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An in-vehicle camera image
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Estimation of instantaneous visibility

’ Extraction of image features ‘
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’ Integration of the image features ‘
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Estimation of accumulative visibility |
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Accumulative visibility of the traffic sign

03 0oooooooooooo

0000000000000000000000000
0000000000000000000000000
0000050000000 f0i=1,...,500000
0000000000000000000000000
000000000000000000
3.1.1 00000000

00000000000000000000000 f
0i=1,2,300000000000000 300000
0000000000000000000000000
0000000 700000000000400000
0000000000000 s0000000000
b, e BOOOD0OD000D00000000000000
0000000000000000000000000
A0i=1,2,30000000

e Doooooo ™O0DODDO0sOOO0OO0
b, 0000000000000000

e 00DODDOOOSYODDDODsOOO0OO
004, 0000000000000

e 0O00DODOODODAOOODOsOOD
0000b,0000000000000000000
0000000000000000000000
noooo ™ oo00o00o £0i=1,2,30000
oooooo

albn)

bn
fi= Z a®) Cz(' ) (1)

b,€B

0000s000000000000000 pOOOO
albr) =3 |pll7t0a® =3, e 0000
00000000000000 £,000000000

fa=15(s,st) (2)

ubbods,0000000000DO00O00000DOO0
ooooooooosoooog sooooooooo

bS E"““““““i""’"’"'i b6

B

04 000000000D000O00sO00000000b,€B
On=1,...,6000

s; 00O SSDO Sum of Squared Difference0 0 00 00O O
ooooo
0o0oooooooooooog fs,000000000

Als)

f5zm (3)

ooooA®pDAY OODOoD0OO00DD sD0000 I
ooooooo
3.1.2 0000000

ood f=(f,...,fs) 0000000000000
000000000 4000000000

4
z=1
DDDDw:(wl,...,wz)TDDDDDDDDDDDD

000 (f) = (@1(f)--..é2(£)T 000000

3.2 J0OOOODOOD

000 t000000+®W 000000000000
000000000 VOOO0OoOoo

Tp—1
VZLEZWM
P =0
1 Tpy—1 z
= = > > w.e.(f07Y)
P =0 z=1
zZ 1 Tp—1
ZZWTQMM“%
z=1 P =0
= w'® (5)

oooor0o0oooooTr, 0000ooooooogoe
obooooooooon

T

Tp,—1 Tp—1
= [ > a(fT), D ba(F77) |(6)
t=0 t=0

1,

0000000vVOOOO0OO0OOO0ODO0OO0OO0DO0OOvVOO
00000000000 000000

1S3-42 : 1149



01 cooboocoooooooooo

000 | SO SDS D
2
ne B00COG
4. 0 U

gbooooboooobooboooobooogn
gboooobooobob1b00b00bo0o0o0ooDn
0000000 3000000 00o0ooUoUoog
gbooooboobooboooobo 1000000
gbooooboboooboboooobooboooooDbn
gboooobooooog

4.1 0000

oo wdooooooo O
000000000 ooooooooooooooo
00000000000 D000On1920 x 1080 pixelsO
15fpsd 0000000000000 00OO0O0O0O00O0O
00o00o00oDo0oooooooooooooooo
OO0 N=10000190169 frames0 00000 O0O0ODO0O
gooodbooooboouoboouooboooo
0o0oooooDo0oooDooooooog M =590
dooooooooooooooooooon

gooodoooouoboouobobooouoooo
ground-truth 0000000000000 O0OOOCOO
gd00300000 80000000 DOoOooooon
goouodboooooboouoboooobooooo
00010000000 oooooooooogooo
oooo o000 ooooooooooo
dooboooooooboooobooboooon
00o000o0Doo0oooooooooooooooo
00000 ground-truth OO0 O0OO0O0OOCOOOO
goouodboooooboouoboooobooooo
00D0O0o0oD0Ooood ground-truth V,0n=1,...,NO
0oo00ooooooooooooooooooooo
ground-truth U,,0m =1,..., MOO0OOO

4.2 0000

00000000000D000000000 &0
0000 RGBOOODOODOODOO ¢(F)000
00000020000000000Z =200000
0000000000000000000000000

1S3-42 :

MAE (Mean Absolute Error)

0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170
T, (Number of frames)

05 000ooooooooT,=10000000001T, > 10
000 MAE

O0o0O0oO0obOO0o0ooOOobOobooOon ground-truth U,
Om=1,...,.MOOOODODOOOOD wO00O0O0OO

Oo000D0DDOO00000oooooooooOO MAE

0 Mean Absolute Error0 000000
1 .

MMzNEQW—%| (7)
OOO0OOMAEDO [0,1]00000000O00O0OOOOO
oo0o0ooooooooooooooooooooon
000000000000000000000 7,0 10
16000 0000000000000 000oOooDooogg
0001000000000 MAEOOOOOOOOO
oo, 00000000000000o000o0o00o
gobodoooobbooooooobuoooooon
gobodoooobobooooooboooooon
o0o00d0o0oo0oooUoooooooooooood
O000D0o00ooo0 MAEOODOOOOOOOOO
00000 7,=1000000000000000

4.3 0000

ooooo7,=10000000007,>10000
MAEOO 500000000000 MAEDO 0.2710
ooooooooooooooTr, 000o0oooo00
0O MAEODODOOOOT,=700000 MAEO 0.180
gbooobOoboooooboooobooooboon
000007,=700000 MAEOOOOOO tO000O
0000000000 1%Uoo00o0ooooooooo
gboboaobooooooboboaoboobaooobobo
goboobooboobooboobobboob

5. U U

gbooobooobooboboobooboobob
gooobooboobooobon

5.1 DOOOOOOO
gbooooboobooboooobooboooooooboan

1150



1.00

0.90 o gl
0.80 ,.JN"
0.70 "._,,’rf
< y
s I
£ 050 \>
2 e
£ 040 |
0.30
0.20
0.10 Ground-truth ==== ||
’ Instantaneous visibility —e—
0.00 L

-70 -60 -50 -40 -30 -20 -10 0
Time ¢ [frame]

06 ODOoooooooada

gbooooboooobooooboOobooooooDn
gooobgoroobOobobOobOO0oOobOobobOobDon
obobooebOObObOOO0OOODOODOOOODOODOO
oooooboOy00000o0o0ooogt=00000
ooboooboooboooooboboonono o920
gbobobooooooboooboovvwoobooboo
oobooboooobooboooboboob oe7On
O0ground-truth 000000000 DOOOOOO0ODO
ooobobt=-42000000000000000
O ground-truth 00000000000 OC0OODODODODO
gooboobooboooboooboboooboobooo
oo0oDO000000 ground-truth OO OD0ODOODO
ooboooobooboobobooooboooooDbo
obooooboooobooooobooboooooon
gboobooboooobooooboboooooobo
gbobooooooooobooboboooooooa
gbooobooboooobooooboboooooobo
ooboobooobooobooboobooobooon
000000000000 MAEDOO ()ObooOoooo
oboboooobooooooboo
gboboooooooobooobooooboooooo
goooooooOoooobooooD fpO000D000OD
oooooo fs0000000O0OooOooooogo
MAED 0.190000000C000D0OCOO0OODOO
gboooobooooboooobobooooooDn
gboooooooooogoboo

5.2 ODOO0O0OOoobooooboab

ooboooboooobooooobooboboboo
oboooobobooobooooboobooooooDn
goboobooooooboobooobooboonon
oboooobobooobOobooobooboooooon
gbooooboobooooboobobooobobooobo
obooooboboooboboooboboooooDbo
0000000000000 0ODO 8(a)0ooooo

1S3-42 :

() 00 t=-70[0000]

(b) 00 t=—-42[0000]

()00 t=0[0000]00000000

g7 ODbeUlb0000DOOOODOOUOOOODOOOOOO

obooooOoboooboobooooobooooobooon
goboboooobooooboobobooobooobooon
oooobooboooboobooooboooooboon
O0000000oO00oO8bh)oooooooooo
obooobooboooboobooooboooooboon
gboobOoboobooboooobooooboon
obooobooboooboobooooboooooboon
gbooobOobooooboooobooooboon
obooobooboooboobooooboooooboon
obooobOoboooooboooobooooboon
oboooooooooooooDo

6. U 0O @O

oboooooboooboobobooboobobooooon
gboboobobooobooboooobooooboon

1151



() DOODODO0ODOOOOOOO

(b DODODODDODODOOODOOO

08 Uoboooooooooooooooon

gbobooboooboooboboooboooobooooo

oboooobooooboobooobooboooooon
gbooooboooboobooooboboooooobo
gbooooboboobooboboooboobooooDbo
gboobl1o0ooobooooooooooocooon
goboooobooboobobooobooboooooDbo
gboooobooooboooobooboooooDbo
gbooooboooobooooboboooooDbo
ubooooboboooboooobooboooooonn
gboooooo

o0 ODobOoooobooboboooobooon
CRESTOOOOOOOOOOOOOOOOOOOO
gooooOooooOooDoooboooooo MIST
gooooroooon.

g O

[1] M. Pettitt, G. Burnett, and A. Stevens, “Defining
driver distraction,” Proc. 12th World Cong. on In-
telligent Transportation Systems, pp.1-12, November
2005.

[2] L. Fletcher, G. Loy, N. Barnes, and A. Zelinsky, “Cor-
relating driver gaze with the road scene for driver as-
sistance systems,” Robotics and Autonomous System,
vol.52, no.1, pp.71-84, July 2005.

[3] K. Doman, D. Deguchi, T. Takahashi, Y. Mekada,
I. Ide, H. Murase, and Y. Tamatsu, “Estimation
of traffic sign visibility toward smart driver assis-
tance,” Proc. 2010 IEEE Intelligent Vehicles Sympo-

00 1M http://mist.murase.m.is.nagoya-u.ac.jp/

1S3-42 : 1152

[10]

[11]

[12]

sium, pp.45-50, June 2010.

Commision Internationale de I’Eclairage (CIE), “The
conspicuity of traffic signs in complex backgrounds,”
CIE Tech. Rep. 137, 2000.

L. Itti, C. Koch, and E. Niebur, “A model of saliency-
based visual attention for rapid scene analysis,” IEEE
Trans. Pattern Analysis and Machine Intelligence,
vol.20, no.11, pp.1254-1259, November 1998.

K. Miyazato, A. Kimura, S. Takagi, and J. Yamato,
“Real-time estimation of human visual attention with
dynamic Bayesian network and MCMC-based parti-
cle filter,” Proc. 2009 IEEE Int. Conf. on Multimedia
and Expo, pp.250-257, June 2009.

R. Achanta, S. Hemami, F. Estrada, and S. Susstrunk,
“Frequency-tuned salient region detection,” Proc.
2009 IEEE Computer Society Conf. on Computer Vi-
sion and Pattern Recognition, pp.1597-1604, June
2009.

L. Simon, J.P. Tarel, and R. Brémond, “A new
paradigm for the computation of conspicuity of traf-
fic signs in road images,” Proc. Int. Conf. of the 26th
Session of the CIE, vol.2, pp.161-164, July 2007.

P. Siegmann, S. Lafuente-Arroyo, S. Maldonado-
Bascén, P. Gil-Jiménez, and H. Gémez-Moreno, “Au-
tomatic evaluation of traffic sign visibility using SVM
recognition methods,” Proc. 5th WSEAS Int. Conf.
on Signal Processing, Computational Geometry & Ar-
tificial Vision, pp.170-175, September 2005.

L. Simon, J.P. Tarel, and R. Brémond, “Alerting the
drivers about road signs with poor visual saliency,”
Proc. 2009 IEEE Intelligent Vehicles Symposium,
pp-48-53, June 2009.

K. Doman, D. Deguchi, T. Takahashi, Y. Mekada,
I. Ide, and H. Murase, “Construction of cascaded traf-
fic sign detector using generative learning,” Proc. 4th
Int. Conf. on Innovative Computing, Information and
Control, ICICIC-2009-1362, December 2009.

H. Ishida, T. Takahashi, 1. Ide, Y. Mekada, and
H. Murase, “Generation of training data by degrada-
tion models for traffic sign symbol recognition,” IE-
ICE Trans. on Information and Systems, vol.E90-D,
no.8, pp.1134-1141, August 2007.



