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1 INTRODUCTION

Digital correlators for fringe detection and spectroscopy 1in
radio astronomy operate on one or two input streams of data
samples. The correlators may be arranged in two-dimensional
. arrays, e.9.., in order to use slow logic elements to process
fast data streams. This paper develops some general ideas of
how to make use of arrays of correlators,

2 BASIC CONCEPTS

Elementary Correlator - An elementary correlator accepts two
data streams, multiplies them sample by sample, and accumulates
the result for a specified integration time, For the purposes
of this memo, the data sample resolution (number of bits/sample)
is arbitrary, as are the details of the multiplier and
accumulator. Symbolically, the elementary correlator computes
the function )

r(X.Y) =Z ¢ XC[il * YLil )

over the integrati&% period, In schematic form +the elementary
correlator may be drawn as in Fig. 1,

. % Accumulator

Fiq. 1. Element orrelat

Correlator Array - Elementary correlators may be connected in a
2-dimensional scheme called a correlator array. The location of
an elementary correlator specifies its input data streams, An
N x N array may be written
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( r(X1,Y1) r(X2,¥1) ... v(XN,¥1) )
( r(X1,Y2) r(X2,Y2) ... r(XN,Y2) )
R(X,Y) = ( ® @ ces oo )
( N )
( )

T(X1.YN) r(X2.YN) ... r(XN,YN)

Equivalently, an array may be drawn as in Fig. 2,
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Eig. 2. Correlator Array

Arrays of correlators are convenient, particularly in VLSI
implementations, =since the number of inputs (N) rises only with
the square root of the number of elementary correlators. (In
this memo we always deal with square correlator arrays.,)

Serial-to-Parallel Converter - A fast stream of data samples may
be divided into N streams clocked at 1/N times the input clock
rate. The serial-to-parallel converter is represented by the
function

P(i,j) = X(N*i + j): j=20,1,...,N-1
where i is the "word number” of the parallel output, and i

specifies the sample within word i. 1If N=4, the output words
consist of

£X(0), X(1), X(2), X(3)1 Word 1
E£X(4), X(5), X(6), X(7)] Word 2
etc.

The input data stream is broken into four streams each
containing every fourth sample. The output streams are clocked
at 1/4 of the input clock rate. A typical schematic of a serial
to parallel converter is given in Fig. 3, Each signal path is n
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bits wide, where n iz the number of bits per sample.
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Fig. 3. Serial-to-Parallel Convertor

Bandwidth Multiplication - A correlator system running at S
multiplies/sec can be realized using elementary correlators
.running at S/F multiplies/sec through the technique of Bandwidth
Multiplication (BWM). The ratio of clock rates, F, is the
Bandwidth Multiplication Factor. 1In convenient implementations,
F will be a power of 2, Thus some number of 10 MHz elementary
correlators may be connected to realize a 40 MHz correlator
system with a bandwidth multiplication factor of 4,

A bandwidth multiplication (BWM) correlator can be made from two
serial-to-parallel converters and a correlator array. A
schematic for a simple BWM correlator operatlng at 40 MHz with a
BWM factor F=4 might resemble Fig., 4,
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- Eig. 4. Simple BW Multiplying Correlator
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The X and Y input streams are divided into four 10 MH:z
streams each. and all crossproducts are taken in the correlator
array. The products that are realized are

r(X1,¥1) r(X2,Y1) r(X3,Y1) r(X4,Y1)
r(X1.Y2) r(X2,Y2) r(X3,Y2) r(X4,Y2)
r(X1,Y¥3) r(X2,Y3) r(X3,Y3) r(X4,Y3)

r(X1,Y4) r(X2,Y4) r(X3,Y4) r(X4,Y4)

R(X,Y¥)=

o~~~
N N N Nt

Every 100 nz, a new set of products is taken with .independent
data.

Except for the diagonal elements, the correlations are
taken between "lagged” (delayed) samples. 1f we organize R(X,Y)
by lag, we see that lags are not equally represented in the
array.

LAG
-3 -2 -1 0 +1 +2 ' +3
r(X1,Y1)
r(xi,v2) r(X2,Y1)
r(%1,Y3) r(X2,Y2) r{(X3,Y2)
r(xi,y4) r(x2,Y3) r(X3,Y2) r(X4,.Y1)
r(X2,Y4) r(x3,Y3) r(x4,Y3)
r(X3,Y4) r(x4,Y3)
r(X4,v4)
1 2 3 4 3 2 1

NUMBER OF PRODUCTS

This triangular weighting of products by lag is a characteristic
of BWM using square arrays. Since the next data word (group of
4 samples) will be independent of the current one, the "missing”

products cannot be filled 1in, A trapezoidal array would be
required to provide equal lag weighting, but such an array is
relatively awkward to implement, In many cases, triangular

weighting can be tolerated: it corresponds to a windowing
function when an Fourier transform is calculated, leading to a
relatively low-sidelobe "beam”, [gin(x)/x]*¥*%¥2 "sinc squared”, in
the frequency domain. '

A "Compound BWM Correlator Array"” may be constructed from

square correlator arrays. Array inputs are delayed by a number
of samples equal to F, the BWM factor, or one “word", For
example, three 4 x 4 correlator arrays may be connected

according to Fig, S
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In this case, the gpan, the maximum lag range, is extended
to +/- 7 samples. Moreover, the cover, the range of uniformly
weighted lags, is +/- 3, A symmetric "L" shaped array gives
symmetric lag coverage, as indicated in Fig, 6.
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In a more general scheme, Lx+Ly-1 N x N correlator arrays
may be connected as shown in Fig. 7, This compound array will
cover +/- F*(Lx+Ly) lags uniformly and span +/- F¥(Lx+Ly+2).






