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ABSTRACT

This study presents an algorithm for estimating two-phase rotor reference frame currents using a single-current sensor. For proper vector control operation, at least two 
of three-phase current information is required. The single-current sensor algorithm is presented for vector-controlled interior permanent magnet synchronous motor 
drive to reduce the cost and increase reliability. dq-axes current formation method evaluates the two-phase currents in the stationary reference frame by sensing only 
one-phase current and speed/position information. The two-phase stationary reference frame currents, iβs current, are estimated using iqs

*  and iαs, i.e., constructed 
from single sensor information. D- and q-axes currents are obtained from iαs and i sβ

* . These are used to close the current loop in the vector-controlled drive. Three-
phase currents can be reconstructed from the estimated two-phase currents. This method is entirely independent of machine parameters and applicable to all kinds 
of permanent magnet synchronous motor machines. The presented algorithm is validated on MATLAB/SIMULINK platform. Some sample results are shown from an 
experiment performed on a prototype developed in the laboratory (using dSPACE 1104).
Index Terms—Current estimation, dSPACE, IPMSM, single-current sensor, vector control
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I. INTRODUCTION

The trend toward electric vehicles is rapidly increasing in recent years. Current, permanent mag-
net synchronous motor (PMSM) is receiving much attention for electric drive operation with its 
capability of propelling at different speeds, higher torque to inertia, high efficiency, simple con-
trolling structure, compact in size, and high power density [1]. Vector-controlled drive is widely 
used in industrial applications because of its superior dynamic performance [2]. Position/speed 
information is procured from the shaft encoder, which is essential to close the outer loop (i.e., 
speed loop), and position information is used in voltage and current coordinate transform in the 
vector-controlled drive. The reliability and monitoring of drive rely on knowing mechanical and 
electrical variables such as speed/position and current.

In general, a PMSM drive requires at least two current sensors and one speed/position sensor [1-3]. 
Mounting a sensor to a machine will increase the drive’s size and cost, and any disturbance in 
the sensor will deteriorate the performance. Elimination of the speed sensor/encoder will make 
the system more robust, and drive will be relatively cheaper. Many solutions are available in the 
literature for the drive speed sensorless operation [1, 4-13].

The effects of current measurement errors including offset error and scaling error will affect the 
drive [14]. The sudden failure of any current sensors leads to heavy current flow. It affects both 
machine and inverter circuitry. These [15-18] methods are used alternately to measure and moni-
tor the complete drive to avoid such conditions. This study is mainly concerned on reducing the 
drive reliability on current sensors and increasing safety. There are some single current sensor 
methods presented in the literature [14-20]. Phase currents are obtained directly or indirectly 
by using a single current sensor. The single-current sensor approach is presented in [15, 21-27]; 
here, three-phase currents are constructed based on the DC-link current and switching informa-
tion of the inverter. It is a conventional approach with the following limitations: (i) under-low 
modulation index, (ii) near to sector boundary/short duration of the active-switching states, and 
(iii) phase variation in estimated currents. 
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A few methods are proposed in the literature to improve the pre-
cision and reconstruction of phase currents in all regions. Isolated 
current sensor tropology is adopted [28] to measure the phase 
currents corresponding to DC-link under zero voltage vector sam-
pling region. As explained in [29], when the active voltage vector is 
short, it can be overcome by using the measurement vector inser-
tion method. This  [30] measures phase currents in the low modu-
lation index/sector boundary region. But these methods are based 
on DC-link current and inverter switching states, which involve sub-
stantial complex analysis for the reconstruction of phase currents. 
In [31], a single-current sensor is placed on one of the motor phases, 
and the remaining currents are estimated from the observer design 
approach. But this requires phase voltages, involves complex math-
ematical analysis, and is dependent on machine parameters.

In this study, the rotor reference frame currents are estimated from 
single-current sensor, and information is presented for vector-
controlled IPMSM drive. The single-current sensor is used in any one 
phase of the stator phases, considered phase A, and then converted 
to the stationary reference frame (i.e., iα). The i and ids qs

* * (d- and q-axes 
i.e. rotor-reference frame reference currents) are used to extract the 
iβ* . The d- and q-axes rotor-reference frame currents are extracted 
from iα and iβ* . The i and ids qs

# #  currents in the rotor reference frame 
are closed in the current loop in the vector-controlled PMSM drive. 
This method is entirely independent of machine parameters. The 
other two-phase currents in the three phases are extracted from 
“αβ”/“dq” to “abc” transformation. However, these techniques are 
used for condition monitoring of sensors and drive components, to 
avoid sensor failure, reduce the maintenance cost, and improve the 
drive’s reliability.

This approach predicts the remaining phase currents without 
any complex analysis. The IPMSM machine model is presented in 
Section II. The current formation technique is discussed in section III. 
This method is simulated and confirmed by using MATLAB/SIMULINK 
and presented in Section IV. Experimental results are presented in 
Section V, and section VI concludes the work.

II. MODELING OF INTERIOR PERMANENT MAGNET 
SYNCHRONOUS MOTOR

The IPMSM machine modeling is taken from [1, 32]. Equation 1 
shows the stator‒voltage in the rotor-reference frame (i.e., “d-” and 
“q”-axes) for IPMSM. Equation 2 shows the electrical torque devel-
oped. Equation 3 shows the electromechanical dynamics equation, 
where Ƭe and ƬL are electric and load torque, respectively. Ϸ = deriva-

tive term  the IPMSM machine is the non-saliency 

type with a sinusoidal-Back‒Electromotive Force (EMF) waveform. 

Parameters are taken from Table I.

 (1)

 (2)

 (3)

III. CURRENT FORMATION TECHNIQUE

The single-current sensor is placed in any motor phase terminals and 
is considered phase A. From the measured phase-A current, by using 
Clark’s transformation matrix in the stationary reference frame, the 
α- axis (placed along phase A axis) current is calculated. 
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Under three-phase balanced current condition:

i i ia b c� � � 0 

i i ib c a� � �  (6)

Substituting (6) in (5):

i i is a a� � � �� ��
�
�

�
�
�

2
3

1
2

 (7)

i is a� � � ��
�
�

�
�
�

2
3

3
2

 (8)

i is a� � � �3
2

 (9)

TABLE I. MACHINE PARAMETERS

Nominal shaft power (PN) 3 KW

Pole pair (P) 2

Nominal speed (ωn) 157 rad/sec

d-axis inductance (Ld) 0.0107637 H

q-axis inductance (Lq) 0.0553733 H

Mutual flux linkage between rotor and stator due to 
permanent magnet ( � af )

0.553161 Wb/m2

Stator phase winding resistance (Ɍs) 0.78 Ω

Fig. 1. Block diagram for d-q axes current formation technique.
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Using inverse park transformation from the reference currents (i.e., 
ids

*  and iqs
* ) in the vector-controlled IPMSM drive: 
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For vector-controlled IPMSM drive, ids
* = 0 , and iqs

*  is torque produc-
ing reference current component. Position is referred as ρ in Fig. 2 
and in equations θr.

� � �r s rdt P dt� � � �  (11)

i is qs r� �* * cos�  (12)

Converting the iα and iβ*  from (12) and (9) to d- and q-axes reference 
frame using Park transformation. The extracted currents are used to 
close the current loop in vector-controlled IPMSM drive.
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Fig. 2. Block diagram for vector-controlled IPMSM drive with a reduced current sensor. IPMSM, interior permanent magnet synchronous motor.

Fig. 3. Simulation results for step speed command. Fig. 4. Simulation results for four-quadrant operation.
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Thus, under balanced conditions, we obtained 9. From the reference 
currents of the vector control drive, the β-axis current is extracted by 
inverse Park’s transformation. The rotor position (θr) is obtained from 
actual/estimated speed from (11). The αβ stator reference frame 
currents (i.e., iα and iβ*  from (9) and (12)) are transformed into d and 
q rotor-reference frame currents by using the park’s transformation. 
The two-phase rotor reference frame currents are estimated from a 
single-current sensor and are shown in (15) and (16). Fig. 1 shows 
the block diagram for the d-q axes current formation from a single-
current information algorithm.

IV. SIMULATION RESULTS

The simulation results are presented for reduced current sensor-
based vector-controlled IPMSM drive, as shown in block diagram 
(Fig. 2). The machine parameters are shown in Table I. The algorithm 

is verified for various commands, including step, ramp, low speeds, 
and four-quadrant operation, and are presented in this section.

A. STEP CHANGE IN REFERENCE SPEED

In Fig. 3, the reference speed is changed in a step form at t = 5 sec and 
10 sec with +5 rad/s and –5 rad/s, respectively. The load acting on the 
machine is DC generator type load (i.e., Kωr Load). Here, forward and 
reverse motoring mode of the IPMSM drive is presented. The actual 
and estimated currents (d- and q-axes currents) in the rotor reference 
frame are presented in the same plot as ids (i.e., actual d-axes current), 
ids

# (i.e., estimated d-axes current), iqs (i.e., actual q-axes current), and 
iqs

#  (i.e., estimated q-axes current). Shaft position information is pre-
sented in Fig. 3.

B. Four-Quadrant Operation of the Drive
The presented algorithm performance is verified for four-quadrant 
operation, and the simulation result is presented in Fig. 4. The refer-
ence speed is altered between +4 rad/s and –4 rad/sec at t = 4 sec 
and t = 8 sec. İnitially, machine is loaded with 10 N.m, at t = 6 sec and 
t = 10 sec, and the load is changed to –10 N.m and 10 N.m, respec-
tively. From t = 0 sec to t= 4 sec and t = 10 sec to t = 15 sec, speed 
and current (i.e., iqs) both are positive, showing forward motoring 
mode. From t = 4 sec to 6 sec, speed is negative, but current is posi-
tive, giving reverse regeneration mode. From t = 6 sec to t = 8 sec, 
speed and current both are negative, showing reverse motoring 
mode of operation. From t = 8 sec to t = 10 sec, speed is positive, 
and current is negative, showing reverse regenerating mode.

Fig. 5. Simulation results for a step change in load. (a) Load, speed, actual currents, and estimated currents and position. (b) Reconstructed three-
phase currents and actual ia. 
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C. Step Change in Load
Simulation results are presented for a step change in the load for 
constant speed operation. The reference speed is set at 10 rad/
sec, and at t = 5 sec, the load on the machine is changed from 
2.6 N.m to 10 N.m load. The estimated and actual rotor reference 
frame currents are plotted as shown in Fig. 5(a), and load acting 
on the machine, shaft speed, and position information are pre-
sented in Fig. 5(a). In Fig. 5(b), the reconstructed three-phase 
currents from the estimated dq-axes currents are presented with 
actual measure ia current in Fig. 5(b). From Fig. 5(b), the estimated 
ia

#  phase current and ia  currents show the accuracy of the esti-
mated current. 

D. Low-Speed Operation
The simulation results are presented in Fig. 6 for low-speed for-
ward motoring. The reference speed gradually changes from 10 
rad/sec to 4 rad/sec from t = 5 sec to t = 11 sec and sets back to 
10 rad/sec from t = 18 sec to t = 24 sec. The load acting on the 
machine is Kωr load. The load gradually reduces and increases 
with speed. The shaft speed is presented along with the refer-
ence speed as shown in Fig. 6. The estimated and actual currents 
in the rotor reference frame are presented along with position 
information. 

E. Response to Ramp Command and Slow Zero-Crossings
The tracking performance is verified for ramp type speed in for-
ward and reverse motoring mode operation with slow zero cross-
ings and is presented in Fig. 7. The reference speed is altered 
between +10 rad/sec to –10 rad/sec in a slow ramp command 
form. The constant load is acting on IPMSM, that is, DC generator 
type load (i.e., Kωr load). The actual shaft speed tracks the refer-
ence speed under slow zero crossings. The actual and estimated 
currents in the rotor reference frame are plotted on the same 
graph. The simulation results show that the drive’s performance 
with a single-current sensor performs satisfactorily under for-
ward and reverse motoring mode. 

Fig. 6. Simulation results for low-speed motoring operation. 

Fig. 7. Simulation results for forward and reverse motoring with 
slow zero crossings. 

Fig. 8. Laboratory prototype-IPMSM drive. IPMSM, interior 
permanent magnet synchronous motor.
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V. HARDWARE VALIDATION

The presented algorithm is verified on hardware setup developed 
in the laboratory using the dSPACE DS1104 IPMSM drive as shown 
in Fig. 8. Drive consists of dSPACE DS1104, CP1104, inverter, a Driver 
circuit, IPMSM, and DC generator. The d-q axes current formation 
technique is verified for various conditions, and some are presented 
for low-speed operation (forward and reverse motoring) with step 
load and constant load. The experimental results are presented in 
Figs. 9 to 11. Some experimental results are presented here for simu-
lation results, as shown in Figs. 5 to 7. The experimental results show 
the shaft speed (ωr), reference speed (ωref), actual d - and q-axes sta-
tor currents (ids and iqs), and estimated d- and q-axes stator currents 
( i and ids qs

# # ) and with the position.

The dSPACE: real-time hardware-based technology and its input–
output interface make the controller more flexible and advantageous 
in fields like robotics and dives. The dSPACE 1104 is more suitable for 
laboratory interface with a cost-effective real-time processor with 
I/O Interface. dSPACE is user-friendly with MATLAB/SIMULINK (real-
time interface (RTI) provides Simulink blocks for I/O configuration). 
Using DS1104, the Simulink block is interfaced with I/O graphically, 

and code is generated for RTI. The model is compiled and built into 
the DS1104 controller board connected with PC. 

The I/O signals are accessed via adapter cable from CP1104 (connec-
tor panel) to the DS1104 controller board. The CP1104 has eight ADC 
and eight DAC, Digital I/O, slave I/O PWM, two incremental encoders, 
and serial communication: RS232 and RS485. For the IPMSM drive, 
two ADCs are used, one for speed information and one for current 
sensor information. The controller board computes the control algo-
rithm, and three-pulse width modulation (PWM) signals with 5V are 
generated on CP1104 (slave I/O PWM). The three PWM pulses are 
sent to the driver circuit board (shown in the block diagram Fig. 8). 
Six PWM pulses of 15V (three PWM and three inverting PWM) are 
generated with a delay of 2 µsec are developed and sent to drive the 
SEMIKRON inverter from the driver circuit board. 

A) Step Change in Load
The proposed single-current sensor reduction method is verified for 
the step change in the load for a constant speed operation. The refer-
ence speed is set at +10 rad/sec as shown in Fig. 9. The load acting on 
the machine is DC generator type load (i.e., Kωr type load). Initially, 
machine is loaded with 0.3 pu load. Suddenly, the load on the 

Fig. 9. Experimental results for a step change in load. (a) Shaft speed (ωr), reference speed (ωref), speed error, and position. (b ) Actual d- and 
q-axes stator currents (ids and iqs) and estimated d- and q-axes stator currents ( i and ids qs

# # ). Scale: speed: 5 rad/sec/div, current: 1A/div.

Fig. 10. Experimental results for low-speed forward motoring operation. (a) Shaft speed (ωr), reference speed (ωref), speed error, and position. 
(b) Actual d- and q-axes stator currents (ids and iqs) and estimated d- and q-axes stator currents ( i and ids qs

# # ). Scale: speed: 5 rad/sec/div, current: 
1.20 A/div.
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machine is changed to 0.6 pu by changing the resistive load on the 
DC generator. The reference speed and actual shaft speed are shown 
in Fig. 9(a). Speed error and position are also presented in Fig. 9(a). 
The estimated and actual currents in the rotor reference frame are 
presented in Fig. 9(b). The efficacy of the proposed method for vec-
tor-controlled IPMSM drive with a single-current sensor is observed 
as shown in Fig. 9 for a step change in load. 

B) Low-Speed Operation
The proposed drive is tested for low-speed operation in forward 
motoring operation. The reference speed is changed from 10 rad/sec 
to 4 rad/sec and brought back to +10 rad/sec in a ramp form. Load 
acting on the machine is DC generator type load (i.e., Kωr type load). 
Figure 10 shows the presented drive’s hardware results in Fig. 8 with 
Fig. 2 configuration. Hardware results are shown for both decelera-
tion and acceleration in low-speed motoring mode with actual and 
reference speed in Fig. 10(a). Speed error and position are also pre-
sented in Fig. 10(a). The estimated and actual currents in the rotor 
reference frame are presented in Fig. 10(b). 

C) Response to Ramp Command and Slow Zero-Crossings
The proposed technique is verified for both forward motoring 
and reverse motoring operation. The reference speed is changed 
from + 10 rad/sec to –10 rad/sec in a ramp form. Load acting on the 
machine is DC generator type load (i.e., Kωr type load). Both speed 

and current with positive magnitude show forward motoring mode, 
and speed and current with negative magnitude show the reverse 
motoring mode. Fig. 11 shows the hardware results with forward and 
reverse motoring modes of operation with slow zero crossing. Actual 
and reference speed is shown in Fig. 11(a). Speed error and position 
are presented in Fig. 11(a). The estimated and actual currents in the 
rotor reference frame are presented in Fig. 11(b). The zoom version 
for zero crossings is presented in Fig. 11(c) and (d). These hardware 
results for the proposed algorithm show satisfactory performance 
under various conditions. 

VI. CONCLUSION

This study presents a reduced current sensor-based vector-con-
trolled IPMSM drive. The presented d-q axes current formation algo-
rithm is entirely independent of machine parameters and inverter 
switching states. This is developed based on a single-phase current 
sensor information and the q-axes reference current ( iqs

* ) in the rotat-
ing reference frame. Three-phase currents can be reconstructed from 
the estimated two-phase currents. The proposed method reduces 
the reliability of the drive on the current sensors. The proposed 
method reduces a current sensor in the vector-controlled PMSM 
drive and can be used for monitoring the current sensor to make the 
drive fault-tolerant against the current sensor failure. It is also appli-
cable to all kinds of PMSM. Permanent magnet synchronous motor 

Fig. 11. Experimental results for forward and reverse motoring mode. (a) Shaft speed (ωr), reference speed (ωref), and position. (b) Actual d- and 
q-axes stator currents (ids and iqs) and estimated d- and q-axes stator currents ( i and ids qs

# # ). Zoom plots of Fig. 11 (a) and (b), i.e., (c) speed and 
(d) currents, are presented. Scale: speed: 5 rad/sec/div, current: 2.5 A/div.
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drive is developed by the proposed method, simulated in MATLAB/
SIMULINK platform, and validated on the experimental model devel-
oped in the laboratory. The technique is validated by using (dSPACE 
1104 controller board) IPMSM drive, and satisfactory performance is 
observed. 
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