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2.2 WULUAINNDIA
2.2.1 WUUANAR9A RGB

o a a ] a v 1al o A = 901 a
LULANARNA RGB  [4] AZUNUALARLAAVLATNLNANANAD AN LU UINU Ingl

Magenta

(0, 2. 0}
- G
Gt :

f1,0,0% [~
]
L Red

-
B

Yellow

2.2.2 WULANARIA HSV

o a a o =l .
LULSQADNA ANNHARAIUANA (Saturation)

< [ %

Y] = L O . 3 dl
mmmu%&ﬂ (\/alueof Intensity) 1t ; e 1171 79N 72 L BN A9 3L

'
aaa

2.13 LL‘]_I‘U’\‘i AR LA S UNINANRNS
| —

N AL asuLlas il asunlasiiazlidana

INT
H18Y

Waguulasnatiifiuuas o niuer

Al

FRANA

Lk

AR189NT

717 2.13 ULILAA89E HSV [5]
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2.2.3 nMswilasnuuaaadd RGB tHunkuud1aasd HSV

ANAlULLLAA843 RGB  dnuneniasuilumdlunuuanandd HSY [4] 1élas

ANNITDUIAR LFAINANNNT 2.1 ANANANF IFAINANNIT 2.2 LAY ANAHNITNTRNA lFAN

B

@NN19 2.3
( ;max=min
h=1 (2.1)
s= (2.2)
v=max | e | (2.3)
Tnei 213111 SUANRIAL

4, a8 a
219 UTAANRAUINL

A | d% a
219 UTBANAUINU

P Ao
] ‘ = =
2.2.4 nsudagditiiuaianed HSV wuluianandd RGB

mmiuun@ A HSV mmﬁ‘mﬂ@ﬂ gAndlunuuanaead RGB [4] losa

“ﬁﬂﬂ’mﬂ‘ﬂﬁWMﬂﬁ

ARIBIN T A AN

(t, p,v) hy =4
(v,p,q) ;h =5
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Taenana@ungun h 1dannaunis 2.5 @190 p ldaIngaunng 2.6 a1un9nmn g

1fa1naunig 2.7 @a1:8190u1 t 18ann aunng 2.8 Taad f luaunig 2.7 1Ay 2.8 NA169

AUN17 2.9
(2.5)
(2.6)
(2.7)
(2.8)
(2.9)
Toedi hs,V #aa J:__ b i 99 AuandL
2.3 M9uilag
Fdarilusyuny 2 A
FauAean:

,.. M Nmann (Cartesian

o

AL LaziLny Yy I\ AN UNILLUIFN IMEIVI X

©

Coordinate) TMLLﬂu X b UbN 1Y
cao a
LA y Lﬂ%@’]lé’llé@&’]?ﬂL°]J?;|w§l’1Lmuwmn”w\iﬂu?ﬂﬂ’]wimmﬂhLuﬂﬁﬂsﬁmu

AUBINYNINEINT |

5 y

ARIANR I UN1AINYAY

X WA NA AR N WNUUAL

0)

Yy Lﬂuﬂ’]‘Wﬂﬂﬁ]’]ﬁJLLﬂuﬁN
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= .
2.3.1 NM15LaaUNIN (Translation)
dll o 4 = a o a y A a o 1 A a '8 dl
LSJ‘rJﬂ’]‘VI‘Ll@i‘VI P ﬂ‘ﬂ‘ﬂﬂ‘WﬂﬂLﬂN P ﬂ‘ﬂ‘ﬂﬂ‘WﬂﬂI‘V]N NS T ARLNNTNDNITIADY

(Translation Matrix) @’m’]iﬂL°IJHu@mﬂ’]ﬁ‘ﬂ@\m’]ﬁ‘m'ﬂuﬂﬁwslﬁﬂElluﬁ‘l]‘llﬂx‘iL&I‘Vlﬁ‘ﬂsﬁ ”memumi

211 uae 212

(2.11)

(2.12)

o iy Iy
2.3.2 n15USuUNImTIAg
WWaninuald P P lud wazy S AalunIndnigiliu
4

M9 (Scaling Matrix) 35310 W et Tugiaasiwrisnd 16

AANNT 2@
‘

(2.13)

INyng -

ﬂmmﬁﬂmmuﬁmu X Uazinu YEmgHAAL

neERINeaY

AadRIdIuNILF LI NN Y
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2.3.3 N1TUNUNN (Rotation)

(2.15)
(2.16)

(2.17)
(2.18)

1ﬁﬁ??W8%?Wﬁﬁﬁ¥””
RN TINIaY

|cos@® —sin }

& _r.p

sin@ cosd
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2.4 NNFWUNAEANAALLIN (Threshold)

nsutefaad@aute (4] 1udsnsudasnanlidunindnenisiuaes (Binary

Image) N13uA1lautatanldlun1ssanen (Segment) L3anaula (Region of Interest)

o P | ' A .
quﬂL@‘ﬂﬂﬁ’]mmLLU\‘] T NATHNITOLLIN
-dld | [ 7
AR AN (X y) NUANTEALUAINNEUN

1
=

qwgmuw wiaaLuganIning

\. {.

mwszﬁum’]( i@y Scalélimade) 4 | Ryt e NN (Intensity)
1 ' ZJ/ -' T ‘ff‘f'!lﬂ 7 X o !
WNe RNt Mow  AEATREEAH Hadnnuanslasaannia 2.24

1@(x, y) (2.24)

W lnaaniin (X,Y)
|
f. (x, WAeA"Guns (Red) luganwdiria (X, y) m

fo(x,y) @ogagien Green) lugnn i

A IHANERTNENT

2.6 msaﬂammﬁmsumu (Noise quctlon)

q RTAAIUURIAINGIAY

inddeiusangesriangasa s (Low-pass  Filter) Ifd1mniuandyminisunau

(Noise) viradlfun wlsisnuFau (Smoothing) Taeinnsuin sanseantdidean ldinn1sdednun

. o ai ]
n19 (Convolution) AUNINNUINILTZNIAKA
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0.15

<019
9.1 |

(2.25)

i ' § . - . \‘ ‘Il
e o AREY u g (Siandard Deviation)

-’ p I o 1 1 o , 1
FatinafansaynadiaEian 5 %6 1.0 F33171 2.16 TN nsaeingg

gﬂmmﬁfsi@
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NﬂWWﬁ@\‘]N’]‘LAWlﬂﬁ"N

2.6.2 Ansafiney
ANNIANNE ' " F10ANG: 4D %L oWSpass Filter) LA TiaL

. \ g4 ﬂﬂfaﬂiumw TpeIsiangaslse

1A12299ANNTTAqTuLAY

N1 TE5U miﬂm 218  WAZAZLNU

"’Qﬁﬂ’]Wﬁ@“’iuu@Qﬂﬂ’mﬁﬁﬁ’]

1mmiﬂ‘m 2.
Q)

1117 mmﬂmmmmﬁgm ATNITDLURAAN

Il h
Jﬁ. ourhoﬁ Values :
122 Wiza | 126 | 127 | 135 o, 119, 120, 123, 124,

1“2'7Wﬁ7ﬂ5

Medlan Ie 124

BIANYAY
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' i — n .“. b .
2.7 maszaranaghAwia4; J. ( f- ojégicallimage Phocessing)
1;-'“;:;“ g 4 oand
nstlszy@RuagitnigRdo. g W4 110yl N8R (SE} Theory) TldNuUg1UNI9

a :I 5 "‘I’f : o/ % a
AR AAMT 1N 7LEE 10 “; ? LAz sasiandnlaseaiie
(Structure Element) LasinwsiLiaeld Py 2T AR AT LT UgLT 2,12 (n) Fdaing

ol gt 8
mwmuauwfnmﬂw 7 2 okt -

b
'l

20 ) Bealndnle Saaa (b

QWTRNIIUAAY Mﬂt'l Ay

|
= 1

@@QQMQYI@HIﬂ@ﬂMM’J‘@‘Iﬁﬂﬂ‘ﬂﬂ@’mﬂu ﬂﬁ?ﬂﬂqﬂﬂu’]ﬂ‘&qw’]?ﬂLL‘&ﬂx‘illﬂ@\i’ﬂllﬂ’]ﬁ‘ 2.26
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A®B={x:B, "N A=d} (2.26)

¥

Imel ANTNAHURLTL

7 AR
B

TAUNNALQITL

unaniasaaielluunning 14
: By 1110 AN AN 2.26

dag T MaBIRo s A En TAsaa e lugy

Eprc-css —uEEEE

== o o
ma‘m@}HL UFHIAL liluanauinresding i

Lz\mmm‘@lﬂumﬁ‘?ﬁammqm@umm Lﬂmmaﬂu@ﬂumw N19INTAUAINTDUE E’Nllﬂﬂ\‘i

ﬁﬁﬂ?ﬂﬂﬂﬁwﬂ’]ﬂﬁ

AGB = {x B, < A} 227)

LUt ANTUUNIINIA Y

B Asauntnlaseairen liafivnisiuninmuatiu

X ﬂ‘ﬂ[ﬂ’?LLMu\‘]Vl&Lmuﬂ’]?L@‘ﬂu’é‘lﬁ\l’]‘ﬁﬂtﬁﬁ?ﬂ@?’m
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Tunisnsauazinlasnisiaeuandninseaiieliuuniniaeldanautinaisans
anndinTaseaiuiuqananud A iun1INOUAINANNIN  2.27 FIBLINNIWHAANEDY

nwsiuatiulugt Wea1Bunisnseusnsanndnlassa¥lugy aunsouandldsaglin 2.22

| ’ g

2.7.3 n15tilm @peni

off - ; ! Lo
PN IS NN R\ L‘TI\?ZQQAﬁWHNW?QNﬂH%QI%

1] v& ' 98NN19N 2.28

Agulal

Tun9lsuBaueaui

(2.28)

2.7.4 nn5ilm (Msing 1 II

m?ﬂmﬂuwﬁ mmmumiwumumq 4l 'a“vmamwmmmﬁf]ummmusn\ﬂm

Ly UHINENI NGNS

(A® B)oB (2.

qmam@mmmmaﬁ

B iflugandniasaa¥1efildsnaunisiunin
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2.8 Nn1su1UaU (Edge Detection)
m@‘um‘wLﬁmmnmmLmemrmedemLimmﬁgmmwamuﬁaﬁu%ﬂawﬁa

] dsjal 1 3 =3 ¥ o [ IS ! 3
Wmmwmemmummﬂﬂmumwn%mﬂmm Tun19msiRd I NINRANLANANTEaY

gaunniazlidaan 38n19mvieliie i NtanldiuAaN IINIaLNNAREAANIA
andaideu (4] Tailusiqpe® O bgh—pass Filter) Imsianilanidey
(Laplacian) V2§ wgeasi® v ;) mmi 2.30
P 4 ——
7 (2.30)
Taed (2.31)
(2.32)
Vit = 1 ) ) “1)-4f(x,y) (2393
uviInd lARsann1g 2.34 39
- M LT L.
ANFAYBLNINYNNTEY ’r AIGTIL lapathnagilin 2.23

(2.34)

77 G

gﬂﬁ 2.23 (n) fratennnauenuiansasatlani@es [9] (1) fratinanInuadtinuiangad

anlanideny [9]
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2.9 msdsurlgadalnunsuliananianu (Histogram Equalization)

nsluilgedalnunsnliianenianu [4] awsnsoinldlaanisadreferidunisudas

(Transformation Function) IUAIANNTT 2.35 faatinaninnauilfalgsdalnunsaliianaiv

[ %

gL 2.24 (n) ndsilFuilyeda uAagLn 2.24 (1) Taagiln 2.25 (n) Aa

dalnunINaaInInnauL s

o

) FIIREINNINUA

1 199 191923 1A LN T LI LA TINA DL L LT )L

?

ANNNDRZAN

ANNDATEN

NEVINATING,
HNVINELIE

Ut luiasiania

Aug’
qRIAINS

Uiulgalianeniaiu [10]
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2.10 ARULINGSA (Convex Hull)
6 o A Qll 2 -dl A:ll o
ARULINTEA [11] ABLEAU1RIqALAA (Convex) NUAENEANATALAYNANUIURA

vioualuszuny e uuel S Aemnvasqadasy (X, y) luszuiu 2 7 ua E Ae

IR LTe (Edge) szninaandaobil 7 alpe] aNNTaNIARUNNTEATRAUTA S i

Y o

mﬂimmﬂmq@ﬂwz% seddsevdlne Aalapdlss 7 2.27

1) m@n@m‘lml@ ¥ @%mwdﬁmmmmﬁmuﬁu

Auqatansueduiaanly

3)
4)
5) ‘
6 P ’v'v' AT IR AN €
) "Vpiﬁa f
I A A \
7) WU TE NI L 8 L ALILAY R aanaikE

8) naulUndumann 3) an nidanasan S Aawmn E

ﬁ‘ﬂ‘i’] 2.27 NIunAalNdSa
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2.11 me’i’ﬂ‘umﬂﬁ'fmmwgu (Rotating Caliper)

nnsdnauiasaanisuy (12, 13] uduneudslunisudladyuisanatings

ANUITU (Computational Geometry Problems) waziiludunandsnilalun1svdmasntla

TURDUR BT AUL A TN

1)

manianudggd® o lilluglighufX gadhini K, max - Ymin 402 Yax
nvuatiugaahinagh

2) afdungd® Kufuualicinugailaalin s Yok TN ik o sud v uuuassiuaatanage
X min - X

¥

IS4 ’ o~ v o d" Al
3) NMHLATIR FETU NE sLummmuwmmmwuwm

gniladensnal SqliinteaniaiaTgamgTyl T At peigauAnunaqiiu uaziiv

SELLURPRETR,  ENVRE 4. ik | 'am; AU
a 5 ! ;:’f 5 v <
4)  WanTLAWITaN IR 9L Wumsaly L Wasusadlaagaiieguu

mumauumm ALATEIp

mﬂk 0 f;@J Unanedaniinawled

= o

717
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2.12 1 AaNAITLLALANUIAENLNEAIUDY

1) Automatic Detection and Recognition of Traffic Signs using Geometric

Structure Analysis 284 Vavilin Andrey Waz Kang Hyun Jo [15] 9uadailiauadumnaunig

P 1 { dl dI A o o dld =

RINANILATNIs3ateasas 2 wilshaatiaAugLananndaauA LA

= = | h o o o AP A A
uaziihaimeugansivias i Theuuetin RN UAR TN RUYiTed
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araslunguiuiligfhiagfizifintghogaly (Shapk Agalidle) esvydniuiiediedy

visatlemausfni2adh ad L ’g;;"i;‘g' ' ) 299404574 (Shape)
o \

wazdalnunINLuwugh ( TUAZTNTA NN TNUDININ
ddn (Input) wWieu el g aliinesiiisi S e o 38) 1ionsaadaudduiinacinas
o - / A4 o a I

Vet @A N Nl HEadm: Fheifeny vnidutaanumasnaysvy

floziasnaslunguintls vinlaainisiin

R o/ 1 dl
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Anfluihenen ludunaupdesaatlig
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=
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q

29

fneumeuURfUee H. Chun-Ta Waz C. Ling-Hwei [17] Iagaauivn lauuazutiafuansdon

v
ﬁﬂ‘ll@‘i.l%’]ﬁll,mz“ﬂ@‘]_lﬂ')’] mezﬁuﬁudwmmwimLﬂum@uu@ﬂmmﬂﬂmm%ﬁ’fmﬁumuﬁ‘%

{ = 1

Lﬂ\'lwuﬁﬂii‘ll (Genetic Algorithm) Iﬂﬁli‘ﬂ')ﬁﬂ’]ﬁ‘@‘uﬁ@ﬁﬂ’]W"ll@\'l‘ﬂ'ﬂ‘LWl@Zﬂ R uartsziiumn

a

(Evaluation) ngf-gmumﬂﬁq jve  Function) NLIANUIUAANINALAS

FLNINFATU ANUUAT1G gasinafneresdauazaauI9 vl

161 Tnenan1aaan Qe AW HANYNFasiatay 87.84

,_- ‘ ] =
= = P = = ; = =
mewwmmﬂw 8aT 86.08 AN WANAASY
-‘-__F'P e
= = . . o A 1% 1
fflgasasnan ™y ln ASATMAIALGL, 3. 75 JuNT enaassfaaioe

1szanana Pe

3) Fast Tr ction” and ¥ nder Changing Lighting

N
%,

lo LA Ernesto Martin-
Gorostiza [18] 4 N A ARE 2 3 0l 1 8le  Adlg WIS nTlan sz Tludine
; 0 i Il‘" ; Ve =
wnanuazriea s ifaa RS A G SRR 2 T 1A A1 NI NN IR LUDY
. Y , LN = 2 . PRI
wAUU (Canny) YAPNUALY 3§14 29 AR 08B A LTI UN N TuALT LTI Az

o [ %3 a : o o ! o a‘d‘ a
ANUITULRTINAN WS E NUBIT 2R MR, m@um@mﬂm\i Un (Closed

i
=

contour) LAZATIAAAL AR TINE R AN ULINNANYTAR N IMALNAIEINTT

wilagdnAnmsudusau s ﬂ’ aferences) haznisulasgnd sy

TAIER (Hz@ r . 16 1 @ﬂﬂiymmmmmu

LLwémmwk@ ‘Q'JZ\M’WL“IIW‘U%’]@ 32x32

Bly
.a- i

WneEa Lay LL‘].I\‘]‘ 2 A I NENNAN uazlasednesy

@’WNW]?;INZQ’TM?U WEI'&’]NL‘M@EIM ‘Emwmmimm@mmnmummﬁw WuaiutiaaninAuLE,

ol Nl 7 22unsaaly
AUEANEVA WA

AQN mﬂwﬂumuﬂwmwmiﬂﬂ@ 94.3 LL@uﬂJﬂ'ﬂlmﬂmﬂﬂiuﬂluﬁ]@uﬂﬁﬁ‘ﬁ‘@’]ﬁ‘@ﬂ@v
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) Road Traffic Signs Detection and Classification for Blind Man Navigation

System 284 S. Kantawong [19] 1 aneduneuAENIIAIIAILAYIN IS LN TN As AT T

hatladugrniuszuunfaaiiarua1uan ludunaudin1snsaniiliaasasiiy Azl
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filnsnidniugondsweiafunintidiuazdanintndiunfsnaniame finananng
Uszunana Tnaazfauan (Segment) dryansaidaanrasiiafeAuaanunfaanisinuunan

Aauih antiuaznnlasanszan (Skeleton) 1e3dtyansnidaniilfag SPTA (Safe Point

Thinning Algorithm) [20] uazuLgIdae RIA Wiflusiiagiuass (Binary Code) 1
fﬁﬂﬁﬁimwwﬂimwLﬁﬂmmu

' o o dl a o d’j 73 1
,m\muwmmwuiwmmﬂg

WNTNTZANEEDWNALL

flanua 12 e In

ALUN ATTEY

Radial Symmetry
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UHANENINEANG
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=<avg O<max<l (2.37)
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max

max >1
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3.2 AUAAUNITATIANN

3.2.1 msmmmqmmwﬁ”mg’nuﬁ'ﬂgaﬁummu
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uraUﬂ 1umv
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Boise) qaianlunnansal

ﬁmz@mﬁmam Mg LraNanINITIdUg U
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have been done in the traffic sign
on. Color and shape are used in

This paper presents an algorit letegiion | the beealise they are distinct features of traffic
and recognition of traffic.s A3 detc fep, it is difficult to detect the
warning sign. The algorithm coul, videdy Sglon o fwin RGB color model because the

pendent on the light and complicated

captured from a survey ‘ N deti ed.[l, .2]. Thus, many
actual road environment. The det, HSV C X 1.' O, Use of light independent color
color model to process and det 1 | ) -\\: S. 3541, L*a*b [.5], CIECAMO7 [6,
i ‘ assitication ( recognition steps, some

C S § h \‘»».,ﬁ ough transform [8] and genetic
corithm§y 9] \ oposed. Hough transform and

phases: detection and rec

transformed them into chai

compared with the chain c in, : By - ic falgofithun “afe time consumir.lg. Neural

using longest common subsequen The( l"\ ‘\' support vector machine [11, 12]

algorithm was applied to more th ;i Bl S c/also beeh usedy It requires large training data set
f .

ain good Metwelk. Template matching [1, 13-15]
sed fopMast recognition. Many templates may
be proyiticd for matching to deal with object

produced an accuracy over 909

of 8.9% positive false and 9.71% n

1. Introduction '
'proposed algorithm used HSV color model

mdetection to make the detection robust to
ight condition. The chain code of the
ning’sign was used to recognize
the-symbol efficiently.:0n®g¢st common subsequence

omb je this chain code with the
d0as

Traffic warning signs are essential _Y.  road "ise

because the signs are used,to was
condition, help reduc _S}
safety. Traffic sign detdetion iS Sl for aNtONOMIONS
vehicle as well as fork thg
authority that is responSible -
maintenance. Manually survg ing o T i

the latter takes long time, isL Ktly, and inefficient. An ¢ Proposed @Prlthm
automatic traffic sign detection and recognition system

can help reduce time and save C(‘ oposed algorithm can be divided into two

T
The detecti traffic si | actual r1oa hassH first is the detection process and the second
environment {i5gafichallengi sifnga) i t ) » ioRdpro¢es e ction phase,
deal with o 1 condifion ic ieg" o embersh (s f hug s@tur@tion a@nd brightness
uncertainty off wéathdF sdc loud¥ skyi rain) HS¥ ¢ ho ¢ defin@d t@ detgét the color of

fog. These kinc? environment cannot be controlled. warning signs (yellow in this case). The intensity

Light condition does not only depend on weather t profile in the middle of the warning sign is analyzed to
ides li find the symber warning sign. A rotati ocess
t
r

also depends on the time of the day. Bes : :

ondit raffi ti i c -t
io dist@rti f signsg| withll r boll i a

carfiera Baxi§. An@th obll s the o chgin [

—s

t
b ec@gnition phase,fithe
e igifis [@etectgd afiditrags

obdficles that may appear in front of the signs inside the chain code is compared with the chain code of
images, e.g., tree branches, electric poles. Moreover, warning sign symbol in the database by using longest
similar object such as billboards and commercial signs common subsequence algorithm.

can also add difficulties to the detection process.

978-0-7695-3497-8/08 $25.00 © 2008 IEEE 508 e i
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This method is straight forward. Though, in this low membership value, when saturation and brightness
paper, it was applied to signs with a single object or were low, as illustrated in Figure 2.
symbol inside, the method can also be applied to signs
with multiple objects or symbols inside a sign by
transforming each object inside a sign into chain cod

e

and group them together as a set of chain code ] ‘ /
represent the profile of the sign. However » [ / . 1m§
3. Detection % e ‘

images must have higher resolution.

_—‘

Saturation

3.1 Membership function

SSOUYSIIY

The first step was a local pre—proc
noise in image with Gaussia

image from RGB color m ' nodel. Pigure ship Tunction of Saturation and
After that, membership functio X

based on Gaussian function, accordi gffua : - ‘ N saturation an brightness were high, the
- ldsbe affected by hue. If saturation
Where a is the height o refore, P and P, should have a

position of the center of the peg allic, when saturation and brightness
control the width of the cun o %, in Figure 2.

functions were defined as follgWs. W - cXtlstep,feach Pixel in the original image, as

d In'giguréi3a, would be calculated to find the
( b111ty a \ pixel by equation (5)
(hxy) X Ps(sy, y) X Py (vxy) Q)

babglity Y, , would be normalized for

Pu(h) = e 2
(s—

Py(s) = e 2097 r

w-7)? v
P,(v) = [e 2002, p < 70 on by equation (6) as illustrated in Figure 3b.
1, v=70 Gyy = Yy X 20 (6)

Where Py is the membership functiong '_,;‘-:_4 is a gray-scale value at a coordinate
the membership functio‘ f sa t ofbit per pixel of gray_scale
membership function o_m f
algorithm h, 5, ¥ were Gt [G-benegiialbonbBymbbbmis —’
respectively and oy, o ab | \

respectively. Py has a high Jgmbe - 1
sm strated in Figu - T

I

hue approach to 60 degree, a

0.8
08
'}3) b
02 1 gu 3 n) O nalla ,()R It image
0 Only a hlgh probability pixel was demded to be a
' candidate of y pixel, by compared ith a
t f
on b a ‘
rati brig SS Isfl were g
app t color would be affected by hue If saturatlon connec ed component as illustrated in Figure 4a.
and bfightness were low, the apparent color would tend area of the connected component was greater than 1%

to be black or gray. Therefore, P; and P, should have a of image area, ratio of width to height and the ratio of
height to width was less than 2:1, then the connected

509
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component would be segmented from the image as the 3.3 Rotation method
region of interest. The convex hull of the region of
interest would be found and then Rotating Caliper In case of a pole of traffic warning sign was not

Algorithm [16] was applied to the convex hull of the perpendicular to the ground or skewed, that caused a
region of interest to find the minimal area enclosmx ign rotating as illustrated in Figure 7a. To solve this

rectangle as illustrated in Figure 4b \ the angle between diagonal line and vertical

were through the center of the minimal area
(a) (b)

ctangle, was analyzed as illustrated in

center of the minimal area enclosing

Figure 4 (a) Result of compari i ' is_the : of the minimal area enclosing
(b) The minimal area enclosing r C

.found according to equation (7) and
en diagonal line and vertical line

3.2 Intensity profile anal Z xI(x, y) (7

The region of interest _ -
which was not a traffic warning si : big - vl O Z yi(x,y) (8)
billboard, flag, awing or roof an ing ) b X=0 y=0
sign must contain a black sy. i , ‘ W W k. (ﬂ) 9)
sign. Hence, intensity profile in ' y

R "'\\ idth and height of region of
) Man  illumination function at

- : ) of biflary image. I(x,y) = 1 when a
If valley has value of widt A\ X V) )
threshold value, it would be accep < - ' L R4 )1 =0 wh?n a pixel is ‘t;lack. A is
Figure 5a. Any yellow object, whi, di 1477 an: iefginiglh! arca enclosing rectangle.
group of black pixel in the middle (')f ject soHas - - l?a(fa 10“2 t})eti‘zflfl‘zo_fl(e):gﬁltlip?;)?:;aéﬁgtlgnl cif
road line as illustrated in Figure 5b, ¢ AWING ad a 'Td w -1,
illustrated in Figure 5c, would ) of interest was defined to a diagonal traffic
accepted region of interest might be _ : g_sign and rotated by rotation vector Ry,
illumination region as illustrated in Figus UG ’ equat10n (10); otherwise, was defined to a

might be a poor 111ummﬁ regi@ in yarning sep -
Figure 6¢,6d. ; c | —sin 10
-&_‘ ’ ., .) (10)

cos 6

|! ‘ x
[ Ro )] (11)
esult of rotated minimal area enclosing
recta as 111ustrated in Figure 7c, which the m1n1ma1

b)
Figure 5 (a) Acﬂted region of interest, (b) and (c)
Rejected region of interest

" (a) (b) (© (d)
Figure 6 (a), (b) Good illumination, (¢), (d) Poor
illumination

region of interest was analyzed to

Flgure 7 (a) Connecte component before rotating,
The angle between diagonal line and vertical line which is
through the center of the minimal area enclosing
rectangle, (c) Rotated connected component
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4. Recognition 4.3 Longest common subsequence algorithm

4.1 Edge detection Where X,,, and Y,, are string which have length m
and n respectively, subsequence of X,, is a new

A black symbol was extracted by convert the, equence which is formed from X,, but some of the
reglon of interest to gray-scale image as 1llustrate' ’ }e ents disappear from X,, without disturbing the

sitions, and vice versa in Y,. Longest
equence of X,, and Y, could be found

t10n (12).

) ,i=0,j=0

black symbol out and inverted its color aS1lY 3d in 4 S : Xi—l,Y}'—l) + X, x =

Figure 8c, then detected the edge 11S_Sym

Laplacian Filter as illustrated i I ai
normalized the dimension of result i € 40 sthie
dimension of template image in th g ,

. (@) (b) . (c) | I - ¢ mple 0flongest common subsequence of
Figure 8 (a) Gray-scale image afere . ' S4ring Mid template string

Template

Yj
LCS(Xi_l,Yj),> . (12)
[ J

CLCS (X1, Yj—1)
glement of X,, and y; is j** element
was sampled for convenient

%

Longest
4.2 Chain code Common
. I Subsequence
. . ) E SEEEE|[EDSCCSSEEEDEDSD [EDSSSEEEESSE
The chain code was produced B e ' ~"s . PBEDSSSDSSSSSSSSSIDSSSSSSSSSSSS
edge of symbol as illustrated in Figure fing } A} SSSCWWWWWWNN [SSSCWWWWNN

INNNNNNNNNNNNN [NNNNNNNNNN
NWAWWNWSSSSCW NNNWWWNWS
WWANNANNNANN [CWWANNNNNN
IWANNNBEEEENBEE NWANNEEEEEE

the name of each neighbor pixel 8
illustrated in Figure 10. There were eight*Si
routing. The direction of arrow was the curren

routing, the alphabet was a possible neighb ﬁ rou .
from the current state, the=shado a possible | & Its
neighbor to route. In each il
hand neighbor first, 1fthe e jhboi-hadM=connectivil _c ded AVI files from a

[17] then route to this néig Do ? wtedised and processed by the
neighbor would be added {0 M. Baeh image has the resolution of
else the next neighbor was ﬁo s1dered g pAA30 pixels. The@l of 4084 actual road images
clockwise direction until th t-hand neighbor was . captured from the*files. 2811 images of them
done. The sequence of routing was arranged to be a

; ) - contain traffic warning signs, 1273 images of them
string, this string wasaproﬁle of contafis®nly yellow object such as billboard, flag,

' i » tain a traffic
rni was fla basefl of 25 traffic
m i \ chal d re entations had

been produced. The result from the experiment had a
‘ 8.9% of positive false and 9.71% of negatlwme as
introduced in T and 3.

age c
e | ‘ ign
Figure 10 The directions which are possible to route in Number of Correct Incorrect | Percent of
each state. Images Result Result Correctness
2811 2538 273 90.29%

511

Authorized licensed use limited to: IEEE Xplore. Downloaded on January 8, 2009 at 09:09 from IEEE Xplore. Restrictions apply.



90

Table 3 The experimental result of image which is not References
contain a traffic warning sign
N}lmber of %orrelctt Il;zcorr;ct é) erceI:t of [1] Hyunjo, V.A.aK. (2006). “Automatic Detection and
Mmages esu esu orree {)less Recognition of Traffic Signs using Geometric Structure
1273 1159 114 91.10%  Analysis”, SICE-ICASE Int. Joint Conf., p.1451-1456.

The result of the experiment showed that %th .' ssification for Blind Man Navigation System”, Int
proposed algorithm could detect and,_'weeOgnize Control, Automation and Systems, Korea,
alera (2003). J.M.A.a.M.M., “Traffic sign

rotated as illustrated in Figure 11. The ’ : : )
analysis for intelligent vehicles”, Image

were mostly resulted from warning

our database. Negative false mo oY ; as l(’;%o\f§lzlv3ls£§4]37a§§§ ' Stop Sign
ditnet el sicce sorer AT | o it Sy i

The proposed algorithm had. ans#¥crage®” tim K8 E.S. (2006). “Detection, Tracking
0.172 second per image ona#icl Cgfc2Dlof 2. ‘ i Bof Road Signs in Adverse
GHz, and it was implemented by C angudgcy \\ EEE MELECON, Spain, p.537-540.

' - X i DiShaposhnikov, K.Hong, and N.
penition of traffic signs based on

< S. Batty, L. Podladchikova, A.
' 1aposhnikov and V. Gusakova (2002).
odels Baged Identification of Traffic Signs”,
bwico. Conf. on Color in Graphics, p.47-51.
1 digbclh A’ ngel Garc'ia-Garrido, M.A.n.S.a.E.M.1.-G.
/ 006). Rast {raffic Sign Detection and Recognition
R nder Chafigingighting Conditions ", /EEE Intelligent
qnsportatien Systems Conf, Canada, p.811-816.
Bhla FSedlera, J. M. Armingol, and M. A. Salichs
“Traffic sign detection for driver support
ems”, Int. Conf. on Field and Service Robotics.
i€ e p Nguwi, a.A.Z.K. (2006). “Automatic Road
Figure 11 Example of experime gnition Using Neural Networks”, Int. Joint
f erwonks,"Canada, p. 3955-3962.
k # 1] L S (2007). “Identification of
Traffi gii~ Symbols Using Multi-class
Viaghiges”, [EEE Int. Conf. on
d /}@man’on, China, p.2467-2471.

6. Conclusions

This paper proposed ath t;al’ d

the detection and recognitionlﬁ’ traffic wa gdong Zhu, L{L{2006). “Traffic Sign Recognition
According to experimental]'gesults, the proposed based on Color St dization”, IEEE Inter. Conf. on
algorithm worked on actual road images with outdoor Information Acquisition, China, p.951-955. .
light condition and could re c& . even rotated [13] ﬁgsen, J.B., and. L S-ekanlna (2004). “Efficient
warning signs i {aRL G (o I e v ition_of speed limit signs”, Proc. of the 7th Int.
£ f tation Systems,
30 degrees. In tcetiofl s y dete 2 . . ] F | :
membership fu‘ t1 u. atufatio nd‘ righthies 4] 5% s By Hre, GB.FP.F.@0o1). “A Model-
of HSV color™ el "making" the ection robust  — ~ Based Road Sign Identification System”, Proc. of the
(could tolerate rred or faded signs). In th IEEE Computer Society Conf. on Computer Vision and

1 h d f 1n term of . =y .
Ml also SHoWs good periorthance in tefm o with the rotating calipers”, Proc. of IEEE MELECON,
computing time. Greece

[17] R. C. Gonzalez and R. E. Woods (2002). Digital Image
Processing: Prentice-Hall.

recognition step, the chain code of edge of symbol i Pattern Rec jon, Volume 1, p.1163-117
I d At D it ¢ 1 il ( : & TS i ccognition
chaim fico raffic tabase usthg efit 1 Revi : " DRG. i
corfirgbn equelic 0 rt : [ ; nyf - §6-93. _

algori VB (1983)F g geometric pr s
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