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ABSTRACT  This paper outlines work in progress on modular systems for beam—
formlng ‘and signal processing The modules described were developed using
commercially available ngLuaJ LieSels circuits and the emphasis during develop—
ment has been on ease of use and overall flexibility, so that the moduvles
can be applied effeciively to a wide range of different sonar problems.

The modules themselves are essentially hardware blocks, but they are urder
the control of a microprocessor which enables the function of the module to
be microprogrammed for particular applications. The power of the system

is matched to that required for a particular application by use of a para=
liel processing architecture, so that the system can be developed cost
effectively.

1a BACKCGRGUND
Davelormenst of 3onar systams in the past has tended to fall into 4Hwo dis-—
tinct classes, T2 antil the advens of the mini-computer and L.J.:. moSsT

L] <
systems were techuclogy iimitex, and it was necessary to custom ceslsn
specific z2ardaware o:ocks wo perform particular functions. This process

was Time counsu wming =06 costuiy and, because the system requirsments varied
from one appiizawisn %o arozher, it proved difficult to.carry over nara—
ware decign Jrcm o =Thlbmc. 50 thie next. The mini-computer, and Later
the micrcprocs . d %c chanse shis in that it became possidls 3o
build fiexivility intc 3ysTemS. This resulted in a numober o7 devellpments

K

where system d=sign sTfern wag vested in the croduction o 3ysStem SOILWare.
Surprisingly these :syssems have proved to be as difficult tc develop ana
‘medity as cusisoa Aariware, possitly aue to the fact that many system =ngin-—
eers have g tasic mistrust or software, whils?i most software engliecsTs nave
limited system sxperizacs. The work described here steers a miu—course
5 cectrum, and exploits the recent asvelop—
ne

between two ends of S
ments in sechnoiogy <To perform % recuired processing funciions ia L.S.1.
circuits that operate ander simple sortware contrel in an attempt TO aenleve

the sheer p“Ob“boLPT power of custom naraware with the flexibility oI sori-—
ware based systense

The approach us2d %s 42rfine the particular hardware strucitures developed
was initially <o iefine thz system requirements in fairly broad teras.

e s
Next, varicus mewncas of realising such systems were considered, znd from
“hat tha

these the technigue shat, at that time, appeared %o be the most widsll
applicable to scrar processing, was celecteda Fractical anardware systems
were then desizned to meet shess requirements, with the emph on flexibe
ility and cosw erfsctuiveness,
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For convenience, spatial array processing and temporal signal processing
were considered separately, although as will become apparent, the above
approach leads 1o hardware structures that could fulfil both requirements,

2e BEAMPORM ING

The conventicnal beamforming problem is defined in Fig. 1, an arbitrary
array of elements receiving energy from some source. The natural output
from the array, given by the summation of all element outputs, will have
the form:=—

Z' ko £ {t+ [i‘ (v, E, A)']
= .
The beamforming problem is then apparent: the required array output

Z k. £ (1)

N

is modified by the geometry dependent delay function f(n,E,A).

This delay term must bexcancelled in order to steer the array %o loock pre-
ferentialiy in the source direction. The techniques to achieve this fall
broadly inito two classes, viz sransform oveamforming and time delay Deam—
forming. TransTorm methods include wave number and wave function analysic
as well as fresquency domain realisation of real time delay systemss

In general, the array may be of arbiirary geomeiry, often in iwo or tnres
dimensions, with non~uniform element spacings A number of individual veams
must be available to look in various directions, to provide gcod angle 37
cover as well as zood angular resolution: each beam must be independensly
steerea,; both in order to reconrigure the system and to compensate Tor array
rotion, so thal beam pointing directions can be stabilised inertially in
sSpace. In many appiications, adaptive processing must be provided to

allow cancellation of interfering sources. Whilst transform processing
provides an elegant way oI beamrorming from arrays of particular geometries,
in the general case outlinea apove it becomes less attractive; zhis is
mainly because the system compaction that can be achieved via F.F.T. pro=
cessing cannoi be applied readily to stabilised beamforming from arviirary
array geometries., In this case, the- transform approach then reauces 3o
frequency domain realisation o1 real time delay systems, ana from the

system control viewpoint, direct real time delay systems are more atvtraciiva.

2(i) Space~Time Beamrforming

The conventional method of time delay beamforming is shown in Fig,
small multibeam systems, a number of such delay/summation matrices
fed in parallel from the array, bdut this results in a highly redundant
system, due tc the number of parallel delay channels and the control system
tecomes confused when large, stabilised systems are considerede

[C2 £V
.o
"y
O

H

To simplifly hc 5 em requires a slightly different approach: consider
that all the element data from the array feeds a store that then hoids a
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running time history of the array. This store is arranged so that it maps
to the array elements directly, and the time history stored is made equel
to the acoustic array lenglhe A sample of any required beam can then be
formed by generating an address plane across the store and summing the
accessed datas

This space=-time matrix concept is easily extended to two dimensional arrays:
this is shown schematically in Fig. 3, where beams caa now be steered in
both azimuth and elevation. It can be further generalised to deal with
non=planar arrays of arbitrary geometry, eg. conformal arrays, by simply
mapping the address plane on 1o the complex array geomeiry plane, Array
motion can be sensed also, using for example a set of accelerometers, and
this data used to correct the beam address plane io compensate and inert—
ially stabilise beam poin%ing directions,

2(ii) Practical Systems

A system schematic based on the above is in Fige 4: this shows the block
diagram for just one channel of the spaoe/time store. Operation is as
follows:= at some time t_ , the store is updated with element data, written
into a location defined by the current write address. This write address
defines the"TIME NOW" plane in the store, so all read accessing 1s per—
formed relative to ite. Between write updates, samples of the correctly
delayed element data are accessed by adding a beau acdress increment, de—
fining the required element delay, to the write address for each required
output- beam sequentially. Fach output sample is multiplied by its corresp—
onding weighting coeffiedent and the result added to outputs from adjacent
channels, to form a sample of the required beam. Address increments and
weighting coefficients are conveniently read from some other storeg, adddrsssec
by a beam number., This store can be either PRCM for a fixed veam system,
or RAM preloaded with data resulting from on=line computation.

Using current generation static RAM and L.S.I., multipliers, such systems
can be readily operated at clock rates up to 10 MHz, forming ceams at the
rate ot one sample per 100 nSec, For a typical system with say 64 outpus
beams, this allows multichannel beamforming with output bandwidihs for sach
beam in excess o 50 kHze This is often well in excess of that necessary,
and this speed can be traded for system costTe

To minimise cost, 1t 1s necessary to multiplex the multiplier over as many
channels as possible: +this also reauces the amount of address generation
logic, and allows the chanzel summation function %o De perrormed seguent=—
ially using L.S.I. multiplier/accumulators. A block schematic of this
multiplexed system is in Fig. 5: operation is basically idenzical to that
shown in Figes 4, =xcept tnat address and coefficient stores are aaaressead

by a combination of element number and beam number, Purther flexicility is
achieved by using a RAM control store that can be preloaded %o define
control and timing functions in a similar manner to the micro~instruction
store in a microprocessor, This system can be produced using around 17U

DIL packages, with a maximum processing speed of typically 1CGC nSec per
element per beam. Two such systems fit on a Double Euro Card, dissipating
around 11 watts: this card will handle all the digital processing to gene= -
rate o4 half-beams from a 32 element array with an 8 kHz bandwidth,.

Larger systems zre configured by operating the necessary numcer of such
cards in parallel, togsther with a control card and microprocessor thas
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loads the individual coefficient, adaress ana control store with data Irom
on or oft=line zalculations, 1o set up ceam look Jdireciions, beam shapes,
etce The PeamIorming hardware thus 2ssentially acis as a microprocessor
peripneral sc that hardware Tunciions can be aajusted by software consrs

~“da

Je SICNASL, PROCESSING

The tfunctions required for sonar processing are numerous; they include
filtering, band sbifting, correlation, frequency analysis, etc.  Consider—
aticn of these processes indicates that they can all be achieved using a
combination of data storage, cross multiplication of data strecams by
coefficient streams and integration of multiplier products over detfined
data fields, Consequently, a genecral purpose processor can be conceived
that uses these basic hardware functionsy and that can be configured, via
software control and ccefficient stream generation, to perform the necessary
processes; this leads to a card structure similar to that descrived

in Section 2. This is shown schematically in Fig. 6. Since many charels
of identical processors are needed to process data from adjacent beams,
coefficient and control streams are common to a number of channels, and
separate on=card control and coetticient stores are not required. In=
phase and quadrature coefficient multipliers are used, so that signal band-
shifted to baseband can be processed without phase dependence,

Practical systems have been based on 12 bit parallel multiplier/accum—
ulators and static RAM, and require around 14 DIL packages. TWorking at a
5 MHz clock rate, this card can perform 1024 point running block, real
time, direct realisation of correlation and DFT with a 2.5 kHz band width,
or a tixed block 1024 point FFT in about 10 mSec, allowing real time
frequency analysis bandwidths of 50 kHz, and frequency domain realisations
of replica correlation with a 25 kHz bandwidthe

For systems use, the cards are organised on a 4 buss architecture, shown
schematically in Fige T7: this enables the required number of cards to
operate in parallel under microprocessor control., Input and output data .
highways are multiplexed in a word parallel/chamnel seriesl formaz, and
control and coefficient tusses are ccmmon to all cards, For filtering,
bandshifting and FFT analysis, a number of channels can be handled by a
single processor card; for DFT or time domain correlation analysis, one
card per beam is used,

4o SUMMARY

Some of the technigues currently in use to process sonar signals digitally
have been briefly outlined; <hey rely heavily on LeSeI. arnd TeleSele
technologies. The scale of integration available in sucn digital devices
now makes possidle sysiems that were inconceivable only a few years zz0.
For example, the complete processing for a 1000 element array with 128
output beams can now dbe housed in 6 levels of a standard 19" cabinet —
orders of magnituae smaller in size, and hence cost, than systems cvased

on MeSeIo technolopics. As a result of this, sonar processing is emerging
from the technology limitations that were inherent until recently, and

is becoming ideas limited, dowever, these systems depend on the continued
availabitity or American and Japanese device technology, as many of the
components requirea are not available from U,K. device manufacturerse
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DISCUSSION

H.J. Alker I see that you have used the TRW components
for signal processing. Could you give a comment on the
use of custom-designed components, and what is the
situation in the U.K?

T.E. Curtis The single source situation was initially a
worry, but a number of U.S. manufacturers are now in the
field. We have taken a deliberate decision to use com-
mercially available LSI components and have not pursued
custom-designed devices in the U.K. for this application.

V. Cappellini What type of microcomputer is used in the
parallel processing architecture?

T.E. Curtis The Texas Instruments TMS 9900 — mainly
because the on-chip multiply/divide was useful in many
applications, although we have now added an AMD 9522 as
a floating point processor for many arithmetic functions.

R. Seynaeve To what level do modules remain programmable?
T.E. Curtis To whatever level you need in a particular

application — for example in the beamforming case, delay
and shading can be specified for each element in each beam.
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FIG, 1 THE BEAMFORMING PROBLEM
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