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ABSTRACT

A Study on the Open—Source Hardware based Lane and
Vehicle Recognition for Advanced Driver Assistance
System

Kim, Jae—Sang

Advisor: Prof. Pan, Sung Bum Ph.D.
Department of Software convergence
Engineering Graduate School of Chosun

University

Recently automobile technology is a key element of the car has been
changed into an electronic system computerization. Such aautomobile,
depending on the development of the core IT system that combines the
intelligent car technology has evolved. As intelligent vehicle technology is
increasingly common trend that more and more electronic devices are
plugged in and connected electronic devices are coupled via the
interoperability. These electronic devices are becoming more service and
convenience, the kind used in engagement increases with the increasing use
of advanced models thus numerous electronic devices in the car has emerged
from the need of a new electronic control unit. However, the modules and
wiring connecting the electronic device and an electronic device mounted on
the vehicle will increase. This not only increases the weight and take up a lot
of space is generated and expensive.

In this paper, to solve this problem by using the open source hardware
conducted a study on the more advanced driver assistance systems
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integration software features and techniques of the lane recognized by the
vehicle at least the electronic device.

Lane recognition is to reduce the operation time by setting multiple regions
of interest, increased the recognition performance. To reduce erroneous
detection rate of the other lanes in the lane are detected by the pre—
processing to extract the lane boundary line, and recognizes the lane through
the Hough transformation. Using information on the slope of the lane change
were to occur, such as a lane, a warning signal to the driver when lane
departure.

Vehicle recognition information is the outline of the vertical and horizontal
components of the vehicle in a knowledge—based method for extracting by
using a shape or color, and the step of forming the vehicle with the
hypothesis of the Haar—like features were used. After learning the vehicle
and non—vehicle in the verification stage of the appearance—based method it
was used for hypothesis using the learned results for the vehicle recognized
by the Adaboost classifier.

Experimental results were confirmed the smooth real—time performance
and potential of the system, an electronic device that could solve the

problems of space, weight and costs accounted in the vehicle.

- Vil -

Collection @ chosun



Ag A &
AR A7 W73 2 24

AA AL 2 A 1000] d3Ee] WAz ee] Althell A &7, olvx] 1
5

AT 7ssel A85E I8, Jadxeate] A= HEsi7ial vk Ak 7|
= ol wukRo] Ao QbdI WA THE AR Abadd, Abasly],
=ehd, B T, A AR a8 AEFAVE 7o A5S 5 AsH
ARsApEo]l AAEstE L k. o TN AVAEAE A UM, A 5
TN, A 7 5 o] 7Y EAR O] FHESHA stolB = WA o] 2t
A o] FEE WA wiEvksel o A st & gt 44 A=

1

B AN AFAE P

A R JAAQ AxgEe] AFE G Y], A AARoR wEA uh 3
QH(1]. olsk 2e& AFA A AARES e m AT AA @G
FEFRA IT Ad7ES ol gste] 2% Fug ddstn AP 5 Yt As
g AEabE Askaka 9k 19700 E 15, JE, £3 5 AdSIAE AT
g Al A AV AR FUEAT AEd AeAe AT A% oAl A

)
o
Ko
re
io
-
il

Al 7k FAlol 5 AsAk dAES #- Ve A
of Fstal vt @lle] Fo JA= v Hec @Al A H (Adaptive Cruise
Control System), 2 FA A YA A" (Lane Keeping Assistance System), T3f
B ZA|~® (Smart Parking Assistance System) &= &3}t Qlth. FHtoll=
g 7E0 5244 A2 Y WA A (Geographic Information System) & &
E AEFE At Ao olgh A AsAk 7w A AT A
st HElrtojs}, dEYAstE vstEuA Aes 2heE Jd A=) Jito] 7%
s 3 Sl

Collection @ chosun



s A2 A] (Electronic Unit, ECU) o= tekst S77F lom =3 77}
HAE AES7] Slstol Aak e Jpdd wf anjApeAl el MR Au ok
Mulago] F7hE A Fael wet AAgA o] At olH e AAFAES
ug Rl wel fo Muja F7he stey AR EE FR7F WebAa 9low
Az Sl Aol AeAR AMAIA B 409 F ol AAGA7F ARE-H AL

Atk el FAqs BMW 5 Hal B 79 1000 F o] AAdA
Eol A vIEAE sk SltH2]. AEEE Ao, ~wtE ARA Ale], A
I 59 Asd Asak 71&e] Aa mAgEEA oS B2 dAFHEo] o
AdE AAFAEol 4% Adee T3l AFH= FAIGI3]. olAH A
) A o] LA
Ha gk ARt Aol FFEs AAA o AAFA S Adsks Aol
o]

Fate} wlgol ol

=
X
(i,
i)
o
rlr
ol
o
ftlo
52
o
Y
X

ol
Sk
O,
v
)
—d
X
)
o|\
N

AR A~ (Advanced Driver Assistance System) & ¢ &2
2 AR Adde e sty =S AbRete det ghvElet 2
Mo A=E Abgshs WA o ® 7]Eo] Gt Jhvet ofugld gt A 54
o] 7ksatth. ARt 54 Holet AFEE Fol7] S& 7 A= I AdA o]t
A7t Aos AFsrE ofel ] Wt Fhelgte] vl&| 3k w@ol ApAstar A A
o2 7hAo] AT AV vk e A A s A L' G g

H 270ek ZAE gy 1707 B sty o]= H|go] ol wysA Hrt[4]

oleg TANE AAer] fal B =Rl Aawo AgA O Be 2
sEgo] J15e FEsel ATl AelA A F1h TA Lela v
§% Folm rdsta Reld BA ABFA 4B T 0] BH LEFLA o

= 9o (Open—Source Hardware) & ©]&3sto] TAH =S s|dstax sho}, Sl
olye} o] &3 Ty AL FHety AEA 71ES Ao 4+ Q= W

= Al g,

Collection @ chosun



A2Ad AT Ug

= ATl e Asd Asatel e Ee vdst e $ AE T AsAl

HAE s Fhekel eEAas stEdo] ZUES VINe R st AR FEAIAH

e o4 ste] 2

ol
ofj
it

3 Aletz e 94s A5y oF

A Aege] g Q4 ABAAA A FEeA

4 AR F 74 9D F9H JEE Haar—like 50 % o] &sto] =3 nlxt

1o
)
)%
iy,
=)
i
>
(@R
Q
o
@)
(@)
v
4
=il
N
i
o
o
Ol
ol
2
2
ol
o
[40
1>
o
v

= wrdAe eZas stEde] EUEA ghxdlE] vfolE o] gt HAT

& amEd] 715 Biste] AR Fol Aol A A sH=

>
5y
o
S
2
kn)
52

LERA SE O] wAAR AT N RS A stEde] AlAE 5
o] AAE FHo R o] st shEslo] AIARS dAl eEa
-3 -

L:l
1m

Collection @ chosun



so] 2 of

I = ARM T 2AAM7F gaE 2= g

Aofel A 1y 75

=

TE ] A

e =

S

]

“H

O;
[e]

JA A2 2k

ole] &

M

2} =) g

p—
s

el

gow

2] o}

bl g

SR EREE

o] Arre 71 b

=

73}

3

S

=y

Haar—like

1
s

Q12 ol A
o=

g
e

el
Nm
=
i
o)

N
X

El

212

31
fite)
alo

N

el
N

=

B
g

Adaboost &18]&

g ol gato]

12]2l OpenCV }o]H g g

He

2] 2}o]
o] BT 640x4800]™ Tf

%

3%

[e;

912

298k H5] [6).

B
o)
Eo
T
oy

X

N

T

O

2}

+
=K

—

+
=
N
oj
N

<)

Bl

oj

)

il 22788k 3

9]

=eefel o

3

T

iz

o 2%l 2

ke

3

o}

o

0

o]
il
HJ

)

Collection @ chosun



27 QELA T JHE AJAE A

A1E Aed AsA 7e 9 TF

2R REG 24 %] i AD71E, $4AN B2 W BSE
Adste e A% Aot

~19904 20004 ~ 2010~ &y
AR U 7HIIE C|Xtol HArg U 17| &

BANA dAZA ] Ak EREE T9 1o vEbd Ao 1990t 7kA v
A w AsAtellr] Fad 212 dxl 9 AZ|Eeldvk ARk 2000 Eo] ¢
Aoz BPHE BVt Fo AU VA FAEE TS BH A
T HARlE Fete o AT vHE EVRsRY etk H2eE Akl

Wyl oher AR chelA TR EAAUE WEIFE AN VR A5

{“/Collection @ chosun



~HlEo] AFE e A7), AR AlAgOo R wEA wpRa 9tk gEo] et U

of $Be A7), A AgFIE AZE A I Bay

SHANERHEAAY

MOIE FE Ftofat

AN ClAZe ol
(HUD)

Ayyn Aol

ro#tgaxl 7ol at

HolM sto2t o

0
HAA Eg A2
HAHA KIS AAE " d (TPMS)

0
AFHUY Y 2 S (AES)

a9 2. Asate] e de AApEA AL

a9 2% FHL AsAtel uigE AAEA AR AWEA Hold,

Efolof 913 1 A2 Y

7HA

1o
o AEAE FaAsol & AnfES Y)so] Wk 1Y) wiEel Awd #
A

N

Aol 7

O

B Zhdeh, A AlEA A" S dd ARG R Ao o ERE ofye A

MEEOR AP AAxY, A AUE FAR AAtE 1T sl%0] Pud

Aol iEE AL gl

% 32 RAARZAIAHOR Aed Asate] eHE tE Vot FL

Ve R AREFAA A

o] olt), o8 Aed AEa JERE AA oAz, Aba

Collection @ chosun



gl Ao FE Ve SOl Uk 7 dE AgEA AN S& o8kl AW A
&

she) bAALE AFA FAKIL SR nAolaT LA} 2AeA

)
o
b
e
o,
A
b
i
Jo
N
_0|L
rr
iy
oo
M>
o%
Y

2

>,
[

o

)

A,

i)

o,

%

il

et

ofo

o)

>

op
iy
do

(a) RHE Z A Al £ © (b) &t M o Er A DA A8

Aol ool g =7t eAse] WeE fa) MA At 2guAA 52

o=

==
T
o] &3t FAR EAI O] Q1AL o] Wl Aea FHPR, FH FE & o

I
>

-7 -

{Z/Collection @ chosun



g
o
12
]

10,000 === 7 mm s

9.000

L:O| = E|F

8.000 |----{ W FroiZ e i i e S S, B e i i et
el oy,

7.000 - FYEIIET HO|T -omomemmmemcm e e
L EEEEE ]

60& FERSRIRN e 3 P R R L R S B IR PREERA RN O

o I ....... -

oo I ......

3.000 l ------

2000 f-ovzooioseos | B mae I ------ l
= m B I

2013CY  2014CY  2015CY  2016CY  2017CY  2018CY  2019CY  2020CY

(=1

O 4 FAAREAAGG S Hupo]l s AlAl A R

OY 4t SARREAZGE A ol AA A FEE e Roln

[8]. 841 tutol el vl i, shulel, H9l4 doldl, Welele @t

Stk 1% Fhleks 2oz o wFel A4 geletn dFstn gtk et of

A B MFE AAHE ot ekel AT £ Ut BA 85 /% o)

Folth g Hof shuet doldRt BrbE mxwe] 1ed Aoyt w4
8-

Collection @ chosun



T ARE ¢ Uk B3, 7HA AR SRR doltt 9 golrel uls]

felaieh eoltt g dolt 5 4% shvlehun FAR, wrte) spHew b

=

o= Fwel 3tk HZ delvrt ARE AFEol SAFHAL Jed diFE LEAt

Foll AgH= 4 &+ AUt

1 1
etz vl S0l F7e Ak ol A

o RAZ A AulAs, FF e AAsL, 0P WY vE vEE S

Al " SRR AN

flo
o
Ho

Aggor AHEHE 2o Ahieks
shbel W=E ARgsh ad spetsh gel T oRY AxE AgsE Yoz
e @t Atz ol Ad A AL ol s s 573 Lol g
RS wol7] A3 T A= 1 A ole] At B 23t ol v
ok Fhflete] ma] b wol AXek Ao sh2o] mschs BA 9k,
29 n AABFEYA A2Y J15e TE) gAAaE @A el 27
A Aot 1h7h Bes] ot wigol ol MAgsl Hrh AANEAA
Aol 71E HASE A Ao w

=
geflof e = gle vlE ZAVF BT

Collection @ chosun



¥ 1. 2 ARAE AR FAAE 2 ALY

e & 71} A 5.8
2E EQUUS K9 IMPALA
EXCLU PREST QUAN
g VIP LT LTZ
SIVE IGE TUM
7+
8,747 10,347 7,127 8,462 3,363 4,136
(7hel)

AgEY | Aol
7]

ofr

B R Eate B - I R et

X 12 dA Sl A A AZAPE SHARZAI G F2 AbEE e
cH9] [10] [11]. AN e] olF2°] A9 Hiy B2 PRESTIGE vtz ofz] el
EXCLUSIVE REFE ¥R A Aol g Qlrh 7]oke] K9 H3
W EEQl vkE o] BEl VIP EENE HAR A ARl AL Ea gt 41
7] IMPALAE LT REEFE A go] 7hsalth o]d 7 SARRIZAAEE o] &
s7] f8lA AgAES AYsiAY AFAFAE 1gEES Aol sk 1

& FAZL BT,

- 10 -

Collection @ chosun




kel

U AlEARE 2

€l

AR ZEA] 2B

£

NA A B )%

A A & 7] o} S
#|71%] |  DRIVING ASSIST DRIVING SAFETY | ADVANCED SAFETY
7+
194~204 293 184
(vHd)
AE0H ATAE AT E BAI~H
AHEE e Al A A~ E AHdole 7 Al A E Adole 7 Al A E
715 AHdole 7 Al A E AUIE AF= AEE A7 7 A A E
etc TS5 RA|2E TS5 A ~H
etc etc
Hols FAAREAIARE Wol o] §ataat sk o] FrkehEA s A
T ALEY AR EAANE A7IA R AdEsto] o] &d e dEe] &
AlEaL itk ® 2 IAIAE ALskal ol SRARIAIAE 7)Aol
[9111011111. ¥eiaE=ke] 49 DRIVING ASSIST, 7]ekabgzte]l A5
DRIVING SAFETY, #l®#¢] 49 ADVANCED SAFETYE A&std 717 el w
gt SARRZAAGES AT Qo shAuE o] 22 9= Yol wEk 100
Tk ellA 3007 A7EAY] W E& FEsol dte AV LAY

A2d LELA FEH ]

71E AT

1. 9Exx S0 AL

9 EZ A FEgol= t)Aele] ZAE F=golg F U tatels AGEA 1w
Aoy AAE FAGL A8 Festel Adgol AfEA NEe Aol
T AEE IH12]. LZTALA ATEQOI) A4 FEE F85E A s
T AAY eELa sEdols 54 studold UAdE IATOEN FTEA

Collection @ chosun

- 11 -




o
il
jus}

Z AEE 33t}
QEALA FEY A G =

EEEavd B Ry

z387] el 949

Fgow stedol A wue o

Collection @ chosun

- 12 -



3% 3. thgsh e EAA StES o] ZHE AR

Arduino Uno Raspberry Pi 2 | Beaglebone Black
CPU Atemega 328 ARM Cortex—A7 | ARM Cortex—AS
16MHz 99MHz 1GHz
RAM 2KB 1GB 512MB
Flash Memory 32KB - 2GB eMMC
OS Firmware Linux, Android Linux, Android
Network - Ethernet Ethernet
744 $35 $35 $45
S/W 7=t Ard IDE Python Node, JS

2 stEdolE ARk VIdoly Al ES AlEs FREoR FRE ATE

o FEoG A ZeAAS ekt Y FEz /)% 2L FH7} Jhesi
et @ EA FEdolE BE Aoy Ads o F ol JHE A
i o] gak ke AfFUAeldE Tl AR FHE FHsEE s T
Z etk 5, A4 ofoltjols: FRToEMN ¢ & d9s v & e A
A LEAA Egole] WA NHAE e & ATHI3][14].

LERA BE S AA stz Gl = o

olehe st EAE Bels Zlolebn T A1V A P Abg o

©
o
N
1>
ok
Jo
e
o,
N
N,
~
>
et
2

de opZlsts 7IWk 58 T uANt ol FE VAT dYor oAAA

Collection @ chosun



= o] duthel AlZboinh. 1¥d L EAA FEdAE F& AF7A =Y

of okl AA #oJskA EIW diFEo] ves WAow Fogds BT F

S Hdem Aot E3 AEe dE R It

3l 7l=e] X3E FAs= AVI7E vidE 5 dvke AWolth[15]. 53] 2EA

2 ostEdlols 5 2 A Soll WE Al oHus dagoRd ]
k. ol AanAY] Fost 9 E X

Etgalor sk A 25 Hlolu anat ks diE AxEnteld ® AFE

Azko] et @8-S A a4 T dhol7|E stk HIE AgelA dEshs

2
>,
X
1o
=
s
o
%
fljo
plv

i

ARIFEC] WA UA Aot A W Bl tal o @ 4 9sAe

T AxRA AES O ofoldelzt FHA w A rhesAo] wom anAE
Al A Hgals FXETE Zlolth ol# et eEAA o Fake AE

AUl Ax7]17] B8 wal wUolE WFEE AuAEe stuglel A% oF

H A e At dEs

2. QT AA slugo]l &g Ald

A} ol gAE e ARUEE i SEan tEdole] tE #lel F
28

FEHA T2 WA VY = ARAEE A QEAA stEdole] 7hA] 9}
&

e FHEet Ul 53] O AMQAES ©@d AFE el HSs R
i M2M(Machine to Machine) ¥ #o] FAA 2l Mu]A Fdof 288 FiL ol&
71&9 MulAgt a4 A7) Y3 =¥ty vt dEE JEYT Jd=ZgES &85

AT e AE FUORA M2M A Al A Ut BA ARIAES A%
A
- 14 -

Collection @ chosun



A AxAE A M2M 34 3498 Al A ES AaATIAY 38 Z2A
S

=
o] &S MAE] FdEl LT FEdolE 88 AHS sHHoRE WY

gaEeol, shvlet, RE dElel, TRAM, 2F BARE 5 AvfEEe] #d
A RE RES ] BE ALY 5 AES BEset 2 BEE 478 19
sk et

3, AvtES AdE= 7 53 o] B2C (Business to Consumer) A{H|A
A& AFAAE Aol R QFEAA SIS Au| A sk H&Eska ok A}

- 15 -

Collection @ chosun



+

I
é
2
[

©,
r
o
K

N
[-411
[‘i
o)
3l
i
ftlo
2
ol
2
(0
N
o%
B
i
)
Ib
=
=)
o
H
=
2
o
ey

MR

A ERFORA AR AL ARFA AFE AvkE AuaF 9@ m9)
of 7Lt WA AAlGta AAT = s FowM AYHE I} d- Y]
% A0S HA3ATGE RoITH17]

AAAAAA

739 8 X= X2 AE QOpenXC

OpenXC ZAFS 2479 e wAlsh 49 fJadol=vtes AMEE 71 A
28-S TEAR F 3 A 28 AF ol8Ae £ wHd G ¥ A
7Festeh mEbA Bl A-s vlgow sfede] AA7F Theska

ARl M2 7Nee AT F YA He Aotk 2=
52 LEL2 SEdo] AR N A WAt JY ofY ZRAES
- 16 -

4)1,

Collection @ chosun



=
OlA T QEAA o] Zwte R ueokst AF7F A E I Q=] A
=)

7= Al

s
)
i)
fljo
iy
> 9
S
>
o
0,
o,
N
i
mi
_>,L
B3
fu)
_|_4
1 >
a
o
)
!
)
B
L)
fu)

B dAqte] $ALS AA =g AZEYY AR YiE F 9k =g
of a@sts TN udlo] FHEQ ehxulE] Ftols AAl ARelA AArd
Het e B5E S dYitel YA S FH}FEF = ARM =
ZAM CPUE 2 vRez FAH Atk AT ESo= gh=ule] do] A&
gt=blQl SFAAE FA ] lon vt Jts v B4 d9 H2A 7
7 AAE GAAYE Fsh AAS A2 stal Haar—like 58S o]&3to A

7} v zpEke] AFA E5e] AdaboostS ©)

s=dlo] 74

Aol ARgE 2hzue] dol= = eh=ulE] vpo] Ade] wasEHoz Ty

Wt 248 A BHE AFEEA 7)E PCo FAH 7185, 2UE 59 Fd
71718} AAdel] Abgo] 7bsstth[18]. I3 9% Ao AbgH g=uly golz Al
£7lE Ao AVZ ket AAFHNES 283, duid =3 o = e HAH Y

- 17 -

Collection @ chosun



USB2.0x4

EHTERNET

HDMI OUT AUDIO & VIDEO JACK

29 10. gk=dE] Fo] 29 st=dlo] 4

SD# 5o gAlE wla B2 =] BCM2835 SoCE 7Rk 3kar gt} 1d
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4. 2= wo] mE Ajel

ALk 2dA 29 B 2d B+ 7242
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CPU Quard—Core

GPU Broadcom Video Core IV MP2 250MHz

RAM 256MB 512MB LPDDR1 1GB LPDDR2

HESA - 10/100 Mbit Ethernet

USB 1Port 2Port 4Port

GPIO 26Pin 40Pin

T4 85.60 x 56.5 mm, 45¢g
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4 9lar o9t ol <l A <kolEhd FH A Wi Elel 43 LCD, vy 7|RE=

@®1HE A T
HDMI @42 %3] Full HD 3145 (1920x1080) 9] EA+s d&stA #E3)
w71 Qo] FhdElE o] &3 JAFA ] Hold 5AS 7HA L )

@GPIO (General Purpose Input Output) *£E
gtz=mlg] sto]l S wlo|lARHES R Frbsta §8 HEE JiEstr] Sis 7|t
o7 AMEEE B7F B e wxoldA dvd k=
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|

®PC T 77] &8
ghz=de] stol= PCO 9 7718 e 482 5 3tk 2709 USB XEE
- 20 -

Collection @ chosun



AR PCol| AFE3H 7| H T} np9AS AEE S 91 HDMI X E
UEHE A48k = 9ty HIEIAE XEL AFsEz 18 TVE ZAEA
x Pk 71 9 AY ofEHE vlo]A® USB AYEHZE AFR3IEE AvfEFo|
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A dudE oA R HE AL FolBreeldd OpenCV =t
&

K

slo] C mE® AAetATh. 1% 12 OpenCV gholmele =
ZHlg] dto] | A OpenCVE X3t HFoz gmiolA Aledhe vi

AHE = 2d et

(cv) | ' wget -O opencv-2.4.10.zip http://sourceforge.net/proj
ects/opencvlibrary/files/opencv-unix/2.4.10/opencv-2.4.10.zip/download

(cv) ‘ unzip opencv-2.4.10.zip
(cv) ‘ cd opencv-24.10

1% 12. OpenCV *®¥ 373
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1. Edge features

13 < >

fa) (b) (d] (d)
2. Line features E ; & i %
ial (b] (c) (d) (e) (g) (h}

3. Center-surround features

. :
(a) (b)
1% 21. Haar—like &% w}A~3

Ak T o] ox] AJRS Folls Haar—like 542 A2 o] vpAazola] 2

d 21¢] Haar—like 549 &S YeERY AT
Haar—like 574 243 A9 AatAd Fez o] Folx o Mz 13
sto] Qlth. zb d 9 <tell A JAE9 3 dste] Fe] g ek H 1 F

=l 7FAE 5w &= ek SAgke At

W
(x,y) w
H h r

1% 22. Haar—like 3%

GAelN AR5 oA FaheEl a7 22604 AR50

==
=
xH Z40 w A% o A8 r= (oy,wh) o7 AU o

1o
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x=20x+w<sW,

y=0,y+h<H,H, (€))
w=>0h=>0
A2t rol Azkel B Recsum()olEh S HARE AG)Z T F vk
feature; = Z w; - RecSum(r;) (5)
T
VeAe AtdE s FaE 2ta 7 AR Y] Ho] AE RS JAHAA ok

S JpEAE 4(6) o2 ek 5 9tk

Y

>~
>
)
ot
1o
o,

—w, * Area(ry) = wy - Area(r;) (6)
ANA wes —1 2 1AHE w, & 2 (7)0] Hrh

(7)

_ Area(r)
" Area(r;)

(N o (]

Mask1l Mask2 Mask3 Mask4

W,

a7 23, A¥e] A48 Haar-like 54
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& 7k 29 219 1(a), 1), 2@a), 2(0)F A3 o) 18 23] e
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Haar-like 5458 AA718 Fejoloz AR o]r]2 o] g3l WE &x
wolulx) ghe 17 226 Ve 2
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% 9 BT Xé(x,y)v}zl A5 Folth. ALolA ii(x,y)

i)=Y i) )

A @) A9 4002 HEALMC R Szt

s, y)=sC,y—1) +ilx,y) (9)

i(x,y) =ii(x —1,y) +s(x,y) (10)
sGoy)E A (oy)7hA8 JARE] &s vErdth Aoln A= A5 Gl =
of gk& w FAZS 3 W Ao R SAT(Summed Area Table) S A4
gttt o] A ezl A o|u|AE o] &St AHA st 94X JAR =9 F

& 7a o e Aol s,
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A B
(xiy1) (x271)

C D
(x1y2) (x572)

a3 249 DA HAR TS Fehe AP et 2k A (r,y) A
o AR oluAgE A9 72 FARE BT T golet T & Ak Doy
oM AR ghe Aol B AAzke Folth A (x,y,) oM A% oulA
gt aelah ¢l Fagkel Foln Al y)elA el Holn A e AB,CD

gl mFel Ayl Folrh F, DAY RAY FES D=D+A-B-C Z
Fod

2 . Adaboost 7%t AFEE S Q12

Adaboost &1 g8]EE ok B5H7] (Weak Classifier) 52 A3 ZAdtsto] 7 B 57
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AEEE Bl 5 AlFko] A1 sk flolE o] oJEF Rl o] AN w2
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0, otherwise
- ® Harr-like &7
kj(xq) kj(xpe1)
Vehicle Non-Vehicle
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A4g 23
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Ao AFE3E G AFabe] EFEAES FHsta FYFPAA FEI I
O 7 Hit 24fps 640x480 N TR HIE IS ALY AN a1 HE 2o

A AR B AR mR 34 B2 So] 2gd oY mRAFNN I dde

= At =3, Y5 d5s] fl8 Logitech ¢525 {1 7hvilehe} eh=m] g
go] 25 el AAste] 640x480 LR AL FA AHe AP o=
wle] sto]2, CPU 900MHz, 1GB RAM, k=g sto] A8 &4

ZdelA OpenCVE EHEl] Al&EHool S Ykl

¥ 268 AF FF wEel OF AR G4 0 ABA Je A% vet
deith AF e AW 35397 MAF 450902 HA 8033 T

Rom, shgel AFEE 5024829 G GHE 2023, vakE 3007 7 Skl ARE-
a4 b2 301789 I 151, vAF150%) o2 dse Frlsklv. A%
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Al 28 ARAst= EXAARZA|AR F

(b)

(c)
a9 27, A3 49
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3® 5. A1 AdAw
Data Total True Flase Detection
Set Frames detection detection Rate (%)
Setl 1,460 1,410 50 96.57
Set2 1,460 1,405 55 96.23
Set3 1,460 1,385 75 94.86
Setd 1,460 1,392 68 95.34
Setd 1,460 1,398 62 95.75
Setb 1,460 1,399 61 95.82
Set7 1,460 1,412 48 96.71
Set8 1,460 1,406 54 96.30
Set9 1,460 1,401 59 95.95
Setl0 1,460 1,388 72 95.06
Average detection rate 95.85
9 272 Albske AAEC] AR Ad A Ay ARl Fdelnt. 19
27 (@), b= AF FIL 45 A AFS ek o &A1 Al
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2 Qd AN ol ALER A F7F ALUAA Aol T RS Gzt
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¥ 8. Haar—like 54°] W& &7 4% HliL
H & Tomazas [41] Aret WY (A) | AEE B B)
AME¥ Haar—like 5% 147Y 147) 470
2] Al 7F(sec/frame) 0.1299 0.1999 0.0799
A2 E 98% 98% 95%

% Haar—like 545 Y43 =0o® Abgsto] AdS 3siqlar, Aks 4
B = 2% 2347 4749 54 AFgst 2dow Adsgivt. A% gt HlolE
T T2 FIEZoA Tomazas7b Al&d HolEHE o]&3st3l o™ o] California
Institute of Technology SURF projectell AH&-¥ doJEo|t}, 212 Ad5 vl
= ool ARgehA 2 100789 A T g e® vl Adsiela 19 29
of A3 44S YeRHSY. Tomazas® 7% 0.1299(sec/frame) 2] *
98% <AXES EIh ALt W (A A9 1" 214" 14709 e S4E
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e Bk b ARk MR (B) e B 1% 23A4H 4709 5AS AR
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