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Abstract - In order to improve the control performance of vector inverter, an improved parameter identification solution for 
induction motor is proposed in this paper. Dc or AC voltage is applied to the induction motor using the SVPWM through the 
inverter. Then stator resistance, stator leakage inductance, rotor resistance, rotor leakage inductance and mutual inductance 
are obtained according to the signal response. The discrete Fourier transform (DFT) is used to deal with the noise and 
harmonic. The impact on parameter identification caused by delays in the inverter switch tube, tube voltage drop and dead-
time is avoided by effective compensation measures. Finally, the parameter identification experiment is conducted based on 
the vector inverter which using TMS320F2808 DSP as the core processor and results show that the strategy is verified. 
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I. INTRODUCTION 
 
Due to its cheapness, excellent performance and easy 
maintenance, the asynchronous motor is widely used 
for industrial manufacturing. The high-performance 
frequency-conversion vector system for adjusting the 
speed of the asynchronous motor has been an active 
topic in the electric drive domain [1-2]. In the 
asynchronous motor vector controlling system, the 
accuracy of the motor is essential for magnetic flux 
linkage observations, rotating speed estimation and 
controlling parameter adjustment [3-4]. Therefore, 
identification of motor parameters is an important 
aspect of the high-performance vector speed 
controlling system. 
 
Parameters needed for vector control of the 
asynchronous motor include the resistance and 
leakage inductance of the rotor and stator as well as 
the excitation inductance. The authors in [5] used the 
hybrid EKF algorithm to eliminate the impact of the 
structural noise. They regarded the motor’s 
movements as a random process and computed the 
system state variables and motor parameters via 
iterative calculations. Their method entails complex 
vector and matrix computations and is thus hard to be 
implemented on the microprocessor. A full order 
observer called MRAS was proposed in [6], which 
can identify the stator resistance through the 
difference between the reference value and the 
estimated value of the rotor’s magnetic flux. But it 
still needs other methods to identify other parameters. 
The authors in [7] proposed to identify motor 
parameters via the iterative least square method. But 
their method provides low identification accuracy due 
to high sensitiveness to the measurement noise and 
the rotating speed fluctuations. The intelligent control 
theory (e.g. the artificial neural network in [8-9] and 
the genetic algorithm in [10]) has also been applied to 
the identification of the motor parameters. But most 

of these methods are in the stage of theoretical 
simulations. 
 
To achieve self-learning of the vector convertor’s 
parameters and improve its controlling performance, 
we can exploit the frequency converter’s own 
resources, instructing the inverter to apply the AC or 
DC signal excitation to the asynchronous motor after 
the parameter is tuned via SVPWM [11-12]. Next, we 
can measure its response and obtain accurate motor 
parameters using proper computation methods. Due 
to the delay of the inverter’s switching tube and the 
existence of the tube voltage drop and the dead time, 
there is a discrepancy between the reference value 
and the actual value of the winding voltage. Failure to 
take compensation measures will cause errors in 
parameter identification. Hence, the time 
compensation method is used to eliminate the effect 
described above. Experimental results demonstrate 
that the proposed method for identifying 
asynchronous motor parameters is easy to implement, 
accurate and very helpful in improving the 
controlling performance of the vector frequency 
converter. 
 
II. ANALYSIS OF THE EQUIVALENT 
CIRCUIT MODEL OF THE ASYNCHRONOUS 
MOTOR 
 
By overlooking the harmonic interference, slot effect 
and iron loss, assuming the motor operates in the 
linear excitation zone, and converting the frequency, 
phase numbers and turns-in-series per-phase of the 
asynchronous motor’s rotor to the stator side, we can 
acquire the one-phase T-type equivalent circuit of the 
AC asynchronous motor at the stable state, as shown 
in Fig.1. The excitation resistance is so small that its 
impact on the equivalent circuit is neglected to 
simplify analysis.  
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Fig.1 T equivalent circuit of induction motor on steady state 

 
The vector expression of its mathematical model is: 
 

 

 
 
III. METHOD FOR IDENTIFYING MOTOR 
PARAMETERS 
 
3.1 Method for identifying stator resistance 
Fig. 2 shows the way of connecting the three-phase 
voltage inverter to the asynchronous motor. The 
desired AC or DC voltage actuating signal can be 
generated by controlling the states of each switching 
tube in the inverter. The equivalent circuit of the 
motor can be simplified in the presence of the 
actuating signal. We can obtain motor parameters in 
the presence of different actuating signals by 
detecting and processing the corresponding signals as 
well as using the proper computation methods. 
 

Fig.2 Connection of voltage inverter and induction motor 
 

DC is chosen to experiment on the identification of 
the stator resistance. The basic theory is to instruct 
the inverter to inject the low DC voltage into the 
motor’s stator winding and then compute the 
resistance via the Ohm's law. In practice, the rectified 
AC voltage Udc is chopped via SVPWM to generate 
the high-frequency voltage impulse, adjust the duty 
ratio of the voltage impulse and acquire the desired 
equivalent DC. The inputs to SVPWM for given Uα 
and Uβ are adjusted to connect VT2 and VT6, 
disconnect VT3 and VT5, and make the trigger of 
VT1 the PWM wave with a certain duty ratio. In this 
way, the voltage applied to the asynchronous motor is 
the DC voltage of the ripple. For the asynchronous 
motor, it is equivalent to b and c being shorted and 
then connected in series with a. Therefore, what the 
inverter outputs directly into the motor is the line 
voltage Uab, and the equivalent circuit is shown in 
Fig.3. 

Fig.3 Equivalent circuit of DC experiment 
 
According to the Ohm’s law, the stator resistance of 
the motor is: 

In the presence of the DC voltage, the relation 
between the three-phase voltage and current in the 
winding loop is: 

For coordinate conversion of vector control, the 
voltage and current in the α-β coordinate system is 
related to the voltage and current described above in 
the following way: 

Substituting Equation (3) into (4) yields the input to 
SVPWM: 

The controlling structure of the DC experiment is 
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given in Fig.4. The given signal is the given value Iα* 
of the current along the α axis in the α-β coordinate 
system, and the feedback signal is the effective value 
of the current along the α axis after the stator current 
goes through the coordinate conversion. The α-axis 
voltage Uα can be output via the PI regulator. Uβ  is 
directly set to 0 to ensure that the signal for 
controlling the switching tube of the bridge arm of 
the phases b and c is the same. The operating 
condition of the inverter can be controlled through 
SVPWM and the use of Uα and Uβ. A high frequency 
of the pulse means that the voltage applied to the 
motor approximates to DC more closely and that the 
ripple of the current is low. Because the voltage 
applied to the stator resistance cannot be too large, 
the current closed-loop control mode is chosen so that 
the output current can reach the specified value 
through the adjustment of the pulse duty cycle. And 
Uα can be adjusted using the current PI regulator with 
amplitude limited output. The a-phase voltage Ua can 
be computed using the inverter DC voltage Udc, the 
duty ratio of the output pulse and the voltage 
reconstruction technique. Then, the stator resistance 
of the asynchronous motor can be computed via 
Equation (2) above. 

Fig.4 The control structure diagram of DC experiment 
 
When the motor’s stator resistance is computed using 
the method described above, the switching delay of 
the switching tube and the tube voltage drop have a 
significant impact on the output voltage. Hence, the 
DC voltages with varying amplitudes are applied to 
the motor such that the stator resistance can be 
computed through the reference voltage increment 
and the winding current increment. So the improved 
formula for computing the stator resistance is given 
by: 

where Ua(k) and Ua(k-1) refer to the reference values 
of the phase voltages with varying duty ratios applied 
to the motor winding at different time, Ia(k) and Ia(k-
1) refer to the values of the phase current in the two 
experiments. Several experiments can be performed 
to compute the finally identified value of the stator 
resistance in an offline manner using the least square 
method. 
 

3.2 Method for Identifying Rotator Resistance and 
Leakage Inductance 
The one-phase AC experiments are carried out for the 
identification of the rotor resistance and leakage 
inductance. The theory of the one-phase experiment 
is to apply the one-phase sinusoidal voltage to the 
motor winding. Then, instead of generating 
electromagnetic torque, the motor is stationary. When 
the frequency is high, the excitation inductance is so 
high that the current flowing through the excitation 
circuit can be neglected. The rotator resistance and 
the leakage inductance can be computed using the 
simplified motor circuit and the voltage/current 
information. The SVPWM method is still used in the 
one-phase experiment: apply the sinusoidal voltage to 
the asynchronous motor by controlling Uα and Uβ in 
the α-β coordinate system in order to connect VT1, 
VT6, and VT2 or connect VT4, VT3, and VT5. The 
equivalent circuit of the one-phase AC motor 
experiment is given in Fig.5. 
 

Fig.5 Equivalent circuit of single-phase experiment 
 
In the presence of the one-phase voltage, the 
equivalent impedance of the winding circuit is: 

The sum of the stator and rotator resistances is: 

where θ is the power factor angle. So the rotator 
resistance is: 

The sum of the stator and rotator reactance is:  

where ω1 is the angular frequency of the voltage 
fundamental wave. Generally, the stator leakage 
inductance is equal to the rotator leakage inductance. 
So the stator and rotator leakage inductance is: 
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Equation (5) holds true for the relation between the 
current/voltage in the α-β coordinate system and the 
motor’s three-phase current/voltage. The controlling 
structure of the one-phase experiment is similar to 
that in Fig.3. The SVPWM inputs are given as: 

After the motor produces the stable outputs in the 
presence of the one-phase sinusoidal voltage, we 
computes the effective value Ia of the asynchronous 
motor’s a-phase current, the effective value Uab of 
the line voltage, and the power factor cosθ. The 
rotator resistance as well as the stator and rotator 
leakage inductance can be computed using Equations 
(9) and (11). 
Due to the existence of the noise and harmonics in the 
current and voltage signals, the filtered response 
signals are processed via DFT while computing the 
magnitudes of voltage and current as well as the 
power factor angle in the one-phase experiment. 
Details are given below. 
Let x(t) denote the continuous voltage or current 
signal. By obtaining N sets of uniform and 
synchronous samples from the signal during each 
period of the fundamental wave, we get the sequence 
x(n). Let M denote the signal’s highest harmonic 
number. If the sampling theorem   holds, then the 
sequence x(n) can go through the Fourier transform. 
So the discrete sequence can be expressed as: 

where k is the harmonic number. According to the 
Euler's formula, we have: 

By substituting Equation (15) into (14),   can be 
transformed into: 

Let k=1. Then, the real and imaginary parts of the 
signal’s fundamental wave are: 

In practical applications, the continuous voltage and 
current signals should be processed in the way above, 
and the magnitudes and phases of their respective 
fundamental waves can be then computed. Let au1 and 
bu1 represent the real and imaginary parts of the 
voltage’s fundamental wave, θu1 denote the phase, 
and U1 denote the magnitude. So, we have: 

Let ai1 and bi1 represent the real and imaginary parts 
of the current’s fundamental wave, θi1 denote the 
phase, and I1 denote the magnitude. So, we have: 

3.3 Method for Identifying Excitation Inductance 
The no-load experiments are carried out for the 
identification of the excitation inductance. When it is 
in the no-load operation, the rotating speed of the 
motor approximates to the synchronous speed, the 
slip ratio s is almost zero, and the motor rotator 
circuit can be regarded as an open circuit 
approximately. Meanwhile, the voltage falls into the 
stator resistance, stator leakage inductance and 
excitation inductance, the stator current is almost 
equal to the excitation current, and the one-phase 
equivalent circuit of the motor is given in Fig.6. The 
excitation inductance can be obtained using the phase 
voltage and current. The operation of the motor can 
be controlled via the SVPWM-based constant 
proportion of voltage to frequency method (V/F) [10]. 

Fig.6 Equivalent circuit of no-load experiment 
 
When the motor is in the no-load operation, the 
equivalent impedance of the a-phase winding circuit 
is: 
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Then, the equivalent reactance of the winding circuit 
is: 

So, the excitation inductance is: 

where f1 denotes the fundamental frequency of the 
AC voltage applied to the stator’s three-phase 
winding.  
 
The controlling structure of the no-load experiment is 
given in Fig.7. For the given frequency, the specified 
synthesized voltage space vector can be computed via 
the V/F controlling algorithm. The approximate 
three-phase AC voltage needed for the motor to run 
in the no-load mode can be computed via SVPWM 
and the voltage vector angle. After the motor’s 
rotating speed stabilizes, we can compute the 
effective value Ia of the motor’s phase current, 
effective value Ua of the phase voltage and the power 
factor Ua. Then, the formulas described above can be 
used to compute the excitation inductance. While 
computing Ua, Ua, and cosθ, the signal processing 
procedures still use the same DFT transform as in the 
one-phase experiment. 

Fig.7 The control structure diagram of no-load experiment 
 
The switching delay of the inverter and the dead time 
has impact on the identification of parameters in 
above three motor parameter identifying experiments. 
The dead zone effect caused by the switching delay 
of the switching tube and the dead time is analyzed 
briefly below [11]. 
Consider phase a of the three-phase voltage inverter 
in Fig.2. The direction in which the current flows into 
the motor is defined as the positive direction, and the 
outbound direction is defined as the negative 
direction. Let td denote the dead time inserted before 
each switching tube turns on the signal. During the 
dead time, the output voltage is independent of the 
switching tube and only relies on the direction of the 
phase current. Within a switching period, when the 
phase current is positive, the actual positive pulse 
time of the output voltage is shorter than that of the 
ideal voltage by  ; when the phase 
current is negative, the actual positive pulse time of 

the output voltage is longer than that of the ideal 
voltage by , where ton denotes the turn-
on time of IGBT, and toff denotes the turn-off time of 
IGBT. 
Taking into account the effect of the turn-on and turn-
off delay as well as the dead time, let ted denote the 
equivalent time, then we have: 

It can be seen from above analysis that the root cause 
of the time error is that the actual turn-on time of the 
switching tube is longer or shorter than the ideal turn-
on time. To address this problem, a SVPWM-based 
dead zone compensation method is proposed, which 
determines the polarity of the three-phase current 
within each carrier period Tpwm via the region of the 
synthesized stator current vector. Then, the proposed 
method can determine the compensation for the 
acting time of the corresponding basic voltage space 
vector. Consider the voltage SVPWM-based first 
sector where the polarities of the phases abc are 
positive-negative-negative. Due to the dead zone 
effect, the actual positive pulse time of phase a is 
shorter than that of the ideal positive pulse time, 
while the actual positive pulse time of phases b and c 
is longer than that of the ideal positive pulse time. To 
provide the compensation, the a-phase bridge arm 
(i.e. Sa high level) should be lengthened by ted, and 
the b- and c-phase bridge arms (i.e. Sb and Sc high 
levels) should be shortened by ted. The voltage vector 
acting time before and after the compensation is 
shown in Fig.8, where the dotted line indicates the 
acting time of different voltage vectors before the 
compensation. After the compensation, the acting 
time of the vector voltage u4 is increased by 2ted, the 
acting time of u6 is intact, the acting time of u0 is 
decreased by ted and u7 is decreased by ted. 

Fig.8 Action time of basic voltage space vector before and after 
compensation 

 
IV. EXPERIMENT RESULTS AND ANALYSIS 
 
To prove the effectiveness of the proposed method 
for identifying motor parameters, an experimental 
platform for asynchronous motor vector controlling 
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converter is designed, as shown in Fig.11. At the left 
of this figure is the main control panel and the driver 
power panel of the converter, and at the right is the 
experimental platform. The AC motor parameters are 
given in Table 1. The controlling core of the vector 
converter is the DSP chip TMS320F2808 from TI. 
The integrated power module CP25TD1-24A is 
chosen as the rectifying inverter. The current signal is 
sampled using the Hall current sensor CSNE151. The 
motor’s nominal parameters are Pn=4kW, Un=380V, 
In=8.8A, and nn=1430r/min. The SVPWM carrier 
frequency is 8kHz, dead time is 3.2µs, and the 
maximum switching delay of IGBT is ton=0.1µs and 
toff=0.3µs. The basic structure of the designed vector 
converter hardware is shown in Fig.9. 

Fig.9 The hardware structure diagram of vector control 
inverter 

 
The process of the motor parameter identifying 
algorithm is shown in Fig.10. Digital implementation 
of the algorithm is completely done via DSP. And the 
software development platform is CCS3.3. The entire 
identifying process in practice consumes 8s 
approximately. 

Fig.10 Driver board and motor 
 
Fig. 11 shows the waveform in the motor parameter 
identifying experiment. The winding current 
waveform and PWM pulse waveform in the DC 
experiment with a voltage duty ratio of 5% is given in 
Fig. 11(1), the winding current waveform in the 45Hz 
one-phase experiment is given in Fig. 11(2), and the 
winding current waveform in the 50Hz no-load 
experiment is given in Fig.11(3). Table (3) compares 

the motor parameter identifying results with the 
motor’s actual parameters. The comparison indicates 
that the experimental values are close to the actual 
values, demonstrating the accuracy of the proposed 
compensation method. 
 

Tab.1 Result of motor parameter identification 

Fig.11 Experiment waveforms of motor parameter 
identification 

 
CONCLUSION 
 
Accuracy of the motor parameters is essential for the 
high-performance vector frequency conversion and 
speed governing system. In this paper, the traditional 
offline experiments are improved using SVPWM as 
well as effective optimization and compensation 
measures. In the DC experiments, the stator 
resistance is computed more accurately through the 
use of the current PI regulation and the increment 
calculation method. The errors caused by the 
switching delay of the switching tube and the dead 
time are offset in the experiments. Experimental 
results demonstrate that the proposed method for 
identifying asynchronous parameters is very practical 
and accurate and can be used effectively for vector 
converters. 
 
ACKNOWLEDGMENTS 
 
The present research is supported by National Natural 
Science Foundation of China (Grant No. 61472062), 
The Key Projects in the National Science & 
Technology Program of China (Grant 
No.2015BAF20B02), and the Fundamental Research 



International Journal of Industrial Electronics and Electrical Engineering, ISSN: 2347-6982 Volume-5, Issue-2, Feb.-2017 
http://iraj.in 

An Improved Parameter Identification Method for Three Phase Induction Motor 
 

33 

Funds for the Central Universities of China (No. 
DUT15ZD230) 
 
REFERENCE 
 
[1] Zhong-gang Yin, Chang Zhao, Yan-Ru Zhong, Jing Liu. 

Research on robust performance of speed-sensorless vector 
control for the induction motor using an interfacing multiple-
model extended Kalman filter [J]. IEEE Transaction on 
Power Electronics, 2014, 29(6):3011-3019. 

[2] Ohyama K, Asher GM, Summer M. Comparative analysis of 
experimental performance and stability of sensorless 
induction motor drivers [J]. IEEE Transaction on Industry 
Electronics, 2005, 53(1):178-186. 

[3] Kojooyan-Jafari H, Monjo L, Corcoles F; Pedra J. Parameter 
estimation of wound-rotor induction motors from transient 
measurements[J]. IEEE Trans. Energy Conversion, 2014, 
(99):1-9. 

[4] Song Wang, Dinavahi, V, Jian Xiao. Multi-rate real-time 
model-based parameter estimation and state identification for 
induction motors [J]. IEEE Electric Power Applications, 
2013, 7(1):77-86. 

[5] Alonge F, D'Ippolito F, Sferlazza, A. Sensorless control of 
induction-motor drive based on robust Kalman filter and 
adaptive speed estimation[J]. IEEE Transaction on Industry 
Electronics, 2014, 61(3):1444-1453. 

[6] Jin-yu Wu. Research technology of IM parameter 
identification based on MARS [D]. Harbin Institute of 
Technology, 2013. (in Chinese) 

[7] Hu Zhang, Zheng-xi Li, Zhao-nan Tong. Off-line parameter 
identification of induction motor based on recursive least-
squares algorithm [J]. Proceedings of the Chinese Society for 
Electrical Engineer.2011, 31(18):79-86. (in Chinese) 

[8] Wlas M, Krzeminski Z, Toliyat HA. Neural-network-based 
parameter estimations of induction motors. IEEE Transaction 
on Industry Electronics, 2008, 55(4):1783-1794. 

[9] Baburaj Karanayil, Muhammed Fazlur Rahman, and Colin 
Grantham, “Identification of Induction Motor Parameters in 
Industrial Drives with Artificial Neural Networks,” Advances 
in Fuzzy Systems, vol. 2009, Article ID 241809, 10 pages, 
2009. doi:10.1155/2009/241809 

[10] Sadashivan J and Dr. Omana Mammen. Genetic Algorithm 
based Parameter Identification of Three Phase Induction 
Motors [J]. International Journal of Computer Applications 
31(10):51-56, October 2011. 

[11] Merabet Boulouiha H, Allali A, Laouer M, et al.Direct torque 
control of multilevel SVPWM inverter in variable speed 
SCIG-based wind energy conversion system[J].Renewable 
Energy.2015,80 (3):140-152. 

[12] Valan Rajkumar M, Manoharan P S, Ravi A.Simulation and 
an experimental investigation of SVPWM technique on a 
multilevel voltage source inverter for photovoltaic 
systems[J].International Journal of Electrical Power & 
Energy Systems.2013,52 (2):116-131.. 

 
 
 
 
 
 
 
 
 
 

 


