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Abstract – This paper proposed a new real-time parameter tracking algorithm. Unlike the 
convenience algorithms, the proposed real-time parameter tracking algorithm can estimate parameters 
through three-phase voltage and electric current without coordination transformation, and does not 
need information on magnetic flux. Therefore, it can estimate parameters regardless of the change 
according to operation point and cross-saturation effect. In addition, as the quasi-real-time parameter 
tracking technique can estimate parameters through the four fundamental arithmetic operations instead 
of complicated algorithms such as numerical value analysis technique and observer design, it can be 
applied to low-performance DSP. In this paper, a new real-time parameter tracking algorithm is 
derived from three phase equation. The validity and usefulness of the proposed inductance estimation 
technique is verified by simulation and experimental results. 
 

Keywords: Real-time parameter tracking algorithm, Inductance identification, Maximum power 
control, IPMSM 

 
 
 

1. Introduction 
 
To accommodate many passengers and move at a high 

speed, a train requires a traction motor with high-density 
output within limited physical dimensions. A traction 
motor, likewise, is constantly becoming smaller in size, as 
well as is requiring a higher-efficiency motor. Thus, the 
interior permanent magnet synchronous motor (IPMSM) 
is increasingly being adjusted as a traction motor for trains, 
since the IPMSM is generated as magnetic and reluctance 
torque becomes overlapped, it can produce torque far 
higher than other motors did [1,2]. 

However, if the correct parameter of IPMSM cannot be 
predicted or estimated, problems of reduced output, low-
efficient operation, and even out-of-synchronization can 
occur. Also, since IPMSM has a severe local self-saturation, 
motor parameters such as resistance (R) and inductance 
(Ld, Lq) change nonlinearly by all kinds of conditions 
including electric current and phase angle [3]. Especially, as 
the change aspect of inductance (Ld, Lq) varies irregularly 
depending on the capacity, shape, and operating charac-
teristics of motor, the incorrect estimation of parameter 
reduces motor operation performance [4]. Thus, the correct 
estimation of inductance that changes in real-time is a 
necessary element for designing a controller and guarantee-
ing an excellent control performance. 

The estimation methods can be divided into two: the 
offline parameter estimation methods which are to estimate 
through test-operation, and the online parameter estimation 
methods which estimates during operation. The offline 
parameter estimation methods have the merit of easily being 
implemented thanks to its simple algorithm. Nonetheless, 
they also have disadvantages: need for additional equipment; 
and measurement error being caused as compared with the 
actual operation due to the estimation conducted from a 
single point. 

Meanwhile, the online parameter estimation is suitable 
for applications that have various operation ranges, because 
it is estimation during operation. However, its algorithm is 
fairly complex, implementation is difficult, and it often 
requires high-performance DSP. 

The offline parameter estimation techniques can be 
classified into the estimation methods which do the 
estimation at standstill conditions and ones implemented at 
operating conditions. The estimation methods in the 
standstill conditions include the DC current decay test and 
AC standstill methods [5, 6]. On the other hand, the 
estimation methods for the operating conditions include the 
vector-controlled method and generator test [7, 8]. 

The online parameter estimation techniques are introduced 
as the model reference adaptive control techniques, observer-
based techniques, extended kalman filter based Techniques, 
and neural network techniques [9-12]. 

Previous technologies have the disadvantages of failing 
to consider uneven operating conditions of a motor, or 
requiring complex calculation. Additionally, the magnetic 
flux are required for the parameter estimation of a 
permanent magnet synchronous motor; and these elements 
can change due to the motor’s temperature or magnetic 
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saturation [13]. Thus, it is difficult to exactly estimate a 
parameter. 

This paper deals with conducting exact maximum power 
of IPMSM through suggesting estimation methods for the 
inductance (Ld, Lq) of IPMSM without considering the 
magnetic flux. 

 
 

2. IPMSM Equivalent Circuit 
 
For vector control of IPMSM, the three-phase voltage 

equation formula of IPMSM was calculated through Clarke 
transformation and Park transformation in order, which 
obtained d-q axes voltage equation as in (1) [14]. 

 

 
0r r

a qds ds
r r

d a e aqs qs

R Lv i
L Rv i

ω
ω ω

⎡ ⎤ ⎡ ⎤−⎡ ⎤ ⎡ ⎤
= +⎢ ⎥ ⎢ ⎥⎢ ⎥ ⎢ ⎥Ψ⎢ ⎥ ⎢ ⎥⎣ ⎦ ⎣ ⎦⎣ ⎦ ⎣ ⎦

 (1) 

 
The torque equation of IPMSM is given as follows 
 

 ( ){ }3
2 2e a q d q d q

PT i L L i i= Φ + −  (2) 

 
Magnetic flux could obtain data by the Br value of 

permanent magnet, and stator resistance could be measured 
easily through DC test. However, Ld and Lq changed 
according to the d- and q-axis current, and their 
characteristics change due to the saturation of core. Thus, it 
is necessary to develop technology that can accurately 
estimate Ld and Lq. Especially when the inductance while 
controlling torque can be estimated, exact calculation of 
actual torque is possible, resulting in substantial reduction 
of the measurement error between command and actual 
torque, so that torque can be controlled with high 
efficiency and good performance. 

 
 

3. Maximum Power Control of IPMSM 
 
A maximum torque-per-ampere (MTPA) and field 

weakening control are performed to implement the 
maximum power control of IPMSM. While under the base 
speed, it conducts control of the MTPA, which generates 
the highest torque for the identical armature current [15,16]. 
As in Fig. 1(a), the IPMSM always exists with the highest 
level current topology for the identical current. Therefore, 
if the current phase angle β in (2) is partially differentiated, 
the MTPA optimal operating line can be derived as follows 
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(a) MTPA 
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(b) Field Weakening 

Fig. 1. Current Vector Locus of the MTPA and FW Control 
 
When the motor reaches the base speed, the voltage limit 

comes into effect, so no more acceleration through the 
MTPA control is possible. Hence, in order to have a wider 
speed range, the field weakening (FW) control is 
conducted with the allowing of the negative d-axis current. 
Fig. 1(b) shows the trajectory of the FW control. The 
operating point of the FW control moves along the constant 
current circle, and the intersection point of the constant 
voltage ellipse and constant current source can yield the 
following results. 
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As in (3) to (6), the information of d- and q-axis 

inductances is required to conduct the MTPA and FW 
control. Inaccurate d-and q-axis inductances cannot 
accurately determine operating points, and this becomes a 
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degradation factor for the motor’s performance. 
Fig. 2 is the calculation of d- and q-axis inductances 

through FEM following the current phase angle and stator 
current of the IPMSM The d- and q-axis inductances 
change by the current phase angle and stator current as 
seen in the Fig. 2. Therefore, in order to maximum power 
control with high performance, the real-time information of 
the d- and q- axis inductances is required. 

 
 

4. Quasi-realtime Parameter Tracking 
 
The conventional parameter estimation of IPMSM was 

carried out mostly on d and q axes. However, this paper 
proposed a technique that can estimate Ld and Lq from a, b, 
c axes instead of d, q axes, in order to have an approach 
from a physical perspective. The online inductance 
estimation suggested by this paper can be drawn through 
the following three steps. 

 
4.1 Calculation of No-load line-line Back-EMF 

 
The three-phase voltage formula for the IPMSM is as 

follows. 
 

 a
d d

R
dt dt

= + + +abc s
abc abc s abc abc

i L
v i L i e  (7) 

 
Here, vabc, iabc, Ls, eabc are vectors that represent the 

physical quantity of the phase a, b, and c. Calculation of 
no-load line-line back EMF from the phase a, b, and c 
voltage equation in (7) can be represented as follows. 
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Here, LN=Lls+3/2LA, LM=LB. The Lls indicates leakage 

inductance, LA the average self-inductance, and LB the 
amplitude of self-inductance. Each coefficient is the same 
as in (11) ~ (16). 
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4.2 Elimination of magnetic flux 

 
The three-phase no-load line-line back-EMF Eqs. 

(8)~(10) all contain magnetic flux elements. If βab/βbc, βbc/ 
βca, and βca/βab are calculated for each no-load line-line 
back-EMF in order to eliminate magnetic flux, an equation 
which is unrelated to magnetic flux can be derived. 
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(a) d-axis inductance 

 
(b) q-axis inductance 

Fig. 2. d- and q-axis Inductances following Stator Current 
and Current Phase Angle 
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4.3 Estimation of Ld and Lq 

 
LN and LM are derived when (20), (21) is solved. 

 ( )3 3
2 2d ls A B N ML L L L L L= + − = −  (20) 

 ( )3 3
2 2q ls A B N ML L L L L L= + + = +  (21) 

 
Here, the feasibility of problem should be guaranteed in 

order to be a solution. This feasibility can be satisfied by 
choosing appropriate initial condition. The initial condition 
is assumed to be the rating condition of a motor. 

Fig. 3 represents the speed control block diagram of the 
IPMSM through the parameter estimation method which 
this paper has suggested. The initial condition is entered 
into the parameter estimator to estimate the inductance of 
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Fig. 3. Speed controller based on maximum torque-per-ampere and field weakening control with inductance estimator 
 

 
(a) Motor speed 

 
(b) d, q-axis current 

 
(c) d-axis inductance 

 
(d) q-axis inductance 

Fig. 4. Simulation Result of Quasi-realtime Parameter Tracking Method 
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the IPMSM. The estimated inductance determines the 
operating points during MTPA and FW control. 

 
 

5. Simulation Results 
 
The proposed inductance estimation method is simulated 

by MATLAB/Simulink. Specification details for the motor 
are in Table 1. The speed reference of 2,000 RPM is 
entered which is above the base speed, so that inductance 
estimation can be tested during the MTPA and FW control 
of the IPMSM. Fig. 4 shows the simulation result of the 

test motor. In Fig. 4(a), the motor speed converging 
according to the speed reference can be identified. Fig. 4(b) 
shows the d- and q-axis current. d- and q-axis current holds 
a constant value during the MTPA control, and as it rises 
above the base speed, the d-axis current is increased while 
the q-axis current decreases due to the FW control. Fig. 
4(c) and (d) show the d- and q-axis inductances at the 
moment. The actual value is precisely estimated regardless 
of the motor’s control mode. Fig. 5 exhibits the simulation 
result which included the change of inductance values 
under real operational condition. It shows that the 
estimated value accurately follows the actual value when 
inductance changes. 

 
 

6. Experiment 
 
In order to verify the performance of the proposed 

algorithm, the experiment is performed. The experimental 
test setup is shown in Fig. 6. DSP TMS320F28335 is used 
for IPMSM control and load torque is generated by 
dynamometer.  

Fig. 8 shows the inductance estimation results when the 
rotational speed of the motor at 1,000 [RPM]. As shown in 
Fig. 7, phase currents are applied to the rated current. In 

 
Table 1. The Specifications of IPMSM 

Parameter Value Unit 
Np 8  
Vdc 100 V 
Iam 3 A 
Ra 2.85 Ohm 

Tmax 1.54 Nm 
Φa 0.087 Wb 
Ld 25 mH 
Lq 26.5 mH 
Jm 5.7·10-5 kg∙ m2 

 

 
(a) Ramp Response 

 
(b) Step Response 

Fig. 5. Simulation result in accordance with the variation
of inductance 
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Fig. 6. Experimental setup 

 

-4

-2

0

2

4
(A)

ia ib

Fig. 7. a, b phase current for inductance estimation  

10

20

30

40

50
(mH)

Lq

Ld

Fig. 8. Inductance estimation results



Hyunwoo Jun, Hanwoong Ahn, Hyungwoo Lee, Sungchul Go and Ju Lee 

 http://www.jeet.or.kr │ 115

Fig.8, yellow line represents d-axis inductance and red line 
indicates q-axis inductance. The results of the experiment, 
d-axis inductance is 25 [mH] and d-axis inductance is 
shown in 26.5 [mH]. It can be confirmed that proposed 
inductance estimation results is same with the actual value 
of the Table 1. 

 
 

7. Conclusion 
 
The inductance of the IPMSM is an essential parameter 

to control high-performance motors while, for instance, 
torque, speed, or senseless controls. This newly developed 
estimation method takes an approach from the physics view, 
estimating the Ld and Lq from the axis a, b, and c. Further, 
a equation has been derived, which is not affected by the 
non-linearity of magnetic flux, and thus accuracy has been 
enhanced. 

The proposed inductance estimation algorithm was 
tested through the MATLAB/Simulink. In all speed ranges, 
the inductance estimation was precisely identified. Also, 
even when the inductance changed, it followed without 
measurement error, which verified the effectiveness of the 
proposed algorithm. Also, the validity of the proposed 
inductance estimation technique is confirmed throughout 
the experimental results. 
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