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Exploring the Significance of Subject Color Absorption and Indoor Lighting Interference in
Three-Dimensional Surface Scanner Applications
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[Abstract]

There is a three-dimensional surface scanner that utilizes the reflection of red laser light as a device for surface-guided
radiation therapy. However, depending on the color of the object, sufficient reflected light might not be obtained, and
accurate surface recognition could be hindered by the contamination of ambient light similar to the reflected light, origi-
nating from indoor illumination. Therefore, this system aimed to elucidate how the recognition capability is affected by
the color of the target object and the ambient light.

Various hues, grayscale variations, and skin colors were employed to investigate whether recognition could be
achieved by altering the color temperature and illuminance of the surrounding light. It was found that recognition was
not possible for colors that absorb red laser light, such as blue, green, black, and darker colors with insufficient reflection.
Furthermore, while the impact of ambient illuminance was substantial, the influence of color temperature was minimal.
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Fig.1 Overview of VOXELAN.

VOXELAN can grasp the three-dimensional shape by ir-
radiating the object with a red laser (two places on the
left and right) from the ceiling suspended main body and
continuously shooting the reflected light with the camera
(center part) of the main unit. The position displacement
amount with the reference data can be displayed in a col-
or map (upper left figure) or in a profile (lower left figure).
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Number Cl1 2 C3 Cs Cc6 Cc7 C8
Color

RGB code #F20C0C | #F2460C | #F27FOC | #F2BSOC | #F2F20C | #B8F20C | #7FF20C | #46F20C
Number 9 C10 Cll1 C12 C13 Cl4 Cl5 Cl6
RGB code #0CF20C | #0CF246 | #0CF27F | #0CF2B8 | #OCF2F2 | #0CBSF2 | #OCTFF2 | #0C46F2
Number c17 Ci8 C19 C20 Cc21 Cc22 23 C24
Color

RGB code #0COCF2 | #460CF2 | #7FOCF2 | #BSOCF2 | #F20CF2 | #F20CBS | #F20C7F | #F20C46

Fig.2 24-Color RGB Color Code for hue evaluation.

Number (Go) G40 G45 G50 G55 G60 G65 G70 G75
Color

RGBcode | (#000000) | #282828 |#2D2D2D | #323232 | #373737 | #3C3C3C | #414141 | #464646 | #4B4B4B
Number G80 G85 G90 G95 G100 G105 G110 Gl15 G120
RGB code #505050 | #555555 | #SASASA | #5FSFSE | #646464 | #696969 | #6EGEGE | #737373 | #787878
Number G125 G130 G135 G140 G145 G150 G155 G160 (G255)
Color

RGBcode |#7D7D7D | #828282 | #878787 | #8C8CSC | #919191 | #969696 | #9BIBIB | #A0AOAO |(#FFFFFF)

Fig.3 25 Grayscale Codes for color brightness evaluation (including white and black additions).
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Fig.4 How to find the recognition rate.

The recognition rate was measured using the VOXELAN profile function. The blue line in the right figure indicates the
reference position, while the red line indicates the position of the recognized object.
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Table 1 Combination table for investigating the impact of differences

in illuminance on recognition accuracy.

itk L 725 & [em]

SRR (Recognition rate) [%] = m

x 100[%]
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m Illuminance 2 | Illuminance 3 | Illuminance 4
temperature

LI EOBEIIoWT, JHEDGE

2800 K 728 Ix 1478 Ix 4158 Ix
3600 K 34 Ix 931 Ix 1290 Ix 4317 Ix DEFEZOCTRIEBEP LS ¥
5600 K 695 Ix 1787 Ix 4639 Ix T2ORE R LTz,
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#HEK (SwitchBot, Shenzhen,
China) ZHVT, 74 vty x—
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Table 2 Combination table for investigating the impact of differences
in color temperature on recognition accuracy.

m Color temperature 1 | Color temperature 2 | Color temperature 3

700 Ix 2876 K 3356 K 5643 K
1700 Ix 2752 K 3481 K 5559 K RO IR AR Y
4200 Ix 2745 K 3639 K 5730 K b v X — % — (LightSpectrum Pro
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Fig.5 Differences in recognition due to differences
in hue.

It could not be recognized by the hues of C9 to C17.

Fig.6 Differences in recognition due to differences
in skin color.

Colors darker than skin color number 29 are not recognized.
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Fig.7 The effect of differences in illuminance due to variations in the color temperature
of ambient light on recognition rates.
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Fig.8 The effect of color temperature differences due to variations in ambient
light irradiance on recognition rates.

2700 K

5900 K

Fig.9 An example of how the color temperature of ambient light affected recognition.

Differences in ambient light color temperature caused image distortion at the edges of the reference
object. The red areas on the image indicate higher values compared to the reference position.
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Fig.10 Wavelength components of LED lighting.

The laser wavelength used by VOXELAN is 680 nm, so there is a high possibility of misrecognition
in the surrounding light with a color temperature of 2700 K, where components of that wavelength

are relatively prominent.
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