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Color Vision Based Close Leading Vehicle Tracking
in Stop—and-Go Traffic Condition

Kwang-Hyun Rho'- Min-Hong Han'!

ABSTRACT

This paper describes a method of tracking a close leading vehicle by color image processing using the pairs of tail and
brake lights, which emit red light and are housed on the rear of the vehicle in stop-and-go traffic condition. In the color
image converted as an HSV color model, candidate regions of rear lights are identified using the color features of a pair of
lights. Then, the pair of tail or brake lights are detected by means of the geometrical features and location features for the
pattern of the tail and brake lights. The location of the leading vehicle can be estimated by the location of the detected lights
and the vehicle can be tracked continuously. It is also possible to detect the braking status of the leading vehicle by
measuring the change in HSV color components of the pair of lights detected. In the experiment, this method tracked a
leading vehicle successfully from urban road images and was more useful at night than in the daylight. The KAV-TI (Korea
Autonomous Vehicle-I) equipped with a color vision system implementing this algorithm was able to follow a leading
vehicle autonomously at speeds of up to 15km/h on a paved road at night. This method might be useful for developing an
LSA (Low Speed Automation) system that can relieve driver's stress in the stop-and-go traffic conditions encountered on
urban roads.

~

T o2 FiN

PP et AT
D meiYst ddgds 5
120000 449 209, AAtgbE 20000 8Y 219

{rriece

3
3
=3



3038 Sr=EMEIER =B HT7E M9E20009)

.M B8

HZ FWYHoE Fo Adsn HeF 2AFaE
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ZAE 28Y £ de EAF stk 544 (pas-
sive sensor){l 7HlEtE o] &3t WHES AEAE Al
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Digital Image Capture
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o & FHEE e 54, JEHy 54, 9N
53& 7ML gleH o BAEE o83t FHFE
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o] A3t dAAY NG AP v]Fe| Az
Hejo)q Heela%g dANL A ¥ oA nEay
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Hue, Saturation, Value $i3{=
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et ¥laste Hueglol %7131, Saturationgte 7
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HEoltt wetd, HolaFe] AWM EL A9
4 Huegtdl 180"l 7MAAE & ¢ 4 th
Saturation®] Z-4& Heolagol AXH AU
84 Byolas AF7t WA HUERZ nFe Fe4
of A4 ERAEI EolAA Saturation?te] #ast
t Aot Valuedl A 4= B olagol A wat
FuE A9e] AAReZ golA7] W&o Valuegho|
F7tgE ¢ Udch He 4Y ARE S 89X
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g7 M E 37k ax Hidghel W FojE o4
Fotte ¢ & gith &, Hue £&4¢ 4 Huedt
wakoz WM3}Elx, Saturation? TAWE, Value:
7t R Wsech (1Y He F0d 33 2
ol ofte] T HYE FYsd Fh FL
HE g F YT FHEY £ A5 vehdang
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HFEHUAA LS o] &5t Gl HAd &4
nA9 AgE &Ased F2 2H 24 H(stereo
vision)o] AHE-EHT, dutx oz ¥ ulHA(mono vision)
& o&3NE AHE FAY £7) ok AW Ad
& ZAdaRsE A7 $EALERE dF Fo)
of Hxlga sielgr YR, 7iEAA ZrE(tlt angle),
24 A= (focal length) 5¢ Helvie ghe 75!23}7{! "a}
W Exudez BAZXY Azl R $Ee
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ZA ¢ @XE @ 2o HE A dF F4%
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ddoz Aestn of HAAAS] Ay 4 $FE 7T
ool g ol8Er] HHNE U e
ZNANR Y Fol7l A} SR AFe) whet o
2o gZHA AN E FHE Eolrt Hxd FH
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sivete] 7)sted mdaE Fate] APAFA
A et Wakg A7) e 84 24 AR
Az d@ggAgel Aol At AldHE AXAE
BE 98¢ AW EA(Buclidean coordinate system)
2 I3uREA (X, Ys), 7HNSFRA (Xc, Yo, Z0),
YERAEA (Xy, Ve Zy) ol 3H 2T Al (screen co-
ordinate system)E CCD 7idlgelA dHE HAAER
dAozRy AWAFE QAgeY AMgEe FZIEA
2 E249 3249 HRPES] 42 FHd & w1
gt daside] FAAE 43 05)08 stn £HE
& X5, TAEE Y2 248 SR EAcam-
era coordinate system)¥ ;= ZZH(focal point)& ¥
H( 0 )LE 33, 7hvEte] Al & (optical axis)& Z &
8, Xe, YeE& Z.5€ 71€28 FAAEY 4
A FA(world coordinate system)¥ &2 YA E 7
Fo2 3o HdAHE HEAZA AFe AAYFE
Yy Folet 33, FolWds Zy3, BUTES Xy 5
o8 Aoae, Z,=0 E2WE Jugdd. (29 5)
= A4d FEASG AFN AXNAAE veblz, 7}
dele AFY Bvy e A AEE geF
AAE At v EAet 4EAFAY x5S FY
o, Feel & Zoe 45A8AY Yy-2Zy YW

NETHBE0M HeHE 7189 2042 JYARISS 3043

ol AAYT. E=E, FtotEAY] 44 4=38
A ZyF4e AAE.
(29 5nle) AeueEd i Hole g3 Ak

7 7hel 23 A (focal length)

6 AWt BAY Zo o AAAREAY Zy 7t ol
e 4%

H: 2% A Fldig 24747 Fo

m o FEE FARE A 24AA gl
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= (%e,vez), SAREAN 4T 59Y HE v
(x, )2 Atk selztzmAs spAREAY
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Ae) We BAE A ©)F 2. AvinFEAE WE
t HE HAo|Edil, XS NNFOE 1—UF AA
oz gHE R, ZEE 7F02 01 W
ANAWges sAde= R, ¥ 43 Rel
QERFAZ A8d gaa, Addge] Fgs 3
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v$= RVZ-‘I' t”

whrere R is a 3X3 rotation matrix and t is a trans-

lation vector.
1 0 0
R=R,R,= [0 cos(z—06) sin(z—ﬁ)}
0 —sin(z—#) cos(x—6)
cosz —sinz 0
sint  cosm ( (8)
0 0 1
-1 0 0
= 0 cosé sinﬁ}
0 sind - cosé
t=(0,0,H)

ol MG Yaezoz AwAde FHE 3
A4 v,® PaE, 24 Y f2 ¥n oz 4
MolA 2,2 4 x,, 3,8 T & Utk 2= A
QN (1Y 5 ¢ & AL F o e Aol T
SRS

2= tan ()
) / ©)
1

cos(8—a)

Z,=

gAY v HEHE TH FAE 4 QR
FE dudgAMY A $Us FYE v,
AEge 7o} FFHow Fua e AU
o Ag Dt WE gE 27 4 (1003 2ok

D=y xi,-!—yi,

A= tan (%)

w

(10

Aol = BA £ EAAAAY AE 2He)
7] 9siAE Fbelel Ha) ¥ el o]A(camera calibration)
& sholof @}, Aivle Mo RRE AAge Ae
Adstr] s A8 (29 5)9) shele B ebeg
EL 47 9= 84", f=8mm, h =40cm, hy= 100cm,

H=160cm2 ¥A8U%. 952 Ayl v A3
A AYS AFE AN L, FAS FYA) 53
E4% $43 of Grxel AzlE B4 T 2o
S8 ANE Aelst AAstrtE B

5 4H @

Age 345 SA4ETS TAFILE LR HY
FHHAt. A AR dAME KAV-II (Korea
Autonomous Vehicle-Ilell 235 gl Asivatz
FoR R2Y94E H3Etd HuelM £9E €xE
dgstar, 5 WA dAdME KAV-MY =4
N&dg P&t ARAdE AF2Fon gaste
THFYEEE FYstdt. dualES Pentium- O
3H0AA Visual C++2 FEHUDL, JAAFdRcE
MatroxAre] Meteor- I, 44A&: NTSC W49 2
HAE, 9489 949 sgEE 320X240<RGB
2bit(7 8bi)E AMEEAT). ey FEA HSV #
HEdE HA AHEE7] 98l RGB delghs HSV 2
2lgto 2 WE3 Lookup Table® WEo Fzstgth
A9 HY #4ste] dHEAd e 2% 30 framedl
PAE FAAYEEE AL 5 A n wekd FHF
PAHe HLg & vk AHol ALgE siviete
Az Ak <F 1>3 o}

CE 1) fE0| ARBE Fiojatet Az AR

1/3-inch CCD 1/3-inch CCD

Image Device (approx. 380,000 (approx. 380,000
pixels) pixels)
Scanning Method 2 : 1 Interlace 2 : 1 Interlace
Horizontal . .
Resolution Approx. 570 lines | Approx. 570 lines

Minimum Object

1x/F1.2 0.03x/F1.2

Focal Length
Iris Automatic
Focus Manual
F-Number Fl6

F oRZbA F@ A A AP F
HEd BAE Age (29 6% Aok ozt mE

2 ueel25e 4FH0R AL £ AAY, F



e AfdEe AFFH 2xd de vEFE gASA
®ote A5t 24 Beolage] AX dHE
AeHez gt FAE AgaF vg HL
Byolagg HAAAFoR vedu F3 gAeA
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