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Abstract 
With the current adoption of smartphones and Internet, the consumer's behavior in retail is changing; thus 
a wide range of personal and professional user needs are being fulfilled with a variety of mobile applica-
tions that developers have created. The current research incorporated the results of using Anthropometry, 
3D Body Scanning, and Data Mining techniques to develop a classification and recommendation Digital 
Camouflage Garment size model. The results were merged with the creation of a prototype App to provide 
users a platform where they can select the best Garment size or chose other secondary options in case 
the first one is out of stock. The garment manufacturers will also benefit by reducing the costs of producing 
every size and keep a lower inventory demand. The objectives were attained using a modern 3D Body 
Scanners to collect Anthropometric data in an accurate, quick and convenient way. Finally, the C5.0 De-
cision Tree classification algorithm was used to classify the acquired data, because this algorithm provides 
a solution in rules that can be easy to understand, providing useful insight and explanations. The classi-
fication results showed that for both genders an acceptable performance was obtained, providing 170 
total classification rules. Furthermore, the classification rules were used in combination with the created 
prototype App to provide users with a more convenient way to find their correct size in a matter of seconds, 
and it can be of great value to manufacturers that intend to expand their online consumers. 
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1. Introduction 
In order to reduce costs and overproduction, 

garment manufacturers rely on different strategies 
to sell their products to clients within a specific 
body size group, in an attempt that these strategies 
can provide an advantage in the competitive world 
of garment manufacture. Manufacturers create cus-
tomized size charts to fit their customer's sizes and 
requirements using a combination of Anthropo-
metric data, 3D Body Scanning process, and Data 
Mining methods. The planning and quality control 
of production and inventory are crucial for the 
manufacturer (Jeyasingh & Appavoo, 2012), and 
now with the use of machines to mass-produce ar-
ticles at a grander scale, it is vital to provide the 
correct garment with the right size for the right cus-
tomer. 

In the 21st century, customer-oriented elec-
tronic made to measure (E-MTM) will become an 
important development direction of the garment in-
dustry (Kong et al., 2011). Li et al. (2005) have 
proposed that Anthropometry, body sharp analysis, 
garment style selection, garment design, garment 
ordered, and garment production can be combined 
organically by using modern 3D human body scan-
ner technology, computer technology, and internet 

technology to realize fast and efficient digital gar-
ment production chain. 

Moreover, Armed Forces around the world 
have shown interest in improving their manufac-
ture efficiency using available technology and An-
thropometric database. For example, the Armed 
Forces of Taiwan have long been committed to the 
improvement and innovation of their military gar-
ments; pursuing a more comfortable, and fitter de-
sign, paying close attention to the differences in 
body shape of both genders. 

Nonetheless, while Armed Forces also try to 
reduce costs and inventory stocks, their focus is the 
protection and performance of their soldiers. Sol-
diers wearing an ill-fitted uniform might hinder 
their performance on the battlefield causing dis-
comfort, physical strain, and risk of injury or even 
death. In civilian life, the fit of clothing is mostly a 
question of good looks. Crawling soldiers in uni-
forms that are too big are at significantly higher 
risk of being caught. On the other hand, too tight 
clothing will decrease their ease of movement 
(Schmidt et al., 2016).  

With the current innovations in Digital Cam-
ouflage Garments, the actual Digital Camouflage 
Garment size chart used by Taiwan’s Armed 
Forces has 156 different size labels divided by 
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garment and gender. The following Table 1 pre-
sents the current amount of sizes for each garment. 

Table 1: Digital Camouflage Garment Size Labels 
Digital Camou-
flage Garment 

Male Female Total 

Shirt 42 39 81
Trouser  42 33 75
Total 84 72 156

 
McCulloch et al. (1998) stated in their re-

search that providing users with many size options 
to better fit their body, can cause difficulties to 
manufacturers in production and inventory control 
and even confuse consumers in the selection of a 
correct size. 

Recruits have trouble choosing the correct 
size that fits their body, wasting much time trying 
the different sizes in each garment and the manu-
facturing factories have difficulty producing and 
keeping stock of all 156 sizes. The use of the actual 
size chart, even thou it is very detailed, has too 
many size options that make the whole selection 
and procurement process more complicated.  

That is why the objective of this research is to 
create a classification-sizing model using a 3D 
Body Scanner to acquire Anthropometric measure-
ments to be further analyzed by a C5.0 Decision 
Tree. The Decision Tree will provide classification 
rules that will be used with a developed prototype 
App to provide users with a custom fit size recom-
mendation and recommend other secondary size 
options, which can be used in case the first option 
is out of stock. This App will help every user save 
time on selecting the correct size for their body; 
support manufacturing factories understand which 
are the sizes most commonly used and which sizes 
can be used to cover the supply of sizes that are out 
of stock. 

2. Literature Review 

2.1 Anthropometry 
Textile and clothing industries can enhance 

classification-sizing schemes, minimize stocking 
expense, and decrease the number of unsold prod-
ucts with the use of Anthropometric data to better 
comprehend the human body shape (Azouz et al., 
2002). Manufacturers can have a clear view if the 
current size chart used is fit to cover the target cus-
tomer or customers with the use of Anthropometric 
data, which helps sustain a better understanding of 
the differences in shape and size of humans 

The implementation of Anthropometry on the 
design of military apparel also has a long history. 
According to Carr et al. (2012), one of the first 
official uses of Anthropometry was during the 
Civil War in the United States of America, in 
recognition that military personnel present differ-
ent body size and shape compared to the popula-
tion in general. Therefore, uniforms can be de-
signed to make them fit better, have higher integra-
tion and compatibility among other apparel items 
and equipment, and maximize mobility with the 
use of Anthropometric data. 

2.2 3D Body Scanner 
The collection of Anthropometric measure-

ments in a matter of seconds, consistent measure-
ments, no physical contact with the subjects, and 
promotion towards the manufacture of garments 
customized to fit, are some of the benefits of using 
a 3D Body Scanner (Simmons & Istook, 2003). 

With the current developments in computing, 
a higher storage space capacity, a reduction in price 
and a greater desire to move from a mass 
production style to a mass customization one, as 
shown in Figure 1 (Cornell University College of 
Human Ecology, 2011), 3D Body Scanners are 
becoming an essential key in future garment 
production (Ashdown et al., 2004; Carr et al., 2012; 
Daanen & Ter Haar, 2013). 

 
Figure 1: How 3D Body Scanning Technology Can Transform Garment Production 

Another significant advantage that is key to 
this study has been pointed out by Daanen and Ter 
Haar (2013), which is that 3D Body Scanners pro-
vides sufficient accuracy in body dimensions to se-
lect the best fitting size from a pre-established size 
chart. 

2.3 Classification 
Classification is a supervised learning process 

and is one of the most popular Data Mining tech-
niques. Its goal is to classify a large set of objects 
into predefined classes; if the goal is a discrete 
value, a classification solution is developed, but 
when the goal is numerical and continues, a regres-
sion solution is developed (Apté & Weiss, 1997; 
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Liu, McGree, Ge, & Xie, 2015; Mastrogiannis, 
Boutsinas, & Giannikos, 2009). The Anthropomet-
ric data obtained from the 3D Scanner will contain 
discrete and continuous variables, but the output 
will be the classification to a specific size label. 
Thus, a classifier will be used.  

Decision Tree methods are some of the most 
frequent methods used in supervised learning and 
Data Mining applications (Dell ́Olio et al., 2017). 
Based on several input variables, its objective is to 
create a model that predicts the value of a target 
variable (Kesavaraj & Sukumaran, 2013). 

Because the solutions provided can be 
observed directly and it helps to understand why 
the data was classified in a specific way, providing 
vital insight and explanations, the use of Decision 
Trees is very appealing in a decision supported re-
lated Data Mining activity (Apté & Weiss, 1997). 
Although other models might have greater predic-
tive performance, they cannot show how or why 

the model works. In different scenarios, as ex-
plained by Quinlan (1986), the ability to explain 
the reason for a decision is crucial. 

3. Methods 

3.1 Research Subject and Data Preparation 
The subjects of this research are all the Cadets 

and Master degree students from Taiwan’s Na-
tional Defense University during the year 2018. 
Before the 3D Scanning of the subjects, different 
sets of uniforms were prepared to give every 
subject the opportunity to wear the size that best 
fits their body. The 4th year Cadets from the Lo-
gistic Department were trained to serve as observ-
ers and verify that the subjects always wear the fit-
test garments to prevent a subjective selection of 
sizes. Table 2 is an example of the format used to 
record the results from the uniform wearing pro-
cess for every subject. 

Table 2: Example of the Uniform Size form 
Uniform Size form 

Hat 
Peaked Cap: 4 

Army dress: 5 Camouflage Hat: L 
Big F: ---- 

Shirt 
Formal Jacket: ---- Service Shirt: 16  M 

Camouflage Shirt: 43M 
Jacket: 3 T-shirt: M

Trouser Service Trouser: 32L Underwear: M Camouflage Trouser: 35M

Shoes 
Leather Shoes: 4 

Sport Shoes: 4 Combat Boots: 4 
High Heels: ---- 

Observations 
 
The next step was obtaining the Anthropomet-

ric data from the 3D Body Scanner. The equipment 
selected was the TG3D Body Scanner, which uses 
16 infrared lenses to scan a subject in 3 seconds 
and it can provide 100 different whole body land-
mark measurements. 

The total data collected were 996 samples 
(716 males and 280 females). The data was 
examined, and ten samples were deleted because 
they contained missing or abnormal data, thus 
leaving 986 valid samples to be further analyzed. 
This data was used in the creation of the C5.0 De-
cision Tree models in the next step of the research. 

3.2 Decision Tree 
The C5.0 Decision Tree algorithm is an up-

grade from the C4.5 Decision Tree algorithm 
(Quinlan, 1997). It basically keeps the same func-
tion of C4.5, but it adds new technologies to im-
prove its performance, among them the most im-
portant is boosting (Pang & Gong, 2009). Both the 
C4.5 and C5.0 Decision Trees use information gain 
ratio as a criterion to split nodes, which is more ef-
ficient than the information gain used in past Deci-
sion Trees algorithms. 

3.3 Similarity 
Clustering algorithms (Karayiannis, 2000), 

induced aggregation operators (Merigó & 

Casanovas, 2011), image recognition (Wang et al., 
2005) and identification of objects and scenes (Wu 
& Rehg, 2009) have been some of the areas that the 
Euclidean Distance has been utilized, and it can 
also be used to support decision-making. Euclid-
ean Distance is defined as the distance between 
two points in a Euclidean space, and the closer the 
distance, the higher the similarity (Lee et al., 2014). 

The distance of each size within a specific 
Digital Camouflage Garment size chart will be cal-
culated to observe the similarity that different sizes 
can have with one particular garment size. The 
sizes that present a higher similarity can be taken 
into consideration to be selected as a recommenda-
tion size. 

3.4 Performance Indicators 
After the training and testing phase of the 

classification model are complete, some assess-
ment needs to be done to evaluate the performance. 
This performance can be represented in scalar val-
ues such as accuracy, recall, and precision 
(Tharwat, 2018). 

In Sokolova et al. (2006) research, accuracy, 
recall, and precision were defined, and an equation 
for each performance metric was proposed. This 
research is based on the definitions stated by those 
researches. 
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4. Results 
This study used 986 valid samples of data col-

lected from Taiwan’s National Defense University 
students. The data was collected from February 
2018 to June 2018.  

The data set classification analysis was di-
vided by gender since male and women use differ-
ent size labels and measurements for their respec-
tive Digital Camouflage Garment. Hence, the data 
set was divided according to the following Table 3: 

Table 3: Data Set Partition 
Data Set 

Gender Training 70% Testing 30% Total
Male  502 210 712
Women  187 87 274
Total 689 297 986

 
The research implementation environment 

consisted of an Intel Core i7-7500, 2.70GHz Lap-
top running Microsoft Windows 10 Home with the 
IBM SPSS Modeler 18.0 program as the analysis 
tool. 

After finishing the required data preparation, 
four C5.0 Decision Tree models were created, one 
for each gender and Digital Camouflage Garment. 
The objective variables were the subjects’ own 
Digital Camouflage Shirt and Trouser size labels 
that were filled in the Uniform Size form in Table 
2. 

Because the objective of the research is to rec-
ommend a Digital Camouflage Garment size to a 
subject using Taiwan’s Digital Camouflage Shirt 
and Trouser size chart labels; it was decided to use 
the same body variables that each size chart uses. 
For the Digital Camouflage Shirt model, the body 
variables used are (a) Chest Circumference, (b) 
Back Cross Shoulder Length, and (c) Arm Length; 
and for the Digital Camouflage Trouser model (a) 
Hip Circumference, (b) Pants Length and (c) Pants 
Circumference were selected. 

4.1 Analysis Results 
It was discovered that some of the predicted 

sizes provided by the Classification models were 
sizes bigger or smaller than the objective sizes. For 

example, in the Digital Camouflage Trouser model 
the objective size 29M has the following predicted 
sizes: 27L, 27M, 29M, 29S, 31L, 31M, and 33M. 
At this point, we do not know if the predicted sizes 
can be used as recommendations sizes for the size 
29M. Hence the use of Euclidean Distance is 
needed to measure the similarity between the sizes. 

After calculating the distances and comparing 
them with the results provided, some size recom-
mendation selection rules were required to be set, 
because not every predicted size can be used. The 
size recommendation selection rules are explained 
in detail below. 

It was observed that if the predicted size is a 
lower numeration (27M or 27L) than the real size 
(29M), it presents negative values in the body 
measurements, meaning that the subject will wear 
a garment too tight or smaller in relation to his 
body measurements. Thus, the predicted sizes that 
fulfill this rule are not accepted and deleted.  

The second rule states that if the predicted 
size overpasses the value of 10.00 in the Digital 
Camouflage Shirt Euclidean Distance Matrix and a 
value of 11.00 in the Digital Camouflage Trouser 
Euclidean Distance Matrix, the body measure-
ments are too big, meaning that the subject will 
wear a garment too bulky in relation to his body 
measurements. Hence, the predicted sizes also ful-
filling this rule are not accepted and deleted.  

Finally, the predicted sizes that can be used 
are the ones that are in the range between 0.00 to 
10.00 for the Digital Camouflage Shirts and 0.00 
to 11.00 for the Digital Camouflage Trousers. 
These predicted sizes were divided into three 
groups. The first group is the real size predicted to 
its same size; for example, 29M to 29M, this type 
of prediction has a distance of 0.00. The second 
group are the predictions that fall in the range of 
0.01 to 5.00 for the Digital Camouflage Shirts and 
0.01 to 5.55 for the Digital Camouflage Trousers; 
and finally, the third group are the predictions that 
fall in the range of 5.01 to 10.00 for the Digital 
Camouflage Shirts and 5.56 to 11.00 for the Digital 
Camouflage Trousers. Table 4 presents the exam-
ple above described, including the distance of the 
sizes and the size recommendation selection rules. 

Table 4: Digital Camouflage Trouser Euclidean Distance Matrix 
 25S 25M 25L 27S 27M 27L 29S 29M 29L 31S 31M 31L 33S 33M 33L

29S 12.79 12.79 14.19 6.39 7.12 9.46 0.00 3.80 6.30 6.31 7.67 10.33 12.71 13.63 15.46
29M 13.70 12.96 12.96 7.73 6.39 7.12 3.80 0.00 2.50 7.05 6.31 7.67 12.88 12.71 13.63
29L 14.82 13.67 12.72 9.38 7.08 6.40 6.30 2.50 0.00 8.48 6.56 6.56 13.59 12.70 12.90

Selection Rules 0.00 > 0 and ≦5.55 > 5.55 and ≦11 > 11 Lower Numeration 

 
After setting the size recommendation selec-

tion rules, the Confusion Matrix can be used to 
evaluate the remaining predicted sizes. 

4.2 Classification Evaluation 
The Confusion Matrix will be used to assess 

all the classified sizes from the Decision Tree mod-
els and the recommendation sizes selected from the 
Euclidean Distance Matrix of each size chart.  
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Because the testing result from the Decision 
Tree model has the objective size and the recom-
mendation sizes, it is required to set weighted val-
ues to each one. Hence, the sizes in the first group 
were set a value of 1, because they are the same 
size as the real size. The second group sizes receive 
a value of 0.9 since it is the next group having the 
closest distance to the objective size and the third 
group receives a value of 0.8, seeing that it is the 
last group close to the objective size. 

After setting the different values to the 
classified sizes, the final score, precision, and re-
call of the Decision Tree models can be calculated. 
In this research, score refers to the same equation 
that accuracy employs, but it was giving a different 
name because of the weighted values added. The 
final evaluation for the four Decision Tree models 
are presented in Table 5: 

Table 5: Decision Tree Models Evaluations 
Decision Tree Model Score Precision Recall 
Female Digital Camouflage Shirt 91.18% 73.64% 80.43%
Female Digital Camouflage Trouser 90.65% 88.96% 88.57%
Male Digital Camouflage Shirt 91.59% 63.60% 83.64%
Male Digital Camouflage Trouser 90.75% 91.07% 91.04%

 

4.3 Size Classification Rules 
One of the reasons why the Decision Tree 

classification model was chosen in this research is 
because it provides the ability to build classifica-
tion rules. These rules are helpful to understand 
why a specific user is presented with a particular 
size.  

The Male Decision Tree model provided 60 
different classification rules for the Digital 

Camouflage Shirts and 54 different classification 
rules for the Digital Camouflage Trousers. The Fe-
male Decision Tree model provided 24 different 
classification rules for the Digital Camouflage 
Shirts and 32 different classification rules for the 
Digital Camouflage Trousers. Table 6 presents an 
example of the rules that can be used to recom-
mend a Digital Camouflage Garment size. 

Table 6: Decision Tree Classification Rules 
Camouflage Shirt Predicted Size Rules Chest Circumference Back Cross Shoulder Length Arm Length 

Male 37L 

1 ≦ 42.200 56.550 and ≦ 57.300
2 85.400 and ≦ 91.300 55.750 and ≦ 56.150
3 ≦ 86.800 42.400 and ≦ 44.300 57.450 and ≦ 58.750
4 ≦ 92.500 46.700 57.900 and ≦ 58.750

Female 38M 
1 ≦ 83.600 40.400 and ≦ 41.700 54.450 
2 81.500 and ≦ 83.800 ≦ 40.800 53.450 and ≦ 54.450
3 83.900 and ≦ 88.400 52.400 and ≦ 53.500

Camouflage Trouser Predicted Size Rules Hip Circumference Pants Length Pants Circumference

Male 29M 

1 83.900 and 89.200 95.800 and 101.300 75.300 
2 88.500 94.400 and 98.700 75.300 and 77.100
3 86.400 94.400 76.700 
4 83.400 98.400  

Female 28M 
1 87.100 86.400 and 91.700 74.000 and 77.700
2 83.700 and 88.400 93.00 and 94.200 75.700 
3 85.500 93.000 79.500 and 80.300

 

4.4 App Development 
With the creation of the 170 total classifica-

tion rules, it can still be complicated to use each 
rule and recommend a size in a manual procedure. 
To facilitate the use of this valuable information a 
smartphone application was developed. The users 
will be asked to select a Digital Camouflage 

Garment and gender, once the selections are done 
the users will insert the required body measure-
ments to the interface; the application algorithm 
will calculate the after-mentioned measurements 
using the classification rules to provide the size 
recommendations in a matter of seconds. Figure 2 
is an example of the prototype App for the Digital 
Camouflage Trouser. 
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Figure 2: Trouser Size Recommendation App 

5. Conclusions 
The present study successfully used a 3D 

Body Scanner equipment to acquire Anthropomet-
ric body measurements from the Cadets and Mas-
ter degree students of Taiwan’s National Defense 
University. 

The total data collected were 996 subject sam-
ples, gathered from February 2018 to June 2018. 
The selected body measurements obtained from 
the 3D Body Scanner were used in combination 
with the C5.0 Decision Tree model to effectively 
classify the subject’s measurements to a specific 
Digital Camouflage Garment size, taking in con-
sideration its gender. Furthermore, the Euclidean 
Distance Matrix supported the selection of the sec-
ondary sizes that can be recommended to the same 
subject. Finally, the Confusion Matrix was used to 
assess the performance of the classification and 
recommendation of sizes. The results showed that 
the models had a good overall performance for 
both garments and genders.  

Although many researchers have already 
combined the use of 3D Body Scanners to acquire 
Anthropometric body measurements to be further 
used with a classification method, their primary 
purpose has been the creation of a new size chart. 
Hence, the distinction of this study is that it em-
ploys a size label from an actual size chart to act as 
the objective variable to classify the subject’s 
measurements to the after-mentioned size and pro-
vide additional size recommendations. 

Furthermore, the development of the App in 
combination with the classification rules can be of 
great value to the users by providing them in a mat-
ter of seconds a fit size and recommending other 
options in case the first option is not available. Be-
sides, as stated by Eriksson et al. (2017), there has 
been a consistent increase in online apparel pur-
chase done using smartphones. Hence, clothing re-
tailers that intend to expand their online consumers 
can employ the App and attach it with their inven-
tory database to provide users with the ability to 
purchase the desired garment. 
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