ol o3kl ly o5 Al LTIR JUszad slo yilsd Al b
CILVY PX-FES IRLVITRRCIE WAPTAY

FIlaS gago 9 gogaio puly

oS>

(Sl Hezmed 53943 ol s & 0lgi)d 5 ouli > 1yb il (udlS 3 Fuwly BMS! (40 S dseS (S IR Jlizwd glo yild (o250
o) oo Gladaiivo jI (S tawsl 03,5 lr 095 a1 ) (G3b ) Az gl IS ilwaing GLaps yoRIl buvgi (G518 aineS g (s 516
&5 S35 potcho oSy b piLS Ky ()b gz Wlis pl 50 el (3906 SlojeR B 30 &F el LT o5 13T o yald
P o &l g ol 35 poin o5l ol )3 khed 415 Gy 65591 Slamo (ol (59T WS el 00 Sladiliony pidd 405 sl 5100359
Olasio 4 yro G5 4o HLS )0 Cuols (] 2500 39,9 4 gl 50 yild 3l GhalS rizmen g 1)38 Galy (385 o
3 S 3loms 52 45 g0 Su03 aly 4y yild Ay Fwly 45 (S ol 4 D9dion Yl Sl (ol B g Slakdne pogile 09 (Sboj
eSS bl 8511 (1 S5 slame (9 5 4 1 (65l bl Gul8l 6l goleddloy i p 2 )S Cewl (559 00 L0 )8
ol oy ooliiwl bl 29,5 sl jlme 51 s 5 &1 obCawd gz g ATy 018 (39 LBk Slaxd Jlixe (48 S aineS I 51
GSA 5GA £SO (5, ICull,3 laps oSl bwgi (oxe sLdinty ol Slani 9 (yogioame U Judody (goliddoy 42 b (0,5 anes
oo (035 ouilS 5 Jluzms laild lgil (215 5o 1y soleidn (g g Sllanil g Colil iond 33,155 gl .Cunl oud ploxl
A a0 (LiS 1) @y ey b amlio 50 g3 Jloj 5 il lasiie b oyl 5 jlugluas 5 J1,500 9 5

il Jlona! 33215 35 s (615 45 3518 b diges 1/ VA lgid solisiiy by 51 0ol b ouds ol b

Gl 15 (g5l s 10501 19059 552 6551 oSy U IR Jlummys pild o1hb Jlumm s JUSms (33155 1ganls o531

Low latency IR digital filter design by using metaheuristic
optimization algorithms

Yaser maghsoudi & mehdi kamandar*
Dcpartment of Elcctrical and Computer Engincering, Graduate University of Advanced
Technology, Kerman, Iran

Abstract

Filters are particularly important class of LTI systems. Digital filters have great impact on modern signal
processing due to their programmability, reusability, and capacity to reduce noise to a satisfactory level.
From the past few decades, ITR digital filter design is an important research field. Design of an TIR digital
filter with desired specifications leads to a no convex optimization problem. IIR digital filter which design by
minimizing the error between frequency response of desired and designed filters with some constraints such
as stability, lincar phasc, and minimum phasc by meta heuristic algorithms has gained increasing attention.
The aim of this paper is to develop an IIR digital filter designing method that can provide relatively good
time response characterizations beside good frequency response ones. One of the most important required
time characterizations of digital filters for real time applications is low latency. To design a low latency

Uf digital filter, minimization of weighted partial energy of impulse response of the filter is used, in this paper.
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By minimizing wcighted partial cnergy of impulse response, energy of impulse response concentrates on its
beginning, consequently low latency for responding to inputs. This property beside minimum phase
property of designed filter leads to good time specifications. In the proposed cost function in order to ensure
the stability margin the term maximum pole radius is used, to ensure the minimum phase state the number
of zeros outside the unit circle is considered, to achieve linear phase the constant group delay is considered.
Due to no convexity of proposed cost function, three meta-heuristc algorithms GA, PSO, and GSA are used
for optimization processes. Reported results confirmed the efficiency and the flexibility of the proposed
method for designing various types of digital filters (frequency selective, differentiator, integrator, Hilbert,
equalizers, and ...) with low latency in comparison with the traditional methods. Designed low pass filter by
proposed method has only 1/79 sample delay, that is ideal for most of the applications.

Keywords: Digital signal processing, IIR digital filter design, Low latency, Weighted partial energy, Meta-

heuristic optimization algorithms.
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(Table-1): The pseudo-code of designing digital filters by meta-
heuristic algorithms.
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(Table-4): Specifications of 8-th order designed lowpass filter
by proposed method.
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