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Three-Dimensional Profile Data Representation Based
on Gray Value Encoding
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Abstract Recently, the online three—dimensional(3D) digital museum is becoming an emerging method for the
protection and resource sharing of the heritage. However, the size of 3D profile data obtained by 3D scanning
techniques is too large for 3D digital museums to properly load and display in real time. To solve this problem, a
representation method of 3D profile data based on gray value encoding is proposed. On the basis of the virtual fringe
projection system, the gray values are encoded into an 8 bit gray image or an 8 bit gray image along with a binary
image according to the resolution of the virtual camera in the horizontal direction, and then the images are projected
as projection fringes. By utilizing the virtual camera to capture the projection fringes that have been distorted, 3D
profile data are represented as images. The experimental results show that the loading and display time of the data
within the proposed method is reduced by more than 98% compared with the traditional 3D data format, and it is
very suitable for the real-time loading and display of digital museums based on 3D profile data.
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Fig.1 Virtual fringe projection system
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Fig.2 Curves of the encoding and decoding results of the proposed method in the horizontal direction when the resolution of the camera
is 1024 pixel. (a) Gray value of the encoded gray image in the horizontal direction; (b) gray value of the first encoded binary image in
the horizontal direction; (c) gray value of the second encoded binary image in the horizontal direction; (d) encoded gray value in the
horizontal direction; (e) phase corresponding to the encoded gray value in the horizontal direction
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Fig.3 Experimental results of different methods for an ideal unit hemisphere. (a) Original 3D range data; (b) Holoimage;

(c) two—channel; (d) Holoimage with Bayer dithering; (e) Holoimage with Floyd - Steinberg dithering; (f) gray image of gray value
encoding; (g) binary image of gray value encoding; (h)~(k) 3D reconstructed results for images shown in (b)~(e); (1) 3D reconstructed
result for images shown in (f) and (g)
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Fig.4 Comparison between the ideal hemisphere and the recovered 3D results of different methods. (a)~(e) Error between the cross

sections of the ideal shape and the ones of the recovered 3D results shown in Fig.3 (h)~(1); ()~(j) difference maps between the ideal unit
hemisphere and the recovered results shown in Fig.3 (h)~(])
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Table 1 Data compression ratios, loading time and display time of the unit hemisphere with different methods

Size /kB Compression ratio Data loading time /ms Display time /ms
PLY 1521 1:1 3815 969
Holoimage 229 6.6:1 578 21
Two-channel 51.7 29.4:1 122 16
Bayer dithering 29.7 51.2:1 77 15
Floyd-Steinberg dithering 75.6 20.1:1 186 15
Proposed method 29.2 52.1:1 75 14
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Fig.5 Experimental results of different methods for the Stanford Bunny. (a) Original 3D range data; (b) Holoimage; (¢) two—channel; (d)
Holoimage with Bayer dithering; (e) Holoimage with Floyd - Steinberg dithering; (f) gray image of gray value encoding; (g) binary image of

gray value encoding; (h)~(k) 3D reconstructed results for images shown in (b)~(e); (1) 3D reconstructed result for images shown in (f) and (g)
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Table 2 Data compression ratios, loading time and display time of the Stanford Bunny with different methods

Size /kB Compression ratio Data loading time /ms Display time /ms
PLY 1920 1:1 4816 1094
Holoimage 179 10.7:1 442 20
Two-channel 41.7 46:1 107 17
Bayer dithering 23 83.5:1 57 13
Floyd-Steinberg dithering 493 38.9:1 126 15
Proposed method 27.2 70.6: 1 66 15
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Fig.6 3D range data of experimental models. (a) Cone; (b) terrain; (c) mouse; (d) auto parts; (e) buddha; (f) dragon
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Table 3 Root-mean-square error (RMSE) of different models with different methods

Cone Terrain Mouse Auto parts Buddha Dragon

RMSE RMSE RMSE RMSE RMSE RMSE

Holoimage 0.12% 0.38% 0.42% 0.67% 0.24% 0.22%
Two—channel 0.25% 0.74% 0.65% 0.79% 0.51% 0.39%
Bayer dithering 0.37% 1.40% 1.01% 1.91% 0.92% 0.68%
Floyd—-Steinberg dithering 0.20% 0.90% 0.65% 1.07% 0.45% 0.33%
Proposed method 0.28% 0.85% 0.65% 0.80% 0.49% 0.45%
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Table 4 Data compression ratios of different models with different methods

Cone Terrain Mouse Auto parts Buddha Dragon
compression compression compression compression compression compression

ratio ratio ratio ratio ratio ratio

PLY 1:1 1:1 1:1 1:1 1:1 1:1
Holoimage 32.3:1 38.4:1 44.7:1 35.2:1 19.6:1 23.8:1
Two—channel 151.7:1 190.6:1 196.4:1 160.3:1 67.7:1 90.4:1
Bayer dithering 250.7:1 289.1:1 318.6:1 236.9:1 127.9:1 154.5:1
Floyd-Steinberg dithering 96.9:1 122.8:1 119.0:1 93.7:1 67.4:1 75.0:1
Proposed method 279.9:1 289.1:1 288.4:1 243.5:1 90.7:1 129.3:1

F 5 R [A BB [] 7 vk 64 B dis n 4% i 8]

Table 5 Data loading time of different models with different methods

Cone Terrain Mouse Auto parts Buddha Dragon
loading loading loading loading loading loading
time /ms time /ms time /ms time /ms time /ms time /ms
PLY 16247 24348 11396 10894 3754 7732
Holoimage 515 633 258 315 194 319
Two—channel 108 125 57 64 58 88
Bayer dithering 67 87 36 44 27 52
Floyd-Steinberg dithering 163 195 97 118 57 105
Proposed method 56 87 42 42 41 63

6 ANRIBLIYAS[R] 5 ik (1) i 7 B ]

Table 6 Display time of different models with different methods

Cone Terrain Mouse Auto parts Buddha Dragon
display display display display display display
time /ms time /ms time /ms time /ms time /ms time /ms

PLY 3483 4713 2353 2410 999 1762
Holoimage 18 22 17 17 17 18
Two—channel 15 14 15 16 16 15
Bayer dithering 14 13 12 13 14 13
Floyd-Steinberg dithering 15 14 14 15 13 14
Proposed method 15 14 13 14 13 14

4 %5 i
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