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Abstract

In spite of that stop line and crosswalk should be aware of the most basic objects in transportation system, its features ex—
tracted are very limited. In addition to image-based recognition technology, laser and RF, GPS/INS recognition technology, it
is difficult to recognize. For this reason, the limited research in this area has been done. In this paper, the algorithm to rec—
ognize the stop line and crosswalk is designed and implemented using image-based recognition technology with the images
input through a vision sensor. This algorithm consists of three functions.; One is to select the area, in advance, needed for
feature extraction in order to speed up the data processing, 'Region of Interest’, another is to process the images only that
white color is detected more than a certain proportion in order to remove the unnecessary operation, 'Color Pattern
Inspection’, the other is 'Feature Extraction and Recognition’, which is to extract the edge features and compare this to the
previously—modeled one to identify the stop line and crosswalk. For this, especially by using case based feature comparison
algorithm, it can identify either both stop line and crosswalk exist or just one exists. Also the proposed algorithm is to de-
velop existing researches by comparing and analysing effect of in—vehicle camera installation and changes in recognition rate
of distance estimation and various constraints such as backlight and shadow.

Key words: Stop Line, Crosswalk, Edge Pattern Recognition, Image-based Recognition Technology, Interest Area

.M &

HdAk 20149 12 15¢)

” _ = UGV RalAte] ebddo] wasl AedA ol &

gAI’(Tg)oalxl' 2014":' 3_'éJ 12%' %63'9_ '5‘]—7] ‘?‘IEHA‘]":‘ Ei/\yp/] ;QZ]/\‘]E} @D]_EE—:_—E:_

71| xH SEX olxl. . 2014|_:| 3_9_1 27o| = = e} ) e ! S =

JAsBen ;201 3% 27d =R QA aloF Bk A GURES SR
orresponding author oF =i o] 57 orsl O (e~ o1

This is an Open—Access article distributed under the terms of the & 1l A g sl =50l M](ﬂ 01R£

. . . . . . H} o] Al L o Hl o] Al =2 olAlo
Creative ~ Commons  Attribution ~ Non-Commercial  License 7k Q1A 7=, Ao A 7k Q1A 7)== 4
e

P P B

(http://creativecommons.org/licenses/by-nc/3.0) which permits unre- & Aol Ao = GPS/INS
stricted non-commercial use, distribution, and reproduction in any 71uk Q1A 7| x @2} WAVl S Al o] =) o] uwj&Ed FH

medium, provided the original work is properly cited.

271



Journal of Korean Institute of Intelligent Systems, Vol. 24, No. 3, June 2014

ﬁﬂ%%iﬁ% %ﬂ%i%ﬂﬂ%%ﬂ% %ﬁﬂﬂ%%gﬂﬁ%ﬂ X BO BT T T
Mo, N oD ol T H T % S Mo T T < =T
(R TIN o=t e i 3 W T %
Exﬂo#e ™ m w X = o = o ol o B A Mo R — T o oo g B0 X
Mﬁo ,IHL 1) zﬁ O =T EEZ Eo w Nl ﬂ.ﬂ,m [SLE % ) d|1r _x______ - K iy go
g%%%nmd %ﬂr,ﬂ%%ﬂﬂméek oy LB oo KB T do oy B 5 T
T Eaw o = g ) k%ﬁwf:% Moo WoER B Mo T Bo B < mmgioma
= E%Eﬁoﬁr %muuﬂm_wdr%ﬁﬂﬂ{ﬂ? auﬂnﬂniﬁoﬂodnﬁuﬂzeﬂ n B 3r EﬂEi
T . o X ~ - o — = ' W
=% TP T mw N o o X ) g T Re M) RO M R TR
W oor e D i T o w0 o) iy e R
H T W e X = T B _H om0 o K do Klo T D g N o Klwr o A 7
S N Tres" TERE inws  ow IrdhrdierTog dw w ETadR Y
R - A R A e I GRS - o SRW B
Bl arE Sy JE R o e TRV AT Horxw R IR 52 R _mdh® =
Eo NI R N R Bk R A X0 o ol Tapop T SEE X g%ﬂ}%jm K
hl o] o ® © o o KX ]n_.ﬂw;o %o o) =2 o= L — M WP 7y <4 R X
T H FEP DN o gy R L IH AT RERERT MM B SRR w2
sHT LT ol QIR e ol XM Rg_ZTHBFIL Fgp B WX
2wy ET T ThpA TR N o @ T ST TSI B4 mag S X Bk
o ol T R op 1° T o), OF wi ooy = K Zbizﬂo W S e L ke - S o B
o * ﬂiﬁﬁro 0 jod 0% mE W el ﬂmw_ﬂoﬁ . Pl %o I o m X il J-oﬁ E] ]Er‘JI - 5
R Y o T PO ® TimTaREEsyd FTS . w T TRLT T
T o T TRl P og T U RW R T g el gD m HITT W g
~ KR ,m%utio o_wmuaﬁlﬂorgaao o s = ™ o) N oq_mﬂa_zTﬂézﬂJ Monu_w_wL B &W%wﬂou A
POXLIFE Y TN mrmas AeTlats o7Me FiFe poces¥ho L
HEX ML T EY  THT 4w AT PRPSTEMNT TR Jae B T N
N ,m_uxaml k3 = an],o|o€ = < wo B H| . Mﬂﬁn U Nr 2o = ™ B — . 5o y,lM,m_v N
MNP BB i EPT R : S L BIPR L SR T —TE AN =
ofF THMHET o TR B T e H o) T REPTHEITEUDT TR bdF o @i @
6 o B ol BT K I AR E e < R NS <R RO KT B W M RO % 8T AR e
[ONK MW YU FTIRTEATETE VWrTEFET WP D N g N T RT MR
o — = — b — —_ - — =0 T —_= = —~ o —
TR o X M naE.I_m.‘_MM71JoolUr‘|o - BF o — BT ]7.%4.%05&%1-% % 5 TE RO K RO X
BT o oo B Ao m M TET e St Wl Fod
7 T TEIxTEBaodMaT o W EE T M w T P X AUX
%aﬂ_@_ﬂrﬁ@o TR ST o om g B o My o< o ,ﬂn_zT_Lmoﬂr e ™ o K ~ B T T T o
N7 o) ® fogmua® - VXA Fo FemgIUd o7 XTowgn Tew® TR
T W o g mr a2 TN Ao gy T T LU E LT R S T o ® W
o N - e T T 0 Wg P mo M= X 7 oy 0 o ~ TH =
or T 7! gl ‘WU:A il ) ) I G [N Z:l Cn_ -y X oW Z..E‘Dl 0 1102”] .
Jﬂa«giﬂm/mimﬁ?ﬂmﬁLyﬂo%Eﬁﬂeg Pz BB ® WL TTH ot o R e Wdr%,
B T i oy _ b % T oW RT : 0 T = i [ -
PRl TP s i e T AT ey T g DT HE T o S
N&WAﬂo e B oo Ca T I NﬁJ:HEE% o <% o o o R - o M= ovuﬂﬁ
T B 1@%@ B M s T T Mw_icﬁmme;oxa %ugﬁﬂ J_umo% 5l %E%E = o
crg R ATy met STy e w Sy p et TEeb o B E o W o] 4w M
A~ @rmuoﬁi%bt N 2R VRS o W gy s PRy
10Fﬂ:_u| dﬁﬂaﬂﬂo ﬂrLEmEEﬂo,sw RGN = 7V ﬂ,ux NATEA T 5 ,&.‘__zTﬂﬂ_zT,_ﬁo7;o =l Eﬂ%il:i o ]ME;
™ T g T %,07&Hﬂe_wﬁ1cﬂxm%ﬂ 2POH g gd.wmﬁ ,on_%%ﬁo%ﬂmﬂ R N
T 2 N T ar=Em (NPT g lTs oS S = o HX® 5w )
) ol = AW oy = T [ L A A e I B el 1 I ol KRV gy e < g
— O B =T T WO TR SR S N = T o mA ol BB %0 <o M
FOTTE I e PSw el o BN EB N e Wy 52
N g Sy OG> o e OR © o =X =, o o W
~ K Zu]J.ﬂHLt —_ T oy RN X N H/_XﬁuAl B% 0T K J) = T ol i ol
Ar s o ST P s T e TR TR T 0@ em e, BT RE LT o HeSwd® Uy
TRl T § AR T AR L TR [ e Bk P T cew” U rer®E R XE
N m%??@?@ﬁ%z%%%ﬂ pRPOT B T T TR, i xT R
FELae MR RENT O o il Do IR “rplive e
CRNO NS VI L~ N Rl I S O s SO TET S E B W
e Ny T MTE RN T LT ETE PR 6B Duoﬂshoa.sL%AoAﬂaTﬂﬂ&nﬂu o X N
MBEXRTHTPY WERERIEIRFTWTRNDT TIATEHTA o 2WTT WG Y Prew KN

30~60cm= 7f7g = A HIL.

)

yell Al 2~5m

(w)
272

=
o



>
m

MA 2L, 2QAR, zte] s Q7] Wil o]
AR Bt ERgde AEY 5 Aok AFe F
g Atz Tkl fAg G A w, el F
A e Y 29k ol 3 - $3el 1) o] o] X
Ae T G FRelA 1) A2 e Ay
35melRE  AFE FHoR AME FH.gZom
1.75m o] A 3ol §Ag AA A} Fdr e 2
Apolel AR = A AR E AFE FHoR 1
A Az Ao A & ik of o Ao
2z o] FAlolA Wolus H oAk 1.75mE s 2
- 9% 35mE YAEE AIAAG BAGdor A
gt o] HA ALEE A 7171 v ADFH 2ol
e F g

Region of

Inferest {

Setting Part

Color rate Inspection
In the Region of interest

Color

patiern o

Inspection

Part

No

Yes,
y

‘ Edge extraction in the

Crosswalk feature
Vertical direction

compare

Crosswalk
5 Recognition?

Edge extraction in the
Horizontal direction
Of Lower area of the crosswalk

UGVE {Iet MX|MT} glctE T QlAl ¢4Tip|E M 2 76
Schematic flat grount Schematic image plane
G2(3.5, dv|
Pv
G1(3.5, dv(k
3.5m plul, v1)
— u
Pu
1.75m ikl dvik2),
) k2=Pv/2
2 Un

08 2. AatEdn gAMYL JHARHE T4
Fig. 2. Diagram for Virtual Lane on Ground Surface
and Image Surface

Raw image

" Vanishing Lane

Venishing-Lane +Virtual Lane

Feature
Exiraction
and

No
v

Siop lane Feature

= compare

Edge exiraction in
the Vertical direction

a8 3 B M 2t

Fig. 3. Operation Result of Inverse Perspective and

Recognition
Part

Crosswalk
Recognifion?

Stop lane

Recognition? No

Stop line Feature
compare

Crosswalk Region and
Center Coordingtes display

Crosswalk Region and
Center Coordinates display

Result Display
1. Recognized Type Display 2. Recognized Distance 3. Recognized Speed

——iy
{ Exit Inspection )
N/

o =" D N e e e o e =T g =
Fig. 1. Improved Stop Line and Recognition Algorithm
for Crosswalk

Vg — Uy
= 1)

y=tan
Up ™ Uy

Region of Interest

3.2 MM H AHAL

52 g9 AAHAT IJdRwrl ¥3tE g9
e dodut o g2 WS 23srie ARl Zeh
a WA ulgo] AAA o]l Jont dEYsty EF
83 AME A s AFHES ARG

WA BAlgd ool AR RE AMe AAGgd Y
o dut o] Fojxm e AAE HAME B GG =4
e WA v &S AAEY. weF AX A FgdR e}
ZATHE AAATY YARET} gl durHel AoH
of WA vl go]l o =& F Ut Aol kst Ab
Aol AAgst JAX(15%) o]de] W Ao EAsHE A5
of 54 F&3 2 dAE g}

RGB Zd & 2= & g4 A e e wig)
A kAL B4 Goll wlg usA wgsnz =2
2 2pxe] theke 3 Wele] a&2<Qd ulgo] At
UH16] W HSI Zels Adewt oyt WEe Aw
s st o] AW | AAs o] gt uf
@A RGB Zul&7HS HSI Zelgte s WA Wesu
olo] G gell A WAl FErh ofr|A A Ik W
e Akl WElkg S o] &317]

273



Edge extraction in the

Journal of Korean Institute of Intelligent Systems, Vol. 24, No. 3, June 2014
3.2.1 Ao cff

3 NN R g o= 50 B K P om T o
3 Q Ty G0 o 2E TR Fxe W B o
s £ R 8S§ i W oo T I G
3 & o E EES g I X5 RE T
2 B 5 o R M M5 88 2 XT® Fa Ty A =
< \ Ko = =) m o« N o 9= S = %) = T No wr p A
53 , £ Ty 2T &5 £ TER TheRg T o 0w
235 0% o o £ ﬂrm_.ﬂrmeﬂpw =8 s o <y Momﬂ_wbn_tu ﬂam"_m = A
] = B c o rul —_— X T I~y
538\ g8/ &2 O PRI s  FLE ST TwE P
° 50 Lo —, ™ s [~ el f
.m.,..m &) = ..W Mmmc B ﬂl:iidll - m ﬁo7 o ‘wll_uo#eo Wmm_wiﬁl\mﬁ
i = T o— — . — N il
, 5 T oo 5T Y £8. B ATMWW CEC - S
o O 0 — B . o AR ~
AR 2o B X 598 M= oI e e I o
£3 ST, MR o WEXT i E o o e N LT
8 2 835 « 2 G 085 w2 M o A 5o a aoﬁﬂ_jo
: N © w3 CRE I = s BENTm H AT ppdRe
\ N s e e RS T B R TE . i FHD N2 g
c 20 ; 2 s B e N A o 20 - o o ,m.M T T o = P go
k- \ [E&= z g #o =tm. R R gk, I wwIT Thgxw
g #E\ [c8%w - 2 ml O _ = D o= o & ur Luﬂ O W D o W
S /32 gss% /82 25, RE Roplgll < . m = SR T
2 B2 gEEiE 53w diE s T Hmsas Y Ee S RAM o MoWggmye i
= o %" S0 ¢ S 9 . = -
§ \S§/"833° Sz 7 T @ = T P o dEoohLm WWgpen. - -
z 225 , P [ Y T C | = E O N I - I R o~y T RO
alli E; o KXW s o oo % B o e R
T N O B S o 4T 8T g~ N m
WETE T 0w Mo e e .
H AT o BE o B MR Mo RR W R e X
I & o | . = — Sy —= or o= RO c
ﬂﬁfﬂom - 5 m T =) > Mmﬁu ﬂwwLQOL Ogﬁﬁﬂwxﬂliﬂeﬂq
e T B 2 |8 T < 3 = T W A SR
T el w S lg=l wow : 5 'z G = e L e N
T B =xAmE . < PR gy AR TR
PELT AT 5f RERnE g2 = B AR g
! = T \.l - — O — "l ) 9 Oﬂr_.
W5ty o ﬂ% o 5o D =W R K o 5 i o o <
s R 7w < i ny o 7 o — o M X N-
=3 ! ) — e —
@%ﬂz%%w W |5 7o T = <2 Thw T E ﬁ?%%ﬂ%%%ﬁﬂ
= T S E e o . ) = 1 s (N = _
N IH b ) B N E IS h o N Mo R = o o T
~ ~ ! |8 o = QA < X RS g A
NHIE_ N e om o8 (B o Y 3 8 < AN B0 ey g g
w0 TS = LIS = KN ok — N ® Rt sl ofy o) i3 jo] oo e o O w2
mu_z %mﬂ_%ﬂ Mﬁ i = 2 5] = BN A 80 o ﬂum%ﬁ %o E_ﬁ,ﬁ M,EWM o dn%Voo B°
W %o cl 20 I3 Ko 2 2 E ropcs o5l NPT EHT AT m
‘DFL ‘.mo‘Mﬂ‘WU T ﬁo H._I_Hd A __A_l ‘m._lmﬂ/o#e ﬂ.._ulL ml H__l ﬁa ;o.._ 0 ‘%IH_OI ‘aEE ‘m_.oﬂ‘_l.mﬂ_ﬂlr‘_dﬂnma
b N o B o _ T = o ps ~ A -
W B T 8 x  SFF 52 m a7 TR AxPaiis o5
ghIaxdST T o I TR B g oaood VURaE gabiocH S
X A a_ﬂwﬂ I S T oE R & Y2y Ak I . E_anwwﬂﬁ
— p : oo BT — _ T = Y 4
XD Ty —2|EE ®EEE E T8 W g Pe TET D pEw D
ﬂomﬂ M o — ‘Mo n.mﬁ H < W ™ WS o = M = ] o#eq_o%w_.m_*o - T X o T OF AF ) .E M m° e o
TR REL = Dol g FE Rdan F5w wagiea®mry
=BT ESFEY © = 5o m E < W FyL g EEd Fws T w o
Nro z,a =N dﬂc__v N 1% N ﬁﬂﬂmﬂﬂ‘mﬂ o0 el = eEﬂl oz g B i ,ZT Q#o,wﬂlﬁo N i%ﬂ_uH,DrL
ﬂo_zﬁlll‘mo‘wﬂmﬁﬂ.ﬂ T = n/_ =1 Bo H n/_ = o 3]] .‘l\l‘O|1r11 ﬂﬂj_ﬁn‘l‘_@o
o n R 3 © FXT SsoT T o WTH 3
o o o T e A =T e PEH MW AER TN W

274



e T

© 4R 3 A o] ke, AR Bzl S Axtkstel

BAZHS A F 4N VR EA

E 2. XM}t EctEE ofX| EXE2E
Table 2. Edge Feature Model for Stop Line and
Crosswalk

uGv

i
d0
ro
0
Ral
[t
_"___J
Olok
m
HT
Hn
ro
1>
ne
[
o
0|
nx
X

o
4
o

E 3 AZEH o JlerstA

Table 3. Software Specifications

Development Environment
Processor Intel Core 13 CPU 2.4GHz
0S Window 7, 32it
Development language | C++

Edge Features

(Dgathering all grade a, which is a direction
factor between -70~-110 and 707110

@in case of the thickness of vertical edge
pair between 30 and 60cm

(expected region: 10750pixel)

(Dgathering all grade a, which is a direction
factor between -20~20 or 1607200

Cross | @in case of the thickness of vertical edge
walk pair between 45 and 50cm

Stop

line

(expected region: 307100pixel)

@four more vertical edge pair

a8 7. AF oA An

Fig. 7. Final Recognition Result

41 MY 7Y
Al
==

Hal7] 93k AT EY o] ik
of Abg¥ g4 Fgol= CCD 9]
asler 2] acA1600-20ge =9 H| A
25 AFgY AR e v

A Ay ZHe] Rzl
FTEHEE k. v AAMZ
o]

O o

2 g o o py ™
(e o
L I -
2T
ofr
LI
jincs
)
o2
o

HN

X,
Fiﬁrzi

Development Tool Visual Studio 2008

Memory 8GB RAM
Image Processing
Library OpenCV

o
AMES deen AN AR, 4%
3 2o AnRge welFh ol 914
AFs Azl Aol EAHL

[ Stop Write.
[———

X DIOI 271 Open
xBREY: -2 path

Reat

— — ~ KUY AR 7e
" a " & R . e
_/I ‘ ‘ XYL (e
s

vEns  wEEEE

| [EaNE ] [BaER
Canera ot

o acn1600 03¢
“Rekton? 624X 124
“Frame Rate: 0 om

Ozl 8. MAMI EetE = 2lAl of Z2|H oM Ul
Fig. 8. Recognition Application Ul for Stop Line and Crosswalk

42 A€ 34 DB =4

A A A 2133 AN HGF 27t
A gEer s AT A = FG7
G A FrEeR Al FEHAL, 4 FEEE S
Al Azl Bl 2EE A Al weE JA4E W
S W7 Ak G Fd 9%, 1HA,
ARJNESE, A%F 7 A, FAREA, nzddqof 22

674 AlFzAS H2EFU.

43 Mg 3 24

Aot 4 FE Hrsl7] Y8 AXEY AAE=
o] 2717 FE & AT WA QA EL A dEd
o] 14 AEdde s AL, dAES =
A4, FEEE P23 2 AASEE N 9
oA AXAZ FFRTE sty 28 FHE AIHS
A P ed o] I A, FHYURE FE 43
B =RoAE AR zAdA 90%, Alkzo]A
80% o4+l 14 &3} 50ms o] AAEE=S A st
E 3E 532 Jdrh. a9 99 aRH oA E A A
z7A4 e Agpd A2 ZA3E el 2ol

275



Journal of Korean Institute of Intelligent Systems, Vol. 24, No. 3, June 2014

[rm— - =
T R
rrer—
Softingger |
Sof TiggerSend__|
surtine
5t0p Write:
T
HODAEDN: [ omn |

x22 48 B

Result

— XT4HE: Tm
D XOIYAE:
KOS (RY1
Fier

VERN  REDED
ZUNZ | [BaER
Camera info.

*Model  acA1600-20g¢
“Resaton: 1629 1234

“Frame Rate - 20 s

02 9-a OEEH ZURY 1, HAMY PEEE HY)

Fig. 9-a. Stable Condition [Type 1.-Both]

aaderhevien —— =)

Resit
XU HR: We
[EEE T
HUNED: (Y7
Fier

vEne  WEDEE
BN | [FNER
Camera info.

* Mode! : ach 1603-20gc
“Reston: 16293 1234
* FrameRate: 20 2

O 9-b. O ZU(RY 2, AN o)

Fig. 9-b. Stable Condition [Type 2.-Single Stop Line]

Baderfeview —— ==

r Grab Conird

|
SoTigger, |
sohTmersend |
sartime
s Wi
[T FieMaaow
ROOMEI: [Copm |

w2285 [omh ]

Resit
XKO4HE: 27
4 XUY_E: bm
BEECE AT
e

VBRI i qar =)
ZUN | [BAER
Camesa Info.
*Model : ach1600-209c
“Resobton 1629 1234
*Frame Rate : 20 fos

a8 9-c 9N x(RY 3, FEEE ©S)

Fig. 9-c. Stable Conditio [Type 3.-Single Crosswalk]

276

A A, 16m olu] AFelAE A2 E] =A FARA
W A ZE 16m o] el e Q1A Eo] w43 "olA
8 29 A5, 15m ool A2 Eo] F43% WA
=, o]= 15m o]HH AAHY A HaAH 81
¢ 5gAES wEekA] X7 wEolth £33 19 A
YAREE AT o]F AHAMoR FAHH= JIut
Artete duEFe] a2 A8 /3 29 vs) A4 E
As7r 2#) gokdh 20m ol FF-EHE FTRES FHA
Q12 97191 108 Aol HEHA kol A Faddl 2A <l
2 Ego] F435 HoHE & F AT o= v A 9
2 A2 (Bmm), X Eol(1.4m), AXZ=(35°)9F A%
H Ao H2E zbaf(oliby MDA kgl 214
S AT 7 de A7t ARle bt 25 ¢
T AAJTh T E I o] A o] 28mel AX|7t
w7 7 AA 4R Absstii, A4 A E Am7t
A B9 5 9e el
E 4. Held QlAE
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Table 5. Recognition Rate for Type in Stable Condition
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