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Range Estimation
Using Uncalibrated Double Layered Image

MASANOBU FustwaRra, Masao Suimizut?
and MASATOSHI OKUTOMI 2

This paper proposes a range estimation method using a double layered image
reflected by a transparent plate whose surface normals for camera is uncali-
brated. The displacement in the layered image varies depending on the distance
to the object; it also depends on the position and orientation of the plate for
the camera. Therefore, the range is obtainable if the position and orientation
are known. In this paper, the two surface normals of the plate are obtained
by minimizing the sum of distances between corresponding point and the con-
straint line in a single double layered image. The constraint line determined
by the estimated normals allows the one dimensional search of the correspond-
ing point. The range estimation is then possible with these parameters using
a single double layered image. Experimental results using both synthetic and
real images demonstrate the proposed method.
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Fig.1 Basis components
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Fig.4 Distance between constraint line and corresponding point
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Fig.3 Constraint line
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Fig.5 Constraint line of parallel plane model
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ooootYo
(v —cv)(au — cu) = (u— cu)(av — cv) (1)
00D0000000000000 n, = (costcosh,costsing,siny)” 0CCD OO OO
000000000000000 f/60000000000 (aw,a,) 0000000000
ooo (cota/)cosqbg,cotwsinqﬁg):(cu,cU)DDEI[IEI (1)0D00D0000 (aw,av) O
(cw,co)OODOOOOODOOODOOOOODOUOODOOOOOODOOOOOOOOODOO
oo ooooobooooobobooboooooboooog
ogo0oooooooooo
gboobooobogstuobobbooboboobboobobooobooboboobogob
gboobooooooboobooogbooobobooooobooboobooboobo
ooood =(d;,dy,) 0000000000000 0o0oooooooooooooa
gboobooogooobooboobooooboobooobooboboobooobooboobobo
gbobgoobobobooboooooooooooboboboboboboboonoog
o JIJI0ODUODLDUDODODODLODOOOOLOLODbDUDLODOD
o OO0 DOODOOUODODODOODOUDLOLODODOODDOODLOODUODODLO
gbobobobobooboboooooooooooo
0600000000000 O0LUOULOOOLOODOUOUDN (aw,a)OO0OOOOO
ooooUooooUo (wyv)J0OD0OUOOU0OODOOOOODOOODOODODOOOODUODO

Vol.2009-CVIM-167 No.20
2009/6/9

0000000 d* = (d;,d;) 0000

(u = (au +dy)) (av — cv) = (v = (av + dy)) (@u — cu) (2)
0000000 (1)0 (d,d;) 00000000000000000
320000000000000000000000000000000000000
D000000000000000000000000000 (cu,¢)0(di,d) 000
0000000000000000000000000000000000000000
(cuscv) = (cotpcos ¢, cotypsingl) 000 DODO0D0OOOD0O0OO0D0O0O0O0O000

¢ =tan"' (C—”) (3)

Y= tan™! (Clzg cos (tan_1 (2—:))) (4)

gbobooboooobooooboooooobooooboooooobooooobOoOooOoonn
goboooooobooobooooobooobooobobo20000OO00O0bOboOODnn
ooobooooobooooooooboooooOooobOOoobobOoOobooOoOoobboOoooboooooboo
oobooooboboooobooooooo

gobooobooooooooooobooooobooboooOoooooobooOooooon
ooo0o

4. 0 0 00O

41 0OOOOOOOOO
0000000000000000000000000000000000000000
00000000000000 ns(,¢) 000000000000 ng(y+ e, ¢+ ¢p) O
0000000000000 (¢,6,%,,¢,) 000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 2400000000000000 1500000000000
00000000000000000000000000000000000000

00000000000000000000000000000000 70000000
000000000000 0°025°045°065°0000000000000000 70
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000

(© 2009 Information Processing Society of Japan



oooooooooo
IPSJ SIG Technical Report

50 T

T 25— T

T
True value

T
True value

'g a9t Estimated value -+ | 'g s h _ Estimated value |
@ @ Y
S 48 < B S 15 B
) . o
=} + = +
[ 47 B S 1+ o
3 : g .
$ s A g os} .
E £
o 45 &a 0
44 1 1 1 1 _05 1 1 1 1
0 25 45 65 0 25 45 65
Slope of object [degree] Slope of object [degree]
(a) Estimation of v (b) Estimation of ¢
005 T T T T 005 T T T T
_ True value _ True value
o 0045 Estimated value - 7 e 0045 Estimated value - 1|
> 004 > 004 —
ke + el e
> 0035 - . E > 0035 - i .
= | + i = 03 | + i
[ 0.03 <] 0.
© 0025+ R B 0025 - E
It |
£ 002} R £ 002} R
4 0015 g g o015 | g
001 1 1 1 1 001 1 1 1 1
0 25 45 65 0 25 45 65

Slope of object [degree] Slope of object [degree]

(c) Estimation of v, (d) Estimation of ¢,

07 0DO00O0OO0O0OO0OOO

Fig.7 Parameter estimation
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Table 1 Parameter estimation
4 ¢ ¥ P MsE]
Designed value 45| 0|
Simple model 49.1142 0.29387 5.17644
Non-parallel model 48.9505 0.21828| 0.115013] -0.022245 0.236753|
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