to the 

alteration rule value was moved. That is, 

‘counter-clockwise, no extension’ indicates 

a counter clockwise movement from the first 

point to the second point by the alteration 

rule value without change in the existing 

pattern line. ‘Counter-clockwise, extension’ 

indicates a counter clockwise movement by 

the alteration rule value so that the second 

point meets the extension of the existing 

pattern line.  

‘Clockwise, no extension’ and ‘clockwise, 

extension’ indicate clockwise movements, 

and ‘X and Y move’ indicates the movement 

of the first and second points in the X and Y 

directions by the alteration rule value.  

<Fig. 7> shows the alteration rule table of 

the pants pattern made in this study. In <Fig. 

6>, alteration rule values were applied to the 

waistline dart points and side seam waist 

points of the front and back patterns 

according to waist circumference <Fig. 7>. 

To increase or decrease the waistline by any 

amount, the alteration value of waist 

circumference was allocated evenly (1/4 or 

25%) to each side seam waist point (3160 

and 3260) of the front and back patterns, 

which are half patterns. The position of the 

waistline darts of the front and back patterns 

was moved by 1/8 (12.5%) waist in 

proportion to the movement of the side seam 

waist point. 

 

 

 

Fig. 7. Alteration rule table of pants 

 

In the ‘CCW Ext’, the front side seam 

(SS) waist point (Second PT: 3160) moved 

as an amount of 25% waistline size toward 

counter-clockwise (CCW) on the pattern 

piece from the hold point (First PT: 3170) 

and the line were lengthened or shortened as 

necessary to meet the adjacent line. Also, 

the front dart point (Second PT: 3155) 

moved as an amount of 12.5% waistline size 

toward clockwise (CW) on the pattern piece 

from the hold point (First PT: 3150) and the 

line was lengthened or shortened as 

necessary to meet the adjacent line. In the 

inseam rule, both points of hemline (3100 

and 3110) moved to the same amount of 

100% inseam in X direction. The point of 

knee line (Second PT: 3190) located the half 

of inseam and moved to the amount of 50% 
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inseam in X direction from the hold point 

(First PT: 3190). 

 

5. Size Table 

 

To make fit patterns for individual body 

measurements, they were used to develop 

the size tables based on the specific 

difference between the individual 

measurements and the reference 

measurements. In this study, ASTM 

standard sizes (Standard table of body 

measurements for adult female misses figure 

type) were used to the reference 

measurement. <Fig. 8> shows the size table 

from 2 to 20 sizes and it contains the body 

measurements (unit: inch) including waist, 

seat (hips), thigh, knee, ankle, inseam, and 

rise. As shown in the size table, body 

measurements of a standard size (8STD) 

were entered into the reference 

measurements, and ones of a customer’s size 

(H) were entered into the individual 

measurements. Difference values between 

the two sizes were entered in ‘H DIF.’  

 

 

Fig. 8. Size table of pant 

6. Individual MTM Pattern 

 

In the last step for making an automatic 

made-to-measure (MTM) pattern, the 

alteration rule and the size table were 

combined, and <Fig. 9> shows the 

‘Alteration Setup’ and ‘Altered Size’ 

windows for this process. As an alteration 

rule and a size table were selected and items 

with difference between the standard size 

and the individual size are selected, a MTM 

pattern applied the customer’s size was 

generated automatically. 

 

 

Fig. 9. Alteration setup and altered size 

 

<Fig. 10> shows the MTM pattern 

generated through this process. In this 

figure, dark gray area indicates the MTM 

pattern and dot-pattern area indicates the 

basic pattern.  
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Fig. 10. Altered pattern of pant 

 

IV. Conclusion 

 

This study analyzed the process of 

making a MTM pattern fit for individual 

body measurements using the Gerber CAD 

system in order to produce mass 

customization apparel products. For this, a 

basic pattern of size 8 was digitized and 

graded according to the ASTM 5585 

standard size. That is, critical alteration 

points were designated to points altered 

according to body measurement and a 

grading algorithm that enters changes in axis 

X and Y was implemented for each point. 

Furthermore, in order to make a MTM 

pattern customized to individual body 

measurements, alteration rule values were 

entered by allocating the difference between 

the basic size and the individual size 

proportionally to relevant critical alteration 

points. Size tables were made for applying 

alteration values according to body 

measurements, and then entered the 

individual body measurements as well as the 

standard body measurements were entered 

into the size table. Through this process, a 

MTM pattern for custom fit garment, which 

reflected individual body measurements, 

could be generated from a standardized 

ready-made clothes pattern. 

In the future mass customization age, the 

apparel industry should be equipped with 

systems that can manufacture products 

customized to individual body type and 

design preference for responding to 

consumers’ needs quickly and maximizing 

customers’ satisfaction. Thus, the MTM 

CAD system used in this study is expected 

to contribute to the manufacturing of mass 

customization clothes by using the existing 

ready-to-wear manufacturing process while 

reflecting individual customers’ body 

characteristics and size as in custom-made 

clothes. For the active utilization of the 

MTM CAD system in the apparel industry, 

moreover, it is considered important to 

establish a comprehensive apparel 

manufacturing system including ordering, 

manufacturing and distribution systems for 

mass customization.  

This study made a MTM pattern by 

applying the body measurements of 
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individual size and standard basic size. 

Thus, future research needs to make MTM 

patterns applying various body sizes and 

basic patterns reflecting various standard 

basic sizes, and to evaluate the appearance 

and fit of these patterns. 
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