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ABSTRACT

. Image edge detection techniques is a method of Sobel edge detection. It is a form of
image edge detection based on 1st order derivative. However, in the 2-D digital filter design
requires a lot of times to get each OQutput. Because of the filter coefficients are non-zero value is a
lot. This will result in speed In signal processing is reduced. It also mai(es the circuit design also
eat a lot of space. Therefore, the fine form and a member of the Sobel edge detection using two-
dimensional equations for calculating the image output suitable for real-time applications. In the
simulation program was written to simulate the VHDL language running the ISE WebPACK for
comparison between Techniques to detect image edges to create a chain Bell distributed
arithmetic structure with new techniques being presented. The comparison showed that system
can process within the time 34.507 ns. and use the resources of the Altera’s FPGA only 64%. This
means that the complexity of hardware structure and speed of work of the new technique

proposed to function more effectively than.
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G,yv) = H(u,v) F(u,v) (2.11)
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A % 3 ' @ 1 @ @ o 3
aesiiilugiudie 0 uaz 1 Fuavivaesmdananldiiudydnyaluinudia +- HazyA

-~ o o 2 A - A& <& ﬁ @ a U4 A o lll =
!ﬁ‘llLlﬂu’]ﬁ‘ll@\jﬂ'.]lﬁ‘lﬁnu?ulﬂiﬁ’l Ulillllﬂiﬂ\iﬁll']ﬂ"]ﬂl uﬁﬂluﬁﬂﬂﬂllﬁ‘uulﬂu'l'i ATUIULAY LUUTT

B (bit) asamlasdhumavgududogas

B-1 ‘
X=>% X/2/ (2.13)

J=0
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Tao X=0 w30 1 feriuavluu 11011 unuiiuavgudu'ld 26 da 0x2° + 132" + 0x2% +
152" + 1x2" = 248+16 FendroszunmUFIMAL Fufle 26=2x10"+ 6x10° DnaUMsTICIY
AdmvuAninniigafignumulasauguaes B bit A9 28 -1 st 10, 16 e 32 im
mmsngmmuﬁé’amami‘hmmﬁn 1023,65,535 130 4,150,998,005 Aud Ay Aoty
ansaliounlaaihurmdn ldfeedede i aud 16 dn gauNURd ey
uazynSIUIUGNANEAID 2° = 0.03125 ﬁa‘tfumﬁmﬂﬁm\ﬁmmsmmu"lﬁ’ﬁa @°-1)x2°=
2047 unzshiilevfiqede 0.03125 Tunvumiioufuillgaludumish 5 910 Least
Singnificant Bit (LSB) Lmzﬁmamdauﬁﬁ‘lmﬂyfhu‘luﬁumsi’fnuuimmﬂ%'fh 2 gAR1ad
&rwsay fuulunsdiiaylund 0101100010110110 i 0x10° + 1x10° + 0x10° + 1x10”
+1x10° + 0x10° + 0x2° + 1x2° + 127+ 0x2" + 1x2° + 1x27 + 0x27 + 1x27 + 1x27* + 0x2° n50

WIN1 709.6875

as o A 1 @ & % 9
Tusumadinea nasaudivnatesnimiemifunildannsonldlag

o =y

auuANSuiniigaegnad1gues Most Significant Bit (MSB) #iaynsuaugnainadig 2

? govh I lundunfige 1111..1,° - 12 =1-2" Fadesndn 1

Sign-Magnitude Notation

1w

] o e, v
114 Sign-Magnitude Notation (auNTA1§UENT (absolute) vifuszunudomy luu’s

fimilouny uavzlidnfiruiSond1 dnaseavate (Sign Bit) 23N lmedhoves MSB e

AR NUUANA1TEHINAIUINAUATAY AIB191TY

+0.828125 0110101

-0.828125 1110101

I

Y ' 1
aaiuavluwid B in Ju Sign-Magnitude Notation Fauuaniignegsz#a19 Siga bit

-B+1

uaz MSB Tmegsznin - ( - 27" <X < (12" dhldswanswaiswaumidus oy

Y
Aauuazal 0 unulane + 0 e - 0
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2’S Complement Notation

lu 28 Complement Notation U UINmde Uiy Sign-Magnitude Notation El?ﬂﬁﬂ
win ihudnnSecnng Swanauumylaemsieis sbsolute AUBENIN 2 INIIZAILE
absolute Apatfosni 1 sufuinusnesdiu 1 owe niSouifloudoddedied 2°s
Complement Y94 -0.375 1118 1ng 2 — 0.375 = 1.625 Fea luuidae 1.101 Tumsutlasaw 2°s
Complement Tnoms s iinusn (sign bi) gnamaas -1 dufudr X grumuiigrohm

B im (X"X,...X"") 14 2’S Complement Notation , #1989 X luszuugudy m'ldnn

B-1
X=-X+> X/27 (2.14)

j=0
muummaunmm‘lumi 2’S Complement 1101 LWIUL‘]dJHLﬁ‘USZ‘U‘Uj]uﬁ‘U

A+ 12" +0x27 4+ 1x2° =-14+0.5+0.12=-0.375

T
=t <

MnauMIMsuUed 2°S Complement $13UANAWINAGA A 12" (0111...1) uaz
. v b »
Swuiiiaiesiiga Ao -1 (1000...0) HeNINITM /1 0 unuAIeAREIRD (000..0), taziimd

1 L) d' ' d! o P=3
dluausnandieidhnnneguilsdmaude 1)

d
2.9 NYBHMINFZVENIIANAN AN (Distribute Arithmetic)

a 4 - =l T 3 » @
MInszNENRAdiamans (Distrbute Arithmetic) ¥30i3onde71 DA ldrumalu
o a d 3 [
midegiuuunsinmanils,9,10,11]1  Tesmwzezilsingedluaumsilszuanadyaa
L s 9 t o Py :&' 9} d' . aa
Admen Taedaauniswedlugluuumsdnnsmuuiin e liaunsnffowmilulinsalaea
< 5 v ow a & 4
TdTaomwzanuilumsguiezesnuuuszuunsgaundlamsemdulssdns  iign
=] T o 4 1} o a 4 ¥
w3 lumiasanuswuuewIdesiufion msisegndlémsnsznensadiamans (DA) 3
3 a o a & o 3) o tfl!l!ld
wlasaumsnavinvewaglnmsnszimadinamuuiin - i ldwmwaans 1452
Sl o o aAa | daa . . 4 4 ad )
gunsaifidiAg 19y DA H3Wis3maes (shift register) iNoBoUTayanNATAliudn sou
g ]
(Read only Memory : ROM) mmmﬁumﬁuﬂszﬁ'ﬂﬁﬂ'Jnm’faga (Accumulator) IW®3 3
4 ’ @ [ i [
deyavinsen WenlSoufivugiinselsoudnszninn DA AU Standard CPU Aildnmoly
amoiu fell DAC (Digital to Analog Converter), ADC (Analog to Digital Converter) Uiz
o = 1w ) 1 Y 4 < =1
ssuudyanan@inuguiy ue DA vz il CPU Wszunadyanauioswasnauisi DA 12152

pIwns iz MauuAldsnnuma Y = AX, + AX, + AX, + AX, TMS3210 azldtom
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gIHAMOmANAN nivvomnmaIAnTe

sz 640 ns iws1zidag 16x16 Unldm 160 ms dau DA dildseuanusiguay
) ) a v ad y [
doyadnlivia 16 19 a0 1 35a dudvwenmsavessounuy 1 BAAT [8] DA 1¥daana
wiAnmlszuiana 16 gn, 2 BAAT dygissuniitni 8 gn, 8 BAAT 1ddgyananndian 2 gn uad
. Y o o) 1 :1, a $ o

iy 16 BAAT sz 1ddaanannidm 1 ga vinfu dunssidtnendamansfsaguuums
fnnaiidmlvgedlugdnainvewana (Sum of Product) wpuavgUdUlRasTaI
sonifluiinuSeluguumugumeuiio Wemmsnszvimdiamaasinfaou I Tugivesses
an 9
Avnoa 1A

vsasnanemburasdildununauesledin  medtneaflawes  (digital

. T A o a a A ' [y 3 A 74
filtering) HUUAWNANTANYULFRURNUEE  WTBMIMQUiUmIAN mM3ly DA Tuns
dszurana wsldszAninwnn lagmwizaunsuuuRaVINvaIHaguUBIdYyY 1MAdnad
U at = Q( . & v \d
dlusuwwiuadulsznivesaunsdez 1dnandswazidoase
4 A - a S 1 [
yalszaeAved DA Ae nldsuaumsadiamaasiauIvgeylugdvewaunuewa
aa 9 o o 9 = A o o -4

gauihnsesataealimwadniesnun Idediesaaisa daieuiululas Tisirmses
sz lunutlszanadaanudlasafitidayananniinuidumwsizi DA 1dndnas

g

¢ @ a @ 1w a S 2 1 o ~
Aanswaumdgygiasunniuddulseansigmny 3 lundsanud ADINITU

L

td
Arvd1araINvenaguae 11Tl
Y=Y AX, ' (2.15)

4 1 s L) Qn’ ~ % QU
aumsn 215 19 A, dlusduilseans X, Wudeyadunnde X, duduas

E4
ABUNAWUVDIADY (2°S complement) taz1¥ Absolute Y89 X, < 1 Astlutdassvee X, Tu

a v
meuvesiinld
N-1
_ -n .
X, =bye+D.b,2 (2.16)
n=1
die b, =indnqwes Xk GATaliduilu o wie 1
b, =imiudauniosrung
b, =iniltisdiAaydige (LSB)

117866"
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N  ={wmindedoyatuym

deunum X, vinaunsi 2.16) asluaumsi 2.15) Waduaunsii 2.17a) uaasd

v
Y Tuimenwssiinues X, Asil

Y=

K N-1
A, [—bko +>'b,, 2'”} (2.17 a)
k=

1 n=1

aumsf (2.17a) dunldeusasidumsunlmildilungudess 14

N-1/ K K
Y= Z(Z A,b,, )2—" +> A, (-byo) (2.17b)
k=1

n=l \ k=1

M= -20(bwAl +hyA, tbyAs t +byoA,

+27(b,,A, + b, A, + DA, +..H b A,
+2%(b A, +byA, +byA, +..... FbA,
+2°(b A, + byA, +buA, +..... b A,
+2°(b, A, +byA, +bA, o+ bA,

+2 70, A F by A, F by A et b A (2170)

{ a o 1w a fu a ¥
aumsd (2.17¢) L‘]cj‘lnlﬂ'liﬂizil'lf]‘i’l'lﬁﬂﬂmﬁ'lﬁﬂi‘ll@ﬂﬂJﬁnﬂizfﬂ’l‘ﬁﬂ'lJ‘]J‘VWI']\‘l"']“Ui’N

a ¥ § a 1 . . . . a <
doyadunn Momaliaumsh (2.17¢) 3u58n71 Distributed Arithmetic (DA) 913U 1IUAL

Tnajvesaumsii (2.17b) An

Ab,, (2.17d)

<
1l
P
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5 9
v ] " @ v o v o J

w5131 b, vediauilu 0 w3e 1 miniu Anfumadwiaums @.17d) seiinuiin1yld
u’;’ K y & 1 4 dy o 9 o EY ' o 3 Y =
e 25 sdawegmaiigedannauduny Blumisanudwwus i ldedufion
Rom) Yoyainvesduwngnlfifhmeanse (Address) vossouldlaoase madwignaalal
< 9J o 9 @ P 1 9 a Ao o o
o3 ludsadeya (Accumulator) ndsnniimydedeyaduwniiuiutenasasau N

< £y Y4
S'E)Uﬂﬂ&'ulﬂﬂaﬁ‘wﬁ Y 990

[ ) d
2.10 In39ar3 19909290 3n509d QNS 2 NALALIBMINTTNLNNANUAMANS

o aan a g 4 o v A
dinses 2 daFuaniuiilszlond szgndldlaommeiiuduiinguaiwvsonn
fanasunvvesdyanaludnyme 2 48 vesssuunsdssanadaanausaiey
o v AaAad d @ ~ Y L v dy 9 a ar
daygnaunmiamdnd dyanunmaradion Wudu Faanaumdriiszdesinsandludnyae
] Qs § o @ 1 L o a o < o
Fuqdyanadsduaniiudwoannsadouliaglugyliladula Taolidwlssnomay 2 @
] % o @ o % o 3 » o <] (4 as
wu iluduaasirduvssdyanadgadmualisgasuiiusiuawdn msilszgnd DA fu
2993nTRsdRIMaRliA auMIANINIARNAIUTUTY (Linear Differential Equation) U833993
ASBITRYR1a0INA (Two-dimension Second Digital Filter) Taeta ledlugilvesaunisi

2.18

2
YM," a z Z ak,IXm—k,n—I ‘ (2.1 8)

k=0 I=0

2.10.1 MINITLAENIAMAMEATAUNITNTBIN1NOFINTH
W i 1 o £l 1 -
fansesnnguinu  anunolasialdlumsilssnanan  dumsniudaud
oo e : ” ok 43 a
dunrudgmieszfuanuuanasanudiveuaann  vafiaadufiluanuddmse
sEAuaNUUAnANA U N EeTes M3 1I1ve (Edge) M3nswaziBuavasmmiudiu
] £ ¥ v [
Yaepwoge anfumansesmudgeinussiiumsiyanuuanavesdwsiazi - (Local
o o ] a o o
Contrast) UBEAIIUANTA (Sharp) VBINTW AIDYNIHAAD VA UBINNBUNAY (Impulse Response)

a d' ] d’ 9} [as 1 Yo d?
‘U’EN@I'Jﬂi?]ﬂﬂ’]]ilﬂ’q\‘lw1u‘ﬂll°]fﬂS‘Uﬂ’J’lﬂJuﬁﬂﬁN"H’ﬂQllﬁﬂﬂﬂfﬂtﬂuﬂm



20

0o(-110
-1 511
0]-1(0

511 2.5 wameuAUBIMNBUNdUBIAINTBIA LD I IL
a o o 1Y o ’ &
. VINNAABLAUBINWBUWAT  (Impulse Response) UBIAINTVIANUAGIHIY 1D
#osanegluglvewaneudom1ALDd  (Frequency Response) vvaglugvesyiSos

nIudnsou (Fourier Transform) auaun1si 2.19

H(op0,)= 3 > h(mn) eromeion 2.19)

m=— p=-00

A a v o
h(m,n) Aenaneuausan1duiad (Impulse Response)
XL ST WS —7TS@,s7w

2.10.2 ﬂ]‘iﬂ‘i%‘l]181‘11Nﬂﬁﬂﬂ'lﬁﬂéﬁl‘ljﬂ'liﬂ’iﬂﬁﬂﬁ’lNaﬁWl'"l‘u

PSinadyananmdiulng  seswdniidudyanannydd iinaahdmdidu

]
=y

43' [} a' d'; d' A ] v = @ w dJdao a
ANVDYI mumﬂummamﬂmmzmjﬂa FALADNSYAITABDIUATINTUNUTNIUNUIAND

Q

[-a: 38

9 ~ 9 ty o Jdo ] @ s o S 1 43’ .
Tufss dluduiugtunmee Linvda laomaihidyanasuniuiiguiuu (Random noise)
SR 4 v 1 = a o o 1 o
1!‘If’Nﬂ’J'lﬂJﬂ’J'N‘UE)\‘iﬂ’J'IﬂJiWILLW@’E]ﬂ‘Iﬂ %’lﬂﬂflll‘ll’?)\iﬂ’l’lllﬂ‘i.'ﬂ@lﬂ’)ﬂi’f]\‘iﬂ’J'lJJﬂﬂ'lN1u"l]$‘ﬂ'lﬂTi
1 d' d' i [ ) d' = :; g Y Aa
aﬂmum‘f’ummnqwmzmzsﬂmmumﬂummammﬂa HasagaadayuImsunNIunN

Usunaunnliiegas

1 2 1
1
— 2 4 12
16
1 2 1

1 a o o a 1o 1
517 2.6 HaREUAUBIN B UNATURIAINTBIATIDA Y
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a o d 9 o
VINNAABUANDINIEBUWAT (Impulse Response) UBNHINTOIAMWDAWIU 11D
W aeglugivesnanaumuem Al (Frequency Response) vzeglugilvesySes

N3 14aW39% (Fourier Transform) MUAUMTT 2.20

L w

H(o,0,)= > Y h(m,n)e/™me/>" (2.20)

m=— n=—w0

h (m, n) fonanauaueanduWad (Impulse Response)

XSO ST WS —-TSw, <7

2.11 MIMVDUMN

=

E4 »
WU HevumsuidIARINrisemIlszuanan nABMIT VO LN

[k 4 1
P ~

A o & o v A a o ¥

LW@M1‘]J§"1J1|§\1§HW “Ifﬂﬂ’l’)’lﬂli)‘lﬂuﬂui]zﬁiﬂﬂﬂﬂi]ﬂ‘ﬂMizﬂ‘ljﬂ’ﬂm*lm (Gray-level)
A ] < Yo sa = dy a1 4

Lﬂaﬂuuﬂmamamu"lﬂ%ﬂ uaxigﬂ‘nnnmﬂaﬂuuﬂmmmﬂunsawmiwamaﬂﬂ'1umu
) & a dy a tg g/ a a 9 vy v gy Y

AT UBDININ "}N"U’E)‘U‘ﬂﬂa’]’JﬂJ'Iu’d'liJ'l’iﬂlﬂﬂ‘ll‘uIlﬂ‘vqlﬂ‘VIﬁ‘VI’I\‘]l.mzﬂ'l‘ﬂNﬂ’J’]iJL"llﬁJllﬂJWI'lﬂuﬂulﬂ

1 d'd c? @ d' d‘ 1 3
duitluveuiivzurasanlansunanudguniniy

2.11.1 §iluvnUBIv0 UM (Edge-Model)
d‘ ] 3 oy é d. 1 4
Tugln 27 (@ weagglsnveweulunildia  Fwaadluvenwaineriion

[ Y

$a o y ' & o 4 2
(continuous domain) IasyeuntianyazdesiezGonn usut (ramp) Femueaiuaiiuiy

U
v v

auszauuerldgavesmwnind lilge Fhaunsalwenanyuzyesreune AN AY
4 (slop) 3 (angle) iaziinaluULIUGY Bl YANINANVBIAMUFY S IMINAIVBIAMUFLVBY
e [ Y = X a gl :1’ ar Yo a

yufiAwiAy 90 vem wwiSopveuwiiaiii veuuvudutiula (step edge) uansladagili
% aa o 3 g . = i : &

2.7(6) FeluszuudsaenszthveunuuiutiulaldlFlumsadummaiiaiGonh wyydidy
2

Ae5199U (Artificial image) A20619%Y HUVASNAADY (Test pattern) Uazdoyalunanitiln

v ) ¥
(Bi level graphic data) tazluveuwahfinnuderiesd guluuuvesnmlussuuasslidazie
3 » 4 1] b4
Twemldganidnuas Wideileniuiudniiilugadrafsnianlagateighborhood

y ) aa = 4
orthogonal) Tuz1A 2.8(2) uaasgisiwvesveunmlussuvdelia yenMilonnmsdines

t=}

A& Aa Y nndyu 9 a d'o o A Y d'
luszpuniaiianar  luszvugesliandulsensuaisdsndidgns anuduveIveun

v @ do :; a s o] v = d'd
anuduRusiuuny uazlugili 2.80) saaemuduvesvsuvesinghiliyus1wlamaouing

u

» E4 [] 1) 3
AweldragensuSnafidluiiufi (back ground) nazlugilii 2.9 uaesdnyuzvesvenil
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a iy vt 4 4

simvuduusuiuazgia uni) Tuveuvad hidenlesngeewuzluuuvesveununusuil
3 b4 a . A4 a as & a o 2 T @ T
Tusdazilszneualeiinga (pixel) MNAALINY Ferwoulagaveaiudiawniumnai
Taomasvesgainufos sngilfiuaaslivtuszliveuuunusuiiiegluuuinueseg 2 uuy fe
Faufafinrans ud@eu (single pixel transition) Fsgaiiiluvsuinsgszriuenlagagariu
a o o &L a ' o w .. & an

uenilagadazdnuunniuEend aymnIUEESY (smoothed transition) FITMTHIVOUDE

mnnmsmaunayly 2x2 ya0nynigavesven luuuInues

T

1
|
1
|
' |h
I
I
!

a
o X
X0
(a) Ramp edge
Y b
h
4
a 1
!
o ' %
X0
(b) Step edge
T
b
A
_/ yh
a
o X
(¢) Line
N
a
o X

(d) Roof edge

71 2.7 uaasguuuvesveulu 1 i@



(a) Edge model

(b) Edge Direction Definition

31 2.8 umrasguuvvesveulu 2 A



aaaaabbbbbd
aaaaabbbbbd
aaaaabbbbbd
aaaaabbbbbd
aaaaabbbbb

Vertical step edge

aaaacbbbbbd
aaaacbbbbhbd
aaaacbbbbhbd
aaaacbbbbb
aaaacbbbbbd

Vertical ramp edge

aaaacbbbbbd
aaaacbbbbhbd
aaaacbbbbhb
aaaacbbbbbd
aaaacbbbbbd

Vertical ramp edge

a

a

a

aabbbbbbb
aaabbbbbbd
aaaabbbbb
aaaaabbbb
aaaaaabbb

Diagonal step edge

acbbbbbbbd
aacbbbbbbd
aaacbbbbb
aaaacbbbb
aaaaacbbbd

Diagonal ramp edge

adebbbbbbd
aadebbbbbd

»aaadebbbb

aaaadebbbd

aaaaadebb

Diagonal ramp edge

aaaaaaaaa
aaaaaaaaa

aaaabbbbb
aaaabbbbb
aaaabbbbbd

Corner step edge

aaaaaaaaa
aaaccecccec

aaacbbbbhbd
aaacbbbbhb
aaacbbbbhb

Corner step edge

aaaaaaaaa
aaadccccec

aaacbbbbb
aaacbbbbb
aaacbbbbb

Corner step edge

1l 2.9 uaasgiunuveswey luszuw 2 iadwgluveuvai hiseiies
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[ 4 k4
1031l 2.9 deznuhdmsuveunuuvutiule (discrete step edge) UazYBLILL

d ° v 3 P a ' o o
aounessnt (Corer ramp edge) Aumiisvesvenegitueuildgagenitseudne dmiy

YOUUVUTUNARUBANTTUTEY

o ’ d‘ d‘ 1 d‘ tﬂ‘ U t!'d
AVAUINHUISTUVDIVOUNIVSD gmamﬂmg‘luumwn

t:i =i = ' 9 as o ~ -
msfasulawesluuunvewuinuessziige 2 yadieglnafulunamuduvesveunw

k4 [] H [
auin  Aumidsvesveunmiiudiaiwzegassgaifiventagagenidnganialusznigeg

3 P dy = o v a d Y=
1y uazlugilil 2.9 tgaidludumiweweunmeziniilluduBes
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2.11.2 MIMVoUNN (Edge Detection)
Qg 451’ ¥ dq o 7 9, o - - -
FEmslesdun Isdmsumsmweumnludrauusn (First order Derivative Edge
. = P act s ad b=y <t 4 . a 4
Detection) uag 2 I5AWNU ITUIAAND NITHUNTIAGUN (gradient) 1uﬂﬁﬂ1ﬁ¥ﬁﬂ1ﬂﬂ6ﬁ1u

4
HUAUBULUAZIUIAG HBZBNIBITNSIIMIn NS @eun lunanea finna

2.11.2.1 msa%'nmssﬁauﬁmmn (Orthogonal Gradient Generation)

msfimuald Giy) Aewnsi@ounly 1 §a waz 6 ﬂanuwmmﬂﬂamauﬂmm
J2A1 muui]m1mimmmmmnﬂﬂuwmmmaummm

Glx,y) = g;y) 59+ EED) G g 2.21)

1 ] = d 1 H 10 &
Tugihi 2.10 uassmsadransifouivesusunw [6GR] Tuveuwai lideiiies Tavozien
thunsdeuiveund (row edge gradlent) [Gr(G.k)] uay INIREUNUDINAEN (column gradient)

[Ge(G,k)] u,azmuanﬂa@,mmmﬁmﬂuﬂ GIS\‘IWSJHJF]’J'HJQ\‘!?]’J'IMHI 11‘1!?]\'15]1‘1/“1%1’@\1"1@(5’\11‘!

N | =

G(j. k) = {Gr(j, )+ [Ge(j, b)) (2.22)
SR IIUA NS RIUTUNAS IS sanaa 1
G(j,k) = |Gr(j, )| +|Ge(j, B)| (2.23)
Gr (k)
ROW
»  GRADIENT
GENERATION
. ™ . GRADIENT
F(.k) _| COMBINATION
COLUMN
»  GRADIENT
GENERATION | . i

A = '
g‘lh’l 2.10 HEPNMTHUATATUNYURIN

G(.k)
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Lmxﬁﬁmwmmnﬁﬂuﬁmmzmuﬂuﬁ@

. — an—] GC(_],k)
00, k) =t {*—Gr(j’k)} (2.24)

& A A o o Y 9 = oA v 1 kY 1

FNFMINNYNFATHIUNTATIUNUASUNAD  MIHIAMANUUANAYDIN NN lLuAay
9 ¥

AMULUIAUUDU (row) UAZAIVUUINUAY (column) FunsPeunauuuannuueun 1@

290
Gr(j,k) = F(j, k) - F(j,k—1) (225 a)
uazns@ouriluunusen 1den
G )= BG R~ F G k) (2.25b)

P} (dy o 9 I~} d‘( = 9 E=)
TaansiReuiiaziinldmasunwidelis Ge taz Gr antluuinandreldvrvsesn
4
ANTUUUYDININ

I (] (] v ¥ 9 3 a o -
AeEIurHITMAWan 1IN Taglans@eunauuuannuuouvegln 2.9

14
[=

Wuvevvesammuuuusuil uunIAe (vertical ramp edge model) 1864
0000h0000

A = = 3 Y = L(
TﬂEWI h = b-a ¥INVWAY ﬂ'nllilﬁ‘ll'f]\ﬁlu‘l]uul.ﬂLm3lﬂilﬂﬂuﬂiulluﬁllﬂuuﬂuﬂl'ﬂﬂ

a A
‘ll'E]‘lJﬂ']WL!‘]J‘lJLLiNﬂiuuu')ﬂ\‘lﬂﬂ

0000202000

1Y dy A A @ 1 ]
ANV NUUUITUMTRININUDY 1 )

o s I's . . 9 1)
dwsunsRounvesven luuuImues (Diagonal edge gradient) wwm lananadls
3 ’ 5 4 qy = ’ ad a " 4
vosgaudnzgamunues  Foludesdleelditnmadondh Isdsadviesudlonlomnes

(Robert Difference operator)
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2.11.2.2 Tsiismaniivleisualenloisines (Robert Difference Operator)

v
dmsulenlosmosyiiaiivi ldain

GU»k) = {{G (), ]+[G,(. 0]} (2.26 a)
w3019 149

G, k) = {[G, GB)] +[G, G, k)]z} : (2,26 b)
Lf}ﬂ

G, (J.k) = F(j,k)- F(j+Lk+1) (226 ¢)

G,(j.k) = F(j,k +1)- F(G+1,k) 226 d)
L!ﬁZﬁﬁﬂ'l\‘l“UﬂQ&Uﬂ‘lJﬂ'lWﬁﬂ

00, k) = % bl {g—:g—%} 2.27)

a a4 [ Y 1 o ar Qs g 1 '
mswiveuluiimnafensuil o hisesauysabindmiumwilinnudesadng

Aa A 3 v

= < 9 & 9 d”o k2 = o a
(WERLIAaNUDY “M\?ﬂ']'illﬂ“ﬂElulﬂ1uﬂ1vlﬂiﬂﬂﬂ'lilﬂilﬂﬂuﬂ1u 2 U A9 ‘VI"Iﬂ'I‘iﬁ'IW’L’IGl'NCIH 1 NN

] 14
LLG’Iil&’Llﬁﬂ\iﬂ'lﬂﬂﬂﬂ'llﬁUﬂnﬂaﬂﬁﬂﬁﬂﬂﬁluﬁﬂﬂnyﬂﬂ’]ﬂ
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(a) (b)

517 2.11 uaasdIeg1sveIIsIvEUN W 1A lY Robert

(a) NINAIDI NN IHIVOLNIN

(b) taavaun i 1aa1n 14 Robert

2.11.2.3 wiinnleleisiaes (Prewitt Operator)

A0 | Al [ A2
A7 | FGr | A3
A6 | AS | A4

=

510 2.12 dnvazvounumaniving 3x3

o’dy 9 PRy = 4
Joulotsmes oz lsmumwan  (Template) NivIA  3x3  Tumsnuns@oun

I 9 aq Y 1 =t = o w o = Jd A
I@Lﬂﬂlim’f‘)i ﬂ1ﬁll‘ialﬁﬁlﬁuﬁﬂ$‘gﬂllﬂﬁﬁU\ia1ﬂ'1jﬁ1il§"ﬂ ANUULNIIATUNUDIVDUAD

N |-

GU.k) = {[G,G. BT +[G,G.T ] 2289)
Taoi

G,(j,k) = klj [(A2 + KA3 + A4) — (A0 + KAT + A6)) (2.28 b)

G,(j,k) = /713 [(A40 + KA1 + A2) — (A6 + KAS + A4)] (228 ¢)
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Jd aa g H o =t " @ 4 '
mavm lenleswasuuunianiar K miunldtiawity 1 eunuaiaslllu

9y g a P2 > A P
qATTNIAUVOUNTAIUN TutuIueuazIIAg ganoez IAgiiany (unit gain) AuanduLIn

HAZAVVBIAUNAIA N UNBHIA WK UIVOIUDUN N

(a) (b)

510 2.13 uaasdiediavesnsnvaumMwIagly Prewitt
(a) NMNAIVHNMNUIHIVBUNN

(b) taeauaun A 1a01n 19 Prewitt

d
2.11.2.4 19ualoilorsines (Sobel Operator)
Y 1 aa . d i
asmveunmvealwuail  zuAnAInIALUURT INAsimIauIYe I N
a A Y [ [ - 1 Ql 4?‘ = T a a'dyd U ::'
lunrwiie, 14, aziuesn, aziuan szlinunuiudmmailunifea K luaunish 2.28 b
b4 b4 1 1 1
uaz 2.28 ¢ IAWAD 2 aniuanimin (weight) finldouliludazganedfiuanimsnszay
YoUNTIATUN
aa o 4 9 o Y o’.«' Yt '

Wi lewemwes  swl¥dwmsumanweunmlunudwaziuavenlddnd

J ' o a
Touleswesuuulnwa  ud lwwaleweosaes 1lumswveuamluiiamannnuoe14a

9 Jd aa o o Y o e % '
sl lenlammesuuuniiniuaz Tmua  sei 1 Idveunmuesingninnudanuniims
9)- ad 4 3 r.ay = | P ] i o 9 a J
19 15iisalenlomes  NellwsznivinavesTenlesmesilugndnilimsmasaany
E 1 A 1 ’ £ Yy ' =) o 3 = d a
Wuludnlianudesanaies ladniunsPoun luuueurazuuIAveRUNARDI ¥iiA
a

1 H 1 o 9 U [ [ 3
A9 fnarndeduazilszneudlsmsthanudusouq ANABDINTHIANITIUAY AIUU

v

v
Madout LYo ULazLUIRZAIAIINANNFURUT ARG
Gr(j,k) = F(j, k) Hr(j,k) (2.29 a)

Ge(j, k) = F(j,k) He(j,k) (2.29b)
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Taui Hr(j,k) Ao Suadisaloud luuwaunuuey
uaz He(j, k) FununudesTonlammesaiianen
Operator Row gradient Column grédient
(0 0 0] 0 ~1 0]
Pixel difference 01 -1 0 1 0
0 0 0 0 0 0]
[0 0 1] (-1 0 0]
Robert 01 0 0 10
.00 0 0 0
Operator Row gradient Column gradient
1 0 -1 [—1 -1%-1
Prewitt l 1 0 -1 l 0 0 O
3 3
ingf % LY v 1
1.0 -1 [-1. -2 | -1
Sobel L g’ iy L aph @ b
4 4
o i i 2 J I

a a o o 4 = o o
311 2.14 Buadis mleudveuns@eun lenlesines luuuayuain

¥
Y o @ A

= Yy ¥ o P=1 ' Y
Tmﬂewmasmanmmaﬂumﬁmu ‘U?J"lnﬂﬂ‘ﬂﬂzklllﬁ'liﬂiiWi’]‘U’t]'iJﬂ'lelﬂ’t’JfJ'_N

' o v | I3 ¥ ) @
adsuiud luanmiilinssualugs (Noise) Feilamiisiaudluldlaoms ¥ lenlomnes

9 y
Ha 1
Atvwa lvgiau
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(a) (b)

31 2.15 uaasiied19v99MINIVEUN W IAB Sobel

(2) DINAIBENNIINHIVOVN TN

(b) UAAVBUNIWN 18910115 14 Sobel

d o [y
2.11.2.5 MIATUNUWANVBANIASUNEIMT UMMV UMW (Edge
Template Gradient)

9 a - 4 & add o =

msvweumnlagldmatiaveunsifoud sailudsiihmanmanaounag
¥ v

anuduvesnmludismamainie luuuiunuueunazaumuaunud AIUITNITM

a z ° ° ' 4 4 18
nmsvesveummiNzi A lasmsdnnudnnmes  MiaaInmsREUTIvANIY LAy
an llazAnnaiimnweseunmluvaisn  Aamalaonisaeu lagsuszuieamium

¢ a o 2 ¢ ; 7

WaNINIIAIUNVDI duWaas atloud (template gradient impulse array) FUNVWANH AU

T8wvn

G(j, k) =MAX [|G,(j,K)|,--|G,, (jsK)],-] Gy (G, K)]]  (230a)
Tauii

G,(,k) = F(j,k) * H,(j,k) (2.30b)
Tavii m Aednauismelunsdno ﬁmfumstﬁﬂuﬁn:"lé'mmﬂmiﬂauhqﬁuszﬂ’in

@ a o d. . 9 3 [} a 3
amdunsAouivesduiadisaleudie  H,(j,k) gamoveunmiies ldegluiiamieiiil

HAANANUTLNNTN A



Gradient direction

East(H,)

Northeast (H,)

North(H,)

Prewitt compass gradient
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Gradient direction

Northwest (H,)

West (H,)

Southwest (Hy)

South (H,)

Southeast (H,)

Scale factor

1]
1159 ~F-
==k AN
=, A
=1 | SN
a1 el 1
W )
ERTLZY
-1 -1 1
(]l 1
7
1 -11
(1 1 1
1 -2 -1
1 -1 -1
1/5

Kirsch compass gradient
5 -3 -3
5 0 -3
5 -3 -3
(-3 -3 —3]
5 0 -3
5 5 -3
(-3 -3 —3]
-3 0 -3
5 5 5

Kirsch compass gradient
T=1% 1
1= AL-1
1 1 -1
£ 3=—Bl 5
~-370 5
-3 -3 5
(53 /5 5]
-3 0 -3
=3 -3 -3]
(5 5 5]
-3 0 -3
-3 -3 -3]
(5 5 -3
5 0 -3
-3 -3 -3

115

a a o a o & St
g‘iJ‘VI 2.16 MUNANINSIAeUNUDI uNams aloudnivuia 3x3
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N
NW NE
A
w < >| E
\/
SW ~SE
S

g‘ﬂﬁ 2.17 HAAINTNTLIWVBINANTVOIN TN (compass direction)

1 s o a a
Tugiil 2.17 uamsmsinsifeust 8 ves Tonlesisimesrilad1s q uagluash (kissch)
S A 2 v
Hudiamveunsfouriozn 1anin

7
G(jy k) = MAX 587 - 374 (3.11a)
Tngi
Si=Ai+Ai+Ai+1+Ai+2 (3.11b)
Ti=Ai+3Ai+4Ai+5Ai+6Ai+7 ' (3.11¢)

ad = P ° 9 P
memi‘nm'smaumwmmm‘lﬂmnﬁumsﬂ 2.30b
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2.12.4.1 HHIWNITOLNUVVIBURA
[ n:y {1 Am' Y o @ o v 1 Y d' =
wihensesauuuil Wudwilddmiuaadessninlanmouentusuuuiidou

9
=

= d. 1) ) acy 3 d’, 3o A'l v o o
VYU NUTTNIT HUIINTIDNUVLUBUNA el'l!’s’f’?luu‘l“]fﬂTﬁuﬂ@ﬂL‘]fﬂllﬁﬂ ‘UENE‘IJLL‘IJ“U AMHUANT
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nems vavesdyana uasilszanvessfiaunsadmualdfudaganugaie  ves
9/ d'll 1) ) 3 :}‘ = Y 3 9 v 3 ]
Yoyad Ivamuganemaiy 3UN 2.18 waasldmiulaseaswednsien ves wuwems

DONULVIDUNG

ENTITY component name IS
» Input and output ports

Physical and other parameters

END [component_name];

314 2.19 uaaslassade Taowa lilvenihemseenuuuleuina

4 4 k4 1
dawflaziududied ENTITY uez IS sewindnisasaiiudwdmsureves
oy =} o @ 3 A o’: kY o
qunuiidesmsazi@ion (component name) FwmFumsdsderiudeuilulilamungnasives
4 [ 4
My maniuezaudsdui i muasesmadiuazesnvestoya (input-output) 334N
o a A

~ of Y ] 4 ] [] Y 3 1 a,
WISHResaUY @UTSenI1dIUNRT (entity header) HafidiAgAe HHwMIBONLLUIBUIA

vAesllathedlod1d1 END uasinTeaningsamaaus ()

ENTITY nux IS e
b 14108
PORT( inf, inl, sel: IF BIT{ =m0
oatput: OUT BIT), | =mfem]jril
END nmx; — Js'el
(a) ®)

a v a a
310 2.20 uarasgnvesladwant
(a) MirsmseenuuBUNA lugveevaLea

(b) yuuowBdATINLS a1 (Interfacing)

Tuglfi 2.19 umizomseenuuueniia fussewalnsainiiteiniafmand vie
MUX Tuduveseuiia fimsfmuagade 4 gameldyasids PORT Taoft 3 gausnifiy
yalidoyalvadnudn ‘18uA ino, ini, sel Famuadioiamamsaadesumoueadiuns
Tadwestoya (N) umasdsgddmaenTuselugili 220 drugaedyaiiugalideya

% o ~ a T d' Y
Tnaven Fahmuadlsiiemamsaadetumeusniiums lvasen (OUT) Nuananlegyl
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v
=5

[ v v E4 »
awasuulugli 220 dawlszanvesdeyaiioslna huazeen udludszom BIT #

K]

A

~ Y A v A [ Y
aunsalian JAMesreed1Ae <0’ uaz ‘1’ Wiy
3 Y [ o ] o 3 Aala A 9 a A

YO INIU gga'ammuaqmmsnmwuﬂﬂWnsmmeswNwﬁﬂﬂmﬁmagmwumu

A 1 s acdly Yo L] 9 a Y] o o d  a
auq asludiuriveusuna lasn 13y veyanelnuaNus lumsinvesgilnse ou
I 1 : . . 2 d e 3 o
1un AwamulaunsAsEaY (Propagation delay time) WisiimesMaTT] SoAd1 WULSH

(Generic) NfiMuad18f 159 GENERIC 11ndednalugald 4

EFTITY e I€ MIX
GENERIC { tplke TIME :=3s;|
tphl TIME =5 1s }; ]“?
PORT( m0, inl, sel: I BIT; - [}

output: JUT BITY; e

EFD num,
tplh tohl
(@ T (b) T

|

c; v a oo 9 9 v - [ [
310 2.21 pruvpladmandnilsznevdzedeyasuaanniuninszae
(a) MiemsesnuuLBUAG L lvesieydinea

(b) yuuoasA nyem sz
Tuuwnstiannseiezidnwidiesduea adregiusfivsnrnngesmelva h

wazeenvesieya 18 FsdauIngeznulumsadregluny dmsuaseaeumsianveddn

sUBIUHi fie Aerduead mSuAIINAFBUAIS UYL (Test bench)

ENTITY test_bench IS
|

- TS

{
END test bench;

37 2.22 misemsesnuuteuian bilmssmuaresmeiineduniouen

2.12.4.2 mihsmseenuuvamilngnssy

fodmilddounssmonginssuvesgivy  luyuuesvesmsdasanisiay
NHANTTUAC) ‘ﬁmiﬂwiudfsufﬁuaf‘jﬁm’fagaﬁphuu’fmasaﬂﬂ ATIFBINNAADAIY
winiiweiaeg ftmualy mimssenuumeuiia Ui 222 uaasldifuielasead

29199189 YoanUmseenuuuaailaenssy
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?ARCHITECTURE ideﬁ.tif‘;ér OF component_name IS
{declaration]

BEGIN

; specification of the functionality of the

component in terms of its input lines and as

influenced by physical and other parameters

END [identifier];

31 2.23 ueas Taseadrs Taoa lilveswasmssenuuuanilaens s

danvesHiIemseenuuLTlaenssy SuAuAI0f1 ARCHITECTURE Lazaal

&% (dentifier) Aeidosdmuaaalilldus Faiuaasl¥ifiud architecture 11 ldus 5010
NN ITBOAUVVIOUNG 19 (OF <entity design unit> IS) ﬁauﬁagis::wha ARCHITECTURE
ez BEGIN fuituifidautlsemmmizsvesaniasnssusimua (architecture declarative
area) Tidlufivadauiodon (option) 1uu§nam€ﬁ1u1sn°l%ﬁﬂuﬂixmﬁﬁmuﬂfiwiﬁq foz
sl ¥metuseilaonssaniuld orishalsznn (type) @199 (AIDEIUTY bit, bit_vector),
oy an (signal), #2097 (constant), Tlsunsuges (1un function a2 procedurc) tazalnsal
(component)  anfilFusseonnuduiussendedoyaii lvadh  uazlnasenvesgiluuy
(dyanaiismualugasids PORT) ﬁuﬂzg’mﬁimﬂ‘luu?nmn%aﬁﬁwdnﬁTh BEGIN iU
END wesviiignsesnuuuaorilnenssy uaxuenmm‘fuqgﬂﬁﬁmm‘iﬁaﬁaglimﬂiuu?nmf:
ﬁlzt,f]uﬁlgﬂﬁﬁmummiwum (concurrent statement) Wiy mizsmsesnuuvaaiilasnssy
swdesdlavhedaodiids END uadevesamilaonssuiug ffudaiedenlaeialums
@eugiuvuszuuitaeadlenyileyiuea ausafon laludryaizai dai

- szinnms lvavesioya (Dataflow deseription)

- Y5 EIDNNYANTIN (Behavioral description)

- 1lsz1anTA5983 19 (Structure description)

- Ussinnneay (Mixed model description)
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ARCHITECTURE data_flow OF mux IS
BEGIN

i

output <= ((NOT sel) AND in0) OR (sel AND inl);
fEND data_flow;,

310 224 urasmizemseenuvumrodasns suveufaamandauilaiduyau

output = (zelin 0) + (zel.inl)

4 1 { v w o 1 4 ar P
11t 223 dawnvssneanudiuisznindeyaiinain (no, D Audeyaii
Y o o t = = &L A 3
Tnaeen (oupur) sznoudiegasidummisumufiosyafer sudouiulszanmsva

v o s J J a
vosteyaveaiadwand wie szdumsnioleudeyassunusiame; (RTL: Register

Transfer Level)
inf)
m 1
T j
g
mnl )
M
m8
eel “l l [
—E iy, 1
9,

1 o A 4
g1 2.25 uaaslassadumotuagmilavnssuvesdafmand

3 1 o ‘a o
514 2.24 Whnisemsesnuunaailasns suveaiadmandilszian Inssads Ta

1% Suresiaes Gnv idwwia g0), uouding 2 Buwasmiau 2 A (and2 idwmia gl uay g2)

a ° T o {
1o 885100 2 Buma (o2 idumie g3) nadremuiledFuyduvesgili 223



ARCHITECTURE struc OF mux IS
. COMPONENT inv
PORT (il : INBIT ; ol : OUT BIT ):

COMPONENT and?2
PORT (il,i2 : IN BIT ; 03 : OUT BIT);
. COMPONENT or2
: PORT (1i1,i2 : IN BIT; ol : OUT BIT );
END COMPONENT;
‘ SIGNAL int0, intl, int2 : BIT;
iBEGIN
g0 :inv PORT MAP (il => sel, ol => int0);

gl : and2 PORT MAP (il => in0, i2 => int0, ol => int1);
g3 :or2 PORT MAP (il => intl, i2 => int2, 01 => ouput);

END struc;

= 3 ‘ w A o b4
311 2.26 mizemssenuuuamiagnssuvesiaamandalsuan Inseaia

'ARCHITECTURE behav OF mux IS

;BEGIN

PROCESS (in0, inl, sel)

BEGIN
IF (sel = ‘0’) THEN output <= in0;
ELSE output <=inl;
END IF;

END PROCESS;

'END behav;

3 ] o a o a
31 2.27 miremsesnuuuamilasnssuvesiadmandilsznnngAnssu
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lim@esuussooduvesaadaenssuvesiafmand ludnunsues lsznn
a 9 Y A A o 13
ngdnssy Usztamms vavesdeya szianlassadrmSelsznvmaiiiteunazysznn
a ' < G a a a L) v o
wuiou Bludmvesaarilaonssy  Amuanilingdnssu@ertiu - uazezldwadnieins
o 0 d A o 4 A Y - -
Hrassmshauimiloudu Geditdludefvesmuiesduea
2.12.4.3 HOEMIBONULVNANIA
Y ' ! P 2 a
foyanng aseavulilsunsudes fidiuissTemidemsi@ougiunnsseeszuy
an < 1 < 2] v y T
adnoa ansou B luduveudinuin’ld uazdeyamaiiamnsaSonll1418Tas miae
mseenUULIBUAR wilsmssenuuuamilaenssy wse anmizemseenuuLRinuIADYY
E4 v ?
wenmiudsitiouimonafiegiuuuinasgiudise wu gilnselasgu (@u leaszga
< s g 4 a 4 o '
74xX g svgriduBlundinude Agpausuisadngs Taedn@uds unnufassu
v oA 4 g ; ) 4 ad s
pondlu 2 daufie msilsemAuinuAa (Package declaration) Lag dIuVBILBANANUAA
A ] ] 3 g ﬂ v v Ao o A
(Package body) tilas91n uiauAagnad1svutiudiutensamneenangluuuinauleo
’ & A o <3 =4 913 Y A A Y A sy £ =) =
og aziumsiwminuna llldiuezdesinmaenlowmsedndudonon ¥ lumeierd
uen asanszi ladleyad1de USE
1. Package declaration
3 et g v A < < Y ! ° £
duifinnuddgigavewdinuna  (wesdluudvesmsihlillsnnmouen)
) [ < ' Ao J 4 A A 1 =]
T8us drumsdsemeudiouia mszezdludmfisvueie vesdsidszmeasgmeluuiin
<3 o @ o EY o [ [ 2 1 T 4 g
una dwsuih lilldmeuendrvewmnnuhaes falaq gnilssmaluaiuves dauvedudin
= o v < = [} o 1 a £
uia uabigadszmaludaumslsemeuiiouia ozliounsagmia uaznganssulaly
dauuenld FammsauSeudieyldfuddilszmaliludiuvesnsdssmmeuiidfe 9a
A4 oA ¢ da oo da 1 o & By y & g 9
Woune 130 wesn Miwihidndsiulanmeuon azviuTaena luds uiinufa munseasa
b4 9
to 1 o o 1 £
uldTaohisuiludesiidouued  wazdannsagmihhidvngiuumoven’ldgy 14
) as o =3 Qs 1 A [V 3 dy 3 =1 = -lo fl s =
dmsuilseme wila (Type) w3e damnn WuReaduiy daveduinuia 1 liduiludesd

' 3 v @ gl ' o 9 A wy
AUUpINsUsEMAUNALNR UALNNLARA uu%z"lnmmmgﬂu1"lﬂiﬁvﬂ1ﬂgﬂzzuuau‘lﬂ

PACKAGE package_name IS

Package_declarative_part

END package name;

5111 2.28 uaaa lassaFralaova IWussdrumsdszmaudinuia
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2. Package body
J A Y o w o @ o w - Y
Inssaiedsznoudiedideansg  lugvesiidedidy  Aldusseeiledsums
F4 [ Ed ¥
Wauveslilsunsuges (Subprogram) Visviaiwiiveves lusunsudesiug ngmlszmelallu
) s g v T 4 s o o o o
duvesnsdszmauinune  udrzgrinu i ludwuefuiinufa  deflsauia msdmua
1 -y ar Y 1o PR A 1 <3 2 1
masiidng  Sulduddsnsiifigadsemedeneu ludimvesmsilsenmeuinufa uagn
o 1 1 dy < < 3 1 ; < I3 = 10 9 ] U
imuam ludmvesueduinuna) aiuduenuinuia 39lusuiludedl drludiuves
3 3 ] 4 4 ] 1 1 ;
mstlsemaunnuia Lifinsdsemare MiluTdsunsudes wio ameii ms@ouvedudin

14 ] v
il hlawngnasiiuaaslugi 2.27

et s w

PACKAGE BODY package_name IS

declarative part

END package name;

v 3
51 2.29 Taseardravoavefuminuia

2.12.4.4 Miemsesnsuulns Uy
o [ Y v 2 aa 10 = ]
ﬂ\?‘i’l‘l/li']'l]ﬂuLlﬁ'J'J']E‘]JLLU‘iJﬁHQﬂIﬂ\ﬁZU‘Uﬂi]ﬂﬂﬁlln'.l'ﬁlg!‘ﬂu'ﬂ$ulﬁ WSUNUIYNT
aqAly ¥ =y 2 = ¥ 3 J 4' ] Act & ] dy
’E]f]ﬂll‘l]‘l.llf’]u‘l’lﬂulﬂ NN UUAYAUNTIUY llﬂalu‘llmzﬂﬂujﬂﬂ'ﬁ@ﬂﬂllﬂﬂlﬂuﬂﬁ HUINUIOU
= d' ) 9) ) s c’.: 9 = ’
'El'ﬁ]i]gilﬂﬂ'lﬂﬂﬂﬂiﬁll Wlﬂuﬂuﬂﬂiﬂﬁl‘lﬂﬂﬁ'lﬂﬁuﬁﬂ AUUITABDIN ﬁu')ﬂﬂ']‘iﬂﬂﬂll‘]]ﬂiﬂ'i\i
A o 9 o ad @ ]
LLU1JNWLW@ﬂ'Iﬁuﬂﬂ’lﬁ'{l‘IfIﬂﬁ\‘ill‘UU (Conﬁguratlon) ‘ljigﬂﬂ'ﬂlﬂu‘ﬂﬁﬂ‘lJﬂu'JfJﬂTi'E]f)ﬂu‘U‘]J

[} Y 9y LY
ﬂ'ﬂ"l'ﬂ@lﬂﬂiiil‘ﬂu’wxlﬂul‘ll'lﬂ’)ﬂﬂu

|

311 2.30 Tassase Taovia llvesmitemseenuuy Tassuny

2.12.5 MIBBNULUINUHAIAN

lumsiannsesswatneavinalrgninududon @y 1995598 (ASIC:

Application Specific Integrated Circuit) IAnsniefsenuuuinezussmseenuuuledlusl
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4' YR 3 3 Qs’l d’) aan
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v » ¥
a1veziidouanas Wunntithadnies filesnndunsuuesnsnan (mplementation) 414159
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Sobel edge detection Y3zaANTN NI

Tuilagiiu msilszuananuuDNE1939 (Real time) Tnolddnsesdtaoa 2 §id (2-D
L] < Q T ) - o a
Digital filter) @A Iodesaasmamai i Faudmeeg wu msdssuranaduildnd
A . . = 4 . . ) ] s
F30INY (geophysical) HAZNTUTZUIANANMNNINTIZMITUNNY (biomedical) agalsnany lums
POAULLAINTOIATADAMLY 2 UA (2-D Digital filter) Avsldagasauunnlumssnus
' & v 1w A w nn:(d'll d 1 o o Y
wwiynuilem wsziiulindulseinia lildgudeddiudwaunn Swuvesdgueylifan
< ] a N ?
AU MBI lumstszanana sunsilssuraradyaanauilednInNIZUIUNTHIA NG
9y 313 o a1 A A 9 0’1‘ :Il v a d” -
gaaedldtumeulumsihaiinn (Remsiinuazimeudoyanaioniy) uenintudinunui
BT lumseenuuy  (emanluwdmsesauuuienssiy)  [8-11]  d9ldlmuemsesnuuy
= o o o @ an an .. )
Tassafamsnszaiensadiamans (DA) msudnsesRdIneauyy 2 1A (2-D digital filter) 19 1

= o »

29UBE 1UAINTDIRINBALUY 2 1A (2-D digital filter)

a a

3.1 ummmﬁﬂﬁug 1HUB Sobel edge detection

The first order derivative 30 gradient operator Y9ININ flx,y) ’e'J%U"lEJvlﬁsl_'Iﬂﬂ

of

NG| |ox (.1)
i —M— o
oy

Adiey 7 1¥d 11T uaT 1 UVBUNIWAD Magnitude of gradient Ao
mag(Vf)=|Vf|=[ G +Gj]% (3.2)

Tumsdmuaanda  dwmsunsasndvveuamuuulsuassauydginwdunnlifivie 3x3

~ a e’dy -
awfilsnglumesnai

2y Z; Z4
zZ, Zs Zg
Z, Zy Zg

108 2, = £(x,»)
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a Adqy ¥ . 3 . - &
HuIAN1¥e319 Sobel edge detection ﬁﬁugmmmn 1% order derivative YBIAINTBINTN low-pass

v 1
WYY Gaussian lowpass filter [5] #9111 1% order derivative A1 Z fio
G, =(z7+228+29)—(z, +222+z3) (3.3a)
e

G, =(z,+22,+2,)~(2,+22,+2,) (3.31b)

21n920879 3218 aumsi 3.3 a uazauns 3.3 b TsaRsudInvewThn i M dmsums

ot
A5299UVOUN WL T11a (Sobel edge detection) AT

Horizontal Gradient (G ) Kernel ~ Vertical Gradient (Gy) Kernel

Tume i ivenBndoss nauddouusniss uaz square root iuluaumsh 3.2 sansodeou

f magnitude of gradient Tuerumsd 3.2 18l

| o7l fe.+/a)

H A ’ = o F L I
VUABUULTINIINMTHINATILVDUNITAIUN (Gradient Comblnmg)
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JUn 3.1
Sobel-Edge Detection
Outpul Image
> Horizontal Gradient (n (Jr_zi‘?ialimﬁg?_ .
Calculation I
Input Image o
Gradient , Apply
? Combining f ) Threshold

Calculation

|

. : T |

‘ ) Vertical Gradient ‘ 1
, |

I

— —
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AdEAg 1Y

1
Sobel-Edge Detection

Ouatput Image
{in Binary Image)

Option for generation of binary image output

31 3.1 m3asesvveumMmwDL Imua (Sobel Edge Detection)

fMiUTzUUABYaa (Causal system) UBIAUNITABU 1IgFUULY 2 IR (2-D convolution) TuM3

° @ J a
AIUIUNTNRNAANWTUDITUIBA VLA 3%3 ﬁ'ﬂ

y(m,n)= iih(k,l)x(m—k,n -1)

k=0 I=0

(3.4)

QJ H t
108 x(m,n) 1Az yim,n) Hudaanannues mput uag output, uaz 1 Ak Lﬂuﬁuﬂ'smmﬁagh

UABZHIININ

9 Ed
1150529500 UAMLUL T3IUa (Sobel edge detection) 9214 2 gas Auiuaunisie 2

k4 o T . . . [ 9 1
ADINITAITAIUINUVINAT vertical and horizontal gradient AULTAIUNAT

2 2

Vyor (M,1) = ZZh(k,l)x(m —k,n-1)

k=0 I=0

g

Vyor (M, 1) = ZZv(k,l)x(m—k,n—l)

k=0 =0

(3.5a)

(3.5b)
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a Pt 1 ar r s s
minfinsannannaumsil 3.5 a wag 3.5 b @mswivveunmuu Tanva dsalddnm 18 drqu

HaZAIVIN 16 AIVIN

3.2 HHIANNAAINIIT31901IN504 Sobel edge detection UszANEMNGS

Qs . [ 9 v v d'
MIATIVIVVOUAMIUD TBIUA  (Sobel edge detection) &G3nIgnIdedrauns e
o Qs an
youmnlunslszgnd ldnumsiszunanaduananmatnea  (Digital image  processing)
b4 [
HUIANUAAIANYDI Sobel edge detection DL UNRUFIUVINIGDY gradient (150 1% order derivative) VDT
Gaussian low-pass filter uazannsoulasliitly Sobel edge detection AUFIFIVUIA 3x3 [5]
HUNTAVDI Sobel edge detection ABM51 vertical gradient convolution kernel t121& horizontal gradient
v i 14 »
convolution kernel MMITAN. IUATLINAMITATVUIA 3x3 HOWINUUIUADUNITBONULUIAUSY
9 .
panuuLINAINFamaniy uazlfauns 2-D convolution tiefigail Iasase uaazaanFn (kemel)
9 Yo a < o o Y = a [ o’/‘ @ an an
A9 199 1IUAIAUDL 9 A7 UaTdIUIUAILINY 8 AT ANUAINTBIATABATUIA 2 UA (2-D
digital filter) 9d0eMITAgaIds 18 A1 HAZAILINDY 16 A3 MBMINGIIAINTOS Sobel edge
detection TATe 910 2 aumsfiuanaienu (Tao Linseunqu gradient combining)
an Aa A Y 9 s o sy 4 v A
Padudidoufieunsolfudlymvesdgaimnanag  Tumsiigeiaumnadisie
=S 4 L) 0 @ o ~
MINTLNINNAUAMAAT (DA) [1-4] TIUMAYVYDINITAUUUNUYDY DA A8 ROMs (ﬁ?a
1 ] a A L Q 3 1 a -4
ﬁmﬂmmm%uﬂﬁuq) 8% scaling accumulator aaiu ludIuueImsnsEaIenNadamans (DA)
33gni5n31 ROM-Accumulator structure D4331 MAUTHUMIVDY DA 92 lidoemsaana ud DA
9 Y v o 1 1 A v v oo 9 (S o s
dealdviiioanusiediaury ROM efiiuaiaee veswasninauas ladlumdes [2-4] §msy
) o 4’: 3 s 4 o =Y @ o o Y
A5 Sobel edge detection 1Y Avald ROMs $1wau 2 @ tieduidums ROM @afl 1 sy
MSAIUIMEs U vertical gradient ‘Itaz ROM 9n 1 @admsumsminmgesludiu
3 1 o q < g, =T { :;'
horizontal gradient %9 ROM UAAEAIADINGT 512 addresses teiuaaagiluly1dievuaves
output N120A71431 ROMs addresses 710 Input ‘71Lfluﬁq,mymmwnmzﬁuﬁﬂﬁ’xﬁﬂ delayed index.
Output U89 ROMs UAAZAIADIA1120IAT vertical gradient output 1AL horizontal gradient output Iag
1% scaling—accumulatornlumi fian Fedoald scaling-accumulator 2 Glgm’?mﬁ'u ROMs 2 62
i Iassadelsivesdiaingos Sobel edge detection ABIMTIAEY 14 AanBMIAIUIN
’ 3 = o % Y A o 4
wiin (Taglifidge FuniounumsnszaenuatlamaasNugl  DA-based IZIAUBAS
9OAULY hardware aziIMISoufouny DA-based §1115U 4 3999 2™ order 1-D DPF (3993
aspuhamafiuniig) g 14iien hardware ¥891n359031902n509 Sobel edge detection, 2™
order DPF ludaupugilulassinoussdnn 3 @42 uazdiwinduqdn 2 d Iddmivsiusiug
nd .cﬁ = . ti s 3 ) s d’d a oo o o
¥89 2" DPF 1WOWAA gradient output 819 ANIUIATIIeAILINTszaAnTMNgadmiy Sobel

edge detection udh 1@
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g 1
33 ﬂ"licl%,ﬂ'liﬂiﬁl'lﬂﬂﬁﬂtﬁﬂﬂ'lﬁﬂi (DA) lﬁ?)'é)?)ﬂ!l‘l.l‘l] Sobel Edge Detection #UU

Unaandagas

a o an . a o s aa a
MINGIY Iﬂ‘Nﬁ%’N 2 U@ YBINITNISWNNANANAAT IUAINTOININDE AT TUY
Ed v
Py A a o a aa . . . &
laauil Wvsan dnseufuay 2 id vssonelagauns linear difference equation AITUNITN 3.4

a &
BAATI

y(m,n)=iix(m—k,n—l)h(k,l) (3.6)

k=0 /=0

Tao ¥ x(m,n) 18 yim-kn-) Wudyanam i input taz output, taz W nek) iy filter

coefficients kernel YU1A 3x3

Ed
doygneniiualivenn  +1  wagdmualddyana iput ugiddnmwdedeu @

complement format) B bits 1a®

B-1
x(m,n)=">"x,(m,n) 27 —x,(m,n) (3.7)
=1

[ }% T
Tagd x,(m,n) f0 x(m,n) Tuszdvdn dufuaunisi (3.6) aunsadoulnglddy

y(m,n) =iih(k,l)(ixj(m-k,n—z)z-f —xo(m—k,n—l)] (3.8)
k=0 I=0 Jj=1

519aEssaun1sn 3.8 v ekl

(m,n) = ._] [ii(h(k,l)xj(m—k,n—l)fj)]—ZZ(h(k,l)xo(m—k,n—l)) (3.9)

7= L k=0 1=0 k=0 1=0

] 9
fvuailedau £ () 18dil

F\x;(m,n).x,(m,n-1),--,x,(m-2,n —2)) = h(0,0)x,(m,n)+h(0,)x;(m,n—-1) +---+h(2,2)x ,(m - 2,n-2)
(3.10)
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v k4 ’ A
udiag x(m-kn-l), ¥9 /= 0,1,..., B-1 {lufies 0 w3e 1 windu, mnddnnamvesiledinniy
A a ’ 1 . - =1 E4 ’ ° 9 o . .
NEUNVINAYUDY (partial products) wgmﬂu‘l'ﬂuwmﬂmmm uaz‘lﬂfﬁq;iywm input signals i
k) »
@ o . LYY v o 3 .
AINMUA  addressing A9TIU waanFannsadinld laeldmsideu uasmsuINes  partial

products ﬁ'ﬂuﬁumiﬁ (3.11)
B-1 _
y(m,n)=> F,()27 = F,() (3.11)
=1

Ed
aumsfienansaf@oulniivedlugy hardware TnoldTnseadrunvadianszao (distributed

1 b4
arithmetic : DA) Asuaaalugifi 3.2 vazaunsauaasliimiuhdige i 1dgnldlulassadail

k4 1
ATl INaUNISA 3.5a  uae 350 Iﬂﬁ\?ﬁ%’lqﬁfl']‘ul’lﬂﬂﬂiiﬂ"llﬂ\ua“llﬂﬂjﬂﬂig‘ﬂ'lﬂ UBIA

0
[

o Yo y Ay o A qw
ﬂi?’ﬂ%ﬁﬂl@“ﬂﬂ’]wuﬂﬂjc‘lﬂﬂﬁ fT’]ll'ﬁﬂuﬁﬂﬁ"lﬂﬂ\iﬁﬂﬂ 32 Iﬂi\‘]fﬁ"\quﬁﬂﬁﬂ'ﬁﬁﬂJﬂJ’lmﬂfJUﬂN!W@‘lﬂf

U
[

T ] d' 1Y % = s/ % . i q'
muguaestesangega iy uazdyanaunmidewdiunensyawaslllusedy vie Aoudioe
1911714 memory addresses. T1wazBoamuAnveIAInTIsUYe LA MULL Trnalasidnsnizae

a o A
nuadiamansiie aunsag 1A lu [4]



#(m )
Bufler
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7 in

Irimg A

Ir img A

Ir_img A

#(myn) 1 5, (m,n)
- sy
Jt(m,n—l):n: xJ.(m,n—l)
J'lf?:,l————-————’
, __| |___ i #m,n—2) = %; (m,n—2)
PIPO PIPO S
Ieimg — & 7y E
Delay x(m—l,nz)lllﬁ) %; (m—-1,n)
256 J:(m—l,n—l)IE xj(m-l,n—l)
. N IS
‘ (m-1,n- % (m-1,n-2)
> PIPO = L pIpO ko RE 0 %
y lrimz A A
Delay
236 % (m-2r-1)
7915«)
__| 1__ x(m—Z/a—Z)IE 7(m=2,n-2)
PIPO PIPO Sinsn
It img A A Ie
Vi cik

ROM

keep partial products

batwean

image datas with
fter ronflicients
for verlizal gradiant

—p

—>

s

ROM

keep partial products

batween

image datas with
filter coeffickents

for horlzontal aradient

s'a
——p
face
clage ACC
2y
Buffer
out

Ir A

513.2 Taseadrevesmsnsznenisndamansifonseduveunmuy lawua [4]

ADD/SUB

ACC

Bufler
out

Ir A
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3.4 M3)4 Discrete Pascal Filter ii0aonuuL Sobel Edge Detection tuuisiaaindage

msinauslassadiediasndvveummuuy e éaﬁugmﬁﬁ'ﬂﬂﬁ low-pass-type 2™
order 1-D DPF (Discrete Pascal Filter: DPF) ﬁi’)g Yuuunisns ’t‘]\i‘ﬁfiﬂﬂiﬂmﬂ discrete Pascal transform
(DPT) ﬁﬁaaﬂixmmﬁﬂugﬂxmudaﬂ high-pass 1182 low-pass, Tﬂﬂsﬁ?umjﬁnﬂizmmm Pascal
transformation matrix. Pascal transformation matrix eunsautlagiihiiu binary matrices 18 Teona
YoIM3t4)ad Pascal matrix factorization Y1 1¥e s il oulse@nTn1NYB9 hardware for 1-D DPT
18lmiGeSend1 DPT butterfly unit. - Tnssardrefiamnsavien I8 laoUsminnsgouas idios
s, Ssennsaanadudeuluduneumsdnnns Tassaie DeF Tégndauilasin
1n1As9a319 DPT &aomsnsatnsel delay oloments Tdifanuduiussuluudes mput [6-7]

o

" E
Discrete Pascal Transforms X ‘U’é)\‘i’sgf’ﬂluiltl“]m vector x ‘Hﬁﬂﬁﬂ ﬁWﬁﬂﬁdlﬂuvl@a{ﬂGﬁ
X =Px (3.12)

¥ i ; . ’
11 xfo Output vector ﬁgﬂuﬂm, x fio input vector 48% P f19 Pascal transformation matrix

9

120819 3-point low-pass type DPT 48% 3x3 low-pass type Pascal transformation matrix Tdeati

(3.13)

aw A =3 a Y sa a A .
NNNAMIITY [17] AN Laadansfa Tassadeiililsz@nsniwues 3-point low-pass
1 1 b4
type DPT Fwmasdalugll 33 TaseadrefilAgmulasunain Pascal transformation matrix

factorization Talidlu binary matrices (% 1mmgswazaﬁﬂmﬁm§u‘lﬁ’ﬁ 17D

Stage 1 Stage 2

N \ -
b hn _
X D - X,

N
AV

gﬂﬁ 3.3 The 3-point Lowpass Type DPT Flow Graph
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§M5U the 2™ order low-pass type 1-D DPF, ﬁgﬂsmuﬁrﬂu low-pass filtering 713D

T1waziBoalalu (18] uazauisangyl 2 order transfer function 1@ Tuaumsd 3.14
HYD (z)=1+ 2z 4277 (3.14)

4 y
aatiu DPF swnsoutlasern DPT Taslianuduniusserang inputs wazharsauamei 1
E4 1
output tiniu Ms1F DPF lumsarugumsdnnuszilfouniamsgalugil matix Tu DpT Tileg
4 < a
Tugilves DPF Aremsnldounlaudnies, msfa filter structure Y84 1-D DPF of low-pass type

= 9 (] 9 1 d”
ﬂ'liﬂ'iﬂl“llﬂullﬂiﬁﬁﬂ1ﬂﬂ11ﬁa1ﬂu

x(m) x(n)

3 11 3.4 The 2" order Low-pass Type 1-D DPF

Astaue Insead 19 INT8Ue 5 195 MAUINTENUBY gradient operator TIILINNUANN

auwwlij‘ffﬂmu 910 Gaussian low-pass filtering annsouaaslamuaumsfi 332 uaz33b 90
¥ [] [

AU 31T aldunfaves low-pass-type 1-D DPF FudloMounuiy Gaussian low-pass filtering

establish 92 1AA2N509 Sobel edge detection ﬂi1ﬁ%1ﬂﬁ’3ﬂﬂ&&£ﬂﬂ1ﬁﬁ

1 9
1Hip991AMIaUues DPF Tdnysieadne Gaussian filtering (UNATY, 81958n 1@
binomial filter 41nAIRETUSIAVD Gaussian filter) uaaNIn@oulin Inseadwiareaylae
9
isamnmsgula duiuiuaueTassad1eueadanse Sobel edge detection Traiuuy lifidrgaumas
A A [ [ o 3 3 ] 9 o . . . .
IesdIInud 14 Auniniun1FlunsmuIn vertical gradient output 182 horizontal gradient

output AHAIIUFUN 3.5
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x(m-2.n)

Horizontal gradient
'HR output (G )

q
x{m-2,n-2) N ‘{

Lm
x(m,m) ;C\'
x(mun-1) \ 4 Sobel edge
Gradient output
T s
x(m,n-2)
W

x(m-2.n-1)

Combining

4

b

x(m.n-2)

x{m-1.n-2)

y
\
r’ Vertical gradient

2
x(m-21n-2) output (G )

x(m,n)
x(m-1.n)
x(m-2.m)

51 3.5 The Proposed Multiplerless Sobel Edge Detection Filter

] 4
Tuzali 3.5 dayanunn input Navuagniloundy adder network 32 185uMIadauaz5o

o g

& Vo =
WesvuInidauanaslugin 3.6

: — P x(1m,1)
: x{mn- g)
x(mm) : Z'l o T ] x(im,n-2)
fay

e B » x(m-1,n)
' :r((m-l J- 17?
l » x(m-1,1-
4 Z-] ‘L" Z—l -
Delay

Vi p x(m-2.n)
' : x?n—% - 5 3
I l x(m-2.n-
z- I r_l_’ Z“ l _.I

gﬂﬁ 3.6 Input Image Arrangement Circuit
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HNAaN1INAaDN

diehmsnlSeudisulaseadreildmus laomsfigailagass  Taemsl¥ 2 difference

» E4 v v
. Y =~ LY o o a A o
equations IAssasnitauatiuliniszlumsdntiadinn luvasiimafauuu@uazdesld 18 2

An wag 16 A1wan. dmsumanSeudsusumsduiumsuun DA Tassadrefiisuaue lideqld

= e H o [N ] o .
ROMs 1aq lumsinuaides lavinmssiuan wazaiaieglunsdiou (4ifies adder network)

Apd18n 1 DA scaling-accumulator operation. 14135197 4.1 yamsmsSoufoumsmuinsiuuy

a v =y ] 4‘ 9 o 1 3 1 =] ar 9 a
Wetey Tasiosanmmzaauinlslumsdwaamnn (lsudmsdamsnmwmemusuym)

= Y o
MINN 4.1 Nﬁﬂ']'ial"]f‘ifli‘]/‘lﬂ'lﬂ‘i

Direct (Eq. 5) DA-Based Proposed
No. of Multipliers 18 multipliers None None
No. of Adders (2-input) 16 adders None 14 adders
No. of Memory bits None 8,192 bits (to store pre-computed values) None
No. of bit-serial shifter None 9 shift registers None
No. of Scaling Accumulator None 2 Scaling Acc. Units None

15199 4.2 uﬁmwammﬁﬂmﬁﬂumsﬁg%ﬁi:win hardware U849 multiplierless Sobel

edge detection filter 1A61% DA-based uazlnssafrefisinauslavldnszuinmsnmduymuuia

256x256. 191195 AU99 EPF10K20RC240-4 Altera’s FPGA Tumsautiums Iaefiniyn VHDL duffe

M9 4.2 uaawamsidSouiion Synthesized Circuits Using EPF10K20RC240-4 Altera’s FPGA

Device

DA-Based Sobel edge Detector [4]

Proposed Sobel edge Detector

No. of Embedded Array Blocks (EABs)

6 EABs (12,288 Memory Bits)

2 EABs (4,096 Memory Bits)

No. of Logic Elements (LEs)

280 LEs

244 1LEs

Maximum Frequency

37MHz

32MHz
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1NA9 Nﬁ 4.2 DA-based Sobel edge detection filter A031% 4 EABs (Embedded Array Block)
lud@ FPGA oIl memory (ROM) dmsuifuddeiis e ldvemandusiden, uay 2
EABs tiolfimhfifiy delay tine (RAM) Tuasesdamsamdnsuwn. Tassadreimiuaus
@83n131#i69 2 EABs for delay line (1 EAB equivalent to 2,048 memory bits) Wity 2evsdauaud
99n1UL Ias VHDL 13 shift register, adder, scaling accumulator 219 LEs (Logic Elements) 1un13
duitums Falassadrednsosiiaue lhinlddesni DA-based. Uszanimmarnnus e
miv‘imuﬂuaaNﬂsazuﬁmﬁmwﬁqatm Taseadredansesiinauoridinnug maximum qavioy
AIATUAYOS DA-based. 861315fAN MAWE maximum vosTassadedansesiniuaueannso
ﬂ%’uﬂgﬂﬂa%’fﬁ'smnﬂﬁunﬂéu 51?3 such carry-look ahead adder instead of carry-ripple adder (“'lﬁ'f?\?il:,’

B ° dy 9/ ' v 9 ~ 9 a
19 lumsiianutl) IFanususualed ludumatin,

WAN3 Simulation Y94 Sobel edge detection tana 1ARa31IN 4.2-4.4 Mgy

gﬂﬁ 4.2 Horizontal gradient output gﬂﬁ 4.3 Vertical gradient output
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910 input image Glugﬂﬁ 4.2 ua:gﬂ‘ﬁ 4.3 1A horizontal gradient L vertical gradient
output, AUHIAL. Sobel edge detection output HAIVINMIIIY gradient VxuaAdlugili 4.4 e
v
‘ffﬁ‘ﬁllﬂ, direct realization, DA-based uazmﬁﬂnauaiﬂsm%’wa Sobel edge detection filter a2 1¥iwa
a @ A o 4 A 1 v 9 ° LN b v
RYINUINUDUNY edge detected output, ﬂ'J'lll!mﬂﬁNﬂﬂi]m‘ﬂuﬂ\‘l')ﬁ’ﬂﬂ@\ﬁ’nﬂfﬂ\‘lliiﬂiﬂiﬁfﬁﬁ
9 & 9 o ki | w 9 °
ANABIFIADUVNYIN NMITUNTUBD Sobel-edge detection filter UANNHFULDUN
4 4 a3 da oy & v 4 3 4 q 9
"lﬂﬂ?lﬂ‘ﬂ 4.5 uﬂlahm‘wauuwmm AN vmmumﬂmmuu'luaﬂymsz]umumama'lw

< 3 { < ’ @ 3
LWHNQﬂWﬁ%Wﬁ@QﬂWWﬁ'ﬂ@ﬂH1 ilz'l@’fmummtmﬂmanuum;ﬁu
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=260

Threshold

=180

Threshold

Threshold = 100

Input

9anvasuVUe Sobel

@

g

N4.5 Haannn

i



UNN 5

a3Unan 3398 wazdBiauenus

1] F4
AN503 Sobel edge detection wuvsIFR AU NaUL iy, FEmslunisda
¥y 9
Taseasedi ﬁuagﬂ‘umsm gradient VINNIVAD A8 Gaussian lowpass filter. lowpass ¥Ua 1-D
DPF aunsaldmsfia Sobel edge detector lunuuiinauedlolnssad1e hardware N1910 Lo
] v 9
Tassadnimszlumsdnoudligann, Tassade Hardware #1ldthmngdwmsumailig
9OAUUVLIYU ASIC (Application Specific IC) 18 19 |ATWIALUUY Sobel edge detection RIBNNT
4 2 L a o Y @ ) ]
dszuanafianusiguezaunsoaamsdusmssaulaosiulAdndas  (since using less

hardware components)
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osrlszneuiugTuveIgUnsal FPGA 1znd1ifeswaziBoavesdausen dail
1. Programming Technology
2. Logic Cell

3. Programmable I/0 Cells

4. Programmable Interconnects

[Inputhutput Blocks ]

Logic Blocks

Programmable
Interconnect

Taenaziimsendlee1a FPGA Fuaims Maueselsenaufiudie

1. Programming Technology (aluladimslisunsugilnsal)

mAlAY3915MIfHuA (Configure) anInvSeMIIEUAD Yoo aaadn n1a llsunsuuis
181 4 ol gait
- Anti-fuse
- SRAM
- EPROM uag EEPROM
-Flash
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Anti-fuse
AUAINIAYEINIMINY  Anti-fuse  AoRsstuRuMsMnuvesihd i lfe e
an12n@ Anti-fuse 9243129951008 Anti-fuse 1911 8 il liasta Tasmstleounszuaa

L b
qudn lfaganiFeuaeiuaagl

™ antifuse
diffusion

antiDse

artiDse  antifse polysilicon

artifse polysilicon ONO dielectri link polysilicon

lt—— onide—nitride—oxride

{ONO) dielectric
b ey ontacts
r+ antifuse’ diffusion <10nm 20 nm # antifuse =
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EPROM uaz EEPROM
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2. Programmable Logic Cell
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Xilinx , CLB (Configurable Logic Block)
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3. 1/0s 11 FPGA
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Actel ProAsic

Summary: Programmable Interconnect

Interconnect between logic
cells (tracks = trks)

Interconnect delay

Interconnect inside logic
cells

Actel (ACT 1)

Channeled array with
segmented routing,
long lines:

25 trks/ch. (horiz.);
13 trks/ch. (vert.);

< 4 antifuses/path

Variable

Poly—diffusion
antifuse

Altera MAX

(MAX 7000)

Fixed cross-bar PIA
(Programmable Interconnect
Architecture)

Fixed

EEPROM

Altera FLEX 10k

Row and column
FastTrack between
LABs

Fixed with small
variation in delay in
row FastTrack

LAB local
interconnect
between LEs. 16-bit
SRAM LUT in LE.
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High Speed
Bus Lines

Xilinx LCA

Xilinx (XC4000) (XC5200)

Switch box, PIPs Switch box, PIPs
(Programmable (Programmable
Interconnect Points), Interconnect Points),
3-state internal bus, 3-state internal bus,

and long lines and long lines
Variable Variable
32-bit SRAM 16-bit SRAM
LUT LUT
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5. M5@aNlFU FPGA
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1. Design Specification

2. Design Entry

3. RTL (HDL) Simulation
4. Logic Synthesis

5. Gate Simulation

6. Place & Route

7. Post Layout Simulation

8. FPGA Programming (Implementation)
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1. Bundle Package

- Integrated design flow

- Schednatic design entry

- Simulation (Logic, Formational)

- Synthesis

- FPGA Implementation
1 Altera Max + Plus II
2 Xilinx & Foundation ISE
3 ALDEC ActiveHDL

2. Individual Package
1 Design Entry
- Renior/HDL Designer
2 Simulation
- Model Simulation
3 Synthesis
- Synplify
- Leonardo
- FPGA Express
4 FPGA Implementation
- Xilinx Foundation ISE, Alliance
- Altera Quartus II

- Actel Design System
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An Efficient Filter Structure for Muiltiplierless Sobel Edge Detection

C."Prada-bpct; N. Ravinu, S. 'Clﬁvapreecha,"B. Knobnob and K. .Dc'jvlim)',‘Senio'r Member, IEEE,

Abstract—This paper presents ‘a multiplierless Sobel edge:

detection filter structure based on the gradient of Gaussian

lowpass filter concept. This concept is-sarhe.as the iden that

- used for evaluation of Sobel edge .detection keinels. The
proposed Scbel edge detection filter structure consists of 4 sets
of the so-called Jowpass-type 2nd order 1-D DPF (Discrete

Pascal Filter) ‘and the “filter structure - does not need any.

multipliers, only 14 adders are ‘needed for realization,

Consequently, the high efficiency multiplierless Sobel edge’

detector can be achieved.

I INTRODUCTION

At present, the real-ime image processing ‘using 2-D
digital filter has become rapidly growing in many

applications- such as geophysical and biomedical image’

processing. However, the design of 2-D digital filter needs

many multiplications.fq:_i.-one oufput sample because there-

are many non-zero eléments in the filter coefficient: The

number of multipliers will decrease the speed of processing -

time since the multiplying stage has a lot of consumption
process and.uses large area in design. Therefore, in [1-4]
propose a design of distributed arithmetic (DA) structure
redlization for 2-D digital filter to give the'multiplierless 2-D
digital filter.

The Sobel edge detection -is also the widely used for
edge detection in digital image processing applications. The

original idea of Sobel edge detection is based on the gradient -
(1" order derivative) of Gaussian lowpass filter, and can

evaluate to Sobel edge detection comvolution kemsls size

3z3 [5]. The Jobel 2dge detection kernels are divided to

vertical gradient and horizontal gradient conveintion kesnel’
Since each kernel has size 5x3, then if the design process

starts from these kernels and use 2-D convolution equations.

for direct realization, 9 mulitipliers and.8 adders are needed
for each kernel. Therefore, 2-D digital filter need up to 18

multipliers and ‘16 adders for direct realization of Sobel edge.
detection filter, from 2 difference equations {notincluded the.

gradient combising). :
The popular method that can use to solve the problem
of many muiltipliers in difference equation realization is DA

[1-4]. The main part of DA implémentation is ROMs (of any”

kind of memory) and scaling accumulator, so in the past DA

is ‘called” ROM-Accumulator structure. Although, ‘the DA.

implementation does not need mulfipliers but'DA- requires

the memory such as ROM to store the pre-computed valnes

C. Fradabpet iswith the Faculty of Stience end Technalogy, Phranakhoen
Si.Ayutthays Rijatihat Universify, 13000, Thailend. (Corresponding author
to E-meil: pchoos@ anx ac.th; chusii@ icnist hokudei. acjp). :

N. Raviny, S. Chivepréecha, B. Knobnob and K. Dejhan are vwith the

Faculty of Engineering King :Moengkut's Institwte of Technology’

Ladkrebang (KMITL), 10520, Theiland,

of partial products [2-4]. For Sobel edge detection_
realization needs 3-'ROI‘/IS‘fér"implementation,..-1 ROM for-
vertical'.gradient’__pre-computed values, and 1 -B.OM for
hernizontal gradient pre-computed values: Each EOM needs.
512 addresses to store all ‘possiblé values of partial product,
the ROMs addresses are the input image and its delayed
index. Output of each ROMs raust be computed the vertical
gradient output and horizontal gradient output by using the
scaling-accumulator, which need 2 urpits of scaling-
accumulatos for 2 BOMs.

But, the new Sobel edge detection filter structure which
needs only '14. additions for computation . (without any’
multipliers same as DA-based Sobel edge detection) will be
proposed for hardware realization and comparison the
complezity with the DA-baséd: The 4 units of ™ order 1.D
DPF are used for the proposed hardware . of Sobel edgt_:
detection filter structure realization. Each 7™ order DPF iz &
network of 3 adders and another. 2 adders are. used for
summing the pair of 2™ DPF. to ‘produce each gradient
output. Consequently, the high efficiency -adder network for
Sobel edge detection can be obtained.

Il PRINCIPLE OF SOBEL EDGE DETECTION

A. Sobel Edge Detection Concept
The first order denivative or gradient operator of image flx )

is défined by

¢}

Tmportant quantity that -used for edge d'et.ecti'én-v -is the

magaitude of gradient, which is ’
mag(Vf)=|vf|=[G: +G’3]z @

IIn order to evaluate the convolution kernels for Sobel edge

detection, assume inpit image size 3x3 a5 shown in this-
matrix.

- - -
[ R et
AR M=
-1 B e

where =, = F(x,)

The concept that used for establish. Sobel edge detéction is-
based on 1" order derivative of the lowpass filtered image by -
Gaussian lowpass filter - [5].. Thereforz,. the 1" order
derivative at point Z5is



G, =(z,+2z +2, )—(:l +22,+2;)
and
G, =(5 25045 )~ (5425, +5,)

(3a)
(3b)

Results from eqs. (32) and {3b) can gzve the . Sobel - 2dge
detection kemels as

2] -110 1
D 0 0 22410 2
} 2 1 -1 0 )

Horizontal Gradient Kernel Vertical Gradient Keinel

In practical, to avoid the complezity of squaring and square
root as in eq. (7), the magnitude of gradient in q. (2) can be

approzimated by lVfI IG ]+G’| this- step is callfd

“Gradient Combining”. Finally, we can sumimarize the ¢ obel
edge detection as shown in Fig, 1.
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For the causal system, 2-D convolution equation for
output image computation of the convolution kernel size 3x3
is

y{m,n) =Zi:22: (kD) x(m —k,n—1) “)

where x(m,n) and v(m 1) is input and output image,
respectively and h(k[) dre the coefficients inside the kernel.

The Sobel’ edge detact:on has 2 2 convolution kernels, so
2 convolution equations are ‘néeded for vertical and
horizontal gradient computation as follows,

Vi G, ) = i ZE: (e, x(m—k,n~1I) (5a)

k=8 I=0

and » '
Yo cm,n)=i§z;v(k,z)x<m—k,n-—-z) (5b)

k=0 I=0
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I consxder directl 7 from eqs. (Ja) and (Sb; 18 multlphﬁrr
and 16 .adders are’ needed for Sobel edge detection filter
realizdtion:.

I MULTIPLIERLESS SOBEL EDGE DETECTION FiLTER BY
DISTRIBUTED ARITHMETIC

Realization for 3D distributad arithmetic digital filter can b‘.:
‘ezpldined as follows. Consider, thé 2D digital - filter . 15"
described by linear difference equation as in q. (4) again.

y(m,n)= Z-:Z.x(lzz—k,rt—l)h(k,lj 6

k=01=9

where x(m,n) and y(in,n') are the input and output image,
respectively ‘when ]l(k,'l) are filter coefficients kernel size
3x3.-Assume, all signals are bounded by *1 and define the
input signal in two’s complement format, B bits accuracy -
including sign bit by

P |

x{rm,n) ='Zx_j (m,n)2

=1

= x o (m, ) )

where ¥, (m,91) are x(u,m) in bit tevel. Thus, eq. (6)-can

be rewritten as
o 31 1 '
o)=Y > hEd)| > tn-kn-D27 —x (u—ken-h)|  (®
ey A
Rearrange the summiations'in-eq.-(8) yields

¥on, '2)—wa > {h(k ljx (n-k,n-D7? )]
A

®
3T sy D)
=g )
Define th’e‘» fﬁnctioq__-‘F () as follow,
F} (xi (m;n)p(}. Or;n=1),- - X (=2, 2))
- Iz(0,0}frj(rn.-;i) +hODx; (o, n-D+---+ (0

h(CDxi(m=2,n=73)

Since each ;(m-k,n-0), where j=0,1,..., B-1is only 0or'1,
we also pre-compute the values of this fanction that called:
partial products stored in memory and using the input signals
for addressing. Therefore, the output can be comprited by .
shifting and adding of partial products as in eq. (11).

B-1. '
y'(_m RDES Z F j (_':)2__1‘ —F, ( )

Pl

Qan

This equation can be realized to be hardware by using. the
d:stnbuted arithmetic and can ‘be shown that the multiplier
has notusedin this structure.



Then, from egs. (5a) and {5b) the hardware architecture
of distributed arithmetic Sobel edge detection filter can be
shown in Fig.2, this hardware needs the control signals to
control each circuit components inside and the input image
data will be distributed into bit level before used to be the
memory addresses. The further more details for Sobel edge
detection distributed arithmetic filter can see in [4].
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Fig. 2 Sobel Edge Detection Distributed Arithmetic Filier Structure [4)

TV. THE PROPOSED MULTIPLIERLESS SOBEL EDGE
DETECTION FILTER BASED ON DPF

The proposed Sobel edge detection fifter structure
which is based on the so-called lowpass-type 2% order 1-D
DPF (Discrete Pascal Filter) where the discrete Pascal filter
is the filtering characteristics hidden in the discrete Pascal
transform (DPT). There are two types of the hidden filtering

characteristics; highpass and lowpass, depends on the type of

Pascal transformation matrix. The Pascal transformation
matrix can be factorized into binary matrices, result of the
Pascal matrix factorization achieves the efficient hardware
realization for 1-D DPT using the so-called DPT butterfly
unit. This structure can operate without multiplication and
only addition is used, which can reduce the computational
complexity. The DPF structure is modified from DPT
structure, by placing the delay elements to establish
relationship between each input [6-7). The discrete Pascal
transform X of the one-dimensional signal vector x is
defined as

X=Px (12)
where X is the transformed output vecior, x is input vector
and P is Pascal transformation matrix.
For example, 3-point lowpass type DPT, 3x3 lowpass fype
Pascal transformation matrix is used as follows,

1 o0

PPl 1 0
121

In 7] shows the efficiency structure realization for 3-point
lowpass type DPT which is shown in Fig. 3. This structure is
obtained from Pascal transformation matrix factorjzation
into binary matrices (the details can see in [7]).

(13)
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Fig. 3 The 3-point Lowpass Type DPT Flow Graph

For the 2™ order lowpass type 1-D DPF, which the
characteristic is lowpass filtering can be investigated in [6]
and can be summarized to the 2™ order transfer function in
eq. (14).

H" () =14227" 4272 (14)

Therefore, the DPF can be formulated from the DPT by
making the relation between the inputs and focus only on 1
cutput. Using DPF, the computational operation will be
changed from matrix multiplication in DPT to convolution
in DPF. With a little modification, the filter structure
realization of 1-D DPF of lowpass type can be realized as
follows,

¥{n)

Fig. 4 The 2™ order Lowpass Type 1-D DPF

Our proposed filter structure realization is start from the
definition of gradient operator, which will operate to the
blurred input image from Gaussian lowpass filtering as
shown in eqs. (3a) and (3b). From that point, we can use the
idea of the lowpass-type 1-D DPF which is equivalent to
Gaussian lowpass filtering establish the new multiplierless
Saobel edge detection filter. : Lo

Since, the behavior of DPF like Gaussian filtering
(sometimes, called binomial filler which is the
approximation version of Gaussian filter) but ean be realized
to the beautiful structure without any muitiplications.
Therefore, our proposed new Sobel edge detection filter
structure will be multiplierless and only 14 additions are
needed to compuie the wvertical gradient output and
horizontal gradient output as shown in Fig. 5.



Fig 7 Onginal input image

Fig. 8 and Fig. 9 show the horizontal gradient and vertical
gradient output, respectively. The Sobel edge detection
output after gradient combining step is shown in Fig. 10.

Fig. 8 Honzontal gradient output

Fig 9 Vertical gradient output

Fig. 10 Sobel edge detection output image

From the input image in Fig. 7, Fig. 8 and Fig. 9 show the
horizontal gradient and vertical gradient output, respectively.
The Sobel edge detection output after gradient combining is
shown in Fig. 10. Altogether, direct realization, DA-based
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and the proposed Sobel edge detection filter structure will
give the same edge detected output, the difference is
concerned only about how to simplify the hardware structure
realization, which the proposed Sobel-edge detection filter
has lowest complexity,

CONCLUSIONS

The multiplierless Sobel edge detection filter is
proposed, the method to realize this structure is based on
finding the gradient of blurred image by Gaussian lowpass
filter. The lowpass type 1-D DPF can be used for realization
of our proposed Scbel edge detector with the simple
hardware structure and very low computational burden. The
obtained hardware structure is suitable for implementing on
an ASIC (Application Specific IC) to obtain a single chip for
Sobel-edge dectection with a high processing speed and can
reduce power consumption (since using less hardware
components).
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