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Abstract:

Closed-loop speed control of induction machines has traditionally been implemented using Pl
controllers. However, in various applications of these machines, sudden load torque variations and
changes in machine parameters during operation can significantly affect the performance of PI
controllers, leading to unsatisfactory dynamic responses. To address this issue, this paper proposes a
nonlinear control strategy combined with a Pl controller and a High-Order Sliding Mode Control
(HOSMC)-based load torque observer. In the proposed method, the load torque is estimated online by
the observer, and the error between the actual and estimated load torque is compensated through the
combined action of the Pl controller and the nonlinear control strategy. Furthermore, to enhance the
efficiency and robustness of the proposed approach, the controller parameters are optimally tuned
using the Grey Wolf Optimization (GWQO) algorithm, resulting in improved performance under
various operating conditions. Simulation results obtained in the MATLAB environment demonstrate
that the proposed method significantly enhances the control performance of the induction machine
compared with conventional control approaches.

Keywords: Induction Machine (IM), Induction Machine Drives, Load Torque Observer, Sliding Mode, Grey
Wolf Optimization (GWQO) Algorithm.

Received: 13 Dec. 2025
Revised: 10 Jan. 2026
Accepted: 4 Feb. 2026

* Corresponding Author: Mohammad Jafarifar

Citation: N. Foruzandeh Hafeshjani, M. Jafarifar, “Speed Control Improvement of Induction
Machine Using Grey Wolf Optimization-Based Higher-Order Sliding Mode Load Torque
Observer”, Journal of Novel Researches on Smart Power Systems, vol. 14, no. 4, pp. 71-86,
March 2026 (in Persian).



http://jipet.iaun.ac.ir/
https://jeps.dezful.iau.ir/article-1-543-fa.html

VEF Gl -l o)l —po0 Loz Jlo —diedigh & 508 slapius )0 (g5 Dlibod 4y pis

A o oy B g jl ool b oWl plilo Cae g J 5057 S gt
Sy B S )5 o joNl 9 (o Hb - HaliiS (YL

SLobowl 748 (g phaer dozmo (g 1SS (Goaiils ! Gilonidd 0039 8 Wy g3
navid.foroozandeh@iau.ir ..l 5! < Js8350 « oDl o131 ol5ils ¢ Jgd358 axlg ¢ 5,0 09,5 =)
mohammad.jafarifar@iau.ac.ir ..l ! «Sieag sl o oMol o151 o5l «Sios il a1y (5,0 09,5 -¥

oS

£55 ol Gilia (glas )5 1o and o plowl Pl slo ) S g Izl 5 S lal] slopable aty dils ey 1S
o)lgen S g5 (ul 0, Sles IS e )3 edle Syl )y et rizren 5 5L HsliaS SLSL Sl cle a o ile
st bt LS 5l s lhe 53 JSin (ol g Gl 90l e stz g oo s o
by glabamd & jaoas )b HoliiS 00,5 co (Syre (HOSMC) o b elsS Feus, SGoolen 4 Pl J s
booad oS5 Pl S S8 4 (ooss 5 (oadly Jb politS (o sl (g 5 00l 035 Goes g3l S0,
Load sleiin JyuS byl cosleining (hg,y 0, Mes plondl) (il jolane 4y .28 wales (o 5l (o jue o515
b a0lys ol il Ll 15 s, ol SpSLas g el 45 Wi el G5 5SS koS S
A0 oo Hlas |y golpainy he, b ol uile o Slas 550 MATLAB 1581 5 5 5l oolaul b (g jlwans gl

CrmSE 55 w5 o o3 s )l HslitS S s, (il sloeile clagslys ¢ sl eile s gauds wlals

\\‘*\‘/‘\/\\" :&:ﬁél{)é é.?‘)l.;

AEAARA SRS T
IAEAARAT R T

JERFTIESRVE DRI PLOWP YR CUWePL iy
05; ‘G’ﬁ o..\ima‘é ‘Mml ..\?‘5 Gn)l.wl Q‘)] oli......:‘o ‘W‘\) )‘5.14 ‘oli.:;;slo ul.vl.._‘> u&......o.n.\.:‘ IJSM OM’S ‘sil.&d

8

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 2- Winter 2026

\Al

[ Downloaded from jeps.dezful.iau.ir on 2026-08-27 ]


https://jeps.dezful.iau.ir/article-1-543-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-08-27 ]

Journal of Novel Researches on Smart Power Systems - VVol. 14 - No. 4- Winter 2026

v ooy de Fah; sleslaiwl b oWl ile ce s 508 S50

doddo —)

IV et ssgm calises mlio o 5Kl 2ls 5 e Alae S5 olgon IM Sl iile gil,0 Sy J 08
g ooliil plul 32 g osbs oyl s 4y (P (gslis= JISil s wsile o> 3557 slag sk Jsons sboa
5 (oot Joe Seelins g el ess) (5o P s & Ygone e J5uS  os sloo )5 58 Jlocplly [¥]
Ol pass IS ol s o LF] ol o b site 5 as pé allis 5 (b slies SLST &l i) (>l ol
Sy adil 3y Slas Gond S 4 paie &5 39 o0 Sy logs Sl s piboliz] sba (215 L jelias SLSU
2 Lol e85 0anoli ages giio sod )5 50 lsicee | S Dlug (nl 4z ST 058 o0 Jgene Pl J 1Sy (s
lopi,s S ailge o iz Byt CNC oass 5 slolploreile Jlio (lsisas b o b (saio slas )8
[a] ool3T a3 95 Pl =S aciile wasiloacisadl )l e pw iliié] s il o Shos Sgtp 6lp 3 laJlo ,o cilises
PRy e il Jys (8] o) o s AL i s IV VD (o g s [9] i s
2 $98 plaidl as bl b aige 3,50y, e55 Olgieas DOy (e JyuS ety o801 el les 5o DD alesel
o=l = DT o sV aAY Jlu ,s Ohnishi Lawss b cdsl e DOy e S ool oyl 058 oo 4235 L
2 e S5 DIVIEDV YT il ous ool Galises staio oo )5 58 00,508 jobas DO sities J S ¢ ulusl
Wl sgamme )] plSoial 5 Ly o Shas (bl 05 oo ooliiul Jgons gbay (ilosle [tsls s 4 s DO DO
b ¢ DO S Dol 5 el 00batd 55185 50 00t lgaal 8,505, S lgiear (o g DO (St cpl S sl
& DO S DAL el a3 )5 )8 osliial 5,90 by So 508 6l b pé Jhony piasw o LS s 1,
b VAl e saso e opi 1) (olod) S 5 s (Sl oyt 4 WS o )] (a3 yé S s (51
Sl S e | gige Comdge JyuS (gl p arslisl e pd WS B el oo oS 5 o> DO b e 4t
Slyean cl 00,8 Gl 093 a1 938D, 4z sl 55 DOy (e J 7S 5l eolinwl AC 5350 gal,s coys ]38
ey 2 AN G IV T ool (9o alias G Jb )5S aass DOy (it Sty S8 (505 (55518
9,50 Y95 sy S (5l S o Sl 0 aiBlanng Sl e |, b ,gkeeS a5 TESO amdliaswy cl>
pace coos ol o ,Shee lply 5 ceul das DO 5 bl s asl )| ESO ¢l o lly el o slpiiog codls  smbliie
L S e pleal DO i, L 1, SMC Jgame (5 2l J S [YY] alyse 2alS )L 5 5590 (ile (sl el ol
[YYT e olal ol 058 oo pliczil syl Eaels SMC YU uilS 3 Simedg S Lol wams aal3dl 1) o7 plsora]
Sl Jlasl L lsion |y (cas jslitsS az ST iy ez 1) b 55kt b aiS o o5 5 ESO L ) (Jseme TSMC
@S 5oy SMC o pimman [YF] 515 3525 0ais o1, ESO o jee placél Lol oS Jlgen ,38 couly il
Sl JLail SG ooleiin (o9, (ol 5o S o0 Sletiay 995 Slaglys Sl &5 o S8 4 ol 1 T 4z LSS
P oab bl Seag) (Seolins o Shoe (Jlonll 39 oo Jloel )b jglidS (res sln pgo 5 Jol 4 10 sla S cus;
oS J 08 Sy allie ol dM s s 257 5laS 3l (2l 950 Sl el Sgasme SLSU L 5lidS Sl yis ol
&olicig HOSMC 1y e (S a8 g0 Slpiiy |, HOSMC s iy (o33 > )L j5liss Seg, L PI
3l S o SBlogs (032 (51 Sl 00 035 (B H9LLES (s 9 W (BT CB3 ) s b 5lisS WS o
b 59leiS gy (e 1 ilg oo e (golpiian ;T Cag; (0l 2 ogdle 05l oo ooliiul (215 b HolidS Ly
Tl epgs i 50 S oo B3> 3 |y (Jgene SMC 1 e Suy, 515 Lilesil asly wiS ol oluabl  coess
Olgmeas [25] TRFOC [554, oo (20 Cgz lous J 5SSl 00 03,91 IM SLlSe Slins 9 ool Jow
58 0592 33 IM e s il (6l py Jgono Pl S pg (250 55 098 o0 Jleel IM il (sl aly S8 o351
5 S S 55 oy S adliogegy HOSMC L jsliss Scus) » (siie S35 p)loz (i 50 ol oad (lsie
Silw a1 Jole @bl (ol (it 5o Sl oand il sgaoe oy (] Ken 9 Sag; solwl Jebod (i
ol 00 08551 Sidgorns J138le 5 SoS b (golgiin by, 8, Shae anli jshaie 4 (5 gl

Yy


https://jeps.dezful.iau.ir/article-1-543-fa.html

[ Downloaded from jeps.dezful.iau.ir on 2026-08-27 ]

Journal of Novel Researches on Smart Power Systems - Vol. 14 - No. 2- Winter 2026

VE-F Gl —pslez ojlod —poo o> Jlo —diebien &8 st (0 g Oladod 4,08

PUINGUREPS ARV |
SWlHgige Lol Juo- I
28 ol (V) alaly &304 ol o0 |, RFOC [25] 5 (e IMD 2L, S 09,800 000 e 10 52 )l 50

. R.L+R Lm . L., Ugg
Isd == -, 12 sd + a)elsq + T +
oL ol LT, oL,
RLE+RL. . L. U M
g =~ 2 g T @elgg —
oL ol LT, GLS

)93L....u| wjl-“-" Rr 9 Rs ! )939) )L...» 7\,r ML@ )yLw.o‘ LSL“)L‘Jﬁ 9 L&bul.uy d'q Lgb}‘ Usq 9 Usd 5isq 5isd O] B as
IM ég&og.imlué w‘wwfom/(l_s r)sG 1 LZwMaOOy)ys) ‘;LA wl.v Tr Lr/Rr w‘
[Blogtco ol (V) Ayl bonos

o —Je_TL-Bo T.-T ()
" J J

Seals JEsl b o) 5o Y o 5l oslawl b sl [ 55besS T g (pwdolineg 2SI gz Te o] jo a5
90,5 5l (V) alaly & jsoas Wlgh oo OF 4 Te-Ti 51 IM Sl

1
G(s)=— )
Js

:RFOC » Guu.o IM 9.15.)—9
LSl Sl oz lase JyS Gog,y (S eiysl ams e Lid |, RFOC 5y e IM gily0 6l ,Sho ol (V) S5
e S 53 Pl oniiS 1S 55 i e oslinal Jlite lyz 4l 5 sy il alomjl (Lol alfys aty ail>
isq &2 yo 5 wilo oo ol (ol S s S (e lyz alse) lsd @z o Wigd oo ooliiul oS Wi (lgicar (45,
b laisie fos g1y oslitnl 3,50 0 955, ConBge WiS so ponki St s Al (2955 4 4295 L (p5lisS by ealed)

SMC-FOC

RFOC y ciue IM 3150 61,5065 ol :()) S
Figure (1): Block diagram of RFOC-based IM drive
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Figure (6): Flowchart of the HOSMC method with the GWO algorithm
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Figure (13): Torque, speed and current diagram of an induction motor in a torque boost scenario
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