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Abstract – This paper presents a novel scheme to estimate the rotor position of a single-phase hybrid 
switched reluctance motor (HSRM). The back-EMF generated by the permanent magnet (PM) field 
whose performance is motor parameter independent is adopted as an index to achieve the sensorless 
control. The differential value of back-EMF is calculated by hardware and processed by DSP to 
capture a fixed rotor position four times for every mechanical cycle. In addition, to accomplish the 
normal starting of HSRM, the determination method of the turn-off time position at the first electrical 
cycle is also proposed. In this way, a sensorless operation scheme with adjustable turn on/off angle can 
be achieved without substantial computation. The experimental verification using a prototype drive 
system is provided to demonstrate the viability of the proposed position estimation scheme. 
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1. Introduction 
 
The switched reluctance motor (SRM) has been the 

promising candidate for various drive systems in industrial 
for recent decades. The double salient structure with 
concentrate winding on stator makes them possess the 
property of robustness, low cost and wide speed range 
operation. Generally, three or four phases SRM is more 
popular to be applied considering torque dead zone and 
torque ripple minimization issues. However, nowadays, 
the single-phase SRM drive system has been improved 
and optimized by many researchers due to their reduced 
converter cost and low switching loss specially in high 
speed operation region [1-5].  

It is apparent that, the SRM requires position feedback 
for motor phase commutation. In order to assure the 
regular running of the motor, accurate knowledge of rotor 
position is indispensable. In many cases, this requirement 
is addressed by using position sensors, such as encoders 
or Hall sensors, etc. However, for size reduction, cost 
minimization and harsh environment operation, the 
sensorless technique is especially crucial.  

In existing sensorless control methods, the main 
approaches can be classified as current waveform based 
methods [6-8], high frequency pulse injection methods 
[9-11], flux linkage based methods [12,13], state observer 
based methods [14,15], and intelligent algorithm based 
methods [16,17]. In [6], the current rising time during 
current chopping control (CCC) is regarded as a medium to 
reflect the variation of inductance. And the comparison 
result of the rising time is used for the judgement of the 
inductance slope. However, in order to determine the 

current rising and falling time, a fast MCU is needed and 
the noise caused by switching is very difficult to reject. In 
[7] and [8], the rotor position of the SRM of a PWM-
voltage controlled system is estimated by the change of 
the phase current gradient when a rotor pole and stator 
pole start to overlap. Another kind of approach is to 
inject the impressed voltage pulse into phase winding of 
SRM [9-11], and set appropriate thresholds to determine 
the exciting timing of the next phase. Nevertheless, this 
method will cause additional torque ripple, large switching 
loss and complication in both hardware and software. In 
[12], the flux linkage is obtained from the real-time current 
and voltage and fed into an adaptive neuro-fuzzy inference 
system to predict the rotor position during running 
conditions. For smaller memory and simpler computation, 
an improved flux linkage comparison scheme is proposed 
in [13], based on estimating a particular rotor position at 
both low and high speeds. However, the magnetic 
characteristics of the motor must be obtained previously, a 
huge memory is needed to store the look-up tables, and the 
process is complicated. To deal with the issue, a sliding-
mode-observer technology is employed in [14, 15] for 
four-quadrant sensorless operation of SRMs, covering a 
wide speed range. Also, some intelligent techniques also 
are used for rotor position estimation aiming at to improve 
the estimation accuracy, including the neural network [16, 
17]. 

Although there are a lot of pervious researches proposed 
to estimate the rotor position, the sensorless scheme of 
HSRM is not much researched. On the one hand, for high 
speed operation, with the speed increasing, the information 
points can be acquired from the voltage and current are 
getting less and less which lows the likelihood of the 
accurate access to rotor position. On the other hand, 
differing from the conventional SRM, half of the electrical 
cycle cannot be controlled in this single-phase HSRM. 
Thus to apply the motor to high speed application, a simple 
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and less information required scheme should be come up 
with. 

In this paper, a novel rotor position estimation method 
using back-EMF of the single-phase HSRM is proposed 
which is able to run the motor in wide speed range. Also 
the determination of turn-off time point at the first 
electrical cycle is presented. In the following sections, 
firstly, the working principle of a novel single-phase 
HSRM will be introduced. After that, the proposed 
sensorless estimation scheme will be presented in detail. 
Finally, the simulation and experimental results regarding 
to a prototype motor will prove the practicability and 
feasibility of the proposed position estimation scheme. 

 
 

2. Single-phase HSRM Drive System 
 
In single-phase HSRM drive system, an asymmetrical 

half-bridge converter is employed(Fig. 1). To reduce the 
switching loss and torque ripple, the soft-chopping mode 
that the upper-transistor chopping and lower-transistor 
remaining closed in every turn-on cycle is adopted. 
Obviously, contrasting with multi-phase converter, the 
single-phase converter is high efficiency and low switching 
loss consumption. 

The specific structure of the single-phase HSRM in 
the drive system is show in Fig. 2. The motor has four 
reluctance poles and two PM poles. Each of the PM poles 
is embedded between two adjacent reluctance poles. The 
phase winding consists of two coils and each of which 
embraces two neighborhood stator poles respectively. At 
standstill, the rotor is always aligned with the PM poles 
with a little bias from the precise directly align position 

due to the asymmetrical rotor pole design which endows 
the self-start ability of the motor (Fig. 2). Once the DC-link 
voltage is impressed between winding, the rotor will rotate 
immediately to align with the stator poles by shortening 
the flux path reluctance developed by the total flux linkage 
contributed by current and PM flux linkage together 
(Fig. 3). After almost 45° (mechanical degree) later, the 
phase current value should turn to be zero for avoiding 
the negative torque production. Meanwhile, the rotor 
will rotate to the location under the PM poles by PM flux 
linkage alone and during this process, the role the PM 
plays is similar with its parking function when the motor 
is at standstill. By repeating the above process, the 
continuous running of the motor can be achieved. 
Compared with conventional single-phase SRM, it has an 
increased torque density and low torque ripple by properly 
taking advantage of the torque generated by PM (Fig. 4). 
Moreover, the self-starting capability is ensured due to 
the parking function of PM. Besides, this novel structure 
is more convenient to manufacture both in terms of the 
rotor and stator construction comparing with the structure 
proposed in [3, 5], thus expecting less manufacture 
technical craft. 

 
 

3. Proposed Sensorless Estimation Scheme 
 

3.1 Mathematical model of single-phase HSRM 
 
The voltage equation of the HSRM can be expressed as:  

Fig. 1. Single-phase HSRM drive system 
 

 
Fig. 2. Rotor position under effect of PM flux 

 
Fig. 3. Rotor position under effect of PM and windings flux

 

Fig. 4. Ideal continuous torque profile 
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Fig. 5. Flux linkage of PM 

 

  
Fig. 6. Back-EMF at different speeds (2000rpm-10000rpm) 
 

 ( )ph ph PM Winding
dV i R
dt

ψ ψ= + +   (1) 

 
where, Vph is phase voltage, iph is phase current, R is the 
resistance of phase winding, PMψ  is the flux linkage 
generated by PM, Windingψ  is the flux linkage generated 
by phase current. The total flux linkage existing in the 
magnetic path is stemmed from two sources, generating by 
PM and by winding current. From this equation, it can be 
seen that, if there were no current flowing in the phase 
winding, the total flux linkage uniquely comes from PM, 
and the voltage can be measured under this condition is the 
back-EMF generated by PM which can be described as: 

 

 _
PM PM

ph back EMF
d dV V

dt d
ψ ψ ω

θ
= = =   (2) 

 
where ω  is the rotor angle velocity, θ  is rotor position, 
and Vback-EMF represents back-EMF produced by PM. It is 
known that, as long as the PM location is fixed, the flux 
linkage produced by PM at certain fixed rotor position is 
invariant(Fig. 5), so the back-EMF can be measured at 
winding terminal during this period is uniquely decided by 
the speed the motor is running at, shown in Fig. 6. 

 
3.2 Determination of turn on/off point in general area 

 
When the rotor rotating only with the PM flux flowing 

in the magnetic path, the minimum position of back-EMF 

is always appearing at 280° (electrical degree) which is a 
valuable timestamp that can be utilized to estimate the 
rotor position. Additionally, this period will last for roughly 
half of an electrical period which gives enough time to 
catch that point. Fig. 7 shows the idea of proposed position 
estimation scheme, as a key parameter, the differential 
value of back-EMF( e ) is used for catching the minimum 
back-EMF position. First, back-EMF is detected and its 
differential value is calculated, then crossing zero point of 
back-EMF differential which represents the arrival of the 
minimum back-EMF position should be captured and the 
time duration between two minimum back-EMF positions 
should be stored as TΔ . Basing on above, the estimated 
rotor position can be got from the following equation: 

 
 280 ˆest tθ θ ω= + Δ   (3) 

 
where, 280 -estt t tΔ =  indicates the time duration between 
the estimating timestamp and the timestamp corresponding 
to minimum back-EMF position. ω̂  can be figured out 
from the time duration of two minimum back-EMF 
positions belonging to two neighboring electrical cycles: 

 

 
o360ˆ

T
ω =

Δ
 (4) 

 
According to the proposed sensorless algorithm, the turn 

on/off time point can be derived by: 
 

 
°

280
280
ˆ
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ont t θ

ω
−

= +  (5) 

 
° °
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ˆ
off

offt t
θ

ω
+ −

= +  (6) 

 
where, onθ , offθ  represents the predetermined switch 

 
Fig. 7. Proposed sensorless scheme in general area 
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on/off angle, 280t  corresponds to the timestamp of the 
minimum back-EMF position. The crossing zero point of 
back-EMF is also available to correspond with a fixed rotor 
position(0°), while in order to advance the turn on angle 
before 0°, the minimum point is the best candidate for high 
speed and high current operation. 

Owing to the working principle of the single-phase 
HSRM, the estimated speed can be refreshed four times 
every mechanical round. As can be seen, the proposed 
sensorless scheme is a very simple algorithm without 
substantial computation and the pre-stored data of 
electromagnetic property of the motor is also not required. 
Additonally, there is no accumulated error existing in the 
estimated rotor position. Most of all, the special point 
needs to be detected is free from the variation of the 
switching on/off angle thus can achieve the alterable turn 
on/off angle which allows the operation with advanced turn 
on angle in high speed operation.  

 
3.3 Determination of turn off point in starting area 

 
Because of the parking function of PM, the rotor always 

automatically aligns with the PM poles. Therefore, the 
initial position estimation at standstill will not be taken into 
consider. The fundamental idea of proposed scheme is to 
catch the minimum back-EMF point in every electrical 
cycle, thus the determination of the turn off time point at 
the first electrical cycle is also necessary for normal 
starting.  

In the proposed sensorless drive system, double closed-
loop strategy comprised by speed and current controller is 
used. For the inner current controller, the hardware current 
limitation is adopted to control the current within a safe 
range even under extreme situation (Fig. 8). The current 
error( iΔ ) is generated by subtracting the feedback phase 
current(Iact) from the reference current(Iref*) generated by 
speed controller, then the error is given to the current 
controller to generate proper duty cycle(Cp) to drive the 
IGBT. In the meantime, the feedback phase current (Iact) is 
also compared with maximum protection current(Imax). 
Once the Iact is bigger than Imax, the comparator will low the 
logic output(Lp). Notice should be paid that the final gate 
drive signal(Gp) is the AND logic output of Cp and Lp, 
which implies that without the permission of the current 
limiter, even if the current controller commands high level 
output, the gate drive signal will still maintain low to give 
the overcurrent protection of the system. 

From the above, it can be seen that every time Iact 

exceeds Imax, the IGBT will be switched off to guarantee 
the Iact will never be over than Imax. Nevertheless, because 
of the delay of the device in current protection part, the 
current will not immediately decrease as soon as the 
current limiter commands the low level (Fig. 9). The delay 
of the device (Δ dT ) is produced from several components: 

 
 c = Constantd d dl dd dsT t t t tΔ = + + +   (7) 

 
where, c , , ,d dl dd dst t t t  is the comparator delay, logic AND 
gate delay, gate drive delay and IGBT delay, respectively. 
Most of all, the ΔTd is a constant which solely depends by 
the components adopted in hardware. After summing all 
the components delay, the total delay time can be acquired.  

The voltage equation in the HSRM also can be rewritten 
in following way:  

 

 
( )

( ) ph eq
ph ph eq ph

di dL
V Ri L i

dt d
θ

θ ω
θ

= + +   (8) 

 
where, the Leq(θ) is defined as the equivalent inductance 
which is the quotients of total flux linkage and exciting 
current taking the PM flux existing in magnetic path into 
consider. Although the definition of inductance here is 
different from conventional, they have the same variation 
tendency (Fig. 9) which supports identical analysis method. 
In general, the voltage drop on the winding resistance is so 
small that it can be neglected. Also as the equivalent 
inductance goes into the saturation region, its slope tends 
to approach to zero, so the motional electromotive force 
can be directly omitted. Upon on above, in inductance 
saturation region, the increment current during the device 
delay period(ΔTd) when Iact exceeds Imax can be calculated 
as: 

 

 ( )
ph

d
eq

V
I T

L θ
Δ = Δ  (9) 

 
Substituting all the parameters included in the above 

expression, the increment current ΔI can be obtained and 
applied as threshold to switch off the phase voltage in time 

 
Fig. 9. Proposed starting algorithm Fig. 8. Block diagram of hardware current limitation 



Sensorless Estimation of Single-Phase Hybrid SRM using Back-EMF 

 202 │ J Electr Eng Technol.2017; 12(1): 198-206 

as soon as the inductance entering into the saturation 
region. 
 

3.4 Proposed sensorless estimation process 
 
Fig. 10 shows the flowchart of proposed sensorless 

scheme. First, exciting the winding to rotate the motor and 
storing the absolute starting time point that the winding is 
excited as Ti-2. If the actual winding current reaches the 
current value (Imax+ΔI) that only can be reaches at the 
inductance saturation region, the current will be switched 
off. Imax represents the maximum current value limited by 
current limiter. Afterwards, on behalf of the minimum 
back-EMF point, once the back-EMF differential equals to 
zero, the time point of it will be stored as Ti-1, and the 
angular velocity in the first electrical cycle can be 
estimated by (10) and the rotor position can be estimated 
by (3): 

 

 
1 2

3=
8( )i iT T

πω
− −−

 (10) 

It can be noticed that the angular velocity estimation 
formula in the first starting cycle is different from the 
formula used in the general running cycle. It is because that, 
in the first electrical cycle, the time duration from the 
initial parking position to the first minimum back-EMF 
position only covers the 3/4 electrical period, yet the time 
duration between two adjacent minimum back-EMF 
positions always covers a whole electrical period. After 
that, normal running of the motor can be realized by 
calculating the turn on/off time point corresponding to the 
preset turn on/off angle basing on (5), (6). 

Fig. 11 shows the block diagram of proposed rotor 
position estimation scheme. Double closed-loop is adopted 
in the drive system. The outer loop is speed control and 
inner loop is current control. The actual winding current is 
confined by the current comparison circuit to protect the 
system from overshot current at any condition. The 
minimum point of back-EMF is captured at every electrical 
cycle to estimate the speed and rotor position. 

 
 

4. Simulation and Experimental Results 
 
A model of single-phase HSRM drive system is built by 

MATLAB/SIMULINK to simulate the proposed idea. Fig. 
12 shows comparison waveforms between the actual and 
estimated rotor position at 6000rpm. Both Fig. 12(b) and 
(c) display the estimation results of the proposed idea, but 
in the simulation of Fig. 12(c), the acceleration between 
two adjacent electrical cycle is taken into account. It can be 
seen the estimation curve considering the acceleration 
shows almost same accuracy when compared with the 
actual rotor position at stable status, but smaller error at the 
starting part. This phenomenon also happened in the speed 
estimation as well. Besides, the estimated rotor position 
and speed will not refreshed until the minimum back-EMF 
point is captured in the first electrical period. Fig. 13 shows 
the closed-loop sensorless operation at 9000rpm. Fig. 14 
shows the operation waveforms with speed changing from 
5000rpm to 9000rpm, and in both of this two figures, the 
minimum back-EMF detection pulse is provided. At staring, 

 
Fig. 10. Flowchart of proposed rotor position estimation 

scheme 

Fig. 11. Block diagram of proposed rotor position estimation 
scheme 
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the current is limited under 40A to emulate the current 
limiter proposed in section 3.3 and in the first electrical 
cycle the current is turned off at the beginning of the 
inductance saturation region by comparing current with a 
preset value(Imax+ΔI). As can be seen that the proposed 
position estimation algorithm has satisfactory results, 

which leads to reliable operation without position senor. 
To further validate the feasibility and practicality of the 

proposed rotor position estimation method, a test platform 
is setup. The proposed idea is implemented on the 
prototype motor which is already presented in section Ⅱ.  

The control routines for the converter are programmed 
and implemented by TMS320F28335 processor. Fig. 15 
shows the steady state operation waveforms at 6000rpm 
with soft chopping control. It can be seen that, the rotor 
position can be estimated correctly according to the 
minimum back-EMF detection pulse and comparing with 
measured rotor positon waveform, the estimated rotor 
position has good accuracy. The performance of the HSRM 
drive system with proposed sensorless control scheme is 
shown in Fig. 16-18. Fig. 16 shows the sensorless 
operation waveforms at 6000rpm. The turn off signal in 
first electrical cycle is provided in this figure. On the basis 
of the components in the hardware current limitation 
circuit, the delay of the device can be estimated by adding 
all the devices delay together which is around 5us in total. 

 
(a) Mesured rotor position 

 
(b) Estimated rotor position 

 
(c) Estimated rotor position considering acceleration 

Fig. 12. Rotor position waveforms at sarting period 
 

Fig. 13. Sensorless operation at 9000rpm 

Fig. 14. Sensorless operation with speed changing from 
5000rpm to 9000rpm 

 

 
Fig. 15. Double closed-loop control running at 6000rpm 

with soft chopping at steady-state 
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Therefore, after substituting the motor inductance value 
into (9), Ioff (42A) can be calculated out and utilized as the 
threshold to turn off power switch in the first electrical 
cycle. For general operation region, every rising edge of 

minimum back-EMF detection pulse corresponds to a 
back-EMF minimum position and it is the signal directly 
goes into digital signal processor(DSP) ports for further 
rotor position estimation.  

Fig. 17 shows waveform of load changing from 0 to 
0.4N at 6000rpm. Fig. 18 is the enlarged figure of Fig. 17. 
The phase current is controlled to increase for affording 
the extra energy and the minimum back-EMF position 
can still be detected successfully. The winding can be 
switched on/off according to the estimated rotor position 
without fault. Moreover, it can be drawn from these two 
figures that, the proposed position estimation scheme 
displays good robustness and validity even under the 
load condition. 

 
 

5. Conclusion 
 
This paper presents a simple sensorless control scheme 

of single-phase HSRM by detecting the minimum back-
EMF point. The current protection circuit is assistantly 
utilized to achieve the determination of the turn off point at 
first electrical cycle before the first minimum back-EMF 
point can be detected. Without any look-up table or huge 
store space, the rotor position estimation can be achieved. 
The simulation and experimental results indicate the 
validation of HSRM drive system with proposed sensorless 
estimation scheme. And it may offer an available method 
that can be used to apply on the HSRM drive system. 

In terms of the universality of proposed scheme, in 
application, the back-EMF curve of other types of HSRM 
[3] may not as symmetry as show in Fig.6, but as long as it 
possesses some feature points such as maximum or 
minimum point, it will be captured by differential circuit 
and mapped to fix certain positions which can be utilized 
to estimate the rotor position similarly. 

 
 

Acknowledgments 
 

This work was supported by “Human Resources Program 
in Energy Technology” of the Korea Institute of Energy 
Technology Evaluation and Planning (KETEP), granted 
financial resource from the Ministry of Trade, Industry & 
Energy, Republic of Korea. (No. 20164010200940) 

 
 

References 
 

[1] H. Y. Yang, Y. C. Lim and H. C. Kim, "Acoustic 
Noise/Vibration Reduction of a Single-Phase SRM 
Using Skewed Stator and Rotor," in IEEE Trans-
actions on Industrial Electronics, vol. 60, no. 10, pp. 
4292-4300. 

[2] J. M. D. Hennen, N. H. Fuengwarodsakul, J. O. 
Fiedler and R. W. De Doncker, "Single-Phase 

Fig. 16. Double closed-loop control running at 6000rpm 
with soft chopping at steady-state 

 

Fig. 17. Load changing from 0 to 0.4N at 6000rpm 
 

Fig.18. Enlarged figure of Fig. 17 



Ying Tang, Yingjie He, Dong-Hee Lee and Jin-Woo Ahn 

 http://www.jeet.or.kr │ 205

Switched Reluctance Drive with Saturation-Based 
Starting Method," Power Electronics, Machines and 
Drives, 2006. The 3rd IET International Conference 
on, The Contarf Castle, Dublin, Ireland, 2006, pp. 
647-651. 

[3] K. Lu, U. Jakobsen and P. O. Rasmussen, "Single-
Phase Hybrid Switched Reluctance Motor for Low-
Power Low-Cost Applications," in IEEE Transactions 
on Magnetics, vol. 47, no. 10, pp. 3288-3291, Oct. 
2011.  

[4] D. H. Lee, Z. G. Lee, J. Liang and J. W. Ahn, "Single-
Phase SRM Drive With Torque Ripple Reduction and 
Power Factor Correction," in IEEE Transactions on 
Industry Applications, vol. 43, no. 6, pp. 1578-1587, 
Nov.-dec. 2007.  

[5] V. Torok and K. Loreth, "The world’s simplest motor 
for variable speed control? The Cyrano motor, a PM-
biased SR-motor of high torque density," Power 
Electronics and Applications, 1993., Fifth European 
Conference on, Brighton, 1993, pp. 44-45 vol. 6. 

[6] J. Kim, H. Y. Yang, and R. Krishnan, “Parameter 
insensitive sensorless control of single-controllable-
switch-based switched reluctance motor drive,” IEEE 
International Conference on Power Electronics and 
ECCE Asia, Seoul, Korea, May 2015, pp. 132-139. 

[7] G. Gallegos-Lopez, P. C. Kjaer, and T. J. E. Miller, 
“A new sensorless method for switched reluctance 
motor drives,” IEEE Trans. Ind. Appl., vol. 34, no. 4, 
pp. 832-840, Jul./Aug. 1998. 

[8] C. J. Bateman, B. C. Mecrow, A. C. Clothier, P. P. 
Acarnley, and N. D. Tuftnell, “Sensorless operation 
of an ultra-high-speed switched reluctance machine,” 
IEEE Trans. Ind. Appl., vol. 46, no. 6, pp. 2329-2337, 
Nov./Dec. 2010. 

[9] G. Pasquesoone, R. Mikail, and I. Husain, “Position 
estimation at starting and lower speed in three-phase 
switched reluctance machines using pulse injection 
and two thresholds,” IEEE Trans. Ind. Appl., vol. 47, 
no. 4, pp. 1724-1731, Jul./Aug. 2011. 

[10] K. W. Hu, Y. Y. Chen, and C. M. Liaw, “A reversible 
position sensorless controlled switched-reluctance 
motor drive with adaptive and intuitive commutation 
tunings,” IEEE Trans. Power Electron., vol. 30, no. 7, 
pp. 3781-3793, Jul. 2015. 

[11] E. Ofori, T. Husain, Y. Sozer, and I. Husain, “A 
pulse-injection-based sensorless position estimation 
method for a switched reluctance machine over a 
wide speed range,” IEEE Trans. Ind. Appl., vol. 51, 
no. 5, pp. 3867-3876, Sep./Oct. 2015. 

[12] S. Paramasivam, S. Vijayan, M. Vasudevan, R. 
Arumugam, and R. Krishnan, “Real-time verification 
of AI based rotor position estimation techniques for a 
6/4 pole switched reluctance motor drive,” IEEE 
Trans. Magn., vol. 43, no. 7, pp. 3209-3222, Jul. 2007. 

[13] I. H. Al-Bahadly, “Examination of a sensorless 
rotor-position-measurement method for switched 

reluctance drive,” IEEE Trans. Ind. Electron., vol. 55, 
no. 1, pp. 288-295, Jan. 2008. 

[14] S. A. Hossain, I. Husain, H. Klode, B. Lequesne, A. 
M. Omekanda, and S. Gopalakrishnan, “Four-
quadrant and zero-speed sensorless control of a 
switched reluctance motor,” IEEE Trans. Ind. Appl., 
vol. 39, no. 5, pp. 1343-1349, Sep./Oct. 2003. 

[15] A. Khalil, I. Husain, S. A. Hossain, S. Gopalakrishnan, 
A. M. Omekanda, B. Lequesne, and H. Klode, “A 
hybrid sensorless SRM drive with eight- and six-
switch converter topologies,” IEEE Trans. Ind. Appl., 
vol. 41, no. 6, pp. 1647-1655, Nov./Dec. 2005. 

[16] E. Mese, and D. A. Torrey, “An approach for 
sensorless position estimation for switched reluctance 
motors using artifical neural networks,” IEEE Trans. 
Power Electron., vol. 17, no. 1, pp. 66-75, Jan. 2002. 

[17] C. A. Hudson, N. S. Lobo, and R. Krishnan, 
“Sensorless control of single switch-based switched 
reluctance motor drive using neural network,” IEEE 
Trans. Ind. Electron., vol. 55, no. 1, pp. 321-329, Jan. 
2008. 

 
 
 

Ying Tang was born in Liaoning, 
China in 1990. She received his B.S. 
degree in Electrical Engineering from 
Shenyang University of Technology, 
Shenyang, China in 2013, and M.S. 
degree in Kyungsung University, Busan, 
Korea and Shenyang University of 
Technology, Shenyang, China in 2016, 

respectively. Her research interests are power electronics 
and motor control system. 
 
 

Yingjie He was born in Shandong, 
China in 1989. He received his B.S. 
degree in Electrical Engineering from 
Shenyang University of Technology, 
Shenyang, China in 2013, and M.S. 
degree in Kyungsung University, 
Busan, Korea and Shenyang University 
of Technology, Shenyang, China in 

2016, respectively. His research interests are power 
electronics and motor control system. 
 
 

Dong-Hee Lee was born on Nov. 11, 
1970 and received his B.S, M.S., and 
Ph. D degrees in Electrical Engineering 
from Pusan National University, Pusan, 
Korea in 1996, 1998, and 2001, 
respectively. He worked as a Senior 
Researcher of Servo R&D Team at 
OTIS-LG, from 2002 to 2005. He has 

been with Kyungsung University, Pusan, Korea as an 



Sensorless Estimation of Single-Phase Hybrid SRM using Back-EMF 

 206 │ J Electr Eng Technol.2017; 12(1): 198-206 

Assistant professor in the Department of Mechatronics 
Engineering since 2005. He has been the Director of the 
Advance Electric Machinery and Power Electronics Center 
since 2009. His major research field is Power Electronics 
and motor control system. 
 
 

Jin-Woo Ahn was born in Busan, 
Korea in 1958. He received his B.S., 
M.S., and Ph.D. degrees in Electrical 
Engineering from Pusan National 
University, Pusan, Korea in 1984, 1986, 
and 1992, respectively. He has been 
with Kyungsung University, Busan, 
Korea as a Professor in the Department 

of Mechatronics Engineering since 1992. He was a Visiting 
Researcher in the Speed Lab at Glasgow University, U.K., 
a Visiting Professor in the Department of ECE and 
WEMPEC at the University of Wisconsin-Madison, USA, 
and in the Department of ECE at Virginia Tech from 2006 
to 2007. He was the Director of the Advance Electric 
Machinery and Power Electronics Center (2004~2008) and 
the Smart Mechatronics Advanced Research and Training 
Center (2008~2011). He has been the Director of the Smart 
Mechatronics Advanced Research and Technology Institute 
since 2011 and of the Senior Easy Life Regional Innovation 
System since July 2008, which is authorized by the Ministry 
of Knowledge Economy, Korea. He is the author of five 
books including SRM and more than 120 research papers, 
and has more than 20 patents. His current research interests 
are advanced motor drive systems and electric vehicle 
drives. Dr. Ahn has received several awards including the 
Best Paper Award (2002, 2011), Academic Achievement 
Award (2003), Park Min-Ho Special Award (2009) from 
the Korean Institute of Electrical Engineers, Best Paper 
Award (2003) from the Korean Federation of Science and 
Technology, and Academic Achievement Award (2003), 
Technology Achievement Award (2004), and Best Paper 
Award (2007) from Korean Institute of Power Electronics. 
He was also awarded the Best Research Professor (2008), 
Best Industrial Cooperation Award (2009), and Merit Award 
(2009, 2010 and 2011) from Kyungsung University. He 
received Busan Science & Technology Award (2011) from 
Federation of Busan Science & Technology and received 
Ministerial Citation (2011) for his contributions on the 
advancements of electrical engineering. He is a fellow and 
member of board of Director of the Korean Institute of 
Electrical Engineers, a member of the Korean Institute of 
Power Electronics, a senior member of the IEEE and 
Executive Board member of IEEE/IAS. He is now serving 
as an Editor-in-Chief of JICEMS (Journal of International 
Conference on Electric Machines and Systems) which is 
a joint publication of the Korean Institute Electrical 
Engineers (KIEE), the Institute of Electrical Engineering of 
Japan (IEEJ), China Electro-technical Society (CES). He is 
also General Chairman of ICEMS 2013 and IEEE/ICIT 

2014. Moreover, He is the chairman of IEEE 2016 
Transportation Electrification Conference and Expo Asia-
Pacific(Busan). 




