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Detection and Recognition of Traffic Signal
Using Machine Learning

AKIHIRO NAKANO,! HirosHr Kovyasuf!
and HITosHI MAEKAWAf!

To improve road safety by assisting the driver, traffic signal recognition by
on-board camera is one of required technologies. We have proposed to detect
traffic signals and to keep tractracking them by template matching and Kalman
filtering. However, its stability of detection is not robust enough to illumina-
tion variation or changes in appearance of the signals to detect. To adapt
these kind of changes in circumstances, we present recognition method of traf-
fic signal using machine learning approach in which we employ AdaBoost and
support vector machine(SVM) technique. We conduct experiments to evaluate
its performance for several hundreds sample images.
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Fig.1 Flow of proposed method which consists of learning phase and recognition phase.
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Fig.2 Haar-like differential operators in use.

{EH T SHaar-likekri

AhoisSHas ﬂ -

X 8 Haar-like 1% {Z57 &M%~ O]
Fig.3 Harr-like operators to detect features of signal light.
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Fig.4 Cell division of signal image.
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B 5 T KOMEAR. FRAE AT, REAIE TR Ko RRIfE e L7z 2 fEALEg, TR K EHTH
LMot E ZhZhkd.
Fig.5 Some results of signal-light extraction. Top row: imput images, middle row: binarized

images, and bottom row: recognition results.
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Table 1 Specifications of camera used.

HHH x5 Canon ivis HF11
FEn EL YRk

[ES 640 x 480[pixel]
JL—2L- L=} | 30[fps]

iRl 8:00 ~ 16:00
KA Eh

RBL 5720, TKkOBEBEEBL THD.

EX () () X HOG FHf e SVM IC & 28R 2 5t ofltch 5. (o
CIEEGE T SE S ORETRIN L 72, ELWEIZ, [ELWEOHEENFRENTHS
DR TED, LoL, (D CTREGHD» S50l 72, B9 E2RHL 2%
o1z b, B0 WEAMIARREN TN 5.

KIFFECHMA L 72 2 20 Fike, hlHsOFEY Lo EF5HbREoE T, k-
W BESHE ZNENY ICEFHEL, &EICOWTOIEER, KB, FEELTT. A
TEBEH O GEFHONVE L B2 EL METETOITIEZ & L, B0Iatind 215
GlEkHE 5.
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(d)

X6 fEoithofiifl. (a) & (b) 1% Haar-like [l AdaBoost i< & 258 R % /=25 KoMl fil©
HY, (a) FEIhHl, (b) FEEE ZzhEnEKT. (c) & (d) 1F HOG Fitf& SVM I L 2578 HH % v
AT OMIBIITH 0, () EBahfl, (d) ZRMIEZ ZhEhkT.

Fig.6 (a)-(b): Detection example of signal in machine learning for Haar-like operators and

AdaBoost. (a) is success example. (b) is failure example. (c)-(d): Detection example of
signal in machine learning for HOG operators and SVM. (c) is success example. (d) is failure

example.
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Table 2 Performance of red signal detection.

MR | IEER | AR | EEE
SeATHISE 210 109 101 52%
Haar-like+AdaBoost 210 151 59 2%
HOG+SVM 210 133 77 63%

F 3 BTETHETHEMIE ORI

Table 3 Performance of yellow signal detection.

FOEEE | IEER | RO | EFEE
SeATHFgE 116 45 71 39%
Haar-like+AdaBoost 116 70 46 60%
HOG+SVM 116 54 62 46%

&4 BTHETEHETHEME ORI

Table 4 Performance of blue signal detection.

AR | IEER | KRB | EEE
JeAThf5E 204 86 118 42%
Haar-like+AdaBoost 204 155 49 75%
HOG+SVM 204 131 73 64%

£3 % R (A5 L, Haar-like+AdaBoost D58 % W =M HEAER ClE 60%, HOGH+SVM
OFEER WML R T 46% L, Moo F 5k AR TR D IR & 2 - 72,
it,memHA@Bmm®%W%ﬁ¥%i@%HOG%VM@%W?§¥&@ﬁﬁ
SRR M 5 72, 2 hiE, HOGHSVM o8 ik v/ 25t ¢l
MR OB ENFEINTH B & E 2 55D, Haar-like+AdaBoost D58 T TldfF
BEZESHLEOMHRE LT, LirL, HOGHSVM 058 FETIE HOG 128U %
170y 75720 OFIREREE L L T4 728, Haar-like+AdaBoost OFE FiFEICHA
T, SOOI BT 24080 kS SV &, ko, 503 & Hil
L2 MUHRIC M ST X 2 2 e B s T L E - 7.

3.3 % =
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HOG+SVM ok % FlV - G5 T Eom s & b, fiichiso T3 &
HARTBESHoMEEEom EL A Zhiddms oFED T, 583 TR

Vol.2010-CVIM-172 No.26
2010/5/27

zéuﬁwmﬁ* AR DITIT L T, RIFFEOFETHE, HOTRA D ESHKOE
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5. EFHEOMIRSEMRGER & LT, B0l KB oMM Z 2235 2 5
ha. FEREROZEZ O AT T ETRO¥IRZ M TE T 525 Hough X
IS L DM T AZIEL KM TETORNZ®, RINCEFHZ ERIC M T a
WIEEMMZN, RT71E, ZoflzRLb0THD. (a) ld Hough ZHRIC L 5 MMES
DI KM Z XKL 2K TH 5. FIPOESHETKOFEEL <MishTuan,
7z, WIS TRV Z M L L TERMIT L T4, (b) 13 Haar-like+AdaBoost 074
RN O M L ESHFIREZ TR L ATH L. o ESHEEEEL <ML Tns
ZEeMbmb, (o) i (a) & (b) ORI L 72 E 5 E KR L 2 THh 5. FEFHRD
B HOTAZT R TR L < ESREIRZ M L Tu7za%, Hough ZH%IC & 2 I
TSI KO E M TEThnz®, FHRICETHRITIME e > TL 572,

(2) (b) ()

=7 ’JTJ(VM‘@&'%ESUCJ:Zaﬁﬂ?&@ﬁﬁ.u;ék (a) ZEFHIT Kozt L, #&RLH. (b) 1 Haar-like 1
#+AdaBoost O FEAEIIC LY G SHREZMIBLZZHL (c) 1 (a) & (b) & VMR S h 7z E5 R TIR.
Fig.7 (a): Detection of 51gna1 light. (b): Detcctlon of signal only machine learning result. (c):

Result of detection by (a) and (b).

512, KEOEEDOWED & OFETI KO BIERAZEALL, W AGEE DM oMM 5k
Mo TLEIEENH L. FIC, BESHON KEFESHON ke MmliLTLE) 2 &
NEL, FESHOEERMUOETHEE LR TRWER O —2THh b L H5X1 5. ZoflHE
I LT, TR EIEROZAUC T N2 MR FEOMGTSINETH 5.
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