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back bust, waist, front hip and back hip. The samples under test of classification of size-designation in MC
are collected by measuring the net body-measurements of 129 female youth aFed 18-24 from Jiangsu and
Zhejiang Provinces with TC2 3D body measuring apparatus from United States!”

3.2 Result of experiment and analysis

The results of experiment are as follows:
size 1: name 170/92AF1B3; suit to the following samples: 62, 95 96,101, 102, 121 123, 125, 129

’ B

Table 1 Proportion of experts of subjective Jjudgement

Occupation Number (unit: person Proportion (unit: %
Quality control 2 13.3%
Production planning 4 26.7%
Technology management 5 33.3%
Associate-professor 3 20%
Professor 1 6.6%
Total ) 15 100%

algorithm
expert correct number (unit: person) wrong number (unit: person) accuracy rate
expert #1 121 8 93.8%
expert #2 119 10 92.2%

expert #3 123 6 95.3%
expert #4 121 8 93.8%
expert #5 118 11 91.5%
expert #6 119 10 92.2%
expert #7 120 9 93.0%
expert #8 124 5 96.1%
expert #9 121 8 93.8%
expert #10 121 8 93.8%
expert #11 122 7 94.6%
expert #12 119 10 92.2%
expert #13 122 7 94.6%
expert #14 122 74 94.6%
expert #15 120 9 93.0%

329




;
i
E
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It can be seen from Table 2 that the highest accuracy rate is 96.1% with 124 correct numbers and 5
wrong numbers and the lowest accuracy rate is 91.5% with 118 correct numbers and 11 wrong numbers. It
can be concluded that the accuracy rate of the result of this experiment using automatic classification of size
designation in clothing MC is not below 91.5%. Generally speaking, with the increase of total number of the
size designations to be classified, the accuracy rate will be increased gradually as well.

4 Conclusion
Using the improved LBG algorithm model to study and simulate the technology and experience of

manual classification of size designation in MC can achieve the automatically computer-generated series of
size designation in MC with the purpose of reducing the workload and improving the efficiency of
classification of size-designation. Through the experiment on testing samples of classification of size
designation in MC, it shows that the improved LBG algorithm has high efficiency and preferable precision.

The subsequent research can continue to extend the capacity of test samples and refine the size
designation data-base. Besides, in the dimensionality weighting calculation, the weight distribution only take
the influence of each control position on body-fitness degree of body-figure characteristics into consideration,
which is only applicable to the operation of well-fitting clothing. So it needs to consider the factor of
different types of clothing to improve the mathematical model of nearest neighbor rule and perfect the
automatic classification system of garment size designation continously.
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70 Study on Automatic Classification of Size Designation in
Clothing MC Based on Improved LBG Algorithm’
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Abstract: Automatic classification of size designation is a difficult part in clothing MC. It needs the
accumulation of years’ practical experiences. Wwith the application of the improved LBG algorithm which can
simulate the technique and experience of classification into automatic classification of size designation in

MC, it realizes the automatic mapping from net body-measuremems of MC customers to series of size
designation and improves the production efficiency of mass customization.

Keywords: Clothing MC; Classification of size designation; Vector quantization; LBG algorithm

MC (Mass Customization) mode is @ completely customer—oriented and highly automatic industrialized
method of production. It is the outcome of the development of applying modern science and technology and
new consum tion patterns into the garment industry and is one of the areas which have the broadest prospect
in this field"). The core of MC is to identify and seek out the garment specification and pattern which are
matched with individuals best according 10 the data information of the customers’ bodies, and thus to produce
the clothing that perfecﬂy fits customers’ body ﬁguresm. However, since the generation of series of size
designation in MC is generaliy by manual work with low accuracy rate and slow efficiency, the research on
how to obtain the automatic classification through the application of technology becomes one of the keys to
achieve a high degree of automation of clothing MC.

Through the abstract and mathematical description of the issue of classification by vector quantization
technology, this paper constructs the mathematical model of classification of size designation in MC. Based
on analyzing the flow-chart of classical LBG algorithm, it puts forward the improved algorithm based on
LBG and thus accomplishes the process of automatic classification of size designation in clothing MC.

1 Mathematical models
1.1 The principle of classification of size designation

One size designation includes the data of “m” parts of human body and the total number of sizes
designations stored in the size designation data-base of MC clothing enterprises i «g». Now the number of
the given people who need clothing MC is “n”. This crowd is divided into “k” groups. Then corresponding to
these “K’ groups, “k” size designations are selected from the size designation data-base containing “K”
number of size designations. The selected © » size designations represent the size designation of each group
of clothing MC- The division of the crowd and the choice of size designation should make each group have
the best adaptability 10 the size designation of its own group, and make the classification of size designation
most optimal from the overall point of view .

Gize designation in the size designation data-base and net body-measurements awaiting classification ar¢

regarded as m-dimensional vector, then the template vector of size designation data-base and sample vector

can be respectively expressed as: R=(r, r = n Yy and S=(s, 8 - Sn ¢ Under the demand of
body-fitness, dimensionality weighting calculation is applied to each vector according to the weight of each
control position: & =(w,s,,w2s2,...wmsm)T and R = (W‘r,,wzrz,...wmrm)r 4] Then it 1S classified
according to the nearest neighbor rule, {8 | S e®, where d[s ,R)=min dis,R) Jj= 1,2,..m}, when S belongs
to®, and d = wi(n —s) +wi(n —5Y ¥ Wi s,) heres)

Thus classification of size designation in MC will be abstractly expressed as: there are “n” number of
e e
* Foundation items: Hangzhou Economy Committee, Technology (No.140, 2007), «Research and Application of Key

Technique of Clothing MC”; Fresh Talent Initiative of Zhejiang Provincial Science & Technology Department
(No.14530132661046), “promotion of Automatic Classification of Size Designation in Clothing MC”.
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m-dimensional ~sample muster {5, | S, € ® i=12,.n} and “K” number of template

muster{R1 ,RZ,...RK} The sample muster is to be divided into “k” groups @, ®,,..®, (k < K') and pick
“k” template vector from template muster to be corresponding to each group. The aberration d, in each

group when S belongs to®; should be minimized and make the total aberration d'= Za’ ; minimum.

1.2 Vector Quantization

The classification of size designation in MC is just aiming to find ways to complete the issue of vector
mapping, i.e. mapping a group of m-dimensional vector to another group of m-dimensional vector, which is
known as VQ (Vector Quantization, VQ for short). Its mathematical equationis R, = Q(S,) ),

The principles of encoding part of sending-end of VQ is equal to the abstract mathematical description
of classification of garment size designation need to be solved. After VQ encoding, one input vector obtains
the serial number representing one code word. Then in decoding-end, it is restored to the corresponding code
word according to the serial number and output. Certain distortion must exist between the input and output.
As far as a group of input vector is concerned, the smaller the average distortion between input and output is,
the better the effect of the VQ will be. Hence it needs to find a most optimal VQ quantizer with minimum
average distortion, i.e. the most high quality code book!".

2 Improved LBG algorithm and automatic size-classification method
2.1 Improved LBG algorithm

LBG algorithm is a classic VQ method, also known as K-means algorithm. It can acquire fairly
satisfactory code book by several times of iterations, assortments, and seeking center of mass operations
based on given training samples. The design of code book in LBG algorithm is based on the following two
principles:

1) Nearest neighbor rule. The optimal classification of training vector set can be obtained through
mapping each training vector to the code word neareast to its spatial Euclidean distance. It is supposed that a

space vector muster is divided into “k” groups and each group is labeled as ®,. When the vector S belongs
to ®, {S|Se®, where d[S,R]=mind[S,R,]} j=12..k

2) Centroid assortment condition. After each classification, the sort centre will be redefined. The centre
is figured by the centroid of all training vectors in this sort. If there are »; number of vectors in the i

"t
group, the center of mass of this sort is: R, = —I—ZSj
n; j=1

Generally there are two ways to choose the initial code book: random method and split method. The
former one is to randomly select “k” training vectors as the initial code word. The latter is in the hope to
expand the distance among the code words as far as possible in order to get better effect of initial
classification®®.

The theory of LBG algorithm is strict and easy to implement. It has become the basis of many other
improved algorithm. After the initial code book is selected, the initialization condition is set, that is,
supposing the number of initial iteration is m=0 or 1; the total number of iteration is L; the average

distortion i.e. total aberration of each classification is D), , — oo; the threshold of distortion control is

0< O <1, in which & is relative distortion generated from the need of procedure control, and it reflects
the extent of reduction between total aberration of two adjacent classifications. If it is less than 0, the
procedure ends. Generally we set that & =0.001. The chart of improved algorithm based on LBG is shown in
Figure 1.

The improved algorithm based on LBG adds one process, that is, mapping the code book to the template
vector after the initialized code book is confirmed. Besides, when the new code book is produced after each
iteration, the process of mapping the new code book to the template vector is also added. Thus it makes LBG
algorithm more conforming to the practical significance of classification of size-designation in MC.
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initialize code book
mapping the code word to template vectar

division calculation
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mapping the code word to teraplate vectar

calcutation of new code book
Y-ul

output code book

Y™, total aberation Diw

—chart of improved algorithm based on LBG

Figure 1 The flow

2.2 Automatic classification method
1) Data pre-processing. As the classic method, first, the dimensionality weighting treatment is applied to
the input data of net body measurements (total number of “n”) and data of control positions in the garment

size designation data-base (the total number of “K”).
2) By adopting random method or split method, the code book including «” initial codes is obtained

from the sample muster. Then following nearest neighbor rule, the code book is mapped to unrepeated “K”
template vectors. Later, the circular iterative process of improved LBG algorithm works until the last
iteration stops and final result is output.

3) It can be known from the content of the algorithm that the final output result of improved algorithm is

the final size designation of classification of size designation in MC that is pursued. The use of nearest ¢
neighbor rule can map all e classification of size designation’ =

n” samples to “k” size designations. Thus th

based on improved algorithm completes. g
The output code book based on improved algorithm is a subset of the template of the size designation

data-base, i.e. the result we seek. ¢

3 Application

3.1 To determine the part of input data
The part of input data includes size designation data-base of MC and the input of samples under test

this study, the size designation data-base of MC includes 98 size designations containing 16 control positiof
data, such as 160/84AF2B2. Here 160/84 represents the series of size designation and Y, A, B, C is
national standard body-figures. F represents the Front-side shape and B represents the Back-side figure. 1
3 represent respectively three protuberance positions from top to bottom. Thus we get the identificatio

body-figure subdivisions in the size designation data-base of MC. According to the requireme! 8
body-fitness, 16 control positions which can reflect the characteristics of each body-figure subdivis

include: body height, back neck point height, front length, back length, arm length, waist height, chest hel|
the front crotch length, the back crotch length, the shoulder width, neck circumference, the front bust;
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Abstract. This article analyzed different filament amount and twists effect on the CCFs’
conductivity and stability of resistance under different elongation, and observed the surface of CCFs
by SEM. The study demonstrated: In the initial state, the experimental resistance value of CCFs’ is
close to the theoretical one; The conductivity would improve as the number of filament and twist
adding; The relationship between resistance and elongation varies differently in two periods during
the stretching: within 0-6mm, CCFs' varies of resistance is more stable, but unsteadily within
6-15mm, and the coat of some samples began to break off.

Introduction

Recently, most smart clothings can be used to monitor physiological signals of body, and the study
of smart clothing which embedded conductive fibers became more and more popular.!" So far, two
methods are usually used to produce conductive fibers: |.Blending metal fibers with common fibers
2, 2.Coating the common fibers with conductive material *). Metal fibers have lower spinnability,
because the surface of fibers is smooth. The common coated fiber has a better spinnability but has
the drawback that the coating is nonuniform and easily to peel off, they are neither wear-proof nor
water-proof. Generally, these functional fiber sensors have worse repeatability because of the
limited elastic deformation, so different yarn structure and different textile structure can be used to
improve the conductive performance of textile sensor.

In this paper, we use a conductive and wear-resistant carbon-coated flexible washable filament
which is produced by Kanebo Company of Japan (Kanebo) and named Belltron 9R 1, it is black and
consisting of 3 single twistless filaments. The single filament is made by mixing conductive Carbon
powder with melting nylon6, resistivity p=7.8%10* Q*mm, 22.2dex/3F, elongation rate 53.2%. With
different filament amount and twists, conductivity of yarn and resistance stability was analyzed by
measuring resistance change under different elongation.

Experiment

According to GBT2543.2-2001, we design different amount and twists of CCFs and use
Y331LN/PC digital yarn-twisted instrument to produce carbon-coated different structure of yarns.
Sample specification is showed in Table 1. F was expressed as number of filament.

All rights reserved. No part of contents of this paper may be reproduced or transmitted in any form or by any means without the written permission of TTP,
www.ttp.net. (ID: 58.46.100.246-10/02/11,07:53:56)
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Tab.1 The specification of samples

Sample number | 2 3 4 5 6 7 8 9 10 1 12 13 14
CCFs amount (F) 3 6 9 12 24 6 12 24 6 12 24 6 12 24
Twist (twists/m) 0 150 300 450

We collected resistance of samples during the stretching with Fluke 289 digital multimeter in the
constant temperature and humidity indoor. Choose the NO.1-5 samples to measure the resistance
under the initial state (non-tensile). The length is 100mm. Recorded the resistance of Smm as the
beginning resistance, and added Smm longer each time as the next value. Each kind of sample
prepared five. The resistances of all samples were measured during the stretching progress. Each
kind of sample prepared five too. And we use Shimadzu AG-1 Electronic Strength Tester to do the
tensile testing, speed is 10mm/min. The length of sample is 150mm, including the testing part,
50mm. The resistance was recorded after stretching Imm each time until collecting 15 vaules.

Results and Discussion

Morphology of non-tensile carbon-coated filament. The coated surface of single carbon-coated
filament was shown in Figure 1 (a), the diameter is about 26.9um. We can see from the graph that
the surface was uneven, and this uneven surface can increase the frictional coefficient in the yarn. In
general, the coating is uniform, continuous, and non-porous. Figure | (b) is the cross-section of
multiple filaments which were arranged closely and the coating is deformed due to the compression
between filaments.

(a) SEM graph of filament's surface (b) SEM graph of filaments' cross section
Fig.1 SEM graph of filament's surface and filaments' cross section

Morphology of stretched carbon-coated filament. The surface of filament under stretching in
three states, 12%, 30% and after fracturing, by SEM were show in Figure 2 (a) (b) (c) respectively.
From the figure, we can see that the leakage of base is not obvious when the carbon-coated filament
was stretched to 12%. As the stretching rate increasing, the coating started to crack, the coating base
began to leak and the distribution of coating is discrete. When the filament was fractured, the
leakage of base is more obvious than before. The distribution of coating became discontinuous due
to large stretch, and the resistance increased gradually because that the distance of conductive
particles became larger 7).

Non-tensile Test. Figure 3 showed the relationship between resistance and the length of
carbon-coated filament, and the linear regression analysis corresponding shown in Table 2. From
the Figure 3 and Table 2, the linear relationship between resistance and length is significant on
non-stretched carbon-coated filament which demonstrates that the trend of resistance growing is
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(¢) Tensile fracture

(a) Stretch Rate 12%

(b) Stretch Rate 30%
Fig.2 SEM graph of filament's surface after straining
stable as the testing length is increasing. And the resistance decreases evidently with the amount of

filaments increases.
Tab.2 linear equation between R & L. (y:MQ, x:mm)

2

Number(F)  Linear Regression r
3F y=1.1238x+2.3200 0.9988
6F y=0.5210x-1.4886 0.9976
9F y=0.3149x+0.5598 0.9972
12F y=0.2317x+0.4261 0.9964
24F y=0.1164x+0.0369 0.9912

The resistance of yarns combined by the CCFs can be seen as several sin gle resistances
parallelling *!. Determined by the formula of resistance which was used in the columniform and
even materials, Ry = pL /S and the formula of the parallel resistance, R, = Ry / F. We can deduce
the R, R; = pL / SF. The cross-sectional area S=2.15x10-4mm? can be calculated by the diameter of
filament. After then, we can deduce the theoretical formula as follows, unit:

MQ: Ry=3.6279L/F (1)

ot B P e R: (MQ)
100 Gx P @
a 9F <
S g0t 4 12F ,f"/
ol e 2 R,=3.53091/
2 40 /"/ a0

" e EEEE T
~ e S
09 = T L : s
2 0 T
-3 20 40 60 80 100 F:CCFs o 9 <% °
L (oa> oo @ L (mm)

Fig.4 surface fitting
Fig.3 filaments length VS resistance

According to surface fitting by the experimental data of resistance, filament number F, the length
L under the state of no-tension, we obtained that: R,=3.5309L/F, unit: MQ. The results show that,
the experimental resistances of carbon-coated filament and the theoretical one are close, as shown
in Figure 4.

Filament amount effects on the conductivity in tensile test. Studies have shown that tensile
force can affect the conductivity of conductive fiber 7). Due to the different processing and
structural parameters, the variational trends of resistance will be different in three stages ! or two
stages 151 commonly.

We do strain-resistance test on 1-5 samples with non-twist, the relationship between resistance
and strain rate.The more number of filaments, the smaller the resistance , and the conductivity are
better. The reason is that the more the number of filaments, the more parallel channels is formed .
Liner fitting to the experimental results in two segments, we found that using 6mm as a divided
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point can make the r* as a maximum one after calculating. Thus the variational trends of resistance
can be divided into two stages: the trend is stable in the phase of 0-6mm and the resistance changes
quickly in the 6-15mm.

Table 3 is the regression model of the relationship between resistance and tensile rate, in which,
the y is resistance: R (MQ), the x is strain rate: AL/L, (%). We can conclud from Table 3: in the two
tension ranges, 0-15mm and 0-6mm, the linear regression coefficient of NO.5 sample is much
smaller than that of NO. 1-4,and it indicates that the conductive of 24F is the best; In the tension
range of 0-15mm, the r* value of NO.S is evidently higher than that of NO.1-4, indicating that the
extent of linear fitting of 24F is better than that of 3F,6F,9F and 12F, and the ratio of resistance
change is most stability;In the tension range of 0-6mm, the value of r* is close to 1 and the good
extent of fitting indicate that the relationship between resistance and tensile rate of all samples is
close to a linear evidently, and the resistance change is stable during the whole tension.

Tab.3 Resistance vs Stretch Rate

Resistance VS Strain ratio Resistance VS Strain ratio
Sample Number regression r2 regression r2
Strain length 0-15mm Strain length 0-6mm
1 y=16.122x-17.619 16.122 0913 y=6.645x+49 504 6.645 0.995
2 y=13.320x-37.735 13.320 0.802 y=4.652x+31.175 4652 0.995
3 y=5.002x+1.038 5.002 0.928 y=2.593x+18.314 2,593 0.985
4 y=4.647x+8.269 4647 0916 y=3.107x+16 214 3.107 0.985
5 y=0.703x+7.429 0.703 0.987 y=0.807x+7.086 0.807 0.989

Filament twists effect on the conductive performance of in tensile test. The relationship
between resistance and stretch rate of CCFs of different twists such as 6F, 12F and 24F are shown in
the Figure 6 (a) (b) (c). Theoretically, the more twists the greater the convolution of single filament
is, and the better conductivity has because of the conductive filament can form a continuous
structure of conduction "/, Figure 6 shows the resistance will be smaller as the more filaments, the
same results is shown in Figure 5, and the more the twists of CCFs are, the smaller resistance is.
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Fig.6 Resistance vs Stretch Rate
Tab.4 Resistance vs Stretch Rate (y:R (MQ) x:AL/L; (%))

R VSAL/L, 3 R VSAL/L, : R VSAL/L, . R VSAL/L, i
sample r r° samples t r

Strain length Strain length Strain length Strain length

6Fs0  y=13.320x-37. 0802  y=4.652x+31. 0995 12Fs3  y=2478x+12111 0891 y=1837x+140 0917

OFs150  y=8.411x-264 0848  y=3.698x+34. 0978 12Fsd  y=1859x+12443 0895  y=1504x+135 0981
6Fs300  y=6.926x+2.11 0867  y=3.132x+31. 0993 24Fs0  y=0.703x+7429 0987  y=0.807x+7.08  0.989

6 Fs450  y=5440x+686  0.893 y=2 566x+28 0981  24Fsl] y=0.707x+5 579 0.988 y=0.725x+5.60 0954
12Fs0 y=4.647x+826 0916  y=3.107x+16, 0985  24Fs3 y=0.573x+6.329 0978  y=0618x+6.40 0963
12F150  y=2.956x+158  0.932 y=2.800x+14 0995  24Fs4 y=0.449x+5 377 0.968 y=0436x+561 0989

In the Table 4, there is a linear regression model between the relationship of resistance R and the
strain rate of different samples which contain different amounts,6F, 12F and 24F, in two tensile
ranges, 0-6mm (0-12%) and 0-15mm (0-30%). Table 4 shows that, with the amount of filament and
twist increasing, the regression coefficient decreased gradually. It indicated that the resistance
decreases, conductivity enhancement; in tensile range of 0-15mm, the r* of samples, 12F s0 and 12F
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5150, are larger than 0.900, But the r* of all samples are larger than 0.900 in tensile range of 0-6mm.
It indicated that the degree of linear fitting is better, and the resistance change is stable.

Conclusion

In the initial (non-stretching) state, the experimental resistance R,=3.5309L/F is very close to
theoretical one Ry=3.6279L/F. The variational trends of resistance present differently in two-stage
during the tensile process: the resistance change is stable between the elongation of 0-6mm, but
increased between in 6-15mm. Adding the twists and the amount of filament would improve the
conductivity of CCFs. In the elongation of 0-15mm, sample that contains 12F and has the twist of
s0 or s150 would improve conductivity and the stability of resistance; if the CCFs contain 24F, it's
not necessary to consider the influence of twists. But in the elongation of 0-6mm, twists will be not
consider necessarily, adding the amount of CCFs could improve the conductive of the yarn.
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