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PROGRAM  EQMETNPUYOQUTPUT)
DIMEMSTION ACD, 3, A0S, 5B 3),BL (3, 3)R( 6,0 Y.C(B8,:9}
INTEGFR 0, P, O, 8y T, D, E ‘

CREAD S, C(CACT,J3dmE ), m1,3)

READ 1, (FHﬁI,J},J21.37p121,33
FORMAT (9FS,2)
DO P Mz1,6

THO R N=§,6

5120

Do oo Kumi,d

PO 5 L=1,3

IF (KLY FR, 1) GO TO S
ToMeKsd

JaNel vl
IF(Y,LEL0,0R,J,LE,0) GO YO 5
§ia814 RIK,LIAR(T,JI

COMT IMNUE

C CONTINUF

IF (M LE, 3 AND N, LE,3) 30, 40

REH M2 A(H NY= 8 -

GOTD 3%

[H{H,HNYs «51

CONTINUE

CONTINUE &

DO 6 K=l,3

PO 7 La1,3 ‘ . - .,
TF Ry, FRLLY  Gotn 7 SRS :
DD B Iw1,3

B0 9 J5t,%

Si=zn

IF (IxJL,E0,1) GO TD @

DO 0 Mz4a,6

DO 14 Nad,b

PmMeY ¢t

GENeJ+ 1

TaMaKed

SeNewi 41 , o '

TF (P LEL0L0R, 0, LELOLOR, TLLE,0,0R,8,LE,0) GO TO 11
S1aBiaR(F,01%R(T, )

CONTINUF

CONTINUF

Pr(Kei)x3tl=1

E2(Im1)%34d1

CEp,EY=8Y

CONTTNUF

CONTINUE

CONTINUE

CONTINUE

DO 12 Kui,3

DO 13 L=1,3 B

IFIK*L FO, 1Y GOTD 13

S1=0

DO 195 Ned,b , ' o : o -
PaMeKst . v o o k
QrMalel T e e
TF(PLE D, OR, O, LE, 060 TO 15—



SI=S{+REMNIAR(P,0)
s COMTIMUE '
! COMTINUE
DR(Kaet)rBel =1
Ceh,91 =51
17 CONT IMUE
10 CONTINUF
CALL MATRIX(10,8,9,0,C,8,4)
no 21 }.5’31r3 '
Pe I/% &1
1z Tw (Pui)x3+l
21 BIEP,0)u=C(T,9)
BE{1, )=l
DO 16 M2i 3
BO 17 Nl

31=0
DO 48 T=i,M
BO 19 JJui,N
PaMeltl
meani
S12514R(P,0Y%BLLT: )
19 CONTINUF
1R CONTIMUFE
A (M, N)25Y
it CONTINUE _
e CONTINUE =
: PRINT 20 e \
S PORMAT (12X, 2HAK e BX, S HAOX, 2HB A, 9K, {HB) oo
PRINT 21,48 (1,1) ‘
! FORMAT (PX, SH(1 120X, 5HE 4 0,5X,F10,7,4X,3H1,0,5%,3H1,0)
' DO PR Tyl _
- D0 2% dwm1, s
IF (JLEQ 1, AND, T.FQ,1560T0 23
PRINT ?aﬂ “Tede ACT0Y, ALCT ), BOI,0Y, B!tI.J) -
A FORMAT (PX o 1H (o L s 1H, pT1p )y BX FlL 13 F12,7 3% F542,3X,F10,7)
2% CONTINUF
¥ CONTINUF
5TOP
END
TN IRV
A % A A% : B
““““““ (1s1) 140 1,0000G00 150 Ty 0 |
(1,2) 240 2,0000020 | =1,50 § »1,4999980
; (1¢3) Jr=t1.0 », 9999957 | | 60 5999972
2. ) 3.0 2,999991% 21,20 | =1,2000087
: (P2,2) 4,0 3,9999888 1,80 1,8000106
3 (2:3) 2,0 2.0000175 “y72 v, 7200020
i 1%, 1) 2,0 1,999974% 250 25000109
| (%5,2) {0 win 0000295 w78 e 7500153
i (3:3) 1.0 , 9099807 , 29 ¢ 2900053
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gt

G e
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o
T Mim{Ket el

DO 12 Imy .3

2 npoy

PROGRAM FOM{INPUTOUTPUT) B ' )
CDIMENSION DE3,33,0{64,68) 88,83,V (9,50 sAL3,3)

INTEGER P,Q,7,5

READ 1, DCLa13eD01,23),001,35)
READ 14.D(2+1), D(?nﬁ)p”f?? )
READ 1,D(3,1)6D(3,:,2),D(3,;3)
FORMAT(3F11,.8)

EU o4 KsipB

DO % L=mie8

DO # Twi,f8

DO % J=t,8

CRR-14]

DD 6 MuEis10

DO 7 NE§, 10
Paielel
(N 1
TaMeK4l
GuN=l, 41
IF(P ¥£f0 oR,0 |£?0 OR T LES D DR, &, LELOY 6O TO 7

(P BT 3L 0R0,6T,3,0R,T GTh3 0R,8,6T,3) 60 TO 7

128140 P, QYRDET,8)

CONTINUE

Miu(K=13sB8¢L ‘ o T
MRm (Lol ) %84 P
fon(der) L

AL FL S ENE

GONTTINUE

COMTINUE

COMYINUF

CONTINUE

CCie65)2DC1,1)

DO B J=2,64

ClJ,65)=0

CONTINUE _

CALL MATRIX(10,64,6%5,1,0,064,%W)
DO 9 I=t1.64

IS ERDNA- LA

Neln(Pet)Yxd-
BIP,Q)® C({1,65)
CONT IMNUE

RO 10 Kei,%

DO 11 Leil.3

DO 1% Jui,3
sing

00 t4 MmiLio0
DO 15 Neis10
Prvel+l
GuNeJs

S TaMeKed

SeENml 41 - -
IF (P, LE,0,0R,Q, la 0,0R, T lL 0% &R s Lfaoa&o To 15

IF(P,6T,8,0R,0,67,8,0R,T,6T,6, ue,a 61,89 GOYO §5 - i

%iuqi+Hpr@)AB€T 8)

CCONTINUE

CONTINUE




MAR{TwlYaled
VML, M2)5
t% . CONTINUE
18 CONTINUE
14 CONYTINUE
10 CONTINUE
VEL,10)=8C1,1)
L DO te Ju2.9
it V{J,40)20
CALL  MATRIX(10,9, 10,1,V;9n:)
DO {7 1=4,9
Prliei) /31
Qale(Pei)«ld
§T ACP,BY= VEIe10)
' PRINT 5% I
590 FORMAT(SX . 2IHUNSTABLE FILYER Faij/i)
PRINT 50, (DK, L) plmleB) e Kni,p3)
B8 FORMATCIHO,3(F11,8,3X))
_ PRINT 42
52 FORMAT (IHO,2X, 20HSTARILIZED FUL.TER Fat/Br) -
DO 18 I=i.%
"“"RI’\'T LﬂaA(I 1);/\('(;?30[\(13‘9)
70 FORMATCIHO, 3(FB,%53%X))
18 CONT INUE ' _ ; :
5YOP & - ' v
CEND ) T

FINTHT MIRYR

UN TABLE FTLTFR Fat/B

C1,00000000  »1,20002759 40002239
1500003018 1,70007079 T, 65005008
U M 40002035 m.T0054880  ,25004387

o TABILIZED FILTER Fui/Be

'3”““”12i157u '61923n65  Lae42r
°1,09302  1,68T52  »,66007

o 337 595 w6525 L29754
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[543

40
201

100

200/

PROGRAM HILBERT(!NPUT QUTRUT)

DIMENSION Dicod,64), MM{S);INV(iOE“J S(!OPM}
COMPLEX Albl,64,1)

MM{1)s6

MM(2)=b

MM(3)=20 : - .

MIZOH o

M2=bi ’

D0 t 1=1,64

DO 1 J=i,64

ACL,J,1)I=CMPLX(0,000004,0,000000%)

A(i,l,l)‘:CMPLX(l,0,0,0)‘
Af1,2,1)= CMPLX(=0,75,0,0)
ACL,3,1)2CMPLX(0,%,0,0)
AC2,1,1)=CMPLX(1,5,0,0)
AC2,2,1)SCHMPLX(=142,0,0)
A(2,3.13=CHPLX(1.3;0,0)
AC3,1,1)=CMPLX(1,2,0,0)
AC3,2,1)=CMPLX(0,9,0,0)
AC3,3,1)=CMPLX (O, 5!0 ¢)

CALL HARM({A,MM, INV Y IFERR)
PRINT 5,IFERR

FORMAT(IX,11)

ng 201 1=t,8

DO 2031 Jd=1,4

PRINT 40,1,J,A(1,J,1)
FORMATCIX 12 1%, I?;FIO 6, lXpFlO 63
CONTINUE

oo 100 I=1,Mi

DO 100 J=1,M2

D11, J)=CABS(A(L,Jd,1))

ACY,J, 1)SCMPLX(ALOGEDLI(T,J)), 0 0)
CONTINUE

CALL ODDEV(A,64,64)

DO 200 Ii=1,M{

DO 200 I2=1,M2
PI=COS(AIMAGCA(IL, 12 13))
NI=SINCAIMAGCA(TL,12,1)))

ACT1,12,1)=CHMPLX(NY(T1,12)*PT, Dl(IlpIE)*QI Y

CALL HARM(A,MM,INV, S,-I;IFFRR)
PRINT 5,1FERR

PO 39 I=1,10

00 39 J=i,10

PRINT 4,1,J,AC1,Jd,1)

. FURMAT(lx 12,2X,12,F1046,2X,F10,6)

CONTINVE
STOP
END

3 nooy



150

2590

350
400

500

SUBROUTINE ODDEV{AL,N1,N2)
DIMENSION INVIC(1024),51(5024),MML(3)
COMPLEX AL(b4,64,1)
MM] (1)=6
MM1 {2136
MM1 (3330 ' '
CALL HARM (A1, HM!.INVI,SI,91 IF&RR)
PRINT 7,1FERR
FORMAT(1X,11)
Ni=6d
N2s64
NIP1=N1+1
N2P1=N2+}y
NiD2=Nt/2
N2D2=N2/2
NID2P1SNID2+1
NAD2PE=NZD2+
PO 150 li=2,NiD2
DO 150 12=2,N1D2
Ki=I1+NID2
Ke=Y2+N2D2
ALCTL,K2,1)=CMPLX (0,0, AIMAGCAL(T1,K2,1)))
AL(KL,I12,1)SCMPLX (0,0, ATMAGCAL(KL1,12,1)))
Al(Kl.K2.1)=nCONJG(A1(KlpKa 1 1))
ALCL, 1, 1)CMPLXCO,0,AIMAGCAL(L,1,1)))
DO 250 I2=1,N2 -
Al(NiDZPl,IE,i)=(A1(NlDRPl:IB,1)-CONJG(A1(N102P1,1251)))/2
00 350 Ii=t,Ni
Al(Il;NEDHPi;1J=CA1(Il.NEDEPi.lJnCONJG(Ai(II,NZDEPI,I)))/E
DO 400 I2=2,N2D2
K2z=N2D2+12
ALY, K2,1)==CONJG(AL(1,K2,1))
DO 500 Ti=2,MiD2
Ki=T1+N1D2
AL (KL, 1.1)-*CONJG(A1(K1 1,1))
CALL HARM(CAYL,MML,INVY, Sl,+1pTFERR)
RETURN
END



1.

2,

ni1sv nMMmpn

ERNEST L. HALL
‘A COMPARISON OF COMPUTATIONS FOR SPATIAL FILTERING
PROCEEDINGS OF IEEE VOL 60 HNO. 7 JULY 1972. PP 887-891

OPPENHEIM ALAN
DIGITAL SIGNAL PROCESSING
PRENTICE HALL 1975

LAWRENCE R. RABINER, BERNARD GOLD
THEORY AND APPLICATION OF DIGITAL SIGNAL PROCESSING
PRENTICE-HALL 1975

JOHN SHANKS, JAMES JUSTICE

STARILITY AND SYNTHESIS OF TWO DIMENSIONAL RECURSIVE FILTERS
{.F.E.E TRAN. ON AUDIO AND ELECTROACOUSTICS AU-20 NO 2

JUNE 1972 PP 115-128

THOMAS S. HUANG

STABILITY OF TWO DIMENSIONAL RECURSIVE FILTERS
IEEE TRANSACTION ON AUDIC AND ELECTRDA&OUSTICS
VOL AU 20 NO 2., JUNE 1972. PP 158-163

.G. A. MARIA & M.M FAHUMY

ON STABILITY OF TWO DIMEVTIONAL DIGITAL FILTERS.

.9

TEEE TRAN. ON AUDIQ AND ELECTROACOUSTICS. OCTOBER 1973. PP 470-472.

BRATN ANDERSON & ELIAHU  JURY

STABILITY TEST FOR TWO DIMENSIONAL RECURSIVE FILTERS
I.E.E.E TARN. ON AUDIO AND ELECTROACOUSTICS. VOL 21 NO 4.
AUGUST 1973. PP 366 & 372.

- 81 ~



- 10.

11.

12,

13.

14I

15.

E. A. ROBINSON
STATISTICAL COMMUNICATION AND DETECTION

HAFNER 1967 PP 173-174

RANDOLF R. READ & SVEN TREITEL

THE STABILIZATION OF TWO DIMENSIOMAL RECURSIVE

FILTERS VIA THE DISCRETE HILBERT TRANSFORM

TEEE TRANS. ON GEOSCIENCE ELEC, VOL GE 11 Juny 1973. PP 153 -160.

C. FARMER & S8 GOODEN
ROTATION AND STABILIZATION OF A RECURSIVE DIGITAL FILTER. IST NAT.

PATTERN RECAGNITION CONF, 1973. PP 1-2-1 1 12-12

JOSE COSTA & A. VENETSANOPQULOS

DESTGN OF CIRCULARLY SYMMETRIC TWC DIMENSIONAL RECURSIVE FILTERS.
TEEE TRANS. ON ACOSTICS SPEECH AND SIGNAL PROCESSING.

V0oL ASSP-22 NO 6. DEC, 1974.

J. SHANKS

RECURSION FILTERS FOR DIGITAL PROCESSING
GEOPHYSICS, VOL 32 PP 33-51 FEB 1961

-J. HU & L. RABINER.

DESTGN TECHNTIQUES FOR TWO DIMENSTON DIGITAL FILTERS
IEEE TRANS ON AUDIO AND ELECTROACOUSTICS VL AU-20 NO 4
PP 249-263 OCT. 1972. '

R. MERSEREAU & D. DUDGEON
TWO DIMENSIONAYL DIGITAL FILTERING
TEEE PROCEDDINGS VOL 63 NO 4 APRIL 1975. PP 610-623.

D. DUDGEON

TWO DIMENSIONAL RECURSIVE FILTER DESIGN USING DIFFERENTIAL CORRECTION.
TEEE TRANS. ON ACOUSTICS SPEECH AND SIGNAL PROCESSING. -

VOL ASSP-23 NO. 3 JUNE 1975. PP - 264-267.

- 82 -



1s.

17.

18.

19,

DAN E. DUDGEON

RECURSIVE FILTER DESIGN USING DIFFERENTIAL CORRECTION.
IEEE TRANS. ON ACQUSTICS SPEECH AND SIGNAL PROCESSING
VOL ASSP-22 NO. & DEC 1974. PP 443-448

I.B.M SCIENTIFIC SUBROUTINE PACKAGE

Y. GENIN ¥. KaMP

COUNTEREXAMPLE IN THE LEAST SQUARES INVERSE STABILIZATION
OF 2D RECURSIVE FILTERS.
ELECTRONICS LETTERS. JULY 1975.

V. CIZEK

DISCRET HILBERT TRANSFORM )
IEEE ON AUDIC AND ELECTROACQUSTICS.
VOL AU-18 NO 4 DECEMBER 1270,

- 83 -



DESI@N OF TWO DIMENSIONAL DIGITAL FILTERS

FINAL PAPER

SUBMITTED IN PARTIAL FULFILMENT OF THE REQUIRMFNFS
FOR THE DEGREE OF MASTER OF SCIENCE
IN ELECTRICAL ENGINEERING

BY

RAMI SEGAL

SUBMITTED TO THE SENATE OF THE TECHNION - ISRAEL INSTITUE OF TECHNOLOGY

HESHVAN 5736 HAIFA NOVEMBER 1975




THE FINAL PAPER WAS DONE UNDER THE GUIDANCE OF
DR. D, MALAH IN THE FACULTY OF ELECTRICITY.

I WANT TO THANK DR. D. MALAH FOR HTS HELP AND
GUIDANCE. ' '




BSTRACT

he digital filtering of two dimensional signals offers the many adﬁantages
haracteristic of digital computers, such as flexiéility and accuracy, Two
imensional filters are used in many image and array processing applications -
uch. as X ray enhancement, image deblurring, weather predictions, selsmic analysis
1d the processing of radar and sonar arrays. As in the one-dimensional case,two-dimensional !
ilters fall into two classes - those whose unit sample response contains a finite number pf:
ampleé and whose transfer functions are polynomials - the F.I.R filters - and
10s¢-whose transfer functions are rational functions - the I.I.R. filters., It
s been shown that there is a potential saving in both computer time and in

mory. size by use of recursive digital filtering as compared to non-recursive filters.
g

te to-the importance of these savings, this work will deal mainly with recursive
L1ters.

/0 problem areas of two-dimensional recursive filtering are stability and synthesis,
ince. & portion of the output values are used by the recursive algorithm, it is
ssible for the output values to become arbitrarily large, independent of the

.ze of the input values. A filter of this kind is said to be unstable.

though interesting, the question of how to test two dimensional recursive filters.
T stability is not the only part of the stability problem, nor is it the most
portant part. The important issues are: ' '

.

| If a filter is unstable, how can it be stabilized without undue distortion
‘©of its frequency response,

) How can stable filters be designed?
Three methods, of stabilizing are examined:
The first one is based on the assumption that the planar least squares (Wiener).
inverse of an array, is in most cases minimum phase. The second method uses
a two dimensional generalization of the discrete Hilbert transform, and leads

to a scheme producing stability with nominal distortions.



Another method is the approximation of the unstable filter by a stable filter
while trying to keep the distortion of the frequency response as small as

possible. We can use this method only when the unstable filter is of low order.

This work reviews and applies several approaches towards designing recursive
filters. In the first method we know the two-dimensional unit sample response
of the discrete filter which we wish to use on the data. We approximate the

given unit sample with the two-dimensional recursive filter.
In the given methods, we use techniques of filters design in the frequency domain.
All the methods of synthesis with which we are familiar today still have serious

drawbacks. Further work must be done in order to find more effective techniques

. for the design of two-dimensional recursive filters. a





