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ABSTRACT: The quality of 3D human body scanned data is influenced by many factors, such as the colors of 

scanned surfaces, the standing postures of the scanned subjects, ambient lighting, scanner resolution, proper 

selection of scanned segments. The colors of scanned surface color, the standing posture of the scanned subject 

are essential factors affecting the accuracy of the measurement. Setting parameters and adjusting devices depend 

primarily on the characteristics of the scanning surface. This paper studies the structural shapes, the colors of the 

scanned outfit, and the postures of the subjects, which influence the quality of 3D body scanning images using a 

structured light system made suitably for Vietnamese people. In this study, the results of analyzing the color 

characteristics of the garment and the posture of the scanned subject, which influence the quality of the scanned 

image are presented. By optimizing these factors, setting up the scanned object parameters can be faster, easier, 

and more time-saving during the scanning process. 

KEYWORDS: Structured light; outfit shape; outfit texture; outfit color; scanning posture; 3D scanner; image 

quality of 3D body scanning; pixel density. 

INTRODUCTION 

3D human body scanning technique using structured light has been providing many benefits worldwide in different 

industries. Notably, the extraction of measurement points, size parameters from the cloud data of the human body 

has significant benefits in the field of outfit design, and industrial production. In Vietnam, this technique has not 

been well developed. There are still debates on the research into the fabrication and application of 3D body scanner 

equipment using structured light in the garment industry. In order to ensure accuracy while scanning, it is vital to 

determine the optimal conditions, the outfit, wore during the scanning process, and scanning postures. These 

factors directly affect the quality of the resulted data. A number of published studies mention determined elements 

of a scan pattern in the designing process of a 3D body scanner. Some studies have examined the effect of outfit 

shape, texture on the accuracy while scanning, as described by Hein Daanen [1]; Jennifer Bougourd and Philip 

Treleaven [2]; Sim, Marshall, Gyi, Summerskill, Case [3]; Human Solutions Group and Vestechpro [4]. In 

anthropometric survey projects in European countries, there was a general comment: The shape and texture of the 

outfit affect the identification of the anthropometric markers and the body size. The outfit can completely hide 

important measurement points on the body, which results in large errors in the extraction of measurement points 

and determination of body size parameters, some decorative details on clothing can be confusing as a marker, 

complex textures will make it difficult to change the scanned outfit, which is time-consuming and costly. Besides, 

the outfit shape and texture have a significant impact on the psychology and breathing of the scanned subject. 

Wearing low-necked clothes can cause an unconfident, nervous mentality during the scanning process. 

Thus, studies show that the scanned outfit with disjointed, simple, and easy-to-wear textures and a tight fit will 

have more advantages than jointed textures
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Outfit color is also a factor influencing the quality of scanned data reported by a number of studies, such as Andrew 

Talor and Ertu Unver [5], suggesting that the color giving the best results was white. While the authors chose light 

gray for the color of the scanned outfit [1]; the authors did not design their own scan outfit [2], but the subjects 

chose their own underwear in white or human skin color; the authors chose outfit in white, human skin color, 

cream, and scarlet color [3]. The authors studied the effects of RAL colors on the 3D scan quality: yellow, white, 

black, red, green, blue, simultaneously also gray and came to a conclusion: gray is the most suitable, red, white, 

blue color gave a quite good result, green, black and yellow color resulted in the worst scanning quality [6]. The 

studies also concluded that the scanned outfit needed to have a head cap because otherwise, the data scanning this 

area would lose due to black hair [1-3,7]. 

Studies of the authors while studying scanning posture suggested that: because the human body was uneven, some 

of the positions such as axillary, inner arm, crotch, inner thigh, and ankles were easy to be hidden during the scan 

[1-4, 7], therefore, choosing the right posture would ensure that the body measurement points in the hidden position 

were displayed. In addition, the choice of scanned posture also depends on scanning purposes. Also in major 

anthropology studies for many production areas [1-4], the authors concluded that there were two popular scanning 

postures, the sitting and standing postures, but specifically, for studies setting parameters in the garment field, only 

standing posture was mainly applied [5-7]. 

The above studies pointed out advice on the outfit colors, structures, some postures of the scanned subject. 

However, each study uses a different device with scanning technology and has different scanning purposes. 

Therefore, within the scope of the study presented in this paper, the authors focus on identifying a number of 

elements of the scanned subject such as the outfit shape, texture, the color and postures of the scanned subject in 

order to ensure the highest quality and accuracy of the required measurement the 3D data obtained from the 3D 

scanners using structured light created by the authors under Vietnamese conditions. 

EXPERIMENTAL RESEARCH 

Research subjects 

Scanned subjects 

Female students of Hanoi University of Science and Technology. Aged 18 - 23 years old. Height from 1.5 to 1.7m. 

In the study, a mannequin of young women circulated in Vietnam was used as a standard measurement subject to 

avoid the change of posture when standing. 

Scanning equipment: Using the 3D human body scanner at the optical engineering laboratory, the Department of 

Precision Mechanical and Optical Engineering, Hanoi University of Science and Technology [8]. The equipment 

using structured light had the principle of triangulation, Gray encoding method, using projector Optoma X321, 

Basecoat aEeCe GigE, measurement chamber 1.5 × 2.5m, measurement range 1000x500x1800 (mm). 

Measurement conditions: room temperature was 25 ± 2°C, the humidity was 65 ± 5%, ambient light varied from 

305 to 310 lux, using a black background. 

Research methods 

Determination of criteria for quality evaluation of 3D human body scanned image [8-10]: 

 
In order to assess the quality of 3D human scanned image obtained from the scanners, the following criteria were 

selected in this study: Through pixel resolution: With different outfit samples, the data obtained were differently, 

the data sample obtained with the most pixels gave the best data; Accuracy: The accuracy of the measurement 

point and the accuracy of the measurement subject (point cloud data is composed of individual measurement 

points. The higher the accuracy of the points, the better quality the cloud point data had). The grayscale value of 

3D image [8, 9], the brightness of the pixels could not be too dark or too light, the grayscale value of pixels needed 

to reach the average gray level of about 64-192 (midtone) shown in Figure 1 [8]. Simultaneously, visual assessment 

of the contour of the 3D human body scanning, the assessment of the ability to clearly display the body contour at 

the axillary, crotch, inner thigh, and the ability to display anthropometry markers such as shoulder points, axillary 

points, hip points, and crotch points [7, 9].   
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Figure 1. Histogram chart 

Design of experimental methods 

Suggested methods for scanned outfit texture: During the experimental process, the research team used the outfit 

shape, texture as shown in Figure 2, namely: tight outfit with disjointed, one-layer texture; sleeveless shirts with 

no collar; elastic waistband shorts over knee length, head caps with buns for women with long hair.  

 

Figure 2. Illustrating images of scanned outfit 

Suggested methods for outfit colors: In order to study the influence of outfit colors on the accuracy of the scanning 

data, the authors used five colors that gradually reduced in level, which were white, light gray, gray, dark gray, black 

and added red as the color in the spectrum of white light. Numbers of scans are 18 times. 

Defining the posture of scanned subject: The purpose of this topic is the empirical study of scanning postures to 

measure human body sizes to apply in garment industry, to ensure that the maximal number of postures will be scanned, 

choosing standing posture, two arms and two legs spreading horizontally, determining the optimum spreading level of 

arms and legs. This is also the basis for choosing the distance between the handles and the foot positions on the turntable 

of the 3D scanner. Comparative study of the quality of scanned images in the axillary, crotch area, and basic dimensions 

in this area compared to conventional measurements were conducted, based on the standard of scanning posture [10] 

and the Vietnamese standard for human body measurement methods [9]. Experimental methods are shown in Table 1 

and Figure 3. Simultaneously, studies were conducted on two groups of subjects with the large pelvis and narrow 

pelvis. 
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Table 1. Experiment on scanning postures with arm spreading angles and the value of leg spreading angles  

No. Arm spreading 

angle (degree) 

Foot distance Number of scans 

(times) Distance between left and 

right toes x (cm) 

Distance between left and 

right heels y (cm) 

1 20 20 10 2 

2 40 30 20 2 

3 60 40 30 2 

4 80 50 40 2 

Sum 8 

 

Figure 3. Position of arm spreading angle (α) and leg spreading distance x, y 

Processing methods of experimental data 

The data obtained from the 3D scanning device was the point cloud processed on Meshlab software. The technical 

criteria of images were analyzed on the Image J software to evaluate the gray level of the image. 

Using Meshlab software to handle interference, collage 3D image, and identify point cloud density (illustrated in 

Figure 4). The software allowed the identification and processing of noisy image data. Since the sensor device 

consists of a camera and a projector, the scanning space in a scan was limited; therefore, it was necessary to split 

the scanned subject into segments and then use an algorithm to recombine. 
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Using Image J software to identify the Histogram chart of the image before processing to assess the effect of outfit 

colors on the accuracy of the scanner. Histogram chart is a distribution chart of the grayscale value of scanned 

images, on the graph, the axis 0y represents the number of pixels for a grayscale, the axis 0x indicates the grayscale 

value of images on a 256-level scale from 0- 255 (Figure 5). 

 

Figure 4. Illustrating interference cancellation methods and determination of pixel density with Meshlad 

software 

 

Figure 5. Illustrating results of the grayscale value of scanned images with Image J software 
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RESULTS AND DISCUSSION 

Results determining scanned outfit shape, texture 

The designing results of the scanned outfit sample used in the study for the subject to wear are illustrated in Figure 

6. The result of the pixel cloud data of the head of scanned subjects obtained from 3D scanner for the case with 

and without head cap are shown in Figures 7 and 8. 

 

Figure 6. Image of scanned outfit texture on the body of scanned subject and position map of 23 anthropometric 

markers according to Vietnamese standards on human body measurement methods [10] 

 

Figure 7. Image of pixel cloud data of the head of scanned subject with head cap 

 

Figure 8. Image of pixel cloud data of the head of scanned subject without head cap 
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Evaluation of the proposed outfit texture 

The tightly designed outfit texture had met the requirements to reveal the body's contour, and the knit fabric with 

good elasticity as well as reasonably designed width would not tighten the body, and therefore not change the real 

size of the body. The tank top helped to hold the body. The knee-length shorts helped the subject feel more 

confident during the scan. This structure allowed for the direct observation of most anthropometric markers in 

accordance with the national standard TCVN 5781:2009 [10] except for some points such as head vertex point (1), 

chest peak point (7), point on chest (6), and iliac crest point (16), bottom pelvis point (17), crotch point (the folding 

point on the buttock) (18), which were covered by head cap and clothes. When scanning the head of the body with 

hair, the scanner was unable to retrieve the data because the black hair had absorbed the light from the projector 

and did not reflect. Thus, the camera could not capture any data. Therefore, in the study using the head cap, the 

cloud data of the head was obtained. 

The above statement shows that the outfit shape, texture: tight sleeveless shirt, shorts over the knee, the head cap 

is suitable for 3D scanners using structured light. 

Results determining scanned outfit colors 

Results of the pixel cloud data scanning the front of mannequin chest, the back of mannequin and the chest of the 

scanned subject obtained from the 3D scanner while changing the outfit colors in order of red, white, light gray, 

gray, dark gray, black are presented respectively in Figures 9, 10 and 11 (a-b-c-d-e-g). 

 

Figure 9. Image of pixel data from 3D scanner in the first scan – the front of mannequin chest when changing 

colors for scanned outfit: a-red; b-white; c-light gray; e-gray; f-dark gray; g-black 
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Figure 10. Image of pixel cloud data in the second scan – the back of mannequin when changing colors of 

scanned outfit: a-red; b-white; c-light gray; e-gray; f-dark gray; g-black 

 

Figure 11. Image of pixel cloud data in the third scan – the chest of scanned subject when changing colors of 

scanned outfit: a-red; b-white; c-light gray; e-gray; f-dark gray; g-black  

a) Evaluation results by criterium - Quality assessment of the contour line of scanned pixel cloud data: 

Red scanned outfit (Figure 9-10-11a): At the axillary position, the shoulder had a shadow, almost no data of red 

color was collected, the axillary and shoulder contour lines could not be seen. This result showed that the red color 

is quite sensitive to shadow. 

White scanned outfit (Figure 9-10-11b): White colors gave a quite good image quality, in the first and second scan, 

contour lines could be seen quite clearly, lower quality for the third scan. Even in the shadow in the first scan, the 

data was not lost as in case of red color, but the contour line was soft, smooth, very clear. However, a white scanned 

outfit made it easy for scanned images to be blurred by the projector's light. 

In Figure 9-10-11c, the light gray color showed the best image quality, all three times the contour line was clearer 

than the rest of the color, even in case of shadows. 

Gray scanned outfit (Figure 9-10-11e): The gray color showed the worse contour line than white and dark gray, 

but still better than black, red, and dark gray. 

Dark gray scanned outfit (Figure 9-10-11f): The results showed poor scanning quality, the contour lines on the 

shoulders, and two sides of the ribs were not visible. The pixel data collected was faulty and very sparse. 

Black scanned outfit (Figure 9-10-11g): The results showed that the image quality of black color was the worst, 

no contour lines or pixels were collected. 

The above observation showed that the quality of the contour line of pixel cloud data of scanned subject was best 

obtained with the outfit in white and light gray. 

b) Evaluation results by criterium - Pixel density evaluation of scanned cloud data: 

Using MeshLab image analysis software, the pixel density was determined, which resulted in the determination of 

the number of pixels corresponded to the three scans and the change in the outfit color: red; white; light gray; gray; 

dark gray and black. A graph of the effect of the scanned outfit colors on the quality of 3D scanned image measured 

by the pixel density criterion is illustrated visually in Figure 12. 
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Figure 12. Graph of the effect of the scanned outfit colors on the quality of 3D scanned image evaluated using 

pixel density criteria 

The results showed that, at the first scan, with the red scanned outfit, the scanned image had very thick density, 

less noise, but the red scanned outfit made it very easy to lose data in case of shadows. Thus, in spite of the thick 

pixel density, the red color still gave the number of pixels less qualified than those with white, light gray colors. 

When the scanned outfit was black, the number of pixels obtained was lowest. The number of pixels obtained by 

a 3D scanner decreased gradually as the scanned outfit colors shifted from light gray to gray, dark gray, and black. 

As a result, colors with a much higher white rate showed better-scanned image data. However, at the second and 

the third scan, with the white scanned outfit, the scanned image had lower pixels than the light gray. The reason 

was that during the scanning process, the white color reflected too much with the white light and caused the camera 

to glare and could not capture the entire data. The problem was the device adjustment; the light gray scanned outfit 

was very easy to fit adjustment conditions while the white color was more difficult to adjust. The above observation 

showed that, when scanning 3D using structured light, the light gray scanned outfit resulted in the most number 

of pixels and was easily adaptable to a variety of adjustment conditions. 

c) Evaluation results by criterium - Grayscale value evaluation of the scanned image data: 

Using ImageJ software and Histogram chart, the grayscale values for the three scans were determined 

corresponding to the three scans and the change the outfit colors: red; white; light gray; gray; dark gray and black. 

The results on the gray level are shown in Table 2, in the paper, only the scanned image in the first scan of the 

gray value results for the light gray outfit is shown visually in Figure 13. 

Table 2. Results determining grayscale value of scanned image after 3 scans and the changes in outfit color: white; 

light gray; gray; dark gray and black. 

No. Color Number of scans Average grayscale 

(midtone)  1  2  3  

Gray-level Value 

1 Red  39,361  27,265  45,128  37,251 

2 White  150,502  169,242  128,100  149,281 

3 Light gray  97,518 117,096  88,807  101,140 

4 Gray  49,656  42,985  55,150  49,263 

5 Dark gray  42,323  29,342  46,828  39,497 

6 Black   41,216 22,120 43,826 35,721 
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Table 13. Graph determining grayscale value of scanned image with light gray outfit 

From the results in Table 4, drawing graph of the effect of the scanned outfit color on the quality of the 3D scanned 

image assessed by the grayscale value of the scanned image shown in Figure 14.  

 

Figure 14. Graph of the effect of the scanned outfit color on the quality of 3D scanned image evaluated by the 

grayscale value of the scanned image 

The above results showed that, after all three scans, the grayscale value of 3D scanned image decreased as the 

scanned outfit color shifted from white to light gray, gray, dark gray, red, and black. In particular, the grayscale 

value of scanned images with the white and light gray scanned outfit reached an average gray level of about 64-

192 (midtone). 



Study on the Influence of Several Elements of Scanned Patterns on the Quality of 3D Body Scanned Data by using Structured Light 

Technique 

233 

 

The above observation showed that, when scanning 3D using structured light, the white and light gray scanned 

outfit gave the best grayscale value of a scanned image. In general, on all three criteria, when scanning 3D using 

structured light, the optimum colors of the scanned outfit were white and light gray, in which light gray gives the 

best scan quality. 

Results determining postures of the scanned subject 

Using light gray scanned outfit to scan the subject with different arm spreading angles and leg spreading distance 

in accordance with the design presented in Table 2 and Figure 15. The results of the scanned images are shown in 

the Figure 15 a-b-c-d and 21 and 15 a-b-c-d. 

 

Figure 15. 3D scanned image data when changing arm spreading angles respectively 20˚(a), 40˚(b), 60˚(c), 

80˚(d) 

The research results on arm spreading angles showed that when the angle was 40˚, 60˚, 80˚, the scanned images 

from the front of the body showed that the axillary contour line was quite clear (Figure 15 b, c, d). However, at 

these three angular values, we could not clearly see the measurement point at the shoulder point. When arms spread 

so widely, the position of shoulder points moved towards the neck, causing result deviation. Shoulder point is a 

very important measurement point in clothing design; therefore, these three positions are not suitable with the 

purpose of extracting sizes in the garment industry. When the arm’s spreading angle was 20˚, although the axillary 

point was disturbed, we could handle the noise. At this arm spreading angle, it was possible to identify the shoulder 

and axillary point (Figure 15a). The above observation showed that, when 3D scanning using structured light, a 

posture with arm spreading angle of 20˚ should be chosen.   
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Figure 16. 3D scanned image data when simultaneously changing the distance between two toes and between 

two heels for subject with broad pelvis respectively as follows: (a), x = 20 cm, y = 10 cm; (b), x = 30 cm, y = 20 

cm; (c), x = 40 cm, y = 30 cm; (d), x = 50 cm, y = 40 cm 

 

Figure 17. 3D scanned image data when simultaneously changing the distance between two toes and between 

two heels for subject with narrow pelvis respectively as follows: (a), x = 20 cm, y = 10 cm; (b), x = 30 cm, y = 

20 cm; (c), x = 40 cm, y = 30 cm; (d), x = 50 cm, y = 40 cm 

The research results on spreading leg distance for subjects with wide pelvis showed that the leg-spreading angular 

width corresponded to the distance between two feet. At the positions with a wider angle, despite less interference, 

better contour line, it was difficult to identify the hip point, the measurement error would be very large (Figure 

16b, 16c, 16d). At the position of foot distance x = 20cm (toes) and y = 10cm (heels), we could clearly see the 

crotch point and inner thigh contour line (Figure 16a). The hip point was also easily identifiable. The smaller the 

angle, the more interference there was at the crotch, but in this case, the noise was very little and easy to handle. 

Therefore, the foot distance of x = 20 cm (toes) and y = 10 cm (heels) with this subject group is reasonable. 

The research results on leg spreading distance for subjects with narrow pelvis showed that at the position with the 

distance between two toes of x = 20 cm; x = 30 cm corresponding to the distance between the two heels of y = 10 

cm; y = 20 cm, it was not possible to identify clearly crotch point and inner thigh contour lines due to a lot of 

interferences (Figure 17a; 17b). At the position with the distance between two toes and two heels of x = 40 cm and 

y = 30 cm, the contour line was clear, there was little interference, crotch point was clearly visible (Figure 17c). 

Foot distance of x = 40 cm and y = 50 cm was too wide; the error was large and unnecessary. Therefore, for this 

subject, the appropriate foot distance was x = 40 cm at the toes corresponding to the distance y = 30 cm at the 

heels. 

General reviews on scanned postures 

When scanning 3D using structured light to obtain the body sizes for garment industry, the optimum posture was 

straight standing subject with two arms spreading, creating a 20˚ angle to the body and two legs spreading with 

the distance between two toes of 20 cm and the distance between two heels of 10 cm for subjects with the large 

pelvis and the distance of 40 cm and 30 cm respectively for subjects with the narrow pelvis. 
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CONCLUSION 

After the overall research, experiments, evaluation, and results showed that the outfit colors, shape, texture, and 

the postures of the scanned subject had a great influence on 3D scanning. The study then determined the elements 

of a scanned pattern suitable with 3D scanning equipment using structured light as follows: Optimum outfit shape: 

tight fit. Outfit texture: with female subjects: sleeveless shirt and shorts. Outfit color: light gray. Scanned posture: 

Straight standing posture, with two arms and two legs spreading, with an angle of 20˚ between arms and body, the 

distance between the two feet (toes-heels): 20-10 cm for subjects with wide pelvis and the distance of 40-30 cm in 

the case of subjects with a narrow pelvis. 
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