
NATIONAL RADIO ASTRONOMY OBSERVATORY 

COMPUTER DIVISION 

INTERNAL REPORT #16 
February, 1974 

THE COMPUTATION OF TWO-DIMENSIONAL CONVOLUTION 

BY 

S. HUANG 



TABLE OF CONTENTS 

Page 

I. Introduction .............3 

II. Program Considerations .......5 

III. Input and Output. 5 

IV. Example of MODELB and MODELM 7 

V. Program Restriction and Modification  7 

APPENDIX I.  Program Listing 9 



I.    INTRODUCTION 

CONVOLU is a program, written in FORTRAN, which performs a 

two-dimensional convolution between two s.ets 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 is 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 (- y AX, ^ AY), (| AX, ~ AY), 

(- ^ AX, - ~ AY) and & AX, - i 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 
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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. GETBE:    GETBE is 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:   GETMAP is to get the map data.  They are 

being treated as same as GETBE with options 

of getting the data from the cards or by 

calling MODELM. 

Assuming the beam array has the size of (MO, 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). 

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.  INPUT AND OUTPUT 

The input sequence is as follows: 



Column  Format  Variable Identification 

Card 1 

Card 2 

Block of 
Card 3 

Card 6 

1-10 

11-20 

1-10 

11-20 

110 

no 

F10.0 

F10.0 

M 

N 

1-10 no Mo 

11-20 no No 

BEAM(l) 

BEAM(2) 

71-80   F10.0   BEAM(8) 

Card 4 1-10 no M2 

11-20 no N2 

21-30 no IM 

Block of 
Card 5 1-10 F10.0 MAP(l) 

71-80   F10.0   MAP(8) 

1-10 no ROWl 

11-20 no ROW2 

21-30 no COL1 

Row size of convolution array, 
power of 2. 

Column size of convolution 
array, power of 2.  Normally, 
M=N. 

Row size for the beam, even no. 

Column size for the beam, even no 

Indication of beam array input. 
If=l, read in by cards.  If=other 
no., call MODELB. 

Beam array from the cards.  They 
are read in one row at a time. 
Always starting a new row with 
a new card.  There are 8 values 
on each card. 

Row size for map, even no. 

Column size for map, even no. 

=1, read in map array 
=other no., call MODELM. 

Map array from the cards. 

They are treated same as the 

beam array. 

Starting row for printout. 

Ending row for printout. 

Starting Column for printout. 

Ending Column for printout. 

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

row by row with the size specified by (ROWl, R0W2) and (C0L1, COL2). 



The nos. ROWl, R0W2, C0L1 and COL2 are read in from Card 6.  For 

the example in section II, we could specify ROWl = 18, R0W2 = 48 

and C0L1 = 7, C0L2 = 56 which will printout the center block of 

convolution values and presumably will cover the significant parts 

of the convolution.  This is 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 
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