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Abstract—Accurate determination of inductance parameters 
and rotor initial position is of paramount importance in ensuring 
optimal control accuracy and stability in the context of perma-
nent magnet synchronous motors. This paper proposes a novel 
static identification method for both the inductance parameters 
and rotor initial position of a permanent magnet synchronous 
motor, to achieve simultaneous identification of both parameters. 
The method involves the injection of high-frequency quadrature 
voltage signals into the motor, followed by the decomposition of 
the high-frequency response current using the recursive least 
squares method. This results in the identification of the motor 
inductance parameters and rotor initial position, based on the 
outcomes of the motor rotor polarity identification. Compared 
with traditional methods, this approach has the advantages of 
eliminating the delay effect of digital system sampling and con-
trol, and of not requiring filters to demodulate the high-frequency 
response current. Furthermore, the identification results are less 
affected by the nonlinearity of the inverter. Both simulation and 
experimental validation support the validity of the method. The 
experimental results demonstrate that the errors between the 
identified values of the inductance of the cross and straight axes 
and the design value are 0.15% and 0.97%, respectively. Addi-
tionally, the deviation between the identified results and the actual 
value of the initial position of the rotor is 1.76°, indicating a high 
level of identification accuracy. 

Index Terms—High frequency injection; inductance parameter 
identification; initial position identification; permanent magnet 
synchronous motor.

I. Introduction

THE permanent magnet synchronous machine (PMSM) is 
distinguished by its simple structure, high power density, 

high efficiency and low failure rate. It has found widespread 
application in a variety of fields, including aerospace, ships and 
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vessels, and new energy vehicles.
The conventional identification methodologies for motor 

parameters can be categorised into two distinct approaches: 
offline identification methods, which include finite element  
analysis and experimental measurement [1], and online iden-
tification methods, encompassing recursive least squares [2]-
[4], Kalman filter [5], [6] and artificial intelligence algorithms 
[7]. The offline identification method is characterized by its 
simplicity; however, it necessitates a substantial workload and 
often encounters challenges in achieving precise identification 
under full working conditions. Conversely, online identification 
can achieve identification under full working conditions, but 
the challenge of under-ranking remains. The inductance iden-
tification method based on finite element analysis considers 
the influence of the cross-saturation effect on the inductance  
of PMSM in the cross and straight axes. The obtained steady-
state inductance parameters are essentially consistent with the 
actual measurement results, but the calculation process is more 
complicated. Another method identified in [1] involves the use 
of high-frequency square-wave voltage injection to identify 
the inductance parameters. This method takes into account the 
influence of inverter nonlinearity on the identification results. 
However, the delay caused by the digital system sampling is 
approximated by one carrier cycle. The inductor parameter 
identification method based on the recursive least squares 
method is mentioned in [2], and the computational amount of 
this method is smaller than that of the traditional least squares 
method. However, it is prone to the phenomenon of “data 
saturation”. In order to address this problem, [3] mentions the 
combination of dynamic forgetting factor and recursive least 
squares method for inductor identification. Another inductor 
identification method is proposed in [8], which is based on  
double time scale stochastic approximation theory. This method  
is more accurate than the traditional recursive least squares 
algorithm. Additionally, an inductive parameter identification 
method based on Kalman filtering has been developed. This  
method utilizes the a posteriori probability density of the  
previous moment to iteratively obtain the a posteriori probability  
density of the subsequent moment. The results of this method 
are accurate; however, it is only applicable to linear systems. In 
addressing this limitation, subsequent scholars have proposed 
an extended Kalman filtering method for identifying motor 
inductance. This method involves the application of Kalman 
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filtering in nonlinear systems, as outlined in [7]. The proposed 
approach utilizes a chaotic initialization and a chaotic variation  
strategy to facilitate rapid identification of inductance parameters.  
However, the complexity of this method hinders its practical 
application in engineering contexts.

The conventional approach to rotor initial position identifica-
tion can be categorized into two distinct methods: the dynamic 
identification method, which includes the rotor pre-positioning 
method [9], and the static identification method, which en-
compasses various high-frequency signal injection methods 
[10]-[16]. The high-frequency injection signals employed in 
these methods include high-frequency rotating voltage [10], 
high-frequency pulsating voltage [11], [12], high-frequency 
square-wave voltage [13]-[15], and triangular wave voltage 
[16]. The dynamic identification method is straightforward in 
principle, but it has certain requirements on the operating en-
vironment of the motor, and the identification results are easily 
affected by the rotation of the motor. Static identification can 
achieve high-precision identification, but the principle is more 
complex. [9] proposed a rotor initial pre-positioning method 
to identify the initial position, the essence of which is to inject 
a constant voltage vector into the motor for a certain period of 
time so that the motor rotor reaches a predetermined position. 
The method is simple but time-consuming and prone to pheno- 
mena such as reversal. A rotor initial position identification 
method based on high-frequency rotating voltage injection 
is introduced in [11]. The method involves the injection of a 
high-frequency rotating voltage into a stationary coordinate 
system, the extraction of the phase difference of the positive- 
sequence current to compensate for the phase of the negative- 
sequence current, and the final determination of the initial  
position of the rotor through the inverse tangent operation. This 
method has been demonstrated to exhibit high measurement 
accuracy; however, it necessitates the implementation of a low-
pass filter to facilitate the demodulation of the response current. 
Moreover, it does not consider the impact of sampling and 
control delays that are inherent to digital systems. In contrast, 
[12] introduces a rotor initial position identification method  
based on high-frequency pulsed vibration injection. This method  
involves injecting a high-frequency pulsed vibration voltage 
into the estimated d-axis, demodulating the estimated d-axis  
currents and q-axis currents, and then locking the phase, thereby  
obtaining the initial position of the rotor. This method elimi-
nates the need for a low-pass filter to demodulate the response  
current; however, it does not account for the effects of sampling 
and control delays in digital systems. [15] expounds on a rotor  
initial position recognition method that is predicated on 
high-frequency square wave injection. The fundamental  
principle underlying this method entails the injection of a 
high-frequency square wave signal into the estimated d-axis,  
followed by the acquisition of the initial rotor position through 
the analysis and processing of the estimated q-axis current  
response. The method exhibits reduced phase delay and enhanced  
detection accuracy; however, it is susceptible to inverter  
nonlinearity and switching loss, and its robustness is inadequate.

In light of the challenges posed by the conventional high- 

frequency injection technique, this paper puts forward a static 
identification method for the parameters of permanent magnet 
synchronous motor inductance and the initial rotor position. 
The proposed method involves the injection of high-frequency 
quadrature voltage signals into permanent magnet synchronous  
motor, utilising the recursive least-squares method. The method  
involves decomposing the high-frequency response currents 
of the motor orthogonally, thereby obtaining an estimation of 
the motor’s inductance parameters and the initial position of 
its rotor. This process culminates in the identification of the 
rotor’s polarity by leveraging the saturation characteristics of 
the inductance to rectify the estimated value. The saturation 
property of the inductor is then employed to identify the rotor 
polarity, and the estimated value of the rotor’s initial position  
is corrected.The method’s feasibility and effectiveness are verified  
by simulation and experimental results. In comparison with 
traditional methods, the proposed approach offers distinct  
advantages. It facilitates the simultaneous identification of inductor  
parameters and initial position, while also compensating for 
phase differences caused by sampling and control delays in the 
digital system during the identification process. This eliminates 
the necessity for approximate compensation with a fixed delay 
time, enhancing the accuracy of the parameter identification  
results. Furthermore, the method in this paper employs the 
recursive least squares method to demodulate the response  
current, obviating the necessity for a filter for demodulation. 
This approach effectively circumvents the signal delay and  
distortion problems that arise from the filter.

II. PMSM High Frequency Mathematical Modelling
The model of a three-phase permanent magnet synchronous 

motor at high frequency signals can be equated to a purely  
inductive model, as illustrated below:

                                         (1)

where, udh、uqh is d, q-axis voltage; idh、iqh is d, q-axis current;  
Ld、Lq is d, q-axis inductance.

As illustrated in Fig. 1, the rotational coordinate system is  
shown to be related to the estimated rotational coordinate system.  
In this paper, the estimated rotational coordinate system is 
assumed to be in front of the A-phase winding axis θ , and the 
rotational coordinate system d-axis is shown to be ahead of the 

Fig. 1. Relationship between rotation coordinate system and estimated rotation 
coordinate system.
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A-phase winding axis  . The size of   can vary, and to simplify  
the calculation, this paper sets  = 0 . The angle difference 
between the rotational coordinate system and the estimated 
rotational coordinate system is Δθ = θ -  = θ, which is also the 
initial position of the motor rotor.

As illustrated in Fig. 1, the relationship between the motor 
voltage and current in the rotating coordinate system and the 
estimated motor voltage and current in the rotating coordinate 
system is

               (2)

Combining (1) and (2), the voltage equation of the three-
phase permanent magnet synchronous motor in the estimated 
rotational coordinate system can be expressed as:

                     (3)

In (3), 、 、 、  represent the high-frequency voltage  
and high-frequency current, respectively, in the estimated  
rotating coordinate system. Let m = (Ld +Lq)/LdLq, n = (Ld  - Lq)/ 
LdLq, then

                     (4)

III. The Principle of Inductor Parameter and Initial 
Position Recognition in PMSM 

As demonstrated in (4), the response current signal of the 
permanent magnet synchronous motor contains information 
regarding the inductance parameter and the initial position of 
the rotor. In this paper, an orthogonal decomposition of the 
high-frequency response current of the motor is employed, in  
conjunction with mathematical analysis, to ascertain the  
inductance parameter and the initial position of the rotor of the 
permanent magnet synchronous motor.

Firstly, it is necessary to set the angle between the estimat-
ed rotational coordinate system and the axis of the A-phase 
winding of the right-angle coordinate system to 0. Following 
this, a high-frequency quadrature voltage signal should be 
injected into the estimated rotational coordinate system of the 
permanent magnet synchronous motor. The given value of the 
high-frequency quadrature voltage at this time is

                               (5)

where, Uh is the high-frequency injection voltage amplitude 
and ωh is the high-frequency injection voltage frequency.

In the context of an open-loop vector control system for a 
permanent magnet synchronous motor, it is evident that the 
digital system exhibits a delay phenomenon, resulting in a 
deviation between the actual and the desired voltage values. 
As illustrated in Fig. 2, the timing diagram of pulse width 
modulation (PWM) irregular sampling, the causes of the delay 
phenomenon include the signal A/D conversion time tAD , the 
calculation time of the control algorithm tcalc , the waiting time 
to avoid the modulating signal and the carrier signal intercepted  
several times tw , and the delay of the PWM output tout . As the 
delay time of the digital system cannot be accurately measured, 
the conventional approach assumes that the delay time of the 
digital system is compensated by a fixed value. However, there 
is a discrepancy between this compensation value and the 
actual digital system delay time. This discrepancy generates 
a phase difference in the control system, thereby affecting the 
recognition accuracy of the motor parameters. 

As demonstrated in Fig. 3, the time-domain waveforms of the  
injected voltage at varying frequencies are presented. The solid 
line waveform denotes the actual waveform, while the dashed 
line waveform indicates the given waveform. It is observed 
that as the frequency of the injected voltage increases, the phase 
difference between the actual and given waveforms also rises.

The method proposed in this paper is capable of cancelling 
the phase difference caused by the delay of the digital system 
in the identification process. This is due to the fact that the 
delay of the digital system is not a factor in this process. The 
high-frequency quadrature voltage signal after considering the 
digital system delay can be expressed as follows:

                            (6)

where, φe is the phase difference of the injected quadrature 
voltage signal caused by the sampling and control delay of the 
digital system.

When combined with (3), the estimated high-frequency  
response current of the motor in the rotating coordinate system 
is expressed as follows:

            (7)

Fig. 2. PWM irregular sampling timing chart.
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where,

                    (8)

Meanwhile, (7) can be expressed as follows:

Y = ΦTw                                       (9)

where,

                              (10)

              (11)

w                               (12)

The coefficients A11 , A12 , A21 and A22 contain the inductance 
parameter and the initial position information of the rotor. The 
present paper adopts the recursive least squares method to  
determine the size of the coefficients as follows:

w

w w

       (13)

Following the determination of the coefficients A11 , A12 , A21 
and A22 , which contain the motor inductance parameter and 
the rotor initial position parameter. The following assumption 
is made:

               (14)

where,

                                  (15)

Performing mathematical analysis and derivation of (14), it 
can be demonstrated that the phase difference φe , caused by 
the digital system delay, can be eliminated. Consequently, the 
calculation formula for the motor inductance parameter and the 
initial position of the rotor can be obtained as follows:

         (16)

In the absence of knowledge regarding the polarity of the 
motor rotor, the rotor initial position Δθ , as specified in (16), 

Fig. 3. Actual and given waveforms of injected voltage at different frequencies. 
(a) |Uh| = 100 V, fh = 100 Hz. (b) |Uh| = 100 V, fh = 200 Hz. (c) |Uh| = 100 V, fh = 
300 Hz. (d) |Uh| = 100 V, fh = 400 Hz.
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may correspond to the actual rotor initial position Δθe , or may 
be in a direction antithetical to the actual rotor initial position 
Δθe . Consequently, this paper aims to ascertain whether the 
rotor initial position necessitates compensation, contingent on 
an assessment of the motor rotor’s polarity. The present paper 
introduces a method of detecting the average value of the DC 
component of the response current to verify the polarity of the 
rotor, as proposed in [17]. According to the saturation charac-
teristics of the inductor, the magnitude of the DC component of 
the response current is determined to establish whether or not 
it is necessary to compensate for the initial rotor position. The 
specific polarity identification strategy is shown in Fig. 4.

In order to circumvent the impact of uncontrollable factors 
on the rotor polarity judgement in the context of actual engi-
neering applications, this paper proposes a comparison para- 
meter ε . When the response current DC component idc exceeds ε ,  
the calculated rotor initial position aligns with the actual rotor 
initial position, obviating the necessity for compensation. Con-
versely, when the response current DC component idc falls short 
of - ε , the The calculated value of the rotor initial position is 
reversed with the actual position, and then the initial position is  
compensated by 180°. When the response current DC component  
idc is between - ε and ε , the saturation characteristic of the motor  
magnetic circuit is not obvious, which is easy to cause the error  
of judging the rotor polarity. In this case, it is necessary to  
increase the amplitude of the injected voltage and judge the 
rotor polarity again. 

As illustrated in Fig. 5, the method described in this paper is 
represented by a schematic flow diagram.

IV. Impact of Inverter Nonlinearity on 
Identification Results

A. Inverter Non-Linear Analysis

In a real motor drive system, the deadband of the inverter 
and the voltage drop of the switching devices have the capacity  
to distort the high frequency quadrature voltage signal that has 
been injected. This phenomenon is known as the inverter’s 
non-linearity.

Subsequently, the high-frequency injection voltage of the 
permanent magnet synchronous motor, considering the inverter 
nonlinearity, can be expressed as:

                  (17)

where,

            (18)

      (19)

In this system, the distortion coefficients of high-frequency 
quadrature voltage signal in the estimated rotating coordi-
nate system are denoted by Dd and Dq . The electrical angle is  
indicated by θe , the current vector angle by γ , the dead time by 
Td , the switching device turn-on and turn-off delays by TON and 
TOFF , respectively, the switching period by Tpwm , the inverter 
DC voltage by Vdc , the voltage drop of the power supply switch 
by Vsat and the voltage drop of the switching device by Vf . 

According to (17) and (18), the voltage deviation of the  
inverter due to its nonlinear characteristic is different when the 
rotor position is different. This change in voltage deviation will 
further change the amplitude of the high-frequency injected 
voltage, and the change in the amplitude of the high-frequency 
injected voltage will ultimately have an impact on the results 
of the identification of the inductor parameters with the initial 
position of the rotor. Fig. 6 provides a visual representation of 
the waveforms used to estimate the distortion coefficients in 
the rotating coordinate system. These waveforms are obtained 
by comparing the distortion coefficients with a given high- 
frequency injected voltage, which is used as a high-frequency 
fundamental noise reference.

B. Effect of Inverter Non-Linear on Parameter Identification 
Results

Combining (6) and (17) reveals that the voltage deviations 
caused by the inverter are DdVdead and DqVdead . As illustrated 
in Fig. 6, this voltage deviation assumes the form of a square 
wave. According to the Fourier decomposition, the square 
wave can be expressed in the following:

Fig. 4. Rotor polarity recognition strategy.

Fig. 5. Schematic flow diagram of the methodology of this paper.

current according to (13)

conjunction with Fig. 4.

The inductance parameter is

calculated from (14) and (16) 
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    (20)

As demonstrated in (7) to (16), the parameter identification  
process is confined to the high-frequency injected voltage 
sine and cosine fundamental components. That is to say, the  
parameters a1, b1, c1 and d1 in (20) have a significant impact 
on the outcomes of the parameter identification process. In  
order to obtain the values of a1 , b1 , c1 and d1 , a filter is first 
used to remove the high-frequency sine and cosine components  
of the voltage deviation. Then, the values of a1 , b1 , c1 and 
d1 are fitted using the recursive least squares method, and the  
fitting equations are as follows:

 (21)

where, ΔUd1 and ΔUq1 are the voltage deviations with the high 
frequency sine and cosine components removed.

Subsequently, the high-frequency response current deviation 
resulting from this voltage deviation is as follows:

     (22)

where,

                     (23)

The following equation is postulated:

                             (24)

By combining (14), (16) and (24), the motor parameter  
identification equation that is independent of inverter nonlin-
earity can be introduced as follows:

 (25)

where,

                  (26)

In this paper, (16) and (25) are utilised in the simulation to 
obtain the identification results of the motor parameters affected  
by the inverter nonlinearity and to remove the inverter  
nonlinearity, respectively. The deviations of these two equations  
are analysed under different dead times and different rotor  
positions. The d-axis inductance parameter is set to 3.1 mH and 
the q-axis inductance parameter is set to 6.8 mH, and the scalar 
values of the motor d-axis inductance parameter, q-axis induc-
tance parameter and the rotor initial position deviation results 
are given in Figs. 7-9, respectively. As is apparent from Figs. 
7-9, the identification error of the d-axis inductance parameter 
caused by the inverter nonlinearity is between 0.8% and 0.95%; 
the identification error of the q-axis inductance parameter is be-
tween 0.4% and 0.55%; and the identification error of the rotor 
initial position does not exceed 0.04°. The inverter nonlinearity 

Fig. 6. Estimation of waveforms of distortion coefficients in a rotating 
coordinate system. (a) d-axis injection voltage and d-axis twist factor 
waveforms. (b) q-axis  injection voltage and q-axis twist factor waveforms.
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Fig. 7. d-axis inductor parameter identification deviation.

Fig. 8. q-axis inductance parameter identification deviation.

Fig. 9. Rotor initial position recognition deviation.
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exerts a lesser influence on the motor parameter identification 
method proposed in this paper.

V. Simulation and Experimental Verification

A. Simulation Verification

In this paper, a proposed method of identifying the inductance  

Fig. 10. Control strategy diagram.

TABLE I
Main Parameters of PMSM

Parameters Value

Rated power 30 kW
Rated current 60 A

Stator resistance 0.05 Ω

Chain of permanent magnets 1.357 Wb

Moment of inertia (mechanics) 1 kg•m2

d-axis inductance 3.1 mH

q-axis inductance 6.8 mH

Initial rotor position during simulation 0

Initial rotor position during experiment 180°

Sampling period 200×10-6 s
Polar logarithm 3

θe 

(14) and (16)
abc

parameter and rotor initial position of a permanent magnet  
synchronous motor is simulated and verified. The simulation  
model is constructed in MATLAB/Simulink according to the 
control block diagram in Fig. 10, and the relevant motor pa-
rameters during the simulation are presented in Table I.

As illustrated in Fig. 11, the high-frequency injection voltage  
waveform and high-frequency response current waveform 
of the PMSM during simulation are shown, respectively. It is  
considered that the frequency of the high-frequency injection  
voltage should be set to 0.1-0.2 times the switching frequency.  
This is because if the frequency is set too high, it can easily 
generate other harmonic signals. However, if the frequency is 
set too low, it can easily separate from the fundamental signal. 
In this paper, the high-frequency injection voltage with an  
amplitude of 100 V and a frequency of 200 Hz is selected.

As illustrated in Fig. 12, the simulation results of the inductance  
parameters of the permanent magnet synchronous motor and 
the initial position of the rotor are presented. The parameter 
identification results converge within approximately 30 ms, 
with the identification results of the d-axis inductance and the 
q-axis inductance being 3.096 mH and 6.787 mH, respectively. 
The design value is only found in the error of 0.13% and 0.19%, 
respectively. It should be noted that the simulation of the motor 
model does not include saturation characteristics. Consequently,  
this paper does not include the simulation of motor rotor polarity  
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Fig. 11. High-frequency injection voltage and response current waveforms of PMSM during simulation. (a) High-frequency injection voltage waveform during 
simulation. (b) Response current waveform during simulation.

Fig. 12. Simulation identification results. (a) Simulation results. (b) Iden-
tification error.

(a)

(b)

(b)

(a)

identification, the default identification of the rotor initial 
position, and the actual rotor position in the same direction. 
However, in actual engineering applications, it is still necessary  
to carry out rotor polarity identification to determine the  
correctness of the rotor initial position identification results. 
This is demonstrated in 4.2 of the experimental demonstration. 
The identification results of the motor rotor initial position are 
-0.041°, and the simulation of the design value difference of 
0.041°. The simulation results can better identify the motor  
parameters, and the identification results of the error are small. 

Furthermore, the paper selects the motor parameters in  
Table I and applies the high-frequency pulse vibration injection  
method proposed in [12] and the high-frequency square 
wave injection method proposed in [15] to identify the motor  
parameters respectively. As the traditional high-frequency 
signal injection method is primarily used to identify the initial 
rotor position, this paper only focuses on the identification 
of the initial rotor position for comparative analysis. Fig. 13  
illustrates the corresponding waveforms of the injected voltage 
and the identification results of the initial rotor position of the  
traditional method. As demonstrated in Fig. 13, the high- 
frequency pulsed voltage injection method requires approximately  
70 milliseconds to complete the rotor initial position identification,  
yielding an identification error of 3.56°. In comparison, the 
high-frequency square-wave voltage injection method requires 
around 50 milliseconds to accomplish the same task, resulting 
in an identification error of 2.16°. A comparison of these two 
traditional methods with the method proposed in this paper 
clearly demonstrates the former’s clear disadvantages in terms 
of rotor initial position identification, due to the fact that the 
proposed method is not only more accurate, but also faster.
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B. Experimental Verification

In this paper, the proposed method of identifying the induc-
tance parameters and initial rotor position of permanent magnet  
synchronous motor is experimentally verified. The experimental  
platform is shown in Fig. 14, which mainly includes the power 
supply, inverter, permanent magnet synchronous motor and 
host computer, in which the inverter is a TMS320F28335 DSP 
and Cyclone IV FPGA as the core control chip. The parameters  
of the permanent magnet synchronous motor used in the  
experiment are shown in Table I. The DC side voltage is set to 
500 V and the SVPWM switching frequency is 1 kHZ for the 
experiment.

In this experiment,  is assumed to be 0 at the moment 0, and 

Fig. 13. Results of rotor initial position identification by conventional high-frequency injection method. (a) Localised map of PMSM rotor initial position identification 
results with injected signals based on high frequency pulsed vibration signal injection. (b) Localised map of PMSM rotor initial position identification results with 
injected signals based on high-frequency square-wave signal injection.

Fig. 14. Experimental platforms.
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a high-frequency quadrature voltage signal with an amplitude 
of 100 V and a frequency of 200 Hz is injected into the esti-
mated rotating coordinate system of the PMSM. The computa-
tion of the inductance parameter and the estimated value of the 
rotor initial position is performed within the time frame of 0 to 
0.1 s, while the rotor polarity identification and the correction 
of the estimated value of the rotor initial position is performed 
within the time frame of 0.1 to 0.16 s.

As illustrated in Fig. 15(a), the high-frequency injected volt-
age waveform of the PMSM during the experiment has been 
presented. In order to mitigate the impact effect on the motor 
when the quadrature voltage is injected, the amplitude change 
has been incorporated into the ramp function over a period of  
0.01 s. Fig. 15(b) provides a representation of the high-frequency  
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response current waveform of the PMSM.
 As illustrated in Fig. 16, the results of identifying the DC 

component of the d-axis response current in the PMSM polarity  
identification stage are presented. The d-axis inductance, the 
q-axis inductance and the initial position of the rotor at the time 
of the experiment are used as the basis for these results. As 
demonstrated in the figure, the DC component is found to be 
negative. In accordance with the principle of polarity identifi- 
cation and compensation outlined in Fig. 4, it is evident that the 
calculated position of the rotor is opposite to its actual position 
at this time. The identification results of the d-axis inductance 
and the q-axis inductance have an error of 0.97% and 0.15%, 
respectively, compared with the design values of the PMSM 
in Table I. The initial rotor position of the motor used in the 
experiment is 180°, and the initial rotor position identified in 
this paper is 178.24°, which is close to each other. In summary, 
the identification results of this paper are accurate, and can 
complete the identification of inductance parameters in approx-
imately 50 ms, and complete the identification of rotor initial 
position parameters in 160 ms.

In addition to the foregoing, a series of experiments were 
conducted in which the amplitude and frequency of the 

Fig. 16. Experimental identification results.

high-frequency injection voltage were varied. The inductance 
parameter specification obtained from these experiments is 
shown in Fig.17(a), while the deviation value of the rotor initial 
position recognition results is shown in Fig.17(b). It is evident  
from the data that, for a constant injection frequency, an  
increase in the amplitude of the selected injection voltage 
results in a reduction of the error between the identification 
results and the motor design values. Furthermore, it is evident 
that an enhancement in the high-frequency response current of 
the motor leads to a reduction in the parameter identification 
error and more accurate identification results.

VI. Conclusion
The control performance of permanent magnet synchronous 

motors (PMSM) is contingent upon the precise measurement 
of inductance parameters and the determination of the rotor’s 
initial position. In this paper, a static identification method for 
the inductance parameters and rotor initial position of a per-
manent magnet synchronous motor is proposed. The proposed 
methodology involves the injection of high-frequency quadra-
ture voltage signals into the motor, followed by the utilisation 

Fig. 15. High-frequency injection voltage and response current waveforms of PMSM during the experiment. (a) High frequency injection voltage wave form during 
experiment. (b) High frequency response current waveform during experiment.
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Fig. 17. Identification results for different injection voltages. (a) The process of inductive identification invariably results in the identification of the youngest valus. (b) 
The result of the identification of the initial position of the rotor exhibits a deviation value.
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of the recursive least squares method for the decomposition of 
the high-frequency response currents of the motor. This process 
enables the estimation of the motor’s inductance parameters 
and the initial rotor position. Subsequently, the estimated value 
of the initial rotor position is corrected in accordance with the 
saturation characteristics of the inductance. In comparison with 
the traditional method, the novel approach has the capacity to 
offset the phase difference caused by the sampling and control 
delay of the digital system. Furthermore, there is no necessity 
to utilise a filter for demodulation, which effectively avoids the 
signal delay and distortion caused by the filter. Additionally, it 
is less affected by the nonlinearity of the inverter.

In response to the research conducted in this paper, future 
endeavours will primarily encompass the reduction of the time 
required for the identification of the inductor parameters and 
the initial position of the rotor, as well as the compensation 
method for the inverter nonlinearity in the identification.
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