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Multiparameter Identification for PMSM
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Abstract—Permanent magnet synchronous motor (PMSM) has
been widely used in industry in recent years because of its simple
structure, high power density, and high efficiency. Accurate elec-
tromagnetic parameters of PMSM are of great significance in many
fields, such as control system design, fault diagnosis, and condition
monitoring. However, when the motor is in steady-state operation,
the traditional identification method will have the issues, such as
model accuracy, rank deficient, and the incompletely observable.
Therefore, a parameter identification method based on biased tri-
angular wave injection and current differential term is proposed
in this article to solve them. In addition, the influence of triangular
wave injection and current differential term on motor parameter
identification is comparatively analyzed and verified by compara-
tive experiments. Finally, the experimental results show that the
proposed method can realize the multiparameter identification
of motor resistance, inductance, and flux linkage in steady-state
operation.

Index Terms—Current differential term, multiparameter
identification, permanent magnet synchronous motor (PMSM),
recursive least square (RLS), triangular wave injection.

I. INTRODUCTION

P ERMANENT magnet synchronous motor (PMSM) has
been widely used in industry in recent years because of

its simple structure, high power density, and high efficiency.
It is very important to obtain the electromagnetic parameters
accurately for the operation and control of the motor, such as
control system design, online fault diagnosis, and rotor/stator
state monitoring [1], [2]. The parameter identification techniques
are usually divided into offline identification methods and on-
line identification methods. Generally, offline identification is
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performed when the motor is disconnected from the load or
at standstill condition, while online identification is performed
when the motor is operating with the load connected.

Since the offline parameter identification is performed when
the motor is stationary, the method does not waste online control
resources [3]. However, the parameters of the motor will be af-
fected by temperature effect and cross saturation, and the error of
the offline identification result is larger. The online identification
result can be updated in real time, so the identification result is
more accurate [4].

At present, the problem of rank deficiency and poor conver-
gence has become a challenge for online identification of motor
parameters. So, a full-rank reference/variable model is proposed
in [5]. But this method can only identify the resistance and flux
linkage rather than the inductance. In [6], the rotor position offset
is added as the disturbance signal to solve the rank-deficient
problem, but the method can only identify the resistance and flux
linkage. A multiparameter estimation scheme for PMSM under
variable speed control is proposed in [7]. The method solves the
problem of lack of rank by variable speed operation of the motor,
but it cannot realize the multiparameter identification in the
steady-state operation of the motor. An algorithm based on re-
cursive least square (RLS) is proposed in [8] to solve the problem
of rank deficiency and estimate full motor parameters. Further-
more, many scholars combine online parameter identification
with position sensorless to improve the performance of position
sensorless observation [9], [10], [11], [12]. Zhang et al. [9] pro-
posed a novel pulsewidth modulation current ripple-based online
inductance identification method to improve the position estima-
tion accuracy. In order to improve the dynamic performance and
robustness of the sensorless control system, the traditional flux
sliding-mode observer is modified in [10] by taking the motor
parameter variations into consideration. In [11], the online
dq-axis inductance identification based on high-frequency
voltage injection and the resistance identification based on
dc voltage injection are integrated into the active flux-based
position observer to improve the accuracy of estimated position.
In addition, a position sensorless drive and online parameter
estimation method for surface-mounted PMSM (SPMSM) based
on adaptive full-state feedback current control is proposed in
[12] to overcome the rank-deficient and ill-convergence
problem.

In this article, a parameter identification method based on tri-
angular wave injection and current differential term is proposed
to solve the rank-deficient and ill-convergence problem. First
of all, the introduction of current differential term improves the
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Fig. 1. Block diagram of the parameter identification schemes.

accuracy of motor model. Second, the dc offset of the triangle
wave increases the signal-to-noise ratio of the stator resistance-
related terms. Finally, the identification matrix of the motor is
still full rank with the injection of triangle wave with proper
amplitude and frequency, so that the resistance, inductance, and
flux linkage can be identified successfully.

II. PROPOSED METHOD AND ANALYSIS

In this section, a detailed introduction is given to the motor
parameter identification method based on triangular wave injec-
tion and current differential term, including the overall process,
triangle wave injection and current differential term introduction
methods, and algorithm flow.

A. Overall Process of Parameter Identification

The dynamic model of the PMSM drive in dq frame can be
expressed by{

ud = Rsid + Ls
did
dt − ωeLsiq

uq = Rsiq + Ls
diq
dt + ωe

(
Lsid + ψf

) (1)

where ud and uq are voltages in dq frame, id and iq represent
current in dq frame, Rs indicates the stator resistance, ψf stands
for rotor flux linkage,ωe is the electrical angular velocity, and Ls

indicates the stator inductor (for SPMSM, the d-axis inductance
is the same as the q-axis inductance).

In practical applications, due to the fact that the motor identi-
fication parameters include resistance, inductance, and magnetic
flux, the rank-deficient problem still exists in (1), which means
that the identification of three motor parameters cannot be re-
alized by the results of single sampling. Consequently, a new
set of equations can be constructed to solve the rank difference
problem by using the results of two sampling⎧⎪⎪⎪⎨

⎪⎪⎪⎩

ud1 = Rsid1 + Ls
did1

dt − ωe1Lsiq1

ud2 = Rsid2 + Ls
did2

dt − ωe2Lsiq2

uq1 = Rsiq1 + Ls
diq1
dt + ωe1(Lsid1 + ψf )

uq2 = Rsiq2 + Ls
diq2
dt + ωe2(Lsid2 + ψf )

(2)

where the subscript “1” represents the nth sampling result, and
the subscript “2” stands the (n+1)th sampling result.

Actually, the rank-deficient problem can be solved by choos-
ing any three equations from (2) to form a new system of
equations.

The block diagram of parameter identification is shown in
Fig. 1. For the control of PMSM driver, the classical field-
oriented control is adopted. In the process of motor running,
the voltage reference value in dq frame, the current actual value

Fig. 2. Diagram of the triangular wave.

in dq frame, and the electrical angular velocity are sampled first,
then they are taken into RLS algorithm for iterative calculation,
and finally the value of the resistance, inductance and the flux
linkage are obtained.

B. Current Differential Terms and Triangular Wave Injection

In fact, the error caused by the sampling and regulator will
result in the deviation of current sampling results, which will
lead to the current differential term cannot be regarded as
the system noise with the mean value of 0. Therefore, it is
necessary to introduce the current differential term into the
voltage equations in order to improve the accuracy of the
model and reduce the error of the parameter identification
results.

However, although (2) solves the rank-deficient problem
in terms of the number of equations, it is established on
the premise that the motor operation states corresponding to
the two sampling points are not consistent. This means that the
rank-deficient problem cannot be solved effectively when the
motor is running in a steady state because the two sampling
points are too close to each other, which may result in the
motor parameters cannot be identified successfully. In [8], using
the observability theory, it is proved that the motor parameters
cannot be completely observed due to the insufficient rank in the
steady state of the motor. In order to solve the above problems,
triangle wave is injected into the d-axis current to ensure that the
two sampling corresponding motor running state is inconsistent
enough.

The diagram of the triangular wave is shown in Fig. 2, where
Ttr represents the period of the triangular wave, Atr represents
the amplitude of the triangular wave, and Dtr represents the dc
offset of the triangular wave. The above three parameters can
determine a triangular wave.

The d-axis current differential term after injecting triangular
wave has the following characteristics:{

did
dt

∣∣
t=nTs

= id(n+1)−id(n)
Ts

, n �= n1 and n2

did
dt

∣∣
t=nTs

�= id(n+1)−id(n)
Ts

, n = n1 or n2

(3)

where Ts represents the sampling period, id(n+1) and id(n) stand
the (n+1)th and nth sampling currents, and n1 and n2 denote the
previous sampling point closest to the maximum and minimum
values of the triangular wave.

From Fig. 2, it can be observed that there is a significant
error between the approximate values and the actual values of
the current differential terms at sampling points 1 and n2. In
order to improve the accuracy of d-axis current differential term
approximation, it is necessary to reduce the ratio of sampling
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point n1 and n2 as much as possible. According to Fig. 2, the
approximate imprecise points are at most 2. Therefore, it is
necessary for the number of sampling points in a triangular wave
period to be as large as possible, that is, the sampling period
should be much smaller than the triangular wave period.

However, the sampling period cannot be too small; otherwise,
the two sets of sampling point data will be too close, which will
lead to the recurrence of the rank-deficient problem.

C. Proposed Parameter Identification Method

The RLS algorithm is simple in structure and is widely used,
enabling unbiased estimation of the signal with white noise
[8]. Consequently, this article adopts two-stage identification
algorithm based on RLS to identify the inductance, resistance,
and flux linkage of the motor. On the one hand, the reduction
of the dimension of the identification matrix will speed up the
convergence speed, and on the other hand, the identification
frequency of the slowly changing parameters can be reduced,
and the controller burden can be further reduced. The steps are
described as follows.

Step 1: The triangular wave is injected into the d-axis current,
and the current differential term is introduced to identify Rs

and Ls. The voltage equations used for identification are{
ud1 = Rsid1 − ωe1Lsiq1 +

Ls

Ts
(id2 − id1) + ζ1

ud2 = Rsid2 − ωe2Lsiq2 +
Ls

Ts
(id3 − id2) + ζ2

(4)

where ζ is a system noise with a mean of 0. According to the
RLS algorithm, the identification values of Rs and Ls can be
obtained in real time according to the definition of the following
formula: ⎧⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎩

ŵ1(n) = [ Rs Ls ]
T

d1(n) = [ ud1 ud2 ]
T

uT
1 (n) =

[
id1

id2−id1
Ts

− ωe1iq1

id2
id3−id2

Ts
− ωe2iq2

] (5)

where ŵ is the branch weight matrix, d is the expected response
matrix, and uT is the branch input matrix.

Step 2: Continue to identify ψf by treating Rs and Ls as known
quantities. The voltage equations used for identification are
as follows:

uq1 − ωe1Lsid1 −Rsiq1 − Ls

Ts
(iq2 − iq1) = ωe1ψf + ζ3.

(6)

According to the RLS algorithm, the identification value of
ψf can be obtained in real time according to the definition of the
following formula:⎧⎨

⎩
ŵ2(n) = ψf
d2(n) = uq1 − ωe1Lsid1 −Rsiq1 − Ls

Ts
(iq2 − iq1)

uT
2 (n) = ωe1.

(7)

The flowchart of parameter identification algorithm for
PMSM presented in this article is shown in Fig. 3. The resistance
and inductance identification algorithm can be executed at a rela-
tively fast speed, while the flux linkage identification algorithm
can be executed at a relatively slow speed to save processor
resources and meet the requirements of industrial production.

Fig. 3. Flowchart of parameter identification algorithm.

TABLE I
MAIN PARAMETERS OF SIMULATION AND EXPERIMENT

III. EXPERIMENTAL RESULTS

In order to study the influence of triangular wave injection and
current differential term on parameter identification results, and
to verify the feasibility of the method in Section II, the proposed
method and three comparison groups are experimented in this
section.

A. Comparisons and Parameters of Experiment

In order to study the influence of triangular wave injection and
current differential term on the parameter identification results,
the following three comparison groups are set up.

1) Comparison group 1: Neither triangular wave nor current
differential term is introduced.

2) Comparison group 2: The current differential term is
introduced, but the triangular wave is not injected.

3) Comparison group 3: Injection of triangular wave, but no
current differential term is introduced.

The main parameters of experiment are shown in Table I.

B. Analysis of Experiment

Furthermore, an experimental verification platform is built,
as shown in Fig. 4, and the platform is mainly composed of
personal computer, dc source, control source, inverter, motor,
and oscilloscope.

Experimental waveforms of the motor speed and current
values on the d- and q-axes during the entire identification
process is shown in Fig. 5. It can be seen from Fig. 5 that
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Fig. 4. Experimental platform.

Fig. 5. Experimental waveform of rotational speed and current values on the
d- and q-axes during identification process.

TABLE II
IDENTIFICATION ACCURACY OF FOUR METHOD (EXPERIMENT)

when the motor reaches steady state, injecting a triangular wave
into the id does not cause significant speed and iq fluctuations,
that is, the injection of the triangular wave does not have a
significant impact on the operation of the motor. This confirms
the robustness and resilience of the proposed technique.

Experimental results of the proposed method and three com-
parison groups are shown in Fig. 6 and Table II. Considering that
the temperature rise of the motor is not high when the experiment
is done in this article, the fluctuation range of the motor param-
eters is very small, and the nominal values in the Fig. 6 are all
measured and calculated in the case of room temperature when
the motor is stationary. It is found that the proposed method can
successfully identify the resistance, inductance, and flux linkage,
and the identification accuracy is very high. For comparison
group 1, the current differential term and triangle wave are not
introduced, so the identification model is not accurate enough
and has the rank-deficient problem in a steady state, which leads
to the failure of the identification of resistance and inductance.
For comparison group 2, due to the introduction of the current
differential term, the inductance can be successfully identified,
but the value of the resistance has not yet been successfully
identified. For comparison group 3, the rank-deficient problem
of the model is improved and the SNR with Rs term is increased
because of the injection of triangular wave, so the resistance can
be identified successfully, but the inductance cannot be identified
at the same time.

The proposed method successfully identifies the resistance,
inductance, and flux linkage. However, there is ripple content in

Fig. 6. Experimental results of four methods. (a) Identification results of
comparison group 1. (b) Identification results of comparison group 2. (c) Iden-
tification results of comparison group 3. (d) Identification results of proposed
method.

Rs and Ls, and the ψf value is slightly lower than the nominal
value. This is because the motor parameter identification method
proposed in this article is based on the continuous domain model
method, the switching tube dead time will have an impact on the
motor control, excessive dead time may result in insufficiently
accurate modeling of the control motor, which affects the iden-
tification effect of the motor parameters.

In order to further confirm the effect of dead time on the
proposed parameter identification method, experiments were
carried out at different dead times, and the experimental com-
parison waveforms are shown in Fig. 7. It is found that the
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Fig. 7. Experimental waveforms with different dead times. (a) Dead time is
set to 0.25 µs. (b) Dead time is set to 0.5 µs. (c) Dead time is set to 0.75 µs.
(d) Dead time is set to 1 µs.

ripple content of Rs increases significantly with the increasing
dead time, the identification result of ψf increases gradually, and
the identification result of Ls does not produce a large change
relative to the first two parameters.

To sum up, injecting triangle wave can solve the rank-deficient
problem and improve the SNR with Rs term, and the current
differential term can improve the accuracy of the identification
model and the SNR with Ls term. The identification method
proposed in this article combines the above two measures, so it
can identify Rs, Ls, and ψf at the same time, and obtain a good
accuracy. At the same time, it has been confirmed that the accu-
racy of motor parameter identification is affected by dead time.

IV. CONCLUSION

In this article, the issues, such as model accuracy, rank-
deficient, and the incompletely observable in the steady-state
operation of PMSM, are analyzed. Therefore, a parameter iden-
tification method based on biased triangular wave injection and
current differential term is proposed in this article. First, the
current differential term is introduced to improve the accuracy
of the model. Second, the rank-deficient problem is solved by
using the two sets of sampling results as identification equations.
Finally, by injecting triangular wave into d-axis current, the
problem that motor cannot be fully observed in the steady-state
operation is solved. Furthermore, three comparison groups are
set up to study the influence of triangular wave injection and
current differential term on the parameter identification. The
experimental results show that the injected triangular wave can
solve the rank-deficient problem and improve the SNR of Rs

term, and the current differential term can improve the accuracy
of the identification model and the SNR of Ls term. The identi-
fication method proposed in this article combines the above two
measures, so it can identify Rs, Ls, and ψf at the same time, and
obtain a good accuracy. At the same time, it has been confirmed
that the accuracy of motor parameter identification is affected
by the dead time.
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