2254217 1 EDGE DETECTI ON METHOD AND APPARATUS FOR AN | MAGE PROCESSI NG

- SYSTEM / The g%gff ; I nvention relates to an i nage processing system
~and)*nore partic € to an edge detgftlon nmet hod and apparatus for an
i mage processing systemusing nmulti-stdate |inear threshold | ogi c el enents.
“In an imge signal , -, st i nmport ant
~application areas 0 g $=r ecomrended
~because it can inprove the aggiks ?,i ko &wtfr

unwanted factors in the i mage,” such as ni -proceSS|ng can al so
reduce the conputational |oad by napplng a fuII resol ution image, usually
represented by 8 bits per pixel, to a different type of inage represented
by less than & bi tFheepresent. ifieentibnkiradatels Rice 19 CERB BRI PR iy
proposed for” the above nentioned purpose. For exanple, a Band Extract

Repr esesystien & ntméBERPaArvichldrdy; tocadndeddudet@ttich method la@tic
| mage Stabilizing systemby“Full-Digital Signal Processing", in |EEE

Tr ansaceppeFakusCiioxumy igagetprocessing sy@tennsingagitisetatid)linear
publ i shed in August, 1990, which can be.thought of as a kind of bandpass
filteri vhreshakd JegiouebemeBt8ERP net hod can efficiently

In an image signal processing system, which is one of

the most important application areas of the present invention,
pPreprocessing is recommended because it can improve the accuracy
in detecting motion-vectors by removing unwanted factors in the
image, such as noise. Preprocessing can also :reduce- the
computational load by mapping a full resolution image, usually
represented by 8 bits per'pixel; to a different type of image
represented by less than 8 bits per pixel. | |
i ' Several kinds of preprocessing have been proposed for
the above mentioned purpose. For exemple,' a Band Extract
Representative Point (BERP) Method was used by Uomori et. al. in
"Antomatic Image Stabilizing systenm by Full-Digital signal
\_ Processing", in IEEE Transactions on Consuner Electronics Vol.
36, No.3 (pages 510-519), published in August, 1990, which can
be thought of as a kind of bandpass filtering methed. Although
the BERP method can efficiently -



2 filter out both the extrenely high spatial frequency conponents such as.
noi se and the | ow frequency conponent such as the flat area in intensit)

it still needs nore than two bits pgr pixel to represent the BERP |nage
However, the detected edge infornmation can be represented by one bit per

Di XGh41 6E Bk NSbin £Hé Exerenely qﬁigmda? £od1 CapegueRby’ Eohponestdvar e.

There are various approaches for edge ection such as: (i) the use of

| MBgR @Ak shotsadunat the( liow tthequency dépomaitcéach asi thet Matse of

di fferences of averages, (iv) the matching or fitting to a prespecified

pat tares dndiftenshtydeti€cstdlloheeds zmowre thmstugsbﬂ.tst pexd pipzelhe
Laplaci an of the Gaussian (LOG in the imge. The two nmj or drawbacks of

t he tmigerepresents theneBERRd image) - (Hoyeuez.th§hethdpﬁpmuaﬂwnaﬁga only
wi th sonme i mages, but performance of edge detecti.on i.s prom nently degraded
\Aherflmgeatéoprmme Fepresented bycene bitpeaxr pixaleq dHFI¥nent in

' edith oRdge; Betessd o%&q%%a@é’mp%ﬁ%r°acﬂa§¥%92§sat G oe

o SeAEnge pEPHesEhet SLIENS Adeceiin Ryh e SAL BReTIRPE,

o aprapCrEeRias Yhadidite ﬁin %k%iﬁe?%?%*?é’%%é LR (P S

Iarg&gefgg 8922e9eheek' 82 averages, (iv) the matching or fitting to =
a prespeoifie_d pattern, and (v) the detection of the zero- o

crossings filtered by the laplacian of the Gaussian (LOG) in the

image. The two major drawbacks of the edge detectors enumerated

in (i)-(iv) are that they perform well only{with some images, but

performance of edge detection is prominent;y degraded when noise

is present because they detect the high frequency component in.

the image signal. On the o;her_hend,_the approach (v) has the

noise reduction effect.but has the potential drawback that the

amount of eompﬁtatioh remarkably increases in order to remove a

large amount ot.noise. That is, the approach (v) needs stronger

low pass fiitering to deﬁect the edge eompleteiy because noise o/

and edge information are located in different high frequency

region. Therefore, the window should become 1arger for edge
detection.



3 Accordingly, it is an object of the present invention to provide an edge
detgection net hod which can reduce noi se w thout increasing w ndow size. A
furt#ier object of the present invention is to provide edge detection
apparatus which can sinplify the inplenentati on of hardware and perform
real tine operation. According to the pr&sent invention there is provided
~an edge detection nethod copprising: a converti n% step conprjsing steps for
obtai ning a n@ﬁ?%ﬁ%%&rﬁoﬁsm%lol&ﬂﬁ%\tiﬂﬁaﬁ fx Prfisedw Hrverbhonr teng
sai d pixel_ data in sajd nxn window into tri-state values [err] using said
roan yal BEOVAAR h FEe ARk e ipd YR TG St ot paRes el pecKAERuEn

tri-stat Qn\é@eﬁt%?ufnq\fmﬁimc{owrs %%-especi fied edge patterns.[err]. [err] where

t he superscrip epresent’s transpose of the matrix; and deci sion

steps for det g ghithd:S8hiebtPll Phd Prdilit hinibe 498 ol pYob1aR1URke! ©

any one of said four pre-speci ge patterns, ( e not
an edge. ge¢etdicd dPparhtukhanRaPeehnols i ig) opihd Olnpidhferth LY ded
an edge detection apparatus conprising: conversi‘on means conprising a nean
val ue caheuadiar@ afid @érform real time operation. -
According to the present invention there is provided an edge
detection method comprising: ;
a converting step comprising steps for obtaining a mean
~  value M, of pixel data in an nxn window and converting said pixel
data in said nxn window into tri-state values V; using said mean

value M; and a predetermined threshold value ¢

o] Mi-e < Zj < Mi'+e

1 32, > M+e

for 3 =1, 2..., r.
a comparing step for comparing Vi, which is said pixel data
represented in tri-state values, with four pre-specified edge

patterns W,, W,, W; and W,

=({-101-101-10 1]7

W,=[-1-1-1000111]

Wy=([-1-10=-101011]

[0 -1 -110-1110]7

=
]

where the superscript T represents the transpdse of the matrix;



for obtaining a nmean value of pixel data in a 3x3 w ndow centered by i nput
pi xel data and a conversion circuit for converting said pixel data into;, 4
tri-state values using said nean value and a predeternined threshold val tie;
mat chi ng neans for obtaining inner products of said tri- state val ues and
pre-specified edge patterns; and. deg’vs_i on neans for determ ning said pixel
data to, be an edge when said plxel ata is equal to said tri-state val ues,
and @¥erwi se not to be an edge. Enbodinents of .the present invention wll

ow e doidl bethn W dBY, B SHAIRLE L L oA AL sRGE gmé@%%ﬁ“’?ﬁaﬁé' " ow
f d d

an obatasna o 1 FE AREELY %a%%onga%%aﬁr% PR SN PR
t he %é{q}: Ctéﬁ)&l gﬂg@{.@%# €0¢di pg LA aIlgn‘nodl ment of the present

I nve IS a dlagran1 S ng a preferred enbodi nent of

the edge Q?é@&tdmg aaaaraatf@r@ee@ragpecto deheciie esRPbntA¥eN dde FIG 4 s
a bl ock di agram show ng the encoding circuit of an enbodi nent of edge

det eq@rcvi P adimt edgacdet dcbyoh capparatesecobmppishhgon; FI G 5. shovvs
prespecified edge patterns used for the
conversion means comprising a mean value calculatlon c1rcu1t
for obtaJ.n:Lng a mean value of pixel data in a 3x3 window centered”
by 1nput pixel data and a :conver51on .c:-.rcua;t for converting said
pixel data into _tri—statelv_alues' using said mean value and a
predetermined threshold value; -
matching means for obtaining inner products of said tri-
state values and pre-specified edge p‘att.erns ; _ahd |
d‘eci.sion means for détermining s.aid pixel data to be an edge
when said 'pixel data is equal -‘Eo said tri-staté values, énd
otherwise not to be an edge. | -
Embodi:ﬁénts of the present invention wi-lll. now bé described,
by way of example, viith reference to the accompanying drawings,

in which: ' - _ : u



i nner product of an enbodi ment of the present invention, FIG 6A
illustrates a circuit for performng the inner- product [err]V of a .
mat&C‘Pii ng nmeans of an enbodi ment of the egge detection apparatus according
~to the present invention; FIG 6B illustPates a circuit for performng the

ot ot Pon anpar ot (F HEwch oFRgR: ELHOHREREHR 1R, sbanen the @ Lol | Flav,afcs
o enbod e paBB | FEERASAHC LOPREREUS, 2, o8 Li¥afe: mrodesndng: uAten,

| Dvent OBedd R ¢0 145 eabSasRes B LlX AR Upifedffahy e D00Vl
roduct | sut put of ey ¢ FCR H¥bek dladrdy gnbbihd tHY 24d¥ ddfetPiBh,
accor di n@pparstidcadéb8@lhg €6chhl ebodient FPWh Cé?%é‘é‘ﬂﬂhiﬂ% 246n;

characteristic equation for obtaining the inner produ n an enbodi nent of

the edge detection ppearagusisccar dblocko Qiagradsedh wt |9n;?fé_ﬁr§eas

a.. logic circuit diagramof the absolute value circuit of the matching

neans of embadimenterf othehedggeddteetion) spparatus asesrdiggt &d Nehe

present invention, FIG 10 is a logic circuit diagramof the declsion
present invention; ' ¢

FIG. 4 is a block diagram showing the encoding circuit
¢ of an embodiment of edge deteétion apparatus accotding to the

N~
present invention;
FIG. 5. shows prespecified edge patterns used for thé
inner product of an embediment 6£ the pres'ent' invention; |
FIG. 6A illustrates a circuit for performing the _inner-
product W, .V of a ﬁatching- means of an embodiment of the edge
detection apparatus according to the present invention:

"~ FIG. 6B illustrates a circuit for performing the inner
product W. .V of the matching means of an e’mbodi:ﬁent of the edge
detection a'p'paratus according to thé p.resent ixiventicn;

U

FIG. 6C illustrates a circuit for performing thé'inner
product W; .V of the mgtehihg ‘means of an embodiment of the edge
detection apparatus according to the present invention:

FIG. 6D illustrates a circuit for perfomi:ng the inner
product W, .V of the matching means of an embodiment of the edge
detection apparatus according to the present invention;

FIG. 7 is a truth table for the inner product output

of W and V of an embodiment of the edge detection apparatus
according



S

circuit of .an enmbodi ment of the edge detection apparatus according to.the
present invention; FIG 11 is a timing diagramfor explaining the operaijon -
of an enbodi nent of the edge det ectgon apparatus according to the present '
invention. The present invention O based on the linear separability

of state ne I d I ogic which can be. expl ai ned by the

f ol Ing tﬂedgFFﬁflﬂt ﬁ'rﬁ}ﬁg’gﬁ Jrem ‘gll'lhe i Inear separ abﬂol tly of b?/nary i nput's
h b d C. L. .Coat
D e by SBRR S s Rt mdy ol b Sk 184eT L oot e
ﬁegﬁ{ﬁgﬁg?%%é“%k-oabemi%bghtabaiﬁnéepﬁi-oaﬁcesﬁ% C¥fiboltheRtbBsatng! Of

vectors conponent™ of any vector in P takes one of M

tk+l g¥gbUgatiettiicn. ap I;ara]t’@s laccording tdathe Sﬁ:’régéﬁi: Theentieomunber of
differént vectors in beconmes [err] and we cal and k the extrene

val ues of the ipxgit sstist 8. légic [cdrduite diagrax ofl tu_eeabiso&nt_e._vamabsets.
of P such that [err] G ven the weight vector W a |ogical function F
def i cderchit] ERR| theer matéhinga neéans holﬁd aml empboditient obft khé | edgel v

separ abl e
detection apparatus according to the present invention;

FIG. 10 is a logic circuit diagram of the decision
circuit of an enmbodiment of the edge detection apparatus
according to. the present inventiecn; : .

| fIG ¢ 11 is a timing diagram for explaining tt-_xe
operation of an embodiment of the edge detection apparatus
according to the present invention. _ |
| The present ‘invention is based on the 1linear
separability of multi-state linear threshold logic which can be
explained by the following definition and theorem. The line'a'r"
separability of binary inputs has been discussed in "Threshold
Logio" by P.M. Lewis II and C.L. Coates, published by John Wiley
axid :s'ons,' 1967. The .defi.nition of a linearly separable function L
of multi-state input is as follows. _. /

Let P be a set of I~dinmensional vectors. Each component
of any voctoi- in P tokes one of M=j+k+l values in {-3,...,
-1,0,1,..'., X}, that is, -

P = {xlxie(-j;..., -1,0,1,¢00, k}, i=1,...,°L).

Then the number of different vectors in P becomes M
and we call -j and k the extreme values of the input state. lLet

P and P. be two mutually exclusive



class if and only if [err]. The analysis of nulti-state |inear
separability is, in general, a conplicated task. However, a 'special

cla% of logical functions, wused in the proposed edge detector, can be
shown to be linearly separable, according to the followng theorem Let X
be an L-di mensional input vector whose conponents are all extrene val ues
and let [err err] andoPo-P,- er.r] e P.o-j, and k are given in the
above defi nfh’%ﬁ.ts hgr':l)s"‘tcl*"ert ‘etxips"t\y] &l ne%'r_l y separabl e function F

whi ch separat es L NRYE t f 140 hers, The preof of th Vi
theoremis as fo Fg\ﬁg. % \ér%g\Fg{tt i\g'i?scrtt.‘ﬁeg#’erﬁ_ ‘.°“ﬁ‘éfng‘?{‘ﬁg’aﬂo?ea‘%of/‘“d

definition ?9d showi ng that there exists a weight vector Wwhich satisfies

[err][ [err]” Let us consider the follow ng wei ght vector Then t he
fol | ow ng i nequai(ky kol [s€r r lx™By ssyming these inequalities for
I-1,...,L, we havek?err] because for at |east one i, the equality should

not hold. , 0, WX <9,

where 6 is‘a threshold-value, and is of the limauﬂy sqxu%ble
- class if and only if - ' )
WX > W'Y, VX e P1, and VY e Po.

K,; The analysis of multi-state linear separability is,'in
general , a complicated task. However, a special class of
-logical functions, wused in the proposed edge
detector, can be shown to be linearly separable, according
to the following theorem.

Let X be an L-dimensional input vector whose components
are all extreme values and let Pi={X} and Po=P-{X}.i.e.. |

. Pi=4XIXs € {-i. kb, i=1,..., L} and Po=P - Pi, where P,
-j, and k are given in the above definition. Then there
exists a linearly separable function F which separates ihg
input veector X from others.

The proof of the above theorem is as follows. We prove
this theorem - using the above definition and shqwing that.
there exists a weight vector W which satisfies -

WX > WY, YX e Py and VY e Po.

Let us consider the following weight vector



We can al so consider a set [err]where X and W are defined in the above
equation respectively. Then we have a kind of multicategory diserimnant_;
function of nmulti-state inputs suchgas [err]. In order to use the
nmulti-state linear threshold |ogic ?or edge detection, we have to nap the
continuous intensity yalueyof a,pixel to several discrete states. Let us

use an 1 x 1.l ocal [wi nddw f de#éctlng an ed glat.a qrven pi xel. | ocation.
We assunme that The | mage si 3 l[err] plxel val’ue i’ the | exi cographically
ordered i mage and [errT ’'pi xé valde in the | exi cographi cal |l y ordered pi xel
values dey Jt ey L ogal: ¢ 1 by Xi, ‘where r-1 x 1. Then
for the FgéthﬁA2§8&P8§? eéﬁ?ﬁ 23 ?g can- be obtai ned by the mapping

[err] where [err] The not gt ixqn 3 W31, dend(ies the integer part of the
resulting division, and i nod 1 equals t'he val'ue of the residual of the

di vi si 09y0§ubmngntt%%re i} fogulaNd tinlse gy L=1Af1er, Lt hee Baeedi Nensi onal
array [err] is obtained, the |ocal nean correspondlng to the i-th pixel
is equal to wTX > WY,
because for at least one i, the equality should not hold.
We can slso consider a set P-1={-X}, where X and W are
" defined in the aboﬁe equation respectively. Then we heye a
kind of multicategory discriminant function of multi;state \)
'inputs such as |
WT(-X) <WYW'X, YePo.
In order to use the multi-state linear thresheold logic
for edge detection, we have td maputhe'eontinqous .intensity
vaiue.of # pixel to several discrete states,
Let us use an 1 x | local ‘window for detecting an leage
a#'a given pixel location. We assume that the image size is
n=n: x ne. Let Xi, i=l,...,r, be the i-th pixel value in the
lexicographically ordered image and Z2;, j=1,...,r, the j-th .
pixel value in the lexicographically ordered pixel values ~/
inside the local window eentefed by Xi, where r-i x I,
Then for the local window corresponding to Xi, -Zy can be
obtained by the mapping l |
Zy = Xx, j=1,...,r
where _ - _ -
Kei+i[(i=0)/1 - [1/2)) nz + 1(i-1) med 1-]1/2]}.

!



[err] Then the state for the J-th input to the multi-state Ilinear
“threshold logic, , is defined by [err] where [err] is the safeguard
agaPdnst noi sy data. The larger the ampunt of noise to be suppressed, the
| arger [err] should be. W define foury pairs of bidirectional edges
whose directions are 0 and 180, 90 andﬁLYO, 45 and 226, and 135 and 315
degrees, r EGLIVA Ve FLT 791 Bohi eil i DY S O '
states frogﬁél a\rﬁt‘tqo%f'nef L‘r'?g't‘ﬁgﬁf"gggl Qvﬂvlgné(&)‘\?v.e gg&or%?-ts?bf?or e>c:!<:;1£rr)%ll‘e?pH he
right edge g3nd diton Di d{i@CYiAbal 1 cquRIS’ RAE! vallie o tHIIGesidual  of
respectively given by [err] where x represents the don't care state.- 10
The secondma dividiéwloss €REOiRYeBErt hebyPRYe 3Rd eglete 1own edges are
defined in the same way, that is [err] The third pair of edges denoted
by right-upper Afptér | efhedovnecdimenafongilvarray [Zarrils Fiokeldimed he therth
pair of edges denoted by |eft-upper and right-down edges are given by
local mean corresponding to the i-th pixel is equal to

_ 1r
Mi = - X 2.
r j=1 )

.Then the staté for the j~th input to the multi-state linear

threéhoid logic, Vs, is defined by

K)
— -1 Z; < Ms - €
Vy = 0 Mi-€S Zs < M1 + E
1 Z; > M + €,
where €is .the safeguard against noisy da.ta. .. The larger _the
amount of noise to be sﬁppressed, the larger € should be.
We défine four ﬁaifs of bidirectional edges whose
direcﬁions are 0 and 180..90 and 270, 45 and 225. and 185
and 315 degrees;. respectively. ”..
U | First, a right edge is defined by gséendiﬁg input

states from right to léft in the local windoﬁ. For 1-8, for
example, the right edge and its Bidirectiona] counterpart,

the left edge, are respectively given by

1'x -1 - “1x1 —
1 x -1 :] " and [: -1 x1 :].
1 x -1 ' -1 x1

where x representé the don'tncare state.



[err] For 1-5, the right edge, for exanple, has 1 in the first colum,
-1 in the last colum, and x (don't care) in the renaining col umms. LBIQF‘
the above presented nulticategory discrimnant function [err] both the
right and |eft edges can be detected by the sanme wei ght vector, denot ed
by W, because they are conposed twOextrene values and the left edge S
equal to the right edge with the sign inverted. .n the sane man er t he
upper and ddﬁhﬁedge§°”ﬂhéﬁﬂfgﬂg edges Asaoted hhm&h%xﬁﬁ%eraﬁﬂ t h&he

| ef t -upper and right-dQ eg_are detected hQy. [errlrespectively. As
shown Wﬁmﬁé&ﬁﬁeﬂﬁﬁsém?b gthéo#@ﬁtsdﬁﬁ ﬂd§slﬁh?5wﬂﬁht vector for
detecting the right or the left edge, for exanple, for 1- 11 is equal .

to [err]. Clearly,_ b? S' on t'his equation, the rest. the wei ght

vectors, that T§ [e r] :can be obtalne prgprl ter arrangi ng
the el ements { of [ ASteLnatlvelf the L I or th also be used
to obtain the wei | ht veCtor. Based on the above: ef|n|t|on of edges t he

edge i detpgied Ry R WL O &fthoeLH rtwt' PLRECubLRSA an

- left domn edges are given by

[: f -; :i'—g - and : {:.-i i % ':].
b’ 1 x — B -1 -1 = _
Finelly.'the fourth pair of edges denoted by left-upper LJ
and right-down edges ere given by | |
i -1 -1 x = 1 1 =
[: -1 x 1 | and {: 1 x -1 :].
1 1~ ' _ x -1 -1
For 1=3, the rtght edge, for example. has 1 in the
first column, -1 in the last column, and x (don’t care) in
tbe reﬁaining eoiumns.
| .Using the sbove presehted multicategory discriminant
function (W¥(-X)<KTYCHTX, ¥YePo), boih the right and left
edges can be detected by the same weight veetdr, denoted by
w_, beeause they are composed by extreme velues and the left
edge is equal to the right edge with the sign inverted.  In
'the 'seme manner, the upper and down edges{_the “right-upper
and left-ddwn edges. and the left*upper and right-down edges
are detected by Wi  W,, and W\, respectively. As'ehown_by
the above deseribed theorem, one possible weight vecfor for

detecting the right or the leff'edge. for example, for 1=3,



threshold 1logic wﬁth properly trained wei ght vectors. ‘The conpl ete edge
detection procedure is described by the followng algorithm 1.

Chodge the size of the local w ndow 1. 2. For i - 1,...,ndo 2.1 FormZ
2.2 Conpute the input state V, setting Vo=1. 2.3 Conpute the four inner
products, [err], and [err]. I f at Ieékt one of them is greater than or

equal to the outgu{ hreshold 0, or less than or equal to -[err], in which
case the .ou‘tﬁ)u'f‘l P he oRr gate is equal to 1,  an edge is detected at
| ocation i, othgpw Sg,sthere ks nQqedge. _kRr i nplenmenting the above

W §fi% a ?u% £ A %

algorithm the "™non ear ction g(”) gifvén below, is used, =~ [err]

where 0 i cRedffpshopgsual UGy tBiWagqaRk 180Ul NE0 riiot  WEN $0E 2PEYEnt
r85alh; ng . the

~wei ght vector was™ used. Regar e choice of the nask. size,

follomﬁngigg%%§rs§hoyhgt bgg,t aien iw;g aﬂﬁCOWQt-caﬂTh%elf%K¥¥i698 Ng§k

si ze, the better the noise control, - due to the local averaging
operation idpsfépridtel yohrrhRgiaBOtBe 2l@gRkhitiMofHEvever, there are two
drawbacks in increasing the mask size: (i) it becones nore

difficult to detRltepigbsvely, the LMS algorithm can also be used to
obtain the weight vector. ) |
Based .on the above definition of edges, the edge |is

detected by ORing the outputs of four multi-state 1linear

“threshold lpgic with properly. trained weight vectors. The
complete edge detection procedure is described by fhe
following algorithm.
1. Choose the size of the local window 1.
2. For i = 1,...,n do |
2.1 Form 2 |
2.2 Compute the input state V, settihg Vo=1.
2.3 Compute the four inner products, WIV, WiV, WIv,
~ and WIV. If at least one of them is greafer
U than or eéual to the output threshold 6; or leés

than or equal to -6, in which daée the.output of
the OR gate is equal to 1, an edge is detected

at location i, otherwise, there is né_edge,

In implementing the above algorithm, the nonlfnear

fﬁnction g( ), given below, is used,



in directions other than 0, 45, 90, 135, 180, 225, 270, and 315 degrees
and (ii) since nore inputs are needed for the multi-state |inear
threshold logic, nore interconnectjyons and conputation are required. Afﬂe
mask size of 1-3 has been shown to g.very effective due to the fact that”
this windowis the nost s §|t|%p onRe to edges in any direction, because it
I's the snall est synnetric mAndOW FIG 1 is a flow chart shomﬁng a
signal flow in an ?gg nty of- Jdg%<§pge detection nethodaccordlng to the
pr esent i nventi off u |ng FI G sof tware i npl enentati on can be
realised directly. Inithyg figstg Step, index -i represents the

| exi cographically ordered pixel position. In. the 'second step, the

nei ghbogRerke’ 8] is0fs tHi® sHA@ va IWBIC PatdL e £0HE4 EItHYsPR | whidnpi xel
Xi, are to be obtained. 1In the their step, [err] represents a set of

pi xel s tﬁeaabeealwu,@mﬂNudujdxhwx;tﬁyba i-th pixel Xi and mthe nunber
of plxels in the local window. ~Also, in the third step,

[err]J - . Reg aatdd ngvapite d}mimrdﬁstﬂwdnmk naj zé; St the vabméew[mgr]

j =1 ﬁlu In the fourth step, [err] is conpared with prespecified edge
patternsssupsrr]shoeﬂ;ﬂectba/ellgaken intot lecdodnt. st Phei f l¥rgercihe at | east
one anong the prespecified edge patterns [err], in the sixth step, tbe i-th

pi xel  Wask Bige, theci det ey %moiwgeconta erw@%e ton thee deeedt h

step, the i-th pixel [err] is. decided not" be an-
averaging operation in step (2.2) Of the above algorlthm

However, there are two drawbacks in increasing the mask &‘}
size! i) it becomes more difficult to detect edges
in directions other than 0, 45, 90, 185, 1.80. 225, 270, and
315 degrees and (ii) since more inputs ere needed for the
multi-state linear threshold legie, mofe .intefeonnectiohs
and computation are required The maek size of 1=3 has been
shown to be very effective due to the fact that this window is the

' most sensitive one toedges in any dxrection. beeause lt is the
smallest symmetric window. .‘

FIG.1 is a flow chart showing & signal flow in an enbodiment of the .

edge detection method,eccording to the present invention. .
By using FIG. 1, software implemehtafiof: eanbe realised

' directly. In the first step, index i represents the
Iexicographically‘ ordered pixel bosition.' In the second
~step, the neighbofs Z:. j=1,...,m, .oi- the locai.”image
‘pattern centered by an i- th pixel X, aretobeobtainéd' In the
their step, ZL remresentszlset of pixels in:;louilvundow:hxﬂuning'Uue



edge. In the eighth step, if the i-th pixel [err] is not total pixel, in
the~minth step, i is increased by 1 and the process returns to the second
stepvand perfornms a main | oop repeatedly. QG herwise, in the eighth step,
the operation stops. FIG 2 shows a gengral block diagramof an enbodi nent
of an edge detection apparatus accordingﬁgo the present invention. The
constructio d func I og of’ tge ap aratus are as follows. The edge

det ecti on gpﬁ atBé*F | u®tr att@¢ ™ thermymber of\simixels imretbel odlecalan

bl k f I d d data Z Z
Mnto a m¥rraot: o BTPECT inathe T T ikt Srmagks Siae{%;f?ps afﬂa@'edd
I h | n oc or rform ng
an i tner - priBuct ST eHaNA1AR: PRIt ke YAaSE e Le--prespe Pri dde
di timely, an
Georsibn  bfOERHPORHEBE YN T " pe I omdSERE N ik PEfsPepifiea
|nner-produgaﬁﬁﬁthngt%ngut Qreggolw % %%p“% t@?z&@ ared res %ts
e I's

and deci.di ng ther the original 1rage data n edge © not " Th

above threespeorksteg,’ 97V WALHQRS adS 1fedldt0%he Fnciig a,goggsgggtxax
wi ndow i s needed to deci de whether: the original inmage data

or not by edgeepatterns Wi, Wai,0WR0ENAI WA, XGlrS the ik fhes £OFOCERE '?L%k
arTanges .pxxel Xy is deeided to be an edge Otherwise, ,in the
seveﬁth steﬁ, the i-th pixel Xi is decided not to be an
 édge. In the eighth*step;,if;the i-th pixel X: is not total
pixel, in the. ninth step, i is increased by 1 and the
pfocess returns to the second step and performs a main 1loop
fepeatedlyf Oiherwise. in the eighth step, the operqtidn
stops. | _ N _
FIG. 2 shows a general block diagram of an embodiment of an edge
detection apparatus according to the present invention. The
'ebnstruetion and funetion of the apparatus are as follows.
nThe' edgé 'detectiqn apparatus illustrated in FIG. 2
U consists of three blocks; an éncoding block for converting
tixe | lexicogfaphiea]iy ordered data Z: seeerZm into a multi-
state. Vi,...,Vu after an original image data Xi is ordered
lexicographieally by using a local window, a matéhing block
for performing an immer-product of the multi-state data Vi,...,Va
and thg. prespecified edge patterns Wi,W:,Ws and We

corresponding to W_.%: , %, and W\, respectively, and a



t he nei ghboring pixels, [err]one-dinensionally and gets a nean val ue having’
an intensity val ue and converts the neighboring pi xels, [err]into the;=
correspondi ng nul ti-state val ues, ?p If [err] have Mstates (err) >
required to represent [err]. The notation [err] denotes [err] if M is a

For o, "efePhatpe; nf1 BRI Bopaers W4 re%%%se'etr%tveo?rh%ia“b a8 ey
e hTRE" Efle ThREE-BFRALUCT IV e RATU et d V4 LT CooRPYE! S

whi ch have a rr val u e oW nean-

val ue bep yegPnplFed  reshl t@nanaemc[ﬁrug WHRTIRG 14 ym{ﬁm laggfenm se

reduction prom nent | appears accor I ng. ara

[err].. dapRtghi By hhoghggu%9u5§tthe degree of’ natching of the converted
i mage data and four prespecified edge patterns, respectively. That

i's, the matclthegabBheCit hrier tliotks Pee fotiefunvtddns « t&E16wsYerted
| mge data, [err] and the respective four prespecified -edge

patterns, [eFiksehi ahcomeeptper atitinddint is Ml td déwid€onkhéther
vertical and two diagonal directions. Here;, [err] represents the inner
Producttbé bhégicalvémage datmgXiddisaan edgle and rdte hyr espert &1 etli edge
pattern [err] which is expected with respect to the horizontal direction.
of  neighboring’ pxxels. Thus the encodxng block arranges
the neighboring pixels, Z:, 2es....Zn, one-dlmensxonally and
gefs a mean value haVing an inféhsxty value and converts the 3
neighboring pixels, 21, Z22,....,2n, intb the cérresponding
multi-state values, V:, Ve,..., Va. |
If Vs, i-l,....m. have M-states (M>2), IQogzﬂn is
required to represent Vi. The notation ﬁogzﬁ]dehotes logz M,
if M is 'a multiple of 2, and otherwise, it denotes the
integer part of logaM+1. Here, by inseifinghthe mean velue
and & noise control parameter &, the matching bleck
separates the respective pixels into three levels which have
a value over mean+g, a value below.mean45, -and a'.ﬁaiue
between mean+€ and meah-é;'fespecfively. Here, the .hpise
reduction effect prominently apﬁears 'accérding fe ‘the
parameter E. - :
A matching block outputs the degree of matehxng of the
- converted image data and four prespeclfxed edge pattefhs,
respectively. That is, the matching block perfefﬁe the

inner produci-of the converted image data, Vi.Vzi....Vi:v.



A real time process can be realized, which is based on the inmage processing
sysjem by perform ng the operation of the four inner products’ '

si mbt aneously. A decision block perforns a function which conpares out put
val ues of the inner products,[err] respgltively with a given constant and

deci des on an edge if at |east one ng the output values is |arger
than the given constant. .., =~ The given'constant for conparing, with the
out put val (ARdof the | AREPeptdYBct Lo BEespacifiedihy rdaer npatierssa

' ter. FIG 3 gh a, .ptef d iment, of th
et oot on. dpeat - aceBiidi g ¢ BHRD”FasaxPeRhalm MHEh ThesBERL:; b on
and the 'funcﬁion oﬁ' t he tagg?ratu? are . .as fohlogf, An, encodi ng.reans
conprlsesz??f §?n5§ ay 4&¥ird&* 10 £8 3afp&ﬂﬁQﬂfa(N1 'Wﬁﬁﬁﬁ%ﬂfal st&hfed
i del ' I ' d: i t a, . e 20
which gzg‘ﬁﬁiti?f“gsﬁ%léisﬁgﬁﬁééjt ﬁéf???g%&% °£vtﬁ=§e2f’2%?&%??‘8@%&5@?@ a
which is co‘?l%{égf.egpt'ggf hé* i ‘r\l"ﬁu'ltv’%/gg% rt]glf& lg?'&tlﬁe felnecatl)mdél}g%gvn%glrtlg?ybhe W,

AP o VED B kRO H bR 8 bt puki LI, o
- local window cirguirkalatipen ptakedlsatiadn bel Y@ Ili 2l f ¥hDEht i90baded on
.the image processing system,by performing the operation of

_ the four inner products §imultaneously.

— | A decision block performs a function which compares
output values of the inner products, WT'V, wi-v, W;'V,_WZ'V.
respectively with a given constant and ﬁecides on - an edge
if  at least one ahong the output values is larger than. the
given constant. The given constant for comparing with
the output values of the inner products can be controlledbya
user by using a'microcompﬁter, _

FIG. 3 shoﬁs a preferred embodiment of the edge
deteétion abﬁaratus according to'the pfesenf invention. The
L cbnstruction and the_ function of the apparatus are as

" follows, -
An enéoding means.comp¥ises a first delay dévice_lo_for
outputting one horizontal scanned line'delayedf_signal of
inpufted image data, a second delay device 20 which is

.serialiy connected to the first delay device 10, for

'6utpnttingﬁtmohorizontal scanned line delayed signal, a 3x3



mean val ue of ei-ght pixel datal except the center pixel data in_ 3x3
| ocal window, and a tri-state encoder 50 for separating'the respectlve’
ei ght pixel data into three |evels, using t he nean val ue and the glveﬁ’
t hreshold value [err], and converting%ihe ei ght pixel data into codes
corresponding to three levels. A_ matching means conprises the inner -
productwindewyi eirenit 89, which is cpepecgeﬁfGMnhhg inpy termimel  of

the respective prespecified - edge, tterns err d the o put of_the
tri-staté eﬁbbdeF”Sgs’RngEngon aﬂ§ 88%&1‘5’5@"@ rrpé’rfato*r ‘7& 72,

61, oodePER Ay ?ﬁ‘“?ﬂ"“tgﬁﬁ RSt ahE TRl &?{fB Jie FFe e ??Lfﬁﬁ%g
il)?rgilaéﬁ?gcﬁo %)° 38 %”iﬁg‘*?ﬁe 8563’ g @??‘te Bt reitesl e

encodi ng; g&@gfcxIbﬁﬁX?’a"‘hQQBW S'lkﬁ%tt 9% CQMRLTeTd Wo%ﬁe%fﬂitfnégrs 290, 91,

92 respec y including a set araIIeI connect

f1ip-fl gognanda3gel gl . corpaet sdxetxoaaaarle&l%%tt T (e x| PHEEINT 0

sequentially scanned digital video signal represented by el and

three §gebSt ¢nS 3x3108calOkind®,r an@eal ityahs tate Widulér sesooffsi-ght
paral | el connected D-type flip- flops and serially connected to an

" output sepEraslhagf theerkspettdoleay ighti pdxkd idarts rpitd itlgree levels,

using " the mean value and the giveh threshold value g, 'a_r_:d

‘:j

converting the eight pixel deta into codes corresponding to
three Ievels;
A matching'means comhriSes the inner:product circui?s
60, 61, 62, 63 for performing inner product .ofl .the
respective prespecified edge pafterhs. Wi, Wz, Wa, and w;,
" and the outputs of the tri-state encoder 56. |
A decision means eomprises cemﬁarators.70, 71,.72, 73.
for comparing the outputs aof the respecfive inner _pro&uet
‘eircuit 60, 61, 62, 63 with the giveﬁ constant  and -
eutputfjng the-matching signal, and OR gafe 80 for summing
logically fhe'Outpuis.of the comparators 70, 71, 72, 73. |
FIG. 4 shows a:ﬁreferred embodiment of the. eeeeding
means, The 3x8 window circuit 30 comprises thred. registers
g0, 91, 92 respectively:iﬁcluding'a setlof eight parallel
connected D-t)pe flip-flops and serlally connected to en
 input termxnal for lnputtlng a sequentxally scanned dng:tal

video sxgnal represented by eight bits, and three regxsters



~the output signal of the first delay device 10, and three registers 110,
111, -112 respectively-including a set of eight parallel connected D-type
flig=flops and serially connected to the output terminal of the second
delay device 20 for inputting the oyjput signal of the second delay
device 20, whereby 9 pixel data is stdred in 3x3 wndowcircuit. 30.
An actual nmean- calculation circuit 120 conprises adders 121, 122,
123, 124 fok00adlifhg, 108¢ respectdnednt igichnd inpfa thet cofheisbdi pasrad 190
91, 92, 100, 102, 110, 111, 112, except the_output signal of the one
register 10aonneptedadBatyreso flipr Klarmandgeniallpsconnectedgndios - an
-remaining after discarding the |east significant bit LSB from output
signal s of ?%P‘Agde#s*‘mf,ﬂlﬁ, t f!ﬁ% dglexndeviee 100fesr dapuiting
signals renpj ning after discardi one, J east,sjgnificant bit LSB fraom
out put sign §_og“?ﬁﬁiaad§P§q1§6?thBf‘r d?tﬁy iﬁﬁbﬁ?t*ﬂg ands; dhnee
-remai ni ng ter, di scatdi.ng e Jeast significant,bif SB of it
out put si gng%élﬁlgrso-u SSt’ silaﬁdl 41 nﬁfé’% e ’ég‘%‘ft‘?é'@@, 81, “32, oo,
102, 110, 1 12_andq the oyt put S .t he |d 140 _ane .
t enpor ar i I;yéifgiedpggqug%ﬁst%r"g’% rfc%)te%go%"ﬁé ffolrﬂ?ngiﬁ?? ng®Bf, sefdally
followng &taREctedT#d! theSoutlfit &MY (g% ti Chr gUht 12 .
calcul ates a neaﬁsevalue ag'ﬁ& I"ows. Lettl %rr'cﬂ%é %ﬁ£°§%u§gﬁ?§ %evxce
20 for inputting the output signal of the second delay
| device 20, whereby 9 pixel data is stored in 3x3 window
~ circuit 30. An actual mean calculation circuit 120
comprises adders 121, 122, 128, 124 for adding, by twos,
‘output signals of the eight registers 90, 91, 92, 100, 102,
110, 111, 112, except the output signal of the one register
101, and adders 130, 131 for adding,by twos; the signals
remaining after discarding the least significant bit LSB
from output signals of the adders 121, 122, 128, 124, and an
adder 140 for adding signals remaining after discarding one
least significant bit LSB from output signals of the adders
U 130, 131 'and for outputting a signal remaining after
discarding one least significant bit LSB of its output
signal.
The output signals of the eight registers 90, 91, 92,
100, 102, 110, 111, 112 and the output signal of the .adder

140 are temporarily stored in.resisters (not shown) for

inputting in the following stage. That is, the mean



from the registers 90, 91, 92, 100, 102, 110, 111, 112. Let A B, C
and D be the sumof two data selected fromthe outputs of the registers
A B, Cand D are represented by | E{] Here, let E F, G and H be t%g?
remai ning values after discarding.one'LSB bit of the values A, B, C, D. .

Then, E,_ F -and s L EepLRS / Lerr] And, ket | e the
suns Ofﬁé€ﬂ£?¥i°na{%?£§?£aggs EFigg%ggE%iGe%ﬁfnfhgﬁlﬁeaﬁf\fg¥i§k${
represent ed by, [65[ ores. -1 @1 Keandal be thesrenmaini ngyval aflder _
di scardi ng ol'nélet %B] #-trabmza-f zghdzg.’ %tépg&'?ggl ?/?H%%enq% a%ﬁgtﬁ_{igare
repres .4 eryg, op &S og¢, t§at ' Vahde obtual ne ' adgjgg K and
L andeit}itogga%%g {%%QEG’tg% EPF g? tgg'r%ggl't gg?'va?&g' i glbglt drrgia% val ue
M theneiMig, represgnted B¥ thel 8aml ofNewoORk2aN8d1 etR2A VA rin MEE NOt an
exact one. But the difference between the exact nean value and the
obt ai nagh s ofl thedpeghstedsgr adeBi he dudl Dt ¥ref r@presdited bydge
because ' the obtained nean value is wused for tri-state encoding of
the follow ng stayeZi+Zz,  B=Zs+Z«, C=Ze+Z7, and D=Zs+Zs. -

‘Here, let E, F, G, and H be the rem£ining values after
disearding-bne LSB bit_df the values A, B, C, D.

Then, E, F, G, . eand H are represented by

' A Zi1+2Z2 B Z3+Zs C  Ze+Z2 - D Zs+2Z9 v
E- — Fa -_— = - ) G- -— - - — a nd H - - =
2 .2 . 2 2 , 2 2 , 2 .2

And; let I and J be the sums of £E and F, and G and H,

respectively, then I and J are represented by

(ZarZa4ZatZe o BetZa+ZerZs

Here, let K and L be the remainfﬁg'vqfﬁes:§f€§é1_&isear&%ng 

one LSB from 1 gnd_J..respectiVer, then K and L are

'.fepresented by : : _ - . o
E+F Zi+ZatZatZs U GHH - Ze+Zr+Ze+Zs
K= - and L= - -
2 4 \ 2 R .

- And, suppose that the value obtained by adding K and L and
discarding one LSB bit of the resultant'valﬁe 'is a mean

value M, then M is represented by



And, the tri-state encoder circuit 150 conprises the adder 160 for. adding
t he:;:=nean value Mand a paranmeters having a noi se reduction effect and
for\@Todu0|ng a value M+ [err] the adder 161 for adding the nmean value M
and the paraneter-[err] and for produgng a value [err]

conparators 170 for conparing the respg?zive pi xel data, [err] except the
center pixel data, [errk with the va [err] conparators 171 for
conparing the respectlve plxel d&saZzfderZe+deHZyddanZe he center pixe
data, [err] with theM Ee M E, Tand Tnverters 180 ror outputting a nost
5|gn|f|cant bit MSB S|gna S [err] of the codparators 170; and -OR gates

190 for CRlng i.e., Ioglcarly sunning the least significant bit LSB
signal s [eafﬂ * é state |ﬂn nd the outputs of _ the

conpar at or s 171"b aipe t|W§F9 vajie és o9 &n eXagt PRBder BYE odthsuts

a val ue 11 if.the res

d || h
and a val ud bhf¢FEPRE pggg&?tel"ve |x§?‘t’§z§t z’eség‘raé"’leld*"gt e ha%p‘gh\éa@%‘d@ J"

h l, h h
FIENRETAV AL b
ragni t ude mécauﬁge”thEhe Eﬂé‘i?ég 1heaROvalte Cq'd e%&@@' tf’oi‘heatrr '-ssttaqte

-1, 0, 1, respectively ows the four prespeC|f|ed e
patterns, &¥eol€hEl of the following stage.

And, the tri-state encoder circuft 150 .comprises the

W, adder 160 for adding the mean value M and a parameterf
_having a noise reduction effect and for producing a value
IIM+E: the adder 161 for adding the mean value M and the
parameter-€ and for producing a value M~€: comparators
170 for comparing the respective pixel data, Z:, Zz.;.;,Zs,
except the..center pixel_data, Zs, with the value M+E€ :
comparators 171 for comparing the reshective pfxel.data. Zs,
Z2,...,29, except the center pixel data, Zs, with the value
M-&: and inverters 180 for outputting a most significant bit
QSB signals Vii, V2i,...Vs1, of the comparators 170: and OR
gates 190 for ORing, i.e., logically summing the least
significant bit LSB signals Vie, Vzo,...,Vso, of the tri-
state signals and the'outputs of the coﬁparators 171,
respectively. That is, the tfi~s£ate encoder 150 outputs a
_valué' il if the respective pixel data is smaller than the
value M-€, and a value 01 if the respective pixel data are

larger than the value M+€, and otherwise, a value 00. Here,



FIG 6A 6B, 6C, 6D shows the circuits for performng the inner products

of the matching neans of the present invention. The matching nmeans ™

perfornms the inner products between two's conpl ement of elenents @ﬁf
the respective four prespecifiedngdge patterns, [err]and the ' :
converted val ues, [err] FIG 7 show “a truth table for the inner product.

FIG 8 sh Kar f f d
C|rCU|ti“$$§‘;|ﬁ§4Eu€hfIW&% & t &ﬁéyén§#£F§§§ na.?e EﬁPr%nFerﬁﬁhghggé
| t D f t-h db t f th
four pr 488 eRe dSé&S'é 52&% i #?'*"ﬁ-gﬁs't‘es el 0l "1 P OPEREES el |1
Seoond. y§IRes, 114 00, Y ordé¥idnd Y the #H thper paodugl ogipul | s

~al ways regardless of en doeén have |nfluence
on the resd ttllqgleﬁge. ‘Third, in case that [err]

FIG. 5 shows the four prespeciffed edgé.pattéfns. W,
W2, Ws and We.

FIG. 6A, 6B, 6C, 6D shows thé hixcuit# for performing
the inner prodﬁets of the matchiﬁg'meaﬁs of the presént

invention.

:'The matchiﬁg mean§ performs the inner.prbduéfs Seéween et
two’s complement of elements of the 1re§#ectivg four
prespecified 'eﬁée patterns, Wi, Wz, Ws and We, and the
canverted values, ViiVioVziVzo,...,VesVso. | “

FIG. 7 shows a truth table for the iﬁner_ﬁrbdﬁeﬁ.
FIG. 8 shows'a.Karnaugh-mép sﬂfor the simplification of
the inner product circuit. } |
 “The simblified logic equations from FIG. 8'are
U:x(MSB)=V::V:oW1: + Vs:W;zW;o |
Us o (LSB)=V3oW)0. - " | - )

These logic equation can be further Simblified by -using fhe
properties of the four prespecified edge patterns. |
First, where . Wyi=Wyo=1,
Us 1 (MSB)=V;s1Vso,
Uso(LSB)=Vjo0.

' Second.wmére Ws:-W;o-0; 



[err] [err] As a result, in inplenenting har dwar e, t he f our
prespecified edge patterns exist inplicitly, and only tri- state val ues

| oots-t i ke having an influence on the ouéggt of the inner product. Also, the
obt.ai ned i nner product outputs are repr nted by two bitsand only six

pi xel s, excepL pgxels with ﬁeight Val%ﬁ;iﬁﬁﬁ? &f ﬁﬂggg els ﬁre u;ed I n

i npl ementing hardware. ardware i t he . above :
o T Sl ey RIS 5 el 541
out put s Thqu | theiqégﬁcquﬂp an& fﬁ@%t oe?L f gg?g]1n$qhg%%%lq%ﬂtrkhe

t he mat ching Circul [er ] .

equations’ Qe&ylit éxi 'u3|ng inverters 200 and AND gates 210,
as shown in Flab W@k?@ﬁg% 6C and 6D. Next, the outputs of the AND gates

210 and the out gHiSdf fhecdswerhet sw,’zp.oo;nw; peggorrespondi ng nat chi ng
circuit are added for inner product.. Here, the addition is |nplenented by

using adders 220 ' Us:(MSB)-Vsa.'
| Uso (LSB)=Vso.
As a result, in implementing - hardware. the | four

ﬁrespecified edge patterns exxst impl:cxtly, and only tri-
U state values look like having an influence on the output of
the inner product. Also, the obtained innar_proﬂnct outputs
‘are represented by two hifs,and only six pixéls, except
) pixels with weight value 0,out of nine pixels are _ased .in
implementing hardware,. | 7
A hafdwafe impleménfation using tha above logic
' equations is shown as follows. | :
First, the matching circuit of Wi-V outputs (Vi:'Vio)
Vio, Vsi Vso, (Vu Voo)V-oo. VeaVeo. (Vn Vvo)Vvo, VeiVso.
f Second, . the matphing circuit of W2V outputs
-~ (m'\lso)v:o. V21Vro (.\-Iz;'vao)Vzo. VesVso, (E#Vao)Vaq.
Vs:Vio. | | | |
Third, the matching- circuit of Ws:V  outputs
(E'Vao)V:o, VeiVeo, (":'Vz.o')\l:o. VaiVso, (-\7_4-:-°V40)V4o.
Vo1 Vo, - | |
Fourth, the matahing cirecuit of We'V aoutputs
(.\Tz-;‘Vao)Vzo. V4.1V4o. (.\.Ia—:.'Vso)Vao. VzsVso, (.V_:;'Veo)\’oo.



and by adding an absolute circuit 230. Adding of the absolute
circuit-230 is used to obtain the sane edge result, in ease the ™
final value of the addition has a negative val ue, because outputs of tﬁ@i
AND gates 210 are represented by two's conplenment. Also, the addition of
the outputs of the AND gates 210 amgh the outputs of the inverters 200
uses a signextension nmethod. The ab$dlute circuit 230 shown in FlGs. 6A,
6B, 6C ¥axV®®H for obtaining the absolute valueis illustrated in FIG 9 in
nmore detail 4 bit _,is

ol N FIG, 9, i t hat _ - i,npyt .data of
[ err]out put ’ﬁhgﬁei SGFQFFF.' Se%ﬁgﬁg’é’él 3t‘§eci Irl'gﬁ’ltitem?\%{fa’(,‘gnsig’fs oPStRBgat e

240 for, ORing the jpput data-derr]  agnd [erriand NAND . gate 250 fo

provi di %"ef)geﬁiﬁenkpﬁe 888t p‘gﬂl’[ &ttﬁe%&%'gﬁe ‘;M“arfd’-'t%géfhpgg’ daég’ As are
al | "1ﬁachmgg)g§te 260 for providing "0" when the input data As and [err]
are all°*1® Ad EXNOR gate 270 for outputting "1" when  the input

data [eerr] Jot heyqut.pyt  Qf , ; 280 oA o s ues,
and EE(NCR ga!'t%gg%o%?'gr to(%&ipg(l}tst for?g twg‘m\%trﬁt%oi%pﬁtﬂ?at%ﬂfer???gﬁggt he

output of e NERVe9RS s20Q 021i% Qe te*b@_-r%ﬁ_’ﬂ%ﬂﬁ'd(?eﬁnatérﬁﬂﬁg t8erewsput
val ues of the EXNOR gates 270, 280 and I nput data [err] respectively,

becone §he gglpat fber innefr tgroduexql ute circuit 230. FIG 10 shows a
preferred enbodi nent of the.. decision . : '
- Here, the addition is implemented by using adders 220
and iby adding an absolute eireuit .230; Adding of the =
aBééIuté circuit 280 is used teo obtéfﬁ the same edge result, '\J
in case - the fin#l_vhfﬁe of the addition has a negative
"value, because outputs of the_AND-géf;s 210 are repfeSented
by two’s complement, Also, the aﬂdifion of the outputs of
the AND gates 210 and the outputs of thé invérters 200 uses
a;signextension method. _
The absolute circuit 230 shown in FIGs. 6A, 6B, 6C and
6D for obtaining_the absoiute v@lue,is illustrated in FIG. 9
in mére detaii. : | | | .
" In FIG. 9, suppose that. - input data of 4 .bit is o/
AsAzAsAo and - output data is BaBiBo. The absolute circuit
230 consists of OR gate 240 for ORing the input data A1 and
Ao, and NAND gate 250 for proﬁiding “0" when th; output of
- the OR gate 240 and the input data As are all "1", .NAND gate
260 for providing "0" when the input data As and Ao are all

"1*, and EXNOR gate 270 for outputting "1" when the input



means of the edge detection apparatus of the invention. The decision
means- consists. of four conparators 290 for inputting output signals,
OUTé,~ OUT2, OUT3, and OUT4 fromthe absolute circuits 230 and a
threshold value "110" representing an e, and two OR gates 300 for ORing
twos selected from output signals of ¥ four conparators 290

respectivelgata a8 sldoehe 3udphdr oERithe NANDO¢atY 250 Wd Snof the tswa.eOR

"gates 300. And, if at |least one selected fromthe output signals,

OUT2, OUT3 valku €8M4and EXANORr glalten 280 dauwaloutputd ing e Ouibeh Ohet hap@%
gate 310 becomes "1", ‘and is deternmined to be an edge. FIG 11 is a tinming

di agram i | ldwst s aAi ngndhé¢heopatpuiton foft hehNANDygatal 280 ar€inoti thef safe
present invention. Suppose that the input imge data shown in FIG 11 is
stored in twel Ba$. wi THow, citheuiomtpat Faluesd of0Ghel EXNORIQPatdg£0270]11288nd
112. Here. [err] is set to 10. The tri-state values. J[err] 11.
Here, two &mbut pheputndaite ties dGﬁP@GﬁﬂN@lySUﬁmGunuedhmnnnbpnteBzBuBo
equal to the, correspondi ng prespecified edge . pattern. That is, the
first dottéﬂfI?hésﬁgﬁeéﬂdédcéqﬁﬂﬂé &% is equal to [err]and the second

dotted line surr ed uare area qual. tg [err] Accordingly, the
out put  si gnal EE%E bé@o OWS, ‘1""\%&\'" I‘M‘G’rﬁé‘topéhe Bﬁtpgﬁc‘smn

signals, géggngngf e e%ge detection apparatus of-the invention. The

decision means consists of four comparators 290 . for
o inputting “output signals, OUT1, OUT2, OUT3, and OUT4 from
the absolute circuits 230 and a threshold value "110°
~representing an edge, and two OR gates 300 for ORing twos
selected from output signals of the four comparators 290
respectively , and.OR gate 310 for ORing two output signals
of the two OR gates 300. And, if at least one selected from
the output signals, OUT1, OUT2, OUT3 and OUT4 is larger than
or equal to "6", the output of the OR gate 310 becomes "1°,
~and is detefmined to be an edge. -
U FI1G. 1; is a timing diagram illustrating the operation
of the edge detection circuit of the present invention.
Suppose that the input image data shown in FIG. 11 is
stored'in the 3x3 window ecircuit 90, 91, 92, 100, 101, 102,
110, 111, and 112. Here, € is set to 10. The tri-state
‘values, Vi, Vi, Vs, Ve, Vs, Vs, Vs, Vs, are shown in FIG.
11. Here, two input patterns in the dottedline surrounded

square area are equal) to the corresponding prespecified edge



The

edge detection apparatus according to the present invention has the

foIIomAng advantages,. First, by using the noise reduction paraneter

nultl-

i nvari

sai d pl&

St-ate 'encod|ng nethod it can greatly reduce noise effect mnfbﬁht

usi ng- addltronal Iompass_fllters. Sggﬁ it can greatly sinplify hardware
and ninimze operation time -by g 3x

| . di ' Third, b [ ng | 1
fﬂ‘ﬁ‘esﬁﬁ#@m;”ﬁ?ﬁéﬁ”w-aﬁﬁ?krlkgrﬁoﬁ?ﬂ& 1pe surranded SIREFofZeRon
t t f | hol d CLAIMB: 1
e S e R A
[ [ gf 8datg Fﬁ“gg &% Vel i Agsotat g@?ﬁ ﬂﬁe % al ues f%?? usgggtgald °.

gea“ Vfw&'o&s;f] 'i‘“dw%ew %Qetvzra@tn%q\et yesin %uv@w [§f£tlai§”]0ﬁ?'i i =1,

3 local wndow, which is

nxn ‘Win owrn

a conpari for conparing Vj, which 1s sald plxel data

represep &doU?zt&b shate values mnth four pre-specified edge patterns

[err

-1 01-12°01]T [err]= 1-1-1-10001 1 1[err]
The edge detection apparatus according to the present

inVéntion.has the following a&vantageq._}
First, by using the noise -re'dfixe't_iian parameter in the multi-

state encoding method, it can greafly'reduce noise effect

- without using additional -lowpass filtera¢

Second, it can greatly sfmplify hardware and minimize
operation time by uéing 3x8 local wirdow, which is the
smallest two dimensional symmetric window.

Third, by using several linear threshold logic circuits at the

_ samé.tihe. it can utilize the rotation fjnvariant properties

of mulii-layered linear threshold logiec.



ferr]=(-1-10-101011]T [err] where the superscripm

b 2P a 1o be mn bt (T VTS Shem St ooy e or et PIEH] fﬂlﬂ;mm I
pre-specified edge patterns, and otherwi se not to be an edge. €. 2. % “An «

edge detection apparatus conprising: co rsion means conprising a nean
value calculation circuit for obtaining€e nean val ue of pixel data i.n a 3x3
wi ndow cefipemad by input pixel data and a conversion circuit for converting
said pixel data into tri-state values 'using said nean val ue and a

predet erm ned ‘'t hreshol d val ue; nmatching nmeans for obtaining inner products
of said tri- state values and pre-specified edge patterns; and decision
means f or.det Ahmediyeg detied tilore Imebticd teonEr beimglge when said pixel data is
equal to said tri-state values, and otherwi se not to be an edge. 3. - An
edge detecti oa appweatting| astepd commt ks ing®, stepseifors adbtatningalauanean

cal cul ati n% circuit conprises: a first four-adder group for summng:i-n

pai rs savalper¥; of pdowald datd da anf pypt Windew: and coanveerhingcsaligpixel
ninth pixel data while excludi ng,center pixel data;, a second two-adder

gr oup fo'flaEBnﬂf"nﬁatiﬁ BER glpp}gwoapﬁ&t tri-state values v; using sald_ mean

value M; and a predetermined threshold value ¢

U v, = . -1 Z; < M;-e
0 M;~¢ <'zj < M;+e
L— 1 3 > Me
for j =1, 2..., r.

a comparing step for compéring V;, which is said pi}éel data
represented in fri-state_ values, with four pre-specified edge
patterns W,, W,, W; and W, |

W,=[-101~-101-101]

(% W,=([-1-1-1000111]

Wy=([-1-10-101011})

W,=(0-1-110=-111 0]

where the superscript T represents the transpose of the matrix;
and

decision steps for determining said input pixel data to be
an edge if Vj is equal to any one of said four pré-specified edge

patte_;;;ns, and otherwise not to be an edge.



remai ning after discarding the | east S|gn|f|céﬁ?_BTF*F‘BﬁTsard—+frst adder
group; and a third adder for summi ng the outpuH r di scar dfffig
t he | east si gnl ficant bit fromsaid second add T"ﬂﬂtrﬂﬂ auibyi’ut ting th&
signal remaining after discarding the |east sigrificcant An edge -
detection apparatus as clainmed in cggpn12 wherein said conversi on neans
conprises: a fourth adder for sunming the output of said third adder and
sai d 2 edArredgediebectfondappanatus epmprisdugs for ‘summing the out put of
said third adder and the negative val ue of said .predetermnned threshold

val ue: a fq’?%‘{GE%%OBfm%ﬁ%F%a%?@?% V@éﬁﬁaﬁéﬁsuﬂﬁ§ler\gﬁ%rﬁnk‘é| dat a

whi | e_ excl udi ng, said center |er dat t he outpu fourth
adderfen REREL 3 g Eoﬂﬁa?’a’f%”sg\% ﬁ‘pé’(f“?‘ﬁ@lggf’ﬂ SeareRea. o)

oL 8 e o B BPHGRe %h%’ﬁ?“@%afa?‘%?g Kb B3 g
the msiesi g} .(i"?ﬁ-{%b&ioétéé’éd Aibag! AP HER ARtneie R Rt g5 for

respectivel y- e outputs of sal | I nverters
said p $hba ShreShols ¢aIRaLators, and out put ting the | east

5|gn|f|cant bit of said tri-state val ues.
matching means for obtainlng.lnner products of said tri-
state values and pre-specified'edge patterns; and

decision means for determining said pixel data to be an edge

when said pixel data is equal to said tri-state values, and ~
otherwise not ﬁo be an edge.
3. An edge detection apparatus claimed in claim 2, wherein said
mean.value_calgulating circuit comprises:

é first four-adder group for summing in pairs said first &
second, third & foﬁrth, sixth & seventh and eighth & ninth pixel
data while excluding center pixel data; p

a second twa%adder group for sﬁmming in pairs the outputs
remaining after discarding the least significant bit from said Q;

first adder group; and

a third adder for summing the outputs remaining after
discafding the least significant bit from said second adder group
and outputting the signal remaining after discarding the least

significant bit.

4. An edge detection apparatus as claimed in claim 2, wherein.
said conversion means comprises:

a fourth adder for summing the output of said third adder



5. An edge detection apparatus as clainmed in claim 2, mhere++rfmﬁ1r“”‘”~—_—_——

mat chi.ng neans conprises: a first inner-product circuit for obtai - “““N
| Nnn&x- product of said tri-state values and said first pattern; [\E‘mﬁ\ﬂ“‘“ﬂ“‘
“inner-product circuit for obtaining the inner product of said tii-state * 5 °
val ues and said second pattern; a thirdfnner-product circuit:.for obtaining
the inner product of said tri-state valles and said third pattern; and a
fourth i ameé gadidprtedetexminédrtimesholdgvaleet nner product of said
tri-state values and said fourth pattern. 6. An edge detection apparatus as
clainmed in cl & fifthyaddernfor summing lthe joutiput off) 5aig@ thiry agder gndd

i nner product of said tri-state values and said first pattern conprises:
three i nkhe slegatdve sapiie | k| sridRredeterninadsthseghridc ¥adugiit of the
first, fourth and, seventh values _of said trji-state values; three ANEnaates

fﬁr respect i vé& yEBrtuBRRg Oth &I SOMPATRLRYS 5P romMparing Hre saight

t i t d the J t signifi t. bit f said.fi . f h-and

sevent h FIMds BReeamiile - Seatudinm, S8, eeReRr  HirenA8a, o b, he

sunmmi ng %@ié§€f3¥ égfgrkéﬁgkﬁngﬁébyﬁlues of said tri-state values.and the
|

outputs O _
.a second set of eight cOmparatbrs fqr comparing said eight

pixel data with the output of fifth adder;

eight inventors for inverting the respective outputs of said

~ first set of eight compafators aﬁd outputting the most

significant bit of said tri-state values; and |
eight OR gates for respectively ORing the outputs of said

eight inverters with those of said second set of “eight
comparators, and outputting the least significant bit of said
tri-state values.
5. ' .An edge detection apparatus as claimed.in claim 2, wherein
said matching means comprises:

KJ/ ; -5 first inner-prodﬁct circuit for obtaining the inner

product of said tri-state values and said first pattern;
a second inner-product circuit for obtaining the inner
product of said tri-state values and said second pattern}
a third. inner-product circuit for obtaining the inﬁer.
product of said tri-state values and said third pattérh; and
a fourth inner-product circuit for obtaining the inner

product of said tri-state values and said fourth pattern.

6. - An edge detection apparatus as claimed in claim 5, wherein



three AND gates by the use of sign extension; and an absolute circuit for
obt ai ni ng the absol ute val ue when the final . ) ( Xth adder =
group i s negative. 7. An edge detection &Awm(Iermmm*ad in clai m&
wherein said inner-product circuit of said.trt=gtate val ties and said second
pattern conprises: three inverters)§for respectively inverting the

most significant bit of the first, second and fourth val ues of said
tri-ssatd Janeds; praduet AN ggedd - flarirekatee t vedresprandcisadd hEirsti cal
products of the oufputs of said three inverters and the |east significant
bit akeeXN {FPRPTYLIZREHNd and third val ues of said tri-state values; an

vent h fiyve-adder f i th th, ei h i nt h I
of sai 0 {rPIE08; CLYSPBERT RN SBH pEESPEE SHAIT A S . oD PRECuse  of

f said trFIses d£58t pAESESES: L iy PhETuse
ohen TTEHEs TBEE o FEnd RECALE Folkth ohd fYARLE DhoeE BEC8aTRT Y0, 00

dete }fig. 2T 3higeds claimed in claim5, wherein said inner product of
said Tri-sfate values'and said third pattern conprises: three inverters

for respegiieé&l WD | g¥eeLi Nbr t bespBBEivelgNigrddidiny t tble t DEgiLas!t.
second and fourth val ues of said tri-state values;
prdducts of the outpups of said three inverters and the least
significant bits of said first, fourth_and seventh values of said

tri-state values;

a sixth five-adder group for sﬁmming th¢ third, sixth and ~
ninth values.of séid tri-state values and the outputs of said.
three AND gates by the use of sign gxtensiOn; and

an absolute circuit for obtaining the absolute value when
the final output of said sixth adder group is negative.
7. An.edge detection apparatus as claimed in claim 5, wherein
said inner-product circuit of saiad tri-stéte values and said .
second pattern comprises:

| three inverters ' for respectively . inverting the most $;)

significant bit of the first, second and fourth values of said
tri-state values;

| three _AND gates for respectively producing the 1logical
products of the outputs of said three invertérs and -the least
significant bit of said first, second and third values of said
tri-state valﬁes;

'an seventh five-adder group for summing the seventh, eighth
and ﬁinth values of said tri-state values and outputs of said

three AND gates by the use of sign extension; and -



three AND gates for respectively producing the |ogical pro \l“““
outputs of said three inverters and the | east significant ‘ﬂ!ﬂ m “\“‘
fidst, second and fourth values of said tri-state val ues;

five- adder group for summ ng the sixth, eighth, and ni nth values of said

tri-state values and the outputs of saigh t hree AND gates by the use of sign
extension; and an absolute circuit for taining the absol ute value when

the final outpyt apkolditd %ﬂt&ﬁ@dﬁ&ﬁ SbeAPnifighefal hpRol¥te LI Gthe
detection apparatus as clained in clai"m5, whefein sard inner product o

sai d trithRéafendal vatpatd oFaish D Weven tRider Yrsupeds néggeivenverters
for respectively inverting the nost significant bit of second, third

and sixth-values of said'tri- state values: three AND gates for
respectively producing the |ogical products of the outputs of said three

i nvert er 8. andAnhedgeadetectdiiogniappaxatus @asofclsdimed doomalaihis d wiekreint h
values of said tri-state values; a ninth five-adder group for-summ ng.the
fourth, Sai@ntinner ereustypfesaid skri-state: Aalues uandangaife Bhindt s
of said three AND gates by the use of si.gn extension; and an absol ute
circuit PBELBERaFRMRY1ERS absol ute val ue when

three inverters for respectively, invefting' the"mosﬁ
significant bit of the first, second and fourth values of said
tri-state values; o

three AND gaﬁes for respectively prodﬁcing fhe logical
products of the outputs of said three inverters aﬁd the leést
significant bit of-said first, second and fourth values of said
tri-state values;

a eighth five-adder group for summing the Sixth,.eiéhth; and
ninth values of said tri-state values and the outputs of said
three' AND gates by the use of sign extension; | |
and - -

an absolute circuit for obtaining the absolute valﬁe when

" the final output of said eighth adder group is negative.

9. An edge detection apparatus as claimed in claim 5;'whérein
said inner product of éaid tri-state values and said fburth
pattern comprises: | o
three inverters for respectively invérting ‘the moét
significant bit of second, third and sixth valués of said tri-
state values;
three AND gates for respectively producing the 1ogicai

products of the outputs of said three inverters and the least



the final output of said ninth adder group'is negafrve——égv__én__gge
detection apparatus as clained in any of clalns !Mélﬂ 8 _and 9, wherein safd

absolute circuit conprises: an OR gate for ORin M' m,mﬁl gni fi cans:
bits of four input bits; a first NAND gate for put of said
OR gate and t he nost S|gn|f|cant bi t f said four I nput bItS a4 second NAND
gate for inputting the nost significant bit and the | east S|gn|f|cant bi t

of salﬁllg ‘F%th%BqubFFéd gerprngy xhdmdgand fsdpcimpnalues ofiesaidput

from sai d flrst NAE ate and the second nost significant bit of said four
i nput HitesStahg B %%%nd XNOR . gate for i nputti ng the out put- of -sai d second

b
Ahorerat € o Gyt 25U e b BLR R 3%4‘@%%@%&%sw °“ésva9§§cehésﬁm
f rr.e tot e
Doet Shehidtvatdol SEIBRINCRN-Beard vadiids A il P POPCaR 08! (o
sal d ApAdiUANY Yaifes Y £HE 488SoE ShIG! E£80hsROR; Ohnad d absol ute val ue,

respectively. . An edge detection apparatus as clained in claim 2,

wher ei n saigh d@lssél@ﬂenﬁiﬁ&uiﬁ”ﬁbrs%taintlhbr Eheelatdo il FAIRE RhEAS for
respectively inputting

the f1na1 output of sald ninth adder group is negative.

10. An edge detection apparatus as claimed in any of clainms 6,.

7, 8 and 9, wherein said absolute circuit compriSes: ~
an OR gate for ORlng the two least 51gn1f1cant bits of four
'1nput bits; _ _
a first NAND gate for inputting the output of said OR gate
and the most 51gn;f1cant,b;t of said four,;nput,blts;
a second NAND gete for inputting the most significant bit
and.the least signifieant bit of said four input four bits;
a first XNOR gate for inputting the output from said first
NAND gete and the second most significant bit of said four input
bits; and | o ' . _ ;. ;-)

a second XNOR'gate for inputting the output of said second
NAND gate and the second least significant bit of said four input
bits, | _ | _ | _

wherein the output of said first XNOR gate, the output of
said second XNOR gate, and the least significant bit of said
input data correspond to the most significant bit of said
absolute value, the middle siguificant bit.of said absolute
value, and the least significant_bit of said absolute value,

respectively.



the output of four absolute circuits and a given threshold.v
gates for ORing in pairs the outputs of said third set of fog “ﬂémﬂm" lIs"l“l
andwan OR gate for ORing the outputs of said two OR gates.

det ecti on apparatus for an inmage processing system substantially as

herei nbefore described with reference tg(Figures 1 to 11 of the

acconpanyi ng drawi ngs. 13. An edge detection nethod for an inmage proceSS|ng
syst em slubst aAni etige detbetepnbab@aea@escasbedanbﬂ dief eledee 2,0 whidrein

Figures 1 to 11 of the acconpanying draw.ngs.
said decision means comprises:

a third set of four comparators for respectively inputting
the output of four absolute circuits and a given threshold value;

two OR gates for ORing in pairs the outputs of séid third
set of four comparators; and -

an OR gate for ORing the outputs of said two OR gates.

12. An edge detection apparatus for an image processing system'
substantially as hereinbefore described with reference to Figures

1 to 11 of the accompanying drawings.

13. An edge detection method for an image processing system
substantially as hereinbefore described with reference to any of

Figures 1 to 11 of the accompanying drawings.



