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Abstract: Digital human modelling can be applied to determine skin exposure 
to sun as a factor in modelling risk of skin cancer. To determine body surface 
area covered by clothing (BSAC), a variety of garment data must be overlaid 
with the human model. Two approaches, one based on creation of clothing 
using MakeHuman add-ons in Blender, and the other based on the import of 
data are exemplified. Results are compared with data from Zhang (Shah and 
Luximon, 2019). We found that a scalable library of garment elements, 
assembled to typical apparel is a feasible way to model clothing. We conclude 
that valid BSAC could be determined. 
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This paper is a revised and expanded version of a paper entitled ‘Estimation of 
body surface area coverage by garment items: different approaches using mesh 
base modelling’, presented at Human Systems Integration Conference 
(HSI2019), Biarritz, France, 11–13 September 2019. 

 

1 Introduction1 

MakeHuman, in combination with Blender software is a digital human modelling (DHM) 
tool which can be applied towards ergonomic modelling (Bastioni et al., 2008; Briceno 
and Paul, 2018; Buys et al., 2011). It has been found useful to model body surface area 
covered by clothing (BSAC) (Briceno et al., 2018). DHM tools have been used to 
reproduce realistic body shapes (Poirson and Delangle, 2013) as well as body and 
clothing assembled (Briceno et al., 2018; Shah and Luximon, 2019; Dura-Gil et al., 2019; 
Scataglini et al., 2019; Dove, 2019). Gage et al. (2017) pointed out that due to the large 
variety of clothing items and styles clothing coverage, it could be assessed using 
simulation models. Sun-protective clothing provides a physical barrier that reduces the 
amount of UVR reaching the skin (Harrison and Downs, 2015) and regularly wearing 
sun-protective clothing may reduce risk of developing skin cancer (Harrison et al., 2005, 
2010). Determining BSAC by clothing should be a priority of the garment industry. 
Consequently, to support the design of garment in its sun-safe specification and to 
advance the application of DHM methodology in the determination of BSAC, an 
approach to digitally assess common clothing items is developed by means of the DHM 
tool MakeHuman v1.1.1 (Bastioni et al., 2008) and Blender software 2.79 (Blender 
Foundation, https://www.blender.org). BSAC by clothing is evaluated using the Bodies 
Under Flowing Fashion (BUFF) dataset (Zhang et al., 2017), which originally was 
generated and used for estimating body shape under clothing from 3D scans of real 
people. The BUFF dataset includes three males and three females in two clothing styles. 
In this study, four subjects in neutral posture from this dataset were selected and 
compared with bodies and clothing items reproduced in DHM that matched with the 
subjects and their outfits. 

2 Material and methods 

2.1 Clothing library 

The clothing library was created using MakeHuman add-ons (Bastioni et al., 2018) in 
Blender software (Blender Foundation, https://www.blender.org). The body mesh  
was divided by regions: upper body (neck, trunk and upper limbs) and lower body. 
Landmarks were used in the process of making clothing. 

Templates are composed of upper body garment pieces (trunk, neckline and sleeve 
types) and lower body garment pieces (trousers and skirt length sizes) which can be 
assembled in order to create a range of regular clothing types, both for female and male 
models. Figure 1 shows an exemplary assembly structure of such garment pieces. 



   

 

   

   
 

   

   

 

   

    Estimation of body surface area coverage by garment items 331    
 

    
 
 

   

   
 

   

   

 

   

       
 

Figure 1 Creation of female outfit using upper and lower garment pieces (see online version  
for colours) 

 

Female gender garment pieces 
Upper body items are: 

• trunk: strapless, tank, off-shoulders 

• neckline: round, turtle and V necklines 

• sleeves: short, elbow, 3/4 and long sleeves. 

Lower body items are: 

• trousers: mini pants, mid-thigh, above the knee, mid-calf, full length trousers 

• skirt: mini, above the knee, mid-calf, maxi skirt. 

Male gender garment pieces 
Upper body items are: 

• trunk: base and tank 

• neckline: collared shirt, round, turtle and V necklines 

• sleeves: short, elbow, 3/4 and long sleeves. 

Lower body items are: 

• trousers: mid-thigh, above the knee, mid-calf and full-length trousers. 

Materials, textures, and colours were not considered in the clothing library. 
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2.2 Validation against BUFF dataset 

Subjects from the BUFF dataset (Zhang et al., 2017) were selected (two males and  
two females) wearing two outfits (Figures 2 and 3) for validation. 

Figure 2 BUFF dataset*: male gender, (a)–(b) subject 1 and (c)–(d) subject 2 wearing  
(a) and (c) t-shirt and long trousers and (b) and (d) a soccer outfit 

 
(a) (b) 

 
(c) (d) 

Source: *Harrison and Downs (2015) 

2.2.1 Body surface area calculation 
Subjects selected in the BUFF dataset were reproduced as DHM using MakeHuman 
software. The body statures were measured using MeshLab software (Cignoni et al., 
2018). Circumferences were calculated as the perimeter of an ellipse where minor  
and major diameters were determined using the GiD graphical pre-processor (CIMNE, 
Campus Nord UPC). 
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Figure 3 BUFF dataset*: female gender, (a)–(b) subject 1 and (c)–(d) subject 2  
(a) and (c) wearing t-shirt and long trousers and (b) and (d) a soccer outfit 

 
(a) (b) 

 
(c) (d) 

Source: *Zhang et al. (2017) 

For the reproduced bodies, the body surface area not covered by clothing (BSANC) were 
calculated following the procedure proposed in Buys et al. (2011) using Blender. For the 
BUFF dataset meshes, the BSANC were determined using MeshLab software (Cignoni  
et al., 2018). 

Upper and lower body garment pieces from the clothing library were employed for 
Figures 2(a), 3(a), 2(c) and 3(c), and additional pieces were generated for the soccer 
outfit [Figures 2(b), 3(b), 2(d) and 3(d)]. 

To facilitate comparison with the BUFF dataset models, the DHM subjects 
reproduced using MakeHuman software were scaled from (dm2) to (mm2) using Blender 
software. They were then imported into MeshLab and aligned by means of translations 
and rotations. 



   

 

   

   
 

   

   

 

   

   334 G. Paul and L. Briceno    
 

    
 
 

   

   
 

   

   

 

   

       
 

2.3 Patterns 

Using Blender software, MakeHuman add-ons and the ‘atomic boy’ pattern (Atomic 
Playwear), a preliminary procedure was carried out to adjust the UV coordinate map to a 
real-world pattern using UV Blender tools (Blender Nation, https://www.blendernation. 
com/2018/02/18/magic-uv-v5-0-released/). In this approximation, seams were marked to 
reflect the separation in a real-world pattern. The data generated was subsequently 
unwrapped and UV groups were adjusted until the UVs overlaid the pattern. In the last 
step, the UV layout was exported. 

3 Results 

Using the clothing library, proposed upper and lower body garment pieces can be 
combined to create different outfits for female (Figure 4) and male models (Figure 5). 

Figure 4 Garments for females using the clothing library (see online version for colours) 

 

Figure 5 Garments for males using the clothing library (see online version for colours) 
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The BUFF dataset bodies reproduced were visually overlaid and compared with the 
original meshes (Figures 6 and 7) whilst BSANC for the bodies selected were calculated 
(Table 1). 

Figure 6 Male gender, subject 1(b), soccer outfit 

 

Figure 7 Female gender, subject 1(a), t-shirt and long trousers 
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Table 1 BUFF reference dataset and DHM bodies reproduced: BSANC 

Gender Model 
BUFF dataset DHM library Error 
BSANC (dm2) BSANC (dm2) % 

Male a 39.94 39.92 –0.06 
b 49.29 50.98 3.43 
c 42.71 41.92 –1.86 
d 52.00 53.16 2.23 

Female a 54.28 54.09 –0.36 
b 62.73 59.63 –4.95 
c 54.37 52.81 –2.87 
d 58.94 57.62 –2.24 

3.1 Validation BUFF vs. DHM library data 

To validate, reproduced bodies with their clothing combination were used to calculate 
surfaces (BSANC) and compare against the reference BUFF dataset. 

When comparing DHM generated datasets with selected datasets from Zhang et al. 
(2017), the calculated BSANC error remained within –5% < ε1 < +3.5%, with the largest 
errors for both male and female subject 1 occurring in a soccer outfit (male: +3.43%; 
female: –4.95%). Overall, the absolute average error was |ε|avg = 2.25% (male: 1.895%; 
female: 2.605%). 

3.2 Comparison with real-world pattern 

A pattern (Figure 8) and garment (Figures 9 and 10) were generated by comparing and 
adjusting the model using the atomic boy pattern and Blender tools. 

Figure 8 Atomic boy mesh base pattern generated by means of UV Blender tools 
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Figure 9 8 yr. old child body and atomic boy shirt reproduced and assembled in DHM  
(see online version for colours) 

 

Figure 10 Atomic boy shirt (a) top, (b) back, (c) front and (d) right views (see online version  
for colours) 

 
(a) (b) 

 
(c) (d) 

A virtual human body was generated using MakeHuman for a child of male gender and a 
stature of 125 cm with normal weight. By means of the clothing library, three upper body 
garments (collared shirt, V and crew necklines and elbow, short and long sleeves) were 
created and assembled to the body (Figure 11). 
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Figure 11 Outfits, (a) collared shirt neckline and elbow sleeve (b) V neckline and short sleeve  
(c) crew neckline and long sleeve (see online version for colours) 

 
(a) (b) (c) 

BSANC was calculated for the outfits shown in Figures 11(a), 11(b) and 11(c) and the 
atomic boy shirt labelled here as ‘(d)’ for reference (Figures 9 and 10). This outfit (d) is 
similar to outfit [Figure 11(c)] in style. The lower body region was not considered in 
those calculations, as it was not represented in the ‘atomic boy’ pattern data (Table 2). 
Table 2 Estimations of upper BSANC for four garments: male gender, 8 yrs. old 

Data source Outfit 
DHM boy, 8 yrs. 

BSANC (dm2) 
DHM library a 19.23 
DHM library b 21.81 
DHM library c 14.35 
‘Atomic boy’ d 15.37 

In this example, the relative error between the similar styles, the library generated 
garment pattern [Figure 11(c)] and the real-world ‘atomic boy’ pattern (d) is –7.1%. 

4 Discussion 

Calculation of the BSAC is highly dependent on the definition of the garment border 
lines (seam lines). Consequently, more detailed sleeve, skirt and trouser patterns are 
essential as well as additional neckline types in order to improve accuracy of BSANC 
simulation. This might be achieved using real-world patterns. For that reason, a 
preliminary procedure to adjust the UV map to a real-world pattern was employed. 
Additional studies however are required to confirm the real-world scale and aspect ratio. 
Also, further studies will need to include different sizes and patterns. The error generated 
from the BUFF dataset to DHM conversion has not been quantified in this instance as the 
assumption was made that it can be neglected. This assumption however will necessitate 
confirmation in another study. 
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Overall, we found only a small error of –5% < ε1 < +3.5% when comparing BUFF vs. 
DHM library determined BSANC. Similarly, the error between BSANC calculated from 
a library generated garment pattern [Figure 11(c)] and the equivalent real-world ‘atomic 
boy’ pattern (d) was deemed acceptable with ε2 = –7.1%. The slightly larger error (ε2 – ε1 
= –2.1%) when importing a garment pattern from design data (source: Adobe Illustrator), 
compared to a reference dataset can be assigned to a random error, as both patterns 
(datasets) required assumptions be made for modelling the seam lines, as argued above. 

Given the complications arising from accessing a huge number of garment designs 
from a potentially large number of textile industry OEM or resellers, the practicality of an 
approach which is based on a DHM garment pattern library is obvious. If the quality of 
BSANC data generated using this method is good enough, such as partially validated in 
this study the significant economic benefits of the method make it the recommended 
future approach in measuring BSANC. Further validation and comparison with data from 
a traditional method have been previously published in Briceno et al. (2020). 

The DHM and garment pattern library-based method of predicting BSANC has its 
application in the textile industry, in clothing sales, in selection of occupational health 
and safety related personal protective equipment (PPE) and in public health advice. 
Furthermore, the method is useful in dermatology and oncology research. 

Given the small number of data used for validation in this study, further studies are 
mandated to confirm our conclusions. 

5 Conclusions 

We have presented a method to estimate body surface area not covered by clothing 
(BSANC). A clothing library for upper and lower body garment was proposed. We 
provided a comparative evaluation against the BUFF dataset bodies reproduced and 
BSANC by clothing was calculated for two outfits each from the library and the BUFF 
dataset. Using a real-world pattern, a preliminary procedure was used to adjust the UV 
map to a real-world garment pattern. This enables the comparison of BSANC by clothing 
for the virtual library generated garment against an equivalent real-world pattern. Errors 
within acceptable margins were found and explained. 

It was shown that BSANC by clothing can be reliably determined from a DHM 
generated garment library, using a fully virtual DHM approach. 

The outcomes of this study have implications for the garment industry and can assist 
with the efficient modelling of skin cancer risk in public health. 
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Notes 
1 BUFF dataset: Permission to make digital or hard copies of all or part of this work for 

personal or classroom use is granted without fee provided that copies are not made or 
distributed for profit or commercial advantage and that copies bear this notice and the full 
citation on the first page. To copy otherwise, or republish, to post on servers or to redistribute 
to lists, requires prior specific permission and/or a fee. 


