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On va présenter les transformations de
17indice nouveaux afin d évaluer la trans-
formation de Fourier descr&te /TFD/ d une ou
de deux dimensions de sorte qu on peut uti=
liser les algorithmes pour des procgressions
courtes. L avantage principal des cettes
transformations de 1 indice sont les permu-
tations identiques du signal & 1 entrée et
la sortie. Cela méne a la réduction de la
mémoire ROM comme' de codage aussi bien de
décodage ou de la longueur du programme en
cas d une réalisation en software. Un ex-
ample d une réalisation sur un processeur du
signal de la TFD comprenante de 1386 échan-
tillons est discuté. '

1. Introduction

Many modern Discrete Fourier Transform
/DFT/ algorithms use a computational scheme
in which large one- or two-dimensional input
and output sequences are transformed into
multidimensionai ones so as the DFT algo-
rithms of short modules can be used [1, ﬂ .

In most cases, the so called index
transforms or mappings are used for nesting
these algorithms. Usefulness of these trans-
forms is based on the following facts: )
- One- or two-dimensional DFT can be conver-

ted into multidimensional DFT

- Multidimensional DFT can be computed
through one-dimensional DFTs of short
rnodules.

- There are very sophisticated algorithms
computing DFTSs of short modules, see e.g.
[3].

For illustration, Fig. 1 shows the con-
putation of 20 point DFT throuch the compu-
tation of two-dimensional 4x5 point DFT.

From Fig. 1 it follows that the mapping
of a sequence x we denote as a composition
x o £ where f denotes an index transform which
maps a two-dimensional index set into a one-
dimensional one according to equation u =

=<5vl+4v2 >20’ where <a>b denotes resi-
due of a modulo b. Similarly, g(vl,v,) —

=1 => u = <5V1+16V2 >20.

The new index transforms are presented
for computation of one and two diemnsional
discrete Fourier transforms /DFT’s/ so as the
DFT algorithms of short modules can be used.
The identical permutations of samples on the
input and the output are the main advantages
of the presented index transforms. It leads
to the reduction of either coding/decoding
ROM memory or program length if software
realization is used. An example of the imple--
mentation of 1386 point DFT on signal proces:-
sor is discussed.
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Fig. 1 Computation of 20-point DFT through

two-dimensional 4x5 point DFT. Index
transforms f, g based on CRT.

The situation in Fig. 1 can be mathemaﬁically
expresséd by the following equation
DFT, (x o £) = DFT (x) o g (1)

Where I, J denotes the index sets.

It is well known, see e.qg. [4] that for
the construction of functions £, g the Chi-
nese Remainder Theorem CRT can be used,
which was used in Fig. 1 as well. On the ex-
ample of the two-dimensional index set I and

one~dimensional J Burrus in [l] showed, among
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others, that the class of functions f, g sa-
tisfying (1) is wider than the CRT describes.
In [5] general eguations were derived which
describe all the functions satisfying (1) for
arbitrary dimensions of I and J. This general
description makes it possible to f£ind index
transforms satisfying the following addition-
al condition

f=g, (2)
which is equivalent to the identical permu-
tations of samples on the input and the out=-

put. Fig. 2 demonstrates such a case.
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Fig. 2 Computation of 20-point DFT using

identical index transforms

This equality results in the reduction of the
capacity of a ROM coding memory defining the
correspondence between addresses of samples.
This reduction is one of the major advantages
of using such index transforms. Similar re-
sults are not available in CRT indexing
scheme.

To find index transforms satisfying (1)
and (2) one must solve congruences from [5].
Unfortunately, the general method for solving
them does not exist. For practical applicat-
ions it is necessary to restrict a general
problem on special cases. In this contribut-
ion we give index transforms satisfying (1)
and (2) which map a one- or two-dimensional
index set I into a multidimensional index set
J. Further, the advantages following from us-
ing such transforms on signal processors will
be discussed.

In the sequel, index transforms £, g
will be denoted by objective symbols
M—N x...an and MxM-e-le...an and, due to

1
equality (2), symbol f will only be used.

2. Index transforms of the type M+>le...an

These index transforms can be described

by the following equations
LM
f(vl,...,vn)=u = u=<jzl I\I_; gjvj >M (3)

1 = i
where M N;...N_ and constants Ej satisfy

the following quadratic congruences

g? %T = 1(mod Nj) , J=1,...,n (4)
J
If we consider only the known short DFT Wino-
grad approach modules 2, 3, 4, 5, 7, 8, 9,
16 and large modules 11, 13, 17, 19, 15
published in [6] we get 71 such index trans-
forms. In the following Table 1 we give some
of them.

Table 1
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3. Index transforms of the type

MxM —»N._x...xN
1 n

The existence of such index transforms
satisfying (1) and (2) and their results are
dependent on the dimension n. We can differ
some subcases.

3.1 MxM—> leNsz3

In this case there exist index trans-
forms if and only if they can be expressed

“BYXUBY —> dBx <P XY

where o, @3, ¥ are mutually prime integers and

in the form
hence, N. are composite numbers. Consequently,
the use of DFT modules mentioned above would
not be simple.

3.2 MXM~e>NlXN2XN3XN4

If we want to get solutions where Nj are
not composite, we must suppose the transforms

B X B —= ol XL x Bx f3
are mutually prime. Then, the

of the form
where o, ﬂ

index transforms have the form:

f(vl,vz,v3,v4)=(ul,u2> =)

u1=<3(§11vl+ §21v2) + of (~§31V3+ ilv4)}(p

uzzé(flz"ﬁ B v+ d( vyt §42V4)2ﬁ

Integers «§ij

congruences:

satisfy the following system of
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AL &) =1mods)  p(E+ E5) = 1 (mod 8)

BB+ Ep)=1(mode)  B(Epyr Eap) = 1 (mod @)
5,500+ 5,5, 0(modx)  BsyByst Eg9 Eyp=0(mod B)

In the next Table 2 we give a selection of
these transforms which use the DFPT modules
mentioned above.

Table 2
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3.3 Mﬂﬂ—)NlX...an '

In this case some of the integers Nj are
always composite. Consegquently, DFT modules

mentioned above cannot be simply used.

4. Implementation of 1386-points DFT on

signal processors

The index transforms proposed in previ-
ous chapters have an excellent feature name-
ly the identical coding and decoding scheme.
It leads to reduction of either coding/decod-

ing ROM memory or program length if software

realization is used. An additional feature of

index transforms is their inherent paralelism.

In the following paragraphs we shall in-
troduce an example of 1386-points DFT compu-

tation and illustrate the proposed procedure.

4.1 Ingexing scheme and computation steps

Figure 3 shows the three steps of com-

putation.

rInput seqqencgﬂ I—iOutput seq%%encell

- DFT 1386 Decodi
CodLh?’ ecoding|
'»;—J—|> Computati .
f: x+—>RAM P‘Lyq °"=Df=PAMH>gV
DFT 1,9,1,2 :
| 1-st step , 2-nd step |, 3-d step

| 1 t 1

In the first step the input sequence x is co-

ded to the control processor RAM memory. Then
the 1386-points DFT is computed by means of
short DFT modules 11, 9, 7 and 2. Finally,

the results are decoded to the output sequen-~

ce Y in natural order.

The coding/decoding scheme is identical

and is given by eguation

‘)‘L\/

u = <693vl+990v2+1232v3+1008v4 1386

This equation is derived by substituting con-
stants E , jé, jé, §, from table 1 to equat-
ion (3). As a result of coding the input one
dimensional sequence x is a four-dimensional

sequence x ¢ £ depicted in Fig. 4.
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Mapping by index transform and data
reading/writing for short DFT’s

Fig. 4

after coding the computation of short DFT’s
can start. The order of their using is arbit-
rary but each transform must process all sam-
ples. From Fig. 4 it follows that DFT 11 will
be computed 126 times, DFT 9 154 times, DFT 7
198 times and finaly DFT 2 693 times.
The inherent paralelism of the index

transforms makes it possible to use different
computation structures. They will be given in

the next paragraph.
4.2 Structures

The simplest computation structure shown
in Fig. 5 is the serial one, which includes
one control processor with enough RAM memory

and one signal processor.

Control Signal
processor K—=) processor
RAM (¢P) (SP)

Fig. 5 S8erial structure

The signal processor contains programs for
computing short DFT’s of the length 11, 9, 7
and 2. The computation is carried out by
transferring short sequences from CP to SP,
reading results from SP and writing them in
original places.

This structure can be modified by using
several signal processors in parallel. As a
result the computation time will be shortened

if a fast enough control processor is used.

The previous structure has one disadvan-
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tage concering signal processor’s program
length. Each processor contains a program for
all short DFTS and thus the overall program
length is large. This problem can be over-
come by considering another parallel struc-
ture /see Fig. 6/ in which only four signal

processors are used.
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Fig. 6 Parallel structure with 4 signal pro-

cessors and their timing diagram

Zach of them is equipped with a program for
computation of one short DFT. As a result
signal processors have simple software and
they can work simultaneously. Fig. &6 shows
one possible organization of the computation.

Processor SP1 starts the computation of
DFT 11 in the submatrix'(vl,vz) = (0,0). After
completion the same block is processed with
SP2 while SPl continues with submatrix (0,1).
It is worth noting that while SPl is process-
ing submatrices (0,0)—(0,6) SP2 is computing
DFT7 simultaneously on submatrices (1,0)-(1,6).
From time interval 9 all processors are work-
ing because SP4 is computing DFT 2. The 1386-
points DFT is ready after computing all short
DFTS. It takes 15 time intervals.

4.3 Signal processor considerations

At present, many types of single chip
signal processors are available. They differ
in complexity, memory capacity, arithmetic
etc. The /uPD 7720 from NEC is one of the
widely used signal processors. It has modern
highly parallel internal architecture, power-
ful arithmetic unit with hardware multiplier
and bus oriented I/0O interface. Because of
limited RAM memory capacity this processor
should be supported by a control processor.

To implement the proposed procedure on
signal processors includes the following
tasks:

1. design a proper timing

2. write a communication program between CP
and SP for data transfer

3. write programs for short DFTs computation
with modules 11, 9, 7 and 2.

The first two tasks are rather easy and with
the available 8 or 16 bit microprocessors

they can be easily realized. The third task
consists of writing effective programs for
computation of short DFT&s. On the effectivness
of these programs depends the final computat-
ional time.

5. Concludihg remarks

In this contribution we apply the theory
of index transforms [5] for computation of DFT
in the case of one and two-dimensional input
seqguences. Tables 1 and 2 contain some new re-
sults which allow one to design index trans-
Zorms satisfying the additional condition (2)
very easily.

It is well known that the computational
scheme considered here is very simple and
rakes it possible to use very powerful DFT
algorithms of Winograd approach.

The main advantages of the presented in-
dex transforms follow from the fact that
among other index transforms which allow us
to use short DFT modules for computation of
large DFTS, index transforms presented here
save the ROM memory capacity due to the iden-
tical permutations of samples on the input
and the output.

Modern signal processors have a suffi-
cient capacity of ROM and DROM memory on a
chip and then the use of a control processor
is not necessary. Further, programs for short
DFT algorithms of Winograd type are larger
than those for the well known Cooley-Tukey
algorithms. For example, the computation of
8-point DFT by Cooley-Tukey algorithm requires
about 450 instruction cycles and a program has
50 instructions while 7-point DFT by Winograd
approach requires about 250 instruction cycles

and a program has about 250 instructions.
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