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This thesis proposes a technique to detect moving objects in video sequence using an 

embedded system. The program is written in C/C++ language cooperated with transfer data via 

network program in embedded system. We devide an image frame into square-size blocks of 

image which are called image patches. There are two types of image patch: a moving image 

patch and an unmoving image patch. Each type of image patch is defined by a theshold which 

is automatically calculated from histogram of summation of square of frame difference. We can 

reduce a redundancy by computing the summation of square of frame difference of each patch only 

one time. We get a moving object by considering only the moving image patches of the previous 

frame that correspond to the moving image patches of the next frame . As a result, the ghost 

moving image is removed. Next, the location of the moving object is stored to reduce a noise 

degradation comparing to a background subtraction method. Finally, this technique can process a 

320 x 240 pixel image and show the results in web browser. 
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, 
1J11l1 1 

. 
1Jl1Ul 

1.1 "\\1Ll1\Jl~HHUl::~11"'lihun 

nTl~vwY~ n~V~i~Y1fatht ml1"~~~ mmlv nTl~VlvY~ O1tJci~ O1J.1nflvh 1vl vl1tJ nTl~~tlvJ.l'H·h" .., 

l~UU 1701£.1 LLa~aVl~1"1"tlvml~Wiv~~~vl1tJmlLtll111a nv"~~~h"J.lvVlmfl1VthtJ 4lntl~ 1.1 (n) vl1tJ .., ..,.., 

liiiiLl1'~ 1vl1UtlvJ.laWlavVlL1m tVltJ l~a" hfl1lmhf1rutJv~L\1Wlmlrn LLii';l1tlvJ.lmh" lmllV1,,~d~J"m'W 
" 11.1"" QI 

~ln\1"'~:J,I1nniln,nnJ.l~LnVlt" 1"u1L1rn~" LL~U1~am"nnrn Llla" hL~ 'Wl~tlvJ.latJv~lWlmfl~v"~ " . 
l",hvlum'Wi~Y1m~ ~~LtJ"tlvJ.la~'~f1nci~~h" 'Y11~Lf11v~ltJtJv~1~UULi1Tl~1~ vl~ltl~ 1,1 (tJ) mlm1'~u 

" " " 
mlLf1~v" 1\111",hvlum'Wi~Y1f1utVltJ 1~1~uu~~4h L~v l~l~uu~~ 411 O1J.1l1flf1Vl mv~L\1Wlmlrn£ilf1ru . " 

'lm~uu~~411 vhl~01:J,111fltiVlV1!'J'W~~~1"~mJmrntJv~1~UU~~411 ~~l1 ~"mmiIT1"mlm1,~unn . . 
Lf1~v" 1\111",hvlum'Wi~Y1f1u,~ Wiv~ 1~L1altll~J.l1al!-Ja"vtJ L~v hiaruLiltJ'W~~~l" 1"~1" l1J.1lnLn" 1tl 

" " 

, , 
1.2 

~u •• II 

'11\\ 1';jtJ'YIlfltJ11H)'I 

~1"1~tJLfitJ1flumlm1'\1l1Wlmf1~v"~1"1~UU~~411~lila"h i1av~~l"~v Fleck [1] flU . 
Lu [2] nTlm1,mlWlmf1~v"~1"1~UU~~411tJv~ Fleck [1] wwmn~uu~~411~01J.1l1fl~VlmJ.lml . 
Lf1~v"~LLU1JL1m'1~ £il\11Ul~UucT~411 Fleck [1] l~ Xilinx Spartan-lIE FPGA flU Motorola PowerPC 

200M Hz l"mltll~mal!-Jm~vnnvh~l" 1vlYl"L1m'1~ nv"ml~VlmJ.lvl1tJ411mv~m-Fllf1 Fleck [1] 

l~ml"um'W~" \1~~LLuutl1u4111vll"mnl"mlWl(JLf1~v" 1\111",hvlum'Wi~Y1flu ~~Wiv~i1 mltl1u 

'Wl1l~LYlvn~L\1J.1l~aJ.ll"LL~a~am"~ nnrn LLa~Wiv~ 1~n~v~~01J.1l1fliJm~uutl1uLLa~tJ11BWI tmr~ ~~ 

Li1" tlv~lflYll"~l" l~tJtJv~ Fleck [1] ~,~y]v~ l~~tlmrn 11mLL'W~ ~l" l~tJ~ln~tlmrnl" 11m~n nil 

Fleck [1] vcil~mlm1,mlW1(JLf1~v"~1"1~UU~~411tJv~ Lu [2] wwmn~uu~~411~01J.1nflmT~m 

lW1(JLf1~v" l",hvlum'Wi~Y1f1uHiITnn l\1aL~~LLa~ (optical flow) L~vmlJ.1f1~V1"~v mlLtl~tJ"LLtla~ 
LLa~L~n"vtJ LLa~mlJ.1f1~V1"~v mltJtYumlv~U1~f1~~ Lu [2] fil"lrn mll\1aL~~ LLa~ tVltJtll~J.llrnL~v 

mlJ.111VlL~11"mlfil"lrn vh 1~~1"1~tJl1alJ.1nmv~1UmlJ.1L11 15 f11'W~vi"l'ti tVltJ 1~411tll~mal!-Ja 
Xscale 400 MHz LLYlmltll~J.llrnfhtJv~nn l\1m~~LLa~tJv~ Lu [2] Wiv~nl\1"Vlfh~VlL~J.lLtl~tJ"tVltJ 1~ 

i1\1~nmll"nnnl\1"YltJ"lVl~L\1J.1l~aJ.l LLa~ hhv~1ulW1mf1~v" 1\11~LtllJ.1l1n~\1"ln~v~ mH111,m . 
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lVHJLfI~tl'U. ~L'U.ci1~Um'Wi~Vfmttltl-ln£J'Wl [3] tl1'Utl1-l-l1'U.tltl-l Lu [2] t~mL~vN h1Ll;'U.~1-ltltl-l'Wn1)1LVltl~ 
~ nl'\t1'U.Vl1~ nl1-l LL":mnUClJ'VnlmHfl~tl'U.~Lmiu1L1rn VI'U1 n~tl-l1~ O-ltlV1-l hnVl1~ifin11l\t1" Ln-l LL~-l " . 
d'J'U. ifin11fi1'U.1rn ~HL1m L'U. n11tll~~1"~"'U.1'U. L'W1"l~ L'U.~'U.Vltl'U.nnfi1'U.1rnYltl-l mtlHll'W Lli L1£JU~l£J 

~hmtl-lLn1~ L:a£J'U. 2 f1~-l LL~lfi1'U.1rn ll1tltlU L'U.LL'U.1'U.tl'U.flULL'U.1vY-ltltl-lm'W LL"~~"vhn~vdl-lm'Wtltl-l 
~tl-lL'Vh~~ci1~U~Vlfl'U. ntl'U.~'U.Vltl'U.ifinnfi1'U.1rnt~£Jtll~mrnfhci1~U~'U.L~'VI1n~ (rank of matrix) Vl1~ 

~'U.Vltl'U.ifitltl-l A. Benedetti [4] L ~tl'l-i1,hci1~U~'U.tltl-l L).J'VI1n~~1 n1V1'U.~flrn~~U~tltl-l LL~-lm'Wli''U. ~-l . 
LU'U.TJtl~lflYltltl-l Lu [2] flU n£J'Wl [3] 

n11fil'U.1 rn L'U. 1"~UU~-lvl1 i'lii tl~l fl~Yl1'U. 'W "'-l-l1'U. m1~L 11tl tl-l VI 'l-b £Jtl1"~m"~" VI'Ih£Jfl11~~1 LL"~ 

VI'~i l£Jtll~m"~" L'U. 1"~UU~-lvl1 ci1'U.~1 nm~11(lfi1'U.1rnL"tlflrnVl~Vl" tl £Jvl11~ (floating point arithmetic) 

LLviL~L1m'U.1'U.~ln vi1-l'lln nnfi1'U.1rnL"tlflrnVl~VlVl1-l (fixed point aritnmetic) ~-lli''U. nnmT'lVlllVlQ 

Lfl~ tl'U. ~L'U.i'VI£J1it'W'U.IT.a~-lYl tl-lfi1'U.1rnL"tlfl rnm VI Vl1-l LL,,~ifi nn hl-h'uriitl'U. L ~ tl "VI L1 "1 n11tll~m "~,, . 

n11"um'W~'U. VI"'-l (background subtraction) LU'U. nnm1'1V1llVlQ LfI~tl'U. ~L'U. ci1~U m'W ~ i'l-l1'U. 

i~£J ~1 n UYI LU'U. n11fi1'U.1 rn 'VI1-l ~ O~Yltl-l nnfi1'U.1rnL"tlflrnmVl" tl£Jvl1 1,.1 fl-l'VI'U. vi tl n11"LtI~£J'U.LLtI"-l tl tl-l . 
LL~-lii,,~utl£J U"~ 1,.1 f1-l'VI'U.YI tl tlU~L VlVl~l'h Lli n~tl-li~Vfmt mJU L~ nutl £I LL~ mfi nntlYlLtI£liim~ £Jtltl-l nn . . 
"um'W~'U. VI"'-l LLviifin11tlVlLtI£Jli''U. ti1Lli~'U.Vltl'U. ifii'lm1~'il'urii tl'U.~-l~'U. ifi~Ltl.'U.n11m1'1V111Vlmfl ~tl'U. ~ • 
L'U.ci1~um'W tVl£J~1~n(lfil'U.1rnL"tlfl(iiVl~VlVl1-l1~ ~tl nn 1V1" Lil-l LL~-l (optical flow) LLviifin11.aYltl-l 

fi1'U.1 rn VIl~"Yl1-l Lil-l tl'U. W'U. IT 'VI1-l L1 "1 'VI1-l ~-l LL"~'VI1-l1~'U.1U ~"vi1-l Lil-l tl'U. W'U.IT'VI1-l L1 m 1~'11 n~ "vi1n~VI'h:j . . 
m'W nU~"Yll-l Lil-l tl'l-! W'U.IT'VI1-l~-l flU'VI1-l1~'U.1U l~·nn n11"mtl-l (filter) n11fi1'U.1rn VIl~"vi1-l Lil-l tl'l-! w'U.IT 

LL"~ n11"fi1'U.1rn nn 1V1mil-l LL~-l LU'U.~'U.Vl tl'U. ~L~L1"1t11"~~1"~"'U.1'U. ~-l hh VI~l~ flUl~UU~-lvl1 n11mT'lVil 

ii m~"tltl-lliHJLfl~tl'U. ~tYl £JL~ifiVllfl11~Yl1n::Vl11-l L 'Vh~ (frame difference) ~-l LU'U. ifin11~L 11 nl1n11""U 

m'W~'U. VI"'-l LL"::n111V1mil-l LL~-l 'U.tln·nnfl11~L 11tltl-lifin11.aLL~1 iJ-li'lm1mi1~'U. htlV~m1~fl-l'VI'U.vitl .. 

l~·;nnifinn.a 'I:: LU'U. iim.J"~ LU'U. tluU~ Lnm1 n ~"Yl1-l1::Vl11-l ~ tl-l L 'Vh~ UlliVil n1 1 n1 VI 'U.VI tl'U.1V1 tltl-l Y]lii~ .. " 

L~~LtI~£I'U. ~L VI~l::~~ LL"::U lliVlllVl mfl ~ tl'U. ~VIl £J1t1 tl11Vl(lL'U.ci1~um'WVI £Jmfl~tl'U. ~ 
IV. .. .. 

tl tl-l lim Lfl~tl'U.1~ Ylm iitl-l fl'U. nntl1'Utl'U.1Y1 tltl-l Y]1 iiVl L~~ LtI~£I'U. tlVl t 'U.ml LL":: n11"'1V1~11Vl(l LfI~tl'U. ~ ditl . . 
lVl(lVl£JVlii-l n11tl1"::m"~"~-lVi ~VI LU'U. n11fi1'U.lrnLLUUL"tlflrnmVlVl1-l LU'U. ifinnL ~tl Ltl.'U.l::uu~-lvl11~ . . . 
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. 
1.6 nlultl,"mnlllu,",-n'u 

2. 'YI~H'Ivu~m1Vu.lfi ~1£Jnl1LtifmTthum~'YI~HlvU~1t1mMl C/C++ flu 1~u11~ OpenCV lu.flv~vhLVlv1 

L ~ vl11tl v~l fl~tJfl~ Uvl ~~~U.Vl flU. lfi~'YIvH'I vu t~tI'YI~~fl~ flu lvJM~hi'mt 
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~.. • IIU t ' 1 1.7 1h:: Ull\n'1~1~1H:: ~lU 

1. lvH'umll-ljn11"LntluTthuml-lJl1Ml C/C++ mu~nu 1"U1"11 OpenCV YI1~n11"1.h~mm.J"f(t1lt1l1rnJl1'W 

LLUU~~"''' 

, 
4. ", ~ld(lW~U lvlvL cW f)"11~ LYl1v~1t1 n~ eJ~j~1~li'tI 



I 
cot 

U1111 2 

L 1lml,m1~{l Lfl~v'U ~1'Ucil~umVli~h1flii ,In n~v~i~Vlflii ~ {hvmVl ill U1Llill l'Iii~ 1\1' d1'U . 
Pol nfl~~v'h vifiml~~l~ 1~l'I'h~ L 'Vh~ L Vl1l~ifidd1'U ifim1~Vm~ v mJ~ L 1'I~ 1\1' n~ v~m'j'u VI'U~ v nl1Lfl~ v'U ~ . . 
L~mtvv mh~ 1u 1ii1l'11 LL~~ VI'U~v nl1LtJ~v'ULL1J~~ rlmVlLL1Y1~m,J tJv~U1L1rn ti''U VI'U~v m1LtJ~v'ULLtJ~~ 

LLrl~~~ LLuu~~~iivVLL~~ LLUUVl'U ViVl'U 1Y1 1~mfl~v'U ~vh 1\1' LnY1ml~~ln~l'I':h~ rl v~ Lvh~ LL~~flll~~l~ . 
ti''Uvlv~~tJ'U1Y1~lnnllfhtiY1L~~LtJ~V'U ~~rl~m1~ (2.1) tY1V~ Lvh~i LLVI'ULVh~u'1il''U LL~~LVh~i_l 

LLVI'ULVh~nv'Ul'Iiil 

(2.1) 

f1ltiY1L~mtJ~v'U 1'Url~m1~ (2.1) ~~m~v nl1ml,m1~~Lfl~v'U~1'Ucil~UmVlmn m1rill'1'UY1filtiY1 

L~~LtJ~V'U 1\1'~tJ'U1Y1~ln 1'I1viivVLn'U 1tJ ~~~~vtJ1~~VlfimVltJv~ m1ml'l'I11~~Lfl~v'U ~l'Ucil~umVl 

i~Vlflii !tJ~ 2.1 (fl) LLrlY1~ m1rill'1'UY1filtim~~LtJ~v'U ~~lmn'U 1tJ vh hl1W;iiv~~ hlfl1uih'U !tJ~ 2.1 (~) 

LLrlY1~m1rill'1'UY1f1ltiY1L~~LtJ~V'U ~iivmn'U 1tJ vh 1\1'~Y]11um'ULnY1~'U LL~~ !tJ~ 2.1 (n) LLrlY1~m1rill'1'UY1 

f1ltiY1 L~~ LtJ~V'U ~ Ll'I~l~rl~ m1 rill'1'UY1 filtiY1 L~~ LtJ~V'Ufl~~ hhl'l~l~ al1'11U m11-n~1'U '1~ L Vl1l~ 1~~U 

mlmii~LLrl~ 1'Urlm'U ~l'Iii~ '1 ~m1LtJ~V'ULLtJ~~Vi~~iivV~~vY1Llm LL~~ml~~1~1~1'I1l~ Lvh~~~mYVlfi 

LU'UtJvU hl~miiv~n'UU'U1~~Lfl~v'U~L~Vln'U L~'U 1'U!tJ~ 2.2(tJ) Lu'UmVltJvu~1W;'lnflll~~1~1~l'I'h~ 

Lvh~~n~'U ~1W;'ln~~~ln~1'I1l~Lvh~1'U!tJ~ 2.2(n) nu mVlnv'Ul'Iiill'1ii~LVh~ 

iVlVl'UVI'UfidLrl'Uv LVlflUfl m1LLfiUrumnvu LL~~ filtiY1 L~~ LtJ~V'U tJv~ nl1m1~{l Lfl~v'U ~1'U cil~U " . 
mVli~VlfliiW;lvifiml~~ln~1'I1l~ Lvh~ tY1V nl1LL1j~mVl1 'ULvh~l'Iii~ vv nLU'ULL~~ mVl ci v V ~ntJ~ 2.3 

" 
LL~~ 1~ULL~~mVlcivvti''U LU'ULL~~mVlLfl~v'U~ 1'I1mu'ULL~~mVll'lvY1ii~ 'lnf1ltiY1L~~LtJ~V'U tY1Vfil'Ulill • • 
f1ltiY1L~~LtJ~V'U Vlnflf~ 'ln~ rl t VlLLm~tJv~ mnl~~~~ln~1'I1l~ L vh~ ril f(~ rl v~ LL~~LLnu rum1~mfl~ v'U ~ . " . 

1~1J'lrnf(m;rnTJtNLL~~mVl W;lvifiml~~1~1~1'I1l~LVh~ tY1vifidd1'Um1mml~Lii~LLrl~~~1~n'U 1~1'I1l~ 

rlv~Lvh~ 1'Ucil~umVli~Vlflii~~miiv~n'U Lriv It LL~~ I t- 1 LLVI'Uflll~Lii~LLrl~ rn L1m t LL~~ t - 1 
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m~Hil41u e.J~qJl\1t1v ·Hnl~b~~u"\l1'\.Hi141uJl1'Wi~h1T1'\1 rn na1 t flu bla1 t - 1 bU'\.l.e.J~qJl\1~Ubitv\I 

B'U41uwit\l (first difference) b·HittJ1~4hmll~lb'it'\.l.m'r Ll 41\1"~m'r (2.2) 

(2.2) 

b'rl ril'Ulrn Vll fJrn"~tf~t1v\I Ue.J\I Jl1'W P Vi il t1'\.1.1~ N x N ~~Jl1'W ~ln m'r'rl~ e.J~qJl\1t1v\I f111~ b~~ U"\I 

'r::VI'il\1bvJ'r~fha\l"v\I Jl1tJ 1'Ubbe.J\lJl1'W p d~J'\.I."~m'r~ (2.3) 

N 2 

Dt,p = L ((Lllt ,i)2) 
i= l 

(2.3) 

b'r1nlV1'U~fJrn"~U~t1v\lue.J\lJl1'W p rn bla1 t 1~~ln Dt,p bmtJubVitJuflUtI'\.I.1~t1v\I~l~~b~~btl~tJ'\.I. 

i'VltJ1ii'W'\.I.6dnlV1'U~ 1\1' 8 L'i"]'\.I.~l~~b~~btl~tJ'\.I. rllV11Unl'\-m~fJrn"~lliitlv\I bLe.J\lJl1'W t~tJbbe.J\lJl1'W p rn 

b1a1 t bU'\.l.Ue.J\lJl1'Wbfl~v'\.I.~fh Dt,p iltl'\.l.1~~lnnl1 8 Vl1v bU'\.l.bbe.J\lJl1'WVI~~ii\lnl Dt,p iltl'\.l.1~iivtJnl1 

8 "1t1bu'\.I."~m'r~ (2.4) 

(2.4) 

~vm1Vi~}1'\.1."v\l (base-two logarithm) rll VI 1U utl\l~l\1f111~rltlv\l~" t'Vlum~ b'rl b~vn~l~~b~~btl~tJ'U 

~ln~"t'Vlun'r~41\1mhl t~tJnlV1'\.1.~~l~~b~~btl~tJ'\.I."v\l~l ~v 8rnin flu 8rno.x ~l~m~~btl~tJ'\.I.bU'\.I.~l 

~ilf111~rliivtJ~"~ 1'\.1. U1nrn Vllt\l ~\lU1b1rn ~'\.I.il~ltJv~t1v\l f111~ rl1'\.1.~" t'Vl um~av~'rvu 41\1'rtl~ 2.4 . ... 
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nu lU~ 2.5 L\1~ 14iil'wh f11ti~ L~~ LU~rm~:: i1l_1~B hl~~ nmlnMrn::mN ~(l tYl LLn')~ LL~:: "'nMrn::'iJB~ 

~{l tYlLLn')~m~l')t:lUBn 14irhi11~H1LTl~B~~l_1~B hI 1~~dmLLu~LLUuoil~B\I'iJB\I~{l tYl LLm~ Li~J~ 2 'l!it~ 

~B LLUU~l~B\I'iJB\I ~(l tYl LLn ')~~ i11~t:l LTl~B~~ nULLUU~l~B\I 'iJB~ ~(l tYl LLn')~~l~ i11~t:lLTl~B~~ t~tJ . . 
LLUU~l~B\I'iJB\I~{l tYlLLm~~i11~t"J LTl~B~~ d~J~~{l tYlLLm~~i1jl~ittJ~{lB~Tl~B~nU{l~m')~ (2.5) 

mode Dt <6min ~ mode Dt >6max (2.5) 

rill_1~~1~ modeDt <6min dj~jl~ittJ~~i1 D t < Omin LL~:: rill_1~~1~ modeDt>6rrta x LU~jl~ittJ~~i1 
D t > omax LLUU~1~B\I~{ltYlLLm~1~lU~ 2.4 LU~~{ltYlLLm~~{lB~Tl~B~nU{l~m')~ (2.5) LL~::i1jl~ 

ittJ~{l1~"1~~B modeDt <6rrtin' mode6min< Dt<6max LL~:: modeDt >6max t~tJ modeDt<6min LU~jl~ 

ittJ~'iJB~LL~NJl1'Wl_1~~ii\l "1~ mode Dt >6max LU~jl~ittJ~'iJB\lLLN\lJl1'WLTl~B~~ LL~:: mode6min <Dt <6max 

LU~jl~ ittJ~'iJB~LLN\lJl1'W~i1 m,)LTl~B~ ~ LamiBtJ l_1~B dj~ u'inrnL\ll'iJB\lJl1'W "1~jl~ ittJ~~l~{l B~Tl ~B\I 

nU{l~nn (2.5) LU~LLUU~l~B\I'iJB\I~{l tYlLLm~~1~i11~mTl~B~ ~ ~\I~{l tYlLLm~ 1~ ')U~ 2.5 nu ~{l tYlLLm~ . .. 
~1~m~1')mi1~1rnl_11f11ti~L~~LU~tJ~ 141 ~\lLLUU~1~B\l1~lU~ 2.6 

r 

" 2 o I...-.-:::..L-_.!....-..._.....::::...,......::::::::: ____ --=:::::::.-,-~ ___ __h _ __+ D
t 
(ml~ L t1~ LL{l\l ) 

Omin Omax 

LLN~Jl1'W LTl ~B~ ~ ~n::u;nnifiTl11~~l\1')::W)1\1 L 'VJ')~ 1~{l B~Tl~B\I nUJl1'W 1~L 'VJ')~ 1~ L 'VJ')~wct~ L~tJ . 
L')1W~l')rnlJl1'W 1~lU~ 2.7 lU~ 2.8 LL~::lU~ 2.9 t~tJ1U~ 2.7(n) ii\llU~ 2.7(Tl) LU~cil~UJl1'W~n~l 
(t - 1) (t) LL~:: (t + 1) m~cil~U m1-nifim')m1~l_111~t"JLTl~B~~ 4i1tJifiml~~l\1')::l_111\1L'VJ')~nl"'~ 

(lB\I 14iN~"''WlhU~Jl1'W1~lU~ 2.8 t~tJN~~1~')::l_111~L'VJ')~ril"'~{lB\I 1~lU~ 2.8(n) LU~N~"''Wth::l_111\1 

Jl1'W1~lU~ 2.7(n) nUJl1'W1~lU~ 2.7('iJ) LL~::N~~l\1')::l_111\1L'VJ')~ril"'\I{lB\l1~lU~ 2.8('iJ) LU~N~"''WIT 
,)::l-11NJl1'W 1~ ')U~ 2.7('iJ) nUJl1'W 1~ ')U~ 2. 7(Tl) N~"''WIT1~ ')U~ 2.8 l~{lB~Tl~B\I nUL'VJ')~ 1~ L~tJ 1~ ')U 

'\,I "'" '" 

~ 2.7 L,)lLLnurym4i1tJnnB~L~B1L'l1mY~,)::l_111\1Jl1'W 1~lU~ 2.8(n) nUJl1'W 1~lU~ 2.8(t1) ~:: 14iN~"''WIT 
LU~Jl1'W 1~lU~ 2.9 ~(lBY1Tl~B~nUJl1'W 1~lU~ 2.7('iJ) 
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" 2 o L--_t::....-_.L....-----===--.,,=.l....-___ -'--_....L...:::,.,.....,,'--_--'--_----"'------+ D t (Tl11:I.J L tJ:I.J LL,l\I ) 

8min 8max 

u"iL1rn~1~jl1m!LTl~v'"~1"Lv·h:I.J 
~~ I 

+- L. 
I 

" 2 o '---""-'=--------'-----"""-------'---------==----+ D t (Tl11J.J LtJJ.JLL"~ ) 
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(t-1 ) 

(n) 111'1'1 rn L')(l1 t - 1 

(t) 

(n) 111'1'1 rn L')m t 

(t+1 ) 

<ft) 111'1'1 rn L')m t + 1 
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(t-1 ) (t) 

(t) (t+1 ) 

(t) 
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lcn~tllJ~ Dt,p 8t Dt+l ,p nu 8tH nu~u~tluifi 2.1.1 L~tlfil'l-m~LL~\ll1l'VHfl~tlU~tilV1.yUbL~ 'lJl1'W P 

rn na1 t VI'itl Pt L'nlcn~tllJ~nuifinl'HY\lmll1 l~~~"'w~lV1~.hUU!tJ~ 2.11 bL~~~~"'W~~1~~fll1~ 

tltl~fliltl\lnU111W luL¥h~~ln~u L~mtfifJULVlfJU1~Wll\l1tJ~ 2.11 nU1tJ~ 2.10 .. .. 

1: if (Dt,p > bt,max) 0 (~t+l,P > bt+l,max) then 
2: Pt f-- LL~'1111'WLfI~hl'l.I.Vi 
3: else 

4: Pt f-- LL~'1111'WVlq,l'ii,~ 

5: end if 

1: if btH,min < D t+1,p <, bt+~,max then 
2: if Pt- l = LL~'1111'WL~~B~Vi then 

3: Pt f-- LL~'1111'WLTl~mI.Vi 

4: else 

5: Pt f-- LL~'1111'WVI ~Tlii,'1 

6: end if 
7: end if 

nnm~VllfJ'lJtl\l~tl~~'lJtl\lLL~\l111W~~ Dt mnU~1\l1~Vll1\l 8rnin nu 8= ~l1tlcil\llu1tJ~ 2.12 .... .. 
t~fJ!tJ~ 2.12('lJ) 1l-l~ bL~\l111W Lfl~tlU~tJ11n.Q~tJflfl~Vll\l111fJ:i'jtl LW11~ bL~\l111W Lfl~tlU ~'lJtl\l ~'lllfJ ~lU 

111fJ:i'jtl ~ Dt tlcilu~1\l1~Vll1\l 8rnin nu 817UlX ~\l1tJ~ 2.12(fl) L11LtlUtl~u~tluifi 2.1.2 L~tllcn~tl~~ .. .. .. 



Ensure: N = L'lIVI~1'"1'\.l,1XU 
1: f1''\.l,1rnm Dt,p tla~LL~maLtlH.fl1'Wl",wd~L'Vh,~ 
2: "i,~~"tv1LLmwnn D t ~'nVJnLLtlH.fl1'Wl",YI'"~L'Vh~ 
3: f1''\.l,1rnVl' b't,min I1U b't ,max 

4: if b't,min V b't,max eN then 

5: if (Dt+1,p > b't+l ,,,,;,ax) ,f\. (Dt,p > b't ,max ) then 
6: Pt ~ LLtlN.fl1'WLflaa'\.l,Vi 

7: else 

8: if b't+l,min < D t +1 ,p < b't+l,max then 
9: if Pt- l = LLtlH.fl1'WL~~a~~ then 

10: Pt ~ LLtlN.fl1'WLflaa'\.l,Vi 

11: else 

12: Pt ~ mN.fl1'WVI~fl,"~ 

13: end if 

14: end if 
15: end if 
16: else 
17: VJnmNl)1'W ~ mN.fl1'WVI~fl,"~ 

18: end if 

14 

m'l"'l:!ULLt-l'lfl1'W L,"l'VHJlit'W,"fid L'u,"~mHmlfi~hl4i fNm'lL~'fJ'Hltmml€JtJi11 LVI~l:!"~nU'l":!uu . . 
~'I~1 nWvil'11,"LLUUnm~1'1 LL~:!tJ1U ~l~lti~ Li~LtJ~tJ,"BVI T,"mi~ln~" T'V1LLm~ T~ tJLLUU~l~€J'I'fJ€J'I~" 

T'Vmm~ LLtI·UU," 2 LLUU~l~€J\I ~€J LLUU~l~€J'I~"T'Vmm~~:nlmHf1~€J,"~ nu LLuu-;jl~€J\I~"Tvmm~~l3-l . 
illm!Lf1~€J,"~ m'l'l:!'4LLt-l'lfl1'WL,"~,"VI€J,"lfi 2.1.1 nu ~,"VI€J,"lfi 2.1.2 "1~nfl"1tJLu,"~,"VI€J,"lfi 2.1.3 
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, , 
• I 4l" 

2.2 ml"t~"tln 'lUU~NIl1'WL~HHnn1 

, , , 
I .. ct v q IIl.I ~ I U I 

nl'rn).l n~ ).I LLC-J--31l1'WLfl ~ tlU VIti tl--31V1 rl LWl rn nu L 'W tlml).1£l~m nVi tl nl1~Wl nl1 L 1111).1 n ~).ItI tl--3 LLC-J--3 .. . 
Jl1'WLfI~tlU ~ LUUmtlU~ L l1~ t1).1~fl1tlUfl~).IVI mLC-J--3Jl1'WLfI~tlU ~t1tl--31V1m~t11 nu lV1tJ1ii 'Wufiiiltlth~ ttl 11 " . . . 

I I I I 
... ct U c:4 u • u~ ct CII. v ~ 

LfI~tlU 'YlUU 1V1(J LWltl1nU fl1U 1rn ~lnfltlU 'Yl11 (contour) t1tl--3 LLC-J--3Jl1'W LfI~tlU VI nl1l11f1tlU 'Yl11~ln LLC-J--3 

Jl1'W~ nil nl1111f1tlU vhllu 1~41u~WlJl1'W L'W11~~lU 1ULLC-J--3 Jl1'W i'itfi).llrn oUtltl ni1~lu1rn ~WlJl1'W ~ml).1 . . 
~~LiltlWltltl--31l1'W lUL vJ1).1l1d--3ilml).1~~Liltlmuu 320 x 240 ~Wl1l1'W ~lU 1U~WlJl1'W~vltl--3"l).11filU1rn 111 . . 
f1tlU'Vh1~tl 76,800 "jWlJl1'W til 1~LLC-J--3Jl1'WtlU1Wl 8 x 8 "jWlJl1'W lunnm1~1111V1(JLfl~tlu~lu~141UJl1'W 

i~l1f1" ~~vh l~~lu 1ULLC-J--3Jl1'W~vltl--3"l).11filU 1U l11f1tlU 1111~tl 1, 200 LLC-J--31l1'W nl1filU 1rn l11f1tlU 1111 

~ilm).llrniJmJ~~oUtltlni1vltl--3filU1rnL£l7~~UL71ni1 nl1filU1rnl11f1tlU1111tltl--3LLC-J--3Jl1'WtlU1Wl p x p ~~ 

ril'VIUWll~ lL LUU L-nVi tltl--3 mtlU ~Ll1~t1).1 ~ il vilLLl1U--3 LL~~ tlU1Wl ~lv1~ln fltlU Vh1t1tl'l nl111).1 n~).I 

LLC-JHn'WLfI~tlU~~~Wlnu rn L1~1 t 4l'l£l).lnl1~ (2.6) LL~~ M LUUL-nVltltl'lml).1~lmtlU~Ll1~t1).1~il 

vil LL l1U--3 LL~~tlU lWltltl--3 nci).lLLC-J--31l1'WLfl~ tlU ~~~Wl nu l11tl LUUL -n VIti tl--3 mtlU~ L l1~t1).1~ iltlu lWlLL~~vilLL l1U'l . 
mtlUfI~).Ilfl(J~thlnlJ lU~l41uJl1'Wi~l1f1" 4l--3£l).lnl1~ (2.7) 

lL 

M 

{li : mtlU~Ll1~t1).1~mtlUfI~).ILLC-J'lLfI~tlU~~~WlnUn~).I~ i rn L1~1 t} 
{ mj : mtlU~Ll1~t1).1~mtlUfl~).I1V1(J ~t111nlJ~141u~ j rn L1m t - 1 } 

(2.6) 

(2.7) 

£l).J1~ntltl--3L-nVi M lv1~ln£l).ll~ntltl--3L-nfl lL ~1~ilauLVltl1L~n«u nU£l).ll~n4111WlL~t1 lu L-n VI M L11l~L-nVi 

(2.8) 

nl1tllUtlU1flnuvilLLl1U--3t1tl'l£l).ll~n lUL-nfl M tllmln£l).J1~nUl--3~1tltl--3L-nVi lL ~ilaULVltl1L~n«UU1--3 

ci1UnU£l).ll~ nl1d--3 '1 lUL ~VI M nnl1 ~Vltltl'llV1(J LfI~tlU ~VltlUL~).IvlU ~~ il nl1LtI~t1ULLtJ~--3 'Y11'ltlU lVltl tl'l 

mtlU~Ll1~m,J~mtlUfl~).Ilflrl Lfl~tlU~~U ~--3 LUU nn~VltlU1fl~U~~--3 tlcil--311VlL11 4l'l~U nl1t11ul~ il . . 
L~tlU lt1 lu l'YltJ1ii'Wufiii rill1Um~41ULan~£lVl~~~ 1~t11UtlU1Vl ~U ~ nu vilLLl1U'l L~tl il nnLtI~t1ULLtI~'l . 
'Y11'ltlU lfltltl--3~U ~~1 n lm1l1t1Luutlu lVl~U ~Lan~--3 tWltl~~ 1~t11utlu lVl~U ~ nuvil LL l1U'l L~tltlU lWltltl'l~U ~ 

" 
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nU9I€luifi 2.2.4 

I: if (L 3 li r;. m1 E M) =I ¢ then • , 

2: if tlm~WUfitleH li > itlUl~Wufitlv~ mj then 

3: mj = li 

4: end if 

5: end if 

, , 
vll'lUJ11 tJv-llU~Nfl1w\,,,l-11LL~-II~-II"l-JmJVi (2.9) 

M i- 4>J'v'm (m E M 1\ m : mvU~b'H~tJl-J~~vll'"n1N nUvll'"~-II tJ11Wh 1 U~\lfl1W) (2.9) 

fl1tJ h~~l'" dLL"~\I mJ'l~~lnmHUlltJ 1UL~W1 M L~v ~~nvUnW1v\ltJv\l mJm1'l'V111WlCl LfJ~vU~ 
~ . 

1ucil~Ufl1wl~h1mt vl1tJ1fimJ'H1mll-J~l\IJ~'H11\1LVhl-J 'lmh41ru~vmJ"11\1"l-Jlnn 1'H~ mJU1UtJU1~ . " 

~U~nmilLL'H'I-i-ll LL~~mJ~u"'mBntJv\lL~W1 M t~tJnvl-J~tJv\l"l-J1Bn 1UL~W1 M rn L1a1 t ~mll-J"'v~fJilv\l 
~ 

nUfl1W 1ULvhl-J rn L1~1 t vl1tJnu 

fll'VH~).JWlU 1u JU~ 2.14(n) (lmil'U.1rn 'Hlmll-J~l\1J~'Hl1\1LvJJl-JnUmw rim.~'VIU:l lvl~mYwfid:J'U. 
~ ., 

tJvU 1'U. JU~ 2.14(tJ) 'Hil\l'llmf'U. LLU\lmw~~ilwfi~-IIn~11LiJ'U.LL~\lmwcivtJ ~\lJU~ 2.14(fJ) mJf11'U. 1rn 
~ ~ 

Dt,p W1v\lf11'U.1rn11).JnULL~\lfl1WJvunl-11 L~v~~m~'lln~lJUn1'U.1'U.mw Lt!'U. !U~ 2.14(\1) U"~-IIU~\I 

fl1W~v'iv\lUll-JlfilU1rn Dt,p=:c 1'U.LL~-IImw x ~-IItf'U.v'iv\ln1Jf11'U.1rn Dt,p=x iiv-ll1nLL~-IIfl1w 0. - Ii ~\I 
LiJULL~-IIfl1W~V~JVu 1 LL~\lfl1W ::r 

LJ11n"').JmJ~ (2.1 0) fil'U.1rn~~J1).Jmll-J~l\1J~'VI11\1LvJJmilil\l"'v\ll'U.u~\lmw p (i, j) tV1tJfil'U.1rn 

J1l-JnUnv~~'llmL~-IIfl1WJvunl-11 tV1tJLL~\lmWtJ'U.1V1 w x w 1V1mw u'U.mwtJ'U.1V1 width x height 1V1mw 

~e1'U.~u (i,j) LiJ'U.~lLL'VI'I-i\l~l-JiltJU'U.tJV\lLL~\lmW~LJ1,,'U.h ~e1'U.~u (u, v) LiJ'U.~lLb'H'I-i\ltJv\l1V1mW 

v=j+w, 
u=i+w 

Dt,p(i,j) = 2:= ([Hd u, v)) 
v=j-w, 
u=i-w 

(2.10) 

~uWlvu1fi 2.3.5 LiJ'U.mJf11'U.1rnm).J").JmJ~ (2.3.5) !U~ 2.15 LiJ'U.mJf11'U.1rnU1-11~luTV1tJln 
~uWlvu1fi 2.3.5 u1L1rnihiitJ11'U.Ju~ 2.15 ~vU1L1rn~f11'U.1rnJ~~U'lV1mWml-J~'U.W1v'U.1fi 2.3.5 l'U.Ju ., . ., 
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a I. (' 

II x d 

" r . 
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I 
I 
I 

) - ", -w i , 

I, I) 1- , -Vi I 
I, j) I 

1 2" , J [1-2 ~) 
1 ·2" , J +2 w) I 

I 
I 

i I 
I ! 

I I I I 
I I i 

I 

(n) mnil"1nl Dt,p ~ p(i = ll ·w, j = 4·w) t'UJ1J1L1nl (11) n17filU1nl D,t ,p ~ p(i = ll ,w , j = 5·w) lflfJ1J1L101 

~ liP I lLL""1J1L1 nl ~iln17fil"1 nl7::~1J~fl/l1W a ll"'.UJ1 L1 nl fiiln17filU1 nl7::~1Jlfl/l1W 

,-,-
I I 

I 

) - , -Vi I I 
i, j) i- fv, -Vi J 

i , ~) I 

J-t2 , J H-2 fv) , 
i I ·2v , J 2w) 

I 
I 

I 
I 

(~ ) n17filU1nl Dt ,p ~ p(i = 12,w, j = 4·w) tfltJ1J1L1nl (~ ) n17filU1nl D t ,p ~ p(i = 12,w, j = 5·w) lfl[J1J1 L101 

ii i (II I lLlmUJ1L1nl~iln11filU1nl7:: ~1J~YI/l1W HI r I ll"'-I1J1L1nl~iln11fllU1nll::~1J1Y1/l1W 



1: for j in {a, w, 2w, 3w, . .. , height - 2w, height - w} do 

2: for i in {a , w, 2w, 3w, ... , width - 2w, width - w} do 

3: Dt ,p(i ,j) f- a 
4: for v in {j - w, j + 1, j + 2, ... , j + 2w} do 

5: foruin {i-w,i+ l ,i+2, ... ,i+2w} do 

6: Dt ,p(i ,j) f- Dt ,p(i ,j) + (l:J.It (u , v))2 

7: end for 

8: end for 

9: end for 

10: end for 

Require: buf _address/bu f _address = ~lLL\.ni 'Hn1Jna~rttJv'>lVi~nnv~rt 

Require: column_address /column_address = ~lLLi·ni'>ltJv'>lLL~-:jJl1'W hULU11:;U:1J 

Require: flag£Omputation/flag..computat ion = true f--4 ijnv~m-wtJ'>l'WvVi'1:;~lmruDt , p 

I : flag .£omputation f- false 

2: for j in {a, w, 2w, 3w, . . . , height - 2w, height - w} do 

3: for i in {a, w, 2w, 3w, . .. , width - 2w, width - w} do 

4: dt ,p(i, j) f- a 
5: for v in {j,j+ l,j+2, ... ,j+w} do 

6: foruin {i,i+ l, i+2, ... ,i+w} do 

7: dt ,p(i ,j) f- dt ,p(i ,j) + (l:J.lt (u, V))2 

8: end for 

9: end for 

10: array[buf _address] f-dt,p( i,j) 

II : buf _address f- buf _address + 1 

12: if buf_address = (2 x Wi~th + 3) then 

13: buf_address f- a 
14: flag_computation f- true 

15: end if 

16: if flag_computation = true then 

17: if (column...address -=I a) v (column_address -=11) then 

20 

18: Dt,p(i-w,j-w) f- dp(i,j) + dp(i-l,j) + dp(i-2 ,j) + dp(i ,j- l ) + dp(i - l ,j-l) + dp(i-2 ,j-l) + 

dp(i ,j-2) + dp(i- l ,j-2) + dp(i-2 ,j-2) 
19: end if 

20: end if 

21: column_address f- column_address + 1 

22: end for 

23: end for 

mlfil'\.nrn Dt,p v11t1~'Um),"1fi 2.3.5 Lii~nllfi1'U1rn~lvi1Lb'VIli'>lL~~'VImtlltJUyh 1'VI1iiL1a11.h~~1m·Hl 
'U1'U Ll1tJtJmLU1J~'UliltJ'U1fil'Vl).h~tJamjCY'Vl1~'>ln~11 mll1~~a~1'>l1~'VI11'>lL'Vh~ l'ULb~NJll'W'fl'U1~ w X w 

t~tI mlLn1J~antJ'>lmn1~~am1~~1'>l1~'VI11'>lL~1~ n1a'>latJ'>l1'ULL~'>lJl1W'fl'U1~ w xw l'UtllmJ (array) 
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Dt,p(i-l ,j-l ) = dp( i ,j ) + dp(i-l ,j) + d p(i-2, j ) + dp(i,j- J) + dp(i-l ,j- l ) + d p(i -2 ,j-l) 
(2. J 1) 

+ d p(i ,j-2 ) + d p(i-J ,j -2) + d p(i-2 ,j-2 ) 

~'l.ulB,"ifi 2.3.6 umf1H;nnm.Jnl1~ (2.11) !U~ 2.16 bL~~'1'IJ1L1rn~~B'1L11'IJ~m~FI~1t1~L~1i\B'1 

LLa ::: bL~~ 'm1L1rn~~m1fil,"1rn1::: ~'lJ1~m'Wm:l-l~,"W1B,"ifi 2.3.6 411t1~Lti£J1 "tln!U~ 2.16(n) O'1!U 

~ 2.16('1) LL~9H l'l-1L~wil~,"W1B,"ifiii~::: hlfil,"1rn1:::~'IJ~~m'W~1~~m~:I-ILati 

'iI("u j) I 

, 

I I 

" ~ t q ~ (0) 011 LOU 1HI3;l1l d t ,p(i=9.w,j=w) YltJ U1nOl (1 , II!' ILL'I'1" 

Uln Ol ~il 0111'11" 1 0l1:;~U'lYlJl1'\'l Uln 0l1h l'I a ,N LL '1'1" Uln Ol 

LLW-llJl1'\'l~'Jmnu l"~Vi'oiiu~" 

• ~ i-1IJj-lIJ) 

p(i j) 

I 

I 

I I I 

(~) 011 fi1U10l D t ,p(i= 2w,j = w) tYltJ UlnOl a , 11 ILL'I'1" 

Uln Ol ~il 0111'11" 1 0l1:;~U'lYlJl1'\'l U In Ol a L l'Ia u-ll LL '1'1" Uln Ol 

LLW-II/11'\'l~'Jmnu l"~Vi'm'iu~" 

• Itlli-mj-1/l 
~p(i il 

r-r-- : -
I I J 

j 

J 

I I 
I 

-
, 

.. 

~ .-~ ~ '--

(11) On1'11U10l Dt ,P(i=W/ j =w) LiJ"0111'11U10l~~-IILL10 tYltJ 

UlnOla 1 LL'I'1"UlnOl~H10111'11"10l1:;~mYlJl1'\'l ul nrn 

aLl'I aU-llLL '1'1" ulnOlLLW-IIJl1'\'l~'Jmnu 1" ~Vi' oiiu·a.J" 

! 

I 
I I I 

, 

"dl-W,J-W 
llililil ' 

, 

I 
I I 

I 
I 

I 

. -~ -'----'- ~ J 

(~) O1n""10l D t ,p(i= 1l ,w,j=6.w) tYltJulnOl a . I ILL'I'1" 

Ul n Olvlil0111'11" 1 0l1:;~U'lYlJl1'\'l Uln OlaL l'Ia u-llLL'I'1" Uln rn 

LLW-IIJl1W~'Jmnu l"vlVi'oiiu~a 
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8 ~1filLihtnn L~e)'nl-.Jiitll-.J~~ln V1 L1VmN 9 UW'-l 111'W 1'V1I'Jlu'Wufi-dWltl'-lm1~Vl ~1filLuum11u m1 ... 

filu1rn Dt,p L~m~l-.Jmll-.JL111unnfilU1rn ~1I'Jm11-n1fi~u~nl~~l-.JLl-.J~ (integral image) 1u [5] U~~ 

ml-.Jl1mYil'Jud:Jutll-.Jm1~ (2.12) 

Dt,p(i- l ,j- l) = D t ,p(i-2,j-l) + D t,p(i- l,j-2) - D t,p(i-2,j-2) 
(2.12) 

+ dt,p(i,j) - d t ,p(i-3,j) - d p(i,j-3) + d(i-3,j-3) 

tll-.Jnn~ (2.12) 1~~1v11LUUnl1"tll'Jn11~mltlulfi 2.3.6 U~~ lMhv11Luum1Lwl'J'-l 6 fl~'-l mi 

~mltlulfi 2.3.7 W1t1'-lm1~wniitll-.Jm~mlm~l-.JBn width + 1 UW'-l111'W vl'-l,xU V1L1v~1t11unnwniitll-.J~ ... w ... 

, , . 
111'W tll-.JnwYi (2.12) W1tl'-liliim~~ D t ,p(i-2,j-l) D t ,p(i-l ,j-2) U~~ D t ,p(i-2,j-2) :n'-lm1filU1rnfll'-lmn 

'l~ 13-1 iliim~~ LVI~l,xUL~I'J vl'-l,xU m1filU1rnfl1'-l mnWltl'-l1~tll-.J nn~ (2.11) nnfilu 1rnUW'-l 111'W tlVl1tJ~~ 

YI1Vliitl3J~ D t ,P(i-l,j-2) flU D t ,p(i-2,j-2) ~lLtJuWltl'-l1~tll-.Jm1~ (2.13) 

, 
tll-.JnnVi (2.14) 

Dt,P(i-l ,j=l) = D t ,p(i-2,j-l) + dt ,p(i,j) + dt ,p(i,j -l) + d p(i,j-2 ) 

- d(i-3 ,j) - d(i-3,j-l) - d(i-3 ,j-2) 

Dt,p(i=l ,j) = D t ,p(i-l,j-2) + dt ,p(i ,j) + dt,p(i-l,j) + d p(i-2 ,j) 

- d(i,j-3) - d(i-l,j-3) - d(i-2,j-3) 

(2.13) 

(2.14) 

tll-.Jm1~ (2.12) tll-.Jm1~ (2.13) U~~tll-.Jm1~ (2.14) 1~~1v11LUUm1"tlI'Jn11t1l-.Jnn~ (2.11) tVlI'J 

1~~1v11Luum1LwI'J'-l 6 ~1v11L uunn ml-.J~UVltlU lfi-d~~ilLWI'J'-l nnfilU1rnfl~'-lU1myh,xu ~W1t1'-l1~~1L~u 

m1 8 ~1v11Luunn L11LLtlVl'-l!tJuuu~1t11um1filu1rn Dt,p 1U~UVltlUlfi 2.3.7 v'hI'J111'W 1u!tJ~ 2.17 

~UVltlUlfi~1t11unnfilu1rn Dt,p ml-.Jl1t1filU1rnL71~U 1~ U~W1t1~nW~U~VI'I.i1I'Jfl11l-.J~1l-.Jln~U 
ilL1tlU 1tJl-.Jln~u ~~Ll1U l~«VlL~u~lnnnLtfiI'JULViI'Ju~uVltlulfi 2.3.5 ~UVltlU ifi 2.3.6 U~~ ~U'iltluifi 2.3.7 

lUm11'-l~2.1 LtJum1LmI'JULViI'Ju~lU1u~1v11Lii,um1 u~~tJU1VltJtl'-l~Wniitll-.J~~W1t1'-l1~ ~'-lml-.Jl1mmI'JULVil'Ju ... . 

mll-.JL 711um1ih~l-.J1~w~~lntll-.Jnn~tl ~lU 1UtJtl'-l~1v11Lii,um1 tll-.Jm1~H~1v11L uum1~"tlI'Jn11 UtlVl'-l 

l11t1L1~11um1tJ1:;m~w~"tll'Jn11 



• 
Dll91tJ1l1fi 2.3.7 

, 
Require: buf _addresslbuf _address = IlilLLlni,wiuiiu3JatJfNViwniiu3Ja 
Require: column_address I column_address = vilLLl1"~tJu~LL~NmVll,"LL'\.n~:anu 
Require: flag_computationlflag_computation = true +-----4 iliiu3JaLVltJ~Vlu~,~yi1mrnDt ,p 

1: flag-computation <- 0 

2: for j in {O, w, 2w, 3w, ... , height - 2w, height - w} do 

3: for i in {O, w, 2w, 3w, . .. , width - 2w, width - w} do 

4: dt,p(i,j) <- 0 

5: for v in {j,j+l,j+2, ... ,j+w} do 

6: foruin {i,i+l,i+2, ... ,i+w} do 

7: dt ,p(i ,j) <- dt ,p(i ,j) + (6ft (u, V))2 

8: end for 

9: end for 

10: array [buf -llddress] <-dt,p(i,j) 

11: buf_address <- buf_address + 1 

12: if buf_address = (3 x w~th + 4) then 

13: buf_address <- 0 

14: end if 

15: if flag_computation = 2 then 

16: if column_address ~ 2 then 

23 

17: Dt,p(i-w,j-w) <- D t,p(i-2w,j-w) + D t,p(i-w,j-2w) - D t,p(i-2w,j-2w) +dt,p(i ,j) +dt,p(i-3,j) + 

dp(i,j-3) - d(i-3,j-3) 

18: else if column_address = 1 then 

19: Dt,p(i-w,j-w) <- D t,p(i-w,j-2w) +dt,p(i ,j) +dt ,p(i-l ,j) +dp(i-2 ,j) -dp(i ,j-3) -dp(i-l ,j-3)-

dp(i-2,j-3) 
20: end if 

21: else if flag_computation = 1 then 

22: Dt ,p(i-w,j-w) <- D t,p(i-2w,j-w) + dt ,p(i ,j) + dt ,p(i,j- l) + dp(i ,j-2) - d(i-3,j) - d(i-3 ,j- l ) -

d(i-3,j-2) 

23: else if flag-computation = 0 then 

24: if buf _address = (2 x w~th + 4) then 

25: flag-Computation <- 1 

26: Dt,p(i-w ,j -w) <- dp(i ,j) + dp(i-l ,j) + dp(i-2 ,j) + dp(i ,j-l) + dp(i-l ,j- l) + dp(i-2 ,j-l) + 

dp(i ,j -2) + dp(i-l ,j-2) + dp(i-2 ,j-2) 
27: end if 

28: end if 

29: column_address<-column-D-ddress + 1 

30: end for 

31 : end for 



I 
!RP(i il 

(n) 011 L01J 1ltJ I;! a dt ,p(i= Q.w,i= w) T"tJ 1Jln~ ilt ~· LL'VI'\.l 

uln~~ilO11~1'\.l1~1:;y)m"Il1'W 1J1L1~ih\1iitJ-IILL'VI'\.l1Jln~ 
LLc-NIl1'W~~mn1J l'\.l~wniitJ~a 

~i-tDj-W) 
o(i i) I ' 

I 

(fI) 011 ~1'\.l1~ D t .p(i= 2.w,i= w) T"tJ 1J1L1~ a t n: 1 ILL'VI'\.l 

uln~~ilO11~1'\.l1~1:;y)m"Il1'W 1Jln~aL\1iitJ-IILL'VI'\.l1Jln~ 
LL~mll'W~~mn1J l'\.l~wniitJ~a 

1 I I I I I I I I 

'Ji.:-Wj-W) 
v(i il ! , 

('I) O1Hi1'\.l1~ Dt.p(i= 2w,i= 3.w) T"tJ 1J1L1~ a l .. LL'VI'\.l 

ulL1~~ilO11~lm~1::y)m"Il1'W 1J1L1~aL\1iitJ'lLL'VI'\.l1J1L1~ 
LLc-NIl1'W~~mn1J l'\.l~wniitJ~a 

24 

~,Ulj-W) 
i ') I I 

I 
I 

(tI) O11~1'\.l1~ Dt ,p(i= w,j= w) d']'\.1011~1'\.l1~fI¥'lLL1n t"lJ 
1J1L1~a I' ' LL'VI'\.l1J1L1~~il~11~lm~.1::y)1J,!"Il1'W 1Jln~ 
a L\1ii tJ-IILL 'VI'\.l 1J1L1~LHNJl1'WVi~ mn1J 1'\.l ViwniitJ3Ja 

~ r ' rTl 1 
. 11 11 1'1 ITI 

(i-wj-w) 
I I vii i) 

I 

I 

I I 
I 

I 

('I) 011 ~1'\.l1~ D t ,p(i= w,j= 3.w) t"tJ 1J1L1~ a lII: ILL'VI'\.l 

1J1L1~~ilO11~1'\.l1~1::y)m"Il1'W 1J1L1~aL\1iitJ'lLL'VI'\.l1J1L1~ 
LL~NIl1'W~~mn1J l'\.l~wniitJ~a 

1111 111 11 1- 11 1111 111 11 

I I 

~~~:~-w 
I 

I I 

i I I I 
1 

I 
--

(il) O11~1'\.l1~ Dt ,p(i= ll .w , j = 6.w) t"tJ 1J1L1~ a l IJ LL'VI'\.l 

1J1L1~~ilO11~1'\.l1~1:;y)m"Il1'W 1J1L1~aL\1iitJ'lLL'VI'\.l1J1L1~ 
mNIl1'W~~mn1J l'\.l~wniitJ~a 
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Vln1~~ 2.1 LmtiULVitlu~'\.l.m)'"iii 2.3.5 2.3.6 LLrl~ 2.3.7 

11t1011 if'\.l.Vlemiii 2.3.5 if'\.l.Vlemiii 2.3.6 if'\.l.Wlemiii 2.3.7 

tJ'\.l.1iltJfNVi~nnf)~rl (LL~NJ11'W) 0 2 X width + 3 
w 

3 X width +4 
w 

O11fi1'\.l.10l dt,p 1 LL~NJ11'W (vl1~lLU'\.l.nn) 0 w2 w2 

nnfi1'\.l.10l Dt,p 1 LL~NJ11'W (vl1,hLU'\.l.n11) (3·w)2 8 6 



I .... 
11l'1l'1 3 

L~hmTn~'~u l\11U i~fJ 1u i'VIfJTu.'Vmfidd~Ju nniiYl~'-1 n1Hl11'1~U n11Lfl~em ~lu UfJ1Yl DE2 tlfJ'-1 

Altera T~lfJ 1tl~u~fJuifitlfJ'-1 Lu [2] ma.J~L~UfJ 1t1 LLYl~U~fJUifitlfJ'-1 Lu [2] 1tlfl1nYlita.JLtI~fJUfl'-1~ LL~~ 

iifJ\lmfJ\l1l1'W 4 flt'-1 L11Ll1UiI'Yli1~U~fJUifitlfJ'-1 Lu [2] hifl\l'VIUYlfJ~bl1U~n11rn~LtI~fJULLtI~\I~~fJYl 

11a.JvY\lnnmfJ\l1l1'W 4 flt\l d]U~U~fJU~ltlLl~1a.J1n vl\l,rU n111tlUfJ1Yl DE2 L~fJ~YlL1~1~ltl1Un11 

mfJ'-11l1'W d]Un11LLnifru'VI1~~u flU fJtlmrn ~i111m~\I LL~~ hima.J11[JLLnif ru'Vl1fl1nYl L~a.JLtI~fJUfl\l~ 
v • " Q.I 

L11W~u1Ttl1LLma.JUU1~uutliJuiinn GNUlLinux Debian L'W11~LUU1~UULtJYl LL~~ma.J11(J1tl 

\l1U UU l~uutliJuii n11 GNUlLinux Emdebian ~\I LUU l~uutliJuii n11~vi1\11U uu l~uue1\1~h nnw~u 1 

Ttlmma.J uu l~uutliJUii n11 vl'-1n~11 vi11l1 L 11 ~lm1(J It\\l1U 1w1 vY'-1 Lfl~fJ\I flfJa.JVllL~fJl~\I T~~ LL~~ l~UU e1\1 

W11 LL~~ l~uutliJuii n11vY\I ~ fJ\I i1TtI 1 LLmmlTl,rlml \I n fJ:IJ~ ~hu Lfl1mh fJ fJV1\1 apache2 'VI1fJ proftpd L 11 

~1a.J11(Jw~un~uue1'-1W11LUU1~UUvl\l!t1~ l.l(tI) 1w1w11fJ1~UUtliJuiin11 GNUlLinux Emdebians nn 

ml'1'V1Tj'~~Lfl~fJu~lua1vlU1l1'Wi~h1m.nU\l1Ui~fJdLafJn 1iiTtlmma.J g++ ri1'V1'IUnnTtlmma.Jw11fJ1l1M1 

C/C++ l1a.JflUW'-1nil'utl1~mm'J~1l1'W1u1~u11~Tmwu~i (OpenCV, Open Computer Vision Library) 

~\lLUU 1~m1~~ (J n fJfJ nLLUU LL~~W~U 1 TYlfJulM'VIaUL 'VI~fl fJlt1fJ L 1tUri1'V11Ufl fJa.JVll L~fJliVi'm"iL1 ~1'11\1 .. 
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vh--3 '1 ~--3ltl~ 3.1 tVlVLUUW--3nnu lu 1~tJ71~tvL~Ul1i~--3Luuw--3nil\t~ujlU fltJW--3nnU~~1H~UL~v 
7v--31tJLVlfliifl~iVltnii'VmITihilL~Uv LLvi~~w--3nnuihh~tJnwvh--31um).Jn17 hwiiv).J~~--37tJ~ 3.2 LL~dj 

" " 
\-I,xl~m1l'i1--31U~--3yJv ltJd 

1. cvCapture LUUW--3nnu lu 1~tJ11~tm~ul1i tmd1filf{--3 cvCaptuteFromCAM l'ill1,xl~1mh~tJ 

.fl1'V1 ,1 n n~v--3i~h1f1ii LL~~ cvCaptureFromFile l'ill1,xl~1tJ cil~tJ 1l1'V1'lln lvJ~i~V1m~ ~U'WU 

m7V1Vl~VtJ~uvmuifiL71 H cvCaptureFromFile L~v'V1Vl~vtJm).JLl1VJn17rnlu lvJ~~m7l'il1v1 Ldv 

lv1~U'Hmifi~'VIvhL71LtJ~tlU'lln cvCaptureFromFile LUU cvCapureFromCAM 1l1'V1~1v1'lln 
W--3 nnu dLUU.fl1'V1~LLVl--3LTitll,11 L~U 

2. cvCvtColor LUU W--3 nnu lu 1~tJ71~tm~ul1i w--3nnu dilVl,xl~LLtJ~--31l1'V1~ LLVl--3 LTitll,11L~U LUU1l1'V1 

ml).JLii).JLL~--3 111v .fl1'V1mnm'V11 W--3nnud1tJiivlJ~'llnW--3nnU cvCapture 

4. makeHistDt Li'JuW--3nnU~Ul Dt ,p ).J1LL'lmL'l--3f111).J~vY--3LLvi 2° - 21) 21 - 22 ) ... ) 230 - 231 L~v 

mfhTiVlL~mtJ~tlU Omin flmhTiVld).JLtJ~tlU Omax 

5. defImagPatch .fl1t11mhudil~v--3~uVlvu~vnnfilUlrn D t,p LL~~~11--3V~t'V1LLm).Jtlv--3 Dt,p w--3nnu 

d l'il \-I,x l~vi'Vlau LLf.N.fl1'V1 LUU LUN 111 'VI LfI~ tlU ~ 111v LUUut:N 1l1'V111t1Vlii--3 tVl tllii f..JmY'VI IT'll n W--3 nnu . 
computeDt fltJ makeHistDt m7l'i1--31UtlV--3w--3nnudHLLtJtJ'h~V--3m).J~L~uvlultJ~ 2.4 L~v 
filUlrnmlvmLfI~vu~luLvJ7).J fltJ 7tJ~ 2.6 L~v'V171tJ ".h 1,Jiln17LfI~vU~LnVl~u 7~ l1il--3LvJ7).Jli'U . .. 

6. contourObj LUU W--3 nnu ~~11--3 mvtJ ~ L 11~ tI).J~f17vtJ1Vl {)LfI ~ VU ~'l1 nfl VU V111t1v--3 LLf..J--3111'V1Lfl~vU ~ 

L~).J'llnnn~11--3flvUV111'llmLf..J--31l1'V1LfI~vU~'llnW--3nnU deflmgPatch v11t1W--3nnU cvContour~--3 

LUU W--3 nnu lu htJ71~tv L ~u l1i 

7. matchObj W--3nnm171'l~vtJnn~vuV1tJflU7~l1il--3mvtJ~Ll1~tI).J~V--3ltl7~l1il--3f..JmY'VIITtlV--3w--3nnu 

contourObj ~--3LUumvtJ~Ll1atl).J~fl7vtJl'il{)Lfl~VU~ fltJmvtJ~Ll1~tI).Jtlv--31'il{)LfI~vu~~~v--3nn 
'lVl'l1 

8. getSizeObj W--3nnULmtltJLiitltJL~vmml).Jtll1t1V--3v11U~L~n~L~n~,!m~l1il--3v11Un11--3fltJv11U~--3 
'.J I 1 I 

t1v--3 mvtJ~ L VI~ tI).JiimvtJlm1Lfl~vU ii . 
9. manageObj w--3nnu d~n~11--3~UL~V'lVl~11Vl{)LfI~VU~~--311~Vln11LfI~VU~LL~~rJ--31,Jlv1vvn ltJ'lln 

tJ1L1rn ~L~h7~1--3V~ lu,hu dill1,x 1~11'" n~v m1'lVl~11Vl {) 1 VI,J~Liil).Jl ~tJLVlVlii VlJ~t1V--31Vl{)LfI~VU ~ 
LL~~ nT~Vliiv lJ~t1v--31Vl {)~~U'llntJ1L1rnL~.h7~1--3 LL~l tVltllii f..J~"''VIIT'll n createObj updateObj LL~~ 
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removeObj mJHi1vlU L~)'!'11nnl'Hl'h~fltlUVhhtl~u~~m'WLfI~e)'U.~ ';nnvr~nnu contourObj L11 

"'11~ mtlU ~ L l1~U)'!~ fI1tlU1V1 CI Lfl ~tlU ~'11 nfltlU Vh1I1tl~ Uv1 ~:;1 VlCI L 11m1'1 '" tlUfl11).! L m,jIltl~1V1C1 . . . 
LfI~tlU~LuLLv1~:;Lw1).!v!huvr~nnu matchObj thd:JU1V1'l~i4hHtluV(unUmtlU~Ll1~U)'!I1tl~1V1'l~~ 

mh~).!ua1 LLmNl11V1C1,fud'Ju1V1C1LfI~tlU~Yl1Lm,j L11'1:;"'11~~tl)'!~L~tlm1'1~~11V1C11m,jd Uv1tl1~ " . ". 
m1-ntlU Vi'unu1V1C1L~)'!'1:;vltl~ ~lhVlVlntl).!~ Lm,jm)'!L~tlu lI1Lu~uVltlU ifi 2.2.4 ",~.yhfJL 11m1'1"'tlU ... . 
I1U l~Y!htJV(~ nnu getSizeObj L 11vltl~ m1LwtJ~Yi1unl1~ 111tlvl1UU11 t~tJL 11'1:; fh~~~tl1J~~'1:;'1Yl~l 

1V1'lLfI~tlU ~11~~ '1 tltln hJtl1m~m)'!L~tlU 1n Lu"').!nn~ (2.9) 

10. cvSaveImage U'\.l,'Yinmw~~fj'wfiIltl~I1U1um1~L"'UtlLU il'lU1ihmfid m1U'\.l,'Yinvl1tJw~ nnu d~lU 
'Vh Llilwa~Clnu'\.l,'Yin~I1Ul~L~n~~vl1tJ 'Vh LliLl1)'!1:;LLrim1ci~~tl)'!~ LU 1:;U:; ln~ .. .. 

'Vh~lUvl~!ll~ 1.l(I1) L11L~1:;uull~u~m1 GNUlLinux Emdebian ~~~tll1LLm).! apache2 d:Jut1l1LLm).! 

~lWrU"'11~ L 1U La1w L 1tl1 ~1 tJ11tJ~lU~~ nnm1'11111V1C1LU ti1vlumwi~Vi'm1 '11 n 1:;UU~~Yl1cJ1UL1ULU11 . 
L 'lIeJ'HYi t~UtJtl11Utl~tJtl~1:;UU~~Yl1~tlvhLLm.i~ ltlwtJtl~1:;UU~~ Yl1 L~U 1:;UU ~~ Yl1~vhLLm.i~ ltlwd:Ju .. 
161 .200.175.123 L111U mw ~~fj'wfi cJ1UL1ULU 11 L'lItlH~u ~tl11Utl ~ http 1Il61.200.17S.123/index.htm 

vi'~11l~ 3.3 lwa index.htm LUU lwa~ £'I1)'!11C1Vh Lli L1ULU 11 L'lItl;:ll~lUl'l1~ ~llLYlVlmW elVl tuifyi mu 1u .. 

<meta http-equiv="refresh" content="2" > 

m1L~lfi~~tl1J~vl1tJ t,hLLm).! apache2 LUU ifi~"':;mn LU nnL~lfi~~Fl1w~~fj'wfi'11n natl~ LLv1Ltitl 

fl11).!1l~tl~nU LU m1L~lfi~ntl1J~~m1)'! ~lfi'ry L11L~1l1LLm)'!~1111U ci~~tl1J~tlii~ 5ULLl'lU lvlL~u vsftpd 

~~Luut1l1LLm).!ci~ntl).!mLUU FTP ~~m1).!1l~tl~ntJ"'~nl1nnL~lfi~vl1fJL1ULU11L'lItl1 .. .. 

n11'WWlU1LU il'lU1iiwufid LLtj~ m1'Yh~lU LUU "'tl~ ci1U ~tl m1m1'11111V1C1 LfI~tlU ~LU ti1vlU mw . 
i~Vi'fIla~tJ 1~1:;uu~~4h nu mn1u~~fj'wfitJtl~ nnm1'11111V1CILfI ~ tlU ~t~u H1:;UU~~Yl1cJ1U l'l1~ Lfl1mhu . 
m1m1'11111V1C1 LfI~tlU ~lu ti1vlumwi~Vi'f1iiL'j1 H Ll'lfliifl~U1L"'Utl LUU ~lfi'ru tYlU WWlUl t1l1LLm).! vl1U . " 

mM1 C/C++ ~1111Umn1u~lu~~fj'wficJ1ULfl1tl~lfJL11L1It1l1um).!~~Lu GNUlLinux Emdebian ri1tJ 

Lli nl1WWlU 1~1l1dtl'lfi mWLL~:;'j1~ L 11 
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<l Applications Places System __ USA Chal)'8phom Chatcha Ci!f> • -> Mon Mar 17. 8:28 AM 00 

[ile l,;dit lliew Hiit"'Y l3.ookmari<s rools I::!eip 

;2 u httP;'1161.200.175 ,123(tndex,htm 

.Gettinq Started fi! Latest BBC Headlines 

U mycam U Index of I 

myCam 

Hello and welcome to my live webcam feed. for more information about who exactly 1 am see the following, 

• About page 
• nullnetwork,net 

Done 

~-"""-"'c==h="'Y":C' =p=h=o"'m=@= .. =. =;11 Q chapter3,ttex - ... 1/ rlf. main.pdf - !(PDF II . mycam - MOlia .. , iI {i movobjdet ,cpp .. ,I r:J webcam 



, 
c( 

U'VI'VI 4 

tJv-3LL~-3~~~ii~H.I1uulL1rn Yl~~vU LtlULL~-3V1i1Wlii tf1tJL~ 'Wl~L1mnm-31U d:JUtl1-3L1m~LL~-3ijmd1Umu 

'.J1nnilt11-3L1~1~U LL~~ md1umurJuLiiv-3';jlnnl'nfl~vU 1l-11L~niimJ LtiU mlLfl~vu 1l-11tJv-3 M-31~l-11v 
lu 1~luulL1rnYl~~vu L~vYl~~vuml).Jm).Jl1t11uml1n-31U lu~mli11rn~ l-11vfl1rmvnvlf111 ~-3ml 
lumurJuLiiv-3';jlmL~-3V1i1V1vnUmd1UmutJv..:JM-31~ 1u 1~luulL1rn Yl~~vU d:JmJrtll-111l-1ohhl-11Uml 

" " 

m1';jl-111V1 t1 Lfl~vU ~lu cilvlU fl1'Wl~h1Y1" vl1 V1ITml~Ufl1'W~U l-1a-3 mlYl~~ VU it LL~~\I fl11).J m).Jllt1 ~ ij . 
mn nil1ITml~Ufl1'W~U l-1a..:J 1ULL~tJv..:Jt,ma'Wfi~th~m~~~ 1vl nUL1m~ln1u mlfllU1rn ~iimJnil Ll1 

Ylf1~vU 1u~mu~Yil..:J 1 m).JL1~1';j1-31u~mu~mlrn';j1-3 'W'~v).Jnuu,",Yincilvlufl1'Wl~hlY1" L~V'\.tulWl'l 

Lfl~vu~';j1-31u ulL1rn Yl~~au LmvuLYivu nu ~~~uu 1vl';jln TthLLm).J ~ t1n ~11-3 vl1V1ITmlm1';jl-111Wlt1 ., . 

1ULLYi~mu~mlrnLl1Yl~~aUvl1VLL~-3fl1'Wm).JtJm~ ~v 4 x 4, 8 x 8 LL~~ 16 x 16 1~fl1'W 

LUUmlYl~~vuml).JYlU Yl1uYia mnumu luulL1rnL~v1nu LL(l~~(la'Wfi~1vl L~a In LL~Hl1'WtJm~Yil\1 

nu Ll1Yl~~aU ml~~tJU1~tJa..:J 1Vj{~fl1'Wvl1V nllLLYlU U1L1rn tJa-3fl1'W~u l-1a\l vl1VY1UV ~~vhv Ll11~ L1m ., . 
~ln1umnh~m~~~uULfl~a\lflv).J'W1LVla1 Lenovo X61 nUl~UU~\lvY1 Armadillo-9 LUUmlYl~~aU 

ml).J~1).Jl1t11umlfllU 1 rn L ~ aWlvU~Ua\l nllvil-31UWll).JL1~1';j1\1tJa\llITml~'I-i 1 L~ua 1u lYl Vl'u'Wufiit 

'Wl-1(ltvfiu t1UU 'Wrtll1Yl LL~~U1L1rnflrn~lmml).Jm~V11 ';jlfl~\lmrn).JmlYltJ1aV LLYi~~~mu~m).Jl1t1 " . 
1Ufl1'W lU).J).J).Jv\l~Yil\1nu t~v mlYl~~au~mU';jaYllt1l-1iil&in 1v1vhLL1\1~-3 LUUml~Ylm).JUflflmfl~au~ . .,. 
uamtuLuu mlYl~~aum1';j~U V1U 'Wll-1U~UU Via\l t1U U mlYlYl~vUUU t1U U 'Wl-1~ tvfiu LUU mlcil Vfl1'W 

';jln).J).J~-3 LL~~~\I nilmlYl~~vUUUt1UU 'Wrtll1Yl ~1l-11U mlYlf1~aU lU).J).J).Ja\l~LLVlnYil\1';jln mlYlYl~vU ." " " . 
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4.1.1 nllV1fHtel.J~"lWH)fll{l'\1\i19in ll'lvhuH'J\I 

n11'V1~"'vl.Jil~m~UmHHfl~ent~hHh4i'U1l1'W rn m1-I.''1vmoVliil&in lvJvhLL1,m\l ~\lLiJ'U"'m'U~ . " 

L1J~ta\l ijy']'Ulii LLa~"'1l1'WLL"'\lLL~~~1J.lfl\l~1'Uu1L1rn'VI~"'vU n11'V1~"'vUy']1t1LL~N1l1'W'lJ'U1~ 4 x 4, 8 x 8 

LLa~ 16 x 16 ,~1l1'W l'Um11\1~ 4.1, 4.2 LLa~ 4.3 Ll1'U'iI'~'hLLtN1l1'W'lJ'U1~ lVirull1~a~'Wfi~ijL"'ntl11l1'W . ~ 

~lnn11LL~\l1l1'W'lJ'U1~L~n LLa~1'U1u~ 4.1 ~ 4.2 LLa~ 4.3 LL"'~\lll1Ll1'U11nnHLL~\l1l1'W'lJ'Ul~lV1ru,~1v) " ~ 

'lJv\l'VImL~\l1l1'WrJvtl 'lJv 'nu~ 4.1 , 4.2 LLa~ 4.3 LL"'~\I~a~'Wfi'lJv\ln11ml'Vll1flClLfl~v'U~ LLa~1Ual\1'lJv\l . ~ . " 

'VImL~\l1l1'WrJvtl 'lJv\l1U~ 4.1, 4.2 LLa~ 4.3 LL"'fl\lil",t'VILLn1~'lJv\ln1nl~~awll\1nl~\I"'v\l LLn'U x LL"'~\I . " , 
ml~LiJ~LL"'\lnl~\I"'v\l LLn'U y LL"'~\I fll1~n'lJv\lLL~\l1l1'W 

• U .. U ... .. .. tU1LLm~,"U1flClLfl~v'U Vily'] ,"u~n (Ll'h~) ,"UN~ (Ll'h~) 1l1'Wm~u'VI lflClLflav'U'VI,1\1 • • 
900 - 953 1 1 54 0 

954 - 955 1 2 0 2 

956 - 959 1 1 4 0 

960 - 960 1 2 0 1 

961 - 972 1 1 12 0 

973 - 978 1 2 0 6 

979 - 980 1 1 2 0 

981 - 986 1 2 0 6 

987 - 987 1 1 1 0 

988 - 999 1 2 0 12 

11~ 73 / 11~ 27/ 

1l1'Wal4i'uVi 1fl'lLfl~v'U Vi,1\1 tU1LLm~,"u1fl'lLfl~V'U Vil41 ,"l.J~n (Lvh~) ,"UN~ (LvJ1~) 

I 700 - 799 I 1 I 1 I 100 I 0 I 

I I I I 11~ 100 I 11~ 0 I 
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...... 
1l1'W m vlUYl 

700-799 1 1 1 1 1 1001 01 

1 1 I ~1~ 100 I ~1~ 0 I 

nl'nll~"'uudiln111umUBUliiu,r;nnu"'~U~~~lu~rJUuu",~~",:;uutl~"'u~nWY1~"'U~ ~U~ 4.4, 
" 

4.5 U"':; 4.6 ltlU1l1'WWi'1mh~YJu~~"'m1'Yl~"'uUUU()UU'WVI",ttlfiU v'i1t1U~~1l1'WYJU1~ 4 x 4, 8 x 8 u"':; 

16 x 16 ,~1l1'W m~al~u t~tI 1UUUYJu~'Ylml~~1l1'Wrluti YJu~1U~ 4.4, 4.5 U"':; 4.6 u",~~~",f{'WfiYJu~ 
" "" " 

nl1m1'Vll1ilmf1~uU~ u"':;1u"h~YJu~'Ylnu~~1l1'Wrluti YJunU~ 4.4,4.5 u"':; 4.6 ll",~~~",tmlm~YJu~ . "" " , 
m1~1~~"'vh~rilf{~",u~ unu x U"'~~f111~L~~U",~rilf{~",u~ unu y U"'~~ ml~CiYJu~u~~1l1'W l11lW~~ 

m~m1'Vll1~mf1~UU ~lual~uJl1'Wi~h1m.1 ~ ()mUmU,ln U"'~U~~ t~tI'Yl~"'u~UU()U U 'WVI'" ttlfiu m~ 1 . " 

4.1.3 nn'rl~"'f)lJmul'\.nn'HlJ11'rl ., 

m1'Yl~"'uudilmnumUBUliiu~'lnU"'~U~~~l'Ll~tluuu",~~",:;uutl~"'u~m1'Yl~'"u~ ~u~ 4.7, 

4.8 u"':; 4.9 ltlU1l1'WWi'1urll~YJu~~"'m~'Yl~"'uUUU()UU'WC\Jl1'Yl v'i1t1U~Hl1'WYJU1~ 4 x 4, 8 x 8 Ll"':; 

16 x 16 ,~1l1'W mmh~u t~tI ~UuuYJu~'Ylnu~~1l1'Wrluti YJunu~ 4.7, 4.8 ll"':; 4.9 u",~~~",f{'Wfi 
" "" " 

YJu~m1m1'VI11~mf1~uU~ u",:;~u"h~YJu~'Ylnu~~1l1'Wrluti YJu~~U~ 4.7, 4.8 ll"':; 4.9 u",~~~",t'Ylun 
" "" " , 

, . U " . V q 

1~YJu~m~11~~"'m~m"'~"'u~ unu x Ll"'~~f111~lYJ~U"'~m"'~"'u~ unu y u"'~~ f111~()YJu~U~~1l1'W 

m uml~ m~m1'VI11~() lf1~UU ~lu al~u 1l1'Wi~h1~" ~ ()n1umu ,1n Ll"'~ u~~ t~tI'Yl~"'v~UU ()U U 'WCUl . " " 
1'Yl ~~il"':;'W1U"'utl~~1n-hm~'Yl~"'u~ll~n ml~",~~:;~udl~lmm~()m1'Vll1~mf1~vU~lJuYiv~()UU " . 
lv'i ~~1l1'WWi'1vrll~~"'m~'Yl~"'vu u"':;~"'m~'Yl~"'vUll1un~iln111iiu~~1l1'WYJulYllm·Y ,:; lv'i~",f{'Wfid~Ju 

muUlilmf1~uU ~ilYJU1Ylvh~'l nl~mf1~UU ~'1~~1 n nilm~ liiu~~Jl1'WYJU lYll~ n . . 
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... . ~ .~" ... 
" __ .I I ... . --. .. 

900 

(n) ('II) (~) 

(~) ('I) (~) 

••. • .:i!i. ••• .• ~ - ~ . ~ 

" ' . -~ . -~~I 
..••. • ..e!I •• .• s 
- ~ - --r 

. • '~ ~I: ~ .. - '~I~ 

I :.:.& 4l 

'7°LL 9S0 
I 
I 

I 

I I 
(11) ('II) (Ol ) 

TI..l~ 4.1 'V1~aBu"1mLN..:jm'WtI,"1~ 4 x 4 "l~m'W ill t'll,""lB~'Hl'VIii1iin lwwlLl'l..:ja..:j t,WndBUmmu'U " . .. 
~mH'l~flm~-;il mnUl'V1bb~..:jbu,"LLN..:jm'Wbfl~B,"~ .. .. 
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(n) (11) (fl) 

(-1) ('I) (w) 

(11) ('Yl) (01) 

'l'\J~ 4.2 'V1'H'ff)mllfJLL~N1l1'W'YJ,"lil 8 x 8 "lil1l1'W rn m,""lf)m[l'VI'lll~n 1WW1LL'l-:J'f/-:J tilfJ mmJbbil-:J bU," .. . .. 
~mHI~[Imil~l mnUl'V1LLil-:J bU,"LL~N1l1'Wbfl~f),"~ .. .. 
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(n) (n) (fI) 

(~) ('1) (w) 

(11) ('11) (01) 

1'\J~ 4.3 'VIVlatlu4htILL(l.J\l1l1'W'lI'l.L1Vl 16 x 16 ~Vl1l1'W ill m'l.L~t1Vl1(lVl'll1~n 1WW1LL1\1a\l tVltlmtiULLf)\lLU'l.L .. . .. 
~m~~~~mf)~l m nU1'V1 LLVl\l LU'l.LLL(l.J\l1l1'WLfI~t1'l.L ~ 
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(0) (tJ) (fI) 

(~) ('1) (\l) 

(tJ) ('Il) (Ill) 

nJ~ 4.4 'mHrvu4btJbLN~1l1'WtI'U1fl 4 x 4 ';jfl1l1'W U'U11'U'U'W'l-lattlIT'U tfltl n'H1ULL~~LU'U~m"a~11m~-;i1 
'V q cu cu 

m ntJ1'VlLLfl~ L U'ULLN~1l1'W Lfl ~el'U ~ 
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(n) (n) (~) 

(tI) ('/I) (Ill) 

'fLl~ 4.5 'V1'H'ltlu~bmLN~Jl1'W'lI,"1~ 8 x 8 "I~Jl1'W u,"n,","'W~H1TtJfi," T~tJ mtlULLil~LU,"~m.Ja~nn"l~~1 
'V 'II <u <u 

m nU1'V1 LLil~ L U,"LLN~Jl1'W Lfl ~tl," ~ 
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(n) (n) (fI) 

(~) ('I) (w) 

(11) ('II) (01) 

1'\J~ 4.6 'VI~af)u4hmLN\lm'Wtl'Ul~ 16 x 16 "'~m'W U'UO'U'U'W'VI'flttlIT'U t~tl mf)ULLfI\l LiI,",iim.j'fl~Om~-;jl 
cu .. cu cu 

mnU1'V1LL~\l LiI'ULLN\lm'WL~~f)'U~ 
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(n) (tJ) (¥I) 

(\I) ("I ) (~) 

(tJ) ('/I) (Ol) 

J'\J~ 4.7 <ml"Bm!htJbL~\I1n'WtJ'U1~ 4 x 4 ~~m'W u'Ut1'U'U'W,!plVl t~tJ mBULL~~bu'Uiim'-!~~Qm~~1 
mnU1VlbL~~LU'UbL~~m'Wbfl~B'U~ 
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(n) (11) (~) 

('I) ('I) (w) 

(11) ('/I) (01) 

1'\J~ 4.8 'VI.,atlu4hmb~N1l1'WtJ'U1" 8 x 8 ~"1l1'W U1b1rn"rn:::lf11n·rn.JmaVl~ t.,tJ mtlUbb" 'Uu,"iimH'I~ .. . .. 
Om.,-;il m nUl'V1 bb" 'HiJ,"bbC'N1l1'Wb"~tl'" ~ .. 
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(11) ('/I) (el) 
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~~ c( cJ c4 J. II 

m'l"Y1fH'fBmbl mn'IJn1U 8U LUB\I'Iln mN LL""Y1 LtJatJULLthN Y1a~UBtJ~aB"nl''rYl"aB\I fl'IJ m'l" 

Lf1~BU 1l11L~m.tBtJtJB\lA\ll~ l11B 1'IJ lmu'IJ'inrn Y1fH'fB'IJ 'l"tJ~ 4.10, 4.11 LLa~ 4.12 Liju1l1'Wihmh\ltJB\I ... 

~am'l"Y1mfB'IJ'IJ'inrnf1rn~1mm'l"~ma~14iltJLL~\l1l1'WtJU1" 4 x 4, 8 x 8 LLa~ 16 x 16 ~"1l1'W m~al.r'IJ 

t"tJ 1tJ'lJutJB\lYlnLL~\l1l1'W£lBtJ tJB\I'l"tJ~ 4.10, 4.11 LLa ~ 4.12 LLa"\I~a"''W6tJB\lnnml'1m1mlLf1~BU~ cu. cu • 

aB\I LLnu x LLa"\lml~L~~LLa\lnl"'\laB\I LLnu y LLa"\I f111~rltJB\lLL~\lJl1'W L'l"lLLa"\lnnml'1m1~Q 

Lf1~BU ~lu al.r'IJJl1'W1~h'fni ~~m'IJn1U'Iln LLa\l LL"" fl'IJ m'l"Lf1~BU 1l11L~mtBtJtJB\lA\ll~ VI~B 1'IJ 1~ 1u 

t _ _ .' .. -

I· .. ·" , ...... 

_to. ..... I I _ _........ I, 

>. . - - ::-"-'A' -- --

66 

• 
(n) (11) (fl ) 

~ .. • • • " I . .... . .' ........ .. -to,. .~, I ...... t .. !-~. 1.1, 

- -~ t~"":"" -

-- --

('I) (~) 

,.. . - . . . \ . . . . . .. '0. . ...... .., . , ......• . ··.·0.. ,I ....... 

_~ __ 1 .. !' ~~ ..... _ -:.:- ,. ~~ 
• 40 '~J 

.. - -to. •• ~ ... ,1"_ ... _ '.. !' ~ I j 
,_ iL--- • - ~._ ~ • __ ~ - i:. iii' _ 1

1
.-: ...... t. .. 67\- Ij 

-- !.-..-. ... r_ ... . - ~ 

(11 ) ('I!) (01) 

1tJ~ 4.10 Y1"aB'lJ4iltJLL~\lJl1'WtJU1~ 4 x 4 '1~Jl1'W 'IJ'inrnf1rn~1mm'l"~ma~1 t~tJ mB'lJLL"\lLUU~B~a .. . ... 
~C1m"~l m n'lJ1Y1LL"\lL UULL~\lJl1'W Lf1~BU ~ ... 
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. .- ,. ,. 
. . . .. . .' . 

__ .. ... JI~ ..; ... ~ II 

--~ L~:'';;';'''-- .~- Q~-
, J • • v •• •• ~ '. .... ~..' .;s;....,;-..3- ,_ __ . .-.2 ,. __ 

- - - -
745 830 

(n) (tJ) (~) 

. - . .. .. . .. , ... 
_' ".' I I _ ~ !... I I 

~ ' . .-. ::. _ .. - .~ . . ~ ..... -- --
~'.~.. - -i....... ... -. 

(-.1) ('l) (\\) 

(11) (11) (Ol) 
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... t_ . . . 
. . . . . . 

. _" .... . ...... ;.t;..". I. _..;.. ~ _~.l 

. "G'· < ....... - I~' r; ..... ~ .... '! .... !.!.~..... "~ .,--==-
.~-... J-: ':~~.:\.~ .•. :~_' . :..:i.:.~-~_ 
; ••••. ~ ....... !O •• e;~.. 181t'·, - I.~ 

225 291 

(n) (11) (fI) .. . .. 
.. . . .... 

'".. - .-'... ~ - I I ;-- • ..:~; ... '- • ' .• -; .. -- .. -,.;r:;tfIa-;.. - -
.5!'v·;· ... ~.; .......... - .• z:...::.... •• ~ 

: : .. ~ .~~. ;::;;;~ .-: ._ 7- - • -=:_~. 
, ••••••. ~. ~ .... IiI-.... iit:.......= IE:"" .. ,~ 

(~) (:j) (~) 

(11) ('/I) (01) 

1'IJ~ 4.12 'VI91~vu4htJLLN\l1l1'WtJ'U191 16 x 16 ~911l1'W u'iL1rnflrn~ifl1m~~mml'l t~tl mvULL91\l Li"J'U 
u ..J.. GI .. ~ 
tJv~ rt'VI nmfl~l m nUl'V1 LL91\1 L U'U UN \1111 'W Lfl rt v'U'VI .. .. 
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nl'HmVU'lI'\.11" lvh~m~~l~l4iil'''m~~'\.1'mY~vvntln~flu 'lI'\.11" ly.j~m~~iI'''m~~'\.1~il~vvn 
bb~1bL'V1'\.14i1Vfm6 t"v lim1m1"l~Tl~mfl~v'\.1~1'\.1~1~um~i~VlfliL~,"lumv 1'\.1m1bLvnl~mfl~v'\.1~ ... . 
vvmln1n~~'\.1~"'~ l11'V1"avUflUm~llil" PNG flU JPG ~~Lil'\.1nwUUB"m~y(11tl~hlU11itmvl'\.1lli 
1V~1U 

(0) Jl1WL1~Yl,", JPG 39.5 KB, PNG 144.0 KB (Y1) LUN1l1W 4 x 4, JPG 9.7 KB, PNG 18.7 KB 

(fI) LUH1l1W 8 X 8, JPG 9.5 KB, PNG 22.8 KB (~) mWll'W 16 x 16, JPG 14.1 KB, PNG 43.0 KB 
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(n) mWL~U91", IPG 31.9 KB, PNG 124.4 KB (11) UW~1l1W 4 X 4, JPG 5.8 KB, PNG 8.6 KB 

(~) UN,unw 8 x 8, IPG 5.8 KB, PNG 11.6 KB (~) LLN~mw 16 x 16, IPG 7.5 KB, PNG 18.9 KB 
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nl'jV1~H'I tlmlTUL1 ftl~l1il 'Unl'ah~:J.n ftj:.Jft L 'H1Vll~ tJ~ L1 m L~ ~tJ 1 'Unl11.h~:J.nftj:.JftU'ULYl~tl 'Hl m·J'vh L~tl1 

nm~uur:r~vll ~~d 

o 

ml1~Vi 4.4 YlrnamYrn~tltl~ Lenovo X61 . 

l1liltJ1.h~:J.nftj:.Jft Intel Core 2 Duo processor T7100 (1.8 GHz, 3 MB, 800 MHz) 

l1liltJYll1:J.1~1l1an DDR2 SDRAM 1.5 GB/667 MB 

I LLj:.J~J11'WtI'U1Vl 4 x 4 I LLj:.J~J11'WtI'U1~ 8 x 8 I LLj:.J~J11'WtI'U1Vl 16 x 16 I 
5.194 ms 4.475 ms 4,297 ms 

5,116 ms 4.505 ms 4.318 ms 

5.152 ms 4,507 ms 4.296 ms 

5.150 ms 4.705 ms 4.317 ms 

5.131 ms 4,516 ms 4.322 ms 

5.226 ms 4,924 ms 4.317 ms 

5.151 ms 4.519 ms 4.320 ms 

5.129 ms 4.497 ms 4.303 ms 

5.197 ms 4.642 ms 4.314 ms 

5.149 ms 4.621 ms 4.305 ms 

L~~tJ 5.159ms I 0 

L~~tJ 4.591ms I I 

L~~tJ 4.31Oms I 

l'U~'U~tl'UmlV1Vl~tlUL11LilVlTl.hLLm:J.I apache2 L~tl~lfttl~m1Vh~1'UL~iltl'Uml1~~1'U"l1~:J.Iln~'lVl 

~'nf'Utlrn~V1Vl~tl1JL11 m:J.l11tl'o/UJ11'W"llnj:.Jfta'Wlhh'UL'11JLU11L'1Itl1 ~"I LL~Vl"ll'U lt1~ 3.3 mlV1Vl~tl1JL11 .. 
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'Vl~'HJU~ bbW'Ul1'WtJU1",h'1l1U 3 tJm~ bbW\lm'W Lan 1iinmu 1U ~"!~ l'W'll~ nl'lfi1UlrnflvU YlTi ~lU1U 

~m.J"tJv\llLW\lm'WtJU1"lan~~lU1WiimHUJ1nwh ~lU 1u~m.mtJv\lllW\lm'WtJU1" 1'1-H1I ~lmhl~ ~I'J lu~" 
IV '" 'U QI 

m'l'Vl~"v\llum'll\1~ 4.5 'WUi1tJU1~lLw\lm'W 4 x 4 8 x 8 LLm~ 16 x 16 ~~m'W m:J.J1HI'lv\l1Ut1m1 

~m~m~1:J.J1n~,,!" 193.83 217.81 bb"~ 232.01 Lvh:J.J~vlul'Vi rl1:J.Jri1~U 

m'l'Vl"RmJnm~1~unlnh~l.J1"wmm'l~uuc:r\lVl11u ·nul~l'JiiL~vn Armadillo-9 4l\l~tl~ 4.15 

d~lu'l~uUc:r\lVl1 L'llm:J.JnoilmY\l'l~uutliluil n1'l GNUILinux Emdebian 1u 'l~uuc:r\lVllii1~ bb,,~il'Wv1r1 

~vnav\lLiULLfl:J.J~.i1WVI1\l'Wv1il USB ~\I~tl~ 4.16 bb"~ Armadillo-9 il'Wvlm\mfl1v~1I'Jti1V11u1uci\l 

~v:J.Jm .. i1uLfl1v~11'J 141 Armadillo-9 ilflrnR:J.Jtm~\lil1'll\1~ 4.6 bb,,~il~"n1'll~'l~I'J~nm~l~un1'ltl'l~:J.Jl"~" .. . . . 
m:J.JL'VlflitflYi'li1LRuv41\lm'll\1Yi 4.7 

nWVl~RvU l~~'\.I.ilv'\.l.L~hJ1nu l'\.l.nwVl~Rvu 1'\.l.Lfl~v\lflv:J.J'W1LYlvHYItJ L'll LUYlltl'lLLn'l:J.J apache2 

LUUnl'l'Vl~RvU lRilvu n1'llii\llu~~\1 :J.J1n~R~ tJrn~'V1~RvU m:J.J1'101um'W~ln ~"a'Wfie-.i1uLiULU'lll"1lvl . 
~\lbbR~\l1u!tl~ 3.3 m'l'Vl~RvUL'l1'Vl~RvU~bb~\lill'WtJu1~~l\1nU 3 tJUl'i1 LL~\lill'Wlan 1iinmu1u~,,!'il 

• fU~. II " ct_ II ,. II 

l'W'll~ nl'lfl1UlrnflvU 'Vll'l ~lUl'\.1. tJv~"tJv\l LLW\lill'WtJU1'il L"n :J.J~lU TU tJv~":J.J1 n n11 ~1'\.1.1U tJv~" tJv\l 

ll~\lill'WtJU1~ LVI'll ~lnfi1l~~1'J 1-u~" n1'l'Vl~mJ\llum'll\1~ 4.7 'W'Ji1tJm'ilLL~\lill'W 4 x 4, 8 x 8 LL"~ 

16 x 16 "l~m'W m:J.J1'lmv\l1Ut1m1~v:J.Jm~1 4.26, 6.00 bb" ~ 6.17 LVhl.J~vlU1Yi m:J.Jril41u . .. 



USB 

EP9315 (Cirrus Logic) 

ARM920T CPU core 

ARM9TDMI 

16kByte instruction cache 

16kB yte data cache 

fl11:J.JihrrunJ1rn'U1~m 'w\.htrth": :J.J11;lN1;l 200 MHz 
at at 

fl11:J.Jfif(rurulrn'llB'IU~ 100 MHz 
at at 

16kByte instruction cache 

16kByte data cache 

SDRAM 64MB 

FLASH 8MB 

2.0 Full Speed (12Mbps) 1 channel. JYpe A connector 

50 
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V1nl~~ 4.7 l~I'J~L1m~li1luml1.h:anmH:IUU Armadillo-9 

I Lb~NmWtlUl~ 4 x 4 I Lbc.J~m'WtlUl~ 8 x 8 I Lbc.J~m'WtlU1~ 16 x 16 I 
237.707 ms 166.841 ms 161.909 ms 

234.263 ms 166.424 ms 161.788 ms 

234.777 ms 166.061 ms 162.135 ms 

235.787 ms 165.414 IDS 161.760 ms 

232.285 ms 166.262 IDS 162.356 ms 

235.296 ms 165.532 ms 162.222 ms 

233.888 ms 166.281 IDS 161.941 ms 

233.101 ms 168.238 IDS 161.922 IDS 

232.742 ms 167.512 ms 161.591 IDS 

232.905 ms 166.832 IDS 161.732 ms 
, , , 

I L~~I'J 234.275 IDS I L~~I'J 166.540 ms I L~~I'J 161.936 IDS I 



5.1 iirHtlll 

I 
col 

tJ'VI'VI 5 

d~UU~~#l~(lmi1La'U.vfl¥~LL'm ~v DE2 ~~LtJuvtlnm\~ilml).mla.J1d(la~ LL"~vil~lulv'iLllmn 
v • v 

LLvi DE2 ildlma~ 'W1vwi'uTtldLLmm~/~ul~ildlmLLvN ~~d~Juvtlanflvlvtld~TtltI"1'U.l~n1l~ 4l~li'u 
v • 

l'YltJ1iivmlhi~~L~vn Armadillo-9 LtJUd~UU~~#l ~~ildlfll(lnnll LL"nfl~v~~v~l-nlumdw~ulLiJu 
v 

d~uULiJ'1~-31~Wiv~ Li1t1fll1-n~1t1 1'U. a'm it LLvi Armadillo-9 Vil~lU -nl nll DE2 vill111'YltJ1ii'WUITitWiv-3 il 

~m1Vulfi~vil~lULll iltld~~'Ylfim'W LL"~m).ndmil~luma.JLlm";jl~ lWil'U. d~41u~'\-b'Wv 1'1 Liiv~ ·nnLdl 

ma.J1d(l"l~m¥'WITIJv~ Armadillo-9 ).J1LLa'1~ 1uL1ULudlL'lIv1 LL"~vY~~lv1l~ '1 IJv~ Ttlmm).Jml";j'H11W1'l 

Lfl~v'U.~lucil41um'Wl~V1f1"f..ll'U.Lfl1v~1t1 lv'i LtJ'U.lfimd~a~mnnllmdLLa'1~m'Wf..ll'U. VGA out L~mdl 

"'1vtlnm'i1ua'mit vil111Ldl"'1Wiu'YluLL,,~al).Jldm,i11t11-n~lu 1ul~n1l-31v'i . . 

m'Wl~V1f1" ~Wiv~,ilu 1 rnv'iltJL"IJfl rnWl";j'1CjJ1~ LL"~Wiv~ 1-nL1"1t1d~a.J1 "~,,,z vtl T'1 tI if~fl~fl rnm'WIJ v~~" a'WIT . . 
~1v'i L'Ylfliifl~"hYlru~vn1dLLU~m'WvvmtJULL~~m'Wcivtl vil111"'1#ldumu l'U.m'W lv'i LL~-3J11'WIJm'11vml 

~ v 

L'VIa.Jl~ nulm1Lfl~v'U.~~ilIJ'U.l'11vml 'VI1v n1dLfl~vU~IJv~lW1(lln~'VI,zl m1v~ LL~~J11'WIJU1VlLanL'VI).J1~ . ~ . 
nU1W1mfl~vU~~ilIJU1'1Lan 'VI1v mdLfl~vU~IJv~lW1(llUd~tI~ In,, alULL~~J11'WIJul'11mll";j~WlvuaUv-3 

• • v 

vlVmdLfl~vU ~-nlnllLL~~m'WIJmman LLvlLL~~m'WIJul'11mll'Yluvlvmnumu lv'i~nll n1dtllu~lii'1L~a.J 
~ 

LtI~£J'U.el91Tu,y~ ~lt1dv~lUl1namu~mmhh~ '11v'ia.Jlntu LL,,~al).Jld(ll-n~lU lv'inun~v~~l~ma.Jld(l#'1 

d~uutlluLLa~IJ11el91T'U.,y~ 'VI1vn~v~L1ULLfl).Jril'V11u~u1Tllfl ~~ildlm(ln 'H1~v lv'i~lt1 Ldlm).Jldmh~'1 
v v 

LL~~m'W~l~av'1fl~v~numdLfl~vu~";jl~ rn Lvh).J'VIii~ '1 lv'i LL,,~v'iltJL'YlfliiflitLdlma.J1d(lmT'I~Umd 

Lfl~vU~~nm'lULvhli'u Ldlm).Jldmil~lUUUd~UU~~#lvcil~ Armadillo-9 ~LtJUL'lUL~1vJL1vnv'i Ldl~~ 

a~ lvJ~m'Wf..lluLfl1v~1t1BULCjJv1Lii.illv'i LL,,~vil~luv'ilt1ml).JLlli1~ 7 LvJda.JvlvlmVi LtJUelmlLvJda.Ja~a'1 .. . 

v'ilt1mdLL'YlUU1L1rn ~U 'VIa~ 1um'Wv'i1t1'Juv villl1L dl"'1IJm'11vJ~tlii'1 PNG lv'itld~a.Jlrn 10 Lvh LL"~"'1 
IJUlillvJ~tlii'1 JPG lv'itld~a.Jlrn 5 Lvh tunUIJU1VlIJv~1W1(llucil41um'W~CjJdl";j'WU LdlL~).Jmd";jVl~11W1(l . . 
Lfl~v'U. ~lucil41um'Wl~V1f1" L ~ vdv~lU1W1'lLfl~ v'U. ~lucil41um'W~'VI ~Vl mdLfl~ v'U. 1'V111'U. ulL1rn ~t1dl nil 

1uLvJd).J vil1.l1Ldl1v'i~,,~ln~L~tI~ nulfin1d"um'W~'U. 'VI"'~ 
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5.2 

O11vh h"hhLLm)./m1''H11W1qLfI~e)'U ~ht~l41umw tWlV ln1:;uucl~~1vh-nu lv1ihh:;a'Ylfimw)./ln 

ri~~u LLrt:;m)'/11()ti11uln~lu lvh1~ ~~ lv1L"uv'Vl~m1u1uu'i~LLrt:;~m"umLu:;ci1'H1unww~U1tu1LLm)./ . . 
luvU1f1W1 4l~viv lut1 

1. L11 "1)./11() rtYlnm lu01'iu1:;mrt~H'lrt~ lv1 v11V011rtVl~UWlvU ~Vh~lU~lnu LW11:; lul'YlV1uwufit1 

lnw~nnu~ilvQm~11utmwul1i ~~iltv01,,~,:;ilO111U1vmhu1rn~1~L~)'/ lv1 L~unnLLUrt~mW 

rn LvJ1)'/'H~~ 1 nu011fi1u1rn01n1)'/~rtvi1~1:;'H 'h~mWfh"'~"v~ ~~d]uw~nnmJv~tmwul1i nu 

w~nnu~"11~~ULv~ m)'/~l41u m)'/'H"'n01ma1"v~~ 'mt1m)./nmu1vufi1u1rnw1v)./nulv1 

LLrt:;1:;UUC:r~~1~~VlvY~ lrtu11~tm wu l1ilv1,:; d:Ju 1:;UUr:r~~1~ilYJU 1VlU1Unrt1~~~YJU1Vll'Hqj O111n 

1rtU11~ v41 m)./11()vh 1l1L111nnav~nuLLfI)./~~~mwLuu YUV vh 1l1L11rtVl~uWlvu011LLUrt~mw 

,1n RGB YJv~tmwul1i Luum1)'/L~)'/LL"~ lv1 

3. f)11L ~)'/u1:;il'Ylfi mwYJ v~~rt "'ow fiv11 V O11~Vlm)'/1W1mfl~ VU ~ tVl V O11~1f1 01,'" nM rn:;YJ v~1W1mfl~ vu ~ . . . 
'H~~ 1 L~m~)'/f111)'/"lL~vri~~u LLrt:;m)'/11mLnu'Y'H1011-EvU'vj'Utlv~mw lv1'l.uU1~mrn 
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Detection of moving objects in video sequence 
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tJfI~"da 

ul'Ifl1111if nallii~m1"11,m m1Ifl~!JU~IJ!J~rfllJ 1ua1~uIl1Ylith1f1" ~ 
~"lmlil~fl~~TM l~fi!J~lIiuIl1Yl"lnl1A'~ (background image) uilmiu 

m1fl1U101I!iltl1tl"1~ (fixed-point) ~~l1l1tl mnhu1011~lI'lnm11:1J 
acnu:IJ!J~U~~Il1Yl (image patch) 'ln~ha1~uku (rank) 1J!J~llIl'I;n~lu 
allm1ti1u101fl11111111J!J~ifin111l1i1li1~ua~ (optical flow) fbIJifin1A'~ 
a!J~\iilIJ~l\tl (the least squares approach) O'uifitltltlilIJn1A'~a!J~,y~l1l1tl 
(the total least squares regression) ifinl1ti1u101ti1a1~uku~ntllh 
Lilulhulh4('l!IJ!J~~lUi~1J ~ilaYl~lJil~m11:lJacnu:lJil~U~Il1Ylfiil~uti~ 
n~1IIl1Ylf11111f1lJ Ifl~ilU~L~ilfl1111 unfi!J~ 1u ,11U if In lau!J nm.H'Ul.ll~ 
m1IJIJ1IJ U;I101 (region growing) TtlIJ n1l1Utl hi U;I101lfl~ilU~ lJil~ 
1f1IJJuLi'JuU~ilU (blob) m~~Il1~IJlI~fl1ilUrfllJ hi Yl !Jft ~~u~ilualH 
,1n II~~ Il1Yl~ ~ nmfl~!Ju ~~lml o'U ~'! tl ~ 1: IJ: l11~ o'u \i ilIJ niHil ii tlI~lI 
ItI~IJU (threshold) t'bIJifim1lJIJ1IJU;11011U~lU i~uif';l h'inl1f111,m 

1f1lJlfl~ilU~lua1~UIl1Yliih1f1"~fl1111l'1Ul11u¥iilacnu:nmii'h~ 1 It'i 
1I1n;U TIl!J~ilA'Yl~~lt'i Ii')u ua ilUYllilllO'U fl1Ul1li~lJil~1"1J Ifl~ilu~lu 
lh~uIl1YllJil~u¥iil:ll'I111 

Abstract 

This paper presents a detection of moving objects in video se
quence that uses fixed-point calculation. We estimate the rank 
of matrix with noisy data and decide whether the image patch 
is moving from the rank of matrix. This rank is calculated 
from optical flow equations using the least squares approach 
and the total least squares regression. The fast calculation of 
this metrix's rank is considered to be one of the most critical 
parts. Results from image patch definition will be processed 
by region growing using threshold method. The region 
growing in this paper increases a robustness for rank estima
tion. Finally, we can identify the blobs and the moving objects. 

Keywords: image tracking, optical flow, rank, region growing 

1 tJ""h 
tfm~11tJ nl'''l;'~'," u,~ al14 IItN l::1JU ltll1::1~ O'"T14lffl '1:: il ilv).loW1Lftu1 
u~lhu (server computer) lUIl1Yl1l1ufhti1U101l111"lJlfl~ilU~lull1l'1 
nilu ~,: li1 n!JlJiI a~ lt1ilfl11:li if~ lhu ~u ifi if"illll;11"!Jl u~ II1U UilZ 

1:UUlfl1!J1I1Ufiil~';1~lU"ililtll1i11 UiI: Iii UI1i11 ri1ull1n lt1 nu Il'I111~~ il 
r"lJlfl~ilU~ Ina11111tlilftfiu'Iunmhu1rnuiI:ilfttfi1l101n!JlJiI~fiil~ri~ 
'ln1ft{hIJIl1Yllt1if~fl!JlIl;11"iJlu~thlJ lfi TftU011fl1U1tllmr"lJ Ifl~!JU;! 
1ua1~ull1l'1 ufhri~niJlJilfl1Ul1li~ua!JUlJil~rflIJJunuUailUlJil~1l1Ylr"lJ 

191 ~!Ju ~ ~~lilUnillJila1l11U011ilfl11:lilu 1:UUlH11d'~ ij" T umilfi 

nn 1l1i11i1~ ua~ Iilu m1l11 fl1111,h~ 1:l1iN a ilHl1Yl ~ mil ilU nu Ttl U il 

a1~uiitlnu ';1 h'inmtl~uuutliI~1J il~ua~liil~\iilIJ l~il~ilO1:l'IUfi ilm1l11 

1"lJlfl~ilU~lua1~U1l1Yliftl1~" uiI:ilnvlJilIJ1!Jilnl~ililnmfl~ilU~liitl 
;u 01 ltlci1Ull1l'1iiil1~" m1tn1,mr"lJlfl~!Ju~luli1~u1l1l'1iiil1~"1~1I 
'ln01111~1l1YliJilmilull~~lJmft 4 x 4 ltl1l1Yl ua11:lJatl1mlJil~U~~ 

1l1Yl Utiil: ~~ nillJiI UIHJ11Yl~ \ln1:1J lImu:,~ un li11t1ilfl11:li if~ lbu 

m1lJ!J1uu;nOllfi~ilA'Yl~Liluua!Ju;!aiJtlflail~nU011Ifl~!JU~';~lJil~r"lJ 
1u li1~U1l1Yliiil1f1" Tftuu~!JU Iilu n!JlJilti1ul1li~ O'UU;I1{\1IJ!J~1l1Ylr"lJ 
Ifl~vU~ ~ufI!Juifi~na111uul'Itl1111ifILatl~~~ltl~ I 

mni1u101mr"lJlfl~!Ju~lua1~UIl1Yl lilunnilfln:lifl1111Lnlllla~lJil~ 
Il1Yl~ ilfl1111ti illitil~ O'UUiI:Il1U 1u a1ti'uJ11Yl~il" 1 nl1A'~ I~ U1O'U Ttl ur"lJ 

Ifl~!JU~ufiil:a1~m~~fl1111U"n¥i1~O'UI;:j(HI~n\i!JU Lilu011"n,mnl1 

Ifl~iJu~Ttluifinn ll1i1Ii1~ua~ [1] ~~allm1;1 (1) I~il f(x , y , t) Ul'IU 

~~n,yUfl1111InllUa~~utl1"111fl1U..,li~UiI~11i11 
8f dx + 8f dy + 8f = 0 
8x dt 8y dt at 

(I) 

allm1~ '(1) ~tl h'iily1ultllJil~llIl'I;n.n l~ilfl1111a:tl1nti!J011l;'11tll1 ~~ 
allnn;! (2) 

(2) 

I~il 'ill = {Ix,IlI)T; Ix = M; III = U; It = * UiI: 

v = (~~, *) T 1uallnl1~ (2) lilUfl11l11h 01 ltl/l1Ylltll1it~ ~~ 
1~ I;:jU~Ylil~': ti1U101fl11111hlJil~rfllJ lfi m111ti~1l1Yl viln Iilu U~~ I~n 
1 Tft!Jallljiih;fl1111111'1nlftll1l'1Il1U 1UII~~Jultl~!Ju;! t'i1!Jfl1111111 Ifh 

nu allljii,lu if a11111tl ti1U101 fl1111IhlJ!J~ U~~1l1YlJufi1IJifim1n1A'~ 
ail~\iilu~i\ft (The least squares approach) ~~allm1~ (3) ~~Lilu~U'lU 
~lnlu~lui~UlJiJ~ tomasi [2] 

VLS = arg mJnL: ('il F(p) v + It (p») 2 (3) 
p 

mnh:;'ltlJ1'111fl15m~1R1m5lJ1vl~1 flf~~ 30 (EECON-30) 25-26 9lnlfllJ 2550 lJ1111'YlVllllllflfllU 111VVi 5:; \J VlJlfl"'llilJ '41 
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tt1" vLS ~ilft111lIhri1;\'~"'Nliil"~ljt1111NII~Nl11l'1 Hll11Ilft1ilUft'lIl'ln 

1t1l11l'1 ~"II1" N ~t1l11l'1 l"mNl11l'1~"lI;:t~ 'J ~~1I11"fi1" P Lna;Nilll 

m1~ (4) L~ilft11IJil~ll1n';ilO11ilftn~li 

VLS arg minllAv + bll 2 

v 

L~il G = AT A; c = ATb; 

A~l 
1I11~ 

G=[ 

!,z;l I~l 

1 
Ix2 I~2 

IxN I~N 

Lpt; (p) 

Lplx (p) Iv (P) 

b~ l 
Itl 
ft2 

ItN 

Lplx (p) III (p) 

LpI~ (p) 

(4) 

1 
(5) 

"1n~mil(!J1Jil~ Tomasi [2] ';1,hfi'ui"lIil~ G a1IlnI1Ul1nill11"~lIil~ 
IIHM1l'11fi tt1" rank(G) = 0 IU"U~Nl11l'1~lliiinmft~il"~ Ull: 

rank (G) = 1 nu rank (G) = 2 IU"UHHl1l'1~iinmft~l1"~ nn 

"!J11l ifl11":l1l1~ UH~l11l'1 iiniih,;:t~ ~ il11J1111 L~lJlh:ill1~l11l'1 hi unfil1~ 
ij~;" lfiIl1tt1U011';1"1I11ft111lIhIl1NUH~l11l'1fi1"i~nnl1t1l1il"ri1;\'~ail~ 
"l1u~ljmY~lIllt1 (Total leas! square regression) «~aIlO1~ (6) 

rTLS = arg m~n 2:: ([V' IT(p) lIt (p)] r r, IIrll2 = 1 (6) 
p 

I~il rT LS til1ft111J11101111t1l1l1uri1a~ifl1~"11"~ljt1,y~1I1lt1l1il~LlH~l11l'1 
Ull~ r lh~nilUfi1" 3 n0l91i1l ~~iifl111l"'1l~"GnUft111lIhfi'~if vi LS = 
rTLS.., TLS r TLS oJ J! 1" , ~ , ::+n IIU v~ = :+r-s- ifIJ01111 (6) U01t1 lIil:t11n91ilO1nLft11:1I 
r3 r3 

fi'~ilIlO11~ (7) 

oJ 
11111 

r TLS = arg minrT Hr; IIrll2 = 1 
r 

H= 

(7) 

(8) 

"1n~mil("lIil~ HauBecker [3] fi1,hfi'ui"lIil~ H il11l1111Ul1nill11~ 
lIil~UH~l11l'1 tt1" rank (H) = 0 lU"UH~l11l'1~lliiinmft~l1"~ Ull: 

rank (H) = 1 nu rank (H) = 2 IU"UH~l11l'1~iin,.nft~l1"~ ifl1l 

i"91il"nm1"1IlUH~l11l'1il~ltl~ 2 

2.1 mnil"1111ftuh.Yui" 
011 m';1 ,h«u i" 1I11~ l1l111ml~ ii "'11J11J1111 1Un1" Hillll1~ tl1nfl ,,: 1n 

i~011 SVD (Sigle Value Decomposition) ri111"t1 hi >'1 :(>'2 :(>'3 

lu"fi1;\'mll1l:lill'l1: (Eigenvalue) lIilHll111n~ H ll';011';1ml1lfi1 

amll1l:Lill'I1: fi,NlIn1n (Root) 1I11~l'I'Il"11J (Polynomial) l~l1llaOl~"~ 
O11,;m 111111UU ftH il~,i"~1" il("if~~ Lailn O11tl1:111111';1 ihilu i" 1I11~ 
Benedeni [4] fi1U011lm"Ultiuu';Hlnl1l11:I>ll'I1:nujjftl~llltl~U"1I11" 
nn';1"1I11tt1"im ri111"il1li rank ul1"';1,hilui"~lfi"1n011';1"1111 
911lli~lIil~ Benedetti [4] 

\1"111111l'111"11l;\'nl1l11:I>ll'I1: Fa(>') = IG - >'hl nu FH(>') = 

IH - >'lJl tt1tJ~ In lU"lIl111n~lilmlnl1ciill"1t1 n X n ,11" Fa(>') nu 

FH(>') lU"l'I11"1Ilri1Mill1~ nu l'I11"1Ilri1a~if11l911Ilihilu 1t1~ 3 IU" 

fl11101~lIil~ Fa(>') nu FH(>') Ull:jjfll~IlLtl~"" 0 tt1"ii011m';1,hilu 

i"1I11~lIJ111n-n G 911Ili~lIil~ Benedeni [4] il~if 

• rank (G) = 0 n';ill~l1 Fa (0) > 0 llll: G ll < 0 

• rank (G) = 1 n';ill~il Fa (0) < 0 

rank (G) = 2 n';ill~il Fa (0) > 0 Ull: G ll > 0 

riiiIf.H)=3 1 
...... ~.. t · ;;;nr(lit? , .. , .... iif"l~):': l ~ f 

' .. ! , • ~ .. . .. C j·n;· 
..... ,., ... , ...... ; ... ,.j .... . 

1... ..L .. . 

. ... ; ..... 17 
.. ~ .... _._.~ . _ ... .tL. 

Itl~ 3: fjl1l;\'nl1l11:l'I11mll Fa (>.) (ilIL'N) nu FH (>.) (alh) nmailn 

fi1jjilL~llltl~U" 0 iiHll';l1fi1ihilui"1I11~ G nu H (ltltl1:nilu';1il~U1tJ 
\i11l1"1n Lu [5]) 

1"1t1~ 3 rank(H) ii';11l'hnu rank (G) 1I1il rank (G) + 1 011 

fh"1l11fi1 rank (H) ~nilL"",i" fiil~m1u';1~u\i"11"1111~ rank (G) 

riil" lIibw"111111Ift3il~1I1l1UlIil~ FH (0) fl1ilOmn" rank(G) = 1 

1I11: FH (0) > 0 fi'~,i" rank (H) = 1 

mrii~';1ii1ilui"lIil~ H = 0 il11J11mh 1I101l91n'lililUUH~l11l'1 
vim" lfiLh;" Il'I11:111UlIJ111n-n H (Trace of H) ll'hnUHllnIlIl11~fi1 
"nl1l11:L>ll'I1: il~,i"{;, trace (H) < 0 vi1 1li'l'111U lfii1 >'3 < 0 1I1il 

rank (H) = 0 IU"U'Nl11l'1l1Qt1~~ 

1t1~ 4: mil!Jilliiultil1LUNl11l'1lil~l1"~ milUalLt1~til1UailUII1N191'l 
lil~il"~~1.h1n"1nnnlltJ1tJulI1111 
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(a) fhiiflL~)JLtI~Ull = 128 

(c) thiifIL~lJLtI~Ull = 2048 

(d) fhiiflL~)JLtI~Ull = 8192 

ltl~ 5: filillh~I"'Ili''I'I~~thiiflL~)JLtI~Ulliifh~~ufi 128 - 32768 

nll1llfl hi IIll1f1 tllUOI it In illlL\'h nu -irr fI~~ l1lhfimilll 1111 ~ll~ 
11 Ufl~nlJ1~" ii li,rnUl1ll UIN 111'1'1 ~ LIl~illl~ ~ll~ illll1 Ul1ll UlN I11W lu 
LIl~illl~ ~ll~ il til Ul1ll UIN 111'1'1 ~ iilJ1)J 'hllli 111hfil~ lilll ';lU mill.! 

11 Liirmull U1L101 ~ ii ml LfI~illl~ nliJU i1 L(fl~U1L101 1",! LIl~illl~ ~~ LUll 

llilli''I'I~'11nnllI1U1UU1L101''1)JLiilll~Litllil 

• 

(e) filUOIitLnill1 = ~ 

lll~ 6: llilli'w~~lti'llnnllt1fufil~OIi1lnillflll~1~ ~ ~ nll1llll 

h'ithiifIL~)JLtI~ullLYhnu 4096 fI~~ 111hfim'illll111 ~ll~i1ufl~nu~ll ii 
liiU1 Ul1llUIl~I11'1'1~LIl~illl~ ;;ll~illll1Ul1llUll~I11W luLIl~iJll~ ~ll~iltil 
Ul1llUIl~I11W~iiul)J lult'i l1UlfiHtilll';lU nl iJU~ I ]U1LUllUlnOl~iiml 
LtI~illl~ miJUiiLLfI ·~uln0l1",!LtI~illl~~~LUllllilli''I'I~'1lnmlllU1UUlnOl 

oJ ..: 
ft1)JL~illl l1LitlliJ 

mnh::1111'l11fl1'lflVllf11nnllhH41 flf'l~ 30 (EECON-30) 25-26 ~mfllJ 2550 1Jlf11fltm;vlflfl1lJ hivvn::\)t)lllOt11TilJll; 

679 

user
Typewritten Text
59



3 mlDU1UtJ1L1ClUla~UN~Il1WLfl~rm~ 
Ll1 illll111l1:ljua ilUll iH191 'l Lfl~il~~h~ ihflUl11'wiihift~fl~UiltN l~ ltl 
~ 4 TflV~mlJuihiiv1LLf1~LL~N1l1'W~iinmfl~lJ~~ uil:lfl'll"mlJuilufl~ 
'11 III VLilll illJ~l:ljUa lJU ll il~191'l Lfl~lJ"~ fhviiimlllV1VU1L1~ LiilJ~~ln 
U~N1l1'W~ii nmfl~il"~ nl:~lV~1 Uil: L1V~ iifl flfl fl" ,y11~'l'l1~lVLilllil~~ 
uti iil'111U 1f1'l1" mlJU il Ufl~'I11l1VLilll 'I1ii~ U~N 1l1'W~ ii Lfl~lJ";i m:~lvli1 
Utl1llLlv~jjflflflfl" ~~ 1IlillIl111l11iiiim1!lvlvulL1~fI1lltlnfl1fi utlm 

Lil"il iii nllt11utll~ iiil ril'11"fl ml IlV1VU1L1~ iil'111U Ur'iUIlJ'I11 if L~Il~ln 
nmtl~v~ iilJllil 1l1lJlJn~ln Lflll ~ fiil~ml U~N 1l1'W~ ii nll LfI~lJ~~ Ll'hJ~ 
LtI~V"Lil~ ua ~u ~LM~VIl~ flllJUfl~1l ml!JV1VU;L1~ !JlJ~ LLlN1l1'W~ ii ml 

Lfl~il~~!JlJ~lfl'lli" TflvuHHn'W~iimlLfl~il~~~lnii~'lfl!Jil~UH~1l1'W 
~iinmfl~lJ~~Mii~ 1 fia~ih:v:~;'~n~ 1IlLnM;liiflL~IlLtI~V"~rilM"fl 
fl~Ii"1l1V 1" ua au !Ja~1flQ Lfl~lJ"~tll:nlJufi1V UH~1l1'W~ii mHfl~a~~ 
uil: uH~Il1l'I~llliimlLfl~lJ~~ f1~Hila'Wn~mlJU~LM~VllilufI~MlllVLil!J 
I flU 21"ltl~ 4 

4 N,lnlHIt\aa~ 

mlf1f1illJ~dL~anUIN1l1'W~ii!J"lfl 4 x 4 "lfl1l1'W mHh"1~Hill11l~ 
UH~1l1'WMii~ 1 1lliiullJl-llnllnllii~ (overflow) Lnfl~~L'Wl1: Hilnll 

~~ 16 flr~lla~Hil~~fl11IlLiiIlUil~!J"lflllln~'lfll""lfl1l1'W!J"ltl 8 Ufl 

(bit) fia~nll~"~iilM1UnmnU"lfl1l1'W!Jmfl 20 U'1Lil~lJth~UlJV ~~ml 
f1f1illJ~liillnt1 CJC++ 111lnu1ilun1 OpenCV (6) ~iil'lmi1Lflil1Lnu 
1iillJil"lfl1l1l'1ll"lf1 32 U91 utimlii"~:Lil~uIlJM1L~lJmn:ljilm~:UH~ 
1l1'WMii~ fia~lilUH~1l1'WlilUiil~1l1fhm~ fhv mlfhm~fhihflU,r"~~ 
LnfluIlJ1-ll1fi Lmil"lJmlur'iUIlJMlmlii~TflV 11iml~~il Lnill1nULIll'lln~ 
~fia~nmh"1~fhihflu,r~ 'h~~ilLnill1~11iii!J"lflLil" 2~ tflV~ n = 

1, 2 , ... ~~Lil~mlL~lJ"Uf1!Jil~'Wll1i1L'llJlltll'l1~!J11Ll'hli~ 
'Wl11i1L'1lJ1~iiltlIlJL~il 11if111~l-lllf1'lLfl~il~~1~ihflU1l1'Witilifl~ fia 

fh iifl L~1l LtI~u~iilM1U mHi1~1~';1 ,hflu,r" flU !J~ltl !JlJ~ ft1~~ il Ln ill1 

L~il M~nL~~ ml ii~ Ln~1i ~ 11il~ nm~iln tllU';l iifl L~1l LtI~V~ if fiil 

mlL~an';1!Ja~l'Ilni1Lfla1~~ ila~~l'il h'UH~1l1'W Ltl~lJ~~ ililfifliiil~ flU 

1f1'lLfl~il~~~1~ 1~ihflU1l1'Witilift~ tflU iiUH~1l1'W~iiVlll1111fiU lJ V~'lfl 
ft1illh~Ul~ih~lIil~Hilmll'1flilil~tlfu';liiflL~IlLtI~V"Uilfl~ l~ztI~ 5 Uil: 

tl1lJth~UN .h" lIil~Hil mll'1f1ilil~ mlt11U!J~lfl tl1~~ il Ln ill1Uilfl~ l~ 
ltl~ 6 iilMlumlt11u';liiflL~IlLtI~V"Uilfl~1"ltl~ 5(a) nuztI~ 5(e) 

iY~LnmlnMUlt1Nt'il"!J11!JlJ~utiil:ltl Hil!JlJ~mn:ljilm~:!JlJ~UH~1l1'W 

Lil"~"~ ~llliivlIlL'Wm';lihtiu,r"!JlJ~ G flU H 1IlLl'hn~ UilHil 

!JlJ~mn:ljlLH~1l1l'1~:Wfl'Will tl ';lJ"iiHllln uti m1!JV1VU1L1~ ~Lil"lJ 1" 

iiim1!llJ~~1"iruiflhul'il1liHila'W~'I11ilualJuililflfliiil~nulf1'lLfl~il~~1~ 
1" .hflUIlll'fiihift~ iilM1U mlt11U!J~ lfl fi1~~ il Ln illhil~ nllMl1~iifl 
'I1ii~ ihtl1MllUilUMllJlllmn" 1tl~:l'il1li Hila'W~ nll1:ljilm": UH~1l1'W 
wfll'Iilltl1t'i tl~ft1ilth~1"ltl~ 6(a) Lil"ft1lJth~Hill"'W~ml1:IjUH~1l1'W 
~ Wfll'Iillfl Ll'In: ft1Ml1ii!J~lfl Lamn" 1tl .h~ft1lJth~ 1" ztI~ 6(e) Lil~ 
ft1lJlh~Hila'W~ml1:IjUH~1l1'W~WfI'WillflLl'In:ft1'1111ii!J" ltl1M IljLn~ 1tl 

1" mlf1tl ilil~ if ';1~ LMIl1: illl~ ill1l111l1li Hila'W~fl11l Ln~ 1i~ fiil~ml 
Lil"';liiflL~IlLtI~V~~iifhhLlh~ 256 - 8192 ti~tl1lJth~1"ltl~ 5(b) ii~ 
Itl~ 5(d) Uil:1I"ltlft1~~ilLnill1ii';lhLlh~ fr - ~ tl~fi1alh~1",tl 
~ 6(b) ii~ ztI~ 6(d) Ih~!Jil~fh~L'I11l1:illl~~ila~~iiHiltilJn11f111~'I111f1'l 
Lft~v";il" ,hilullll'tlih1fl14 til," lh~~ n11-1 LLntHilt1'Ultl1J iNvnniiLftfll 
';lMii~illll111l11ilt'iMilluilm~nmll 

5 altJ 
nll f111~Ml1fl'l LfI~il~~ l~ ihtlu 1l1'W iiilifl~ ill1l111l fh~1~ tM 11i 

Lil!Jflciif1"lflfll~ (fixed-point arithmetic) uil:iiHilal'l~Lil~ualJUlIil~191'l 

Lfl~il~~ n tiaL~ilLnfl nmfl~il~~!Jil~lf1'lJ~ ~ iiltillJ 11l fiil~ LnU1l1'W>lln 

'I1il~ l'Jn Lv/lll Uil: 11l ;;il~ ih~1~ Hilm: f1U nll LtI~lmutlil~ !Jil~ LLil~ ;iil: 
UlJU ~~LMlll: flumll'iNl~ 1" 1:uur1~fi1 'WllJll~~iiim1!JU1vulL1~UUU 
11i';liiflL~1l LtI~V~ 1~mlW~1l~1l'il1li'Wl11i1Lf1il1iifl11Ilfl~l'I~Uil: illll111l 

lIi1finuilm~:nmll~uf1ntil~n~ 
iiinllf111~'I111f1'lLfl~il~~fi1Unll1'l1ilLii~Uil~ 1~ul'Ifl11llif iiHilil'W~ 

~til~~ln~l~Wu!JlJ~ Lu (5) L'Wl1: Lu (5) il~hHilil'WGLil"LLH~1l1'W~ 
iinmfl~lJ~~Ll'hJ~ ~~llinmLl'Ijm:~lvmlIlL~lJ (belief propagation) 

'Wlilllnlll'il,rilfl ilLnil (multiscale) nUUH~1l1'W~l!m: IjUilm~:~ln';1 
ihflu,r~ ~~ill~ 11l1fiiitl11IlLh~ililfiflail~fl~,y1~~1f1'l l'il1liiiillJil!JlJ~ 
lf1ll~il~ hli~!J1flI-llV utiiii~mlilLil"il 1~Uf1fl11IlifL11il" hHila'W~Lil~ 
U~~U~L'I1~UIl~fllilUfl~IlU1L1~!Jil~1f1'lLfl~il~~ Ll1ur'iUIlJ'I11mlm:~lU 
~11l L1 U~ iifl flfl n~ !!il~ UH~1l1l'1 Lfl~il~ ~ !Jil~1fl'l'l1ii~ thV m1!lU1VU1L1 ~ 
uuu 11i';liiflL~IlLtI~v~ l'il1lilfi1iillJil!JlJ~1f1'lLfl~il~~lJth~flrul'l1~ 

~1~ ~~:l'iltilJ 1tl fiilmlliliiiif1t111i1~ 1:uur1~fi1 TflUlilua lJU~ 
,;1~ 1~ 1t'i Lil~tl1~lnflU1L1~ lIlJ~1l1'Witilifl~ ~fiil~mliiu afl ria~ ri~ ililn 

Hl~Lfl1illhu (network) 'WlilllflumlnU~1~Hil,huMl4~!JiHU~ ilU 1~1l1'W 
~ Ll'hll'l1ii~ 1 L~ilfllJIlW1Lf1lJ1ulllhua'WLfll'IDillJil~~lLil~Ll'hli~ 

[I) D. H . Ballard and C. M. Brown, Computer Vision. Englewood 
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(2) c. Tomasi and T. Kanade, "Detection and tracking of point fea

tures," Tech. Rep. CMU-CS-91-132, Carnegie Mellon University, 
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(3) H. Hau6ecker and B. Jiihne, "A tensor approach for precise com

putation of dense displacement vector fields," in Mustererken

nung 1997, 19. DAGM-Symposium, (London , UK), pp. 199-208, 

Springer-Verlag, 1997. 

(4) A. Benedetti and P Perona, "Real-time 2-d feature detection on a 

reconfigurable computer," 1998. 

(5) X. Lu and R. Manduchi, "Fast image motion computation on an 
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ConferenCt! on Computer Vision and PaNem Recognition Work

shop, (Washington, DC, USA), p. 120, IEEE Computer Society, 

2006. 
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10M' 1111111 0'1 f)1I ~U mlftnlil1:tiumllJllJlf11 

ill!Jlift1mlIl1v/Wl~ln "l~lil~molIlMlil'lV1aUL~il 
i'I l'I .ft . 2546 U~"lU~rila~flnliltiill:tiumllJllJltf1 
ill!Jlift1n111l1~Wl "l~lil~nlo1lll-llil'lV1aU 

1\;6 I'jllhflf ~Un11ftnlill:f1UmllJllJlf11 ill!!l 

iinnl1ll DLanl'l1iliiml ill11U~ Ll'IflT~tilii 'W1: ~illl 
Lnal L~lfj~l'I'I111 illfln1ZU~ 1:tiumllJ1lJ1Tl'I ill!Jl 

ift1nl1ll1~Wl 1l'l11il'lVlaU illl~ ~1 ilLfll'l Uil: 

1:tlUmllJ1lJ1LiJn 111!Jlift1nnll hHfi Ill-llil'lUlilu 

1iljj~"'~ u~"lu~ fhl~,huMl4~ill~116t11z~1Il1fli~1 

ift1ml1l l~wl ''l~lil~n101lll-llil'lVlaU ii fl111l 

il~hl'l1~t;'~ nllt1,:1l1ilHilll1l'1 flillli'i1L91lJ1iliftu Uil: 1:UUr1~fi1 
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