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ABSTRACT 

In present, there are widely use robot in many fields. Mobile robot can help us in several 

task, such as moving to toxic area, risk area or explosion area, mine. Movement control can be 

used in many ways. This paper proposed mobile robot that movc by wheels. It move to previous 

defined picture. By using small camera process an images and check it that is the previous one by 

using neural network. If it is, robot will move toward to that picture. The movement is in flat 

plane. If that defined picture is not in center, robot will move to left or right depend on its position 

until it is on center. This paper proposed image processing only. 

Keywords: Image processing, Mobile robot, Artificial neural network. 
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1.1 	ftll'fnHfltnrvblVl01 (Computer imaging) 

i1'il'iliJuflll'll'lNl'lmJ'fl11~Hl{ lim l-nVllun1luuu IICl~Uli1lH'I1Ulu~lu~vl "l 1~1J 
• 	 OJ 

~lll1U1J1f),rUI~eJll "l Scott E Umbaugh [1] 1t1'1'I111J111Jlll'UeJ'I ftll'll1l.:Jl'leJ1Jlh!l9leJf:h fleJml 

nm11JUft::;m11l1::;JJ1ClHCl;;eJ1:YU!l1fl~!~1l1tiunn1JeJ'I!liu (Visual information) 1I'HJ H 

1'1 eJ1Jyh!l9leJ{ l~llUti '1l11l'1l'l Ni'leJ1J111!l9leJ{elflnl;JU 3 "hu fleJ~1'U'U tl'lnl11l1 ::;t./nl'i'ml1Jtl.:Jlliu 

11l.:Ji'leJU1111I9leJ{ UCl::;nl11l1~Qnl'i'nl11l1~lJ1ftHftl11l'1 (Computer vision applications and image 

" processing applications) 1~lllim1111'l11~Hl11l'1 (Image analysis) 1l1~ntlueJQtiml.:J 2 'd1U 

.1::\ <t' .<::::S 

. "Q.I -4'" .t!! 
. 

0 1"" .nl11!1'1 n::;l1l11l'f [1] 'il::;Ln1l1'Utl.:JmJnn~ '1'UeJ l,jft'Utl'll11l'1ll'1 tlU lUl 'lfnmlUl'ill'll::;eml'l 

11ft~~1U111qj'il:;I~fJ1;;tl'l tim::;1JU mlutl':llli U'UtlUlll'l ~i1mjHI'liu ~1lU1:Y~'1Nft'UU1~1~ n (Micro 

"""1 "".." .,,, "" "i _Idisplay chip) l'l 'If UnCltl'l~'ill9ltlCl ~l11l'lflU '111tlqumWU1:Y~'1Hft 

_I cIj 0 """ _I "i 1" " nllu1::;1J1ftNftftll'l [3] I1JUm1111flll'll'lNl'leJ1Jl'I11I9ltl11Jlul::;qnl9l !~w 'lflnW'Ylml 

Utl'l!~Ul~llI'lU li'l1ftl1l1111 l'liU mnhflll'lh1'nft1J~1:Yl11l'1!~U (Image restoration) nml1U 

f,lWl11l'1'UeJ'Iflll'l (Image enhancement) ml-UUtlY;)flll'l (Image compression) 

.. 	 ,
1.2. ~:;UUftll'fnHflO1Jl'f1IVlO~ (Computer imaging systems) 

"" "d _I J .~ _I "1" .1:::UUftll'll'lHfHl1Jl'I1I19leJl 'il:;U'I1rllllluUUU'UUtlllnUnllul:::llfll9l 'If'llU l'lfU IHlftll'lOJ... 
~ ..:lI; 	 tt ~ 

Il'l1eJ'Il'f1Jl'Ill'IltH1:YUnu nUUflU (Webcam) 

1.3.1111I1nUftll'f 

1.3.1 ftll'f!nn10-3 (Binary images) liJUfl1Ul'lUflll'leJtiH~1ll~"l~ 1~ I 1Jl'l (Bit) IIl'lU 1 

~~flll'l (Pixel) lMIll'lUfll '0' IrJu~~~h IIft~fh '1' Ul'lU~I'I'U11 
v 	 cIj '" "" 1 oj1.3.2 ftll'f~:;flUlm (Gray-scale images) IUWlll'lIlUU1:Y11'I1'J1 (Monochrome) ~mnu 

!'liuH'UU1~;;tll,jft 8 1Jl'lIll'lU 1 ~~ftll'l 'I1h1ti'lil::;flUfl11U1:Y1N (gray) 2561~fiu li~l'UtH;;m"ft 0 

.c:t • d ~I 0 " .odd,
1.3.3 ftll'fiJ (Color Image) ftll'l1:YeJl'il'il~1JeJ'IluUUUU'ill(ltl'l'UeJ.:j'Utll,jClI11l'f IlUUffll'l1'J1 3 

nQu 11'111lll9ift::;flriUlll'lUff~U\9lnI9iNtiu ;;eJl,jft~\lfll~U'il~liJU~1'Utl'li'l11U1:Y11'l'UeJ'Ill~CI~nQ1J 

1~W~l11l'1ff'il~Ill'lU~111l11l'1 fflll'l'l ff!"1'J111C1:;ffJll~U !~'U;;eJ1JCI'UU11'1 8 X 3 241Jl'l1u11lUU'1J 
OJ 	 OJ 

'Utlmfl!l9leJ{ (R, G, B) UeJn'illnm1iiTHUI'I1Uftf11Jw::;l1mi'1 ii'liJnm1111U~UUU~ lCitFliYiu 
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. . 

:nJUUU8'Uflfl 1'l1'U IIUU~Ultl~ HSL t1Tl1'UI'Hl1flff (Hue. H) fn1lJl'li'lJ'Utl<IlUaff (Saturation, S) 
~ . 

lm~ri1fn1lJ(f:h~'Uel~ff (Lightness, L) 

i1el{h~m'll'i1vuriU:::l'l'h~ RGB 111:'1:; HSL 1'l1'U~ff'Ul1 ri1'Ua~ffUUU RGB 'Il:;~rill1J'U 

255, 255 lI1:'1:;; 255 ril'Uel~ffIlUU HSL 'Il:;;~rilllJ'U 160,0 111:'1:;; 240 ~ffl!fl~ ril'Uel~ffUUU RGB 'Il:;;ii 

rilllJ'U 255, 0 1I1:'1~ 0 ril'Utl~ffUUU HSL ll~iirill1J'U 0, 240 U1:'1::: 120 l1~mi'lfifli'U'nJ'Uel'HYlJm'l . ~ 

jI. 'jJ f.a ltV IOJ :f}'

theta fI1m'Uel~ B 'UtlVfl11l1'.iell'YllflU G 1I1:'1~'Il:;I'YllflU 360 - theta fI1m'Uel~ B 
" 1 ;:v IV d' I I 

lJlflfl11 G fl1'Utl'l theta 1I1:'1~fl1 S 'Il~mIl1flf111lJfflJVl'U1i'.i~1111~ RG lin:;; B fl1'Ua'l L 1111l1fl 

L={R+G+B)/3 

1.4. lUIIUU'UtHllfllImvtIlUu~ijfltlil 

ii flU 0111'Ufl1. UIlUU'Utl~.,jtllJ1:'1fllVl~I~UHi'Uu14 lJl1 1:'11£1 "1 IIUU1l1 lJtl'mHlI:;;'Utl'lfllVl 

• .. i" i .J'i" "" dd ~ QIItl:;;m'l'UlIU 'If.:J1'U 'Uf)l'.i1'l1'\1:'1tl~'U 'lf2UIIUU mllllJU (Bitmap images) 1'IlJm'.i'llfllflUIIUU 

d' eel I Q.l d ~ t,/ d Q..' c.: 
'.i1ffllltl'.i (Raster images) tlflfl"llJ'Utl'lf)l'.illfl!f)Uf1tlIlUU I1fll~tl'.i (Vector images) ll:;;lJm'l'llflIf1U 

1~~'Il:::lIfffl'lff1'U'Utl'lfllVl 1'l1'U I~'U ff1'U lri'~ '.iUlH !!1:'1:;;tllffVfl1'.iU'.i:;;lJ1J:'1f'H'1l~tl hfMfllVl 
'" 

Q.I ~..::!d did' ..A d' 31 4 Q..' 

fl1:'1UlJl 11i'U\lfll'l Vfl11 fll'm'Ulfltl'.i (Rendering) IlJtlfllVl\l m 'l'Ulfl a'.illtl1'1l~mlJa'U flU tUIIUU'U ail 

ihllllJU 1flVIl~ 1:'1::: ~ 'fI 'Il::i\l nth11 'U fl IIImi1'U a'lfl11 mYlJ~'U-6,ilVll:::'Utl'llJ'U 

i 'Uf)l'.i I~U'Ii'tllJ1:'1i 'UII rllJIIUUU1'IIIlJU iiilii1.ulluuuavt)fl1fluii~fl~'ll1lJlVl~eltlfl'U'U WI 

-~ i" Q 1 at.., I
'Utl'llll'llJ l1I1:'1fl1:'1'l flVf)l'lUUtl'fl (Compression) 1'lf'UIIUU LZW (Lempe!-Ziv-Welch), JPEG 
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~fllJt\I:;lfiu 
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ri1U'tlBUI'tIfi (Domains) 'tIB~f1l'j1Im1~Mll~lJ 2 .;rUflBU~B 
.d 

1. 'tIBUI'tIfI'tIB~fl1UJi:I (Frequency or spectral domain) 

2. 'tIBUI'tIfI'tIB~1P11UllU~ (Spatial domain) 

2.1 f1l":i1.h:::JJ1t1Ht1,y'\.,l~'\.,I (Preprocessing) 

I~U1~f1l':i (Algorithms) Il1fl'Ufl UCl~f1l'jlh 'M'tIU l~'tIB~.,j'Bl..:!Clfll'VICl~Cl~I~B f1l':i1Im1~M 
.)1)1 I 

d I .:9 do .<:::t..<:::I d IQ,O.ert. I d'jl 

m11.l'tlU ~llCllI.l11i 'tIUBQf1UU'jmlHICl~Cl'1U'tIB~fIl'VIl1f1B~f1l'j 

2.1.1 11l'IJf)UI'lJUlll~f)th'\.,l'\Jf)"JmrllhY'\.,llil1vUJ1,nilt)wt1HI":i'IJ1i'lWUl 

H'1~f1l':i11l~1'j'tl1flWm~Bu~'l'tlll~mH1Jfi1ri1U'tIB~fIl'VI lJllCl11.IIIUUI'liU f1l':i~~mi~. 
~ 'jJ 0 I 

fIl'VI (Crop) 'tI1.I11.I (Zoom) 1'VI~'tIU1~ (Enlarge) Cl~'tIU1~ (Shrink) 1.I11.lmUllU~ (Translate) UCl~f1l'j 

lll,!UfIl'VI (Rotate) 

f1l'j~\9If1~~fIl'VI (Crop) I~Uf1m~Bf1ri1U'tIB~fIl'VI1l~Bri1W;BI.I'tIB~fIl'VIIICl~lPllliJUBBf1 

1l1f1f1l'VII~~ lhM~B~11l1~inhBlh~h llcr~1l1f1'l~ri1U'tIB~fIl'VImll~1 lhm'tl11.l (Zoom) illlJ 

f1l'jI~~'tIU1\91 (Enlarge) 1~;iYhM'li11.1f1l':i1Im1~M'j1I.lCl~IVI.I\9l'tlB~fIl'VIM~11.l~U 



4 

fll'I'UfJ'fJflTYH1:::i'hi~11"'fJl1l1~fJ"'1hlll:::''* 11i zero-order hold l1l811l first-order hold 

fll'I'UfJlfJLLUU zero-order hold ,.hi~1~fJ fllni1J,t1U~~!~)J lll'i'il:::l"hMLn~N"!luuugeJfl . .~ 
""!!!Gi!V~d 0Gij} d .t::9dj~

(Blocky effect) UCI::::UJtll'lf1'1i first-order hold 1l::::'YI1 !l1fll'I'UfJlfJ.fll'l"lYJI'IfJU:JJ1fl'UU 'll.:JI1JUfll'I 

dd Q.I CiI tI ~ '1/ Q.I d.,~ IQ,I 

IImfl~~ 'YIlJf'l11)Jfi)J'I"lU'liI'lf,mYU (Linear interpolation) flU~~i'W~VI~f1U (Adjacent pixels) 

U~11ifll'I'b'lJ ('UfJlfJ, zoom) Vll)J~ml11'rl' UUU zero-order hold llJU11i~~lfJf)'jl!lUU first­
'll 

order hold hWl1iU'If1'i1:::l1lrilm~fJ'Utl~~flfitl~~~~D~'m~/t1U 1il1miNl'liu 

246 


.fll'l"lI~lJ~UiJtll'U8--1~~llJU 4 6 8 


486 


23456 


!its'UfJlfJmlJUU1Um'il~'iI:::llJu 456 7 8
. 
46876 

. . 
l1fi8.:J 1IC1::::H11iihiUl'Jf1 '1 ~'il8--1~fl 'UUI'iCl::::U01 . . 

ulJ::aiitl'thfl1'1"llJl'UfJlfJ"'--1UU1U01UlJ::::I!U1fi~lJil (fltlftlJU, column) 'iI::::MriWl1lJIil1eJUH 

2 3 4 5 6 

3 4 5 6 7 

4 5 6 7 8 

4 5.57 7 7 

4 6 8 7 6 

•"',,""". i'J/ ''J/~11iUvn 'Hfil:JJ1HI'UfJlfJ fl1'1"l'UU1~ N x N 'H11JU'UU1~ (2N-l) x (2N-l) . . , 
"""" .. """I 'J/ , 'J/ "" ~.. '1' ~ :'1 """" 11ifllmUU8UVl !~Nft fH'IlflfJ--1f1Ufltl flDU I1ft'lfU (Convolution method) IlJU11ifll'Ii'lH 

'II 


CIJ d'~<dJ ~::, ~ ~".J d jI


flWVlrl'lfi~'I 11iUfll'I'UfJlfJ.flli"l'il::::lJ 2 'UU~H)U 'UUU'Ifl 'iI::::1'\"llJ'U8lJfl'YIlllU 0 l'UlhnUllU1U(llUlJ:::
'II 

fi~lJil'Utl--1tlli"l ~U~fitHl11fn)u11ftiu 
'II 

246 

468 

486 
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0000000 

0408060 

0000000 

~uyjfJ hJ,,~H 'YiUlfllflrlfJUb~~u (Convolution mask) 1Jnhiliflll't1HrlWI'li11~1'l{ . . 
fJUlHlfl "l . 

1!~~·:mUlfllflrlfJUbfl'iU 111)1) first-order hold 
" 

o Y2 0 

o Y2 0 

'3J" ~ o.t 	 « .
h'Yi lJl fll flU1J lrlWUfl~'Yilflfl1)1fl iUflflllW :;;'lJtI~flllrlfllf11fliUU1J'IJ!1flll'ltll (Vector mner 

.,: " " ., . " "I " product) 1~ml1J"lfl~1J1)U'lfl[J,!~'lJeJ-3f11l'1 "lfl\9l1eJflH'lJeJ'lf11l'1"~ !I'l 

0(0)+ Y2 (0) + 0(0) + Y2 (0) + 1(2)+ Y2 (0) + 0(0) + Y2 (0) + 0(0)+ Y2 (0) + 0(0) 2 

0(0)+ Y2 (0) + 0(0) + Y2 (2) + 1(0)+ Y2 (4) + 0(0) + Y2 (0) + 0(0)+ Y2 (0) + 0(0) 3 

'Ii'eJ ff~Ifll'l rilri,,:;;tiIJu rilm ~[J'lJfJ'l~I'l~ flQi m\'lfifl~nu 
"1 flilimll'I1uri "~I'~U '1~':hjjflnrilu1fll~Q~fllfl !!yjiU'I'11~tlii,j~!!ti'1 i1iflll'l'1l'lfleJU11\!~U 
ffl1Jntlihiul:;;~'I.Hn{l'lll1{ (Hardware) i~ 

2.1.21ifl1'iYlHla'llflW~ua~~'i'ifl::: (Arithmetic and Logic operation) 

23456 

IdeJ'Il{l1{l\9l11JUU1Um~I'H)~I~U 	 45678 


46876 
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2.2 iftyty11.h:::;~lJ2 (Artificial Inteligence) 

L~[Ju!luufl1nh'llU'\JB'Ii;YmN'\JB'If1U ~'1.h:::;nBuhly;)'1[J'l:::;u1J'Ih:::i;Ynl (Neural System) vhnu 

:l1:1JtlU!1Ju 1i'l'l 'l'lhm.h::tlWI (Neural Network) 1v![Ji;YhulluuumllCleJ'I~U:lJ1Lllu 1m'l'1l1[J 

'lh:::i;Yl'1'lll1[J:IJ (Artificial Neural Network, ANN) 

Xb 

2.2.1 ANN (Artificial Neural Network) 

" \IJ 'd", j} ~" , 1" 'jJ ~~B:::; !'j '11Ui;Y1U1HI:::;~B'I 11f1B:lJVl1L"B'HWf)!W:::;f111:IJU~n"H'\JB'lil1Vl!l"Cl:::il1Vl tV! 11lfl1'j 'ij::; 

Out 

il1'ft~ 2.2 l'l1urI'U Artificial Neural Network 

'illi1il1Vl Xl, X2, .. Xn U'I'lU n Input 'il:::'~ 

Xo \]nileJUI'lil''l1~ Activate Function FnO 1Yl[Jti'1i'l1'iJ:::;eJ~'u~'l1'\JeJ'l Sigmoid Function 

1
Fn(x) =:--­

1+ 

Xb LllUrilf1'l~ 

2.2.2 nmwn'l1na.i1'1'l hwl~ ANN (ANN Classification) 

nmwn'l1'j:::L.i1'1'leJdH~l[J '1 'Il:::;'~UUU~lClD'lL'l1eJ1Ioi'l1~'lD'U (Perceptron Model) 111[J'Il:::;]J 

nuilDuntiu (Feedback) l~eJ'l111Jr11 J111Ufl (Weight, w) 

2.2.3 ih'lBClUUU 2 fil (Binary threshold neural) 
x2 

(1,1) 

(0, I) " 0 
, 

, , 

''' ... ,Lme 

, 
I!:>'---e----":....:- xl 

(0,0) (1,0). 
'" Ifll'ft'YI 2.3 fll'lli;l,'l function Boolean AND 

~'l1Ui;YVI'lril'\JeJ'l function Boolean AND x I !lCl:::; x2 11Ju input 1'1flCl:IJ!!'I'l'U output 

~1Ddvl'\JB'lU1'lBClUUU 2 fh (Binary threshold neural) U'W1'\JB'I Line 'Il:::1Il1U'~nurilJll1Ui1 
'\JB'lU1'lD(I (Neural weight) 
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v11f}(h~ Neural network Ll'IJU Linearity 

XI 

X2 

+1 . 
4:1l Q./ t • '" 

tIlYfYl 2.4 v'l16t1H Neural network II'IJ'IJ Lmeanty 

Test XO XI X2 Out 

I I 0 0 0 

2 I 0 I 0 

3 I I 0 0 

4 I I I ~ 

While (threshold) 

For test 

Out=FnO 

Update weight 

End for 

End while 

",.d!1 "I " ''''' " ""I "1': " "1_111'UflH.)'!'Yluqpn!:IJ 'lH'lf-:JIi:1''U (Non Linearity) 'O;:;l!fll~ ~u!'l'I:IJ layer !'lJlm 'U neural 

network 

~nXI 

~~t----+.OutXl __... 

. 
tIl'Vt'JI'" 2-5 Neural Network II'IJ'IJ 3 layers 
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d d"'12.2.4.1 	fll"Jl'HJ'U~ WlVlJfllH'Iv'U (Supervised Learning) 

0"''''1-''1 '" 1'" ~",d'. '"I'll [WI WlV1JtJ'U'IHll,ltl input IItl~ output IItl::; ,.n::;UUI-nfl11lJfflJ'Vl'U1i"J~,..rn~ 'lJtJlJtl input 

Iltl~ output "J::;uu'U::;thcil 'VI~tJ1u~tl (Loop) ~!~Ufr:hflu lIfl (Training) 'Ulfl model 'lJ8'1 ANN 

'U::;!11 U fll"Jtl furl ni'l'VI un (Weight) fl ulIn'U::;,j'v'lUflm1111 U~ clflfHU ~'U8'1i11tJ~1 '1~1'l1'1'U flUNn 

. '" 1"'''''''.1 .1"\ '" '" .1 d ~ 'I-I'" '" ~ '" ..,. '" 1 '" 1'If'UI'HJ'IflU 'VI7'Ufl"J1JfIl'Vl"J1J'VIU'I 'U:;I'18'1lJfll711U1JfIl'Vlll!lJU 1J [~lJll'VI"J::;UUI"JtJ'U"J ~VlJfll"J 
'\J '\i <u '\I ~ 'U 


() Cl (OJ () QI ~ 
 1"'1
fll'VI'U~~~ 'VIHltlflllru::;l.flflty'IJ8'1fll'Vl'l'l'U::; 'If 'UfllmVfllW::; (Classification) 

'" "'1 'I''''' 	 1'" • d2.2.4.2 flUmJ'U~ ~V lJlJfll7ff8U (Unsupervised Learning) 'U::; 'lfUUU'Ultl8'1'1'l 

<.V ']I.d:t J jI ']I 'lJ' .v Q.I 

fl"J8UflillJtlflllW::;'IltJ'I'lJI'll,ltlllJl'ltJlU'lJ8l,ltl input l'IlllJl'U::;\)~flillJ (Cluster) ~1VI'l111'l'l (Self· 

organized) 
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'" 1J'tl113 

, .;.; 

fll'Hl8flllUU il'l'WII8,:j Ul1VlIIl1 

~ .. '1 v <V

:ilt)11H)'n)~ 'lfUUU'lJ'U (Stepping motor) 

AI 

BI~ 82 

BG 
.et U IV t! 

tn'VIl1 3-1 il'tyOfllltu'1Je-3 Stepping motor 

'- ... 
QA 

(AI Coil) 

X 

Q~ QC(131 Cod't (A~ CClP 

X X 

QD 
(82 (OJ)) 

X 

Oprt!t'arlOU 
li:'¢m Table ], De~tllption 

C:I(,,~lJ."! PY.H" On 

H 

L 

L 

L 

H 

L 

L 

L 

L 

L 

II 

L 

L 

L 

L 

L 

H 

L 

L 

L 

H 

L 

H 

L 

L 

L 

H 

L 

In:i1i.3h=~ 
COil!'ldl0e0! 

Ck-d::,....l"l<c s,tep 1 

Cl~,~k..,he ~rep .:: 

Clo.:;Cu'i".e S::ep ., 

Cl;:..::kv,-i<;.O! Step .. 

Ck·.;;;k\,--i~"e S:ep :: 

Cl<>cb-.:i!'>4!' Sr~ (5 

L 

H 

L 

L 

H 
L.......-........ 

L 

L 

H 

L 

L 

L 

L 

L 

L 

H 

L 

L 

H 

L 

L 

L 

II 

L 

~l~,:;~::,ri"< 'i,,,,, I 
Couut-e,' 
Cbci."V,i,.., ~"" 2 
COUnfe1' 

C]':·d:;-,';h-e- 'Ste ~ 3: 
COU;lh~:r 

Clod::wir"e S,e· .. 
CCIU!1t'l!l' 

Cl.::,;;:t.:...:i~.e ~rep ; 
COUlll.el' 

Cl.:'·cic\'.'i~~ Ste ~ 6 

. 1iJ'" v. a 4 r:t e:::..
Vll1Hl1 3-1 IItYVl-3n11'1JU Steppmg motor 'H'HlfUVlllJl'1JlJ'H18111UI'IIlHHWn1 
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. , 
c::I ~VVlinn! 3-2 I liYVln-lil'n1 !'V'II1I Stepping motor 

. . 
'LI .. i.1 .. '" .. • w

3.3 !1J~!tfl'nJflllltPJ l'IHI'U ! 1J'Hlfl'5lJl'Ifl1l1f,llJWlfJ Micro Controller lfHJi1'HYtyt1PUlfl1l1fJlJflU 

lfl~m'I~'IICl'l ~'U{J'U~ llln1H flU lfl~tlU~lJl1l1flfll'j~'j 1\li1tllli1fllW~ ~111~1I1~ m;tl'l Il'I'UillW~ 

\lf1n1l1'U~HM1Cl1li 



1 1 


"" UfIfI 4 

fl11tltlflUUUtflWIIM'Vtlfhn{ 

4.1 fll11.h ::lm.untflWI . . ,
_I.c:t. .c:t. ~I c" ;iJ 4 .....t) 

4.1.1 ill'.lIW,uJlIfllvtll'tull'llnm (Binary Image with Threshold) tllll'l'U!lI{):i1JillVU.n 


jJ .d ~ C! .d j.I d .:::s'" 0' 4 tld •
(l 

"lflfH'leFl'VI!1JU.fl1Y1l1' "::ltlmJtJhHiJU'lJnm (illYl 2 ff) lY'!U"::flll1UI'li'll threshold IYl{)1 mJUfll 

I I C! j)~ eSC! q "-=:I e:-' {I t C! !lI ,t C! t

ff'IJ{)~~1'l (Pixel color) 'VIlli'll 0-255 Ll1l1i'llliJU 0 (ffl'll) mm'IHl~ffU{)Ufll1m threshold Ui:1::lJfl1 

Iflu 1 (n'IJ11) n'ltil'IJ{)~nlJlflfl11fh threshold lY'!0111tilm~O'IJ{)~~l'ln!!l'l~ 1~{J1 !!CI::Jll~U \'llll 
~ 

~l{)[h'i algorithm ~~U 

Avg (r+g+b)/3 

IfA vg>Threshold 

r, g, b= 0 


else 


r, g, b 255 

4.1.2 mnll'IJ6U'IItl'iillvt . . , 
"" <It • "i ~" ~ '" '" I'YWIWfl.fl1Y1{){)flIUUfflU '1 (Image Segmentation) IV>lO L'lfl1C1flflll'IJ{)~.fl1Y1'V1'IJ{)U"::lI 

_Id 'jJ d~d f -=toeS ...... tI cv IV oJ C! 

fllllucW'Ufll1111'IJ1I 1I11ifll'i11111mOUUU 1'If'Ul1i{)'4Y1U1itl'U~Ul1U~ 1I operator Sobel, Prewitt, 

qt:::!, Q..>.I<v <V -1 1"Freichen l1i{)'4Y1'U1i{)'U~Uff{)~ ~u 'If operator Laplacian 

~ • ~!j.I <It 
1'l1{)OH'IJ{)~ operator HUU Sobel ,,:: L'If mask coefficient IU'U 

>' 

Operator !!'Ul~~ 

[=~ ~ ~l 

-1 0 1 

Operator 1I'U1'U{)'U 
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IV' QI r/Q/ Q/ t::::\ :'1
Vl1tJtlH alfY'I'UlitJ'U~'lJln)~ operator Laplacian '\l~JJ mask IlJ'U 

[=~ 8 =~J 
-1 -1 1 

n~lnl'l ~11mmVlJJm:i'l1~'U nu ~'l1 operator lapacian '\l~ ~Nfllt'lJ'lJ!~1'J1n'U., ''''. '" '" 'I'" '''' "'., 

4.1.3 fn1nUtJfIlrl (Inverting Image) 

1~'Unmtl~U'U'llVil'UtJ~mVl'\llnff'Ul1l~'Uff~h 1If1~'\llnffI>111ftl~'U ff'1Jl1l~tJ111m~nm'h'U 
d ""I "'" '"'Ua~ ANN l1\jnHn !111f11 

4.2 tnlll'l1t11t1'U6.:JfIlrl 
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'" Ul1l1 5 

~'U~H) 'UltJ fll'n'1 Y>1 l,'Hl ~ 
1. 	 ~1'UmWIrU'l1Jlll~11n1J'ljtll,jfi H1'Ulnhvi'l111J~1 (Image Acquisition) 

2. 	 tl',j~1J1fiNfi~tI~'U (Preprocessing) lf1lJfllmu~mwl.fI:Ui:i1'U"l lY>1lJfllnH'uff'tltl~ 

c:i., g) .d ,; U 
1J fll ',j flll1'U flt"ff'U fl'.itlUYI fitl1J~ 

3. 	 IllJf1ilf1'lltll~i:hrlty (Feature Extraction) l1lrr~',jl~1'U'tIeJ.:J~flff (Pixels) '\Jtl.:JfllWff'\Jl1 
v 

nuiY~h (ffWtl) 

~ f f <!'l Q,j jI ~~ t jJ d c:i i" 
4. 	 2Il'Ufl111J~tllJ1HllJ (Simple Knowledge Base) tYllJUf1U'\JeJl,Jml1JeJ~Ufi1Y1\lf1tf1U 1 

1'U~1I1tl'i 

5. 	 ~'Ui:!fI~lfJ~tl fll',j~lll'Uf1i~ (Recognition) 1~lJ~i'I111J1f1~I~lJ.:J'\JeJ.:Jrll~i~ nUfh1'U 

" '\JeJ 4 

fll',jln1J'li'tll,jfi (Associative Storage) ~dhm1~.:Jltl111JnU~'UY>1eJ'U~H"l ~rh'U1Jl 
1'Ufll'il1f1fieJ-3~~1HfllWH~',j~fJ~ 0.5 !1J~',j, 1.0 UJ~',j, 1.5 11J~'i, !tfi~ 2.0 11J~',j ~umw~ 
~ J ~ ~ t:i 4 1 0 1"'" 'tl~'W.:j!t1'U',juwu;n'Um.:J!',j'\Jlfltll~ fleJ "ffl1JIlH'WlJ Il1filJlJ Uft::;1.:Jf1fi1J flfJflll1'UfI '\1lJ'i~{I~" ~ 

'1i.J~ 	 ~ ~o I d ~ 'J/ dQ.I

!t~f1~Hn'U lift::; 'lfW'U (Back ground) 1'lJ'U"ff~1 (1I~~::;Il1'UI~1I1fi::;1~QeJ'U"l UH) IPmJ1Ul1 
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• < 

e' '.,­::; .... :;.. ... ::-; 5.:1'-1' ".:;.-." :. 

~.Jo •• :...- •• =-: 

.' 

illl1~ 5-1 illl1ih,rh.'!fl1':i11P1M-3All1':i~tI~Al-39 
~U~H)ulPimJ11.hm'VIlJlU'i~lJ1'HH'l~U~U (Image Preprocessing) lf1t1f11'itl1'HUf1f11'if1H)~~1t1~1 
~ 'JI ~ 1!)J d'JI ~ t .<::t d 

lnJIPlU (Threshold) l'VIeJ l1m'VIl'llPleJ~f11'il'HCleJllfl 2 i'I ~Cl\PlllJm'VIl'l 2 

lPieJlJll11'IJeJ11'IJeJ~m'VI 'iJlf1f11'il'lf1CleJ~H fllnh Laplacian lf1t1H Mask Coefficient 

3 111111 mlJ'iU~luril-3... 
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/."._''-..
/ <.\
" .1' ... ...-~ 

!.l 1.. ;::·5-m-.spa-::";,:, :';'1:;; 

. . 
4 ' ... 1 IV V-=$0

iI1l1l1 5-4 iI1l1tU)tlu1~Jllll"'"llll::a1fH'il1f)m Laplaciant 3 111111 UlIl invert 111~tJ:.: 0.51J1~1 

. . 
4 '~I v 0 • ~ 

iI1l1l1 5-5 iI1l1f)atlu1~Jll""'"1l1:':l1l1.:a1)lfl111 Threshold, Laplaclant 1I11~ invert 111:':U:': 1.0 

. . 

q ' ... 1 v 0 , 0 q

iI1l1l1 5-6 iI1l1flatlu1~Jlll"'"llll:':l1l1.:a'il1f)111 Threshold 3 fn, Laplaciant IIl1~ tl1111 invert 11 
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4 <jI 0 l.d 4 

1l1tlflll'ft1 5-6 f'l1lJUU 1l:::111 threshold 3 fllI1'l'il::::lJflTVWU'1lJT:iUtl1U 

tp-2~-m,cmp 

fllft~ 5-7 fllftfltlU'I..h::lI1iUHllla::lnl'i'inmh Laplaciant 3 uuu mll-'lun invert ~'.i::tJ:; 2.0 

11IVI'.i 

. .~ 

I:W{) 1IPl'fll1'l1l1tl'llUV1IVU tlC1'Ufll1'l (Invert) I!(hUllJl~:UI.w{)1M' Ifl~{)'lil£JlIUUihH){l 
(Neural Network) 

o d (V I d.~ \IIi! " 
UllJll't1fJUflUfll't1'<HlU (Training) I1mn 

•. 
"' , d

Vl1tltJ1'iTl 3 
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5:£.1::; 'mrll::;IWfl '~i~I~UlJ1flfl11 
iI '" .1 " .,. 1 iI.., 'IIJ 'iI... ,., '" .1 c:Jt 
mlJ~u'lHn(J'l IImH)~ ummu flCl'l flU 11\91 tlJCJH)UflU 'iJ::;¥1Itl'llJfll5IWfl~utltJflIUU 

tY1U'l ntlu 11l~fl1,..~iJiYlfl~lfi(Hliu 'iJ::;'1~fl1"'l1Cl1(J'l fIl,.. ~~tl.:jU(Jflfll't'Wtlfl!iJUtY1U'l ~1l: 

;11fl1n1~HW.:jlUflf.:j~tl'1tl fl11111~11111U.:j~'iJ:U'lflUhr~u(Ju~ ~.:jl,jll11 ;11 '~l~(Jm'ltHJmm 
'lItl.:jfll,.. ~ll flCl tl.:j;1 1tl(h.:j~1V'l 1\Plvll1.hfll"'~ fl~~N.ijU '~tltJfll1J'\..I1.n)JtY1u~lU~lv ¥1I'H flClH 

\9I1lJ '1 tl~1v 1~Vfl1nl1 ~fl'lu6flClH'lItJ.:jfll'" 1~ V'iJ:l1~~lIritJ(i 'lrihl1lJ1v 11~ tJ 11j ffllJ15flmti1~ 

lfl~lfi(J.:jn1J~ti111Ufl11 

http:tltJfll1J'\..I1
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)I 1 1 ]I$I'" 
1'Wllljl'1~CHHiMhJ")'W~'W 1'W.,)'W,jeJ 'hJ'\):dilllj Hnl.yH:i'lleJ'lJVi~'lJ~eJ'W1j'W 1I1l::; H11Hi 

" 
~'lJ~eJ'W~'W n1eJlll fltll ftfl1JtIl :;,iltltll'lleJ.:J fllVi ~lrleJ~lllj 1t!~{l'WInJll.:J~1{l IllHllJ'W D{)'H~eJ'lI{lltl

q CI -. '1 

1I~1iJ'I~ fj til ftf1'1:1t1l :;thtlt)!It!~I'J'W!I t!ll'1tieJV 

. " 
i'Wff1'W'lIeJ'I Illjf'lJfl1YiHfI~eJ.:JVi~fl11lJll:;16V~ 1~lJlfl1j'W ~mmt!ll'1mYi i~I~1 1I1l::; 

t!i'm:;V:;'f1~iflll i~ 

ff1'W'lIeJ'Illljt!j:;lJ1m.j1l'\):;~mjl'1~lleNH j~'lJ'lJnlJeJ'Ifillfh,r1 (Embedded System) ~ 

'lI'Wl~l~ mm:;~fl11lJl~1i'Wfmtlj~lJ1l1Nll~lJlflViI') l~v,\)~'I'hflUl'1~lll')'1 i'Wflf'l~eJ'l it! 

ff 1'Wt1~l1'lV~()ff1'W'lII')'1~'Wv'W~~t1i''lJfI1llJl~1M 1I1l~ ffm1'W'15fl'Ufmllt!l1.:J'H11') fl n 

_ I 1"'''' '1 "', .J '" J ., ., ,lJj::;lJ11lVlllflll"l 1Il1~fll '\)'\)::; 'HlJflU f11'lJfjlJ ?llJl f1fl111l'W 1jllJ'lI'I~fJ'I'lI'WfI'lJl')~n f1nt1lJ'lIeJ.:J 

fllVi 1I1l::;fl11lJl~1 i'WflUt!j::::lJ1llNll 

1~flU~l'1I'll1eJ'II~'W1~~il..i~'lJ~{)'WlJ1f1Ufl l~tl~tl'lllljt!j:;lJ1l1Nll~I~1!1ll:::: 1~'WII'W1l'1N 

111 itl'~fl'lJ j::::'lJ'lJnlJl')'1f1l1~h,r11~fJM~'lI'W1I'l~il..i1 'HtYlJlflummdh1fll i l..iUVi 'I I fl'W it! 1m:::: 

i '" 1 .,.J -:'1 '" '" .. , <> 
~Nll 'W j ::::~'lJ'H'W 'I 1Il1:::: Illj H flUll ::::tj V'W2'11fJ.:Jlfll tl'll1 VII'lJ'lJ'W 1H)1l 
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