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Hall Sensor-Based Speed Control of a BLDC Motor Using a Fractional-Order
PI* D* Controller Optimized by the Modified Bat Algorithm (MBA)
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Abstract

This study presents the development of a closed-loop
speed controller for BLDC motors by implementing a Fractional
Order Integral-Derivative Controller (PI’lD'U ). The proposed
controller can regulate the motor operation to closely track the
reference speed with high accuracy, providing superior stability
and robustness compared to conventional PID controllers. In
this study, the BLDC motor was modeled and simulated using
MATLAB/Simulink to determine the parameters of the pitpH
controller, including K,.K,K,; A u .The optimal values were
obtained using an Improved Bat Algorithm. The performance of
the proposed control strategy was evaluated through computer

simulations, as well as additional tests under conditions where

*useiususiuia

certain motor parameters were varied, in order to assess the
robustness of the system. The simulation results demonstrate
that the proposed control strategy exhibits significantly higher
flexibility and stability compared to conventional PID control.
These findings highlight the potential for practical applications

in drive systems that require high precision and reliability.

Keywords: Fractional-Order  py4p# , BLDC Motor,

Metaheuristic Search, Modified Bat Algorithm
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K4 0.1618
KT 0.2089
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Kb 0.1363
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1: Randomly initialize position x; and velocity v; of i-th

bat in population
9 Initialize pulsation frequency Q; € [Qimin, @maxl »

pulsation r; and loudness A; of i-th bat in population
3: while not termination conditions are satisfied:
4: for each bat in population:
5: v(t) =aw(t — 1) + Q(x" —x(t— 1)) +

+ Qi (xyer — xi(t — 1))
x;(t) = x;(t — 1) +v,(t)
6: if rand(0,1) > rf:
x| « generate new solution around current bat x;
7 if f(x}) < f(x;) or rand(0,1) < Al:
x; « x|
Update values of pulsation and loudness,

respectively r and A! as:

AL« @Al 1T« 1P (1 — exp(—yt))
8: Evaluate bats population using fit function f
9: Find best bat in population and mark him as x*
10: if f(x") < fxiver):
11: Xeper & X7
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vi(t)=ay,(t—1)+Q,(x" —x,(t—1) + (22)
+0,(x,,,, —x,(t-1)
v,.(t):alv‘.(tfl)+Q,(x*7xl(tfl))+ (23)

+0,(x,,,, —x,(-1)

a, = AUy AvENsTuivesdea g
X —x(t—1) = BIAUILNOUNNAIALYBIAAT
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famuau PIAD#  drduiavdaulidinisfuniuuudanesu
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fmuaa K,. K. K, Au fimuizauiiaadimiunisifimes lag

MAUAVDURIANITAUNNAIENNTTA (6) [4]

MBA Algorithm —(O
! +

Kp| K| A| Kq| M 30.983212 -
000109985
* o0
v, +0.019947475 o,
K; u +1.000119945""
Kp +7+Kd‘Y +30.98231285]
+ _ s
PID/ PI* D" BLDC Motor Plant

a I v o Y. 5 1
EUW 6 ATFINUYDITFUUAIUAN PI7DT VIgNBBnLuunIy MBA

2.6 ANHNHMU
o aa A o va =
WenagauAUNUNIUYRISNSNLEUlAnSANYINATB S
a o v 9 o a P ' ' '
Aswasunvasdundudmiuuselaiieldluan 1 wiute de
Uszdvdnimaeinisarvauusidauasnsiudoundasmnunsaain
AUSY 1800 SoUsBUNT Uag 800 soUReUNTl warn1siUasuwUa
AMUAUMIY Ra kagAnuides J AoAnuSLandnannsai 2

ANT4712 WansA Ra=Ra+20%Ra Wwag J=J+20%)

200mm

aun157(24) 18a1nm1519%12 TneusuAuAIunIu Ra=Ra+20%Ra
wazuFuen J=J+20%) Tuaunisiaggnilunegeussuuiiietly
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3. WANIIVIAFULAZN1TBAUTIENE

Tums3deil faeauau PID uay  PIADH  griweudiey
Aulngldimalinnisdunimuizaufiganuy MBA A1msfines
2 v v o & o Y v v I °
Fudunsdumnasl Srududsidesnisdunudud =5 91w

v a 9
Y0IANAN =20 AW Q=0 UAE Q =2 AUAIYBY
@89 4 =05 8nsinsudesiad = 0.5 wagdiuiuseugegn
(Max_Gen) = 400 drvualiiduinaaigfin1sduni(TO) eganeld

13 9 a av v a
VOUIRGERUATAEAGtaNnISh (6) nadilduandlunisnana

maadt 3 Avnsifiwesvesianuau PID/PI DM

Parameter PID (PSO) | PID (MBA) PI*DH (MBA)
Kp 4.1935 5.0780 25.8571
Ki 136.7900] 170.6344 782.5988
1 1 1 0.9979
K, 0.0163 0.0038 0.0503
H 1 1 1.0525

AmTneslun1seid dmdussuumuauauds vewnes BLDC
£ . gy sl Yoo Huo oy va
Fuagnelanisleudunadyqyrauuututule venanifidelad
mMsmAmfimesvesiinivauiiolUTouiisuuse ansainees

MBA fumd3adn PSO uas PIADH iilefusudendimionin

A39dl 4 AUszavisnwesiaauay PID/ PI* D

Parameter R, el ";:1;12821;,
K4 0.1618 0.1618
KT 02089 | 0.2089
4 0.0008 0.0008
Kb 0.1363 0.1363
J 0.0001 0.00012
La 0.0101 0.0101
Ra 10.6343 12.7612
B 0.0005 0.0005

0.0338

G (s)= 0.00000000096965>"

+0.000002441 15"
+0.00156435""

+0.034854

(24)

Claminaliar Performance Parameter
L Z, £ Lrog | MO% |OBJ(f) | Lseach
PID (PSO) | 0.0431| 0.0578| 0.1458 [ 0.2378 [0.6399 |1.7628 [1223.55
PID (MBA) | 0.0249] 0.0328| 0.0765 | 0.2528 |0.6043 [1.5990 |724.100
PIAD”(MBA) 0.0151| 0.0216[ 0.0348 | 0.1191 | 0.1991 [1.1288 |756.801

Hafildlunssiia wuiwanuauuy PI*DH Goumsnan
nifletfisufudinlugu PDPSO) LazFanIuga PID(MBA)
namauaueansldfsguil 7 dawgui 8 wanaduldsgiintegiunes
fneudmiuiaauau PID/ PIADH Tasfmuamsidive f3uduves
msfumiluaunsii(e) 3Ui9 uanssanisaeuauasassEUULlaLiy
Tnian 1 91y uazguil 11 uanamanoUaLB VIR INAIUANTNE
No load Wag On load vua 1 vihe #iian 0.25 3unil U 1213

UARIANNASVIUYOIEUULID R=R+20%R Wag J=J+20%) muaiu
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BLDC Motor Validation
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