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Abstract This paper proposes an innovative approach in

sensorless speed control of induction motor which easily

fixes the system at lower cost with high reliability. The

conventional Model Reference Adaptive System (MRAS)

approach is usually built on the model of voltage and flux

linkage in which the accuracy of the speed estimation is

affected by the deviations in stator parameters. In the

proposed modified MRAS method, to avoid the impact of

motor quantities on the performance of speed calculation.

Imaginary power in fixed coordinate without speed infor-

mation is used in the reference model and the imaginary

power in the revolving coordinate contains the speed data.

The proposed method developed in the MATLAB/Simu-

link environment and simulation results shows the accu-

racy and reliability of the speed estimation under the

various running conditions.

Keywords Modified MRAS � Sensorless speed control �
Induction motor drive � Reliability improvement

1 Introduction

In many industrial applications induction motor drives are

commonly preferred because it has many advantages like

low cost, easy maintenance, robust construction and reli-

able operation over the other motor drives. For high per-

formance and fast dynamic response of operation vector

control scheme can easily implement in this drive but it

requires the knowledge of speed and if the speed sensors

like tachometer, rotary transformer etc. are used to acquire

the speed pulse, installation and its cost will be the main

difficulty and additionally reliability will also be decreased

[1]. Now in this regard as a remedy to these problems

sensorless speed estimation technique is introduced to

calculate the speed in real time without help of the any

speed sensing device. Thus in recent years so many sen-

sorless speed estimation techniques are studied and

applied. [2, 3]. While applying these techniques, so many

practical issues need to be addressed like sensitivity with

parameter variations [4, 5], speed estimation accuracy and

stability at low speed etc. therefore finding an appropriate

speed estimation technique has been a big challenging task.

2 Literature review

The technique based on MRAS has most popular technique

among the sensorless speed control since it has reliable

operation, easy control and greater performance. MRAS

proposed by Han et al. [6] has reference model consist of

flux linkage of voltage model independent of speed

whereas the adaptive model builds by flux linkage current

model with speed. Since this technique uses model of

voltage and flux linkage and Wubin et al. [7] improved the

correctness of speed estimation influenced by the stator
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parameter variation most commonly variation in stator

resistance also the term of pure integrator in the voltage

model affects the speed estimation performance mainly at

small speed.

To minimize difficulties related with conventional

MRAS method, several research works has been accom-

panied like Rashed et al. [8] uses the back Electromotive

Force (back- EMF) in place of flux linkage to eliminate the

term of pure integrator but the presence of stator resistance

in the model affects the accuracy of speed calculation so

Peng et al. [9] suggested to replace reactive power in air

gap with back- EMF so as to stator resistance can be

removed but it leads to MRAS becomes highly sensitive to

the noise.

This problem of speed calculation using reactive power

in air gap can be resolved using a new technique was

proposed by Malti et al. [10, 11] where real power from the

induction motor is replaced by the air gap reactive power.

This technique successfully eliminates all above mentioned

problems and improves the speed estimation performance

considerably. But in this method adjustable model contains

parameters like flux leakage coefficient, inductance etc.

which may have the impact on the speed calculation under

running condition.

The performance of MRAS under low speed and fre-

quency is an another problem and it has been tried to

resolve by Chen et al. [3] and Zhang et al. [2] but still there

is lot of scope for improvement.

In this section an innovative speed estimation technique

is proposed where to avoid the impact of motor parameters

on the speed estimation performance, reactive power in

stationary coordinate is used in the reference model with-

out speed information and the imaginary power in the

revolving coordinate contains the speed data.

3 Methodology

In this section two methods for speed estimation are dis-

cussed. Initially conventional MRAS technique is pre-

sented and then modified MRAS technique is suggested

with mathematical changes such that stator resistance will

not affect speed estimation.

In the conventional MRAS method the reference model

build without speed to be calculated and the

adjustable model involves the speed within it [6]. The

mathematical modeling of the reference model can be

expressed as

d

dt
wdr ¼

Lr

Lm
Vds � Rs þ rSLSð Þids½ � ð1Þ

d

dt
wqr ¼

Lr

Lm
Vqs � Rs þ rSLSð Þiqs
� �

ð2Þ

And the adaptive model can be built from Eqs. (3) and

(4)

d

dt
wdr ¼

Lm

Tr
ids � xrwqr �

1

Tr
ð3Þ

d

dt
wqr ¼

Lm

Tr
iqs � xrwdr �

1

Tr
wqr ð4Þ

If the speed (xr) is known then the flux from stator

current can be calculate using above equations. At idle

condition Ws
dr ¼ bW

s

dr Ws
dr ¼ Ws

dr ¼ bW
s

dr
bW

s

dr and

Ws
qr ¼ bW

s

qr, where bW
s

dr and bW
s

qr are the adjustable model

outputs. For the tuning of speed and to make the error

n = 0 an adaptation algorithm along with P-I control is

used. The Structure of conventional MRAS method for

speed estimation based on above equations is shown in

Fig. 1.

It can be seen in the above method of speed estimation

contains the parameter like stator resistance which can be

influence the accuracy of speed estimation due to param-

eter variation also the presence of pure integration term

leads to integral drift which hampers the correctness of

speed calculation at low speed [12].

To implement modified MRAS technique, mathemat-

ical model of voltage in d-q frame are considered as,

vds ¼ Rsids þ rLs
dids
dt

þ Lm
Lr

dwdr

dt
� rLsxsiqs � xs

Lm
Lr

wqr

vqs ¼ Rsiqs þ rLs
diqs
dt

þ Lm
Lr

dwqr

dt
þ rLsxsids � xs

Lm
Lr

wdr

ð5Þ

where vds; vqs; ids; iqs are the stator voltages and currents,

Ls, Lr are the inductance of stator and rotor respectively;

Lm is the mutual inductance, Rs is the stator resistance, xs

is the synchronous speed and xr is the rotor speed. The

instantaneous value of reactive power obtained from

induction motor can be specified as,

Q ¼ vqsids � vdsiqs ð6Þ

Inserting Eq. 5 into 6:

Q ¼ rLS ids
diqs
dt

� iqs
dids
dt

� �
þ rLsxs i2ds þ i2qs

� �

� Lm
Lr

iqs
dwdr

dt
� ids

dwqr

dt

� �
þ xs

Lm
Lr

iqswqr þ idswdr

� 	

ð7Þ

It is clear from Eq. 7 that there is no parameter of the

stator resistance in the equation of reactive power obtained

from the induction motor therefore deviation in the stator

resistance will not affect the speed estimation also the

absence of pure integration term greatly help to increase

the accuracy of speed calculation at small speed [13, 14].
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Above equation of reactive power is the equation under

transient condition but when the induction motor is at

steady state condition Wrd = Lm Ids and Wqr = 0 so the

Eq. (7) is modified to Eq. (8)

Q0 ¼ rLsxs i2ds þ i2qs

� �
þ xs

L2
m

Lr
i2ds ð8Þ

So the structure of reactive power based MRAS for

speed estimation as shown in Fig. 2 is built from Eq. (7)

and Eq. (8).The reference model is built from Eq. (7) and

adjustable model built from Eq. (8).

To ensure the stability of the system error signal treating

unit is added to the speed calculation system to process the

reference model and error signals obtained from the

adjustable model.

The reactive power based MRAS method can improve

the performance of speed calculation to some extent

because still it contains the parameters that may affect the

accuracy of speed estimation like inductance and so on

[14]. To solve this problem reactive power is stated in

static reference frame in the reference model and imaginary

power in revolving frame is stated in adjustable model.

Reactive power in reference model does not contain speed

information whereas the reactive power in adaptable model

depends on the speed information. In this way motor

parameter influence can be eliminated completely to

improve the overall performance and system reliability

[14].The real power loss reduction can also be achieved in

future using various optimization methods [15, 16]. The

basic structure of modified MRAS technique based on the

reactive power is shown in Fig. 3.

Mathematical expressions for reactive power in refer-

ence model and adjustable model can be expressed as

Eqs. (9) and (10) respectively.

Qref ¼ vsbisa � vsaisb ð9Þ

Qad ¼ vqsids � vdsiqs ð10Þ

Fig. 1 Structure of

conventional MRAS method for

speed estimation

Fig. 2 Structure of reactive power based MRAS for speed estimation

Fig. 3 Structure of reactive power based modified MRAS for speed

estimation [14]
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4 Experimental results

In this section, speed is estimated under three different

conditions using conventional MRAS technique and mod-

ified MRAS technique.

4.1 Conventional MRAS technique for speed

estimation

• Case – 1: Zero load torque.

Here the set speed of induction motor is 100 rad/s with

the load torque of 0 Nm. At start, induction motor acts

as short circuit at secondary i.e. rotor winding. It results

in very high current at start which is normally 5 to 7

times to that of steady state current. During this tran-

sition starting torque due to motor inertia increases

from zero to its peak. The change in rotor speed is

observed as 0 to 50 rad/s during 0 s to 0.08 s at 0.08 s.

the value of torque is maximum that is approximately

50 N-m. After 0.08 s Torque reduces to zero from 0.08

to 0.25 s. and the variation in the speed during 0.08 to

0.25 s. is from 50 rad/s to approximately 100 rad/s.

The speed of the motor reaches steady state value in

time period of 0.25 s (Fig. 4).

• Case – 2: Change of speed from 100 rad/s to

2 100 rad/s.

Here in this condition induction motor is operating at

zero load and the command of speed reversal is

functional at 0.4 s the decay in speed starts at 0.4 s

from 100 rad/s and steady state speed in opposite

direction is obtained within 0.22 s. At 0.4 s torque

increases in negative direction and reaches to steady

state situation in order to achieve required rated speed.

Figure 5 shows the simulation results in which the

Speed changes from 100 rad/s to - 100 rad/s.

• Case – 3: At low speed

Here set speed of induction motor is very low i.e. only

20 rad/s and the motor is operating at zero load

condition. From the simulation results shown in

Fig. 6 it can see that more than 0.5 s are required to

reach at steady state condition and due to large torque

fluctuations, induction motor runs with large noise and

vibrations.

4.2 Modified MRAS technique for speed estimation

• Case-1: Zero load torque.

The change in rotor speed is observed as 0 to 50 rad/s

during 0 s to 0.08 s at 0.08 s. the value of torque is

maximum that is approximately 50 N-m. After 0.08 s.

Torque reduces to zero from 0.08 to 0.18 s. and the

variation in the speed during 0.08 s to 0.18 s is from

50 rad/s to approximately 100 rad/s. The speed of the

Fig. 4. 3-/ currents, rotor speed, and developed torque at zero load torque with set speed of 100 rad/s
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motor reaches steady state value in time period of

0.18 s (Fig. 7).

• Case-2: Change of speed from 100 rad/s to

2 100 rad/s.

Here in this condition induction motor is operating at

zero load and the command of speed reversal is

functional at 0.5 s the decay in speed starts at 0.5 s

from 100 rad/s and steady state speed in opposite

direction is obtained within 0.19 s. At 0.5 s torque

increases in negative direction and reaches to steady

state situation in order to achieve required rated speed.

Fig. 5. 3-/ currents, speed, and torque for change of speed from 100 rad/s to - 100 rad/s

Fig. 6. 3-/ currents, speed, and torque for zero load torque with set speed of 20 rad/s
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Figure 8 shows the simulation results in which the

Speed changes from 100 rad/s to - 100 rad/s.

• Case-3: At low speed.

Here set speed of induction motor is very low i.e. only

20 rad/s and the motor is operating at zero load condition.

From the simulation results shown in Fig. 9 it can see that

only 0.2 s are required to reach at steady state condition

and torque fluctuations are also reduced which causes

reduction in noise and vibrations.

The comparative analysis between conventional and

modified MRAS method is summarized in the Table 1.

Fig. 7. 3-/ currents, rotor speed, and developed torque at zero load torque with set speed of 100 rad/s

Fig. 8. 3-/ currents, speed, and torque for change of speed from 100 rad/s to - 100 rad/s
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5 Conclusion and future scope

To eliminate the problem of parameter sensitivity of the

conventional MRAS, modified MRAS method is proposed

in which the model of flux linkage is exchanged with

reactive power achieved from the induction motor. It can

see from the simulation results of the conventional MRAS

speed calculation and modified MRAS speed estimation

that the speed estimation by modified MRAS technique

tracks the actual speed signals more accurately than the

conventional MRAS method which also helps to improve

overall performance and reliability of the system. Also it

shows the better accuracy and speed response in the region

of low speed. The torque fluctuations are also reduced at

great extent which provides noise free operation. Parameter

optimization is possible by using genetic online PID con-

troller instead of conventional PID controller also the use

of self tuning PID controllers [17, 18] may help to improve

its overall performance in its future scope.

References

1. Ben-Brahim L, Tadakuma S (1998) Speed control of induction

motor without rotational transducers. In: Conference Record of

1998 IEEE Industry Applications Conference. Thirty-Third IAS

Annual Meeting vol. 1, pp 625–632

2. Zhang G, Wang G, Xu D, Yu Y (2017) Discrete-time low-fre-

quency-ratio synchronous-frame full-order observer for position

sensorless IPMSM drives. IEEE J Emerg Sel Top Power Electron

5:870–879

3. Chen W, Yu Y, Yang R, Xu Z, Xu D (2010) Low speed stability

research of adaptive full-order observer for induction motor. Proc

CSEE 30:33–40

Fig. 9: 3-/ currents, speed, and torque for zero load torque with set speed of 20 rad/s

Table 1 Summary of comparative analysis between conventional and modified MRAS method

Speed/

Torque

condition

Conventional MRAS Modified MRAS

Time to reach at

steady state value

(s)

Speed deviation

W.R.T. set speed

Fluctuations in the

developed torque

Time to reach at

steady state value

(s)

Speed deviation

W.R.T. set speed

Fluctuations in the

developed torque

Zero load

torque

0.25 �1% �2 � 3% 0.18 �1% �2 � 3%

Reversal of

speed

0.22 �2% �2% 0.19 �1% �2%

Low speed

region

0.52 �3 � 4% �7 � 10% 0.2 �2% �3 � 4%

Int. j. inf. tecnol. (May 2022) 14(3):1595–1602 1601

123



4. Orlowska-Kowalska T, Dybkowski M (2010) Stator-current-

based MRAS estimator for a wide range speed-sensorless

induction-motor drive. IEEE Trans Ind Electron 57:1296–1308

5. Sheela M, Himavathi S, Santhalakshmy S, Venkadesan A (2014)

Comparison of flux and real power based MRAS for inverse

Rotor time constant estimation in induction Motor Drives. In

Proceedings of the 2014 International Conference on Advances in

Electrical Engineering (ICAEE), Vellore, India, 9–11 January

2014; pp 1–5

6. Han D, Zhang Y (2019) The Speed estimation based on MRAS

Induction motor. In 2019 IEEE 3rd Advanced Information

Management, Communicates, Electronic and Automation Control

Conference (IMCEC), 2019, pp 814–817

7. Wubin K, Jin H, Ronghai QU, Min KA, Jian LI (2016) Research

on speed sensorless control strategies for five-phase induction

motors with rotor parameter estimation. Proc CSEE 36:532–539

8. Rashed M, Stomach AF (2004) A stable back-EMF MRAS-based

sensorless low-speed induction motor drive insensitive to stator

resistance variation. IEE Proc Electr Power Appl 151:685–693

9. Peng F, Fukao T (1994) Robust speed estimation for speed-sen-

sorless vector control of induction motors. IEEE Trans Ind Appl

30:1234–1240

10. Malti S, Chakraborty C, Hori Y, Ta MC (2008) Model reference

adaptive controller-based rotor resistance and speed estimation

techniques for vector controlled induction motor drive utilizing

reactive power. IEEE Trans Ind Electron 55:594–660

11. Malti S, Chakraborty C (2009) Experimental validation of very-

low and zero speed operation of a flux-eliminated adaptive esti-

mator for vector controlled IM drive. In Proceedings of the 2009

IEEE International Conference on Industrial Technology,

Churchill, Australia, 10–13 February 2009; pp 1–6

12. Ganjewar SP, Pahariya Y (2021) Novel approaches in sensorless

induction motor drive for industrial applications. Turkish J

Comput Math Educ 12(10):7438–7447

13. Kumar R, Das S, Chattopadhyay AK (2015) Comparison of Q-

and X-MRAS for speed sensor less induction motor drive on.

Michael Faraday IET International Summit 2015:319–324

14. Bao D, Wang H, Wang X, Zhang C (2018) Sensorless speed

control based on the improved Q-MRAS method for induction

motor drives. Energies 11:235

15. Kanagasabai L (2021) Real power loss reduction by percheron

optimization algorithm. Int J Inf Technol 13(1):1089–1093

16. Benlaloui I, Drid S, Chrifi-Alaoui L, Ouriagli M (2015) Imple-

mentation of a new MRAS speed sensorless vector control of

induction machine. IEEE Trans Energy Convers 30:588–595

17. Yadav AK, Saxena P, Gaur P, Pathak PK (2021) Self tuning

fuzzy PID controller for servo control of hard disk drive with

time delay. Int J Inf Technol 13(1):109–114

18. Khan H, Khatoon S, Gaur P (2021) Comparison of various

controller design for the speed control of DC motors used in two

wheeled mobile robots. Int J Inf Technol 13(2):713–720

1602 Int. j. inf. tecnol. (May 2022) 14(3):1595–1602

123


	Modified MRAS approach for sensorless speed control of induction motor for reliability improvement
	Abstract
	Introduction
	Literature review
	Methodology
	Experimental results
	Conventional MRAS technique for speed estimation
	Modified MRAS technique for speed estimation

	Conclusion and future scope
	References




