International Journal of Aquatic Science
ISSN: 2008-8019
Vol 12, Issue 03, 2021

Predictive Speed And Flux Control Based
Sensorless Sliding Mode Observer For
Induction Motor Used In Electric Vehicle
Dr.S.Priya1, Dr. P.Vinoth Kumar2, Dr. Karthikeyan3, Mr. Suresh Subramaniyam4
1

Prof, Dept. of Electrical and Electronics Engg, AMET Deemed to be University, Chennai,
Tamilnadu, India
2
Associate Professor in Dept. of Electrical and Electronics Engg, Sri Krishna College of
Engineering and Technology, Coimbatore, Tamilnadu, India.
3
Associate Professor in Dept. of Electrical and Electronics Engg, S. A. Engineering College,
Chennai, Tamilnadu, India
4
Senior Manager –operations, ESD Engineering and Consulting PVT LTD, Chennai,
Tamilnadu, India
Email: 1priyasakthikumar@gmail.com, 2vinothkumarktp@gmail.com
3
avinash.nan@gmail.com,4suresh@theesd.com
Abstract--- Electric vehicles are replacing popular conventional IC engine vehicles since
they are having higher energy efficiency, maintenance free operation for customer and
providing pollution free environment. Electric vehicle manufacturers are having many
control strategies to overcome the limitations of traditional vehicles with recent
advancements. The static and dynamic performance using Sliding Mode Observer for an
induction motor in electric vehicle provides efficient torque to run the vehicle and its is
discussed in this paper. To achieve efficient torque control and greater efficiency Direct
Torque Control (DTC) based sensor less estimation technique of flux, torque, theta and
speed with space vector pulse width modulation is proposed in this paper. This main aim of
this work is the sensor less estimation design and simulation of a direct torque controlled
induction motor drive system for torque ripple minimization and starting current
minimization. The performance analysis of induction motor used in electric vehicle is
simulated with MATLAB SIMULINK. The simulations are evaluated for dynamic speed
variation conditions to validate the performance of the proposed approach.
Keywords--- Electric Vehicles, Induction Motor, Sliding Mode observer, Space Vector
Pulse Width Modulation, torque ripple, sensor less estimation
1. INTRODUCTION
Electric vehicles are gaining its importance due to the reduction of greenhouse gas emissions.
Electric vehicles, unlike regular vehicles, use an electric motor that is powered by electricity
from batteries or a fuel cell. Hybrid Electric vehicles are propelled by an internal combustion
engine and battery-powered electric motors have a better fuel economy and lower emissions.
Plug-in electric vehicles are powered use the grid for power and store it in batteries [1, 2,
3].The electric vehicle's efficiency, affordability, maximum speed, and dependability are all
influenced by the motors used. Electric motors used in electric vehicle applications include
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DC, induction, permanent magnet synchronous, switching reluctance, and brushless DC
motors [4]. Among the several technologies used, the induction motor is the most mature for
EV applications. For greater efficiency and economy, energy optimization is a crucial factor
to consider in electric vehicles [5][6]. On an electric vehicle, the various estimator techniques
are used to evaluate the effects of speed fluctuations on motor properties such as stator
resistance and inductance, as well as the magnet used in the rotor, especially at high speeds
when the motor temperature is raised [7]. To make flux and speed estimation resilient to
parameter changes, the m two sliding-mode current observers technique is employed. The
stability theory based on current and flux observers are used to generate adaptive speed
estimation [8]. The main drawbacks with traditional direct torque management of induction
motor drives are excessive torque ripple and poor transient response to dynamic speed and
torque changes during start-up [9]. The sliding mode observer is useful for estimating flux,
torque, and speed. Sliding mode control reduces the initial current [10].
Sliding Mode Observer Design
Sliding mode observers have been developed to assess rotor speed of the induction motor
used in the electric vehicle applications. The sliding mode observer appears to be a successful
tool because of its successful results against simulated dynamics, insensitivity to variable
modifications, ambient transient response, and quick dynamic reaction [11]. The three-phase
stator currents are transformed from the three-phase reference frame to a diphase reference
frame, and then to the rotating field frame (d-q) using the following method:

idirect

2
2
2
= √ (cos(θ̂)ia + cos (θ̂ − π) ib + cos (θ̂ + π) ic )
3
3
3

(1)

2
2
2
iquadrature = √ (−sin(θ̂)ia − sin (θ̂ − π) ib − sin (θ̂ + π) ic )
3
3
3
{
where 𝑖𝑎 , 𝑖𝑏 , and 𝑖𝑐 signifies the three-phase stator currents, correspondingly, and 𝜃̂represents
the estimated flux angle. The feedback process of 𝜃̂ is illustrated in Figure 6.1. As illustrated
in the figure, 𝑉𝑑 and 𝑉𝑞 are engaged as feedback to the sliding mode observer.
(1) and (2), respectively, can be used to calculate the reference frame vectorΨ𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 and
the torque generated by the machine, T𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑
The stator flux vector Ψ𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 and the torque generated by the machine
T𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 can be estimated with the help of (1) and (2), correspondingly.
Ψsd = ∫(Vstad − R sta . 𝑖stad ) . dt
(2)
Only the stator resistance Rsta and the number of motor poles p are required in the
preceding formulae.
The magnitude of the supply winding flux is determined by
Ψestimated = √(Ψstad 2 + Ψstaq 2 )

(3)

At this moment, with the stator flux and the diphase reference frame from the
stator currents, together with the motor poles 𝑃, Torque is estimated depending on the
equation below.
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where,
currents

Test = 2 P(Ψstad . 𝑖staq − Ψstaq . 𝑖stad )
(4)
Ψstad andΨstaq represents the stator flux ; 𝑖stad and 𝑖staq represents the stator
Estimated Flux angle can be computed from the Equation given in (5).
Ψstaq

θ = tan−1 (Ψ

stad

)

(5)

Sensor less Speed Estimation
The estimated stator flux must be translated into rotor flux based on the
magnetising inductance as well as the auxiliary inductance per phase in order to determine
the sensor less speed.
𝐿
𝐿
Ψrotord = 𝐿𝑚 Ψstad ;
Ψrotord = 𝐿𝑚 Ψstaq
(6)
𝑟

𝑟

Square of rotor flux,
Ψrotor = √Ψrotord 2 + Ψrotorq 2

(7)

The acquired rotor flux must be translated into, αr, βr coordinates, by use of the
transfer function in order to determine the speed of the rotor field.
The rotor field's speed = (Ψrotord × Ψrotor𝛽𝑟 ) − (Ψrotorq × Ψrotor𝛼𝑟 )
(8)
In addition, the above determined factor, with the intention of estimating the speed
of rotor field, slip is essential in addition [12]. Slip is determined from the previously
recognized torque and rotor resistance 𝑅𝑟𝑜𝑡𝑜𝑟 in accordance with the equation,
𝑅
𝑠𝑙𝑖𝑝 = 𝑇𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 ( 𝑟𝑜𝑡𝑜𝑟
)
(9)
2
Sensorless electrical speed estimation
𝑆𝑝𝑒e𝑑 𝑜𝑓 𝑟𝑜𝑡𝑜𝑟 𝑓𝑖𝑒𝑙𝑑−𝑠𝑙𝑖𝑝
𝜔𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 (𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙) = (𝑠𝑞𝑢𝑟𝑒 𝑜𝑓 𝑟𝑜𝑡𝑜𝑟 𝑓𝑙𝑢𝑥)
At this instant, the electrical speed is transformed into the mechanical speed by
using the following equation
𝜔
(𝑚𝑒𝑐ℎ𝑎𝑛𝑖𝑐𝑎𝑙)𝑃
𝜔𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 (𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑎𝑙) = 𝑒𝑠𝑡𝑖𝑛𝑎𝑡𝑒𝑑 2
(10)
Where P indicates the number of poles per phase.
Speed of rotor field is deducted from the slip and the result is divided by the
square of the rotor flux. Therefore, in this paper, speed is approximated not including the
speed position sensors which are the most fundamental contribution of this current research
work. This paper exploits only the phase current dimensions to perform the sensor less speed
evaluation [12]. As a result, in the paper, the sliding mode observer module decides the
complete electrical (stator, rotor and mechanical) constraints of the motor, for instance, stator
flux, magnitude of stator flux, theta, torque and electrical speed.
Speed and Torque Control
The discrepancy occurs between the estimated and set speeds; as a result, the
necessary torque 𝑇𝑟𝑒𝑓 must be designed based on the speed PI adjuster, i.e.,
𝐾

𝑇𝑟𝑒𝑓 = (𝜔𝑠𝑒𝑡 − 𝜔𝑒𝑠𝑡 ) (𝐾𝑝𝜔 + 𝑆𝑖𝜔 )
(11)
The PI adjuster's role is to perfect the speed across a limited range in order to
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ensure speed tracking accuracy and a stable state error.
Similarly, the derived reference torque and the predicted torque from the sliding
mode observer are regulated using the torque PI regulator to accomplish the zero torque error
for attaining the desired Vstaq.
𝐾
𝑉𝑠𝑡𝑎𝑞 = (𝑇𝑟𝑒𝑓 − 𝑇𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 ) (𝐾𝑝𝑇 + 𝑆𝑖𝑇 )
(12)
Stator Flux Reference
𝜑𝑟𝑒𝑓∗𝜔𝑏
Ψ𝑟𝑒𝑓 = 𝜔
(13)
𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑

where 𝜔𝑏 = 157 𝑟𝑎𝑑/𝑠 denotes base speed; 𝜑𝑟𝑒𝑓 = 0.95. 𝜔𝑒𝑠𝑡 is acquired from the sliding
mode observer.
𝐾
𝑉𝑠𝑡𝑎𝑑 = (Ψ𝑟𝑒𝑓 − Ψ𝑒𝑠𝑡𝑖𝑚𝑎𝑡𝑒𝑑 ) (𝐾𝑝𝜑 + 𝑆𝑖𝜑)
(14)
Similarly, to accomplish the required Vstad, the torque PI regulator manages the
observed stator flux standard as well as the estimated stator flux from the sliding mode
observer to obtain the zero flux error.
The acquired direct-quadrature frame voltages V stad and V staq are then recycled
back to the sliding mode observer to estimate the induction motor's required electrical
limitations [13, 14, 15].This test is carried out by measuring the current in the stator.
The voltages V stad and V staq are transformed into a three phase voltage using the inverse
park transformation, which is then fed into the Space Vector Pulse Width Modulation
(SVPWM) [16, 17].
2. SIMULATION RESULTS
The proposed work is implemented in MATLAB/Simulink platform. The
proposed system model shown in Figure 6.1 is evaluated for various dynamic conditions to
measure the performance of the system.

Figure 1

Simulation Circuit-DTC of Induction Motor with Sliding Mode Control

The proposed analysis is based on the normal speed and torque control of
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induction motor, sudden change in speed variation, Minimizing the starting current and
torque ripple minimization. The simulation parameters are shown in Table 1.
Table 1 Induction motor design parameters for DTC using slide mode NPC
Parameters
Input Supply
Poles
Rating of the motor
Stator Rsta and Rotor resistances Rrotor
Stator Lsta and rotor Lrotor self inductances
Mutual Inductance between stator and rotor
Lm

Rating
50Hz,4 kW, 400 V, 155 rad/s
2
5
Rs = 0.5 ohms, Rr = 0.25 ohms
Ls = 0.0415; Lr = 0.0412 H
Lm = 0.0403 H

Figure 6.2 shows the proposed system response for a set speed of 100 rad/s speed
condition. It is clearly observed from the figure that, at 1.25 seconds, the speed gets settled
after the acceleration from 0 to 1.24 seconds.

(a) Speed

(b) Torque

(c) Stator Current
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(d) Stator Flux
Figure 2 Proposed System Response for 100 rad/s speed condition
Figure 2 (a) shows the command and the actual speed response. At this instant, the
corresponding torque response is shown in Figure 2(b) wherein the torque gets settled at 1.25
seconds after the gradual acceleration. The stator current is shown in Figure 2(c) with 10
Amps current. Similarly, stator flux response estimated by the sliding mode observer is
shown in the Figure 2(d) which is 0.9Wb.
Figure 3 shows the proposed system response under dynamic speed change
condition. At, 4 seconds, the speed is increased from 100 rad/s to 120 rad/s. Figure 3 (a)
shows the response of the proposed system at this sudden change in speed variation
condition. The system settles at 120 rad/s after the sudden change at 4 seconds. Figure 3 (b)
shows the torque response of the proposed system during sudden speed variation.
Initially, there is slight fluctuation in the torque response but, it settles after 5
seconds based on the speed variation. Figure 3 (c) shows the stator current the during sudden
speed variation. Initially, the stator current is maintained at 9 Amps. During speed change at
the instant 4 seconds, there is slight deviation in the speed variation, but the stator current
gets controlled which is clearly shown. Figure 3 (d) shows the stator voltage response during
sudden change in speed. At the time instant of 4 seconds, the stator voltage gets increased
correspondingly due to the speed variation.

(a)

Speed Response

(b)

Torque
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(c)

Stator Current Response

(d)

Stator Voltage

Figure 3 Proposed System Response during speed change
Figure 4 shows the drive response for starting current minimization. Figure 4 (a)
shows the actual and command speed. Figure 4 (b) shows the stator current without the flux
control. It is observed from the figure that, there are deviation and uncontrolled response till 1
second. Figure 4(c) shows the stator current with sliding mode control, wherein there is initial
decreased current and then, there is gradual increase in the current. Figure 4 (d) shows the
actual and the command flux. The command flux response is set at 0.9 Wb, it is observed
that, with the gradual increase in the flux, the flux gets established after 1 second.

(a)

(b)

Speed Response

Stator Current without sliding mode control
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(c)

Stator Current with sliding mode control

(d)

Stator Flux

Figure 4 Proposed System Responses for Starting Current Minimization
Figure 5 shows the torque response of the proposed system for minimizing the
torque ripples. In The conventional approach, torque response shows larger deviation
whereas the proposed scheme the steady state toque error is reduced.

Figure 5 Proposed System Torque Response
3. CONCLUSION
A predictive speed and flux control with Sensorless estimation of speed, torque, theta and
flux using sliding mode observer was proposed. The limitations of the conventional DTC
methods are overcome in this work through Sensorless estimation with SVPWM technique.
The result shows that the proposed system attains lesser torque ripple for various dynamic
speed conditions. The proposed system provides significant results for starting current
minimization wherein there is gradual increase in the stator current.
4. REFERENCES
438

International Journal of Aquatic Science
ISSN: 2008-8019
Vol 12, Issue 03, 2021

[1]

[2]

[3]

[4]

[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]
[14]

Seyed Ehsan Hosseini & Brayden Butler (2020) An overview of development and
challenges in hydrogen powered vehicles, International Journal of Green
Energy, 17:1, 13-37, DOI: 10.1080/15435075.2019.1685999
Singh, K.V., Bansal, H.O. & Singh, D. A comprehensive review on hybrid electric
vehicles: architectures and components. J. Mod. Transport. 27, 77–107 (2019).
https://doi.org/10.1007/s40534-019-0184-3.
Tran, M.-K.; Akinsanya, M.; Panchal, S.; Fraser, R.; Fowler, M. Design of a Hybrid
Electric Vehicle Powertrain for Performance Optimization Considering Various
Powertrain
Components
and
Configurations. Vehicles 2021, 3,
20-32.
https://doi.org/10.3390/vehicles3010002.
Arun Eldho Aliasand, F.T. Josh, Selection of Motor foran Electric Vehicle: A Review,
Materials Today: Proceedings, Volume 24, Part 3, 2020, Pages 1804-1815, ISSN 22147853, https://doi.org/10.1016/j.matpr.2020.03.605.
5.Y. Zhang, Y. Zhang, Z. Ai, Y. L. Murphey and J. Zhang, "Energy Optimal Control of
Motor Drive System for Extending Ranges of Electric Vehicles," in IEEE Transactions
on Industrial Electronics, vol. 68, no. 2, pp. 1728-1738, Feb. 2021, doi:
10.1109/TIE.2019.2947841.
P. Vinoth Kumar., A. R. Kumar and R. Tiwari, "Performance Analysis of Solar
Connected Fly-Back Boost C-onverter for Electric Vehicle applications," 2021 7th
International Conference on Advanced Computing and Communication Systems
(ICACCS), 2021, pp. 1638-1643, doi: 10.1109/ICACCS51430.2021.9441688.
H. Park and M. Lim, "Design of High Power Density and High Efficiency Wound-Field
Synchronous Motor for Electric Vehicle Traction," in IEEE Access, vol. 7, pp. 4667746685, 2019, doi: 10.1109/ACCESS.2019.2907800.
Jingchuan Li, Longya Xu and Zheng Zhang, "An adaptive sliding-mode observer for
induction motor sensorless speed control," in IEEE Transactions on Industry
Applications, vol. 41, no. 4, pp. 1039-1046, July-Aug. 2005, doi:
10.1109/TIA.2005.851585.
Aziz, A.G.M.A.; Rez, H.; Diab, A.A.Z. Robust Sensorless Model-Predictive Torque
Flux Control for High-Performance Induction Motor Drives. Mathematics 2021, 9, 403.
https://doi.org/10.3390/math9040403.
Abdelkarim Ammar, Aissa Kheldoun, Brahim Metidji, Tarek Ameid, Younes Azzoug,
Feedback linearization based sensorless direct torque control using stator flux MRASsliding mode observer for induction motor drive, ISA Transactions, Volume 98, 2020,
Pages 382-392, ISSN 0019-0578, https://doi.org/10.1016/j.isatra.2019.08.061.
Z.A.Alnasir, Ali Habeb Almarhoon, “Design of Direct Torque Controller of Induction
Motor (DTC)”, 2012, International Journal of Engineering and Technology(IJET), vol4, no.2, ISSN:0975-4024.
Najib El Ouanjli, Aziz Derouich, Abdelaziz El Ghzizal, Saad Motahhir, Ali
Chebabhi, Youness El Mourabit & Mohammed Taoussi 2019, “Modern Improvement
Techniques of Direct Torque Control for Induction Motor Drives-a review, Protection
and
Control
of
Modern
Power
Systems,
vol.-4,
no.11(2019),
https://doi.org/10.1186/s41601-019-0125-5.
Cherifi Djamila and Miloud Yahia, “Direct Torque Control Strategies of Induction
Machine: Comparative Studies”, DOI: 10.5772/intechopen.90199, 2020.
Abdelmalik Bendaikha1, Salah Saad, Abdelhak Abdou, Mabrouk Defdaf 1 , Yahia
Laamar, “A Study of SVM-DTC and Conventional DTC for Induction Motors Drive
439

International Journal of Aquatic Science
ISSN: 2008-8019
Vol 12, Issue 03, 2021

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]
[23]

[24]

Fed by Five-level Inverter”, European Journal of Electrical Engineering, vol-21. no.01,
2019. https://doi.org/10.18280/ejee.210113.
Abderrahim Zemmit, Sabir Messalti, Abdelghani Harrag, “A new improved DTC of
doubly fed induction machine using GA-based PI controller”, Ain Shams Engineering
Journal,
Volume
9,
Issue
4, December
2018,
Pages
1877-1885,
https://doi.org/10.1016/j.asej.2016.10.011.
T. Jayakumar, G. Preethi, V. Sree Sureya, D. Lavanya, “Efficient Direct Torque Control
Of Induction Motor Based On Fuzzy Logic”, Journal of Critical Reviews ISSN- 23945125 Vol 6, Issue 6, 2019, DOI: http://dx.doi.org/10.31838/jcr.06.06.71.
G Jegadeeswari, (2019)“Performance Analysis of Power Quality Improvement using
Shunt Active Power Filter” International Journal of Recent Technology and
Engineering (IJRTE), 7 (5), 1-3
R.Senthil Kumar, I.Gerald Christopher Raj, “Broken rotor bar fault detection using
DWT and energy eigenvalue for DTC fed induction motor drive”, International of
Electronics, 2021, https://doi.org/10.1080/00207217.2020.1870727.
G. Jegadeeswari, B. Kirubadurai, D. Lakshmi, “Multi Carrier Based New Random
Pulse Width Modulation For Three Phase Inverters” at International Journal of
Scientific and Technology Research (IJSTR),February 2020/ Volume-9, Issue-2, Pg. no:
5425-5432, ISSN: 2277-8616, impact factor: 3.03; http://www.ijstr.org/paperreferences.php?ref=IJSTR-0220-30544
G. Jegadeeswari- “Design and Implementation of THD Reduction for Cascaded
Multilevel H-Bridge Inverter” at Journal of Advanced Research in Dynamical and
Control Systems (JARDCS), November 2017/Volume 11, Special Issue/Page no :(638644)/
ISSN
1943-023X
/
Impact
Factor:
3.514;
https://www.jardcs.org/backissues/abstract.php?archiveid=2043
Lakshmi, D., Baskaran, S., Ezhilarasi, G., Valli, C., Direct AC/DC power converter
using auxiliary circuits, International Journal of Advanced Science and
Technology, 2020, 29(7 Special Issue), pp. 785–793
R Dorothy, S Sasilatha, (2017)”Smart Grid Systems Based Survey on Cyber Security
Issues” Bulletin of Electrical Engineering and Informatics 6 (4), 337-342
M Parameswari, T Sasilatha, (2018)"Cross-layer based error control technique for WSN
with modified relay node selection and corruption aware method" Wireless Personal
Communications 99 (1), 479-495
A Priya, T Sasilatha (2017) "Wireless network for strategic boundary supervision
system" Bulletin of Electrical Engineering and Informatics 6 (4), 367-370

440

