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Nowadays, electric vehicles (EVs) are considered one of the best solutions to reduce fossil-fuel usage in the transportation industry. In EV 
applications, due to the cost and maintenance problems, induction motors (IMs) are exciting option over DC motors. Therefore, IM power-
electronic-based drives are the EVs most essential components which need more consideration and investigation. One of the effective and 
well-known control methods in AC electric motor drives is the indirect rotor flux-oriented control (IRFOC) method. The IRFOC method controls 
the electromagnetic torque and rotor flux independently. The IRFOC method should be equipped with a proper switching technique to reduce 
power losses, disturbances, voltage/current distortions,  etc. The Sinusoidal Pulse Width Modulation (SPWM), and Space Vector Pulse Width 
Modulation (SVPWM) methods are of the available switching methods for electric motor drives. Few studies have been conducted to compare 
these two switching methods, but less focus has been on their effects on EV performance when a vehicle’s parameters, such as load torque, 
are changed. In this paper, the mentioned switching strategies are simulated to control a 50 hp, 460V three-phase induction motor. The 
required simulations were done in the MATLAB/ Simulink software, and several scenarios were considered to compare the performance of 
SPWM and SVPWM methods in terms of speed tracking, disturbances created by the drive converter, efficiency, input and output power, 
required DC battery, and the EV motor stability under load change. The merits and drawbacks of these two switching methods are also 
described in detail.

Electric drive, sinusoidal PWM, space vector PWM, indirect rotor flux-oriented control, electric vehicles. 

mailto:m.monadi@scu.ac.ir


 

 

 

-



 

 

 

 

Ŭ

Ὠὺ

Ὠὸ

ВὪ ВὪ

‘ά

В█▄ В█►

Ⱨ

█◄█ █◄►

╕►► 

Ὂ ‘άὫὧέίθ ‘ὔὺ

Ⱨ
Ⱨ

 █╪▀

Ὂ
ρ

ς
”ὅὃὺ ὺ

ⱬ ╒
○

█▐╬



 

 

 

Ὂ άὫÓÉÎ ♪

Ὂ Í
Ὠὺ

Ὠὸ

ά‘
Ὠὺ

Ὠὸ
Ὢ Ὢ

Ὢ Ὢ
Ὢ Ὢ

Ὕ
ὶ

ὯὯ–
Ὢ Ὢ Ὢ

‫ᶻ
σπὯὯὺ

“ὶ

►▀
▓▌ ▓▫

Ɫ▀
╣■

ⱷ►
ᶻ ○►

  

 

iqs 

ʖs 

ʖs 
ʖr  

ʃr  ʃ 

idr  

iqs
iqr

 

ids
idr

 

icr  

ibr  

iqr  

ias 

ics 

ibs 

ids 

iar  



 

 

 

‗ ὒὭ ὒὭ                                 ( 9 ) 

‗ ὒὭ ὒὭ                          ( 10 ) 

‗ ‗ ‗                          ( 11 ) 

‗ ὒὭ ὒὭ                          ( 12 ) 

‗ ὒὭ ὒὭ                          ( 13 ) 

‗ ‗ ‗                          ( 14 ) 

ⱦ▀▲► ⱦ▀▲▼
╛□  ╛► ╛╢

ὺ ὙὭ
Ὠ

Ὠὸ
‗ ‗‫         ( 15 ) 

ὺ ὙὭ
Ὠ

Ὠὸ
‗ ‗‫   ( 16 ) 

ὺ ὙὭ
Ὠ

Ὠὸ
‗ ‫ ‫ ‗    ( 17) 

ὺ ὙὭ
Ὠ

Ὠὸ
‗ ‫ ‫ ‗   ( 18 ) 

○▀►○▲►○▀▼ ○▲▼
ⱷ▄

╡► ╡▼
ⱷ►

ὖ
σ

ς
‗‫ Ὥ ‗‫ Ὥ

Ὕ
ὖ

‫Ⱦὖ

σ

ς
ὖὒ ὭὭ

ὭὭ

כ
σ

ς
ὖ
ὒ

ὒ
‗ Ὥ ‗ Ὥ

 

ⱦ̀▼ ⱦ̀►
░̀▼ ¯



 

 

 

ⱦ▼
ⱦ̀►

░▼

w

α -axis

β  -axis

q -axis

iɻ 

iɼ is 

ids 

iqs 

ʖr  

ʇdr  
ʇqr  

ʖe
 

ʃe ʃr  

ʃsl 

░▼
‗ π ὥὲὨ ‗ ȿ‗ȿ

כ
σ

ς
ὖ
ὒ

ὒ
‗ Ὥ

░▲▼
‗ π

ὺ ὙὭ „ὒ
Ὠ

Ὠὸ
Ὥ ὒὭ„‫

‫
ὒ

ὒϽ
Ὠ

Ὠὸ
‗

ὺ ὙὭ „ὒ
Ὠ

Ὠὸ
Ὥ ὒὭ„‫

‫
ὒ

ὒϽ
‗

ὺ π
Ὑ

ὒϽ
‗

Ὠ

Ὠὸ
‗

ὒ

ὒϽ
ὙὭ

ὺ π ‫ ‗
ὒ

ὒϽ
ὙὭ

„ ρ
ὒ

ὒὒϽ

╛►
Ͻ

ⱷ▼■
ⱦ▀►

‗ ὒὭ

Ὥ Ὥ
ὒϽ

Ὑ

Ὠ

Ὠὸ
Ὥ

Ὥ Ὥ ρ Ὓ†

†
ὒϽ

Ὑ

 

Where ░□►▀

░▀▼

ⱷ▼

— ‫Ὠὸ



 

 

 

— ‫ ‫ Ὠὸ

‫
ὒ

ὒϽ
Ὑ

‗
Ὥ

Ὥ

† Ὥ

ⱦ▀►
ᶻ ╣▄

ᶻ

░▀▼
ᶻ░▲▼

ᶻ Ᵽ▄

 

Ὥ ᶻ ‗ ᶻ

ὒ

Ὥᶻ ρ †ίὭ ᶻ

— ‫ ‫ Ὠὸ

Ὥᶻ Ὕᶻ

Ὧ Ὥᶻ

Ὧ
σ

ς

ὴ

ς

ὒ

ὒ

‫
Ὥ

† Ὥ

▓◄ 

░▀▼
ᶻ░▲▼

ᶻ

SPWM

Generator

PWM

VSI

abc

P/2 mwrw

Eq. 37

dq

ab

PI

PI

dq

+-

+
-

++

Eq.35&36

Eq.30&40

Eq.38PI+
-

EV batteries 

package 

1,...., 6S S

ab

Gearbox

ab

Eq.7

Eq.8

IM

ab

abc

ʇr
ᶻ 

ʖr
ᶻ 

Isd
ᶻ  

Isq
ᶻ  Te

ᶻ 

Isd ʇr  

Isd 

Isq 

Vsd
ᶻ 

Vsq
ᶻ 

Vɻ
ᶻ 

Vɼ
ᶻ 

ὠὥ
ᶻ 

Vb
ᶻ 

Vc
ᶻ 

ʖsl Vr  

Ia 
Ib  
IC 

TL f 



 

 

 

SVPWM

Generator

PWM

VSI

abc

P/2 mwrw

Eq. 37

dq

ab

PI

PI

dq

+-

+
-

++

Eq.35&36

Eq.30&40

Eq.38PI+
-

EV batteries 

package 

1,...., 6S S

ab

Gearbox

ab

Eq.7

Eq.8

IM

ab

abc

ʇr
ᶻ 

ʖr
ᶻ 

Isd
ᶻ  

Isq
ᶻ  Te

ᶻ 

Isd ʇr  

Isd 

Isq 

Vsd
ᶻ 

Vsq
ᶻ 

Vɻ
ᶻ 

Vɼ
ᶻ 

ὠὥ
ᶻ 

Vb
ᶻ 

Vc
ᶻ 

ʖsl Vr  

Ia 
Ib  
IC 

TL f 

 

 

╥╪◄ȟ╥╫◄ ╥╬◄
ρςπ

ὠ
ς

σ
ὠ ὸ ‌ὠ ὸ ‌ὠὸ

‌  ÅpȾ  ÃÏÓ
p

 ὮÓÉÎ
p

‌

 ÅpȾ  ÃÏÓ
p
  ὮÓÉÎ

p

╥╪ ╥╫ ╥╬
`



 

 

 

p ὠ

ὠ
ς

σ
ὠ Ὓ ‌Ὓ ‌Ὓ

╢╪
╢╫ ╢╬ 

╢
╥▀╬

V4(100)  V0(000)  

V6(110)  V2(010)  

V1(001)  V5(101)  

V7(111)  V3(011)  

α 

β 

  

ὠ πȢφρςὓ ὠ

ὠ
ὠ

πȢφρς

ὠ ς ὠ

ὠ Ѝσ ὠ



 

 

 

b

c

a, α 

β 

SVPWM

SPWM

1

2
VDC 

2

3
VDC 

1

Ѝ3
VDC 

 

 



 

 

 



 

 

 

 



 

 

 

 



 

 

 

 

  



 

 

 

1. Monadi, M., et al., LƴǘŜƎǊŀǘŜŘ ŎƻƴǘǊƻƭ ŀƴŘ ƳƻƴƛǘƻǊƛƴƎ ƻŦ ŀ ǎƳŀǊǘ ŎƘŀǊƎƛƴƎ ǎǘŀǝƻƴ ǿƛǘƘ ŀ ǇǊƻǇƻǎŜŘ Řŀǘŀ 
ŜȄŎƘŀƴƎŜ ǇǊƻǘƻŎƻƭΦ IET Renewable Power Generation, 2022. мс(3): p. 532-546. 

2. SOUMEUR, M.A., et al., ! /ƻƳǇŀǊŀǝǾŜ {ǘǳŘȅ ƻŦ ¢ǿƻ 9ƴŜǊƎȅ aŀƴŀƎŜƳŜƴǘ {ŎƘŜƳŜǎ ŦƻǊ ŀ CǳŜƭπŎŜƭƭ IȅōǊƛŘ 
tƻǿŜǊ {ȅǎǘŜƳ ƻŦ CƻǳǊπ²ƘŜŜƭπ5ǊƛǾŜ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜΦ Journal of Power Technologies, 2021(1): p. 34-43%V 101. 

3. Farkas, C., LƳǇŀŎǘ ƻŦ ǳƴŎƻƻǊŘƛƴŀǘŜŘ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ ŎƘŀǊƎƛƴƎ ƻƴ ǘƘŜ ŘƛǎǘǊƛōǳǝƻƴ ƎǊƛŘΦ Journal of Power 
Technologies, 2020(1): p. 85-91%V 100. 

4. Halder, S., et al. tŜǊŦƻǊƳŀƴŎŜ !ƴŀƭȅǎƛǎ ƻŦ ².D LƴǾŜǊǘŜǊ CŜŘ 9ƭŜŎǘǊƛŎ ¢ǊŀŎǝƻƴ 5ǊƛǾŜ {ȅǎǘŜƳ ŦƻǊ 9± !ǇǇƭƛŎŀǝƻƴ. 
in нлно L999 L!{ Dƭƻōŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ ŀƴŘ IȅŘǊƻƎŜƴ ¢ŜŎƘƴƻƭƻƎƛŜǎ όDƭƻō/ƻƴI¢ύ. 2023. 
IEEE. 

5. Popescu, M., et al., 5ŜǎƛƎƴ ƻŦ LƴŘǳŎǝƻƴ aƻǘƻǊǎ ²ƛǘƘ Cƭŀǘ ²ƛǊŜǎ ŀƴŘ /ƻǇǇŜǊ wƻǘƻǊ ŦƻǊ 9π±ŜƘƛŎƭŜǎ ¢ǊŀŎǝƻƴ 
{ȅǎǘŜƳΦ IEEE Transactions on Industry Applications, 2023. 

6. Shamsi-Nejad, M., M.R. Khalghani, and M.H. Khooban, 5ŜǘŜǊƳƛƴŀǝƻƴ ƻŦ hǇǝƳǳƳ IȅǎǘŜǊŜǎƛǎ .ŀƴŘǿƛŘǘƘ ǘƻ 
LƳǇǊƻǾŜ ǘƘŜ hǇŜǊŀǝƻƴ ƻŦ 9ƭŜŎǘǊƛŎ aŀŎƘƛƴŜǎΦ Journal of Power Technologies, 2013(4): p. 207-215%V 93. 

7. El Moucary, C., E. Mendes, and A. Razek, 5ŜŎƻǳǇƭŜŘ ŘƛǊŜŎǘ ŎƻƴǘǊƻƭ ŦƻǊ t²a ƛƴǾŜǊǘŜǊπŦŜŘ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ 
ŘǊƛǾŜǎΦ IEEE transactions on industry applications, 2002. оу(5): p. 1307-1315. 

8. Nagarajan, R. and M. Saravanan. {ǘŀƛǊŎŀǎŜ ƳǳƭǝŎŀǊǊƛŜǊ {t²a ǘŜŎƘƴƛǉǳŜ ŦƻǊ ƴƛƴŜ ƭŜǾŜƭ ŎŀǎŎŀŘŜŘ ƛƴǾŜǊǘŜǊ. in 
нлмо LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ tƻǿŜǊΣ 9ƴŜǊƎȅ ŀƴŘ /ƻƴǘǊƻƭ όL/t9/ύ. 2013. IEEE. 

9. Nashee, A.F., et al. ±κC ŎƻƴǘǊƻƭ ƻŦ !/ ƳƻǘƻǊ ǳǎƛƴƎ ƛƴǘŜƭƭƛƎŜƴǘ ǘŜŎƘƴƛǉǳŜǎ. in !Lt /ƻƴŦŜǊŜƴŎŜ tǊƻŎŜŜŘƛƴƎǎ. 2023. 
AIP Publishing. 

10. Awdaa, M., A. Obed, and S. Yaqoob. ! /ƻƳǇŀǊŀǝǾŜ {ǘǳŘȅ ōŜǘǿŜŜƴ ±κC ŀƴŘ LCh/ /ƻƴǘǊƻƭ ŦƻǊ ¢ƘǊŜŜπtƘŀǎŜ 
LƴŘǳŎǝƻƴ aƻǘƻǊ 5ǊƛǾŜǎ. in Lht /ƻƴŦŜǊŜƴŎŜ {ŜǊƛŜǎΥ aŀǘŜǊƛŀƭǎ {ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ. 2021. IOP Publishing. 

11. Ali, S.M., V.V.K. Reddy, and M.S. Kalavathi, /ƻǳǇƭŜŘ ǊŀƴŘƻƳ t²a ǘŜŎƘƴƛǉǳŜ ŦƻǊ Řǳŀƭ ƛƴǾŜǊǘŜǊ ŦŜŘ ƛƴŘǳŎǝƻƴ 
ƳƻǘƻǊ ŘǊƛǾŜΦ International Journal of Power Electronics and Drive Systems, 2019. мл(1): p. 58. 

12. Alsofyani, I.M. and N.R.N. Idris, {ƛƳǇƭŜ ƅǳȄ ǊŜƎǳƭŀǝƻƴ ŦƻǊ ƛƳǇǊƻǾƛƴƎ ǎǘŀǘŜ ŜǎǝƳŀǝƻƴ ŀǘ ǾŜǊȅ ƭƻǿ ŀƴŘ ȊŜǊƻ 
ǎǇŜŜŘ ƻŦ ŀ ǎǇŜŜŘ ǎŜƴǎƻǊƭŜǎǎ ŘƛǊŜŎǘ ǘƻǊǉǳŜ ŎƻƴǘǊƻƭ ƻŦ ŀƴ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊΦ IEEE Transactions on power 
electronics, 2015. ом(4): p. 3027-3035. 

13. Velkov, T. and V. Chingoski, {t995 /hb¢wh[ hC !/ ah¢hw{ Chw 9[9/¢wL/ ±9IL/[9{ ¦{LbD CL9[5 hwL9b¢95 
/hb¢wh[Φ Balkan Journal of Applied Mathematics and Informatics, 2023. с(1): p. 37-48. 

14. Kumar, R.S., et al., ! ŎƻƳōƛƴŜŘ I¢ ŀƴŘ !bb ōŀǎŜŘ ŜŀǊƭȅ ōǊƻƪŜƴ ōŀǊ Ŧŀǳƭǘ ŘƛŀƎƴƻǎƛǎ ŀǇǇǊƻŀŎƘ ŦƻǊ LCh/ ŦŜŘ 
ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ ŘǊƛǾŜΦ Alexandria Engineering Journal, 2023. сс: p. 15-30. 

15. Wang, Y., et al., ! ŎƻƳǇŀǊŀǝǾŜ ƻǾŜǊǾƛŜǿ ƻŦ ƛƴŘƛǊŜŎǘ ŬŜƭŘ ƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭ όLCh/ύ ŀƴŘ ŘŜŀŘōŜŀǘπŘƛǊŜŎǘ ǘƻǊǉǳŜ 
ŀƴŘ ƅǳȄ ŎƻƴǘǊƻƭ ό5.π5¢C/ύ ŦƻǊ !/ aƻǘƻǊ 5ǊƛǾŜǎΦ Chinese Journal of Electrical Engineering, 2015. м(1): p. 9-
20. 

16. Aktas, M., et al., 5ƛǊŜŎǘ ǘƻǊǉǳŜ ŎƻƴǘǊƻƭ ǾŜǊǎǳǎ ƛƴŘƛǊŜŎǘ ŬŜƭŘπƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭ ƻŦ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊǎ ŦƻǊ ŜƭŜŎǘǊƛŎ 
ǾŜƘƛŎƭŜ ŀǇǇƭƛŎŀǝƻƴǎΦ Engineering Science and Technology, an International Journal, 2020. но(5): p. 1134-
1143. 



 

 

 

17. Amezquita-Brooks, L., J. Liceaga-Castro, and E. Liceaga-Castro, {ǇŜŜŘ ŀƴŘ Ǉƻǎƛǝƻƴ ŎƻƴǘǊƻƭƭŜǊǎ ǳǎƛƴƎ ƛƴŘƛǊŜŎǘ 
ŬŜƭŘπƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭΥ ! ŎƭŀǎǎƛŎŀƭ ŎƻƴǘǊƻƭ ŀǇǇǊƻŀŎƘΦ IEEE transactions on Industrial Electronics, 2013. см(4): 
p. 1928-1943. 

18. Majeed, A.M.A., et al. LƴǾŜǎǝƎŀǝƻƴ ƻŦ {t²a ŀƴŘ {±t²a ±{L ŦƻǊ LƴŘǳŎǝƻƴ aƻǘƻǊ 5ǊƛǾŜ. in Lht /ƻƴŦŜǊŜƴŎŜ 
{ŜǊƛŜǎΥ aŀǘŜǊƛŀƭǎ {ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎ. 2020. IOP Publishing. 

19. Wang, K., et al., aƻŘŜƭƛƴƎ ƻŦ ǎȅǎǘŜƳπƭŜǾŜƭ ŎƻƴŘǳŎǘŜŘ 9aL ƻŦ ǘƘŜ ƘƛƎƘπǾƻƭǘŀƎŜ ŜƭŜŎǘǊƛŎ ŘǊƛǾŜ ǎȅǎǘŜƳ ƛƴ ŜƭŜŎǘǊƛŎ 
ǾŜƘƛŎƭŜǎΦ IEEE Transactions on Electromagnetic Compatibility, 2022. сп(3): p. 741-749. 

20. Bhattacharjee, T., M. Jamil, and A. Jana. 5ŜǎƛƎƴ ƻŦ {t²a ōŀǎŜŘ ǘƘǊŜŜ ǇƘŀǎŜ ƛƴǾŜǊǘŜǊ ƳƻŘŜƭ. in нлму 
¢ŜŎƘƴƻƭƻƎƛŜǎ ŦƻǊ {ƳŀǊǘπ/ƛǘȅ 9ƴŜǊƎȅ {ŜŎǳǊƛǘȅ ŀƴŘ tƻǿŜǊ όL/{9{tύ. 2018. IEEE. 

21. Hafeez, A., et al., /ƻƳǇŀǊŀǝǾŜ !ƴŀƭȅǎƛǎ ƻŦ ǘƘŜ t²a ŀƴŘ {t²a ƻƴ ¢ƘǊŜŜπtƘŀǎŜ LƴǾŜǊǘŜǊ ǘƘǊƻǳƎƘ 5ƛũŜǊŜƴǘ 
[ƻŀŘǎ ŀƴŘ CǊŜǉǳŜƴŎƛŜǎΦ Journal of Computing & Biomedical Informatics, 2023. п(02): p. 204-220. 

22. Liang, W., et al., !ƴŀƭȅǝŎŀƭ ƳƻŘŜƭƛƴƎ ƻŦ ŎǳǊǊŜƴǘ ƘŀǊƳƻƴƛŎ ŎƻƳǇƻƴŜƴǘǎ ƛƴ ta{a ŘǊƛǾŜ ǿƛǘƘ ǾƻƭǘŀƎŜπǎƻǳǊŎŜ 
ƛƴǾŜǊǘŜǊ ōȅ {±t²a ǘŜŎƘƴƛǉǳŜΦ IEEE Transactions on Energy Conversion, 2014. нф(3): p. 673-680. 

23. Singh, J., et al. LƴǾŜǎǝƎŀǝƻƴ ƻŦ ǇŜǊŦƻǊƳŀƴŎŜ ǇŀǊŀƳŜǘŜǊǎ ƻŦ ta{a ŘǊƛǾŜǎ ǳǎƛƴƎ 5¢/π{±t²a ǘŜŎƘƴƛǉǳŜ. in 
нлмн {ǘǳŘŜƴǘǎ /ƻƴŦŜǊŜƴŎŜ ƻƴ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ {ȅǎǘŜƳǎ. 2012. IEEE. 

24. Rajlaxmi, E., S. Behera, and S.K. Panda. /ƻƳǇŀǊƛǎƻƴ ƻŦ LƴǾŜǊǘŜǊ /ƻƴǘǊƻƭ ōȅ {t²a ŀƴŘ {±t²a aŜǘƘƻŘ ƛƴ 
{ǘŀƴŘŀƭƻƴŜ t± {ȅǎǘŜƳ. in нлнл L999 LƴǘŜǊƴŀǝƻƴŀƭ {ȅƳǇƻǎƛǳƳ ƻƴ {ǳǎǘŀƛƴŀōƭŜ 9ƴŜǊƎȅΣ {ƛƎƴŀƭ tǊƻŎŜǎǎƛƴƎ ŀƴŘ 
/ȅōŜǊ {ŜŎǳǊƛǘȅ όƛ{{{/ύ. 2020. IEEE. 

25. Mathew, A.R., R. Bindu, and S. Thale. 5ŜǎƛƎƴ ƻŦ ŀ ǇƻǿŜǊ ŜƭŜŎǘǊƻƴƛŎ ŘǊƛǾŜ ŦƻǊ ŀ ǎƳŀƭƭ ǳǝƭƛǘȅ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜ. in 
нлнл L999 LƴŘƛŀ ŎƻǳƴŎƛƭ ƛƴǘŜǊƴŀǝƻƴŀƭ ǎǳōǎŜŎǝƻƴǎ ŎƻƴŦŜǊŜƴŎŜ όLb5L{/hbύ. 2020. IEEE. 

26. Jacob, J., et al. {ǇŀŎŜ ǾŜŎǘƻǊ ǇǳƭǎŜ ǿƛŘǘƘ ƳƻŘǳƭŀǝƻƴ ŦƻǊ ŀ ǎŜǾŜƴ ƭŜǾŜƭ ƛƴǾŜǊǘŜǊ ŀǇǇƭƛŜŘ ǘƻ ŀƴ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ 
ŘǊƛǾŜ. in нлмт LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ LƴƴƻǾŀǝƻƴǎ ƛƴ 9ƭŜŎǘǊƛŎŀƭΣ 9ƭŜŎǘǊƻƴƛŎǎΣ LƴǎǘǊǳƳŜƴǘŀǝƻƴ ŀƴŘ aŜŘƛŀ 
¢ŜŎƘƴƻƭƻƎȅ όL/99La¢ύ. 2017. IEEE. 

27. Katyara, S., A.A. Hashmani, and B.S. Chowdhary, 5ŜǾŜƭƻǇƳŜƴǘ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ ǇǳƭǎŜ ǿƛŘǘƘ ƳƻŘǳƭŀǝƻƴ 
ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ ŎƻƴǘǊƻƭΦ Mehran University Research Journal of Engineering & Technology, 
2020. оф(1): p. 81-96. 

28. Sudaryanto, A., et al. 5ŜǎƛƎƴ ŀƴŘ LƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ {±t²a LƴǾŜǊǘŜǊ ǘƻ wŜŘǳŎŜ ¢ƻǘŀƭ IŀǊƳƻƴƛŎ 5ƛǎǘƻǊǝƻƴ 
ό¢I5ύ ƻƴ ¢ƘǊŜŜ tƘŀǎŜ LƴŘǳŎǝƻƴ aƻǘƻǊ {ǇŜŜŘ wŜƎǳƭŀǝƻƴ ¦ǎƛƴƎ /ƻƴǎǘŀƴǘ ±κC. in нлнл оǊŘ LƴǘŜǊƴŀǝƻƴŀƭ 
{ŜƳƛƴŀǊ ƻƴ wŜǎŜŀǊŎƘ ƻŦ LƴŦƻǊƳŀǝƻƴ ¢ŜŎƘƴƻƭƻƎȅ ŀƴŘ LƴǘŜƭƭƛƎŜƴǘ {ȅǎǘŜƳǎ όL{wL¢Lύ. 2020. IEEE. 

29. Yadav, S. and A.K. Mishra. tŜǊŦƻǊƳŀƴŎŜ 9Ǿŀƭǳŀǝƻƴ ƛƴ LCh/ LƴŘǳŎǝƻƴ aƻǘƻǊ 5ǊƛǾŜ ǿƛǘƘ ǾŀǊƛƻǳǎ t²a 
¢ŜŎƘƴƛǉǳŜǎ. in нлнл LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 9ƭŜŎǘǊƛŎŀƭ ŀƴŘ 9ƭŜŎǘǊƻƴƛŎǎ 9ƴƎƛƴŜŜǊƛƴƎ όL/9оύ. 2020. IEEE. 

30. Das, U., P.K. Biswas, and S. Debnath, ! /ƻƳǇŀǊŀǝǾŜ {ǘǳŘȅ ōŜǘǿŜŜƴ [ƻŀŘ ŀƴŘ bƻπ[ƻŀŘ ŎƻƴŘƛǝƻƴ ƻŦ .ǊǳǎƘƭŜǎǎ 
5/ aƻǘƻǊ 5ǊƛǾŜǎ ōȅ ¦ǎƛƴƎ a!¢[!.Φ Journal of Power Technologies, 2017(3): p. 281–286%V 98. 

31. Rind, S.J., et al., {ƭƛŘƛƴƎ ƳƻŘŜ ŎƻƴǘǊƻƭ ǊƻǘƻǊ ƅǳȄ aw!{ ōŀǎŜŘ ǎǇŜŜŘ ǎŜƴǎƻǊƭŜǎǎ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ ǘǊŀŎǝƻƴ ŘǊƛǾŜ 
ŎƻƴǘǊƻƭ ŦƻǊ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎΦ AIMS Electronics and Electrical Engineering, 2023. т(4): p. 354-379. 

32. Haddoun, A., et al. {ƭƛŘƛƴƎ ƳƻŘŜ ŎƻƴǘǊƻƭ ƻŦ 9± ŜƭŜŎǘǊƛŎ ŘƛũŜǊŜƴǝŀƭ ǎȅǎǘŜƳ. in L/9aϥлс. 2006. 
33. Haddoun, A., et al., ! ƭƻǎǎπƳƛƴƛƳƛȊŀǝƻƴ 5¢/ ǎŎƘŜƳŜ ŦƻǊ 9± ƛƴŘǳŎǝƻƴ ƳƻǘƻǊǎΦ IEEE Transactions on vehicular 

technology, 2007. рс(1): p. 81-88. 
34. Yalavarthy, U.R.S. and V.S.K.R. Gadi, aƻŘŜƭƭƛƴƎΣ {ƛƳǳƭŀǝƻƴ ŀƴŘ !ƴŀƭȅǎƛǎ ƻŦ LƴŘƛǊŜŎǘ {ǇŀŎŜ ±ŜŎǘƻǊ /ƻƴǘǊƻƭ ƻŦ 

9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜ 5ǊƛǾŜƴ ōȅ tŜǊƳŀƴŜƴǘ aŀƎƴŜǘ {ȅƴŎƘǊƻƴƻǳǎ aƻǘƻǊ ǿƛǘƘ CǳȊȊȅ /ƻƴǘǊƻƭƭŜǊΦ Mathematical 
Modelling of Engineering Problems, 2022. ф(2). 

35. Shah, K. and R. Maurya, ! ƳƻŘƛŬŜŘ ǎǇŀŎŜ ǾŜŎǘƻǊ ƳƻŘǳƭŀǝƻƴ ōŀǎŜŘ ǊƻǘƻǊ ƅǳȄ ƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭ ƻŦ ǎƛȄπǇƘŀǎŜ 
ŀǎȅƳƳŜǘǊƛŎŀƭ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ ŘǊƛǾŜΦ Turkish Journal of Electrical Engineering and Computer Sciences, 2023. 
ом(2): p. 481-497. 

36. Sirikan, P. and C. Charumit, LƳǇƭŜƳŜƴǘŀǝƻƴ ƻŦ ƛƴŘƛǊŜŎǘ ǊƻǘƻǊ ŬŜƭŘ ƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭ ŦƻǊ ǘƘǊŜŜ ǇƘŀǎŜ ƛƴŘǳŎǝƻƴ 
ƳƻǘƻǊ ŘǊƛǾŜ ōŀǎŜŘ ƻƴ ¢a{онлCнуоор 5{tΦ Przegląd Elektrotechniczny, 2020. фс: p. 153-158. 



 

 

 

37. Bose, B.K., aƻŘŜǊƴ ǇƻǿŜǊ ŜƭŜŎǘǊƻƴƛŎǎ ϧ !/ ŘǊƛǾŜǎ. 2002: Prentice hall. 
38. Krishnan, R., 9ƭŜŎǘǊƛŎ aƻǘƻǊ 5ǊƛǾŜǎΥ !ƴŀƭȅǎƛǎΣ aƻŘŜƭƛƴƎ ŀƴŘ /ƻƴǘǊƻƭ. 2001, Prentice Hall Inc., New Jersey. 
39. Ba-Razzouk, A., et al., CƛŜƭŘπƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭ ƻŦ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊǎ ǳǎƛƴƎ ƴŜǳǊŀƭπƴŜǘǿƻǊƪ ŘŜŎƻǳǇƭŜǊǎΦ IEEE 

Transactions on Power Electronics, 1997. мн(4): p. 752-763. 
40. Hiware, R.S. and J.G. Chaudhari. LƴŘƛǊŜŎǘ ŬŜƭŘ ƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭ ŦƻǊ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ. in нлмм CƻǳǊǘƘ 

LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 9ƳŜǊƎƛƴƎ ¢ǊŜƴŘǎ ƛƴ 9ƴƎƛƴŜŜǊƛƴƎ ϧ ¢ŜŎƘƴƻƭƻƎȅ. 2011. IEEE. 
41. Hamid, N.F.A., M.A. Abd Jalil, and N.S.S. Mohamed. 5ŜǎƛƎƴ ŀƴŘ ǎƛƳǳƭŀǝƻƴ ƻŦ ǎƛƴƎƭŜ ǇƘŀǎŜ ƛƴǾŜǊǘŜǊ ǳǎƛƴƎ 

{t²a ǳƴƛǇƻƭŀǊ ǘŜŎƘƴƛǉǳŜ. in WƻǳǊƴŀƭ ƻŦ tƘȅǎƛŎǎΥ /ƻƴŦŜǊŜƴŎŜ {ŜǊƛŜǎ. 2020. IOP Publishing. 
42. Jarjes, M.K. and T.A. Hussein, /ƻƳǇŀǊŀǝǾŜ ǎǘǳŘȅ ƻŦ {t²a ŀƴŘ {±t²a ǘŜŎƘƴƛǉǳŜǎ ŦƻǊ ǘƘŜ ŎƻƴǘǊƻƭ ƻŦ ǘƘǊŜŜπ

ǇƘŀǎŜ ƎǊƛŘ ŎƻƴƴŜŎǘŜŘ ƛƴǾŜǊǘŜǊΦ Przeglad Elektrotechniczny, 2023. фф(5). 
43. Liu, K., Z. Zhou, and W. Hua, ! ƴƻǾŜƭ ǊŜƎƛƻƴπǊŜŬƴŜƳŜƴǘ ǇǳƭǎŜ ǿƛŘǘƘ ƳƻŘǳƭŀǝƻƴ ƳŜǘƘƻŘ ŦƻǊ ǘƻǊǉǳŜ ǊƛǇǇƭŜ 

ǊŜŘǳŎǝƻƴ ƻŦ ōǊǳǎƘƭŜǎǎ 5/ ƳƻǘƻǊǎΦ IEEE Access, 2018. т: p. 5333-5342. 
44. Zhang, Z., et al., t{/!5κ9a¢5/ ōŀǎŜŘ {±t²a ƛƴǾŜǊǘŜǊ ǎƛƳǳƭŀǝƻƴΦ 2012. 
45. Zhang, W.-F. and Y.-H. Yu, /ƻƳǇŀǊƛǎƻƴ ƻŦ ǘƘǊŜŜ {±t²a ǎǘǊŀǘŜƎƛŜǎΦ Journal of Electronic Science and 

Technology, 2007. р(3): p. 283-287. 
46. Miao, Y., et al., /ǳǊǊŜƴǘ [ƛπƛƻƴ ōŀǧŜǊȅ ǘŜŎƘƴƻƭƻƎƛŜǎ ƛƴ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎ ŀƴŘ ƻǇǇƻǊǘǳƴƛǝŜǎ ŦƻǊ ŀŘǾŀƴŎŜƳŜƴǘǎΦ 

Energies, 2019. мн(6): p. 1074. 
47. Khan, M.A., et al., tŜǊŦƻǊƳŀƴŎŜ ŀƴŀƭȅǎƛǎ ƻŦ ōƛŘƛǊŜŎǝƻƴŀƭ 5/ς5/ ŎƻƴǾŜǊǘŜǊǎ ŦƻǊ ŜƭŜŎǘǊƛŎ ǾŜƘƛŎƭŜǎΦ IEEE 

transactions on industry applications, 2015. рм(4): p. 3442-3452. 
48. Puranik, V.V. and V.N. Gohokar, {ƛƳǳƭŀǝƻƴ ƻŦ ŀƴ ƛƴŘƛǊŜŎǘ ǊƻǘƻǊ ƅǳȄ ƻǊƛŜƴǘŜŘ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊ ŘǊƛǾŜ ǳǎƛƴƎ 

a!¢[!.κ{ƛƳǳƭƛƴƪΦ International Journal of Power Electronics and Drive Systems, 2017. у(4): p. 1693. 
49. Sevilmiş, F. and H. Karaca. {ƛƳǳƭŀǝƻƴ ŀƴŘ ŀƴŀƭȅǎƛǎ ƻŦ {±t²a ōŀǎŜŘ ±{L ŦƻǊ ǿƛƴŘ ŜƴŜǊƎȅ ǎȅǎǘŜƳǎ. in 

tǊƻŎŜŜŘƛƴƎǎ ƻŦ ǘƘŜ нлмп сǘƘ LƴǘŜǊƴŀǝƻƴŀƭ /ƻƴŦŜǊŜƴŎŜ ƻƴ 9ƭŜŎǘǊƻƴƛŎǎΣ /ƻƳǇǳǘŜǊǎ ŀƴŘ !ǊǝŬŎƛŀƭ LƴǘŜƭƭƛƎŜƴŎŜ 
ό9/!Lύ. 2014. IEEE. 

50. Chang, G.-W., et al., ¢ǳƴƛƴƎ ǊǳƭŜǎ ŦƻǊ ǘƘŜ tL Ǝŀƛƴǎ ƻŦ ŬŜƭŘπƻǊƛŜƴǘŜŘ ŎƻƴǘǊƻƭƭŜǊǎ ƻŦ ƛƴŘǳŎǝƻƴ ƳƻǘƻǊǎΦ IEEE 
Transactions on industrial electronics, 2000. пт(3): p. 592-602. 

51. Shukla, N.K. and R. Srivastava, {ƛƳǳƭŀǝƻƴ ŀƴŘ /ƻƳǇŀǊŀǝǾŜ !ƴŀƭȅǎƛǎ ƻŦ {t²a ϧ {±t²a .ŀǎŜŘ ±ƻƭǘŀƎŜ 
{ƻǳǊŎŜ LƴǾŜǊǘŜǊ ǿƛǘƘ LƴŘǳŎǝǾŜ [ƻŀŘΦ Simulation, 2017. 


