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Single-image Depth Estimation Method Using a Transparent Plate

MasAao SHIMIZUT and MASATOSHI OKUTOMIt

This paper proposes a novel single-camera depth estimation method using images reflected
by a single transparent parallel planar plate. The transparent plate reflects and transmits
the incident light on its surface. The transmitted light is then reflected on the rear-surface
and is transmitted again to the air through the surface. These two light paths create an
overlapped image that comprises two shifted images. The overlapped image is considered as
a stereo image obtained from a narrow baseline stereo. The constraint of these stereo images
is presented. The range to the object can be derived by finding correspondences on the con-
straint lines using the autocorrelation function of the overlapped image. This paper presents
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experimental results obtained using an actual system with a transparent acrylic plate.
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Fig.1 Basic configuration of the proposed method using

(b) Image example

a transparent parallel planar plate and an example

image.
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Fig.3 Equivalent stereo camera placement for an object
at infinity.
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Fig.6 Reflectance for the surface and rear-surface
reflection.
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Fig.8 Example of the constraint line directions.
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Fig.13 Object distance for the angle disparity.
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AOI for auto-correlation

(a) Image example for Do=co. (b) Magnified image.
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Fig.15 Two angles that define the nonparallelism of
transparent plate.

06,06, 0000000000000000
Opn = +0.014[0] (23)
0y = +0.058 [0 ] (24)
3.3.3 0000000000 O0O0
00000000000000200000000
00000000000 9() 0000000000
000000000000000000000 100
0000000000 10000000000000
000000000000000000000 300
000000 200000000000000000
000000000000000000000000
300000000000000000000000
000000000000000000030000
010000000
000000000000000000000 14(c)0
() 0000000000000000000000
0030000000000 20000000 16(a)
0000000000 pO000 20 p+d: 00
000000000 200000000000000
000D0000D0000D000000000000
09(h)00000 20000 1000000000
00000000000000
00000000000 00000000000
000000000000000000000000
016(b)000000 2000000000000
000000000000000000000 200
00000000000000000000000 1
000000000000000000000 200

July 2006

Correspondence for D, =0 ——»0
/
//
Constraint line /
-
/

/
Correspondence for D, =% —sd

* Interest position
-dy / P
P\ +a,
©<+—— Correspondence for D, = =
!

)
//\ Constraint line

/

!
G«——— Correspondence for D, =0
(a) Two constraint lines which give a good selectivity of the second peaks.
Interest position

Correspondence for D, = 0 ——0
?4— Correspondence for D, =0

/
Constraint line / /
\/’ /
/
/

P / Constraint line

Correspondence for D, =0 —=& /
Jd<+——— Correspondence for D,, = »

(b) Two constraint lines in another plate configuration.
016 O0OO0OOOOOoOOoOOOOO
Fig.16 Correspondence search with the nonparallelism of
the plate.

gooooboboobbooboobbobooboboo
gooooboobobobobobuoobooboo
pooobboooobobooooboboa

3.4 O00OO0OODOOO
gooO0o0oo0oboo0o0oboboooobooo2b00b00
0o0o0o0DbOo0obObOoOoOoDooooooo2300
00000000000 e=(0,—%tan6,) 000
OOo00o0o00oOooooOooOooOoooooooo
000 ¢ = (ueyve) 0000D0DDO0ODODOOOOO
e+c=(ucve.— Ltan,,) 0000
ggboooobooboboobobbobooo
ogooob200b000b0bD0o0bobboboo
gOoobOobOoboboobooooboboboooo
goobooobood e+cOdb00OOobDOoOobDOOO
000oUoooUoOooooouo 2000 Peak(p, )
Jo00od0ooo pd cOO0O0OO0OOCOOOO ¢*
oooono

c¢* = arg max Z Peak(p,c) (25)

€ peclmage

00o00oboOo0Oo0000oobobOo0 2000000
goooddOd 2000000000000 boobooOoOoa
gooboodooooobooboboboooooooooda
000 170000000000000 1[m)O0000O
Jodddoboooooooooobooooooa
goboddoooboooooooooooooooa
JobdddooOdoboOoooooboooooooa

000o0ooO0 21x21[00jooOoroO0OOOO

Y 0ooooo0ooooOooooo



Vol. 47 No. SIG 10(CVIM 15)

o

Magnified

017 0000000000000000000000000
Fig.17 A overlapped image used for the calibration.
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(b) Measured range map
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Fig.23 Measured range maps result.
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