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Abstract: This paper presents advanced control strategies for Permanent Magnet Synchronous Machines
(PMSMs). Due to their nonlinear characteristics, PMSMs require robust and adaptive control methods. The
study first evaluates Field-Oriented Control (FOC) with proportional—integral (Pl) controllers and identifies
limitations caused by parameter variations and mechanical sensors. To address these issues, a robust control
approach combined with Model Reference Adaptive System (MRAS) techniques and an observer for speed and
position estimation is proposed. The results confirm the effectiveness of the MRAS-based strategy in ensuring
accurate, sensorless control under low-speed and challenging conditions.
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1. INTRODUCTION

Mechanical position and speed sensors, such
as encoders and resolvers, are increasingly
eliminated in modern drive systems to
enhance reliability and reduce cost [1], [2], [16]
and [17]. Sensorless control, based only on
stator current and voltage measurements,
removes mechanical components but faces
challenges at low and zero speeds [2].
Saliency tracking methods including high
frequency injection [3], [4] and transient
excitation [5], [6] offer good low-speed
performance but introduce additional losses
and noise. Observer based approaches, such
as flux observers [7], [8], SMO [9], and EKF
[10], [11], provide simpler implementation yet
suffer from chattering issues. This work
analyzes machine observability and proposes
a PI-MRAS based observer for accurate
sensorless estimation of speed and position,
ensuring reliable operation even in low-speed
conditions.

2. SPEED ESTIMATION USING THE
MRAS TECHNIQUE (MRAS
OBSERVER)

MRAS adjusts system parameters by
minimizing the error between the adaptive
model (AM) and the reference model (RM).

Principle of the MRAS Technique

The Model Reference Adaptive System
(MRAS) is an indirect speed estimation
method that uses measured stator voltages
(vd, Vq) and currents (Id, Iq) [12], [13]. It

employs two models: a Reference Model,
which calculates stator current vectors in the
d—q frame, and an Adaptive Model, which
estimates them from measured signals. The
goal is to minimize the error between both
models, ensuring accurate and convergent
speed estimation. A PID controller is typically
used to adapt the system by aligning the
adaptive model with the reference model.

Figure 1 illustrates the speed estimation
method using MRAS.
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Fig. 1 Representative block diagram of the MRAS
observer

Formulation of the MRAS Observer

Consider the design of the two stator current
estimators based on the MSAP state-space
model, using measured stator voltages and
currents [12], [13].

Using the MSAP state-space model, the state
equations for the two current components in
the rotor reference frame can be expressed as
follows:
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dt
Y(t) = cx(t)
Here, the vectors of the state-space model are

defined as: X(t) = [L(T)(t) iér)(t)]T ;
v =00 O]
y@ =[P i ol

The matrices of the state-space representation

are expressed as:
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The matrix system describing the stator
current errors is expressed as follows:
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The est|mat|on error model is generally
presented in the following form:
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[fq 2]+ 00 3)
where:

5,1] . The error vector between the reference

model and the adaptive model,

[D] : The feedback matrix used to construct the
input of the linear control system.

In the MRAS observer, the adaptation
mechanism estimates rotor speed based on
the error between the reference and adaptive
models. A Pl controller minimizes this error to
ensure accurate speed estimation :

O (®) = Gy, (&(t)( : “’(t))
&,(t) (ﬁ—j i) + p%)) +
+Gizg  Jo” <€d(t)< (T’(t))
£ (2P0 + ”i—’")) dt+0,0) (@

The electrical position is obtained by
integrating the estimated speed :

3e(t) = fotsAle(t)d,t +9

€—initiale (O) (5)

With Q. (t) = pQ,,,(t) where p is the number of
pairs and 9
position.
Popov’'s hyperstability theorem [14], [15]
ensures overall system stability and minimal
estimation error.
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Fig 2 Overall block diagram of vector control with
a programmable digital sensor implemented using
the MRAS technique

3. SIMULATION RESULTS FOR THE
MRAS OBSERVATION METHOD

The PMSM was tested under a ramp reference
speed with a 10 Nm load applied at 3.5s. The
estimated speed closely follows the reference
and measured speeds, with slight overshoot at
startup and load application (Fig 3).

Figure 6 illustrates the variation of the speed
and current as a function of the specified
reference speed profile. Regarding the speed
response, this has already been addressed
and discussed.

In addition, it should be noted that the g-axis
and phase-a components of the stator current
are directly related to the machine’s behavior
and follow the evolution of the reference speed
closely. The reliability of the MRAS-based
digital sensor feedback is confirmed, as the
machine requires higher current during
transient conditions.

Figure 4 shows the difference between the
estimated speed and the measured speed. We
observe that the error increases by
approximately 1.4 rad/s during the startup
(transient) of the PMSM, then decreases
toward approximately zero. This convergence
between the MRAS observer's estimation
results throughout the motor operating cycle

Vol. 11, Issue 2, June-2026| ISSN: 2543-3792- EISSN: 2676-1548 123




ALGERIAN JOURNAL OF SIGNALS AND SYSTEMS (AJSS)

demonstrates that the observer can reliably
fulfil its observation function.

Figure 7 shows the superposition of the
estimated and measured positions during this
test.
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Fig. 3 Sensorless speed control using the MRAS
method.
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Fig. 5 Rotor speed response with load torque
disturbance att = 3.5 s, T, = 10 N-m (reference).
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Fig. 6 Current profile in sensorless control as a
function of the speed response.

s

I w

\M\w\“” '.“H;‘ \“i | ‘H\ Hl!\

0.5 1 15 2 25 3 35 4 45
Time (seconds)

Fig. 7 Real and estimated machine positions

4. CONCLUSION
This study analyzed the observability of the
machine as a foundation for sensorless control

and proposed an observer-based f&jiFgEACH™

combining PI vector control with tE&MIBAS

technique. The results demonstY&te Hiat =

MRAS enables accurate speed and position
estimation without mechanical sensors,
ensuring robust performance even under low-
speed and demanding operating conditions.
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