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ABSTRACT

An efficient approacho the designof a VLSI
arrayfor a prime-lengthtype lll generalizedlis-
creteHartley transform(GDHT) is presentedThe
designmakes use of an appropriatedecomposi-
tion of the GDHT into two half-length circular
correlationstructureshaving the samelengthand
form that canbe concurrentlycomputedandim-
plementedon a singlelinear systolicarray using

someof the known hardware sharingtechniques.

As a consequencey substantialncreasan com-
putationalspeedwith a simplified control struc-
tureandlow hardwarecompleity canbeachiered,
while preservingall the advantagessuchasthe
low I/0O andhardwarecosts,of thecircularcorre-
lation basedvVLSI implementations.

1. INTRODUCTION

In digital signalprocessingdiscreteHartley trans-
form (DHT) hasgainedan increasedoopularity
overtherecentyearsfor theprocessingf realse-
guences.lts generalizedversions,known asthe
generalizedHartley transformgGDHT) [1], have
provedto be usefulin digital filter banks,signal
representatiorgndin thecomputatiorof 2D-DHT
and variouskinds of convolutions. One of the
most useful forms of the GDHT is the type-llI
GDHT.

Due to the fact thatthe DHT and GDHT are
both computationallyintensie, it is necessaryo

designefficient, dedicated\VLSI-basedhardware
structuredor real-timeapplications. Thelataflow
playsa crucialrole in determiningthe efficiency
of a VLSI implementationof a DSP algorithm.
Theuseof regularandmodularcomputationastruc-
tures,asthoseof cyclic convolution andcircular
correlation,have proved to be an efficient solu-
tion for the VLSI implementatiorof variousdis-
cretetransformsroviding certainadvantagestor
example,lower I/O and hardware costs[2], [3].
In sucha case the efficiency of the VLSI imple-
mentationcanbe furtherimproved by employing
modularand regular hardware structuresof dis-
tributedarithmetic[5] andsystolicarrays[6].

Thereare several software solutionsto imple-
mentGDHT but untill now no efficient hardware
algorithm seemsto have beenproposed. In this
paper an efficient designapproachfor a VLSI
implementatiorof a prime-lengthtype-11l GDHT
usingcircular correlationstructuress presented.
It usesan efficient hardware algorithm basedon
anappropriatelecompositioomethodof the GDHT
into two half-lengthcircularcorrelationstructures
having the samedengthandstructure.

2. PROPOSED ALGORITHM FOR GDHT

The type-Ill GeneralizediscreteHartley Trans-
form (GDHT) of the input sequencqz(i) : i =
0,...,N — 1} is definedas[1]:



N-1

Yir(k) = Z (i) - cas[(2k + 1)ia] 1)
where,a = %, andcas(0) = cos(6) + sin(6).

If N > 2is aprlme number we cancomputethe
type-Ill GDHT usingthefollowing equations:

Yir(0) = z(0) + Ho(0) + Hs(0) )
Yi(k) = z(0)+ Ho(k) + Hs(k) ®3)
Yiin(N—k) = z(0)+Hcg(k—1)—Hs(k—1) (4)
k=1,..,(N—1)/2.
Theauxiliary outputsequences
{Ho(k) :k=1,...,(N—1)/2}
{Hs(k): k=1,...,(N—1)/2}
canbecomputedecursvely as
Ho(k) = 2-To(k)— Ho(k—1) (5)
Hs(k) = 2-Ts(k)+ Hs(k—1) (6)
k=1,..,(N—-1)/2.
with
(N=1)/2
Hc(0) = Z [zc(¥(d) — zo(4(9))] @)
(N-1)/2
Hs(0) = Z [zs(1(3)) — zs(8(i))] ®)
where
zo(i) z({(#)) - cos(2ia] )
zs(1) = z(¢(?)) - sin[2iq] (10)
k=1,..,(N—-1)/2

In orderto obtainthe circular correlationstruc-
tures,we first re-orderthe input and outputsam-
plesusmgthefollowmg index mappings

B (k) if p(k) < (N —1)/2
P(k) = { i(k + (N —1)/2) ot(ﬁerwise (1)

if (k) > (N —1)/2

_{ #k)
o (k) —{ o(k+ (N —1)/2) otherwise (12)
ok) = <g">v (13)
(k) = <2 >y (14

where Ig representshe primitive root of the Ga-
lois field of theindecesand< = >y represents
moduloN.

Now, we candecomposehe computationof the
GDHT into two circu arcorrelationgdefinedby
To(p(k)) =
Y o) — zo($(0))] - cos[i(i + k) - 4a] (15)
Ts(yp(k)) =
STV 2 [es (9(6) — 25 (6(3))] - cos[th(i + k) - 4a] (16)
k=1,..,(N—-1)/2

Equationg15) and(16) representwo half-length
circular correlationshaving the samelength and
structureandcanbe concurrentlycomputed Due
to thefactthatthey havethesameorm andlength,
we canobtaina significanthardwarereductionby
usinghardwaresharingtechniques.

3. ANEXAMPLE

In orderto illustrate the proposedapproachwe
useanexamplewith lengthN=7 andthe primitive
root g=3. In this case,we can computethe two
circular correlationsof Iength3 giving (15) and

(16) in theform
Tc(3) cos(4a) cos(2a) cos(6a)
|: Tc(2) :| = |: cos(2a) cos(6a) cos(4a) ]
Tc(1) cos(6a) cos(4a) cos(2a)
[ x(6) - cos(3a) — z(1) - cos(4a)
z(4) - cos(2a) — z(3) - cos(ba) }(17)
z(2) - cos(a) — z(5) - cos(6a)

Ts(3) [ cos(4a) cos(2a) cos(6a)
Ts(2) = cos(2a) cos(6a) cos(4a)
|: Ts(1) ] | cos(6a) cos(4a) cos(2a) :|

z(4) - sin(2a) — z(3) - sin(5a)

l z(6) - sin(3a) — (1) - sin(4a) :|
(18)
z(2) - sin(a) — z(5) - sin(6a)

wherea = 2a. We canrecursvely computethe
samplesf theauxiliary outputsequences

{Ho(k) : k=1,...,(N —1)/2}
{Hs(k):k=1,...,(N —1)/2},

andfinally, the outputsequencelsmg(Z) (4)as

[ Y1:1(0) z(0) + He(0) + Hs(0) T
Yir(l) | _ | =(0)+ He(1) + Hs(1) (19)
Yrr1(2) z(0) + Hc(2) + Hs(2)
| Y1rr(3) | | z(0) + Ho(3) + Hs(3) |
I Yi11(6) i [ z(0) + Hc(0) — Hs(0) T
Yirr(5) | = | =(0)+ He(1) — Hs(1) (20)
| Y111(4) i L $(0)+HC(2)—H5(2) i




4. HARDWARE IMPLEMENTATION

Using the dependence-gragdiaseddesignproce-
dure[7] andthetagcontrolschemd8] to imple-
mentthe controlstructure we canobtaintwo lin-

earsystolicarrayscorrespondingo (15) and(16),
having the samestructureandlength. As a con-
sequencea substantiateductionin the hardware
compleity can be achieved using the hardware
sharingtechniquesas employed for the systolic
arraysin [9&. We canthusobtain,for the example
consideredn the previous section,a linear sys-
tolic arrayasshowvn in Fig. 1, wherethefollow-

ing notationshave beenused:

zc6l = z(6) - cos(3a) —z(1) - cos(4a); xcd2 = z(4) - cos(2a) —

z(3) - cos(ba); £c25 = x(2) - cos(a) — z(5) - cos(6a); xs61 =

z(6) - sin(3a) — (1) - sin(4a); £s43 = z(4) - sin(2a) — z(3) -

sin(ba); £$25 = x(2) - sin(a) — z(5) - sin(6a);

It canbe easilyseenfrom Fig. 1, thatall the
I/O channelsarekeptat thetwo endsof thearray
andthe numberof I/O channelsandtheir band-
widthsareindependentf thetransformlengthN.
Also, the structureof the systolicarray doesnot

dependonN.

Apartfrom thehardwarecorepresenteadh Fig.
1, the proposedVLSI array usespre-processing
and post-processingtagesthat are necessaryo
perform the requiredcorversions. The pre-pro-
cessingstageis usedto reorderand computethe
desiredinput sequencdor the systolicarray as
can be seenfrom (17) and (18). The post-pro-
cessingstageis usedto permutethe outputsam-
plesof the systolicarray to recursvely compute
the auxiliary sequences parallelusingan addi-
tion/subtractiormoduleandalatch,andfinally, to
obtainthe outputsequenceisingsomeadditional
modulesof addition/subtractionThesestagesep-
resenta hardware overhead but the overheadis
smallandindependenotf thetransformlength.

It is notedthatthe VLSI architecturgproposed
in this paperhasa higherthroughputwith a hard-
ware compleity similar to that of systolicarray
based/LSI implementatiorfor DCT givenin [3].
Further it hasalmostthe sameperformanceand
hardware compleity as that of a systolic array
basedimplementationof DCT and DST [4]. It
is importantto notethatthis hardwarecompleity
and performanceas almostthe sameas thoseof
DCT andDSTrealizationsjn spiteof thenumber

of operationsnvolvedin thedefinitionof type-lll
GDHT beingtwice thatof DCT andDST.

5. CONCLUSION

A new approacho derive asystolicalgorithmand
architecturdor aprimelengthtype-11l GDHT has
beenpresentedThis approacthasleadto aVLSI
architecturavith anincreasesgspeedf operation,
reducedhardware compleity and1/O costs,and
a simplified control structure.Further this archi-
tecturepreseresall the advantagesf the circu-
lar correlationandcyclic corvolution-based/LSI
implementationsThe approachpresentedn this
paperin conjunctionwith the work containedin
[4] representan importantsteptowardsan uni-
fied VLSI implementatiorof DCT, DSTandDHT.
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PE3 [* PE2 [* PE1
< < «——
< < l——
0
- - - |- - < - - --]-- - -,
Ts(1) Tc(1) 0 c(4a)xc61xs61
Ts(2) Tc(2) 0 c(2a)xc43xs43
Ts(3) Tc(3) 1 c(6a)xc25xs25
Ts(1) Te(1) 0 c(4a)xc61xs61
Ts(2) Tc(2) 0 c(2a)xc43xs43
Ts(3) Tc(3) 1 c(6a)xc25xs25
@
Xi2'
Xi i xel <= xel; xe2'<=xe2,;
I tc'<=tc;
X2 «— e Xe2
Xel' <+«—— l« Xxel if tc = 1 then
, Xil' <= xel ; xi2' <= xe2;
C «-— le—— C
y2' +—— PE e— Y2 yl' <=yl + xel*c;
yl <— . y1 y2'<=y2 + xe2’*c;
IC <----1 - - - -- tc else

xil' <= xil ; Xi2’ <= xi2 ;

yl' <=yl + xil*c;
y2' <= y2 + Xi2*c;

end

(b)

Figurel: Thelinearsystolicarrayof the corehardwareof the proposed/LSI arrayfor GDHT.



