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Abstract—In this paper, sliding mode control (SMC) with 

space vector modulation (SVM) is presented for speed control of 

induction motor (IM) drive. The IM is an attractive option for 

variable speed drive applications which are required for electric 

vehicles. The speed and flux responses are enhanced in SMC 

with SVM. IM control using SMC with SVM and SVM based 

Proportional Integral (PI) control are compared. SMC with 

SVM method is developed to design a system which has the 

desired dynamic behavior and is robust with respect to 

perturbations. Lyapunov stability analysis is used for stable 

performance of the system. MATLAB/Simulink platform is used 

for simulations to validate the proposed system. 

Keywords— Sliding mode control, inverter, induction motor, 

Space vector modulation. 

I.  INTRODUCTION  

Hybrid Electric Vehicles (HEVs) use an internal 

combustion engine (ICE) and an electric motor, hence the 

name Hybrid. HEV can solve the problems of decreasing 

fossil fuel and atmospheric pollution. Electric vehicles are 

becoming popular recently due to having facilities of eco-

friendly and simple controlling nature [1-3]. According to the 

requirements of an HEV induction motor is a suitable choice 

for its drive motor [1, 3]. Induction motor is a nonlinear 

system, multivariable and strong coupling hence the speed 

control is not easy [4-5]. With the advent of semiconductor 

devices and microprocessors induction motor found its use in 

changeable speed applications [6-7]. Induction motor has the 

advantages of low cost, efficiency being high and less 

maintenance [6]. PI control of induction motor had the 

disadvantage of high overshoot, sluggish response and fixed 

gain constants [6]. Vector control and direct torque control 

(DTC) are the main methods of control of induction motors 

[6-10]. 
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In vector control torque and flux can be controlled 

independently by decoupling the two components of stator 

current under transient and steady state conditions [11-12]. 

Compared to vector control DTC enhances the static and 

transient responses and also it is less sensitive to uncertainties 

and parameter variation [6, 13]. B. Chikondra et. al,  

presented many strategies for DTC of five phase induction 

motor drive and enhanced the performance under fault [14-

18]. However, the disadvantage of DTC was temperature rise 

of the motor and noise production. Direct Self Control (DSC) 

was presented by Depenbrock [19] and Direct Torque Control 

was presented by Takahashi and Noguchi [20]. The inverter 

failure is reported by authors in [21] for induction motor 

driven electric vehicle. High performance finite control and 

neural network based predictive controllers are developed for 

induction motor drives by authors in [22-24]. Among the 

available methods sliding mode control is most suitable for 

induction motor drives because it is a nonlinear control 

method [25]. SMC is a control method in which the control 

structure is changed when the state of the system changes to 

get a desired response [26]. SMC has the advantage of 

insensitivity to parameter variations and disturbances. The 

disadvantage of SMC was the chattering phenomenon [25].  

Many scholars are proposed different motor-drives for 

application of electric vehicles. The authors in [27-28] 

presented the sensorless predictive controller of PMBLDC 

motor drive for electric vehicle application. The battery 

playing significant role in electric vehicles, authors in [29-32] 

reported different strategies for battery power sharing in 

electric vehicles. Moreover, the inverter plays a major role in 

electric vehicle in order to provide supply to induction motor. 

The authors are proposed reduced switches of inverter in [33] 

for application of electric vehicle. Further the authors [34-35] 

reported the significance benefits of multilevel inverter for 

induction motor drive. Authors in [36] developed matrix 

converter based induction motor drive. The switching losses 

of inverter fed induction motor with SVPWM are examined 

by authors in [37]. In this paper induction motor control using 

SMC with SVM has been presented. Induction motor control 

using PI control is also examined. A comparison is made 

between the two control methods. Induction motor control 

using SMC with SVM results in less speed ripple. SVM 

results in robustness to disturbances and reduction in amount 

of harmonics in the output voltage. The organization of this 

paper is as stated. The d-q model of induction motor in 

stationary reference frame is given in section-II. The SVM 

technique is discussed in section-III. Section-IV gives the 

design of SM controller. Section-V gives the result of 
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simulation for SMC and conclusion is followed by Section-

VI. 

II. DYNAMIC MODEL OF INDUCTION MOTOR 

The modeling based on d-q frame of induction motor is 

attempted by using references [6-7] with the help of below 

equations. 
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However, the rotor has been short-circuited, hence the voltage 

at rotor terminals are zero and those can be represented as 
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Therefore the torque generated by motor is expressed by eq 
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III. SPACE VECTOR PWM 

SVPWM method is the best PWM technique. SVPWM 

method results in fewer harmonic in the output voltage. 

SVPWM uses the principle of a rotating space vector. A 

space vector V with magnitude Vm rotating in a circular path 

at angular velocity ω is produced when induction motor is 

powered. There are 8 switching states in a three phase 

inverter. The detailed SVPWM representation is depicted in 

Fig. 1.  

V1~ [0<θ≤60]=(Aupper, Blower, Clower)

V2~ [60<θ≤120]=(Aupper, Bupper, Clower)

V3~ [120<θ≤180]=(Alower, Bupper, Clower)

V4~ [180<θ≤240]=(Alower, Bupper, Cupper)

V5~ [240<θ≤300]=(Alower, Blower, Cupper)

V6~ [300<θ≤360]=(Aupper, Blower, Cupper)
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Fig. 1: Representation of SVPWM technique 

For the implementation of space vector PWM, 

transformation has been made of the voltage equations from 

the abc to the stationary αβ reference frame (i.e., eq(1)) 

Relationship between these two reference frames is 

22
 uuvref += , ftt

u

u





2tan 1 === −

 (21) 


−

+

++=

z

z

z T

TT

TT

T

TT

ref dtVdtVdtVdtV

1

21

1

1

02

0

1

0

  (22) 

2211 VTVTVT refz +=     (23) 



















+







=









)
3

sin(

)
3

cos(

3

2

0

1

3

2

sin

cos
11








dcdcrefz VTVTvT  (24) 

600 where  

)
3

sin(

)
3

sin(

1 



−

= aTT Z     (25) 

)
3

sin(

)sin(
2 


aTT Z=     (26) 

dc

ref
Zz

v

v
aand

f
TwhereTTTT

3

2

1
)( 210 ==+−=  (27) 

))
3

1

3
(sin(

3

1 
 −

+−=
n

v

vT
T

dc

refz
  (28) 

http://www.ijntse.com/


Priyank Malla, International Journal of New Technologies in Science and Engineering (IJNTSE) 

Vol. 8, Issue. 1, pp. 1-7, Jan. 2022. 

Copyrights @ IJNTSE ISSN: 2349-0780                             Available @ www.ijntse.com                                                                                     3 

= ( 











−



3
sin

3 n

V

vT

dc

refz
   (29) 

( 










 −
−= 

3

1
sin

3

2
n

V

vT
T

dc

refz
   (30) 

)( 210 TTTT z +−=     (31) 

The required pulses of inverter to drive the induction motor 

can be obtained by using above time periods. The detailed 

block diagram of sliding mode controller based speed control 

of induction motor is shown in Fig. 2. The PI controller based 

speed control of induction motor is shown in Fig. 3.  
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Fig. 2: Block diagram of sliding mode control with SVM technique 

IV.  SLIDING MODE CONTROLLER DESIGN  

The response of the control system depends on choice of 

the sliding surfaces. For the inverter fed induction motor 

SMC is implemented by defining two sliding surfaces.  

)()(11 rrrr
dt

d
CS  −+−=        (32) 

)()(21 rrrr
dt

d
CS  −+−=    (33) 

The positive constant C1 and C2 determine the convergent 

speed of rotor speed r  and rotor flux r , where r  and 

r  are the desired speed and desired rotor flux respectively,  

r  and r  are the actual rotor speed and actual rotor flux, 

and 22
  +=r , where   and   are the actual rotor 

fluxes in ( ) ,  reference frame. The behavior of the system 

is governed by 01 =S  and 02 =S  when SMC occurs. The 

system is forced to track these sliding surfaces. Now the 

actual speed and actual rotor flux will follow the desired rotor 

speed and desired rotor flux respectively.  

Invariant transformation of sliding surfaces: 

The design process can be simplified. By decoupling S 

w.r.t. two phase stator voltage vectors  Tuuu = , the 

system motion can be projected in subspaces 1S  and 2S   
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By differentiating the surfaces 1S   and 2S  and using 

equations from the dynamic model of induction motor 

functions 2,1 ff   and matrix A  can be found. 2,1 ff  do not 

depend on u   or u   and the matrix A is given by 
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As 2,1 ff  do not depend on u  or u , using the 

transformed sliding surfaces  Tqqq 21=   the design can be 

simplified and Lyapunov stability analysis can be used. q 

surfaces and S surfaces are related by an invariant 

transformation 

SAq T=      (36) 

This transformation provides an easy implementation of 

SMC technique. The discontinuity surface transformation 

from 0=S to 0=q  does not affect the control. 

Lyapunov method of stability analysis: 
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The control law is selected as 
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b1, b2 are constants. 

Stability of the SMC: If 0= SSv T
   the reaching 

condition of SMC is satisfied, then the control system will 

become stable. For this b1, b2 are chosen so that 
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It is found from above equation that if 

( ) ( )+ mm fqbb max21 , 2,1=m   is chosen then 0v . 

Therefore the origin in space q and in S also is asymptotically 

stable and stable sliding mode exists. The speed r  and the 

flux r   will track their command signals respectively. 
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Fig. 3: Block diagram of speed control with PI controller 

 

The sliding mode technique generates chattering and 

causes ripple in speed, flux and current in the system. Here 

sliding mode technique with SVM produces less harmonic 

distortion and reduces the chattering. 

V. SIMULATION AND RESULTS 

Results of SMC with SVM are carried out by using 

MATLAB/Simulink. These results are compared with the 

simulation result of PI control of induction motor. SMC with 

SVM do not require any speed sensor. Block diagram of 

induction motor speed control with SMC and PI control are 

shown in Figure 2 and 3 respectively. In the SMC with SVM 

method *
u and *

u  are derived from the control law (38) and 

(39)  

suuu =+  22
  and 






u

u
1tan−=   

The PI control parameters are tuned by trial and error 

method. In the proposed scheme the gating pulses for the 

inverter are got by using SMC with SVM method. The 

induction motor parameters are listed in below table:  

S. No Parameter Value 

1 Rated voltage (v) 24 

2 Rated Speed (rad/s) 24 

3 Rated flux (m Wb) 10 

4 Pole pairs 1 

5 Inertia constant (Nms2) 0.000433 

6 Stator inductance (mH) 0.59 

7 Rotor inductance (mH) 0.59 

8 Mutual inductance (mH) 0.555 

9 Stator resistance (ohm) 0.0106 

10 Rotor resistance (ohm) 0.0118 

 

The inverter switching frequency is chosen as 10.5 kHz. The 

parameters 1b   and 2b  are chosen as 1.01 =b  and 3.02 =b   

for SMC with SVM. 

 

The simulation results are obtained for flux and speed 

response for different speeds. The results of SMC with SVM 

are compared with the PI control method. The harmonic 

distortion is high in case of PI controller than for SMC with 

SVM method.  The rotor flux tracks the reference flux with 

greater accuracy in case of SMC with SVM than in case of PI 

controller which has oscillations and overshoots. In the SMC 

with SVM method the oscillations in speed are less. 

Speed tracking 

The speed response was observed with various types of 

signals. The speed was observed for positive speed and then 

speed reversal. The speed response was checked for low 

speeds also. The speed response was checked for 21.82 % of 

rated speed (50 rpm), 43.64 % of rated speed (100 rpm) and 

rated speed of 230 rpm. The response for sinusoidal speed 

tracking was also observed. For rated speed induction motor 

is subjected to changes in speed at different instants of time 

according to the following cycle:  

Time = [0 0.1 2.9 3 3.1 6 6.1],  

Speed = [0 230 230 0 -230 -230 0] 

 

For 21.82 % of rated speed (50 rpm) and 43.64 % of rated 

speed (100 rpm) a square wave speed reference cycle was 

used. The total time for the cycle was 6 seconds and the speed 

reversed after 3 seconds for both the cases. 

The response of torque with SMC is depicted in Fig. 4 for 

changing load torque from 1 N.m to -1 N.m. The 

corresponding steady state response of currents is presented 

in Fig. 5. The speed response of induction motor with SMC 

and PI are shown in Fig. 6 and Fig. 7 respectively. 

Corresponding speed error in SMC and PI controller are 

reported in Fig. 8 and Fig. 9 respectively. Responses of flux 

are depicted in Fig. 10 and Fig. 11 respectively of induction 

motor with SMC and PI controller. 

Responses of induction motor speed is depicted for 21.82% 

and 43.64% change in rated speed from Fig. 12 to Fig. 15 

with SMC and PI controller. From these figures, clearly it is 

showing that SMC responses are superior to PI and having 

significant priority to use SMC for eclectic vehicle 

application.  
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Fig. 4: Torque response for rated speed for SMC 

 
Fig. 5: Stator current at rated speed for SMC 

 
Fig. 6: Speed response for rated speed for SMC with speed reversal 

 

 
Fig. 7: Speed response for rated speed for PI control with speed 

reversal 

 
Fig. 8: Speed error at rated speed for SMC 

 
Fig. 9: Speed error at rated speed for PI control. 

 
Fig. 10: Flux response for SMC 

 
Fig. 11: Flux response for PI control 
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Fig. 12: Speed response with SMC for about 21.82% of rated speed 

with speed reversal 

 
Fig. 13: Speed response with PI control for about 21.82% of rated 

speed with speed reversal 

 
Fig. 14: Speed response for SMC for about 43.64%of rated speed 

with speed reversal 

 
Fig. 15: Speed response for PI control for about 43.64%of rated 

speed with speed reversal 

VI. CONCLUSION 

A speed control approach using SMC combined with 

SVPWM is presented in this paper. The actual speed and flux 

signals track the reference speed and flux signals with good 

accuracy. The speed control of induction motor for low 

speeds is difficult. For low speeds also the response was 

accurate with SMC with SVPWM method. The simulation is 

done for different types of speed signal tracking. The 

obtained results for sliding mode control technique with 

SVPWM are compared with the classical PI control method. 

The PI control method has more overshoot; rise time and 

speed ripple as compared with the SMC with SVPWM 

method. Sliding mode with SVM presents good control 

characteristics and the response is independent of load 

disturbances. 
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