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Fast Vehicle Detection based on Haarlike and
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Abstract

This paper proposes vehicle detection and tracking algorithm using a CCD camera. The
proposed algorithm uses Haar-like wavelet edge detector to detect features of vehicle and estimates
vehicle's location using calibration information of an image. After that, extract accumulated
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vehicle information in continuous k images to improve reliability. Finally,

obtained vehicle region

becomes a template image to find same object in the next continuous image using SURF(Speeded
Up Robust Features). The template image is updated in the every frame. In order to reduce SURF
processing time, ROI(Region of Interesting) region is limited on expended area of detected vehicle

location in the previous frame image. This algorithm repeats detection and tracking progress until

no corresponding points are found. The experimental result shows efficiency of proposed algorithm

using images obtained on the road.

» Keyword : Haarlike Feature Extractor, Vehicle Detection, SURF, Vehicle Tracking
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Fig. 1. Flowchart for vehicle detection and tracking
algorithm
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Fig. 2. Horizontal and vertical edge detection result using
Haar-like Feature Mask.

21ge] TN 74 FEEAA UeEh s EogE 9
FA 2] RS E F vk 94 A *3%3 A 4
BRI £ AR TR 7R e 2 F 5
2389 ox) FrE ko] 7]®F H?ﬂ—a— ] %H
7V F05 AReE B 4 vk O 2 = AR F
F% oA RS wEA #E3] 98M Haarlike

Feature 1<% ]3] 78 uolalel Aol 54, &

B o] RS #ET A9E HoEth (1) & Haalke
Feature Pl~3 o]al (h) & 48 94 € 53, £ o

o] HE AHE HoFTh

© (@)
T2 3 $2ofx| =& Zot Y 2 ofx|e| ZHIE oI8St X2k Qi
==

Fig. 3. Detection result using edge detection result and
relation of each edge.

A o] st 3ol gk AN 3 o)
20] 713 B3Pl L] el ool AAES B o
Fo= AT & Ak 57 oA G agHoZ 2




74 T R e S k2012, 1)

olojA gle AAE It 7] £og 107hE AT
AgE A oA ol sAIske shd A FEE AEsia
ulg] Aojlo] e AbF UHl 34 HlolES ol &ate i
FollMe] A AEF o F4 HlolE2 FdollMe]
Xl Tt Zpake] v) AHo] g WAooz BHE 4
ok ¥ 32 FH oA HES ol8F AF HE HAE
HolgEd (@) & dgFdela b = 4 oA (o = F
A oA el e 72 vnel (d) = AF HE 49
HojErh

ot A HE0] 7hed ol E
o] A =25 FYslaL Thlehe SAY A= 145
A7) Wl el 54 Fol =2 & 239 L
o] & & gltk= Zojtt F WA 212 wjie] Heoj 3l
el Aol Aol 2715 vle] F4E & glon o] HPu
4 Hole R s AR 5 gtk Aol

¢

(=]
87, o] Wajol) mebd S0 APl 5
9 S Agel guE IS 2EHA 2T 5
oeiR A £A O WSk 4971 B )
ol o4l meQolr] BT Aol AuE ol§slel W
zadoliel Al ANE F4Y 4 Ak

ol a4 old 7] el BE
3 27] ARE AL S Gl o
o A2E AAS BAske] 9 35 olow

a3 Abee] Y= JIgdt.

i)

-
I
N,

O:

Ho

oy

(b)
T2 4. o35E =Z2|lol| Chst X2k FEo| M| oAl
Fig. 4. Example of vehicle information in continuous
frames

I 4 = 254 Za Yol 2 Hrel e oA

Fth 38 d@e dE508 S00e 94Y I
3k 2 A2 XS BofFe, a9 4b) = 4 Zd Y
X HEH 2] FHE AT A3 AlE HejEd. o
A3 YRS Tl 20 ZelPollM HEE JHet v HEE A

i=!
s Agelel 54 2 ol EASKE AL A% 4EH
Anz AR, E Tllse] gl Aol HuE 1Y 5
ok ol rAsiel Aol 4 ARE WA 2 5 =S

Flasd

()
T2l 5 Af2e| TREl FEof Znt
Fig. 5. Accumulated result image of detected vehicle

information

a9 5 & 7Y A7 JH AYE HolFe JoE 7t
ZG el sl I 7HEAE Fa 7 Z DA HER Ab
Zo] YA e ke FAAZ FE oA TS
Aoltk. I 5(a) 9 A% A =Yl e 4 34
S HolFe 0= oud AGH0E dEET FS o]
gt 29 50b) o ALE 20709 ZH Yol AZH A}k
o] 99 ARE FH3 AHNE HAFE AOE A A
3l5eo) glallA] 8] RS T8 BT A9 UEd
t}. oleigt ARE o]8sle £ 21E 2 w|HEES Ul
g dl9] AE & Aok

lIl. SURF 7|HS o|&%t F5

1. SURF g1z|&

&HE 3] S AAE B4 A 21 244 7499
R AR FES S Qi R ARE S gAS o83t
o B4 A& 2] 9 guAdl HHER dEs 39 AE

7001, slelAet A1, slEa-gEeAe AE:
2], 7F-AIRE 2 HE718), 1 FlelAlt HE7I9)
< E 3tk

Harris7}F A<kt dlgl2 29 AE7e 71 g deid
AFE W F R Y Ho] PR FEo] wH

Holl Zjkslo] af- gt AUEHITE o8-8kl FHol

N

off

fqr



sk e Ferk

PIAZ o R 2A1Y FTelA o]
2ohe 94 F 5 @Y A& 29 oA 549
=g a1t BEed GiS AAteA 55
Z9) vARReE BayZt Al 1 SlojAt AET=
B33 7Y 23 P AR AMEEE
olgslo] TR F71Hor dSsigld. F WA WA=
ol

=
B

)

U el AHE ol 8dle] HAAE ke duelFel
£ SIFT, GLOH[7], SURFE £ 5 itk

Lowed] SIFT F@d#hk= 54 & SHO= 449 AR
A4S TSk, A AlRFel FAE9] 71E7] WE 8
e R e m s F 128319 WS
T3 Mikolajezyk7h Ak 71871 A W §|AE
e SIFTE &3 darelse] shiz ol 54 s
Hoz 2aZet Felo] He) v 87ie] Wl thal
T 1749 ARFYe WraL, 2 AR 16834 7

&o&

oy

$7] S2ETYS 54 F 2l BEA wEe g
o} 2e)7 Qo mAkle] FaEA WES FAE B

o2 1284 34 WEE ATAJT vAeE SURF
EdAE 54 & A0 449 ARG sl 7
ARG Haar o188t AH83t] 2, 4, 8709 54
S 7ol el 27 32, 64, 1283199] B&A WEE 74

[T 111

—
[l
[ |
[ |
=
=

2l 6 S2 H HES 218t 2ARBIE solAlet AEY|
Fig. 6. Approximated Hessian detector to extract feature

paints

A271e A Dl Folg dolAlgt B2 7]

e 5 A 2 dadses £uok A F
< s Bk

LI (x,y,0) LI (x,y,0
H(x’y’a){ L(62.0) LI (%, )} )

Ll (x,y,0) LI (x,y,0)

L1, (x,y,0) Q}Llyy(x,y,cr) 1=
28 7HAl

AYEA S v 3 2A1EHE slo| At AE
71 oAt AEAS AREsks dlal 29 63 o] iHE
AZFEEIE o] 83 2AISHE Slol ARt B AE ARSskE W
otk A2, I9 6(a) o A= x, v, xy HEl tig 7}
FAIRE 22} PR IS HofFe Zlolw, 28 6(h) o B¢
= xy, xv ] ZAkstE ARREE Holgd aga &
Aol EWlshs 545 471 8 AL E 93-S AREst
A B3 AFZEY] 278 ¥sAA BAS FEO A
Hog AREE]S] AERAS ARteled] 94 Aojxl AR
s ol8Fo =M AL e 7)ol daglo] WEA 3
OJAIQt HAE FAslar 54 A& Fophdith

g2 Slvlsta, el
vEo e H¥ Tela ygese] 23 1



76 TR SR M IRER S G SCik(2012. 1)

3. BE8X 7 A
EEAE A1 A A GAIZ S)7ef B
7] $13l Ztolzl Egdol oisf Wk % 47_1‘
gt W Aiselle FHES 2] 8 EAHEE 5
o7 5’8%‘301 Frolxl 2A|YFTY 2AYRR §E A=
of 6sWH o] FAES tiste] 71243 Haar S101E3
A (d)3}, MZHEF HaardlolE8 54(4,)S ARt 1

ol d, o} dyg Eﬂ 3l 54 kS Jle)7)E ShE
FnreRe e} 71 wol 7k
e HJ?}P_E A3 X]u%, l% a7 7oA Role A7 2ol
S5 W 771 WE

mmﬂ?

+

_?L'n>;

_ﬂm

T2 7 FE UE s
Fig. 7. Main orientation detection

A e o
= B = ]*]’o]—7]°ﬂ 01)\1
3H EH 547 2AY B A4S 343} 1 918l 544
& olgdlel 54HE FHoE
31, 20x20(pixels) ] “gFehE F
LA D e AU AT B 7
Asd d, 4,6 e 7h2, MZ W] Haar 90231
AGAG, d. 4,7 ARER FRGIE dde] AR

o2 e 2 9 V(Ed 2, e
AE Bl ] SAMEE 22t wsoldk oy A

4 542 25 SPNE LIE AS A © oIhE SURE
AuAEE 2 4, 9] SHUEE Agale] theHS Be
w Qe Ave] BAE Falol ol 409 Haar sl
% 54 2702 748 SPINE SRS ws 82 A}
$3912 ) ASE SHE 2 Aol wolx) gtk B
& A99) BT PR T A HIEEE ¥ 5 9
7] wjoc

4. SURF 7|¥ 7|dte| XtZF =5
Sl Arst Az o] SURFEEE-S Tt 718)kst

2 g FePAQl wEke] sy }Zﬂfﬂ'
7NEAE A3 S sk W |
Ak EAE HETTh AFY F2] SURF & #8s
el ol ZedellA HEE 2Fe] oW A E vl ’IZE e
2 APgsiar A4 ZH Y] G LH"“H H5317 A=
e AEFeIN FYH AFSE FHIE A
Fast-Hessian AZ718 o83} X}‘j’kJ HEE oW x|t
A A4z omAY 54 HES T8kl SURF A
SAE o83t T IRIEX] W 27|18 Tt
T 8e ko] (ES AA A el el 54 A
S Fela AReM e Wk 2718 7o AFE HFETh

j_r—é! 8. ;‘(}Et Eﬂ_aloﬂ |;|.|°|- _xlm S 71—1|. ol |;|.|_x+ H= 01|A|
Fig. 8. Feature extraction result for vehicle template image
and corresponding paints

=4 3 0 ALAE B Qi AHE ol8al] A
Ze|Qo) EASKE o) A AnE AFAT 1Y 8 £ of
% Aejo] e 29E ozt o2 ol AE o]
galo] @A) Zeldol N} A2e B AAE B
L EEDEERREER LT UH%‘% Aol o
4 Aze AE A% AN 1Y 8

X F2H Ao HZaldxe] B 2= @qﬁ nejz=
™ 13 8h) = @4 ZadoMe] EAY 22 AnE 1

oFEth I 80 o AtE @9 A L& (b) dA
el e wjd AFHE BojErh



Haarlike 7]%Fe] 314

A% A& SURF £

01 ZeffollMe
A AE
@ ®)

SR O10IK] =312 TR =20l X2 HSE A&

CHS T ollM el At X2 218
= dollol=

©

219 X2 M2 25 o™
Fig. 9. The vehicle tracking progress

a9 9 & old Tl HEE Ao FRE o] &3}
o SURF ¢ael&S 284l dAl 2y oA U3 AHg
AxE HEFIE WAE SAFCE HAFD 1d e
old Za oMY A HE AAE vlug A WS
HE AFshs BPe BolFm 28 9bh) & A Zg Yol
A olde] &8 A WESFHS] Wi HPS HodFErh 1

# 9(c) SURFE ©]83 v 235 BoieH oA 3
zRow A" 2] FRE 7Y 9d)(e)9 zo] TR
ZH el A Hlal & 5 =g A PEE o2 YA o]
A 38 Age] I3 v T Yelx wiEHo g A}
go] YRS AE] AR ARRETE FHH R TY A
S w2 Hlasl] 1A olHe HEE Xkl fIXA K
sl YA HlEE g JoS BYGoR Fof AA
At 7bsRlE R gtk HEE Y Age] AHE o)
3t HEHoR x}au AU %Lf% & 9lom ol
olF JHE 53

Sk A S0 Age] ASHoz o A%, Hoe
B, 0w 126}74»} WA o 5d Solet BA9E
o] gt 43} BHS Eaf ko] &0 gt 7FsAES 9
o3 0|5 %xdx}oﬂﬂl UFE F Y= gk

AR Faelzel F5e B 99
335 9 A4 $90] T CCD SRS BRI e
A 9 SI8 mERelA TSN S50 A%H9 93
& olgigitk ol A5 =2 FHoe 1

w9l 7 15% 7o) AR :
) 32 Ay Agsgon e 28§ FY A

=g

A=Y

i

o thairst 2gatdek gl AR FE 320 x 240
718 7 2ol G AHEINer 267 Gk

CPU 715t} PC ol 7tslo] 371sisich
I3]0 & Aokst GuE)ZdA AEH o)A =y 3}
I8 s A5l o8 Ei T Zyddre st
e A% 7oA A X9 2715 A
FH3) Whe 34& 295 k. o] A= o
EEE Gl e A9E HoFE Aeg 3}
wsto] wpzt J%j 1 AT & HEHE A
Sl ahge] HEHo] ¢
JE He AL & ¥ 911:}. o] HAolA &j ua]Ol,] A
z9 % 4%&}— © AxrE

BB o
L&?ﬁ“

o4
>,
r\(
&

o tlo o Ip Jp A of

i—“:
o
o
o
=

|

T2 10, iAol X2k = Znt
Fig. 10. Vehicle tracking results continuously



73 T R e S k2012, 1)

I 112 AN daE)ES of&ate] Apo] HEHE 2
#= 7129l BDF(Bayesian Discriminating Features)[14]

7S o183 A HE WA Adaboost 71HE o837
g A% AL 2 Hlaste] BojErh 53] d= A&
A Bo] AHEE Adaboost RS ol-&dte] A4S HES)
= e} A 9 oAE Tl A FR dY9s AEst
3L o] Adaboost & Fl AF fri-s BEshks WA At
Sotal vk 39 11 ¢llA A 449] o|r|A= BDF ¥4
S o83 A AE AHE BT g FL ARk g1
2EE o] 8% A e AHE HolFa gk

BDF 49| 24 1E daelse Ads HE8] <)

f
Fehze] FERP] AP AXSS W] vzl A
o] Aot shet Wik S0 RS AESPIF ol A9t
ol B8y whol Apgate} Ag] 4o eakgo] Ath=
A& ¢ & ok m=E ZAzte] A&AS 1
o] FL AFAA 7S A 5= Qlok v ARt
%] 9= BDF £ o83 W4 Ho Hogt A4
HE AEsle] AE AT S ¢ 5 3

o 2
sUN I R
o

e
-

L=k
He ZedolMel $U3 AFE A2 5 7] el

o g 91xle) MskE 5T 4 ek

o A

o
)
o

(0) Adsboost E O83H At 24

73 7
© MORIE SIS olRst ARt 2E
TR 11, 7IE i) Mokt wuiS olgst A2t 2% An

Fig. 11. Vehicle detection result between previous method

and proposed method

a9 112 BDF & ol&g z&F #A& 2% (@ ¢
Adaboost & ©]-43 A% AF A3} (b), 23 AL W
He B 27 (o & vluste] EoFErh BDF o 49 o
&t A719] A AEsol shr] Wl vl Pt 9

p

Ag F2g F gloke 930l e i Ak garejEe]
745 A A A ARE F2E T dve e v
=

B ol
4
4
%0
o

»—‘
rlo
es}
=
it O
iy
A
N
m!o
s
oo
&
Ry
o
o
e

19
=
i

ZAIE HojFErh

E 1. 7IE SAz Aokt s dgiBe| Hiw

Table 1. Comparison proposed method with previous

algorithm
BDF Adaboost Proposed
Py 132 / 15386 1379 / 1586 1453 / 1536
°F 264 1586 207 / 1586 133/ 1586
zE= 8335 % 65 % 9182 %

X 19X ¢ 4 %] BDF £ o83 9= 1586 7|
o ZFdolM 132 79 Zadeld AFS HESAn
294 79 F7l wAEle HESOl 8B % o,
Adaboost ZxE]Z9] 7% 158 79 =Y F 1379 A
o] AL RAFO IR % %9 AL HAFT: 6
W, Akt YugEe ASE 1586 A9 ZdY F 1453
A9 Zdell A Aoz AU 133 719 Z#H Yol
A 2RHE TSI 9162 % 9 HEES RAFTh o7t
WA A= AhEFe] 9R[oA 10 % o BlojuA] &
A AEHA) 4L B2 AFsATh

A Aol Agste] AT 4= iAo Ui das 9
3 At Akl digh 248 At SEe 267 G

&



i5 CPU 7]9ke] PC #3004 =92 7|ho g 33 A]
S SAGAT & 2 & Al g Selxe] 2 eArE
T AL Aot HE: 9 FAdl g T3

A GaElFe) ZAYT s AR HolET

HE2 Mok dueiEel £ ds &y 2

)

Table 2. Result of execution time of proposed method

2 lin=I=S TEIARE

Xzt O{ﬁf’g‘; 000570 sec / frame 000742 sec /

4E | =x 7t frame

et 2= 0.00172 sec / frame
SURF 7|2t
Azt | 52 %JS 000403 scc / frame 007558 sec /
i SURF_le'J 007155 sec / frame fare
ohzl

=5t 0083 sec / frame = 12048 fps

E2E 5 & dRol AF A F2ol loxe =
AYD 000742 2] A7HE HYomA 27 oF 134 =g
A AP Fes BAFAen, 54 o e =g
U 007568 2] AlThS HYSZA %1 oF 13 2 Yo
£S5 RoFQieh uiebx 7 B8 Al tfgk dA) 4
259 &= Are ZHYD 0083 & & 2T oF 12 =g
d& A & JE A9E BT

£ ARME Srd tig s 7Hdsk] s 14 of
HAS] PSS Adteks W oW A] 2718 Fhshe
AAE] GAE A&t £5 24 434E Fof £ AR
UaglFo] A& F Pshe akgalxle] At A 7Fs
4s g 5 Ak

U FEtE olgste] Ayl A4S ENHOE PEdta F
A @ 5 gt GRS ARG BEL AN
o7 54o] ekl ek ARE olgsidn ol
el dulsh Ggolie] 93 Huel the A el
Aggonn ew JA Al NS A2Y
o). SRR Tel Qre] 4% eI Lk )
2 olal @ 3% 1 ¥ 3% e 497 24 5 9
o olo] theh MERS 9l3) o d Zel YN FEE A
2 %3 SURF )22 ol§3t] o) Za|els &

AER A Y] A 4 71EHe o v
3

s R (S A

ok Xy
= ol £ oX ¥

[H

N

¢

Al e 54 vlng o) 5U AL 0Eel]
Fue) w7 WEIE e Hyrk Fozo) AT
AN

T =R 011E AR wSHI e (S EEE A
©)e] 28 BK2IAKS] Aoz A998 wo} F3)e A
ojr, A 47AAN L HrFAaANETAe] st ITATAIE
A9A4e] AT ARE FYEIS (NIPA-2011-(C1090-
1121-0010))

Bt
el

Srrp=!

[1] H Cheng, N. Zheng, X. Zhang, J. Qin and H Weter
ing, "Interactive Road Situation Analysis for Driver
Assistance Safety  Waming — Systems
Framework and Algorithms” IEEE Transactions On
Intelligent Transportation Systems, Vol 8 No. 1,
pp. 157-167, March 2007.

[2] K A Redmill, S. Upadhya, A. Krishnamurthy and U
Ozguner, "A  Lane Tracking Systemfor Intelligent
Vehicle Applications,” 2001 IEEE Intelligent
Transportation Systems  Conference  Proceedings, pp.
213-219, August 2001

[3] Z Sun, G Bebis and R Miller, "Monocular Precrash
Vehicle Detection : Features and Classifiers,” IEEE
Transactions On Image Processing, Vol 15 No. 7,
pp. 2019-2034, July 2006.

[4 C. C R Wang and J. J. J. Lien, "Automatic Vehicle

and

Detection ~ Using  Local FeaturesA  Statistical
Approach” IEEE  Transactions On  Intelligent
Transportation Systems, Vol. 9, No. 1, pp. 83-%
March 2008,

[B] G J Burghouts, ]J. M Geusehroek, "Performance
evaluaion of local colour invariants,” Computer
Vision And Image Understanding, Vol. 113, No. 1,



80 AT E IR k2012, 1)
. 48-62, July 2009.
6] K van de Sande, T. Gevers, C. Snoek, "A comparison
of color features for visual concept classification,” X XA N
Conference On  Image And Video Retrieval, pp.
141-150, July 2008. o o =
(71 K Mikolajczyk and C. Schmid, "A  performance 7 %i )
evaluation of local descriptors,” IEEE Transactions 207 iﬁig}iyfi%ﬁﬁx}
On Patterm Analysis And Machine Intelligence, Vol o - :?j;ﬂ;};. I
27, No. 10, pp. 1615-1630, Februrary 2006. EapO
[8] D Lowe "Distinctive Image Features from Scale-] & A Agsk AxbEsks Wt
nvariant Keypoints,” Int'L J. Computer Vision ,Vol. 9
60, No. 2, pp. 91-110, January 2004. TR dAde] s A)2E)
O] H Bay, T. Tuytelaars, and L. V. Gool, "Swf: Spe Bzl ¢ caution0@ssuac ke
eded up robust features” FBEuropean Conference On
Computer Vision, Vol. 3951, pp. 44-417, May 2006. sl =
[10] C. Hamis and M Stephens, "A Combined Corner 96 ¢ aadshn ARzl
and Edge Detector,” Proc. Alvey Vision Conf, pp. 2}
141l 1588 1968 FAWSE AT
[11] T Lindeberg, "Feature detection with —automatic E PR
scale selection,” Intemational Journal Of Computer 003 ¢ AEE  AxlzEly)
Vision, Vol. 30, No. 3, pp. 79-116, 1998 F3PRAL
[12] K Mikolajezyk and C. Schmid, "Indexing based on A SANEw ARENRR}
scale  invariant  interest  points”  International T Hgs
Conference  Computer Vision, Vol. 1 pp. 5553, PARCR ¢ 2E H)ld ZFE v,
July 2001 HFg AR
[13] P. Viola, M Jones, "Rapid Ohbject Detection using Email © young@ssuackr
a Boosted Cascade of Simple Features,” Computer
Vision And Pattern Recognition, Vol. 1, pp. 5t 5 4
511-518, December 2001. 1981 Ak AAEE
[14] C. Liu, "A Bayesian discriminating features method 23},
for face detection” IEEE Transactions On Pattemn 1983 : QAhEtw  WA-EE T
Analysis And Machine Intelligence, Vol. 25, No. 6, ZeL
pp. 725 740, June 2003. 191 : University of Southern
[15] G Y. Song, K Y. Lee, J. W. Lee, "Vehicle Detection California H7]%8k} Ft

Using FEdge Analysis and AdaBoost Algorithm”
Transactions Of The Korean Society Of Automotive
Engineers, Vol. 17, No. 1, pp.1-11, 2009.

i}
& A el BREAIAR
W
Bl AESAHANET,
B9

Email : hahn@ssu.ackr



