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Design of High-performance Pedestrian and Vehicle Detection Circuit
using Haar-like Features

Soojin Kim' - Sangkyun Park™ - Seonyoung Lee™ - Kyeongsoon Cho™"

ABSTRACT

This paper describes the design of high- performance pedestrian and vehicle detection cirenit using the Haar-like features. The proposed
circuit uses a sliding window for every image frame in order to extract Haar like features and to detect pedestrians and vehicles. A total
of 200 Haar-like features per sliding window is extracted from Haar-like feature extraction cire uit and the extracted features are provided
1o AdaBoost classifier circuit. In order to increase the processing speed, the proposed circuit adopts the parallel architecture and it can
process two sliding windows at the same time. We described the proposed high-performance pedestrian and vehicle detection cireuit using
Verilog HDL and synthesized the gate level circuit using the 130nm standard cell librarv. The synthesized circuit consists of 1388260
gates and its maximum operating frequency is 203MHz. Since the proposed circuil processes about 478 640x480 image frames per second,
it can be used to provide the real time detection of pedestnans and vehicles.
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.M 8 T %1-'1?15-%9] Yol FFE 07| ditel A Al
lalA: nAs CPUR ©AIg 73Fei7h dasdd, st
A58 AHERS 9 waga @ A <y *I’:H]-—‘i— " 1A% CPU i SAF AFee 4y A7 xa wdol
dsl7) SlsiE Ao lHo] offojzo} &7 Nab7) wjgol AgAelA Abgstslel A e ahebA
of AN A7t Fash LZES|OE o] & ?!*I % WA AAoR w9 e A A
Aukg Ay shglel 2 PR 9 AAE AR
€ o bee s GG JAGGIA AR AE AL ot 245 HUA % AF A A2E 2
4 8] Rl:ghat)tololobil faet A4 sl W) =
e B8 At S el vlwe] #He)E E8 deldE AEst ?I?ﬁ “II gle] =17]
i lg §] 2 ghate]s u*oiq-]q‘r,.r A aparetat g lﬂ ) el Al 7HS -r?d'—%- e &l u:h,l 3 A 8.5} 0]
24520124 390 29] 5 g i
44 Q1A 20124 491 199) #hold L F ANE FA HHM*‘I I = }l 9

’.‘1‘ Abghi i 20124 481 2481 o = )
# Corresponding Author : Kyeongsoon Cholkscho@ hulsackr) s=g-npe 87 Ql Haar-like 54 & Al cﬂ FE) Ak



176 SEXH2SS=2X A HI1%-AR H4=(2012. 8)

8= 32+ AXI (Advanced eXtensible Interface) %
APB(Advanced Peripheral Bus) M2 & o] &3 dlo]g A4
o] 7HgsteE AAS A7) wFol AMBA(Advanced Micro
controller Bus Architecture) 30 7+2< o] 43} thE A
Adol s 44 H85o] ALgE F QU

B =8 Agele a4 Bz 2 xek 94 3=
+ Venlog HDL(Hardware Description Language)S A}
sto] @3ttt ©3 SynopsysAte Design Compiler2
Fall 130nm EF 4 2lolBe g & o] &5l AE 79
322 A §HE 2 13826079 AER

FAHY Hd % F39E 208MHzolz, 2% < 478%
o 44 Agd + gtk

2. BEX U xS A5y HE WY

Adshe 2k A L A A4S A A ¥

& Haar-like 54 F2(1] % AdaBoost 14 (20|
o & HoME o] F 74 Wl s fokste] dgs}
27} g,

2.1 Haar-like &2 #&

24A % ATE REAL2 A4a) A ARl
o] WEY I UTH36l HAA B AE A4S A4 of
3, 2Ae, da%, $9, 44 291 A4 52 1%—6}&1

54 @& FEsc WiEo] Bl AHSHI o oA
Mel, d2AE ol 48 WYE EBag #4dN < ’-“1% A
g &0l Fi, FFold s o] &3 WY Mg
o] Jgg wo| | wiiel A Fo] £ Haid iy
oA §AE o] &3 W metvE o wi 4o &
Al @go] AR & HHE Bo QYo & &
del ArH3](4]. Haar-like 54 F& Wy oz 54%
o 43 thEHQ wgel}.

2.1.1 Haar-like &%

L f; L[5
Lk, LR R ElL
(a) x| 58 (b) 2te1 &8 (ot &3

. Haar-like E22| E&F
Fg. 1 mes of Haar-like features

Paul Viola?} A|¢t$t Haar-like 5% % wWhidle 19
13 %01 “'IIz 54, 949 54, dd4d 54 Fo] e,
olgi SHES YoM A4 o 54 @e FEs
71 ¢4l *}%%f% EA g a9 19 L ~L 9%l o3 W
stako 7zt o] gk HE gt o]E AMFFozH
F&49 7 ot dE 59 1% 1(a)9 Haar-like <4 53
& FE7] AdM e 11995 LEH AolE ALttt

2.1.2 A& vz

Haar-like 5% #< 3237 93] 2+ 944 U9 ve
B4 @2 ol8std HE @& A A 54 94X
vt} v FHE HE °i‘3|7<|‘* ol g3te] A¥ @e AN
3z ol WE e 93 o EdHon a9 2% A
T oAE o]&dte 54 JHd diF HE @& Ads
e d2 uedt 29 2(a)e 92 oA DIY
o td HE &2 a7 A &4 s AXnir} v A
AHEl HE o|u[AE o] FstE AME dn wEA # 5 9
o 28 2o Jdebd P~Pie 247 1Y 2(a)9 A9Y,
(A+B)9 9, (A+O)99, (A+B+C+D)d el digh A¥ e
yepdck. DEF i AR @ L vl AdE HE &
Pi~PiE o] &3 1§ 2(b)ell vpebd Ak} o] 414
Add 5 sl

A B
P, P,
C D I
pg PA
]0=Pf.'p3-P2+P[
(a) @2 0|Ojx| (b) H& o|0fx|

J8 2 XZ O|0|X|E 0|28 HE &t At
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Fig. 5. Integral image generator circuit
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