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ABSTRACT

The purpose of this paper is to develop a multi-sensor fusion-based traffic information
acquisition system with robust to environmental changes. it combines the characteristics of each
sensor and is more robust to the environmental changes than the video detector. Moreover, it is
not affected by the time of day and night, and has less maintenance cost than the inductive-loop
traffic detector. This is accomplished by synthesizing object tracking informations based on a radar,
vehicle classification informations based on a video detector and reliable object detections of a
infrared range finder. To prove the effectiveness of the proposed system, I conducted experiments
for 6 hours over 5 days of the daytime and early evening on the pedestrian - accessible road.
According to the experimental results, it has 88.7% classification accuracy and 95.5% vehicle
detection rate. If the parameters of this system is optimized to adapt to the experimental
environment changes, it is expected that it will contribute to the advancement of ITS

Key words : Traffic Information Acquisition System, Vehicle Detection System, Probabilistic Data
Association, Adaboost, Sensor Fusion
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(Fig. 1) Field of view from SRR-20x
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4. Special diagonal line feature used in [3,4,5]

(a) Original Image (b) Integral Image

(Fig. 10> Extended set of Haar-like features (Fig. 11) Example of calculating integral image

25 % d(integral image)olT 2] 273} Zo] 54 G W] §& Pt O °|E Haarlike 54
 Algtell gt g 7)o FHgle] ©d 54 e g ATt At 4 91‘4
y T
Io(z,y) = Y)Y Orglmage(a’y) @7

y=0x"=0

Haar-like 5742 U3 5402t SAIZE A HollMe] Z7]9} $iA]ol we} ot SR oz 557

w2 Aol Fadel F7e 54 xitel 7issith wek Ad Wit B 9] RGBS ol §3k] &
3 B AUH BY ATe) 208, TAR2 & AXIINE A2 IIE I Ry 103

e}
qE

54 A A Yde 83 Haarlike 54 e THH 0= AR,
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3) Adaboost 2X1Z|SS 0|26+ EZ MEA

mlo

B AFM = 2F HAES 8] Adaboost (adaptive boosting) 2] ES 83t} Adaboost &ilE]
(Freund and Schapire, 1997)2 Y.Freund®} R.Schapireol] 2|3 1¢tE wlElsts dud &3 3 F/RE o
A F2E 7Hh ol d2 Aol Y& oF EF7V|(weak classifie) 52 AFH o2 Agste £ 7
Aee wdshs 2 /7 (strong classifien)E A3 Tt} Adaboost ¥aLE]Eo] HA A FHAH L Ty

2o ool

Algorithm 1: Adaptive boost
1. Input: 3.2 Calculate weak classifier(n,) error
. background I — _

S: (Il’yl) (In’yn) x[ER]\.' y’e{(l] (’a?"jgroun ej - sz|h(1‘1) y1|

2. Initiate weight 3.3 Choose a classifier
_[1/2m ., fory, =0 Choose a weak classifier with the lowest
i T /2 ,fory, =1 error among them.
(m: num of background images,
! © num of car images) 3.4 Update the weight
Wiy, :'wt,iBi75
3. lterate t=1--- 7 (correctly classified, ¢, =0)
. €,
3.1 Normalize the weight (otherwise, e, =1, B =-——)
Wy i '
Wi =
' . 4. Draw a strong classifier
;w” T 1z
(w,,: a weight of t-th weak classifier) F(I)_{l ’t;atht(‘r) = Z;O*
0 , Otherwise
1
<0‘t :logg)

9 daelEe Holy Nsel e BAH O AYATh SH AFGI} MAGLS TRA F&G
2 QST FHARe] FAEE YL 1ERNE 271880 o] F WA o BR/E A4S WA
2 AR BRI 7IFAE SUMAA O ggodlA o] Y U AFE ¢ AEE Fe 9F8S
Atk Z, o7l BR/1S AHS HAFE FFOZ ko] oHARE shi Aojth o]F WA &
sl g agoAM fFEEACE Aotd of EFVES =ET F 3 oE AEE ddsiy guiA 12
o B BFIE AABT ok GAlA A gl TPHA G 9L AINA A%T FAR Foo
ANE AFT & U= Ik

B =FodlAE <Fig. 12>9 Zo] A&EERE o|uA o4 150x150 PIRHe] G EE 2= 1024709 positive
G733 150071 2] negative F/4S 71WHo. 2 T4 Y & (sub-window) WOl A Haarlike 532 27|19} A& H}
A7 S52 A&

3) WEtehs dneE: oY JAE AnES st FPehe oy

o
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(a) (b)
(Fig. 12) Datasets for car detection
(a) Positive images
(b) Negative images

H(overlap) A &9 A ]°ﬂ 5H ”54 %‘
B8 640x480 A =9} 15FPS A% il
g SEF FHo] B AL AT = ST

£ dolA e debrtuel, glolt, AdARAY] HE: HEE Tt SRSt A1 HAAVE A
At Wil s AEd

2 ATolAE <Fig 14>8F o] 3719 A= & AAd 7|03 AA AEE FFstr] 98] sAxE
(homogeneous coordinates) & ©]-8 ]'E]- EAR/TE 390 AYEN AEE +1xY FEE JERE Ao
T BEHSS 283 AHEE oA "k o] F s AA ARE FEste AEA S Ao i
H AFAHEE BA AN A Xﬂ?‘)‘?l"i}.

O

H_JJ" Camera thread -—o—p Track File

"""""""""" 7
___________________ Ty

H H —
I e Radarthread . »| Track File

Homography Frequency based
(Projective Transformation) Moving Window Filter User Interface |
""""""""" N~ !

Ty Main Thread
[ ||—>. IR thread - »{Track File [— “omenee- nain hread .

"""""""""" ~—
.. Shared Area

(Fig. 14) Multi-sensor Fusion-based Traffic Information Acquisition System
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[

1. 23241
%% 13 (homography) £+ F%H B (projective transformation)©| 3, ¢ HHLS T2 HHo| EJAHS
o FEH g-$HE Aol dASIA dhste HMBBAE JElZth o] & o] &3t AHARE dSHE=
golte AZ ARE FHHEE FIANE F Uk
g3 =2 (Dubrofsky, 2009)& thS-3} 2T}
x x
sly' |=H|y 28)
1 1
hl h? h'i
H=|hyhy hg (29
hy hg hy

71, s 0°] obd F7] Q4 (scale factor)©] I A TR oY H(homography matrix), x, y= A A3}t
H2 Y3EE dolte 4 X, x, yv 74 HEE FIAIN7] A Gz ek
T2 288 UEATE FE p= F3517] 8] th29 DLT(Direct Linear Transformation) 922 o3t}

Ah=0 (30)
_[-x=y=1 0 0 0 a2’z 'y &

A=l R A 3D

h=[hy hy hy hy by hg by by By ] T (32)

oA71A, ERIHY PP Fohe AL BAFE A7F FoIHE W 4 302 WA= hE Foe A
o2 gsd.

=z

===

—
—

—
—

——
—

B

(a) (b)
(Fig. 15) Projective transformation
(a) Rectangular coordinates
(b) Coordinates for ground condition

<Fig. 15> AuFHEAE AWe 13 AEAZ FGHS 3 Zolty. Auxtswr= ol AZSY
< aejste] G el 7] 40x50 B A o] W AHE VIR F FAAAH ARSF HeidA ol
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Ths Ao Z AAh o] W BYHSS Ad8AS 185t AlS #e £%(calibration) 3t ¥ AW
EAZ EGEHA FHa Aol #AHUY (Reglon of Interest, RO S 2 A A HT}
2. HIZ 7[8t 0|5 F ZH

o5 AlA Y §8E AlA o] Z4 F717F AR BEA] ol WA E = 5718 £AIS T A4te R <l
g A ZAE nsfof ok B Al2Hle] A&7 W= Ik oF Hit FE(frequency-based moving
average filte)© ©l& %+ THE W3 202 5713} TAE 7P WE A SAHTVE §F £771
o] AANFr= AAsta B A FHetal e @e A SE W oR sfAgit

G EFolA g Ao g ¢ AdEAe ALY AAAES A ASTTE Hell oA

A& Ae7b 79T o] 22 FAlE AgAlRtel d4tel Thsd the A SR s skt it

t
8T = E T, (33)

K 35 = ¢4
2 wse) ool et 2

r: o9 =2 gk

f: A4 A S =2k

c: Avete] eelgt

i Aol s

g ol o] % AAFA

s: 9Eg-T7]

w: 7FEA

v: GA

A7NA, 54 338 17 AN W vk AR 2 MY e ge AAARE vk 4 M4t i
ool tha Al uADA AABAE FY W) AYHE 402 Zae FAR 4A Ao FLE
HE BAR FAHL IR Ut D)2 e, Dok el A} AR AALY 20 Al 2
AR 0T BRHT AP AAT Gt Al &%, S, AALGAD S A 712500
2.

w Ao AA &5 79 A" Z2A 2 F28 G A 2EdM BAENE FAE sfas] 9
g, Ul 7ol el dreta @l AA e AR et 69 A=He dee vl Brlstaat .
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B A2E2 340 e detulE ¢4 8 #5A%E AARIeR glsh] ffe) Qr ZadH Az N

otk ZEAx T2E Z 4o 59 HEXYER FAHD ZF AAe AYsE 2HF] bt =
AE dAE(raw data)E TFoFell wet st BRV] B FH7)C ol AA" AFHEE FAAY
(shared resource)®l] A&t Wl 2H = AMEAF O|HIE A, Z22H 2 oHIE A, AZHE JUolE,

T E7719 ALt 58 B "k ol 7] AlzE AR Al 3 g AR E AAEY Wl =
o[HIEZ} WAYSIH o]F Wt HElE T3t FHAdY AAAS dARE. o] o, FHAd- Alrtx
o](semaphore) & AMg-3te] H|o|E ] FAAH S &Rt

T A" & AN2ES EAF o7 A4t Fste WA oE FAF B AlA vhE o] &%
AA e FAAATE oAud AL A3 FHEAI "M T FAE oAFA AEAS F JSAE A
o 1 7;’_‘54 ’5‘—_]@3?}739] i—'fol, 7]%7], ROI, 717437, ix&"* 5°ﬂ w2l Ao A A <]

File Debug About Made by HCI Lab., Inha University
id i d_x d_y d_dist =
Form
Radar Homography 1
vRellong> Topleft | 200 [2]]s0 = I
VRelLat> |0.00 & S —8—
~-|  TopRight |367 [ =1E =
longDispIDiff> | 0.00 = REEE 7
= —_——— —— [
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Laser —!
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Outer Radius [1900 [T
Inner Radius. /1400 |2|  Roadwidth  -3.00 12| |e.00 =

2848 401 2
10 |2848 40 20.1 02
init || PushButton ||  Pause
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(Fig. 16) The implementation of traffic information acquisition system
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sdHstol| Zolst rotrta2t 2olr MeldAHaH A 87 7|8 nSHE $H AIAH JiE

B Ao Ay g Alst Axse] HeS HUshy| flste] RaAte] Fdo] riee T2(QIMFY
A G QIR 100)914] 17 19 2~4Y FF 3ATF 408 591, 10~11Y oFzE 2417 208 54 X EQ]Th
9

F Alzdd gl A" A RlaHrkEs fl A ST el 39S <Fig 17>3 #Zol 3
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lo
El
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3| ANY 7¢E U A2,

2) golrist Avlete] ARNA2RL F4 me AXE BA7k AFD A9 1] b AL ASE U
=39,

3) ALAAYAE AAFGe] AR} AYste] AATE A% AA 7} GgolE BFeT
£ U 2AAT. AE3t AATL AA T MR AEHE AL JF0R s el
Pele) HEe 192 2R,

¥

Tracking Area (Table 1> Experiment results

Type V.D 0D Stab. V.DR
Radar 108 8 | 0692 08
Camera | 114 | 372 | 0235 | 0864
R 692/48 0.935 1.0
Int. 126 | 16 | 0887 | 0955

(Fig. 17) The concept of experiments

<Table 1> $]9] H7} 71&& F&43t9 13509 BHAFS #F 24
o714, VDE AFHA A4S 0DE H A AA 9] HA 31, Stab.=

S
2
o,
o, S
I

3ka, VDR A AR &2 ovigitt. £443% dolts ByArt MQ 735
TAZE 5 AR v, Fheke] - AR gleHE Eeka e/l EAlS BT A A
§ olE Ao AEE BAVE HHH R BAYSATL 2 94**7%117414 T ALY Q3| 4839
S.Zo] dofyk

&3 A=Ee e Z7 A"l HElA Rlnd kg or ER717F AEdke A #AT 5 sl
0.8879] £ HL=9} 0 1000tH 9] A Z 887TH 7} ApaFel] <3}

9559] A AAge] AL vl BFE

ki Uel A ] ohg AAlehs Zlolu, vk 100007k A TS ReE ossthE 44 & 4 Ak
£ oujolth, o] 2o A3t HMADNAL ANE AANE A $F BRI 4Yso) B AA A
A B Ty AAUAAE A oHe BN AN PHOE £2T &

217 v 21 l 21k,

Fig 18>& ¢ £F719 ROIS HA LA} ZHAT oW FFS WAL AF DEBh 9%
e g% B7719% ROIEAO] B4 8 AFOR Harlike 54 BF717F 4%¢ 2Re7E AT
Aol APA) QRFE Wak 2L FAT 4 Utk WA B =Rolq Ak AL AeF Gl
£ ROIBY B1e OBRE Q4F neishA gl o] HAI AAHE AL HA T & Yok
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(a)
(Fig. 18) Results of vehicle detections
(a) The test without data fusion and ROl setting
(b) The test with data fusion and ROl setting
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