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Original Research Paper According to the development of non-contact three-dimensional measurement methods over the past
Received 23 July 2017 two decades, along with the acceleration of scanning operations and the accuracy in measuring and
Accepted 01 November 2017 significant development of their application in a wide range of fields (such as design, reverse
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vatiable Oniine ovember engineering, quality control and inspection, medicine, documentation of objects, robotics, etc.), we have

seen an increase in the amount of information obtained (points cloud) from the 3D scanner as the output

Keywords:

Point Cloud Compression of the scan operation. This raises restrictions on data management, data transfer, data storage, or even
3d scanner the development of real-time scanning methods. In this way, the need to compress and reduce the
Optical measuring amount of data with the preservation of accuracy or minimum drop in accuracy and quality as one of the
Gray code issues of interest in the post-processing of scanning operations has been revealed more than ever before.

Structured light : ; - - h -
rucured iig In this paper with presenting a new and distinct method for lossless compression on points cloud

obtained from 3D scan operations in the form of an ordinary single-channel 2D image based on the
image-based encoding techniques, we have evaluated the performance and effectiveness of the proposed
method, while designing and constructing a non-contact 3D scanner with structured-light pattern based
on the Gray code technique. The results show the accuracy and applicability of this method and the
achievement of distinct compression rate [230:1] among other lossless compression methods of 3D data.
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Fig. 6 used camera and video-projector as 3d scanner sensors
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Fig. 10 Series of structured light patterns based on graycode
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Algorithm. 1 Proposed algorithm for generating gradient grayscale
image

SF N (Se (&0 -3
el Tl slaaS tales gz () ol ilge oL ) @5 (5,508
Ayl WS ey S e hais g,00a8 M T Jlgie sas g0 e S
lalla> plo g 2o 51,0 LAS Alss monal § 288 czge (Shy (eeo
ilei ) 06,5 5 o990 ¢ dams Jolo slaaS (g, 3 Jgu> Sgine
.AQQGA

Ll Gl )3 00,08 b (BSOS by, cnl oj9
a4 gmb oS bas 9 USs Glhe 0,5 o0 )8 eolaul 050 Jlizos
b bt Klee 5l oolitul § "oy o pcenll Uil b Sl oo 5,595
Sy bl i plo e g Lo

bagi )b sl sl o5 SeST L 4l sl g slagSIl adgs onl
Gyxo pgal b o opl ;0 10 S Bilhae .00 ,5 #hae [24] jelaag
o oaibl (o5l slo ygtm 4y Blaie (5,ubaS T o S anl §l e Ko
a Gl Oy 522D 1024 0 les g Jle sl w3 a
i "11000000000" o s35h s bazsl oS b GeSian slss,

S 98 paal 30 Oledbl 8 5 3451 -4
3 Il angd pgal S 50 (ngal Bes) um dw Db 4l ol
3l 58 (Sl sy dnmg 5 iyt bt aih S 1 &Y e gl
ailye 4w) i A bolS Sl 4w Cqr b SuSS (bl
Sngd poal ;0 (gl Jboy i (See Sl plo g LS Couxdge

‘_g)f.)s (29990 TP JoLu sas S 3 Jg.\?
Table 3 Decimal, Binary, Graycode equivalent codes

1:n = images (number of captured GrayCode series images)
2:[h,w] = read width and height of image

3:Create MergedMatrix = hxwxn empty 3D Array
4.Create GradientMatrix = hxw

5:for each image (i=1:n)

6: Read each pixel_intensity

7:if pixel_intensity>0 do

8: pixel_intensity = 1

9:else

10: pixel_intensity = 0

11.end if

12: MergedMatrix(pixel at n)=pixel_intensity
13:end for

14.GrayCode_Array = [series of gray codes ....]
15for j=1:h

16:for k=1:w

17:read values of MergedMatrix(j,k,(1:n)) to generate graycode_string
18: convert graycode_string to decimal_value

19: GradientMatrix(j,k) = decimal_value

20.end for
21:end for

8 Gradient
° Unique values
10 Grayscale

11 o)leis 17 0993 1396 yoin (purde Suille wise

o )l..\.io £29°9° Qs 6; Ny
0 0000 0000
1 0001 0001
2 0010 0011
3 0011 0010
4 0100 0110
5 0101 0111
6 0110 0101
7 0111 0100
8 1000 1100
B4 G4

) —)) > o1

Fig. 9 Binary to Gray Code Conversion
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Table 4 Compare the features of the most common image formats
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° Alpha-channel
10 Free lossless image format based on MANIAC compression
1 Grayscale
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Fig. 11 generating gradient grayscale image from merging of graycode
images
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Fig. 12 Encoding calibration results in image pixels
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Fig. 13 projection of graycode series patterns on scanned object
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Fig. 14 Merging graycode series patterns
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Fig. 15 Point Cloud generation from compressed file

Fig. 16 Experimental process of proposed technique for compression 00,48 6 5 bl ] usi 15 JsCo
and retrieval point cloud
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Table 5 Comparison of compression rate and compressed file size with some common 3d file formats for first test object

olpiig o9, b oles 00,8 LB VTX (vertex) OoBJ WRL (alais 47319)
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206.62:1 263:1 229.75:1 Silw 00,28 £
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Table 6 Comparison of compression rate and compressed file size with some common 3d file formats for second test object

. . oXSF y2idalad
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Table 7 Comparison of compression rate and compressed file size with some common 3d file formats for third test object

N . . L)S 0).5:44145
olpig hg,y b oles 00,8 L VTX (vertex) OoBJ WRL (abuis 30553)
cobsks 8.14 obsks 1040 Cobsks 1327 obsks 1159 B oo
127.7:1 163:1 142.38:1 il 00,88 5
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