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ABSTRACT

This paper proposes the optimal design of the fourth-order active band-pass filter by
using the grey wolf optimizer (GWO) which is one of the most efficient metaheuristic
optimization techniques. The structure of the fourth-order band-pass filter aligns the
Sallen-Key topology. Results of the fourth-order active band-pass filter designed by the
GWO based on the modern optimization will be compared with those obtained by the
conventional technique using the Butterworth filter coefficient comparison principle. As
results, it was found that the fourth-order active band-pass filter designed by the
GWOyiledsvery satisfactory frequency response with closer to the ideal response than the

classical technique using the Butterworth filter coefficient comparison principle.

Keywords: Active Band-Pass Filter; Grey Wolf Optimizer, Metaheuristic Optimization Technique;

Modern Optimization
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’Nﬁ]iﬂiaﬂﬁhmmu (band-pass filter) ﬁmwiﬂiaquuﬁﬁaaﬂﬁé’mmmﬁﬁmmﬁaEjiz'vnfw
AUAFAFIuE (lower cutoff frequency) LLaummammuaq (higher cutoff frequency ) Wule
winzlslpenlidnyanaifamdinimsidadusuasganitanuddadugsinld [1] 2930509
mmmulmgﬂﬂiuqﬂm%aEmLLWi‘ma’1wﬂummmmmimﬂumm JPUUAIUAN NMTUSTUIANANIN
uazmsunng [1-3] Taoiamzluszuvdeansliany 56 aasnsesinuuauldgminanldiferidndaao
UM TI099U RFID [4] uaﬂﬁmﬁaqaiﬂiam'luLmUETqQﬂiﬁ’f[.uwmmiﬁmam‘ Wievhwthfinsesanmsy
voaean i lluaiesdiorutisfumiumiwemisniuarnsiasuudaseuen
AALA (redshifts) Bnéae (5]

LUINNNITOBNRUUINRINTBIUUR LNz FEnd NS le uAduUsEAnsresa9asnses
WINTFIU LU 29950509 Butterworth, Chebyshev, Bessel waz Elliptic Wusiu [1-3] nseeniuy
fananiiaruazanusaziienurannndoussitHane auewnIgauARLaynanoUaUDITiLEIN
nsepnUUY Tatldesnnisiafuilindnnsiieuaduussand ordondnnisussannaluguues
msueditalad (normalized) antuenfefusznountsuSuansdemaud (frequency-scaling
factor: FSF) uaz@usznaun1susuuinsulsduiiuaudg (impedance-scaling factor: ISF) sntaelu
MsideuAANLAcn (cutoff frequency) TiiAnufidesns waziiieusuAddumuuagAdfiv
Uszalvivneay G’h&J%gumauﬁaﬂa'nﬁﬂﬁwaﬂﬁaammw’h&ﬁ%ﬁy’qLﬁué’qﬁmmmammﬁauagiwaamma
Tulagdulaiinsuunetinedfnudniin (metaheuristic technique) 1108NLULIATNTBILUULBNTIN
AAILIMINT ANz Tigauunlysl (modem optimization) 81971199919 WU AT8BALUY
NfﬂiﬂiaqLL‘U‘ULLE]ﬂﬁvﬂmaiﬁ%umaﬁ%@qﬁuqﬂﬁu (genetic algorithm: GA) [6] e1andaufsUszius
(artificialbeecolony: ABC) [7] mimﬂ'ﬂmmzﬁqmLLUUQ&@‘qumﬂ (particle swarm optimization:
PSO) [8] MIMANMINgigauuUaInTiauLn (antcolony optimization: ACO) [9] MMIAUMLUY
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NS¥LE (current search: CuS) [10] AMSAUMLUUNTELATILUNTY (intensified current search:
ICuS) [11] MIAUNILUUNSERAGATUTUNEL (hybrid intensified current search: HICUS) [12] A3
Fumuuunssuaiadudunay (meta-hybrid intensified current search: MHICuS) [13] uazsunou
Wnswaunasaenldl (flower pollination algorithm: FPA) [14] (Hugu

1NNAITIUITeTieades Wudwéhmﬂ"]mmzﬁqmwuwmﬂﬁmﬂ (grey  wolf
optimizer: GWO) [15] LﬁumﬂﬁﬂmiﬁumﬁhmmzﬁqmLLUUE}ﬁﬁﬂmﬁﬂﬁﬂﬁwNﬂisﬁw%mw%y’umu
3% GWO FsumsitautuanmginssuveavanUn@ivn (Canis lupus) Ietdeunuudduduani
Lﬁui{ﬁﬂLLasﬂalﬂmiéﬁmﬁaiuﬁﬁwma nuU@m 4 Uszianlawnsana (alpha) Lu@n (beta)
a@n (delta) waglowwn (omega) Qﬂﬁ?:u’16[.5211‘171'E]ﬁ?’laE]Gao’l(;]JU%"LJ“UaﬁﬂﬁﬁmLﬂugﬁﬁﬂﬁﬂiuQﬁ’mﬁd
Funounnsan3 sULUU fD nsfunmibe (searching for prey) nsdexuwie (encircling prey) wax
nslaufvie (attacking prey) Funeuds GwWo gnihludszendldauegraunivans 1wu n1s
widguiniaidanssuldiuazdidnnseind n1sdanisndeau danssulnsauuiay
Fmnssaieana nswnng Seanssuadl Smnssutlasden dmnssussd eanssules) eanssu
AIUAL FAINTINYNAINNIT NMITINUHUNIIHAANITUSZUIANAF YAz MUAzBURasLTnvDY
a35a4 (internet of things: loT) 1Uusu [16-18]

Tuunariddeitunends Gwo auaﬂﬁﬂmﬂiuEJﬂeﬂ‘&ﬁaaaﬂmeqaiﬂiaqmuLmuLL'U‘ULLaﬂ
insusu-a E]EJ’NL‘Mll’]uﬂllmaﬂﬁaaﬂLLUU’NR]?H?ENN’MLLG'ULL'UULLE]ﬂV]WE]‘L!GTU 4 Fretuneuds GWO
%aﬂuﬂ,ﬂmiaumwﬂmammuﬂwaﬂﬂﬁmaumawi ¥AV398139990589 Butterworth ile
Pudunan1seaniuy Wiunsinassanunisalalelusingy MATLAB wag LTspice arsudnaliuag
WaueIBaduNTIENaN1TITYe AU kAT aTUNANTIRY

ad o

A iun1sIae
Tuthidetiaznanidisiidunisite TnesuduanuuusIasmAdnmMans1e99a5n589
HULAUTIRINSAN NTBUNUNNTEBNLULINRSNSBSNLLAULATURBLIS GWO diseasidonselul
LUUUA0ImNNNANAAEASTBIINATNTOINIULAY
Snuaraniifiddyrenasnsssihusaufiennuiislouuud (resonant frequency: @)
ABRAGILEn (lower cutoff frequency: @) mmﬁﬁwﬁmq& (higher cutoff frequency: a,)
wuwAIAY (bandwidth: B) wazdusenaunmn1n (quality factor: Q) Tunsaifi B <0.01 uaz 0>10
(W30 /@ <2) NﬁﬁﬂiaqmmmngﬂﬁfmzmLflu’mimaqw'mLmULa‘wwmmﬁﬂiaqmu(narrowband -

passfilter) uwazlunsdifl B>0 uaz Q <10 30 @/ >2) AINTOWIUROVLYNA TN TUIIA3
NDENULAVIANEANUEYTINT1E (wide band-passfilter) [1-3]

AINTOWIURAUBUUBDN TV RIIZAMLEATN 19T uR U4 Tlonfelaseadnansasmuuuy
Sallen-Key 98AA9NN15T995N509K UGN (low-pass filter) SUFU-2 $1UU 2 FILALHAINTOIIY
g4 (high-passfilter) Sufu-2 91U 2 fanseranniu daanshy Figure 1
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2" order low-pass filter (No.2) ad . T eI )
2"-order high-pass filter (No.1) 2" order high-pass filter (No.2)

Figure 1 Fourth-Order Active Band-Pass Filter (Sallen-Key).

WUUIIADINIANAAIEASTDIIIATNTOIWULAULUULENTINSUAU-4 Tu Figurel wamsse
Handuaelounsaunisi (1) [1-3]

2 2
V. ..(s 10) [0)
H(S) _ ‘;)ut(( )) — oLl x olL2 x
- (s w w

m [sz 4 0oLl gy a)(%“] (sz 4o0oL2 oy a)szj

L1 L2
(1)
52 52
X
1) 1)
[sz 4 —oHL s+a)3H1j [sz 4 —oH2 s+a)3H2]
H1 H?2

dlo @, o anudisTeuuudvensasnsomusiiii
@, 7o Arudslonuutyesasnsesiusiii2
Wy 7D mmﬁLsiézjLLuusz?SUama)iﬂiaqshuqaﬁaﬁ1
Oy 7O mmﬁLﬂsm,t,uusﬁmanw3ﬂiaqr;huqq§1”;ﬁ2
O A FUseNoURS eI aINI0EUAEAT 1
O, Ap FUsenoUrSeaINTosHIuAEaT 2
Om A ﬁaﬂizﬂauﬁﬁwamaiﬂiaqmuqﬂﬁaﬁ 1
O AD ﬁaﬂamavﬁwé’wam%ﬂiammqaéﬁﬁ 2
A1 W1, Dyyay Oy W82 Dy Iansl3luann1sfi2) wasdn 0, Or, O 482 O MiuaAS
Pluaunisit (3) auds

1 1
a)OLl = a)OL2 I
VRLRCCry VRL3R4Cr3C 14 2)
1 1

Wy = > Wopo =
RR2CiiCriy JRu3R4Ch3Chy
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N2 RLIRL2CL1CL2 _ vV RL3RL4CL3CL4

On = 01> ,
Cri(Ry +Rpp) Cr3(Rp3+Rpy) 3)
VR 1Ry 2CH1Crin _ VRu3Ry4Ch3Chy

Oy = , 0o =

Ry (Cpyy +Chya) 2 Ry3(Cyz+Chy)

2. NFPUIUNITODNLUVNATNTOWIULAY

1500NLUUNTINTORIULAULUULDNTINSUNU-4 Fredumends GWO muwwamenismen
wanggaunlmiBuduanmsimuelifleituinguszasd (objective function) ) TugUvemasy
YDINAFNNENAEIAD4 (sum-squared error:SSE) SYWIHANDUALBINAINLATBIHAINTOIWIY
LmuammmLLauwama‘ua‘uaqwNmmmanq%mmmmmuvﬂ,mmﬂmiaaﬂLmeLLamﬂ.‘u Figure 2
NaFnsBaLanIsBLaULSLN Iz gy siiAoeiandsaunisi (4) le M Aenansuaussenuaf M*
fio HaneUALDITlFIINNITERNUUY WAz N, Ao dudeya eituinguszasd fx) Tuaunisil (4)

argnUaulviiutuneuds GWO ey illA1lee Ngalaen1SAUNIA X=[Ry R, Cr1,Cra.Ri3,R14Crs,
ClAvRHhRHZ’CHI7CH27RH37RH4’CH3’CH4] ﬁL'Mll’]Sausﬂaﬂ?ﬂ%iﬂi@ﬂﬁj’]mmiﬂ,u Figure 1

ND
Min f(x)=> (M;-M])?,

i=1
X = {RLI’RLZ’CLI’CLZ’RL3’RL4’CL3’CL4’RH1’RH2’CHI’CHZ’RH3’RH4’CH3’CH4}

20

0
o
§> Shaded area
W

Response of ideal 4"-orde

nd-pass filter /%

Response of designed 4™-order zéb&
-80 band-pass filter

Magnitude (dB)
3 &
hN
A
o
A7

-100
10° 10° 10* 10°
Frequency (rad/sec)

Figure 2 Design Framework of Fourth-Order Active Band-Pass Filter by GWO.
N5AIANLARIALAARUTENINNANBUANDIN AN ALARLATNANDUAUBIN AL

Ianmseenuuu luguves SSE sniumumduilaiduingusyasd Wesmnmsdrsnamiideninedes
wunuddeuisdu [6-7] dnislduaumnud (bandwidth) idmualuilanduinguszasd waly
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NuITyalng [8-12] nuldmvualiiaiANuAaInRERUIERINHARBUALBIN NANLAALARLAY
HameUauawRAIATldaInnseenuuduilsiduTngUsyase vstinszdumssidsiunaneuauss
a a g o4 I aa o § i di
MIAUDYANARLAEATY ULUMLNIEANINTBTUABWIT GWO aunsavinliriauaaiandiou SSE
geflmtevauvile naneuausmsANudiliaInnseenuuuiavdeilinulndifssiunaneuaues

a a & & v I ax o g w1 di a1 g
MIANUDYANARINNTLLYITE UardTuneawds GWO ausavinliaauaaiaedew SSE fadu
ALY UUMINEANNIHARDUANDIVNIALATILAIINNTORNLUUILTAIN T UNANB UALDIN19AI D
9ALAR

3. JUROWIE GWO

Aanlinanmwaluunt Tuneuds GWO [15] gnitmunduainnistasuusadunialaieaiu
WeRnssHvesmU1dn (Canislupus) Ineazideunuudwutuanududiiuasnalnnsanniely
sysuv@vanUEng 4 Useian laun oada (alpha) Ludn (beta) inadn(delta) uaglowwnn (omega)
gnihunldiiedrassdrduduvesanulufinaglulswaandy Figure 3 saufstumounisan 3
UMV Ap NsAunwEa(searching for prey) nsdesingalencircling prey) wazn1slaudmee
(attacking prey)

Figure 3 GWO Hierarchical Categories [16].

ASReUMEDITARENALARINENATSN (5) - (8 ) Wilp ¢ ATaUMTIUGN X ) ADFLMUIYB LD D

X Aasunusvawmiaitn A, C AeAduUseans a Asedulseansianadnuuldnduain 2—>0
aa

5
PUAMIUTOUNTIUTN 1 Uae 7, 7 Aerdalugag [0,1] Ailmsuanuasuuuiengy (uniform distribution)

D=IC-X,()-X(1)] (5)
X@t+)=X,0)-A-D (6)
A=2-G-F-a @)
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C=2% 8)
nsaunie avodunalnauaunisi (9)-(11)
D, =IC X, ()-X (), Dg =1Cy X ()= X ()|, D5 =1 C3- X 5(t) = X (1) 9)

X((1)=X, ()= A -(Dy), Xo(1) = X g (1) = Ay - (D), X5(t) = X 5(1) = Ay - (D) (10)

X0+ X, (0)+ X5(0)
3
Aslaufnrdensanisrunnrdearondeiauly sallanl Al< 11%denlaufmdanmon

X(t+1)= (11)

1 A1>1 TidenaAumindelndduneaudd GWO aansauansnlgsiafioulang Figure 4

Initialize:
- Initialize the objective function f(x) and search spaces
- Initialize the grey wolf population X; (i = 1,2,...,n)
- Initialize a, A, and C
- Evaluate all agents X; via flx)
- Ranking X, = the best agent, X3 = the second best agent, and
Xs= the third best agent
while ( < Max number of iterations)
for i = 1: n (all n grey wolf population)
- Update the position of the current search by using (11)
end for
- Update a, A, and C
- Evaluate all agents X; via flix)
- Update X, Xgand X
-t=t+1
end while
- Report the best solution X,

Figure 4 Pseudo Code of GWO.

NNTURBUIT GWO Nuansmesiafiedlu Figure 4 anansassunailudunaunsaumaaaas
AUTUNBUID GWO tesanaludl

a A (%

3AUNITAUM (search spaces) VDINALAAY x

Y

fupoudi-o fwuailsddutaguszad ) wasy
AUUAINUIUUTEINTHIUIENT X, @ = 1,2,....1 91U 1 3 AIUUAAN
fudszans a, Auaz C MU RUNUEIN S 1 7 ’iuilesd
TagUszaad fix) waiusesa1du (ranking) Tnefvualy X, AovunUndind
vilwiladduinguszasd fix) fedlesignsusiviings X, Aovsnindimfivials
Handuinguszasd fix) ﬁﬁwﬁaaﬁqmé’uﬁuﬁam waz X, Aenunirdmiiivinles
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flarduinguazasd ) dandesfiansudivitan amudiu fvual = 17e
SuauseumsAuEIF ULz iUl ¢ Max Aodnuseunsiumgsgn

Supeu-1 &1 r<t_Max WddunsaumselUluduneud-2 liuiuldialuddunaui-7

Sunouii-2 o1fenalnnsdenwidoluaunisd (5) - (8) waznalnmisanwmdeluaunisii (9) -
(10) hmsuumeurtasi@mnds ausunsi (11)

Funowuii-3 duen ry uag r, T [0,1] ﬁﬁmiLLﬁmLLﬁNLmULaﬂgﬂ ieUSuAduUsEaNS 4, A
waz C auaunisi (7) - (8)

Fumouiia Usadiumnhdmsuau n Al duinguseasd fix)

Funouii-5 YSuamuniavaamuitrdminielugs TaetFoadrdununUdm fidaunis
Usziiuludunoudi-a fvuels X, ﬁa‘vimﬂWﬁmWﬁﬁﬂiﬁﬁqﬁﬁui’mﬂixaqﬁﬂx)
firntfefiansusuiinis X, Aomanihdmdilrilaiduinguszasd fx) da
tioeiigaduiuiiaes uay X; AovimrdnivialsilaiduingUssasd fix) e
tosflandusuiiany audiiy

Supeudi-6 USumsiuauseumsium i= ¢ + 1 udndulddiduneud-1 iesnduns
Aumluseunal

fupoul-7 TesunaRasIgiign (optimal solutions) X,, Al&annsdum uazlied
ANSAUMN

NAN15398

Tt enanTIHTNALaNANISEBNLUURINTO BN UL ULUULENTINEUSU-4 Fred3aapui
Timdnnsiieurduuszanaueaieasnsas Butterworth HANTTEDNLULINAINTOHIULAULUULBNTIN
Sufu-a Fredunouds Gwo nadid 1 eddumunndnazduiuuszanndalu Figure 1 143
ANSAUMT LAYHANTOBNLUUNITNTOIHULIULUULDNTINSUNU-G aedunewds GWO nsdlf 2
lossumumnénlu Figure 1 le3unmsdumuazdniudszaynilungas Fisure 1 gnivunali
asen (lidosdum) fasoldd

1. HANTDPNUUUNITNTBIULAVLUULDNTINE U U-4 FredTmaiy

dlosmuals @) = 1,000 rad/sec (f;= 159.15 Hz) wag @, = 10,000rad/sec (f, = 1.59 KHz)
2993NTBENULAULUULENTINSUIU-4 Tioenuuuseissaiuildndnnsiieumduyssanaveseas
N394 Butterworth u@nns Figure 5 nan15dnassaniuni1salnelusunsu MATLAB version 2017b
(License No. #40637337) wanada Figure 6 Ingfien SSE seMindnaneuaLeionLARLAYHARDUALDY
Al FannsoenuUURIEIERRNTA Ny 595,36 uasduauANAWINRY 672 krad/sec (21.07
kHz)
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2.2nF

Vin 05 kQ[ 65 kQ

Vout

2".order low-pass filter (No.1) S pTTTTIIITITT -

2"order low-pass filter (N0.2) nd . .
2"-order high-pass filter (No.1) 2o rder hlgh pass filter (No.2)

Figure 5 Fourth - Order Active Band - Pass Filter Designed by Conventional Method (Butterworth).

4"M.Order Band-Pass Filter Design

10

Ideal
- ~. ——— Butterworth

Magnitude(dB)
& wN
o o o

o)
o
T
I

102 10° 104 10°
Frequency(rad/sec.)

Figure 6 Responses of fourth - order active band - pass filter designed by conventional
method (butterworth) obtained by MATLAB.

2. NANNSEBNLULINDSNTOIHULAULUULENTINSUFU-6 fedunouds GWO nsdi 1

HANNOBNLUUNITNTOIRILLAVLUULENTINSUNU-4 dreduneuds GWO nsalfl 1 e
AIUNTY VlﬂG]’JLLauG]’JLﬂUlJiu‘inﬂﬁ]’ﬂu Figure 1 TASUNISAUNT NANABYINIAIIAUMIAIAIAIUNIY
wazAAUUIEYNea SIIMUASIUIY 16 FATURS X=[R,1,R12:C11,CrasRisR s CisCrasRen Rias

CH17CH27RH37 RH4, CH3,CH4] ﬂ’m‘u&ﬂﬁﬂ a = 1,000 rad/sec (ﬁ = 159.15 HZ) WAy ), = 10,000 rad/sec
(fi = 1.59 KHz) Tunouds GWO azgnitamnidulusunsunisAumsig MATLAB version 2017b
(License No. #40637337) LioUseulanauun3Iasnoufianmes Intel(R) Core(TM) i7-10510U
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CPU®2.3 GHz, 80.GB — RAM Amnsilnesaastunouds GWO lesunsmaasulpsnsudusiuiu
W n = 5, 10,.., 50 G9wuin n = 25 ﬁamﬁmmzauﬁm%ﬂﬁgm 1uﬂiiﬁﬁﬁmum1ﬁmm%q§mi
AU (termination criteria: TC) ﬁaﬁﬁmmaumiﬁumqwjﬂ (Max_lIteration) = 200 wagaiunig
Fusitavin 50 ASa (trials) iiledummenddnumuaeiaiuUssafionnsdian lunsdd 1 dldsmun
Tovoulmmsumuanafeaunisd (12) nsanisdumsiau 50 ads Sns1msgidmnaiaasves
Funo3s GWO wanesa Figure 7

Subjectto Ry =R;, = R;3 = Ry, =[60kQ - 65kQ2],
C;, =C;5 =[InF - 5nF],
C;, =C;, =[0.5nF - 3nF],
Ry = Ry3 =[90kQ -120kQ],
Ryy = Ry, =[200kQ - 250kQY],
Cyi =Cpyy =Cyz =Cyy =[5nF - 10nF]

Convergent rates

0 20 40 60 80 100 120 140 160 180 200
Iterations

Figure 7 Convergent Rates of GWO from Fourth-Order Active Band-Pass Filter Design (Case-).

970 Figure 7 Wudw%y’umﬁ% GWO mmaaﬁuwuwamaammxﬁqmiuvmﬂ%y’n NNTANTUNIT
W 50 ASe 29esnsewuLauRULLen ST U-a lunsalil 1 uanis Figure 8 LAZNAN1TINAD
an1un13adselusunsy MATLAB version 2017b (License No. #40637337) han3ss Figure 9 Tng
fiFn SSE wmwmamauaumqmmaummamauauaaﬁlé’mﬂmiaaﬂl,l,wé’aa‘ﬁzumau%’% GWO n3dlil
1 S 21150 waviluauaudiviniu 8.37 krad/sec (21.33 kHz) Tnedunewds Gwo awld
nanadslunsRuWaRasiiy 12.58 Jund SwaaildlunisfumnainasuiavaSienauansng
fupglig fttuiunisussanavesheUszanananans (CPU) idwhaluvaeiy
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2.51 nF

2.50 nF

99.99 kQ 101.02kQ
WY "

65”0 nF I 6.47nH 6.45 nF

BT
+
I I:‘_ I I | Vo
240.02kQ 24501 kg%

2"order low-pass filter (No. 1 e e
erierionpiss BUETOD o onter ow-passfler (No.2 2™_order high-pass filter (No.1)
Sh-pass . 2"order high-pass filter (No.2)

Figure 8 Fourth-Order Active Band-Pass Filter Designed by GWO (Case-l).

0 4".Order Band-Pass Filter Design

ideal
GWO-Case-l | |

-10 F 4

T
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Figure 9 Responses of Fourth-Order Active Band-Pass Filter Designed by GWO (Case-I)
obtained by MATLAB.
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Figure 10 Fourth-Order Active Band-Pass Filter Designed by GWO (Case-Il).
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Figure 11 Responses of Fourth-Order Active Band-Pass Filter Designed by GWO (Case-Il)
obtained by MATLAB.
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Figure 12 Responses of Fourth-Order Active Band-Pass Filter Designed by Conventional
Method (Butterworth), GWO (Case-1) and GWO (Case-Il) obtained by MATLAB.

aehslsfnuiiesannanevavesty Figure 12 1Junadildainnissiassaniuniselsie
TWsunsu MATLAB flenfuaunisadlaeansmusuusiaemnndamansvesaasnsosiuwauly
msUszanana dranitefunsiiouifiousardudunafisniy 39ltnsasnsossiuLauLuuLen
ﬁWé’uﬁu a4 ﬁaammué’aﬁ%ﬁ?&Lﬁmﬁiﬂﬁmé’ﬂmil,ﬁauﬁwé’mﬂiuawéﬂuamwaﬂiaq Butterworth Wag
Funewds Gwo lunsdift 1 uas ﬂ'iam 2 falandlu Figure 5 Figure 8 waw Figure 10 1191899
anunisalsnelusunsy LTspice @99z 91FBN58519299395 9T UNIAY Figure 5 Figure 8 uay
Figure 10 \flen1sUsvuiana '1/|'1mimmummmaqmmumuuazmmuﬂiza;mmmwlmmﬂmi
senuuuLazadaaUleud LM741 fiflvieilunuriemarmduisasaens

2993NTBENULAVLUULENTIMNSUTU-4 TieanuuudeissuRuildndnmsiiourduusyans
Y94199505849 Butterworth  fiuansly Figure 5 Qﬂﬁﬁma%qLflufm%Lﬁafﬁ’ﬁaaqamumiaﬁa&J
TUsunsu LTspice fawansly Figure 13 uaglinanisdassaonunisaifauanslu Figure 14 Fawud
donAdeIiy Figure 6 WufaiimuauauAWinty 1.06 kHz (26.66 krad/sec)

105



Research Article
Journal of Advanced Development in Engineering and Science
Vol.15 ® No.42 - January - April 2025

2RINTOEURIULULRENTINSURU-G Tloonuuuieduneuds Gwo Tunsdlil 1 fwandly
Figure 8 gﬂﬁmwa%ﬁqL‘ﬂmwiL'ﬁaﬁﬂaaﬂamummﬁﬁaa‘lﬁmﬂiu LTspice Aalandlu Figure 15 Lay
Tuan1ss1aesanunsaifauansly Fisure 16 Senuih aenadasiu Figure 9 tufeiiduauanud
WU 1.32 kHz (28.29 krad/sec)

LAYIINTOMIULAULU ULENTINSUNU-4 Tloonuuuietuneu3sewo Tunsid 2 Auandy
Figure 10 gninanadadursasiilediassaniunisalfelusunsy LTspice fauandlu Figure 17
waglvinanissiassanunsalfeuandly Figure 18 Senudn denndesiu Fisure 11tfufedian
WAUANNAWIAU 1.19 kHz (27.47 krad/sec)

dlefinnsannaniseenuuuluningy wnuituneuds GWO @nnsaeentuunasnseriiy
waukUULeniinsusu-a Ifeghanuizan warlinanauausmanuaTiindiestunanauausvng
ﬁmu?1'QmJﬂaﬁuamwiﬂiam’ml,mué’uﬁu—a A wanseenwUUReERLRLRldnd e v
FuUs2AN3U093993N589 Butterworth  IINHANITIBNLUUINAINTBIIULAULULRONTINE S U-4
Freduneuds GWO aunseunuiitaus axwuindunseviuanalestaly (generalized
framework) Ins1zanunsUsEENATUReUIs GWO iiten1seenuuuisasnsesiinlafild susulafld
wazdnudilafldnuiideanis neludesiiannisuseanae uagn1sUTuas) FSF uag ISF

s
<

WL BUNTRBALUUAILITAWANN I INRANNSIABUANFUUSEEN

AC10
Rser=0.001

g in
i
.2n 2.2n g
! >
LM741| - R4 R3S NJ'{"” a1
65k
U1 65k 65k <
" c3 gu2
Vin >
il 1“

it
It 1l i
_ Il Il Vout
Vs2 6.28n 6.28n E:UB 6.28n 6.28n B
>

Lua
230k ~, R8 3 RL1
15 1k

> Vsi R7
% 15 cs5 c6 Hok § 10k g
! >
i R lM741 o7 cs ? | M741

.ac dec 100 10 25k
.inc C:\Users\Admin\Documents\LTspiceXVII\lib\snom211b\Im741.lib

Figure 13 LTspice for Fourth-Order Active Band-Pass Filter Designed by Conventional
Method (Butterworth) in Figure 5.

106



Research Article
Journal of Advanced Development in Engineering and Science

Vol.15 ® No.42 - January - April 2025

Vivout)Vivin}

140

210

280

250

e

- 400

- 560

620

- 700

m*

Figure 14 Responses of Fourth-Order Active Band-Pass Filter Designed by Conventional
Method (Butterworth) obtained by LTspice.
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Figure 15 LTspice for Fourth-Order Active Band-Pass Filter Designed by GWO (Case-I)

in Figure 8.
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Figure 16 Responses of Fourth-Order Active Band-Pass Filter Designed by GWO (Case-I)

obtained by LTspice.
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Figure 17 LTspice for Fourth-Order Active Band-Pass Filter Designed by GWO (Case-Il)
in Figure 10.
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Figure 18 Responses of Fourth-Order Active Band-Pass Filter Designed by GWO (Case-Il)

obtained by LTspice.
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