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Vehicle Detection and Tracking using Billboard Sweep
Stereo Matching Algorithm

Min Woo Park", Kwang Hee Won”, Soon Ki Jungm

ABSTRACT

In this paper, we propose a highly precise vehicle detection method with low false alarm using billboard
sweep stereo matching and multi-stage hypothesis generation. First, we capture stereo images from
cameras established in front of the vehicle and obtain the disparity map in which the regions of ground
plane or background are removed using billboard sweep stereo matching algorithm. And then, we perform
the vehicle detection and tracking on the labeled disparity map. The vehicle detection and tracking consists
of three steps. In the learning step, the SVM(support vector machine) classifier is obtained using the
features extracted from the gabor filter. The second step is the vehicle detection which performs the
sobel edge detection in the image of the left camera and extracts candidates of the vehicle using edge
image and billboard sweep stereo disparity map. The final step is the vehicle tracking using template
matching in the next frame. Removal process of the tracking regions improves the system performance
in the candidate region of the vehicle on the succeeding frames.

Key words: Vehicle Detection(X} % %), Tracking(53), Gabor Feature(Gabor &% %), Learning (8}
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M= I FANME Gabor ZE(filter)E ©]-&3F 1 22

e o s i e o glz.y)= exp[— = (5+ y—)]expumm] (4)
Gabor 545 stgoll A&t Gabor 534S 20,0, 20, o
8—}'{3\_% ? ?J_' JE‘-T%XU_C_)_E /v]Eﬂa‘]— O]‘ﬂ—l—— Gabor %Ei :E: xaosﬂ—i—ysin@
7t AAREES 9% AF BEHEA 1 Fohe g3k y=—asinf+ycosh)]
T & o] o)l7Fe] AlZFAl AE 3
Fdo] IZF] A7 28 (human vision system)¥} AokH A AE | HE o]9h 7S Gabor DEZ A

3 oA o] A7 d ul /Jtﬁ A3 Agls _
fabetel 9] AYAE B A8 I AU 1 gam 7 A4 2AL0 Be} 649 27 ge
=100 BA o} o]- X o] o — - . ]

7] ol vh23]. Rt oy}, Hd B AFES Gabor ZEZ A A5l A48T} Gabor RE 24
EA 22 AZ kv &g o] At
g ol Aw AEel A Gabor AE) f840) A ane 2y 69 ol 4Y I 1e,y)9h Gabor
2=~ ol=g]N =) ol E AL F] Sk dlo - . =
T ATHA] WEel ofF gl A% HOHE gy g0 A2 A (convolution) & FHAA AAHE
BE 548 FE3011]. Gabor SEHL F4 (4)

9] 22+ Gabor € E 9] Uyl g=(general function)
of o) AtA) 0,9 o= G2 FY A7E
AAst= Z7] A} (scale parameter)S & u|s}ar
e 9 Wk (orientation) S 9m)gich 28] W
A1 A o] WAL (radial frequency)S o))

p—
-
p—
-

oH10,111.

r(z,y)= //1(6 ng(

a9 82 A7} Al 7FA] W3 (orientation) ¥ F 7}
A A 7)(scale) Aol whet A8 671 ] Gabor 2
EI7} 289 A5 BolErh 2 Gabor BE 9] QA
(parameter) W 3}ol whebr] s ApeFo] FefstH <

@ —& y—n)didn. (5)
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S 53 dolx YHEERY 2F EAL YT
w3k EA A (feature) S-S FE3te] o] AR E 3%
HolE] 2 AL&-3lt} Gabor SR FE& A 7R
A FH} F 7pA AL whet wEolR 6709

Gabor ZHZRE ozl AHREZHE o]FolA
., AtE 23E s Ydste Aol ofy e}
ALk 6709 G Z2E oAl Y MBEAES-
(subwindow)E =& WFiL, 2t A/ HAE5-of thafA
MBYJAESE HiEdt= Hd(p), A3Ho), A=(x)E
F=3to] 4 0)F 2 FZ(tuple) FEHE SHF
< AAAFTHI0L SHHE ook 22 FE FH=E
TAS A%, 53 WY Avl= 1627) "ok

i)

Gabor ZHE ME Z1|

[N11011“11,U12012"“12 * He9T69K69 1, (6)
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Uec Afl A2 AXNE ADASE OIBF A AE U FH 773
521 & FrRAH =& AE A%E RoAE.

AorE A 2~Eo A e TR 2xnHe 3| oA AoiRl £/5F] BAE AHESt ThF
Wl wj Aol AAR ARG A FAT o %] 7] uk gk Ato] =9 A(cell)S Aoletar, 24 A G &
o] G T FAHOZ o] AT WA, FA AF o A A GES AUG wjF o] AAE AAFFo=E
P uEs A9 ~HyEo AT Sua=s 23 FE ALkeith 29 112 ZA 499 Br] Wl
stod AW} Wi o] AW A2 AL WA E e A G A 99 E Hd ARG B
o3 AHE ARIYS ASFoRA AW 9w T
o2 JtAE EAWS Edeta, 1 oo B3 ojFA BEE AEFH A 9 W T AR S
At wf g AA=HA A A A 7]8ko & CCL(connected component labeling) €3l

A3} Ao A ARFIAFS AAF oW = &S A&3t S A5 FolA FAR AR
Fhugte] Q@ Ao e Spbel oA L= He e S WEeta, HEE A2 s
(24251 ol%}oﬂ NAE FEAch Asd oA 4 BelElE Hlel= ™ (abeling) Btk oA o=
*‘oi—rﬂ B/2 kel disiA dvtstE £ HdAss AT AT FRIFeE 2HAn. 19

4=(generalized projection function) €118 Z[14, 122 ¥ & HolEyE A8 VA Fo g HoE)
15]% A gste] gu| e BAATS Fn 19

10€ Sobel o7 &g =5 SuEE Eodats of 522 A% FRAY AFS 3 AF HE: 4 F4

DeBe AESl AAE £B/4 BB A A FHele AYANW, deE R

23 10, $B/SE

T2 11, ZA "olol

=T

7| gslol e
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Z ¢dugE&L Zehange ¢ugERT 3
= 4 AFT &, FeH A4E 4
Holed o] AL 7 HS oA
B #2le] s o] E ¢}

to W o2

2 FolEl ALAES| A2 HE Hetw Msz)
Adyoly #FA93EH A3 gl o]H Zehange] €32 &[10] Aotd G F
] ) ] ] P ]
cean | gae | gaee | A4 | AH | 34 20 mes | aen | 0] wus=
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AEE ANF = dg=
sZadme) = AT Zehang8| Z D E|F[10] HorE ¢ne|E
1282 1261
96.13%
93.55%
| 91.49%
261 301 298 83.08%
28 % 12
AEz in £ =44 AUE=z inkd=4-1
Zehang®] Y1 2|F[10] H2rH 4na] AMUHEZ k=t =
Jg 18 €2|Bol| WE A A& Zo

Ago] EAY A4S 1 AL SW2A FL AW 02 AU MBI o AL A AL A
S oJujshs Ao, ol30] MAR Ikt JFE olgtm LupEs) BEIE FIY AHE FHAY
13 AEFeAE ulse ek e Al & R Al A Feel® Aol glrku
te AjzHlo] AFS AEAE W 2 HE 23S ks 73l FS ol Aol aeFQd Al=H
driy A 5 A=AE rlshs A F = (preci- = Tesd oA driy T3 ZAJAES B
sion)& $4F a7t Aok 4 (1L wlol= A T F, A 2HoA F HES FEA7I= A
(Bayes’ Theorem)[27]1E& ©]-&3} FE =& A4tst Boh ARG HE&S dojmgl= Aol A=’ F
= ANAE RAFE I g Foled t & =90l He S AT

PIOIP) = AD) - AAD) @ A

P(AD) « P(D)+P(AD") » P(D")

of Aol P FABAL onlsimn, pe A4 62 EE
498 Pl APl EAT B39 AL v T B ERe 2HYQ slWehe sl Wns
t &, AD)= Z2FE % Wl LA o] EA) g 2" AT olgtE E4S AN g2
 FEEM 2 ARoIME 0% /PR APD) gz Bg vl HEAAS Heste AT =
G el AR AFe] EATE AP Axdel e A AF 0 F4 29 At 84 4
AFe vhEA 22 T8, F FIHL A@T. o] AR 2HdQ AME ol gt WHE 2
P(PID)= 7% Wl AAl xpke] SAsA] <) A 2HHL AAATE €Y ES o] &5l XA
T A|=Fo] Aol lvar A gE, 5 A Hj 7ol AA" =ol7F EAsk= o=l tgk A}
/d (false positive)= 2P|tk 19 18« 7]& il FdES AT AR wi o] AAE ARG A
YF3 AgE dagse FA, ARG, 28 %, A AE T TInketo] 2pe] F
AEs vlu A%E TEE HAFTH Bl gk S Adstar, AWt v o] A A€

a9 189 T Z oM HTo], AtE AlAES AlzEG ol 71dkete] o] AES W B epd 3l
713 Zehang®) ElFol WA B AUTE R F 4T AFFR 992 APV Bed dueF
GETh ol AGE A2awle] 71E SE M AT 2 o83 B A0l fuEon, M A=
S gy /M dAldA HEE ¢ 2 AN e AEE FRAGo] AAl AFAA AF
L AR daEFE AT EA A BT st7] sl MEE WE A £/7715 o]&38to] A
S BT AATFeEA AW wjAZ A dojd FS e 2AF HAE0] dEHY, o|F =z ¢
Qe AR AW (false dlarm), F AR FHL DR REE 228 AL 9y PTR02 Beao o
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