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The Study for Image Recognition of Unpaved Road Direction
for Endurance Test Vehicles Using Artificial Neural Network

Sang Ho Lee*, Jeong Hwan Lee and Sang Hwa Goo

Agency for Defense Development, P.O. Box 126 Changwon, Kyoung-Nam 641-600, Korea

Abstract : In this paper, an algorithm is presented to recognize road based on unpaved test
courses image. The road images obtained by a video camera undergoes a pre-processing that
includes filtering, gray level slicing, masking and identification of unpaved test courses. After
this pre-processing, a part of image is grouped into 27 sub-windows and fed into a three-layer
feed-forward neural network, The neural network is trained to indicate the road direction. The
proposed algorithm has been tested with the images different from the training images, and
demonstrated its efficacy for recognizing unpaved road. Based on the test results, it can be said
that the algorithm successfully combines the traditional image processing and the neural
network principles towards a simpler and more efficient driver warning or assistance system.
Key Words : Image processing(%d”3#|2]), Neural Network(A17d%), Driving direction(F3)4F3F),
Unpaved test course M| EFAIER), pixel(3}4)

oM Age] ALHoz FPPozH, A=Y
g2y Ae2 A3 AR JRsAel digk $¥el
EAE, 28 J7E F3 Ao dA3ARE 7

1. ME

AFe did AHe2E A X, JIEE,

AFAND 53 2ol AF BT dF /%
AeNED &4 Ao FHE LB e
Ade, YTz, AHE 59 212 Hrjsly)
3 YT FYPAYH Foz FEEG

UTE FAHe 3720 5Y98 =2 3§74

* WAAA}L : ppowertrain@paran,com

26 A 2HAX|L 01 &5

Ao g APAFe] EAAE ALIAA Aok
e EHET @A, oY B9 $ARE K F
el diZIAd ez HAgAHd 2428 AY
I 9ot FAEGE A@dsy SddA AR
of mel el ZHfAs 7HEEdz Aelzt A
=2

A, WFAIEe] AEE 2 Jd= e



g3 AR TAFVANGE ZHoz e, B

=

= Qe kY AFAHA FYRIT Qe
#sh ATEA, B EFRE oM F3 e o
el s 2AF 222 A4 FEE AFE
< 9umEith,

dukso g o] FYPHFL IA HEFE
2o IAEERE FRE IFERY FLds
T2 Aot FHAMC st qAE= 9
A(edge)® olfste Aol YwtHoly. 1ejx
HEGERe ZAgde =9 gvdd wEel
Qo2 RE] A HARE olfste =Re F
o] Br153 HERE RS Wielut 2|
42 H]H(stereo vision)& o|§do F§ 7
AGg <dAste wio] FAdp Y,

2 =RdAE B2 977 #AEHL e =
Aol g AT L FIFAEFEY W
TAERZT FAEE HEF ARda opAst
22 FIRFAAM Y FAYYF AFUAN=EE
NEet= Aol

pa)

2. olA7| 74 U YmRlE

2.1 ¢lap] 74
| EAZN FHrbs dge] diEg ddE
Y=3517] Y8 Fig 13 2o| el 7puEE

Fig. 1 Image aquisition system in vehicle

T

Fig. 2 Image processing system

dasie, 9 222 Qe dAHEE 4
3 Fig 29| fdA 2 AFE A R85
3, 58 942 Oculus Tci-Vga UltnllHE
o of# 89|Ee] o] #ER o]slHct

22 4nn|E

ol el o3l F5E Y4 oln|AE v"oR
HEAzgo FYPWFS Aoz sy
A, B odelals Fig 33 Zo] 94 HAA e
dxne|Ea Al o3k #EdA (pattern
recognition) ¢IFFow TRl sjEEdd
=3

A AAE LazE2 e dE 7T
A 543 52 ot g WA= F
o] 44 HUE uisie Aoz, A 14
o] ¥ <Zelo)Al(gray level slicing), wpA7)
(masking)& Tt =29 JE 3% ¢
4L 98 AEZ HIsie= AA7RAE YuF

-

tlo

s H4e TR
SERARES RRIEE R B
Fo e AZYel o F=s

Ege

=
ok
l
il

rlr
—
Mo
)
>

HTAIE S R0l FHEHE 28 o Z2F TY 8 XS Mo 38 HF 27



Vision Board

Image Capture
(640 x 480)

Output
Driving Direction,

Mask Operation Neural Network
(3x3) (Back-Propagation)

e e e e e e

Pre-Processing

r

Neural Road Recognition
Fig. 3 Algorithm flow-chart

221 d¢ ®HAM2|F

B oAx"oM= go] d &@teldel ¢
3 g AHEE Fstgded, Fig 490 2ol
640 %480 =Z7)9] Fi=(pixelZ 7} 9% 39
(image plane)elx] Zg gzt age] g &
olAe S8 I, uvkAzm QI H o] (mask
operator)ol]  2J3] wl=FE&  FPF} o]F,
630x 1209 FsHe 34 =71 AAY 4
Ax2ets AB-9%9(sub-window)E dA 3}
of T AT AT dF w2el Soi7HA
et

D F& AA

F& AA #Ae el FY 53 "EHE
ALgRIch dubAo g §FAMo B4 FAEH)
A& F4 ZEl7F ol AHEEU

F91% 98]
£ ez e dESE $UaE

W&ﬁo

2 Fsnz F0Ee 37 A% BRAAel
aste] ge Az Algte] g7EHGE DAl El
=3

2) adle] #d &el

ool EA(feature) S FZat=t] AMREHE

241 @%%ﬁﬁ-%ﬂ,zﬂﬂﬂ%*&ﬂﬂﬂ%
=g Qo Zzstn AL Aeel Ags
Aolck, 2 AFoE mze] A4l
do] gl WIER ARAF kAL sl
awle] el Setelgel o wHE AHSHY

[

c

*

28 Al AHRIAXIL Y &h&5|

0.0 _x (639,0)
Y\
Image Plane
(0,260) 3250 ‘634'26[_} (639,260)
minmklnpm i
g sub—whdw(ﬁtmm
(5,379) (634,379)
(0479  (639479)

Fig. 4 Sub-window size

Fig 5¢ 2 =4 #A&d ade] d9¥d &
gho]l e Hol Aoz, o] #Ho] 1209
A 200744 B o] dMai-g 25590 A
o7 Foli fi4l, T ] #HERES 0d
ﬂ?bAﬂoi iz T E 3].%{;].

3) ola= e w Yol

age] M &efolide] fRE datelM, &
oAl A7ATe HEldAg 9% Fem, 3x3
o] mzzg FEsA Hed, ool A)el
o3 wt2z U9 zde] HERS EF it
71, wk2= dle] 97f shaef #|Fele 1)
o] dlelgkol 25 2559
2295(=9x255)7} H=2, wlx3 o] i 57)
o]4o] 25591 G7} 1125 o|4o]H T 3o
s 2558 HIAA oL FYFt

G= flx—1,y—D+Ax,y— D+ Ax+1,y—1)
+Ax—1, 9+ M, )+ Ax+1,3) (1)
+Ax—1,y+ D+ fAx,y+ 1)+ Ax+1,y+1)

A4olE

D A3% 7=
2 ?01]*1 248 A3TL ALY AT

TzolH, d&HZH(input layer)¥ 24 (hidden
layer), &% (output layer)o] tigt el 7|
s Zbz 27709 3070, 18702 FAEgen,
A73Y wHe @A e G54 AlaR9]
E (unipolar sigmoid) ¥+2 AR}



A7l 182 630x12027]9 ME-I=$
el B FHa Hed), o] AE-d=% Y
A e AR =129 ¥4 AGsH €
o}, =3, MB-9x9E Fig 63 #Zo] 27719
AF%er FAHY, shie A¥TPE k=
708t4, A2 408aE PAEHY ded F
28008}4-7} Hct,

288 [~ 7 s

120 200 255

Fig. 5 Gray level slicing

A% HZe A4 7o gHEe A
27l &3 3p2E0] A2)el o8l 03} 14}0]
o oz ARsEd, o7)M, xe 2884 &
gk glaSe] gholn], N 714000(=2800 % 255)0]
o} Ixe 2PFRE £ saEe O 3

So] B4 wogshl Hek

Ity = 7 @
(5,260)x (634,260)
v[1]2]53]4][5]6]7]8]09
10111213 |14}15]16]17 |18
19 [ 20| 21| 22|23 |24|25[26]27

(5,379) (634,379)
Fig. 6 Sub-window for neural network input

2) 35 9 =9 ¥

A7ute] 22 FEL 1872 FAHC o
o, 22 o wel £ 7o HEE <2
gt =, Table 13 go] 57hx9 =2 F3
dhike)] EEE 2 GAE 23T 99 el
Hz dAstyny. sz Fusre] det &9

sojol & WA} AEE o 2ok Fig 72
#3174 F3AL 27 Aol &9 dde
2 7 28 7o @ @A, M4 IS
st&AlATh 283, Fig 82 ¢eksiAl #3|F,
Fig. 95 A4 #Z, Fig. 102 gekshr] 4331,
Fig. 112 37 $3Ad sgshe 4
2 shde]E] olrh

=2 o gt A=HE 2982 o8 ¥
2o o3 2FHHLE YT olfv FHFIA
oro ool glEow AREE ARl oM &
Hzkel| FAAL Fa, ook =29 5S4 H
o} EaAo g wheddly] 3 Zlojdt

Table 1 Learning data number

L FErlolE T
1| ww Asd 2
2 | awe #94 5
3 A% A3 2
4 | s o3d 4
s | =@ ead 2

2

0.8 = = i |
0.8 H
0.4 i

. H

1234567 8 91011121314151681718
Neural Network Oulput Neuron

Fig. 7 Learning pattern for sharply

left turn

12345678 9101112131415161718
Meural Network Qutput Neuron

Fig. 8 Learning pattern for smooth

left turn

WFAE el 2!

ZYstE 23t I ZE FY A X5 Mol 2 AT 29



12345678 9101112131415161718
Meural Network Output Neuron
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Fig. 14 Gray level slicing image
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Fig. 16 Output pattern of neural network
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Fig. 17 Unknown data for sharply left turn
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