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Low latency IIR 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
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, encergy 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.

adsl o0 laie 1 Jgl Ao 5o

sl b (VM polie) sl s e e o3l al> o ol g
wloyuhl ple g calpd aneS s atn polie dapsy oSl (J s
alon Jloay) yilid Sy il gusly 5 sad adsl Lol ;S0
Al el eols T, (f)

oy bopld Gy gl (Bolad laloy oy ipgd alo e
O p oSl laiosgume

Ot 00810ty 5 Anie @b AigeS aie dplone pge al> po
oz sl o

Joab o spolie nie Sloygrn 5 0pSd telez Aoy
N PO O™

slo)loy ol Cuz duje @l 0,bsd Al pixy >
Opdsr Hgte w255l il 0o 3y B3g boyh STipdid Al o
250 ISOLY Jolye ojpo inl 26

4 ghiws bapi ol B8 byd Jyene)sba,

b )l S5 olaws w4 ) b s 5l J5ed JB (e

lo) S5 slani aiede g cnl 0 Sgdioe Ay
ol oals a8 S i s By bl lgea

L byl zols -F
slopss s g solpian aue b L b5l cu
Sodien (or bl 2ld (ALl s )80l S (g5l
o> 5B L 5L e il ;38 0wl Jlizms S S
gaarine olar 4 0> gyl adle ee w0
gl o3l st (b (o5 31 cenlie Sloj

sl 75 Dy il olgsds LS 2

) _[1 |f]< .25 %)
lH"(f)fﬁto 25<|f]< 5

SOl 432 @b gjlwadpes ¥
6”&)9&‘ )| ool ! ld
sl
sy, el Gl Gleanr slep
G5 b &S Sgdioe wsmme SLISST (Somier
S5 Suzr 0 850k s bkl ol sla S
2 S so Joo dbedge iy slagsb 4 obtws 4
Goa sy GSA 5 PSO GA slagz 55 Ss5le aslsl
ssbar IR Jlozs layidid o Soe anolie 5 (b
Gl 00 08,551 sl
Hlyg e e -
lal gy by Su o llinl [4] (g w el
JolSs 4,k g amk Sl Jgel 5 pledl b a5 ol
iyl Cunoz 5 b pisS ol ol o >Lb (ng )l
P Semer ol WS £9r8 (S ol ) ol
il gl jo 05d o0 Gluyioyar ewind) IS5 wills Sy
ol SloShoe s 5 (2L 4z 2l SO L Ll
w0 12l oS 4 g pmen 5 i ool el o658l
Jedoar 5 il as cnl )85 L 00 9dsd waz Conex
R BN ee Falwld 5 yeds Comen Lacl (LSS il
NS 50 055 4 5 yeS polie Ll e ply
)8 Cumen (g 5luwdioty wis 95! -
P [8] (PSO) wl)d Cumez gluaig )
By sloizl B3, g DS (oem 05> jloataid S
§) ola Camer o el PSO el ié g g2asr ;o
Aled (V) Cojuw g (0) CasBge sl a8 el @l yd
Debin Sluyiah S e 0 053 8 Ce g g Cusdye
St 4 4z boeyd e Zesw g oy alidl> L PSO
O Somed JS Sunse (e 5 g 0p3 095 Cusse
auip ol b bl G 4y DS SSepl @ azg b gl o
Shoslae polie 1S5 Wiz 5l am NS oo S e S
3l e sy
1S g w95l -
SaSa gileage 7] L85 seztmr w0, 50
L egran dlibe Sy 0 &S > 5 (15 0l )b
S oSyt glofole 0glpe alnil atnS Glej
b 0 py> e aiien ploxl I slac oo GSA
Sy drlone b s 00l el Ol A58 & a2

FY el ) s,k VAl Jle



http://dx.doi.org/10.29252/jsdp.17.1.15
http://jsdp.rcisp.ac.ir/article-1-880-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-22 ]

[ DOI: 10.29252/jsdp.17.1.15]

U oplp owilS 3 sbaiges ol 2Lkl o

g OlSs Jeolgd L osdayeh Sl jebdy 5 diged waS
l a0 2hb cpl o wlhas a3 S ks 8 [0,5]65L 4o
gzo M=N=1 plp 2l bos ol gpe 5 50
g IS e agi e oaze ulply ailead SO

IS
o

awpp mlb oSS e leae slep Sl
gl oSles dglin cyz dlols b 5§ sabdinlxn
ERETT T ¥ A5 g SRS slaally polie el s 0ol
(<alh (V) Jgaz 5 )15 slaw g o ,o80l s j2 gl oas
I PN

g oo SIS0 Jhe jsbay JLoaSy b aslhs
el ool Gl 1SS baaSe e 5 (b e

o
)

magnitude in passband (dB)
5 4 \

SASE 133 (6w dine (sLyia 1951 3l o 3Liianl Uy 5 38T Ly TIR Jliogmsd sl yidd 3yl

B _ Diled 1y o0y >l (sle il o3l Jlsgas (GHY) S
st 1 (o)) JSo 50 e &b o ol Ol s e 000 0
| pso -
) = ol 0 03,51
-70 0.05 01 0.15 02 0.25
normalized frequency
(<) w2395 dw p2 (gl (J 08 sl ol sl (V- J9u)
b iy o> yb ol 4 po 35 crmly sl 031051 (11— JSu) (Table-2): Control par ters of three used algorithms.
- _ GSA PSO GA Lo ol )b
98 Wb o ol sads 2 iS50 (¢ GA 9 GSA PSO -
( . e
(Figure-1): a) Magnitudc of 8-th order designed low pass filters 200 200 200 woz o3l
by PSO, GA, and GSA. b) Magnitude in passand. 100 100 100 Lo ) ,S5 sloas
PSO Pole/Zero Plot 7 7 ! St TP
-l o o > Filter #1: Zero - - aladi S5 S R
4 Filter #1: Pole
- - 0.1 G4 5
: X
05 H 1 - - gs""ﬁf ,4,.9? >
5 & et ; ; oJs, sl
=
£ o - 2 - ¢
=
1)
E * x - 1.2 - C
=S 3 - 0.01 - y
_ 1 _ ;
X
! ' - 0.7 - W
-1 0.5 0 05 1
Real Part - 0.4 - Wiin
(LA'H) 20 - —
GSA Pole/Zero Plot <
o T 1000 - - Gy
o Y, O Filter #1: Zero
08 < Filter #1: Pole 2 - — - norm
06
1 - - r power
04r
0.2 1 S O le-4 - - £

Imaginary Part
)

zj YO M.bé 5y ALY ‘OM‘&MQQ \.Ai‘rﬂ 4 d>gS L

ol 0 6B a5 kil Gl el gl plaS e

at | oAl 0uiS o & (V) K& 0 el b slaalels
, ™ e @lul a4l st Sy dacdad ojlul anin

gJ)’ (‘—’) R IR W oo”—' ) Jgd.?- 5 fl)b Br

Y el o)l VAR Lo

&


http://dx.doi.org/10.29252/jsdp.17.1.15
http://jsdp.rcisp.ac.ir/article-1-880-fa.html

[ Downloaded from jsdp.rcisp.ac.ir on 2026-06-22 ]

[ DOI: 10.29252/jsdp.17.1.15]

©

@

~

@

o

IS

w

N

Group Delay in passband (in samples)

o

) 0.05 01 0.15 02
normalized frequency

(&)
(0) g oo > 1yb slo yidd (295 sl () (¥ S5
e Wb 0 T oo oSy

(Figure-3): a) Group delay of designed filters and b) in pass
band.

Gy 4 30 51 535 sl (Gl yilid (glbduasiio :(F- Jguz)

ol (g5 b ot 15k
(Table-4): Specifications of 8-th order designed lowpass filter
by proposed method.
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