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Abstract

The concern of the paper isto use novel gpproach to identify the signal. The approach
represents the relation ship between the input and output through the systolic array
structure, and drivers the relation directly from the transfer function of the digital filter, so
that signal identification can be effectua in rea-time. The paper proposes a one-dimension
(1-D) systolic array architecture of infinite and finite impulse response (IIR &FIR) digital
filters. The proposed architecture is employed in real-time signal identification .This was
verified after the identification process of the signal in rea-time by applying the proposed
structure in simulink.
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1- Introduction

Recently, digita filters have been widely
researched in a variety of digital signal
processing (DSP) applications, such as
signal identification [1-4]. Although 1-D
digital filters can be simulated on a
genera-purpose computer, it seems
unlikely to process input signals in real-
of

time due to a large amount

computation. Therefore, a specific
application integrated circuit realization
of 1-D digita filters appears. One of the
designs that play an important role for
the most attractive structures for a VLS

design is the systolic array architecture

[5-6]. It is characterized by
synchronization, a high degree of
modularity and  regularity, local

broadcast/communication, concurrency,
and extendibility. When a large number
of processing elements (PEs) work
together, data communication becomes
more significant. In recently developing
VLS| technologies, the global broadcast
makes a

significant impact upon speed in the
the loca

circuit level. Therefore,

broadcast of systolic arrays is
advantageous in reducing the global
broadcast impact. Systolic architectures
for digital filters have existed in [7]. It is

observed here that the input and the
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output signals globally broadcast among
the existing structure. The paper is
organized as follows: The 1-D systolic
digital filter architecture with global
broadcast is proposed in section 2. The
results are tabulated in terms of global
broadcast, the input data are fed in one
value at a time, and broadcast to al the
processing elements in row-wise. At the
end of each derivation, concisely is
shown the Simulink diagram that shows
the of the

presentation signal

identification process.

2- The Systolic architecture design of
1R
The general transfer function of a 1-D

lIR digital filter can be represented as [8]

N
daz
H(2 = 1)
1- § bz’
i=0
where b, =0,a s well as b are

filter’s coefficients. To demonstrate
the design procedure, the order of the
lIR digital filter will be assumed to be
(2). The 1-D filter is given by Eq.(1),
which can be expressed in recursive
form as:

y(n) =a ax(n-i)- a by(n- ).

i=0 i=1

(2)
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The redization procedure is as given
below:

1- Referring to EQ.(2), it can be rewritten
for N=2 asfollows:

y(n) =a,x(n) +a,x(n- 1)- byy(n- 1) +
a,X(n- 2)- b,y(n- 2)
©)
2- The expression for y(n) can be
realized as shown in Fig.(1). The
structure of the processing element (PE)
isshownin Fig.(2).
3- Assuming the sequence of input data
isasfollows:
Xos X1y Xy 1oy Xy - (Where M is the row
size of the 1-D input data).
after each clock.
At time
1oy, =8y, Y= aX,, Yl=a,x,
(4)
Attime2: Y, =ax-hy +ax,
y=ax - by, +a,%, yl=a,x
(5)
Attime3: y, =a,x, - by, + Y,
=8, - by, tax - by, + &%,
=(@X; X +a,%) - (by, +b,Y,)
(6)

etc.
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Fig.(1)Redlization of 1-Dsecond order
IR filter.
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Fig.(2) The processing element
realization

The modularity of the systolic structure
is clear, since the requirement of
modification to accommodate higher
order filters is only an increase in the
number of PE's.

The readlization of the designed filter is
illustrated in Fig.(3). This was achieved
by using the simulink package. The
result is shown in Fig.(4). The output for
asine input

from the signal generator is the same as
the input. This has been obtained after
suitable choosing of the coefficients of
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the filter. In this case, the principle of

trial and error technique was used.

The PE’s in Fig.(5) are identica in the
design, and the structure is highly
modular. Hence, in order to help the

structure accommodate higher order

filters, the addition of more PE’s is
required.
g
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Fig.(3) Smulink realization of the
systolic structure of 1IR filter

3- The systolic architecture design of
EIR

Now, the 1-D FIR redlization procedure
will be presented under systolic
implementation. The genera transfer
function of a 1-D FIR digital filter can
be represented as well.

d & \ L a
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e

Fig.(4) The result of the lIR systolic
realization
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H(2=aaz' (7

i=0
The 1-D FIR digital filter given in Eq.(7)
can be expressed in recursive form as
follows:

y(n) =4 ax(n- i) (8)

i=0
0000
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Fig.(5) The Expandable property of the

systolic array implementation.

The redization of the 2™ order filter
(N =2) isused to identify the signa in
real-time, and it isimplemented by using
simulink. The realization of a 1-D 2™
order FIR filter is shown in Fig.(6). The
structure of a processing element is
shown in Fig.(7). Again, the sequence of
input data as X, X, X,,...,Xy ., Where
M isthe row size of the 1-D input data,
is assumed.
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Fig.(6) Realization of a 1-D 2" order
FIR filter
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Fig.(7) The structure of the processing
element of the FIR filter

The realization procedure follows the
same steps as that for y(n) and are given
below:

TIMEL Yy =8,X,,Y:=&Xg, ¥, =
9)

aZXO
TIME2 y,=a,X,+Y; =a,X,+ & X,,
y;l.:alxl+y_jl.‘:a1X1+a2X0’y.j|.‘:a2X1

(10)
TIME3 y,=a,X,+aX,+a,X,, Y,=
a1X2+y_jI.‘:a1X2+a2X1’y_jl.‘:a2X2 (11)
TIME4 y,=a,X,+a,X,+a,X,,Y,=

aX,+a,X,,y, =a,X, (12)

TIME5 y,=a,X,+aX,+a,X,,Y,=
axX,+a,X;, Y, =a,X, (13)
etc.

The above structure is realized under
simulink as shown in Fig.(8). The output
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from the circuit is the same as its input
signal shape after tuning the coefficients
of the filter by trial and error principle,
as shown in Fig.(9).
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Fig.(8) Simulink implementation to the
FIR filter.

Fig(9) The actua and identified response
to the time based signal for FIR filter.

4- Signal Identification

As

identification process

a practica example, the
is formulated
using the state space approach in which

the system is described by a set of
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variables known as the state. The state
contains al the information regarding
the system at acertain point in time. This
information should be the least amount
of datathat is required to know about the
past behavior of a system in order to
predict its future behavior. Hence, the
future state outputs may be deduced
given the present and future values of the
Then,
realized by using the simulink package,

input. this architecture was
together with one of the designed filter,
e.g. the FIR filter. The output of the
gathered system gives an identification
to the systems’ state. The proposed
structure for both digital filters can be
real the

identification process, as well. Fig.(10)

implemented in time to
illustrates the simulink implementation
of the given system. It was gathered with
FIR digital filter design under systolic
array structure. Fig.(11) demonstrated
the resulted identified output together
with the inputted state. It isclear from all
that the

the

these plots, proposed

architecture  gives correct

identification process to the input.
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Generic State Space System
Matrices AB,C, and D are generated using stategen_initm

= B
Y=ty ]

State Spaoe Model
(matives defned n
Wotspate)

Fig.(10) An example to demonstrate
the capability of the designed filter in the
identification process.

HCA 1 o B Rl e

Fig.(11) The actual and the identified
state of the example using the FIR
systolic filter .



IJCCCE, No.1, VOL .5.2005 Systolic Digital Filter Architecture for Signal
Identification



IJCCCE, No.1, VOL.5.2005

References

[1] Gomes J. and Velho L., ”Image
processing for computer graphics”,
Springer-Verlag New Y ork, Inc., 1997.

[2] Gonzdez R. C. and Woods R.E.,
“Digital image processing”, Addison-
Wesley Publishing Company, 1992.

[3] Ifreachor E.C. and JervisB.W.,
“Digital signa processing, a practical
approach”, Addison-Wesley, 1996.
[4] Proakis J.G. and Manolakis D.G.,
"Introduction to digital signa

[5] Kung H. T., “Why systolic
architectures?’, IEEE Computer, vol. C-
25, pp.37-46, Jan. 1982.

[6] Pirsch P., Architecture for digital
signal processing”, New Y ork: Wiley,
processing”, Macmillan Publishing
Company, 1988.

[7] Lampropoulos G.A. and Fahmy M.M,
“A new realization for 2-D didital filters”,
IEEE Trans. On ASSP, vol. 35, no.4,
April, 1987.

[8] Dahnoun N., “DSP TMs320C6000
platform”, Prentic Hall, 2000.

University of Baghdad / Baghdad, IRAQ

65

[9] Dahnoun N., <’DSP TMs320C6000
platform’” | Prentic Hall,2000.



