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3D Information Measuring using Multiple Illuminations
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Fig.1 Light source, object and camera

gooooooooooooooooooooonod
gooooooooooooobooooooobood
goooooooooooooon
goooobooooooooooboooooooon
gooooooooooooooooooooobo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goboooooooooooooooooooobod
goooooooooooooon
goooobooooooooooboooooooon
gooooooooooooobooooooobood
gooooooooooooobooooooobood
goooooooooooooboooooooobooo
goooooooooooooooooobobooboooo
gooooOoooooooooooooooooboo
gooooOoooooooooooooooooboo
oooooo
ooo2000000000CCO0O00O0G0COO
pooooooooooooos.ocooooboooao
gooooooooooooobooooooobood
oooobO0o4.00000000C0COOOOGCCOO
goooooooooboooobooooooobooooboa
s5.000ooooooobooooon

2, JO00OOOOOOOOOOOoOoooo

2.1 0000

gooooobooooooooooboooooooo
gooooooooooooooooobooobo
goooooooooooooboooooooobooo
gooooooooooooobooooooobood
goooooodao

goooobooooooooooboooooooon
gooooooooooooobooooooobood
oooooooooo

0ooooooooooooOoooooooooo
ooo0o0oO0ooUoUooooOoOooOoOoOooooooo
ooo0o0oO0ooUoUooooOoOooOoOoOooooooo
ooo0o0oO0ooUoUooooOoOooOoOoOooooooo
O[fjooo0oO0o000O00oU0L0oOO0o0UooOOoOo
gdoooOoOooo200000000000000
ooo0o0o0ooooooooooooooooooo
ooo0o0o0ooooooooooooooooooo
00000o0oOoooooooo oo

oo0o0oooUoooooOoooooooooooo
00o0ooUoooUoooooUoooooouoooo
oooooooUoOoooOooooUoOoooooooo
ooooU0ooo0OoooooUooooUooouoooo
00000000000 Photometric Stereod 0 00O
000000000000 00ooO0ooOooon
000o000oooooooooooooooooo
goo0o0o0ooooooooooooooooooo
0[l]j0o00o0obbo000obooooooooo
OO0 [120b00b00b00bOooO0oDOoo 30O
0000000000000 DOoDOoOO(14]O16]
goooOoooOooOoOoooooooooooooo
ooo0o0oO0ooUoUoooooOooOoOoOooooooo
ooo0o0o0ooooooooooooooooooo
ooooOo7jobooU0oo00ooobDoooooo
gooooooo

0o000o0oooooooooooooooooo
ooo0o0oO0ooUoUoooooOooOoOoOooooooo
o0ooo0oooUoooOoooUoooooooooo
ooo

oo0o0ooooooooOoooOoOoooooooo
ooo0o0o0o0oooooooooooooooooo
00000 [8oUOooooOoooooooooooo
0o0o0o0oo00o0ooo[19],[20]0 Gray-scale Hough
00000000 2100000000 oboooooo
gdoo0o0ooooooooooooooooooo
ooooooooooooo

oo0o0oooUoooooOooooUoooooooo
goo0o0oO0ooUoUoooooOooOoOoOooooooo
0000000oO00oboOOooDoOooo (2210

2.2 000000000

oo0o0oooUoooooOooooOoooooooo
ooo0o0oO0ooUoUoooooOooOoOoOooooooo
ooo0o0oO0ooUoUoooooOooOoOoOooooooo
ooo0o0o0oooooooooooooooooog



0000000oo0oo0ooooonooooooogn

gooooooooooooobooooooobood
goooooooooooooooooooooboa
gooooooooooooobooooooobood
gooooooooooooobooooooobood
gooooooooooooooooboooooooboo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooood
goooobooooooooooboooooooon
gooooooooooooobooooooobood
gboooooooobooooooooboobooood
gooooooooooooobooooooobood
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
gobooooooooooobooooooboz2.1000
gooooooooooooobooooooobood
gooooooooooooobooooooobood
gooooooooooooooooooooobod
gooooooooooooobooooooobood
goooo
goooobooooooooooobooooooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
o0o0ooboooooon0o13oobbo0ooooooo
gooooooooooooobooooooobood
goooooooooooooooooooooboa
gooooooooooooobooooooobood
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
gooooooooooooobooooooobood
gooooooooocooobooooooooood
gooobooooooooooooooooooo
gooooooooooooobooooooobood
goooooooooooooboooooooobooo
goooooooooooooboooooooobooo
oooooooooooooooooocoooooboo
ooooooooooooooooooooooooo

Light Source D ?

0 0 ¢ Camera

e

02 00000000
Fig.2 Reflection on the surface of an object
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Fig.3 A concrete board with a crack
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Fig.4 The evaluation of the crack detection
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Fig.5 Pixel values of captured images
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Fig.6 Influence of camera position
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Fig.7 Variance of pixel values
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Fig.8 Images for the evaluation of the crack detec-
tion
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Fig.9 Influence of camera position(Tunnel A)
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Fig.10 Variance of pixel values(Tunnel A)
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Fig.11 Influence of camera position(Tunnel B)
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Fig. 12 Variance of pixel values(Tunnel B)
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Fig. 14 Track ballast under a spot light
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Fig. 15 Multi-Illumination images of the track bal-
last

000000000000000000000000
000000000000000

4.2 000000
01500000000000000000000
0000000000000000000000000
010 0000000000O000ONDOOO0O
opDooooDoooo IR IF (=1,...,N)O
ooo

020 PO IFooDoOoOOOOOOOOOOOO
000000000000000 (zp, yp) OOODO
0oooooootio

0300 (zp,yp) DODDDDOOODOOOD
Di(dy,dy,) 000D0°°*00000 (dy, dy) 0000
00000000000000000000 (dy, dy)
0000000000000 000 Di(ds, dy) O
oooo

040 O (ds,dy) 000OO0O00OO

1
Dag(dx, dy) = = Dilds, dy), (2)

001@M00000000000000000000O00DO0000O0
ooooooo
00200000000000000000000000DO00O00DOO0
00 SSDO Sum of squared differencell 00000

45

T T
Monochrome llluminations —+—

Color llluminations ---x---
40

35

30

25

Avg. of Estimation Error [mm]

20

1 2 3
Number of llluminations

016 0O00O0O0OOOOO0O
Fig.16 Error of disparity

ooooo
050 Davg(ds,dy) D0D0O00O0 (d™, d™) O
000000000000000000000000
0oo0oO0o0000OO (zp,yp) 00000O0ODOO
060 000000000000 OOOOOOO0
0000000000000 00000000000
oooooooo
00000000000000000000000
0000000000000 00000000000
000000000000000000000000
00000000000000
000000000000 300000 RGBODO
000000000000000000000000
00000000000000 3000000000
000000000000000000000000
ooooooooooooo
4.3 O 0
000000000000000000000000
0000 Di(ds, dy)) 00000000000 19%19
00000000000 SSDO0000000N0O0
00000000oooooo (éem, dr™)oooo
000000000 10000 d. 00000000
0000000000000 15000000000
0000000000 0000000000000
000000000000000000000000
0000000004.20000000000000
000000000 1000000000000000
000000000000000000000000
00000000000 16000000000000
000000000000000000000 RGB
000000000000000000000000
0000000000000000RGBOOOOO



00000000000 xxxx/xx Vol. Jxx-D No. xx

(c) Blue

017 RGBUOOOOOOOOOOOOO
Fig. 17 Decomposed images from a RGB color image
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Abstract Although an image does not contain enough information with regards to the image measur-
ing, we can perform accurate image measuring methods such as shape-from-X techniques by incorporating
multiple images. In this paper, we propose two image measuring methods for the train track maintenance
which employ multiple illuminations for improving the precision of measurements. The first method detects
a crack on a concrete wall. In the method, we examine the variance of intensities of multiple illumina-
tion images. In the latter method, we improve the accuracy of stereo matching by incorporating multiple

illumination images. Experimental results show the effectiveness of these methods.

Key words Multiple Illuminations, Image Measuring, Crack, Ballast Track, Stereo Matching,
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