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ABSTRACT

An efficient approachto thedesignof a VLSI
arrayfor a prime-lengthtype III generalizeddis-
creteHartley transform(GDHT) ispresented.The
designmakes useof an appropriatedecomposi-
tion of the GDHT into two half-lengthcircular
correlationstructureshaving thesamelengthand
form that canbe concurrentlycomputedandim-
plementedon a singlelinear systolicarrayusing
someof theknown hardwaresharingtechniques.
As a consequence,a substantialincreasein com-
putationalspeedwith a simplified control struc-
tureandlow hardwarecomplexity canbeachieved,
while preservingall the advantages,suchas the
low I/O andhardwarecosts,of thecircularcorre-
lationbasedVLSI implementations.

1. INTRODUCTION

In digital signalprocessing,discreteHartley trans-
form (DHT) hasgainedan increasedpopularity
overtherecentyearsfor theprocessingof realse-
quences.Its generalizedversions,known as the
generalizedHartley transforms(GDHT) [1], have
proved to be useful in digital filter banks,signal
representation,andin thecomputationof 2D-DHT
and variouskinds of convolutions. One of the
most useful forms of the GDHT is the type-III
GDHT.

Due to the fact that the DHT andGDHT are
bothcomputationallyintensive, it is necessaryto

designefficient,dedicated,VLSI-basedhardware
structuresfor real-timeapplications.Thedataflow
playsa crucial role in determiningthe efficiency
of a VLSI implementationof a DSP algorithm.
Theuseof regularandmodularcomputationalstruc-
tures,asthoseof cyclic convolution andcircular
correlation,have proved to be an efficient solu-
tion for theVLSI implementationof variousdis-
cretetransformsproviding certainadvantages,for
example,lower I/O andhardware costs[2], [3].
In sucha case,theefficiency of theVLSI imple-
mentationcanbefurther improvedby employing
modularand regular hardware structuresof dis-
tributedarithmetic[5] andsystolicarrays[6].

Thereareseveralsoftwaresolutionsto imple-
mentGDHT but untill now no efficient hardware
algorithmseemsto have beenproposed.In this
paper, an efficient designapproachfor a VLSI
implementationof aprime-lengthtype-III GDHT
usingcircular correlationstructuresis presented.
It usesan efficient hardwarealgorithmbasedon
anappropriatedecompositionmethodof theGDHT
into two half-lengthcircularcorrelationstructures
having thesamelengthandstructure.

2. PROPOSED ALGORITHM FOR GDHT

The type-III GeneralizedDiscreteHartley Trans-
form (GDHT) of the input sequence
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is a primenumber, we cancomputethe
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In order to obtain the circular correlationstruc-
tures,we first re-orderthe input andoutputsam-
plesusingthefollowing index mappings�2!$#<%('���� !$#&%
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where � representsthe primitive root of the Ga-
lois field of theindeces,and   � Z M representsx
moduloN.

Now, we candecomposethe computationof the
GDHT into two circularcorrelationsdefinedby� c !4�2!$#<%v%('¡ � )+*I,��¢�T�. / , = 1 c !4�2!43�%v%6i 1 c !$�l!43�%v%�H&5:�8�w�E= �2!43�Ae#<%65�£wGIH
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Equations(15)and(16) representtwo half-length
circular correlationshaving the samelengthand
structureandcanbeconcurrentlycomputed.Due
to thefactthatthey havethesameformandlength,
wecanobtainasignificanthardwarereductionby
usinghardwaresharingtechniques.

3. AN EXAMPLE

In order to illustrate the proposedapproach,we
useanexamplewith lengthN=7 andtheprimitive
root g=3. In this case,we cancomputethe two
circular correlationsof length3 giving (15) and
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4. HARDWARE IMPLEMENTATION

Usingthedependence-graphbaseddesignproce-
dure[7] andthetagcontrolscheme[8] to imple-
mentthecontrolstructure,wecanobtaintwo lin-
earsystolicarrayscorrespondingto (15)and(16),
having the samestructureandlength. As a con-
sequence,a substantialreductionin thehardware
complexity can be achieved using the hardware
sharingtechniquesas employed for the systolic
arraysin [9]. Wecanthusobtain,for theexample
consideredin the previous section,a linear sys-
tolic arrayasshown in Fig. 1, wherethefollow-
ing notationshavebeenused:1 7:¬PC�' 1 !$¬w%<5��:�w�E!$¦@9<%<i 1 !§C�%<5��:�w�8!4£@9&%

; 1 7:£"?X' 1 !4£�%<5��8�@�s!�?E9<%<i1 !$¦w%(5E�8�@�E!�­s9<%
; 1 7�?w­�' 1 !�?w%(5��8�w�E!49<%(i 1 !�­w%l5E�8�w��!$¬s9&%

; 1 ;�¬PCX'1 !$¬w%(5��v�>��!$¦@9<%(i 1 !§CE%65E�v�>�I!4£w9<%
; 1 ;8£"¦�' 1 !4£�%65E�v�r��!�?s9<%(i 1 !$¦w%(5�v�>�I!�­E9<%

; 1 ;E?w­±' 1 !�?@%l5:�v�r��!49<%li 1 !�­w%I5��v�>��!$¬@9<%
;

It canbeeasilyseenfrom Fig. 1, thatall the
I/O channelsarekeptat thetwo endsof thearray
and the numberof I/O channelsand their band-
widthsareindependentof thetransformlengthN.
Also, the structureof the systolicarraydoesnot
dependonN.

Apartfrom thehardwarecorepresentedin Fig.
1, the proposedVLSI array usespre-processing
and post-processingstagesthat are necessaryto
perform the requiredconversions. The pre-pro-
cessingstageis usedto reorderandcomputethe
desiredinput sequencefor the systolic array, as
can be seenfrom (17) and (18). The post-pro-
cessingstageis usedto permutethe outputsam-
plesof the systolicarray, to recursively compute
theauxiliary sequencesin parallelusinganaddi-
tion/subtractionmoduleandalatch,andfinally, to
obtaintheoutputsequenceusingsomeadditional
modulesof addition/subtraction.Thesestagesrep-
resenta hardware overhead,but the overheadis
smallandindependentof thetransformlength.

It is notedthattheVLSI architectureproposed
in this paperhasa higherthroughputwith ahard-
warecomplexity similar to that of systolicarray
basedVLSI implementationfor DCT givenin [3].
Further, it hasalmostthe sameperformanceand
hardware complexity as that of a systolic array
basedimplementationof DCT and DST [4]. It
is importantto notethatthishardwarecomplexity
andperformanceis almostthe sameas thoseof
DCT andDSTrealizations,in spiteof thenumber

of operationsinvolvedin thedefinitionof type-III
GDHT beingtwice thatof DCT andDST.

5. CONCLUSION

A new approachto deriveasystolicalgorithmand
architecturefor aprimelengthtype-III GDHT has
beenpresented.Thisapproachhasleadto aVLSI
architecturewith anincreasedspeedof operation,
reducedhardwarecomplexity andI/O costs,and
a simplifiedcontrolstructure.Further, this archi-
tecturepreservesall the advantagesof the circu-
lar correlationandcyclic convolution-basedVLSI
implementations.Theapproachpresentedin this
paperin conjunctionwith the work containedin
[4] representsan importantsteptowardsan uni-
fiedVLSI implementationof DCT, DSTandDHT.
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Figure1: Thelinearsystolicarrayof thecorehardwareof theproposedVLSI arrayfor GDHT.


