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Separation of Night Scene and Reflection
from Nightscape Parallel Stereo Image of Distant View through Window

Fumiya TSURUMI*!, Atsushi YAMASHITA*2,
Toru KANEKO*!, Hajime ASAMA*2

*! Department of Mechanical Engineering, Shizuoka University
3-5-1 Johoku, Naka-ku, Hamamatsu-shi, Shizuoka 432-8561, Japan

*2 Department of Precision Engineering, The University of Tokyo
7-3-1 Hongo, Bunkyo-ku, Tokyo 113-8656, Japan

Camera images taken through window glass sometimes have a problem of reflection
from the glass surface. It is conspicuous in night scene because reflection intensity is
considerable compared to the outside objects. This paper proposes a method for separation
of night scene and reflection. The method takes two different images at once by using stereo
camera. In the acquired images, the disparity of night scene is considered to be zero if the
scene is of a distant view. In this paper, we treats the case that the relative position of reflection
and night scene in stereo images are known and the disparity appears only in the reflection.
By using the relative position, night scene and reflection are separated. Experimental results

showed the effectiveness of the proposed method.
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(a) Window glass.

(b) Show window.
Fig. 1 Examples of reflection.
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Fig. 2 Positional relationship of image acquired.
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Fig. 4 Night scene. Fig. 5 Reflection.

E(x,y), R(x,y) 2B LizkGh R AT IR TES
fH, I}(x,y), Ij@(x,y) 72D AR DEFE, Ip(x,y) 278
%@@iﬁk?%kﬂ?@&ﬁi%?i&ﬁ?%é.
ﬁ%@@%ﬁﬁﬁ%ﬁﬁﬂ?%%ﬁb,Eﬁﬁﬂ?@
BTRUTHS. %1z, (x,y) D x IFEHE DK
DirfE, y ZEBEAEOMETHS.

I(x,y) = E(x,9) + Dy (x,) )
[R(xvy) = [f(x)y) +Ib(x:y) (2)

R7e, 2 ROEGHTOB D ABOBE & h 5 kE
HmemEGEwEﬁ%dt?%.zcﬁ,ﬁux
) I2DWVT, BDABDKFEARDEZEER LT,
Ip(x) COWTHEL ELITD& 31275 5.

Ip(x) = I*(x) = IR (x — d) + I (x — ) 3)
Iy(x) = I (x) — I*(x +d) + Iy (x +d) )
@Eﬁmyﬁ,ﬁxﬁﬁﬁﬁx%biﬁﬁbEEﬁ
A TEEIC BN TA—EL e H 2 hER LR T
Ew.ﬁcnm&t%%@@(ﬂé)#B%Dﬁa%ﬁ
%L&%@@%@%ﬁb%ﬁ@&é.ﬁﬁm,ﬁ@)
BEARASEER (K7) HEIEDABENELERD
EREZRDZXTH 3.

Fig. 6 Left image. Fig. 7 Right image.
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(a) Left. (b) Right.
Fig. 8 Stereo image.

(a) Left. (b) Right.
Fig. 9 Noise.
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(a) Left.

(b) Right.
Fig. 10 Night scene region.
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Fig. 11 Weighting factor.
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Fig. 14 Left image.

Fig. 16 Night scene region (left).
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Fig. 15 Right image.

Fig. 17 Night scene region (right).
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Fig. 21 Ground truth.

Fig. 23 Difference with ground truth (right).
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Fig. 24 Difference with ground truth (our method).

- 362 -

-



5. % i

ﬁﬁx@bwﬁ%&%%%%bt2W®X?b¢@
%b%,%bﬂ&@bﬁ%ﬂ%éz&%ﬂ%b?.&
RERDABESHET 2FERIRR L. EELEEN
5, BREFREOEYMEERER L.
SROBELLT, /A XOBED, SRS -
b@ﬁ%%#@%ﬁ&&ﬁ%ﬁ%hé.%ﬁﬁ&®%
BRI, BASALBOABIEAL 27 LA D RS
@Bﬁfﬁﬁﬁﬁftﬁhﬁ&%&wkb,ﬁ%ﬁ%
m.%@ﬁbﬁ&@ﬁ%%&ﬁ%%%#%%k?@%
NI CIENIE RN A FETH 3 L3S 2 s
V. TTT, MERMGEB/NL, ChEHPEFTIE
WIRBUC SIS S 2 88N H 3 .
%ﬁ%xt%bﬂawwaX%b#tX5®%ﬁﬁ
M2 FTICT 2EEIE, MORAHRDEEE—IcT 3
aav,x%bi@@ﬁ?®%0ﬂ£®mﬁﬁ%%ﬁ
DEIDTHS. TDih, HOHETHDABOL
%@%ﬁﬁbhﬁ.:ﬂ%éf%ﬁﬁﬁ?é%gu%
V. REREEEFA LT AT LAESET OB DA
aﬁﬁﬁwﬁ%ﬁb%z&?.cﬂ%ﬁﬁﬁﬁm&m
ﬁ%c%ﬁﬁtt.;bﬂ%%&?&m?%caﬁf
EHLEZLNS.

W@

'xm%@#%@,ﬂmgﬁim%mﬂ%mm7@%
BEZTREDTHS.

2 E XM

(1) Atsushi Yamashita, Masayuki Kuramoto, Toru Kaneko
and Kenjiro T. Miura: “A Virtual Wiper -Restoration of
Deteriorated Images by Using Multiple Camera-", Pro-
ceedings of the 2003 IEEE/RSJ International Conference
on Intelligent Robots and Systems (IROS2003), pp.3126-
3131, 2003.

() WTE, BHYR, FEAE £758, SHEeR: <s—
-‘f—wlﬂjfrfﬁ—-ﬁ‘-—?*f111‘74’2*——»@{%9&@%%“
EENFETOREHEE~, S 10E0EF 42
YR ITHETRE, pp.549-556, 2005,

Yuu Tanaka, Atsushi Yamashita, Toru Kaneko and Kenjiro
T. Miura: “Removal of Adherent Waterdrops from
Images Acquired with a Stereo Camera System”, IEICE
Transactions on Information and Systems, Vol.89-D,
No.7, pp.2021-2027, 2006.

3

~—

(4

~F

Atsushi Yamashita, Toru Kaneko and Kenjiro T. Miura:
“A Virtual Wiper -Restoration of Deteriorated Images by
Using a Pan-Tilt Camera-", Proceedings of the 2004 IEEE
International Conference on Robotics and Automation
(ICRA2004), pp.4724-4729, 2004.

(5) Atsushi Yamashita, Takahiro Harada, Toru Kaneko and
Kenjiro T. Miura: “Virtual Wiper -Removal of Adherent

(6)

)

(8)

(€))

(10)

(1n

(12)

(13)

(14)

(15)

(16)

(17

=363

Noises from Images of Dynamic Scenes by Using a Pan-
Tilt Camera-", Advanced Robotics, Vol.19, No.3, pp.295-
310, 2005.

Atsushi Yamashita, Isao Fukuchi, Toru Kaneko and
Kenjiro T. Miura: *“Removal of Adherent Noises from
Image Sequences by Spatio-Temporal Image Processing™,
Proceedings of the 2008 IEEE International Conference
on Robotics and Automation (ICRA2008), pp-2386-2391,
2008.

MHER, IUTE &F3 S0 U ERESEGR,
SDOBMRE", BI1sEORF 1+ 2R VEITHRE
TR, pp.170-175, 2010,

Alexander M. Bronstein, Michael M. Bronstein, Michael
Zibulevsky and Yehoshua Y. Zeevi: “Blind Separation
of Reflections Using Sparse ICA”, Proceedings of the
4th Symposium on Independent Component Analysis and
Blind Single Separation, pp.227-232, 2003,

Yoav Y. Schechner, Joseph Shamir and Nahum Kiryati:
“Polarization-based Decorrelation of Transparent Layers:
The Inclination Angle of an Invisible Surface”, Proceed-
ings of the 7th IEEE International Conference on Com-
puter Vision (ICCV1999), Vol.2, pp.814-819, 1999,

HEUER, LR, HEhEDE, ATES  “BhDARSEH
AZVAT L, BFEREELLHEED-, Vol8l-
D, No.6, pp.1224-1232, 1998.

Noboru Ohnishi, Kenji Kumaki, Tsuyoshi Yamamura and
Toshimitsu Tanaka: “Separating Real and Virtual Objects
From Their Overlapping Images”, Proceedings of the 4th
European Conference on Computer Vision (ECCV1996),
Vol.2, pp.636-646, 1996.

Yoav Y. Schechner, Nahum Kiryati and Ronen Basri,
“Separation of Transparent Layers Using Focus”, Interna-
tional Journal of Computer Vision, Vol. 39, No.1, pp.25-
39, 2000.

Hany Farid and Edward H. Adelson: “Separating
Reflections from Images Using Independent Components
Analysis”, Journal of the Optical Society of America A,
Vol.16, No.9, pp.2136-2145, 1990.

Hany Farid and Edward H. Adelson: “Separating
Reflections and Lighting Using Independent Components
Analysis”, Proceedings of the 1999 IEEE Computer
Society Conference on Computer Vision and Pattern
Recognition (ICCV1999), Vol.1, pp.262-267, 1999,

HHIEEA, IWTFE, &79% TR TF LA EEE
T AT A LS SR SE S 5 O 0 AL, BhE
THRAT « TRREAIRE, Vol.35, No.8, pp.127-130,
2011.

BRIGR, IUTE, £75  “AFLAEREH NS
AR LEREREGRN SO IARBREICET 3%
A, EHSOFR - RS DY L 2011 (MIRU2011)
AR, pp.942-947,2011.

BHXE, ITE, £758 “AFLAEGERW-HS
A LERERERD 5 OWR LMD ARDSE, B
BIERA 7 7 REHERE, Vol.35, No.39, pp.21-24,
2011.



