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I. INTRODUCTION

CONVOLU is a program, written in FORTRAN, which performs a
two~-dimensional convolution between two sets of real data (see
Section V for Complex Data). For example, beam and map. The FFT
technique is used in order to speed up the computation.

The FFT program used here 1s assuming that the data block
is a N x N even square matrix, where N = power of 2, with the
zero~phase at the center of the data block. Therefore, if the
size of data block is smaller than N x N, the program will fill
in zeroes around the data block to make it a N x N matrix. Figure
1 shows the reference zero is at the center (X) of a 4 x 4 data

set block.
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Figure 1

Data Block

Therefore, assuming AX, AY are the intervals between each

point along the X & Y axes (the dash lines), the coordinates for

points 6, 7, 10, and 11 are (- % AX, % AY), (% AX, %—AY),

(—-% AX, - %-AY) and C% AX, - %~AY) respectively.



Because of this special arrangement for the data in the FFT
technique, the user has to arrange his data block in such way,
even number of data points on each quadrant of the data block with
the zero at the center, before the FFT can be used. Figure 2 shows
the form of the data block supplied by the user. Figure 3 shows

how the program filled in zeroes around the data block.
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Figure 2

Data Block Given By The User

0 0 O 0 0 0 0 0
0 0 O 0 0 0 0 0
0 o 1 1 2 3 0 0
0 0 2 1 , 3 1 0 0
0 0 1 0 1 1 0 0
0 0 2 1 2 1 0 0
0 0 0 0 0 0 0 0
0 0 0 0 0 0 0 0
Figure 3

Zeroes Filled In By The Program



II. PROGRAM CONSIDERATIONS

The Program flow is very easy to follow and understand. The
main program called several subroutines. But only two subroutines
are concerned by the user.

1. GETIBE: GETBE 1is to get the beam data. It could be
read in by cards, one row at one time, or
called MODELB to supply the data. The input
card in section III will show you how to sup-
ply the data.

2. GETMAP: GETIMAP is to get the map data. They are
being treated as same as GEIBE with options
of getting the data from the cards or by
calling MODELM.

Assuming the beam array has the size of (M0, NO), where MO,

NO < M, N and the map array has the size of (M2, N2), where M2,

N2 < M, N then M, N = power of 2, also

largest of (MO, NO) & (M2, N2).

1

Suppose (MO, NO) = (10, 14) & (M2, N2) = (12, 38). Then we
will choose (M, N) = (16, 64) as it will cover (MO, NO) and (M2, N2).
However, since the FFT package is written in square matrix, so we

will choose (M, N) = (64, 64).

III. 1INPUT AND OUTPUT

The input sequence is as follows:



Column Format Vardiable Identification

Card 1 1-10 110 M Row size of convolution array,
power of 2.

11-20 110 N Column size of convolution
array, power of 2. Normally,
M=N.
Card 2 1-10 110 Mo Row size for the beam, even no.
11-20 110 No Column size for the beam, even no
21-30 110 IB Indication of beam array input.

If=1, read in by cards. If=other
no., call MODELBE.

Block of
Card 3 1-10 F10.0 BEAM(1) Beam array from the cards. They
are read in one row at a time.
11-20 F10.0 BEAM(2) Always starting a new row with
- - - a new card. There are 8 wvalues
- - - on each card.
71-80 F10.0 BEAM(8)
Card 4 1-10 110 M2 Row size for map, even no.
11-20 110 N2 Column size for map, even no.
21-30 110 m™ =1, read in map array
=other no., call MODELM.
Block of
Card 5 1-10 F10.0 MAP(1) Map array from the cards.
11-20 F10.0 MAP(2) They are treated same as the
: : : beam array.
71-80 F10.0 MAP (8)
Card 6 1-10 110 ROW1 Starting row for printout.
11-20 110 ROW2 Ending row for printout.
21-30 110 CoLl Starting Column for printout.
31-40 110 CoL2 Ending Column for printout.

The output now is to print out the values of the convolution

row by row with the size specified by (ROW1, ROW2) and (COL1l, COL2).



The nos. ROW1l, ROW2, COL1l and COL2 are read in from Card 6. For
the example in section II, we could specify ROW1 = 18, ROW2 = 48
and COL1 = 7, COL2 = 56 which will printout the center block of
convolution values and presumably will cover the significant parts
of the convolution. This 1s done to reduce the enormous amount of

output when M and N get too big, like 128 and 256.

IV. EXAMPLE OF MODELB AND MODELM
Call MODELB (MO, NO, BEAM, J)
C MO, NO is the size of the beam.
C BEAM is the beam data for each row, they have No numbers of
real data.

C J is the Jth row of the beam data

Call MODELM (M2, N2, MAPDAT, J)
C M2, N2 are the size of the map.
C MAPDAT is the size of N2, each row of the map data. They are
real numbers.

C J is the Jth row of the map data.

V. PROGRAM RESTRICTION AND MODIFICATION

The program is listed in the Appendix I. Here 256 x 256 is
used as the maximum size for both beam and map. The user can alter
this to suit his desires, but we found that this is not necessary

in the real practice. The input and output of beam and map here



are assumed the real data. However, the FFT package is applicable
for both real and complex data. Therefore, the user can slightly
modify the input and output subroutines (GETBE, GETMAP, DISPLY)

to input the complex data and output the complex convolution values.
The real and imaginary parts of the complex no. is stored adjacent
to each other. It should be very easy to modify in the above sub-

routines.



APPENDIX I

Program Listing



FRRTEAN

Qa0
0002
JC9)3
0NJ4
0005
(oS IV
237
NJo8
JN9
0010
0011
0012
0011
Q214
0215
oNié
0017
0018

IV G LEVEL

5

FORTRAN [V G LEVEL

0001

0072
0.J03
00 Je
00JS
oc)s
D)7
DINPE
J0I9
oclLn
0nl11l
aatL2
VJol3
0dl4a
GI15
nQlé
Q017
0J13
co19
0027
coz1
d022
0023
0024

20 MATN

DATE = 74050

QEFINMS FILE 11(2564+512,U,101)y 13(2564512,U4103)

CO4PLEX IN{(256), Z1 (256)
INTTGFR F11, rl3
CUMNPN 70,21, F11,F13
Fll=11

F13=13

READ {5,5%5) M,N

CALL GETEE { M,N)

CALL FItLW (Ny 1)

CALL FFT2 ( N,T11l,1)
CALL GFTEAP(M,N)

CaLl F€T2 (M,F13,1)
CALL XEFRT(M,N)

CrLtl, TTIULLW (N, 2)

CaLl FeT2 ( N,F13, 2
cAaLL DISPLY (HMyM)
FURMAT(2110)

END

29 GETBE

SUBROUTIME GETBE ( M, N)

Commmmc e

C IB=1 READ IN DATA BY CARDS
C =0THIFR  CALL MDDELB TO GET TYHE DATA
Cmmrmm o — - ————
COCMPLEX 20 {2506)
INTREGER F11, F13
KEAL DOAMI256), NDUMMY(2506)
COMMON 70y KFAM, DUMIAY 4F11,F13
FEAN (545) MO4MOyID
Ju“o= (M=110)/2
WRITF(H,998)
na 1o J=t, H0
IF (IR LEQ. 1) GO TN 50
CALL MONFLR { MO, NO, BCAM, J)
CO TN 60

50  KEAD (5, 10) (AFAM(I), I=1, MNO)

60 wRITE{O, 999) (DFAM (L), L=1, MO
CALL FILLO ( REAM, MO4HO¢MsN, Z0}
WRITF(FETL1Y JuMp+g) (Z20(I1), I=1, N)

100 CONTINUF
CALL FILLOR { MO, NOy M,N , F11)

Q98 FORMAT(Y v, / 2X, 'BEAM ARRAY:?', /)
G99  FOXMAT (' v, 10C12.5)

5 QRUATIBRILN)

10 FUKY“AT (8F10.0)

PETURN
END

DATE = 74050

18728716

18/28/16
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1

74050

DATE = 74050

18/28/16

18/28/16

FORTPAN IV G LEVEL 20 MODELR DATE
001 SUAPNUTINE MNDFLA ( M0, NO, BEAM, J)
0002 REAL REAM [2506)
00J3 REAL X,Y AN, DN
0004 X= =( NN /2 % 3= 1.5)

0905 Y= ~( MO /2 #%4. =2.)
0006 AN= 2,
0c07 AN= 4.
0208 00 30 K=1, MO .
0009 20 BEAM (K)= 204% EXP ( =2.772% ([{X+({K=1)%AN)#%#%2/121e+ (Y+ (J=-1)%8N
C )u%2/400.) )
0010 RETUSEN
0011 END
FORTRAN IV G LEVEL 20 GETMAP
0001 SUBROUTINE GETMAP (M, M)
O!lllllllll
c It4=1 READ IN DATA FRNAM THE CARDS
o =0THER  CALL MODELM TN GET THE DATA
ﬁll!lllllll
0noz COMPIFEX 70 (250)
0203 REAL MAPDAT(254), DUMMY (256)
0024 INTEGER F11, F13
0395 COMMDN 70, MAPDAT, DUMMY, F1l1,F13
00006 PEAD {5,5) M2,M2,Iv
neN7 JUsap= (M=2)/2
Jooe WRITF(6, 992)
0599 DY 100 J=1, "2
0019 [F ( IM .f0N. 1) GO TN %0
ooll CALL MANSLM ( M2,N2y MAPDAT, J)
0n12 G YO 60
Jol 50 READ (5, 10) (MAPDAT (1), I=1, HM2)
0014 60 WKITE({A, 999) (“APDAT(I), 1=1, N2)
0015 CALL FILLO { MAPTAT, M2,N2, M;N,20)
0014 WILTE(F12Y JUMP+ Y)Y [ 2D (L), L=1,N)
0017 100 CONTINYFR
0019 CALL FILLOR ( M2,N2, M,N, F13)
0919 5 FUFAT(BT1D)
09020 10 FORYAT(BF10.0)
002 998  FURMAT(Y 'y /, 2X *MAP ARRAY: ', /)
0022 969 FURMAT(Y ', 10F12.5)
0023 FETURN
0024 END

PAGE 0001
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FORTRAN [V G LEVEL 29 MODELM DATE = 74050

0001
o022
2003
o004
0005
0005
007
0003
0009
ovlo
Q011

EORTRAN 1V 6 LEVEL 20

100

SURPCUTIME MANELM { M2,N2, MAPNAT.J)
REAL MAPDAT (256)

PREAL  X0,YQySX,SY

XU= 13.5

Y= £.5

SX= 10.

SY= 5

NO 100 1=1, N2

18728716

RAPDAT{I)= 35% EXP {=2,772%({({1~X0)/SX)}*%2 + [(J=YO}/SY)**2)}

RETURN
END

XFFT DATE = 74050

0901 SUBRMUTINF YFFT ( M,N)
0332 CCHMPLEX 70{2506),y 21({256)
0q93 INTFEER F1), F13
0904 commMnM 70, 71y F11, F12

0025 DU 100 J=1 M
0306 PEAD (FL1'J)  Z1 ( L)y L=1,N)
0037 PEAD (F12'J) { Z0 ( L)y L=1¢N)

0923 NO 50 L=1,N
0309 50 Z0(LJ)= 7P(L}% ZI(L} /N/N

Qoln WRITE(F13'J) ( 20 ( L)y L=1,N)

goll 100 COHTINUF

0012 RETUPM

0013 END

TORTRAN IV G LEVEL 20 EILLOR DATE = 74050
0001 SUBROUTINE FILLOR ( MO, NO

0092 COMPLEX 2012561, 21 (2860 | @ 0 TIVE)
0233 INTEGFR FL1,£13

0u04 COmsray 20, z1, F11, £13

004935 DO 1D 1=1, N

0005 10 zDMT)=0.

0ea7 JUKP= (1=MQ)/ 2

2023 NHRE1= Ju4P + MQ

Goan LU 50 T=1,JuMp

WWWW dumwwnunﬂrn. 17 {Z0(K)y K=1,N}

r TCIFTLEY NRRFY+ 1) (ZC =

0012 50 CONTINUF D) LZIDML) oL=1, M)
0413 RET!IRM

0014 END

18728716

18728718
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FQRTPAN TV G LEVLL

H0d1
J3922
0003
0004
0035
0026
0907
D33
00uV9
00190
0011
0012
0013
Chla
0d1H

30

OOHO . Nt s e et - are -

FORTRAN IV G LEVEL

0J01
0922
0092
004
0I5
0026
0727
09038
[pdgReae)
D910
0011
onl?
0onNl3
NDOVl4
(8293 W}
Q0016
uNNl7
001l
0019
0020
0021

ORTRAN

0091
0nd2
QQU3
QONJ4
0NI15
code
QQa7
0003
RIANE
0nln
onlt
[ARS B
0013
0014

(%]
o

1co

9495
9457
598
999

IV G LEVEL

20

20 FILLO NDATE = 74071 10/20,

SUSRCUTINE FILLO ( Z1, MONOs'iyNy ZM)
RCAL 2T1(256)

COMPLEX ZN (256)

NLZERP= (M=-NO)/2

DN 20 J=1, NZFPQO

IntJ)¥=0.

JU((M+ 11Q0Y1/2+4d)1=0.

MZERD= NT7F?2N04+]

KZERO= MNZERD+HO

K=1
na 30 J=MZERN, KZERN
10 (J)= 71
K= K+1}
CLNTINUT
RCTURM
ENN
20 DIspLY DATE ="T74071 10720718

SU3RPUTIME DISPLY (MyNy; R041,RIY2,COLL,COL2)
COMPLEX 7N1(2%0)

INTFGER O], W 2,CNL1,G0L2

INTEGER F11,F13

REAL RMAP(25A4), DUMMY(256)

CLYMON 704 PYMAP, DUHMY, Fl1,F13
WRITE (6, 9S8}

KEAD(G,. ?795) FNW1,POW2,CNLL1,COL2

DO 120 1=0W1,RNOW2

RCAD ( F13* 1) (2Q(L), L=1y N)

DO 50 J=COLT,,A0L2

RMAP (J)= 70 (J)

WECITI(6,297) 1

WRITE(6,999) (RMAP(L), L=CNL1,COLZ)
CCNTINUT

FOPMAT(4T10)

FUurMar(r ', *RoW', 15)

FORMAT(//4+" 'y 'THE CONVALUTION 0OF THE BEAM AND MAP: ',.//)
FORMAT(® 'y 10F12.5)

RETURN

END

20 FILLW NDATE = 74071 10/20/18

SUBRCUTING FILLW (N, IF )

IMNTEGER My NG

COMPLEX W1(128),W2(128),W3(128), WX, WY, WW
CUMMON/WIIGHT/ Wl yN2,4M3

SS= -5.2621853/N

IF € IF ,FD. 2 ) SS= =SS

ND= N/2

N 20 1=14N5

ANGI= [#%S§

ANG2= (I+2-11%55/4

r1lI)= CMPLX (COSCANGLY, SIN{ANG1))
p2(T)= CHMOLX (COSCANMG2), SINLANG2))
W3lT)= CHPLX (COSTANG2),-=SIN(ANG2))
CUNTINUC
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FOFTRAN IV G LEVEL

0991

0302
0203
[VRVN2S
0025
0VV6
QUo7
0008
0399
0019
0011
0012

0013
03i4
D015
0Clo
0017
0013
0219
0920
cu2t
D22
0J23
Q024
noy2s
0026
0027
Q028
0029
0730
0031
0032

0u33
0034
c03is
0036
09237
093
9039
0349
0%l
0042
0043
0014
0045
QNwb

V) Fr12 PDATE = 74050 1g/28/10

SUBRCUTINF TFT2(Ny FILFE 4 IF)

(mmmmm——

c
c
c
c

THLS SURFOUTINE IS TN PERFORM A M X N FAST FOURIER
TRANSFORM,WHERF N IS THE PNUER OF TWN
THE ZFRM=PHASE IS AT THE CENTER

COMPLEX TMPUT NDATA IS USED

Crmmmmem—

INTECER M, FILF

INTTGFER%2  BRITREV(256) 4, Mly H2,N3 N4 yN5,N6
INTEGFR%2  [1,1dy IF141F2, IP,1N,IR,IK, KK
CONPLEX Z10256)422(256) WX WYy WWeWU
COMPLEX W1(128), W2{128),W3(128)

CCVMPLEX 7(512)

LCUMMON 2

CCMANM/WRINHTZ W1 ,W2,49W3

RQUITVALERGFE (Z{1)e Z1CL) ), (Z(257),y Z2{(1))
MNl= N/2

Na= N/&4

C ==ce--

c

THE RTIGUTMNST MATRIX

( ~=ween=

50

40

Nb= N]1+1}

DO 40 J=1, N1

PEAD (FIL®™ g} 1
READ (FILF* J+N1) 22

N2= M§=J
00 50 I=1,N1
N6= T+N1
N3= N5-1

WYX= ZLUTI%W3{N3)+ Z1(N6)xW2(])
wY¥= Z1(1)*A2(ND)+ Z1(Na)*d3(1)
Wws Z2(T)3WAINI)+  T2(N6)* W2(T)
WU= L2(T)HW2(N3V+ Z2{N6)* W3{I}
L10T)= WX% W3(M2)+ WX W2(J)
Z1{ta)= WY WA(N2)+ WU& W2(J)
L2{1)= WXx W2(M2)+ WA W3(J)
L2(NO)=s WYS W2(N2)+ WU W3(J)
GOUNTINYr

WRITF(FILFY J4+M1) 22
WRITE(FILEY J) 21

CONTINULC

Commmmnn

C

THE CFMTER  MATEICFES

Commmmmmm

60

1F (N JLE. &) GN TN 122
N2 =Wy

I1=1

N3= M+

CONTITMUT

J1=2%8(1-1)

[J=T1%2

N 130 1TT=1,2

DG 120 1P=}1,11

Kik= 11

DO 130 IP=1,N2

IF = (IP=11%2%2+1R

1F2= 1F14+N

IF ( ITT .F0e. 2} IFl= N3=IF)l

PAGE 0001



FIOFTRAN

0047
3048
o049
00590
Co51
0252
0053
0054
00v%5
Q056
NJ3v7
0I5
ca59
0040
0051
002
0153
Cdoh
0065
ANGG
0057
0no6Y
0209
0070
007])

0072
0073
Q074
0075

0075
0v77
0078
0619
DIVRIY
0331
OOLN
0043
DI
0233
0036
00e7?
024310
0032
[eals Ty}
007]
QU2
0393
COV%
004s
W96
007
0C )3
0099
0100
0101

Iv 6 LEVEL

65

70

80

130

20 FFT2 NDATE = 74050
IF ( 1ITT .f0. 2) [F2= N3=[F2
REAN (FILEY IT1) 21
READY (FILF? IF2) 22
DU 80 T10Q=1,117

IK=11

Ou 80 It=1,N2

NS= (TN=-1)1xN2#2+1 L

No= MNS+%2

DG 70 1Tr"”=1,2

HX= 71 (NS)+ Z1{NG)

WY= ( ZY{(NS)~ Z1(NE)I™ HWI( IK)
avi= 72(NS5) ¢ Z22(N6) .
Wiz ( Z2(WNS)— Z2({N&) )% W1(IK}
Z1INS)= WX+ WW

Z1{NGY= WY+ WU

22(M5) = { WX=WA) W1 (KK)
L2{NG)= (WY -WUY % W1(KK)

5= N3-NG

NG= M3=MG

COMTINUFR

IK= 1K+TJ

CONTINUE

WEITF (FTLEY IF2) 22

WRITC (FILEY IFLY 11

KX= KK+1J

CONTINYE

N2= N2/2

I=1+]

IF { N2 JNRs 1) GO TN 60

Commmmm e

c

Cmmrem

122

THE LEFTMOST MATRIX

CUNTIMNUF

NG 150 1TT=1,2

Do 150 1=1,NM4

IF2= 1%2

IF)= 1F2=)

IF ( ITT JE0. ?2) IFl= N3=-IF1
IF ( ITT .EN. 2) 1F2= N3~IF2
FEAD( FILFY TFL) 70

KEAD { FILF'IF2) 22

DO 125 J=1,N4

1d= J#*2

11=1J-1

) 125 1TFR=1,2

WX= 21011+ 21(13)

W= 22(11)+ Z2(1J)

A= (TH{TJY= Z1(TTI) )% W1(Ng)
WU={22(1JY=221T11))% W1(N&)
LI{TT)= (WU=-tWW)* WL{(N4)
20010)= ( WwY-wX)* W1(N&)
L2201 = WW+ WU
= WX+ WY

CONT TNUF
WRITE(FILEY IF2) 72
WRITE(FILEY [F1) 71

18/28/16

PAGE 0002



FORTIAN

0102

0193
0124
0195
0106
0107
0108
0109
0110
0111
0112
o113
0114
6115
0116
0117
2118
0119
0120
0121
0122
0123
0124
0125
0126
0127
0129
0129
0130
012

0132

IV G LEVEL

OO0

150

20 FFT2

CONTINUFE

o o -

BIT REVERSING

155

160

165

170

1990
2900

PITOEV(})=0

N2= M
[1=N/M2
N2= M2/ 2

DO 160 I=1,11

BITOFV(I+I1)= RITREV{I)4+N2

IF (N2 JME.1) GO TO 155

0O 200 I=1,M

IfF ( RITPFVI(T) L T. I=1) GO TO 20¢
READIFILFIT) Z1

[F ( AITREVI]) .SQ.I-1) GD TD 165
READ(FILFY RITREVIII+1Y 22

DG 170 J=1,N

IF ( RITRFVIJ) +LF. J=1) GO TOQ 1
wX= 21(J)

wy= 72(J)

1J= BITPEV(J)+1

Z1(J)= 73(14)

L204)= 72019}

L1010 = wX
22{1J)= kY
CONTINYER

IF ¢ RITRPEV(I) .EQ. I-1) GO TO 190
WRITE( FILBR'BITREV(I)+1) 71
WRITE(FTLE ' T) 22

G0 TO 200 .

WRITELFILEY T) 21

CUNTIMUE

RETUPN

END

NATE = T4050

13/28/16

PAGE 0003



