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Construction of a traffic sign detector by automatic gathering of

training samples from in-vehicle camera images
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Abstract Various training samples are required for constructing an accurate traffic sign detector. When we ob-
tain various training samples from real environments, it is difficult to obtain training samples exhaustively due to
its cost. On the other hand, the generative learning method has been proposed. However, it is difficult to simulate
all variations observed in real environments. Since both methods construct a traffic sign detector before applying
it to an unknown environment, it is required to reconstruct the detector by using new training samples obtained
in the environment. Therefore, this paper proposes a method of constructing an accurate traffic sign detector by
automatic gathering of training samples from in-vehicle camera images. First, the proposed method detects large
traffic signs from in-vehicle camera images. Then, training samples are obtained by tracking traffic signs back to
the past. Finally, the traffic sign detector is constructed using gathered training images by the method. We applied
the proposed method to various images captured by an in-vehicle camera. Experimental results showed that the F
value of the proposed method was 0.95, and the proposed method could construct an accurate traffic sign detector.

Key words traffic sign detectiond training images, cascaded classifiers(] in-vehicle camera

oddo00o0odUuooooUuoooooooooooon

gdobodboooouobuoooboobooouoooa

OO0OVICSO ETC OO OOOO ITSO Intelligent 0000000000 0ooo0oooooooooon
Transport Systems0 0 0000000000 O0O0ODO 00000000000 00o0oOooooooooooo
0ooooooooooo ITsoouooooooooo 0000000000000 00Dooooooooon
pgooooboooooboouobooooooooo go0doooooooooooooooouoooooo
ddo0oo0ooUooooouooooguoooogooon 0000000000000 000000oooDoon
ooooooooooooooooooooooooon oddo00o0odUuoooOoUuoooooooooooon

1. D000



0000000000000000000000000
000
000000000000000000000000
000000000000000000000000
000000000000000000000000
0[1][20000000000000 34000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000000
00000D0VielaDOOOOOOOOOD0000000O
000000000000000 [50000Bahlmann
06O0000000000000000000000
0000000000000 0Haar-like0000000
00000AdaBoost 10 0000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000010000
0000000000000000000000000
00000000000000000000Bahlmann
06O0000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000 (700000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000
000000000000000000000000
0000300000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0ooooooooo
0002.00000000000000000000
0000000000000000003.000000
000000000000000004.0000000
00000000005 000000

2. U U

gboooobooooobooboooooboooon
goboobooboooboooboobooboooboooo
oboooobooooboboooboOobooooooDn
gboobooboooboobooooboboooooobo

\

(byOOoOOooUoOUoOoooUooOOo

02 0oO0oobOoOoooOoooooooobooooooboooo

gboboobobooboobooooboooooboon
gbooobOoboooooboooobooooobooon
000 2 00000000000000000O000OO0
oboooooboooboobooooobooooobooon



B0 BER [
& Pl O QJL»%
gOU a1 [

L

Pk e, DR 5

RASE

04 0OO0O0OO

0000000000 ooo2(b)0000000UODO
obooooboboooboobooobooboooooon
gboobooboooobooooboboooobooobo
oboooooboboooooboboboooboobobn
gbooobooboooboobooooboboooooobo
oboooobooooooboo
gbooooboooboooo 400000400000
00o0o0o0oooooOooOooOoG)Dooooooo
000000000000 20000000000
ob2000000000000000D0O0O0DO
gbooooooboooboobooooboboooo

2.1 O00OO0oO0oOoOooOooDoO

0000000000 (dDOoOOOODOOOOnO
O00MmUOO0D0000O0O0D 2000000000
oboooobobooobooooboobooooooDn
gbooboobooboobooooboboooooobo
obooooboboboobOobooobooboooooon

obooobOobooooooooooooooooo 2
obooooooobooooooboooo
obooboz200000000000000000000
oboooboobooobooboooooboooooboon
o0o0oooooooo H,OOOOOOODOODoOoooo
2.1.1 OO0OO0OO0OO0OOOOOO0OO0O0

a) DO0OOOOO

oooooooo H,OOOOOODDODODODDOOoD
oboboooboobooboooboobooobooboobooon
ooooboobooobooboooooboooooboon
ooooooooD He,OOOOOOOOooDooboOooo
000000000000000 «; 000 M= {x;}
oooooooooooo MOO0OOH,OOOO0OOO
oooooboobooboobooobooboobooo
gbooobooboboooooboooobooboboooon
oboooooooooo

b) O000DOOOOO
O000000a)0000000D0O0O0O0OOOOO
MOOOOOOOOODO LOoODOOOoOoOoooOoOoO
000 0000000 L(x)00O0O0OO0O0O0ODOOOO

L@ = 3 iz, v), 1)
veM
l(x,v) = (2)
{ e~ @=VT@-) (g ) (x—v) < T

0 otherwise

c) EMOOUOOOO0OODOUOOOOODOOOO

O0000Ob) 0000000 OOOODEMOOODOO
obooooOoboooooboooobooooobooon
ooooOoooobOOoO0oEMOOOOOOOODOOOOO0
obooobOobooooobooooboooooboon
oboooooboooboobooooboooooboon
00 ¢, 0000000 3)0o0oo0ooooooon
ooooboobooooboobooooboooooboon
gbooooooooo

Zlog{ZA ) L(z,) wy p(x, | ¥ )} (3)

ooooNOOODODOOOOOOOOODOO
0000000000000 M(x,) 000 «, 0000
0w, 00000000000000 p(=, | ¥y 00
gbooooobooooobooobo

p(@, | ®,) = (4)
T _
1 exp [_1 (wn_“q) qu (mn_uq)
(2r)! || 2 12|
dodo0ddooouoooooooooooon d=20

oooo
EMO0O0OOCO0OOOOODOOODOOOO0OO0OO0




oboooobooboooboooo

wi! p (mn | ‘I’f]))

- Q
;wy) P (wn | \Il((;))

. 1 N
w§z+1) ~ Z Ag () (6)
Nn_
N((]i-i—l) _ nzjlv (7)
$(i+1) .
N
$ et -7 ")
n=1 _

0000i0EMOO0ODOODOOODOODOOOOOOO
000000000000000 (3)00000000
00000000000000000000000 ¥,
oooo

OODOEMOOOO0OOOOOOOOOOO0OOOO0O
000 ¢ 0¢=1,...,Q0 000000000000

100
0 _ 0 0
lIl((])—{w((])7 [,l,((z),< 0 107 >} 9)

0000QUw¥0p 00DODDODOO0ODO0ODO
000 (1)00000000000 LOOOO00000
000000000 1000000 000000000
0200000000000000000200000
0080000D00O0RO0ONDNOONDNDO0O0OD
0 QOO00D000D00D0000000 »¥0000
ooooooo p” 0ooo
d) 000000000
000000000000 MO ¢)0000000
00000000000000 ¥, 000000000
00000000000000000000

wg M| > T (10)

0000|M| 000 MOOOOOOOO
0000000000000 21.200000000
000
2.1.2 00000000
000000d)0000000000000000
0000000000000000000000000
00000000000000¢++100000000
000 4, 00000000 +0000000000
0z 000 R O0000000000O0O0O0000

LTii+1 + [Ax

s bobobobdo

00000()0000000000()0000000
20000000 «,0 R,OODOOOOOOODOO0OO
oooooo
a) 000000000
000000000000000000000000
000000 100000000000000 F, 00
00000000 F, 0000000000
b) DOOOO
05000000000 t4+100000000 2444
00000000AzOOOODOOO0O0O0O0OO0O0
00000000000000000AzO000000
0000000010000000000000000!
00000000 @, 00000000000000
0000000000000AzO000 11000000
00000000000000

VFi(xirq1 +1Az) - Az < 0 (11)

O0OO0OO0OVF(x)O 000O00O0OOOOOOOO-00
00000000000 (11) 0000000 Oxpy +H Az
obobO F, 0000000000000 00000n
000 Az 0D0000O0CO 10000000000
oobooOooooooboooboooooon sbon
0000000000000 ©UoUoooooooo
obooooooobooooo 0000 R, OOOO

t—t—-100000000000000000000
ooooooobooboooobg =0 RR,OODOODO
000« 0 R,OODOODODOOODODOOODOO

2.2 O0OO0O0OO0O0OOO

gbooobOoboobooboooobobooooaon
obooobooboooboobooooboooooboon
000000000000 (500000000 Haar-like
ooooboobooobooboooobooooobooo
gboboobOoboooobooooboooooboon
obooooobooobooboooobooooobooon
gbooobOobooobooboooooboooooboon
oooooobooobooboooooobooooobooo
obooooOoboooooboooobooooobooon
gboboobobooobooboooobooooboon



06 booooooboooooooooooon

= I

0 7 Haar-like 00O

"u

00000000000 [e,[7]0000000000nD
0007000000000 00DO0OOO0OOO000
00 Haar-like 0O O0OO0O0ODOOOODODOOOOOO
OxzO0000O (r(x),g9(x),b(x)) 0000000000
gooooobobooooooobobbooooooooo
goooooooooog

r(x) (12)

(13)

(14)

0.2989 - () + 0.5866 - g(x) + 0.1145 - ()  (15)

06()0000000000000000000000
6(b)0(h) 000000000 7000 Haar-like 000
06(b)0(h)0000000000000000000
oooo

3. U U

3.1 0000

ggooooboboboooooooboboooooboooo
oobooobooooboboobobooobooboboobon
000000000000 SANYO Xacti DMX-HD2 O
o000b0O0000bOo0O0o0bO0On0Od 640 x 48000
000000 30fps 00000000000 OO15x15
045x45 000000000000 100000000
270000000000 0O0OODbOoOODbOOOg
gooooooobooosbuooooooon 3907

obooooOoboooooboooobooooooon
gboboooboooboooboooodr3ennonoooon
g1ioresioonoooono207roooodbon 3

Or200000000408400000000000

oooooobooobooboobo o L,OooOoo
00 =40, =200000

3.2 0O 0O 1

goooooboobooboobooobobooobooo
obooobooboooboobooooobooboOooobO
10200000000000000000CO000O
gboooooboooooobooboboobooboon
5000000000000000 HoOODOOODDO
ooooboOo HoOODOUOO 1ODODOOoOooooo
obooobooboooboobooooboooooboon
oso0000bb00b0X,0b000oo0oooooooo
soo 000obO0O00oOonob0 Ky ooooooOooooo
gboooboooobooboooboeobooooon
gbooobobooboobooooboooobooon
oboooooooooobooooooboooog

ooooboob0 HoU vy OODOOOOOOOD
oboooooboobobooooroooobobooon
100000 10000000H, 0 HeODODODOODO
000 020F0O0 019000000000DO

3.3 0 0O 2

ob1000000o0obooboooobooooan
gboobooboobooobooboobon 2040
gobooooooboooooobboooooobooon
oboo40b00000000ODOODOODOODOO
oboooooboboobooboobooob1oboboon
ooboo000o00 HeOOODOOOODOOOOD0OO0O0 Hy
gbooooOo1l10booobooboooobooboooooon
gboboobooooboobooogsonoooon
O HoOOODODODOOODOODOO 000000000
oo H,000booboooooboob Ky ooo
200000000000000000000O00DOOO
ooosoc00000000 H,OOOOOOoOOoOOooOooo
O 1wo0o000D0O0O0000O H,OODODOODODODOO
oo0ooDoO0o000oDoO0o000D0O0 Hi O He DO
gboboobooboobooboooobooooboon
01goooooooon

0100000000000 HoO H, 000000
obooooooobobooooobooboooroon
O0o000Hy O H, O0O00OOOODOODOOODDOODO
0000000000000 0000000000H,
0O H,0000000000D0O00O000DOOO 80O
ooboogoog8boboooobobobooobooobooon
oooo0os8sboobobDiO0OH,ObOO0bO0ODbOODn
oooob ", 0 i, OOOD0OOOOCODOOOO0ODOO
20000



01 HoO H4OD0O0DODOOOOOCOCDODO

00000 |gooo 0ooo FO
Ho 0.96 0.58 0.72
H1 0.96 0.87 091
Ho 0.93 0.91  0.92
Hs 0.90 0.97 094
Ha 0.92 0.98 0.95

02 HoOOODOODOOOODOOOOH: O HeODO
oooooooooooobooooOoOobObOOoOoOoOoo
gobooooooooooooobod

oooog Ha Ho Hs Ha
ooaoo —11m —12m —15m —19m
4. O O

0l1obooooobobooobooooboooon
gboooobooboboooboobobooobooooo
Orgooosoboboooooboobooooonoon
ooooooooo 100K, 00010000000
ooooo viOH, OO0 200000000000
O H.000D00O0D0OD0OO0DOODOOO0DOOO0DbOO0OD
gbooooboboooboboooobobooooDbn
gboobooboooboobooooboboooooobo
gboooobobooobobooobooboooooDbo
gbooooboooboobobooobobooooobo
gbooooboobooboboooobooboooooDo
gboooobooooboooobooboooooDbo
gboooood

ubo0o2000000000000000000A0
ooooooooo HeOoH,OOOOOOoooooo
oooosd HoO H,0O0DOOOOODOODDOOD
gbobooobooobooobobooo 2000000000
obooooboobooboboooboOoboooooon
gbooboobooboobooooboobooooobo
gboooobobooobobooobooboooooDbo
gbod2200000000000000000000
gbooooooboboooobooboboooooboobo
gbooooboboobooboobooobooboooooobo
goboooobooooboboooboboooooDbo
oboooobooooboooobooboooooonn
gboobooboooobooooboboooooobo
gboooobooboooooboooooboobooog

gboooobos9onouoooboooobooogn
goboooboooobobooboobooobooooo 10
gboobooboooobooooboboooooobo
gbooooboboooboboooboboooooDbo
gbooooboooboobooooboboooooobo
gbooooboboooboboooobobooooooDo
gboooooboobooboooooboobooooo

08 HoO H,00000000000()0 (b)000O00
0000000000000000000000000
0000000000000000000000000
000000000000000000000000

2.1.1000d)000000000000O00DO00O0
obooooOobooooobooooobooooobooon
goboooboooboooboboooboooooboooon

booooOoboooboobobooobobooooan
goboesboobooboooboooobooonooon
obooooOoboooooboooobooooooon
gboboobobooobooboooobooooboon
ooobooooobobooobooobobooboooo
gobooboobooobooobobornniobobogoon
oeo000000DO0O0 NNooooooooboon
gbooobooooobob 1200000000000
oooooooboboooogoobooboboooboooo
gboboobOobooooobooooboooooboon
gbooobooboobooboooobooooboon
obooobOoboooooboooobooooboon
gboboobooboobooboooboboobooon 300



010 000O0ooooooo

gbooboobooobooboooobobooooooo
o001 30oooboooobooobooocboonboon
gbooboobooboobobooobooboooooobo
oboooobobobooboooobooboooooon
ooo

5. O 0O O

oboooobooooobobboooobooooon
gbooooboobobooooooboooobooo
gboooobooboobobooooboboobooooDbo
gbooooboooobooooboboooooobo
gbooboobooboobooooboobooooooo
ubooooooboboooooboboooboobobn
gboobooboobooboboooobooboooooobo
oboooobooooboobooobooboooooon
gboobooboooboobooooboboooooobo
obobooooboooobooorgoboosoooooon
gboboooboooboooboooboooooooo

oboooobooooobobboooobooooon
gboobooboobooboooobobooooobo

=0

FiGikon A7 i
011 000000 (=, Ry)D00O00DODOOOODOO

Bk G55 1)
012 O000OO000O0O00OOO0O0OocOoOoOoOoooo

013 00000o0o0oooooon

googboooboobobboobooboobooboo
gobobooobooobooboobo

Ul O0booboobobboobooboobon
gbooobboooboboboobboooboooboooo
000000ooooooo,00ooooooog MIST
0000 00 http://mist.suenaga.m.is.nagoya-u.ac.jp/U
goooo.

O O

1] OOO0OO0O,0000,00000,¢0000000000
0o0oooooor,000oooogoood, Vol.J83-
D-2, No.2, pp.855-858, February 2000.

2] ODOO0OO,0000,000,¢“00000000000
00000000 U00ooooor,Dooooooo
ooooog, PRMU2004-262, March 2005.

[3] OO0, 0000,0000,“00000000O0
007, 0000000000 oooo, EID99-143,
February 2000.

[4 COOO,0000,“C00000000OO0OOOOOO
ooooo»”, 0ooooooooon, VolJ77-D-2,
No.7, pp-1393-1394, July 1994.

[5] P. Viola and M. Jones, “Robust Real-Time Face De-
tection,” International Journal of Computer Vision,
Vol. 57, No. 2pp.137-154, 2004

[6] C. Bahlmann, Y. Zhu, V. Ramesh, M. Pellkofer and
T. Koehler, “A system for traffic sign detection, track-
ing, and recognition using color, shape, and motion
information”, Proc. of IEEE Intelligent Vehicles Sym-
posium 2005, pp.255-260, June 2005.

[7] 00000000000 OO0O00O00O0OO0O0000
o000, “b000bb0o0oobUoooobooboooo
0oo00ooooobooo, 0bodooPRMU2008-1700
pp.135-1400 2008

[8] ODOOO,0000,00000,0000,40000
gopboo0oobOooobOoOooboooooo, 0o
O000O0O0OoOo D, J65-D, No.1, pp.80-87, 1982

[9] I D. Coope, “Circle Fitting by Linear and Nonlinear
Least Squares,” Journal of Optimization Theory and
Applications Vol. 76, No. 2, pp.381-388, 1993



