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Evaluation of cap design for 3D scan

Yan Luximon” and Joseli Shuk-Ling Cheung
School of Design, The Hong Kong Polytechnic University
Hong Hom, Kowloon, Hong Kong
* Corresponding author: yan.luximon@polyu.edu.hk

Keywords: 3D head scan, Cap design, CAD

Abstract

The 3D human anthropometry study has become more and more popular in design area.
Human body shape can be captured by 3D scanner and surface data can be collected for further
analysis. However, accuracy of the scanned data can be affected by the participant’s hair,
especially during head scans. A cap is normally used to compress the hair. Depending on the
hairstyle and the cap design, the data at the ear region, the neck region and the top region of the
head can be missing or wrong. In this study, we demonstrated the problems caused by the
hairstyle and the cap design using 3D head scanners. The results indicated that a new cap
design for 3D head scanning is needed in order to collect better data.

Introduction

The 3D human anthropometry study has become more and more popular over the last few
decades [1-5]. Human body shape can be captured by a 3D scanner and surface data can be
collected. The 3D surface data could be used in many areas including product design and
animation [5-7]. However, the accuracy of 3D scans was always an issue, especially for 3D
head scans. The complex shape and thick layer of hair created great difficulties for head data
collection [8]. Various types of caps, including wig cap, swim cap and hairnet, were used to
compress the hair in previous studies [8-10]. However, the data at ear region, neck region and
the top region of the head was normally missing or incorrect depending on the hairstyle and cap
design. In addition, the thickness of compressed hair also could be different due to the material
property of cap. Therefore, scanned head surface varied from the scalp form that was captured
from CT or MRI technology [11]. Based on these problems, different versions of the current
caps were evaluated in this study. Different scan technologies also were tested in order to
compare the differences of scan accuracy. The fitting and scanning results could be used to
make an improvement in the future cap design.

Methodology

Participants
Ten participants were selected (five males and five females) to fit different caps with different
size randomly. Their general demographic information was recorded.

Equipment

A Cyberware 3D head scanner and an Artec Eva scanner were used to collect 3D scan data.
Two different types of caps were evaluated in the experiment. Both of them were
commercialized caps. One is a wig cap made from Polyester material and another is a swim cap
made from Lycra material.



Experimental design

All participants were tested with both caps (a wig cap and a swim cap) and both scanners. The
fitting pictures and scanned files were recorded. Several dimensions measured from traditional
method were compared to that from digital files. Differences were calculated and compared.
Subjective perception of wearing caps was also recorded.

Procedure

Participants were asked to fill the consent form and basic information first. Their head
circumferences were measured using measuring tape and caliper. The sequence of the two caps
were randomly assigned. The experimenter helped the participant comb their hair and put the
cap on. When scan processes from both scanners finished, the participant was questioned
regarding their perception of wearing the cap. After removing the first cap, the participants’
hair was combed again. Then second cap was tested with the experimenter’s help.

Results

Comparisons of scans and measurements

The age of ten participants averaged 27 years old (standard deviation= 3.7 years old). Fig.1 and
Fig. 2 demonstrate the scan result of the wig cap and the swim cap by Cyberware 3D head
scanner and Artec Eva 3D scanner respectively. Scans from Cyberware had a lot of missing
data near the ears and the back of the neck region due to the limitation of laser technology.
These were the hair regions where the caps did not cover. In addition, the wig cap had some
redundant material on top of the head which created some additional data points. Scans from
Artec did not have so much missing data near the ears and the back of the neck region.
However, it recorded the loose hair shape instead of the compressed hair shape. Both scans
would affect the data accuracy greatly due to the hairstyle.

The head dimensions from Cyberware scan and Artec scan were calculated using Rapidform
software. The head circumference differences between scanned files and manual
measurements were compared and the result is shown in Table 1. In general, the dimensions of
the scanned files from both scanners were larger than manual measurements and the wig cap
from Cyberware scan gave the largest difference on average.

Table 1. Head circumference differences between scanned files and manual measurements

[mm]
The wig cap The swim cap
Cyberware scan 16.92 + 9.39 1495+ 4,14
Artec scan 13.84 +5.11 15.04 +5.95

Perception

The general perception of the wig cap from participants was loose, old fashioned, but
comfortable. All participants felt the swim cap was too tight and uncomfortable. 70% of
participants felt pain on the forehead region since the edge of the cap was so tight and created
the pressure mark there. Participants also felt the thermal condition was poor for the swim cap
due to material property. In addition, females had more fitting problems with both caps due to
the long hair.
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(@) The wig cap (b) The swim cap
Fig. 1. The scans from Cyberware scanner
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(a) The wig cap (b) The swim cap
Fig. 2. The scans from Artec Eva scanner

Conclusion & Discussion

The scan results demonstrated that the hair style could influence the result greatly, especially at
the ear region and the neck region. Both of the wig cap and swim cap had similar design,
therefore the missing data or incorrect area occurred at the similar location. In general, manual
measurements were much smaller than that from 3D scans. The 3D scans with the wig cap from
the Cyberware scanner gave the largest difference. The reason could be that the Polyester wig
cap was too flexible and sheer, the hair was not compressed to the scalp well and hair through
the cap could affect the data calculation. The Lycra swim cap was very strong and tight, but it
was thicker and the lack of elasticity caused participants to feel uncomfortable.

By evaluating the material, fitting and the scanning outcomes of current caps, a new cap should
be designed to improve the head scan accuracy. A larger coverage area, new material and
gender differences should be considered during the design process. Sizing might be studied
also in the further research depending on the material of the cap.
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