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TOEDSIN SOMOON : AUTOMATIC STEERING CONTROL SYSTEM
USING ARTIFICIAL NEURAL NETWORK. THESIS ADVISOR :

ASSOC. PROF. ARTHIT SRIKAEW, Ph.D., 132 PP.

RADIAL BASIS FUNCTION/ARTIFICIAL NEURAL NETWORK/STEERING

CONTROL SYSTEM/LANE DETECTION/AUTONOMOUS VEHICLE

This work presents an automatic vision-based steering control system using
artificial neural network. The proposed system is mainly capable of steering vehicle to
stay on the road and within its lane. The system can also perform an automatic left-
turn and right-turn at the intersection and T-junction. The system has learning
capability of actual steering action in various conditions and environments in order to
automatically turn the vehicle and keep the vehicle within its lane. The learning
module utilizes only a single color camera in front of a vehicle for extracting
necessary vision information and a digital compass sensor for measuring angles of
steering wheel. The radial basis function neural network is deployed to learn and
model the steering control from collecting data. The prototype system is installed on
an electric golf cart and is able to steer the vehicle and keep it on the lane

successfully.
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2.3 ﬂ]ﬁﬂﬁguﬂﬂﬂaﬂ17‘|!ﬂﬂﬁﬂu
a A | aa Y
M3t)aanImFIA0Liied (Continuous Image) UV 3 A (ANVATN, ANFILALAIY
I a 1 4 aa d a [} 1
an) hilunwieaeiios 2 1@ Taoldginsalidauds (Optical Device) IFUNADIDIONIN N5
e MRendoeaz Ianmuuy 2 48 (A1uneazaNNge) M1z lie1anieanuanves
A v Y} 2 A 1 = A o
anuundeld aAnuaniina1ndefenvouvoIn I (Edge) vanmsiszurananin awgn
a I d o % ] A A . 1 [
Wsu Y ulendu 2 aaula 15U A(x,y) 19 A A Amplitude YDIAIANVAINNVOININLAL
A x 18z y Aomuniavesga luszuinanin
A aa Aaa (BN 4 A I
AINIFIAIN0A (Digital Image Definitions) UV 2 UAnvuy Iunotiioanarganiy
d v @ o < ' v " v v o
Wandu 2 @auls almn] azgnussersludnvuzitlugesi ludeiiosde ldsuduneauiain
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2 Y I A aa = 1 L. . ~ ¥

vunounsudasmnliiiunmluFeaiInoais1i3ena1 Image Digitization HUUADU
Ao N15UUNNN1N(Image Acquisition) N15FUIADNYAAILNUI (Image Sampling) 1AL NS
UszuuAIn TN Al (Image Quantization) HAAz AN INgNUNUAIBTUIN TN U TNUE
Y11A1 (Grayscale) LATUNUTAIAIGAIA LAV OUNUTUIIRAIOAILAY 255 HT ®

' v g A A o a ' o Aq ¥ <3 1 A o Y @

M 2" e 8 AndiudaudaveIntdeanui It IFlunisifual adignunudlresiealu
UFIUADIA 00000000, HAZFVIYAUNUAITHA 11111111, azdNogszrindmnudun

< 1 o W @ a @ A
nagla ldawdrnumaivvestnlumugudesawaaslugili 2.1

AR ENEN
GaR
I

oy
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[ |
[ |
[ |
[ |

Value = w(x,y,z,4)R

Column

IIIIIII.E%

‘]Jﬁ 2.1 mw“lummmamaummwnwawm [m=11,n=4]

A a (B A 1 J o a0 ) o Pl
mawmimmmmmmu"lummm A1UeININFY a[m,n] NﬂWNT@]iﬁWUﬁTWiUi%iN

[ [

{ '3
NIEVIUNIT Digital Image Processing UNN191N Video Standard uazﬂizﬂﬂu"lﬂﬁ”mﬁmaﬂym
a1 Algorithmic Requirements {38171 Common Values A4911519% 2.1
ARV M= N =2K 110 K = 8,9,... LALA1VDITZAVYDI INUFV1IA (Gray Level) 3
1 1w 4 I o a @ 1 J 1
AUNINUY 2B Lﬁﬂ B L‘]Jummumﬂumﬂmuizﬂummmmmzﬁ'w B 110N 138071 AN
3 Y ISP 1w ~ J A . A
Y1391 (Gray Image) D1A19939 B UAUNINY 1 Liﬂﬂ31ﬂ1W1Uu1i (Binary Image) 3¢ 41093
v a A 1 1 [ 1 1Y = o d' Y Y a A A o =
SLAUANIOAVOULEIAIN 2 SEAUMTEAUVY INUFV1IA 1Nz 1¥01989R0dM "0" g Ev

a an ] 3 Y 1
"' gHAUININAIRoalLNe N unaelsenn ulﬂ!!.ﬂ



M13°199 2.1 AININTFIUYOI Common Values VOININATAOA 2 HA

dunls Tydnyal Adaethafinisa

Rows N 180,360,720,1024

Columns M 120,240,480,960
Gray L 0,128,255

2.3.1 HUUI@0IFTTA LM (Gray scale model)
o = 9 ~ A o ' A
MNTZAVIM AW TNVIULNUAY fx,)) Tﬂzmmmmmf NAUK U (x,)) AD
1 9 ~ g’/ A Y [~ 4 Al o o =
AN NWAYVUVDINTINNIAUY Tﬂwmf(x,y) ﬂwaﬂmﬂug{uﬂuawmmﬂﬂ FIFINTOUYN
4 Y 3 J s ! . . .
pansznev laitlu 2 aau Ae #ardsznauANA I (illumination component : i(x,y) ) tha1E
o Y d' a [
24A1/52NOUMTHENOUVDILE (reflectance component : r(x,y) ) Tﬂﬂﬂf(x,y) NAINNITAUNUY

d g).l [ {
ﬂl@ﬂﬂﬁﬂﬂigﬂ@ﬂﬂ\?ﬁ@ﬂ@\?ﬁhﬂ'ﬁ‘ﬁ 2.1

fy)=i(x,y)r(xy) @1

~ ' U t4 Al o w J A J 4
Taef ixy) vzAvaliaminniiguataziniing dau rxy) 1A0UAININNIIGUS

Y 1 & 3| A A A o 3'/ 9 A o 1 =} J [
HazUaINNUHI MW fIumnnlmaaiag) PRNUUANMUNVDI FNAUTUN (x,p) 158NITEAD

Y v [
1M (gray level : ) voamwlugurinany Tasnszaumiazod lugaannish 2.2

n<1<L 2.2)
v Y
Fon¥29[L L ]9181Na5¢AUINT (gray scale) laglnAvziaousaailld

I ~ I d A A o a 1w A Aaa [ A
11 [0,L] IﬂEJ‘VI ll‘]J‘L!fjquJ ADYANTNNNTAATZN [ ININY L ADYANTNNNTU dIUTANIWNY

J ' dy v A = v d'
1 liz‘ﬁ’mmzuﬁmiz@ummﬁmmammgﬂﬂ 2.2



0 40 80 120 160 200 240 255

A =2 o 1 v 9
gﬂﬂ 2.2 ﬂ1WI°VIUﬁGUTJﬂHLa$ﬂ']ﬁllﬁﬂ\?ﬂ']ﬁgﬂﬂﬂ'ﬂilﬂlill!,ﬁ\i

2.3.2 1UU1a098 RGB

HUUS1a09d RGB Hunuuiiassnidsznon lidreeealsznovanlnasy

a

YD 3 Llﬁ%ﬂjjilgn (primary spectral components) 1aun Fuaq (red : R) GIORR) (green : G) uazd

3,’ a = [ =y ] 3 =] a 1 ] dy

U (blue : B) FILAASADYVUISUIUNIN (image planes) mﬂuaaﬁmaﬂuuuwugmmm
a o == [ A Y s A X [ aa o a 9

i%ﬂJ‘UWﬂﬂﬂ"liﬂl“]fﬂuﬂﬂl!ﬁﬂﬁiugﬂﬂ 2.3 ﬂﬁEJQﬁﬁUHiJWﬂVIGl‘HGluﬂTii‘Uﬂﬂ/‘lﬂﬁ]“ﬂﬁ L!fJiJEl“I)'

o = < o v 2 o = 2 g o A
HUVI1a03d RGB Lﬂugﬂlmuﬂlumﬁumw ANUU LUV 03d RGB ﬁ)ﬂlﬂullﬂﬂﬂ’]ﬂ@\iﬂ
daglumsdseuiananin

A J ° =
ETJVI 2.3 ANUIANUVDALV VAT RGB
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2.3.3 uUUI@09T HSV
o = I o A o da! A & A o =
HUVIAeeE HSV uuuusiassannannvumiedlumaaonlumsmuuad
Tasuuusiasad HSV v lianunenaniniona1ndadaid q lwdedails 1 ilienaiida
A A ~ ~ " v A A a A ' a A T oA a Y 1A
awaealunmafalzazianNuuana1an L N NITANFIMABIODU THABILA HIDFUINIANY
] o ' ' AaA A A @ 12 o 9 A A A o A
ANULANANAUOEN 15 BWUNNNFADTIMADIIUDS LATTZAUANUTUHTDTANUDUAIN
" o o & o a o a = q 9 Yy A g v P o w
HANANNY AalUMsMruadveuUTIaesd HSV deldanuianidnle ldunnandmsy
4 o =) F) s A
WYHILUDTIARIT HSV Usznauaie 3 oeAilsznouno
1 A L= A dd‘d 1 d' 1 A
A H Ao Madu uIsanlanuuana1eon lUauanudueaunad @y uad mMana
~ Y a A ] I 9
Ve Y w3039 1TUAY (pure color)
1 A A o a 4 o 1 v A A A v 1l A w = a
1S AD ANWBNAIT WUAIIUBNTLAUTNINIUNUMATU 19U TUALDLT TN

A = o =

T A A = a A o aay 1A Aaa < '
Na1IA ﬁ%uWﬂ@ﬁL!@QUUL@QLWfNLW]ﬁ'GHNZ\!Nﬂ’)'IjJ@N@’JﬁWu@ﬂﬂﬂ’lﬂi@uﬁﬂ]’nlﬂuﬁjup\lﬁu

U

'
A o 1 a A A o 2

A1V A9 5TAUANNEINRN NN AT UIazANuaNAIT tnuala q TaeNseau
1 z; 2K A o T = = A 1 Q‘ v A 1 9 1
anuaemgananensdar linwgdl mddu viemanuouddmlauazszauanuaing
=®R A R aa 1 A = 1 2 v &
g0 MEDITVMIFUTUTNAIINGAVOIM TAULALAINNNDUAIIY 9
o = dy Y- o = [ A
wyus1aesd HSV Hawisonlalagmsudasunnnuuusiaesd RGB Aaa@us

2.3 Deaumsh 2.6 uaaenagili 2.4

C[H, ‘B<G 2.3)
1360 -H,:B>G
y =cos'1{ 0.5[(R-G)+R-B] } (2.4)
1 J(R-G)(R-G)+(R-B)(R-B)
S max(R,G, B)-min(R,G, B) 2.5)
max(R, G, B)
v = Max(R,G, B) (2.6)

255
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319 2.4 LDVT1ADIA HSV

2.3.4 UUV919098 YIQ

o = I o aA g 9 1
HUU003Id YIQ nJuu‘u‘m]mENﬁ“l/lLﬂummgmnluﬂﬁcl%ﬂmmimw

v Jd Y a

o o d a
TN lusgUy NTSC (National Television Committee) Hagnanadanayl toaod1g
9
WINVRIDUTIAIE YIQ A YoyaszaumIvzuendIndoyad Auiudoyadya adednio
v & v = v o & o = v % &
1 1dnsygadoyaduazgadoyavin é Fuwusiaesd YIQ Usznouaie 3 osdilsznouioe

MY A9 TZAUANNITUUDAULFTIFI

' A2 o

A1 Ae AT
' A @ A o a
A1 Q Ao FTAVANUINAIT

J o 1 < @ .
Tagosnlsznovszauanuduvendsauiuygadoyaszamm  luwmed

J > A <3| 9 2 o = 9
ﬂﬂﬂﬂigﬂﬂﬂﬂlﬁﬁﬂlﬂu%ﬂﬂlﬂﬂﬁﬁ HUYIa0dd YIQ ?Hlﬂ‘iﬂ?ﬂllﬂiﬂ‘c’lﬂW‘iLLﬂﬁx‘liﬂiﬂﬂ

Q U

HUVTIABIT RGB AIaNMIN 2.7 azuaaeagili 2.5

Y 0.299 0578 0.114 ||R
I |=/-0.169 -0.331 0.500 || G (2.7)
Q 0.500 -0.419 -0.081|| B
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31N 2.5 1DUTIAIA YIQ

o @ <

Z’, <3 1A d 4 A o 1 o Y
ﬂﬂuu%%tﬁu%”lﬁlﬂu@\‘lﬂﬂﬁgﬂ’é]‘1J°VIﬁ']ﬂfl]éll'é]Qﬂ?iﬂ@\‘llﬁuﬂ@ﬁ”lﬂﬁ”mu]ﬁﬂ ﬂ"lflﬂl@]

o

J

4 ' 1 a ES <
Roulunsdead199ed1nd (normal illumination) UUTLUUMNTHOURUYDINY BV
A hdemssuimaninnnainnuaIn Heusssumnaguesingiauysdanioiud

1 o

9 Yy a A = kS 1 @ [ =< a o 1 4
"lﬂuumﬂmﬂmimmmuuﬁmﬂszmmm Llﬁﬂﬂqlluﬁ?h?iﬂﬂﬂ"lﬂﬂllﬁﬁﬁﬂﬁﬂﬁ?’ﬂﬂ

Q

a A < 0o q ¥Ya YR A o w ' A a Y= A Ao
llﬁ\‘lfﬁ/]1]f’J\1Wiufﬂgvnslﬁlﬂﬂﬂ'l']ﬂﬁﬁﬂﬂﬁ']ﬂﬂlﬂg 3 ﬂ§$ﬂ1§ﬂﬂ Lﬂﬂﬂ?WNgﬁﬂjULﬁ@Qﬁﬁu

U g

(hue) tAaAN3@nTuIT09n15d0 98319 (brightness) tazinannuianluSoauasdouda

(saturation %30 chroma) 1aen21u3dn luiFewasdvz v ldarearansoneniezoon 1aa

A A 9 (3

a A < < = 9 1 @ 9= A a A g o Y
umﬁ%ummmﬂuumaumwu TAIN 1IDUA ﬁmﬁm’ngﬁﬂiugiaqtgﬁqaamsslauuﬂzmﬂw
9

9 a £ AN Y & A o A o A A %’ a
’(,’lel1iﬂgﬂ'J'lll‘]J‘iﬁ:ﬁ/l‘ﬁ"ll'E'Nl,l,’ﬁ\‘lﬁvlﬂ’l'llﬂuﬁu'llﬂu“]fﬂl’ﬂuﬂi@ﬁu'llﬂuﬂ1ﬂ
< ' =) o ¥ o @ 4 = a @ J
ﬂZlﬂu'ﬂ%ﬂﬂ’)'mﬁ1ﬂiyﬁ'lﬂ‘iﬂﬂ1‘iﬂiZlI'JﬁWﬁﬂ'lW Lﬁ'ﬁ)\‘]%'lﬂ’ﬁ’d'llﬂiﬂﬁ]‘ﬁUWUlﬁ]ﬂﬁﬂ‘Hm
1% =®R o @ CONl Y ~ 1 Y Y Y '
VDIIAPUASAIANHUSUDIIAYITNUANTTUAN 9 llﬂ %'lﬂ‘i/]ﬂaTJll'Jle'l\‘iﬂuiJigg’hlfﬂiJﬁHﬂiﬂ

1 [ 1 o 4 a
I,LEJﬂﬂ'J'llll!ﬁﬂ@]'l\?"ll'E'NL’R@%llﬁ%i3@Uﬂ'J'liJﬁ'J'l\ﬁ]'lu'Jut%Hulﬂ@%ulﬁl HUHITINITONIITUN

dlg’JQJ 9 _ v

~ ' Y a A dyd I
nﬁﬂumwmmu,mﬂ@nwmimmmmwm 12 IRATFINTUN mammgmuﬂumgwam 3]

9 [ a 4 @ < 4
AIUITIUNMTAUATICHNINAINNANNITUDUNUIDINYHY

J
2.4 MIUYNAIUNN
J < g Ao o ? &
mMagna UM uTuap NS IAYTUAD U HIVBINTUTEUIANANIN (Gonzales and
woods 2008) ABNILENTIUAN ] VBIFUMWeRNNNAUMNANHAULAIAYTTINITU 15Y

' Ad Y Y ' A & A A A 9 A ° 9 A
arununesih aunduiuauy wseaunduaunaasumeaaiiuiudeyalugilniun
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1o & a J o I~ 1 { 1
Tusudulumsinsed daszfeudoyalugdnmlniiunguuazuaasdoyalugdibnlede
Hanms IUMIHENEIUNINHANNT AD NTLINTIUNINIINAY liABIB (Discontinuity)

s = "o 9 7
vo303a1lsznoun I Tasguinanunlasunilasededanuvesnnudnvenenllsznounn

] a < 1 1]

Wy uinaiihuduveouveann 1arn1suendIUANAIUANNARIETU (Similarity) VYD
4 1 A . dy A a v Aa
paAlsznounIn TagusndiunIuauauantaveIganIn (Pixe) Mo luiun@ornuni
A v a d' 9 1 o [ a o dy A = 2 d'
anuiveunu Tasmaianlglumsuendrunmdmiuaulsell ae msmvaisulasu
< ¥ A4 <
(Thresholding) Woan M (Hunszurumslumsadrenunidanuiluensgal (Uniformity) Tu

I U 4 A A A . . @ A
gUmmeenuaIu ) munuveIUAITNIL A8 (threshold criterion : T ) Auaraalugii 2.6

v
a A

I 1 dy [ {9 A 1 A J a ) Y 1 ~ 1
Fumsuendrunmmeosnnniiurad lasaandssmanediumdluusnadu bl uazaiun li
4 X < o o ! 4 < ¢
#oamIne Nuauuuazneathdz1didluad naasdaaumsn 2.8 e T Wulenvuves
4 2 { I [ o !
naRvestasulaou f(xy) tTua1szauimIvesganIni (x,y) nag A(x,y) Unu

A 9 = A a A A Y [ A
AUTNUAVDIYANTNUIUA Tagnmnmvasuasunad? g(x,y) AIaUNIIN 2.9

T=T{xy,A(x,Y), f (X, y)} 2.8)
B 1 f(x,y)=T
9= {o f(xy)<T 29

[

[ d o 1 9 ax Y 1Y qy
AUDININFU Tﬁﬁﬂ‘imﬂ_l\‘illﬂ 3 I9AUNUAIU
] H Y
1) Vasuelasurandng (global threshold) A1 T ﬁ]gﬁuagﬂumimumwmlmaz

fg@mwﬁ (x,y) i
T=T{f(x,y)} (2.10)

] H H Y
2) VAT u)asummIzh (local threshold) A1 T AUDLAUIAMNIIUABILALAITLALIN

U Q

A
VDIIANINN (X, Y)

T=T{A(xy), f(x,¥)} 2.11)
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[

A A A [ . 1 43! 1 o 1 9 =
3) Yaisulasuwada (dynamic threshold) A1 T YUOYAVAINUIVDIPANNAIUAL

HAZATTALININOIYANINA (X, Y)

T=T{xy,A(x,Y), f(x,¥)} (2.12)

(M) NMWAULL (1) MWAMMIMIaEulasuuan

0 128 255

(M) Fa INUATUVBIATZALIN

'
a A

5107 2.6 ManenarumnwIaslsamdamunlasu

G



15

2.5 M3l5ulzenamnveann
malfudisgumnvesnwilunszuaumsiihldqaa mvesnwduieganue

v ]

mwg e ldpadnyuzvosn I 1y anwia anwadng weuvesiagluniwm Idising
o 2 H o v A o 1 I
Fauau sIuNIMIaaesunIu szuumsdiudyemuansoutseenilulszmnuons
dszuanald 4 uuu Ao
N 2 . . 2
1. M5UTUUFIMNUUNUFIUYDIANIN (pixel-based image enhancement) 11JUN1T
9 [
YFumualeitnszinsvaznilagammaunua laun nisnseimieiisadia Msnsgyiuma
ATINLAZ MINTLINIUTIAUA
7 a . . 5
2. MyUSugammuugIuveda Inunsy (histogram-based image enhancement) 114
@ o A A Y Y] gﬁ
MsUsvilgaganmueenimlagmsnseiaa launsuveanmnaesmsdsuilyaganiniy
3. ﬂﬁﬂ%U‘ﬂ§QEHWng1uﬂ13ﬂiﬂﬂ1ﬂ1@ﬁnmﬁﬂ (spatial filtering — based image
I o o @ o (]
enhancement) 1 un15U5ulgeamninvesninIasldnszurunsdeudmuimadinmiia
(spatial convolution)
@ A . <
4. M35V IMVUFIVYIAND (frequency - based image enhancement) 114N
@ o A A Jd o a
PsvdgsnmnmassnmIasmsnszihunTamunanud aremsulayizesiimsnosuins
[ 9 dal o 1 = = o 1 dal
Ysuilganmaeiiugiuvesminsoanedumue Iasliseazidoadsae 1
Ly d
2.5.1 m3SuilgamwienisnsesnuumMaFey (Gaussian filter)
[ 9 = ) Y
sruumslsulgammalemsnsesuumdideuilunisnsestoyaninlag
4 H v ' g o
T3 anTauuFaNuf (spatial convolution) JudnyazauuIas luFaranan Feaniminee

S 1

N wsRUNSIEUTMINTZNBUVUNTFOU AIaUNTN 2.13

z(x2+y2)

h(x,y)=1 & (2.13)

A A v @ 7 = o a 9 v P~
D a v ﬂ’J'lﬂJﬂ’J'NsUﬂﬂ@]?ﬂi@ﬂllﬂﬂlﬂ'lﬁlclfﬂuﬁluﬂﬂ‘Hﬂ‘lZ!ﬂf\Hﬁu uazmmmﬁlwmma

o 1 Y Ay v g A < Y = @
GHNTLJU]JQ (low-pass filter) waﬂ”lmnﬂmiﬂimuuu!,mmcmmﬂuwaiwmwnmmmaamgﬂ

v o A

#1 2.7 ua lieusamdadaaasuniunuunae-wsn Ine (salt-pepper noise) Jaa1in

[T
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(M) MNAULDY () m3dSulienmdlenisnsed

Jd
LU S IBYU

A o v ¢
319 2.7 madSulgamualenisnsesunuimd ey
2.5.2 m3Sudlgamwianisnseauuumasnanals (Median filter)
o Y A & 3 9 Y}
Msdsulganmdiemsnsoaunumasninarniumsnsosvoyaninlagls
1Y [ a . 1 aol v [ v [ o
MIFININUUFIA (spatial convolution) FINAMNHHNTY 1 IMAUAADA FIMAIIANINST

MIFIianudItnhHadns 1 INImas Tasmona1nNinaly adaunsn 2.14
g(i, j) =med[x(i+r, j +5) e A (i, ) € 27] .14

=< A R 3 o 13 a9 Y a

GINﬂ”Iﬁﬂii’]QlLllllLﬂaﬂﬂﬂﬂa1\1!1J1Jﬂ]ﬁﬂiﬂﬂiuaﬂﬂmgqulﬂUL%Qlﬁu Tﬂﬂﬂl'ﬂﬂﬂl@ﬂﬂ]i
Y5uilsanmwdremsnsequuumasninalsie amnsofiadaa s sUNIULLLINAD-NI N INng

. [ = . . Y A E Y a
(salt-pepper noise) uazaaultymmmmmumﬂmwau (laplacian noise) 1aa 8nnanelving

= I~ Ay o o £y =
NITLUADUDINTNINGILANUDEY Glu‘llﬂ‘lg‘ﬂGllf]Lﬁﬂellf]\‘lﬂ’lﬁl]ﬁL]JTJ?;Qﬂ’lWﬂ'JEJﬂ’lﬁﬂi@\‘]L!U‘UlﬂﬁEJ
& A v o v o d A . . Y Ay v
NNAN AD "lamuﬂiﬂmfﬂﬂﬁmuﬂlﬂmiummmuLLUUme%u (gaussian noise) “lﬂﬂuﬂ Waﬂllﬂ

9INNIINTOI LAAIAIFUN 2.8
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(M) MNAULDY () m3d5udienmdlenisnsea

4 %
IPAYNINA N
311 2.8 msdsvlgammdrenisnsesuumasnnans

% % =

2.6 MIAUHIVIUMNAIYITYDI Canny
I an Ao o a g & A Ay v

msmveunmiuitmsidinndniunsuniluiiesninamildninnismivenay
o 9y Y A a ag 3’/ 1 g}/ 9 an
1l durduassimavuluanluduneuss 11 dunsumsaumiveumnlagitves

9 1

Canny U52nouaie 4 Tuaeu 3uduanmstsuam1iizen (Smoothing) A18dINTBAUNUTU

v o

' v '
Lﬁi’]ﬁ”ﬁ]ﬂﬁmymﬂmiﬂﬂﬁu waﬁmﬂuumauwuf U ‘]J‘Viﬁﬂ AUIUAVHIALAZNANINVDUNT
= d o 1 A

o [ . . @ 1 o A o
@eud 1A 1A1A1HI8A1Y9 9 Non-maxima Suppression NUAVHIAYDUNTIASUAINDYN 1T

[ 9
lavounueasuaz luduasugatieldnisdimuagadisdsaeeszan (Double Thresholding)

= a d' I ] 4' 1 1 3’/ =\ =
ieszyavesimaanduvovnazyroFouaovou lasluunaziunoulisivazidon
Y
daao 111l
2.6.1 M3U5umnl+ii38u (Smoothing)
Y
TUABUUTNMTAUNIVOU TADOANDITUUDY Canny AOIN VAT IUTUNIU
' FY an Y o J o I a 4 A A
20NNBU AIPIDNTIFAINTOUMALHYU AHUANTDY (Masks) 1 UINATNFUUIA 3x3 HIBN
[ a ) % o o
VAN 9 WALEA MIMUUAVUIAVDIAINTOUMEToU InHVUIANT1900 e Tnasild
o Y Y Y a ~ ° 9 ' A J '
aadgausuniulauin srvwanseundwuininululinasildvevdes g Mifluaau

A A o Y 9 o A v
i'lflagli’]flﬂﬁﬁlllﬂ Nam@ﬂﬂ’]‘wwN’]uﬂ13llillﬂ']‘WhlﬁljEJUﬂ’JEJ@:]ﬂi@QlﬂWﬁlcﬁfJUWT]lﬂﬁ]"IﬂﬁiJﬂWi

=).

2.15
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S G I (2.15)

(.)) = i) D)

dmuald 1 Ao nwideamsnivey G, D Gaussian Smoothing Filter 1Az &

(i.J)
A9 AIVANTZAVYDINIG Smoothing
o d
2.6.2 MIMHIUAIVBUNIALUA (Gradient Calculation)
g}/ o v oA 1 o
TuusndSuam G, /) 1 WianuiGeunadnsn lanemvesninluileandu s G,

g’; . J L a o
j)muﬂ@uﬁﬁ@ﬂfﬂiWTﬂTmﬂﬂﬂiﬁﬂuﬂiuﬂﬁWTQmﬂﬁuﬂu X HASHUDU y HasNTHUAVUIAUDN

v é

UAUMHIVDY Px (i, ) 1A Oy (i, ) MUAIAUAIFUNITN 2.16 1AL 2-17

Y]

4
DUNUTD

Q

S .1 —Si+S. 1S

PX(i'j) z( i, j+1 (i,]) 2 i+1, j+1 |+l,j) (216)
(Si'_SH j +Si j+ _Si+ '+)

Py ;) & kD) . JH T i i (2.17)

WA Px, 108 Qy,,, ‘ﬁw'mmi14muﬁ’uﬁﬁuﬁ’uwﬁuﬁaﬁmammmﬂmgﬂgmu
NNILUIVVOITZVUNNARIN (Rectangular Form) sz unuinemain (Polar Form) e
VALAL AAN VD UNSRIUAUNUAAANNMST 216 taz 2.17 J@Avinans@ousdas
’dilﬂﬁ“ﬁ 2.18 ﬁﬁmwmms@auﬁ(Gradient Orientation) Z‘mm‘i“ﬁ 2.19 uazmmmmﬂ'mu 0

Tadaaumsn 2.20

My =P2(i ) +QZ G ) (2.18)

H(i,j) :tan’l(Pf(i, j)+Q5(i, 1) (2.19)

6=tan(x,Y) (2.20)
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2.6.3 Non-maxima Suppression

vy v

v Y ax AaA g Y]
NIAUNIVDUNINAIYITNITUDI Canny i;ﬂmmﬂumumammmw"lﬂuuﬂm

9 Y]

I aq Y ~ 3 a = o = 4 9
LﬂmwGlﬁmqqqmawwmmzlﬂu‘ﬂﬁmqmmwmﬁmauﬂ ﬂ?iﬂuﬁWﬂlﬂUﬂ1WIﬂﬂﬁl%ﬂuwu

q q

v
v o v =

[ I Y A = a A 9 (2 o . .
H uwuwﬂﬂmaummamm 1 WNLYA mww"lwmmim Non-maxima Suppression 2l

e HAa

Y

g { < . . : o " a
ﬂ'llﬂuﬁu GluT]ﬂﬁﬂt’Jﬂl’ijuﬂﬂﬁlﬂu local Maxima Point G'ngmmmmu'lﬁ'

2.6.4 Thresholding
Y ' . 2 PR Ay v o Ay
HUNNINITHIUNIT Smoothing Glumumumﬂumﬂmm ﬂWWT]Ulﬂ@WENiJLE‘Tu
~ 19 1 ~ Y a [ A (% A @ @ I
ﬂl@ﬂﬂhluicb'ﬂlﬂﬂﬂllﬂﬂiqﬂfl"lﬂaﬂg aummﬁ]1ﬂﬁiyaunmiumumaaﬂymzmmmqﬁlumwgﬂu

A a Aa A A A o & A Y = P o '
WuWTV]Ma'Jﬂa18W§ﬂuj1ﬂaglaﬂﬂﬂ’]81uu’]ﬂ @NuuLWf]aﬂﬁﬂe‘lﬂ’]ﬂ\iﬂa']'ﬁ]\ihlﬂuﬂ']iﬂ'lﬂuﬂﬂ']

Threshold YUN1@09A1A® High Threshold (T1) 4a¢ Low Threshold (T2) Tagfiniyaniian

1 [ I a {3 1 J v Q) 1 A ]
1 T1 azgnuSuihu 1idluiinanduvey uadiieendn T2 sggnilsuidlu o dauarieg
1 1 g [ J g 2 Tt A { ] 1
52171901 Threshold Mad0s M3UsuiTlua1 0 Wi 1 UnINegnUNNITaNogsoUT1 MINWD
a A ] 9 A A g 1 a1 1 9 1 1A
Walyanegso U veINnraniluvey (@vou > T1) NAWIANI T2 uad szlSumnnma
o J R < a ! 1 @ v & 0
asnanlidianiu 1 wazdodumndnuilalunwveudiesuny §31Un1591 Threshold 92

o q Y Y A A g g Y ax o
‘VlﬂﬂulﬂﬂWWVI‘JJ‘lJ@UWu”Iﬁi@ﬂJ@’UUN INUVUABUNNHUANITHIUDUAIYITUDN canny LEANIAN

() mwﬁ'mmu (V) ﬂWWﬂﬁﬁTﬂl@‘Uﬁl’Jfﬁ%ﬂﬁﬂJ@Q canny

A Y ax
gﬂﬂ 2.9 MINIVDUNINAIYITUDN canny
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Y v v =
2.7 MIAURUTHUATINIYIBTNITVOI Hough Transform
any A 9 9 1 1
IDNITUBDN Hough Transform ﬂf’]ﬂ'ﬁﬂu‘ﬁnﬁuﬁﬁﬁllﬁg’lﬂﬂauﬂ"lﬂﬁ;ﬂ@]']\‘i 9 Tﬂﬂlmagﬂﬂ
' Z ' Y ) A Y A a < Y A
%311’”@]31@@““‘] @E\J}Uulﬁuiﬂﬂﬂ Lﬂﬂnﬂﬂﬂiﬂﬁmlﬁ’l ﬁiJﬂ']i“lflgﬂI‘I’T’JGI?ﬂﬂ‘VI’QfWﬂﬁL‘]JULﬁuVI
[ ~ ] 9 9 A a9 I o 4
mu%q@um‘ng@ LBU ﬂ’t’)\?ﬂ']iﬁ']ﬁﬂﬂ']ilﬁuﬂiﬂ“I/IW']L!EQ@ (X,y) %mﬁumwmmmﬂueuu@
] Y] 1 A a 9 9 A A a o A
WIUHIAAINEATT LUDNWITUUTUNI Yo = MX, +0 Lﬁuﬂiﬂ“ﬂﬂ']uﬂqﬂ (X, y) UATNITTIUADT AN
é 1 [ g}z é Y v 9 d‘d 1 [
(m,c) SEIA C, =Y —MmX, muuﬁgﬂwmq%meiwﬂUﬁumimumwu Parameter 9114 €] N
Y A % 3 A v Y 9 = A
ulﬂﬁﬁWfJﬁ?JﬂTi Lhﬂﬂﬂnﬂﬂﬂqﬂiﬂﬂmﬁimﬁﬂﬂif)fJL!.aﬁ ﬁuﬂWﬁLﬁu@ﬁﬂﬂQﬂIﬂﬂﬂN'lﬂﬂq@ L

R SR gt y 4 v |a
Wuduasairuganmuualinniga uaaaasgili 2.10

‘. I_L_ _.|-.| = "'i'j."l.'_ + I:'.:. - 1
# | E 1
i i 7(?& 1
IE 1
e s | B 1 "f 2™
2 s 11 1 1
s B u 2]
B/ o TR | Y]
7
i : 1 HM‘“-_
= 1 1 1] 11,
X :I‘:HI: i
(n) 3nuoadunsalu Image Space () 1M dUAT 1Y Parameter Space

311 2.10 marfusuduaswesnsuilas Hough Transform

2,71 ﬂ1‘§!!1JaQ§1J!!U1Ji]1ﬂ Image Space "!‘IJ;::I’ Parameter Space
Y A @ A 1
NAUMIVDUTUATY Y. =mx, +C 1B3A (X, ;) Awaaluzili 2.10 (n) M
o I U { 1 1
ANNFULUASIAUNU y m@dﬁhﬂﬁlﬂuﬂWﬂﬁﬁ (mo Co) ‘I’T%ﬂﬁ&lﬂ’ﬂﬁﬂuﬂlﬂﬁ Parameter Space
9

4 . 4 a4
AtuM31/asua1n Image Space 11/g Parameter Space @umsvesnsilasuuilasnefiya

(M, ¢, ) MM ¢, = y—mx aaaaaluziin 2.10 ()
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y=mx+e,

(x,. )

|:.-‘.:';.! ” .1":!:]

(. 3,) .

(M) Image Space (v) Parameter Space
g‘ﬂﬁ 2.11 mmﬂmgﬂuumwin Image Space 11 Parameter Space

{ o g { 9 { 1 @ (
NN 2.11 (¥) BIWIUVDIYANIENYANAUATINTAIVDIANUTULALJAAALNY

A3

'
Y =}

{ o ] o a { I
y Nwnie (myc,) Aaulonnsanlugiunuves Parameter Space 13A (m,c, ) N9zl
v Y Y H Y r
iduassiinatunnaumsduass IdnsmuaamaunsnanHIugaaINa1 Al Womvua
99 (x, ») VUIZUIVVOY Tmage Space Mazi1Msi)asuszuIl Parameter Space 13oiEenNIN

Hough Space ﬁﬂl!ﬁﬂﬂugﬂﬁ 2.12

v i

=Y

{ v v ' 1 14 v
qﬁl'ﬂﬁ 212 ANUAUNUTICUINMUVDININADT p ﬂﬂﬂﬂmﬂﬂlé}uﬁiﬁ
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v o J ~ A A I A
AnuduiussenIamanlasuziluuunenya (p,g) UM Parameter Spaces 3211/ ugAN
] { 1 i a 1 4 { g’; (Y [ 1
pYUUANMIIFUATINAINHIUYA (xr, y) HONNTUIAINOWINADS H, NAIRINAVIARINGT
9
pazyyuA DAY x MNUYN @ Aaumsuilasgiinunain Image Space l1gParameter Space

ANTONIANVBIINADT o ldninaumsi 2.21
L =XC0SA+ysing (2.21)

d' o Y A d‘w o a g’/ [ 9 A 1
wetmuald p Avszeziiianingadudaldaminduduase waz 6 Aoavoayy
1 4 [
FEUINNNABS o NULAU X
% 4 A Aaa
2.7.2 MIAUHUTUATIT Hough Transform lumnaesdia
Y] A 9 4 Aada
HWanN159Y049 Hough Transform (WON15AUYI04AYTENOVYBININEBINANT

' ) ¥ g D) s ~
mumumaﬂimgiumwuu uJumiw1mum5wmmwmﬂ‘fhﬂ%ummaumw 2.22

f(x, Y, p,,6,) =xcosf+ycoso (2.22)

<Al

° Y Aaa 1w A A o o A
nazmvualigavesmindelata Ny (p,,6,) Wo p, szeziinaingaduiialy
] @ < J 1 4 (% [ !
AMINAUIFUATI Hazye 6, 1umveayuszreInmes p nuunu x awaaslugili 2.13
35115 Hough Transform ABA1THIYDVYBIAINAUNIT 2.21 Taslin15i1vuaya

(X, Y,) VD Image Space AIUUAIVDL p ILINNVAUNT 2.23

sin@ (2.23)

P=A%+Yo —%COS“—%
X+ Yo Xt Y

mvuald r) = (X +y2 uag oy =tan (Y, / X,) HAZIRUNUAIVOIANNT (2.22) B2

18a1 p awaums 2.24

p =r,(Cosacosfd+sina,sin @) =r,(cosa —6) (2.24)
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¥V .II.‘I v &
V=mx+c
B £
.‘._-.-.._-
,II::I ’ EJ ¥ i
o i

¢ c - & T -

O ge X e Cox o X

(M) Image Space (V) Parameter Space

5U7 2.13 msnuduassuoanmaniia laeld Hough Transform

M3uasziliuuved Hough Transform W1 p = xcos@+ycosd UBIYA (X,, Y,)
I J J
Tu ImageSpace 1ilunisutlasgiuuulugiduidsgianed (Sinusoidal Curve) 1u Parameter
a < a P <
Space NANWNILAVURNWAZYA (p,,6,) VosgihiduTagiaeatl naasldiiuumuduas
H 1 v Y 1
NAINHIUA (X,,Y,) 1 Image Space [BNARBINUA O 11AT p AINAITIN 2.2 AU WA
Y < o ' 1 9 1
1&v21111n159%1 Hough Transform 52%219A1900dUA5911 Image  Space I gaA1vosgalu

Hough Space U89 Parameter Space ﬁﬂl!ﬁﬂﬂﬂgﬂﬁ 2.14

A ' o v J 1 1 A 1 A
ATNN 2.2 MANVAUWUTICHINAIUDY 6 LAY P Waunum luagunsn (2.21)

i]ﬂﬁ 1 @.ﬂﬁ 2 ﬂﬂﬁ 2 i}ﬂ‘ﬁ 4
2 wl2 -rl4 0 zl4
P 1 0 1 2

4 3 ada X
WBNN 4 3aUNINAUVYU

a

Y

11 Hough Space M99 2,3,4 Az 1 lunmi 2.15 (n) azia

asenuluuaaziduealunIng 2.15 (v) Image Space ANHUSYBININLUUMTHLaIUNNAL

499 Hough Transform A190499 (p,,6,) 14 Parameter Space 81115095118 1dA10UNNA VYDA

m3uaagiuuuein Spatial Domain lilgmsunumveuduaswazeiuielanieTagauns

2.25
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p=Xcos@+ysind—p, =0 (2.25)

14 41

d= | =
I
¥

319 2.14 7981911591 Hough Transform

Ak
|1 A
c A
: /
- B
- ‘pla. 1
g1 v C ..
0 EI; A r -
(M) Image Space () Parameter Space

311 2.15 msnudunsavesn wdesiia Inels Hough Transform

A o Y ~ A ' a9 o
o311 Hough Transform 1Hagan P(x, ¥) mﬂi1ﬂ§]®§1umwmnmumﬁmuau

v 9
wnueNaInaIu e a91iuI5N15U99 Hough Transform ABMTHUA1IIGA Py, y) AIna1all

9 9 H
fuuduveuduassainmiugaiswmls udaingaivfogaauvouduasiimuge

Q
Y

' 9 v
P(x,y) inmnnigautazaiminnudu asanauge Py, y) AIna1iues
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d \
2.8 LB HIBOIANITNLIFI Accelerometer
Jd v 1 < 4 é dl [ 1 dl d‘
LEULEDTIAANITNETI HJ‘LILGBL!L“]S@TIJi%m1/]1’1‘LNT]’Jﬂﬂ’)'lmiiuazﬂ1ilﬂﬁ’ﬁlu‘1ﬂel]’f]\1

1 4 [ I 1 A A A 1 A 1 Z 4
HUIUA hlll'J'ﬁ]%l,ﬂuﬂ'J'I?Jlj\ﬂuﬂ'lilﬂﬂ’ﬂu% NIDAMWTIVDI1an 13 A G UUN 5 T

]
]

wousures N l¥iuuiniiga Aen1smiyudes veding laonanmsaayuIzAALUL
P o @ J = [ o A aq Y 1 1 =)
NNNDINATLINNVUAUAI 9 Taglnann131u Ao auudlvignueasglunaeignuiand

magy Aaalugili 2.16

STILL
WEIGTLESS

STATE

gﬂﬁ 2.16 Accelerometer Gl,uﬁuquﬂﬁa

Y ' R~ o 1 o Y a A A =\ 1
mlunawawmmximmizmﬂuﬂam ‘1/1111’Hﬂﬂﬂ1‘5Lﬂaﬂuﬂ!lﬁzi\lﬂ’ﬂﬂliﬂ

o Y @ o 1 ' { a 1
My limIamumauaazd vl +X , -X , +Y , -Y uag +Z , -Z luvazinaanusaly

@

o o a 4 a §
LU X dusannserntunse 1 g (9.81 mis’) m11ﬁ’qnuaammuuﬁaa HazAANNIY -X
(% g’/ J =l % d'
muummwﬂuumuﬂu X gunl-1g ﬂﬂqﬁ;ﬂ‘ﬂ 2.16
~ ' = = ] ,i’ = o A I =
“l,mjmzmﬂamﬁmaaugﬂmﬁﬂaguuwuiaﬂ ﬂ$3JLL‘N?J'lﬂi%‘ﬂ'mgﬂ‘ﬂf)mﬂulliﬂﬂﬁﬂﬂ

=3 Y a [ v Y 1 é a [ cg = [ A
maﬂaﬂﬂﬂwgﬂueamﬂuwmﬂmmwmﬂﬂuwuiaﬂiuumuﬂu Z32UN -1g ﬂ\ig‘ﬂ‘ﬂ 2.18

A [ a @ i} k) o @ 1 Y a = A ] 1
Glu‘llm%‘ﬂﬂﬁ@ﬁ@ﬂ@]ﬂﬂﬂ‘wuiaﬂlm’J‘i/l"lﬂﬁﬂuﬂaﬂﬂﬂlﬂﬂﬂﬁ!@ﬂﬂ gﬂuaamg"luﬂam

R
9

A o a o v Y o Y a A o g' 9
%maeumﬂﬂmnmmmammu -X wag -Z M ldmnausanrianigesnu lagamsani

= Y o 1 Ay ¥ 3 A : o A
Hlﬁlﬂ\‘iﬂTﬁLﬂﬂﬂfﬂgl’lﬂ 45 ﬂ\‘iﬁ’ﬂﬂﬂﬂ”ﬁiﬂﬂW g Vlh],ﬂZJTﬂ“ﬂu%llllﬂfNﬂl@Qﬂa@Q @N?jﬂ‘ﬂ 2.19



X=-1g
Y=t
2=0q

ACCELERATION
i

INERTIAL
FICTITIOUS
FORCE1g

319 2.17 Accelerometer Tuvazinanus s lupuny X

CRAVITATION
FORCE
L)

X=0g
Y=0g
2=1g

GROUND

A o A 3 =
14 2.18 usansziiignueaiilunssfsgavesTan

GRAVITATION
FORCE
L]

A A a
qﬁl‘ﬂ‘ﬂ 2.19 1D Accelerometer (D83 45 DIA
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A \i =
2.9 insevnelszanninen

J

1 I 4 . a
Taseiodszarniion (Neural network)dumaainyusnilanedulyanilszavs

3

(Artificial Intelligence : AD) tumumsduia uazlasuusaiuaialaninTumaaniadinm

a

(3 ]

Taglinune101uNazaonaouAUAINITDVDIANDINYBE INAI0E1UTFUNAUINITAIU

< = Y

I 2 1 a = A A 2 Y o J A ] [
ﬁwﬂﬂﬂlﬂﬁlﬂﬂﬂ\‘lllmlﬁﬂlﬂﬂ%uf]\?ﬁ"lﬂJ“]J‘ﬂGluﬁ%fJ%LﬁJﬁuéll@\?'Jﬂu Lﬂf‘lﬂ&ﬁﬂuqﬁj?']mﬂﬂﬂwmm

e

A 9 ' A A - A Yo = a '
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float Degree = 0, W = 0, DegreeRBF = 0;
float Center[N] = {215,190,160,140,230,175,205,130,150,210,165,180,195,170,220,
135,185,145,225,200,155};
float Weights[N] = {16.1600,40.3414,-33.0790,0,83.3667,7.8478,-5.2787,
-26.3419,21.9412, 14.7774,46.1507, 11.3214798379964,
-35.4165941075842, -16.5167,51.3900, 20.2052,5.3906,-23.4525,
-42.1963,61.0200,9.8429};
float bl = 0.1189,b2 = 333.0500;
float edm[N], A[21], rbf1[N], Phi[NT];
for (int 1=0;1<N;i++) {
edml[i] = input - Centerl[i];
Ali] = edm[i]*bl;
rbf1[i] = (ALI*ALD*(-1);
Phi[i] = pow(2.718282,rbf1[i]) ;
}
for (int i=0;i<N;i++){
W = Phi[i]*Weights[i];
Degree = Degree + W;
}

DegreeRBF = (int)(Degree + b2);
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Automatic Vision-based Steering Control System
using Radial Basis Function Neural Network

Arthit Srikaew', Prayoth Kumsawat’, Kitti Jl!xl'tall:itl:m:u:lgi:c:ulL and Toedsin Somoon’
'School of Elecirical Engineering
'School of Telecommuniration Engineering

Instifute of Enginesnng
Suranaree University of Technology

111 University Ave, Muang District, Nakhon Ratchasima, 30000
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Absmraecs— This work presents an automatic vision-based steering
confrol system wsing artificial pewral petwork The proposed
system is mainly capable of steering vehicle to stay on the road
and in its lane. The system can also perform an awtomatic lefi-
turn and right-turn wpen the target direction. The system can
learn an actwal steering actionm in various condiions and
environments in order to antomatically forn the vehicle and keep
the vehicle within its lane. The learning medule wtilize: a single
color camera in front of a vehicle for extracting nevessary vision
information and a digital compas: sensor for measuring angles of
steering wheel The radial basis function newral network is
deployed to learn and model the steering control from collecting
data. The prototype system is imstalled on an electric zolf cart
and is able to steer the wehicle and keep it on fhe lame
successfully.
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I INTRODUCTION

MNow a day, aufomation technology has become am
important role m various real-werld applications. Especially, in
tansportation field of study, safety 11 3 mam concemn for
developmz such automafic system to help preventmg any
accrdent from any buman eror. Vision system 15 one of the
most usefitl system In many parts of awtomation system Its
performance has been conmiderably inereasing while its budgat
15 tofally affordable. Using vision system can also handle real-
world problem efficiently in the same way that humans use
their vision to accomplhish many tacks m daly hfe. A vision-
based automahc steermgz confrol system can be an add-on
module furavehlclethatcanhelphnngandmmﬂmgﬁe
veluele. Most research work has focused on image proceszing
adlgonthnr: to detect road condibons and extract any
information of mnterest. Edge detection and Hough transform
were used in LOIS system [1] to detect and locate hine of road
for seleching the drving lane Another famous approach is to
create 2 model of lane on the road. for mstance, polymomial [2],
B-Snake [3] and pattern matching model [4]. This work
emphasizes the uhlization of such iformation to model a
steermgz control m actual 1ead emvironment Both wision
information and pewral network can be deploved to elevate
such a complex problem. Another crucial consideration 1= to

mummuze the use of any resowrce on board the velucle, both
hardware and software. This is to reduce cost of the system and
allow having simple but powerful system to achieve the target
effectively. Figure | displavs the prototype electne golf car
used m thus work as a vehicle on the actual road. The system
main diagram is demonstrated in Figure 2.

Figure 1. A protonpe elecric polf car as a tet vehicls on the actual read.

IO. LANEDETECTION

The first part of the system 1= fo extract all required
information to dnve the vehicle based on image processing
approach a5 displaved in Figure 2. In this work, cnly one color
camera 15 mounted 1 font of the velucle to obtam road
images as the system imput. Each image 15 exammed to
reteve three diving models of the velicle: left twn, nght-
tun, and no-fwn. Figure 3 shows mage processing-based
wodule for lane detecting and fracking wluch 1= detailed in the
following topies.

A Novmalization, Thresholding, and Edge Detection

In crder to allow the system to rnm in any Lghting
condition of the day, the first step 15 to perform the BGB
normalization using the following suple squations where the
R G, aed B 15 the color plane value of each pel The
thresholding process 15 then performed as the starting pomt for
edge detection process. The threshold value 15 selected to suit
the range of the road surface's color values. The Cammy edge
detection 1s then applied to the resulting image to aclueve the
lane's 1-pixel edze.
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Figure 1. I‘I:esysranduglm Pt I) image processing module for exracting necessary information, Part IT) leummgmdnleﬂtmda‘mgnfsneeunzlteel
actinns, and Part 1) acmal steering control module.

Additional Gaussian filter 15 used for 3 notse reduction
and double threcholding ic wsed to identify and connect
lane’s edges puxels.

R =RiI(R+G+B) (1
G =G/{(R+G+E) (2)
B =Bi(R+G+E) &)

Tum Right

B, Ling Detection using Hough Trangform

By wmg Hough transform the parametic lnear
relationshup of the lane's edze can be obtaned as y = + ¢,
where a pegative and positive vales of m mdicate the
detection of left and nght lane, respectively.

y=mxy+ o, my <0 (3)
Vp=mgTp + g, mz = 0 )

C. Twrning Point Determination

After the twming condion has been obtamed from the
previows step, a furmung point to be used a3 a newral network
mput mmst be determmed. This fuming point can be defined
#5 an mbersection between left lane line and the nght lane
lne. If the intersection point 15 detected on the left-most
cohmm within an image, 1t is considered to be the lefi-tun
detected on the right-most cohmm wathn an 1mage, it 1=
considered fo be the nght-hon peint for the retwork mput.
(Othermise, the infersection pomt 15 ndicating a no-tun
condition for the petwork input. Fizure 3 demonstrates all
three condifions as mentioned above.

II. RACIAL BASISFUNCTION NEURAL NETWORE

In this research work, the radizl basis fimction (REF)
newral network 1= deploved to be used as 2 modsl of the
mgnied;hmngachmﬂnﬁ:mdmhmkb
wellknown for usmg a5 a2 non-linewr fimction
zpprocimation. [ts umque one hidden laver stucture is
showm 1n Fizure 4.
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Figure 4. Fadial Basis Function nearal nerwork architscnare [5].

From fimme 2, the proposed system is desizned such that
the EBF network can leam the tuming acton from actual
stearing wheel control action of the velicle The angle
sensor 1s instzlled on the steering wheel to 1ead the steening
wheal angle and the system uses the resulting data for
traming the network. The pattem of tuming the stesnng
wheel mamly depends on the drver charactensfics of
dmving. It also depends on the road conditions i whuch all
necessary mformation 15 based on the previous stage of lane
detection module.

Figure 5 displays a smple no-tum condition model of the
REF network using 10 newrons which yelds SSE=7.7238x
10", The symbol '+ represents the training input datz while
the symbel "o’ shows the output of the network. The result of
the retwork traimmng shows the linear relzhonship wiile the
dirver 15 frving to mamtam the velicle on the road at no-tom
condition. The P (pixel) axis represents the mtersection pomt
slong the honzonfal line m which the range of 0-180
mdicates the counfer-clockwize tum of the steenng wheel.
This relshonship can be used for the clockwise tum of the
steermz wheel where the P axs becomes 130 — 360, The
vamshing pomt 15 defined at the point of P = 130 whete the
angle of the steenng wheal 15 0 degee.
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Figre 5. The FBF approvimation mods] of steering wheel angle at no-
furn condifion.
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Figure . The FEF approrimation model of steering wheel angle at
fuming conditions.

For the steenng wheel tunmg conditions, the resulting
BREF approximanon model can be seen m Figure 6 with 10
newrons and 55E = 6.8817 x 1077, This model can be used
for both left (counter-clockwise duection) and nght
(clockwnse direction) tum action. The P-zas only shows the
range of 30 — 30 because of the physical road lmmtation
where the vehicle is fumng at.
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Fizure 7. The FBF approndmacion modsl of steering wheel angla at le-
fum -fum condition.

Figwre 7 display 2 twning-left condifion model of RBF
network wsmg 204 mput peints which yields SS5E= 68817 x
107" The =ymhbol *+' represents the training input data while
the symbol - shows the output of the network. In this case
the vaniching point approximately stays at fhe center or 180
colinn of the inpt mmage (240k360) wiule the vehicle
moves m forward direction. Once the steering wheel start to
frn left m counter-clockwise direction, its angle retums for
less than 180 degres.
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15 counter-clockwise which has starting point around frame
72 440. From frame 620-820, there is a moticeable emor
between humanly manual drver and automatc RBF dnver.
This emvor comes from different conditions for each dmving
test, meluding velocity, drver, and road environments. The
maxmmm tun angle 15 approximately 55 degrees which 15
close for both luman and RBF dnver. From frame 850, the
drver starts to tum the steering wheel back to 1ts onzinal
position at 180 degrees for wiuch the lefi-hum action has
been accomplished.

Steenrg angle (dagl
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Figure 8 The RBF approxamation mods! of steering wheel angle at nght-
fum concitions.

Fizure § also demonstrates 2 more conplicated fuming-
nght condition model of the RBF network which yelds SSE
=1.8815 x 10", The steering wheel angle 15 more than 180
degree upon clockwise direction.

IV. EXPERIMENTAL RESULTS AND DISCUSSIONS

Fizuwre 9 demonstrates the actual no-tum zction of the
steenng wheel zccording to the lane conditions from the
camera in front of the vehicle. The vamshing point indicates
such conditions in which the vamshmg pont position in the
mmage represents direction and amownt of steermgz wheel’s
action. When the vamshing point appears on the left side of
the center, the steermz wheel 15 automafically fwmed m
clockwise direction to bring the vanishing pomt back to the
center of the image agamn and vice versa for the nzht-fum
condition.

Figwe 10 shows the lefi-tum condiion in which the
vamshing pomt 15 on the left-most colum of the mage and
the steenng wheel has counter-clockwise numing dwection.
If the vamshmg point 15 getting lower while making 2 left
tun, the system proportionally increases degree of tuning
mdicating that the vehicle 15 not twnmg with enough
steenng wheel degree. If the vamshinz point stays the same,
the system then mamtains the angle of steening wheel If the
vamshing point 15 gethng higher while makmg a nght tun,
the system proportionally decreases degree of tuming which
bnngs the steenng wheel back to its zero degree poaition.
The vehicle then enters the no-tum condition as detailed
above. The right-tum action 15 shown in Figure 11 wiuch
has the same manner as left-tum action but wath clockwise
direction of the steermg wheel motion.

The automatic fuming action is mplemented wmg
tramed model from RBF network. Fizwre 12 demonstrates a
companson between humanly manual lefi-tum action and
automatic RBF left-tum action. Both actions provide the
same trend of results. The imifial setup pozition of steening
wheel 15 at 12 o'clock which represents by a value of 180
degrees. For lefi-tumn action. the diection of steering wheel

Figure 11. Right-tum condition and the steennz wheel control
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Fizure 12. Dezree of steenngz wheel for left-tum action between human
and RBF dniver (MSE=122).
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Fizure 13. Degree of steering wheel for right-tum action between buron
and RBF dnver (MSE=1.71).

Fizwre 13 demonstrates the nght-tum achon of both
human and RBF drver. The durection of steenng wheel 15
clockwise and the tum approximately starts at frame 400
where the RBF dnver fums the velucle ealier than the
Iuman driver. The results, however, display the same trend
for the complete nght-tun acton. From frame 650-800,
there 15 2 noticeable emor occwnred at the same reason as
left-turn action. Twming steering wheel back to 1ts onginal
position 15 almost the same for both human and RBF drver.

Fizure 14 and 15 display examples of dmving on the
actual road for both left and nght fum actions. The velocity
of the vehicle 15 manually controlled by human drver winle
the steering control 15 fully controlled by RBF control
system The results are desirable without any fathwe of
fwning and keeping the vehucle i the lane.

Fizure 15. Testing right-tum action in actul road enviromment.
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CONCLUSION

This work presents automatic vision-based steermg
control system using radial basis fimetion nevral network to
leam the tuming action of the driver. The proposed system
can be applied for an unmenned velucle The system has
three tuming condiftons to efficlently memtam the velucle
on 1ts lane, inchiding no-twn, lefi-tumn, and nght-tum. RBF
network 15 deploved to create a modsl for unmg a steenng
wheel zt those fhree condiions. The system 15 mecessfully
tramed m real-world emaronments with human dover as a
tramer. The remultine model then allows the vehicle to
automatically control the tuming actons. This system uses
only one color camera in front of the velucle to extact all
necessary vision information fo feed as the mput for RBF
network. The festng emaronment 1 confined i the
wniversity roads which have the same conditions as other
regular roads. The system 15, however, relied heavily on the
extracted mformation from only a smple viston module. A
more robust vision-based module can be added on to
achieve 2 more relizble vision system which can result n 3
greatly mproved steenng control system.
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