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 An improving field-oriented control technique without current sensors is 

proposed to control rotor speed for an induction motor drive. The estimated 

stator currents based on the slip frequency are used instead of feedback 

current signals in the field-oriented control (FOC) loop. The reference 

signals and the estimated currents through computation steps are used to 

generate the control voltage for the switching inverter. Simulations were 

performed in Matlab/Simulink environment at rated speed and low-speed 

range to demonstrate the method's feasibility. Through simulation results, the 

FOC method using virtual sensors has proved its effectiveness in ensuring 

the stable operation of the induction motor drive (IMD) over a wide speed 

range. 
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NOMENCLATURE 

𝑖𝑆
𝑆 :Stator_current vector in [α, β] 𝑖𝑚 :Magnetizing_current 

𝑖𝑅
𝑆  :Rotor _current vector in [α, 

β] 

𝜔𝑚 :Mechanical_angular speed 

𝑢𝑆𝛼 , 𝑢𝑆𝛽 :Stator_voltage in [α, β] 𝜔𝑒𝑛 :Mechanical_angular speed of the encoder 

𝑢𝑆𝑥, 𝑢𝑆𝑦 :Stator_voltage in [x, y] 𝑃 :Number of pole pair 

𝑢𝑎, 𝑢𝑏 , 𝑢𝑐 :Stator_voltage in [a, b, c] 𝛹𝑅 :Nominal_rotor flux 

𝑖𝑆𝑥 :Flux_current 𝛹𝑅𝑥 , 𝛹𝑅𝑦  :Rotor_flux in [x, y] 

𝑖𝑆𝑦 :Torque_current 𝛹𝑆𝑥 , 𝛹𝑆𝑦  :Stator_flux in [x, y] 

  𝛾 :Rotor_flux angle 
 

 

1. INTRODUCTION  

Asynchronous motor, which operates based on the electromagnetic induction principle, is one of the 

most popular electric machine types with a wide variety of industrial applications. Based on inverter 

technology and microprocessor technology development, the induction motor (IM) drive using modern 

control algorithms has expanded its operation scope into speed control applications [1]. Scalar control and 

https://creativecommons.org/licenses/by-sa/4.0/
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vector control are the two major branches of IMD's speed control application. The Scalar control (Scl) 

method's basic principle is to keep the flux as a constant value when controlling the speed by adjusting the 

stator voltage according to the operating speed (V/f). Typical scalar methods with advantages of simple 

control algorithm, fast response, medium hardware are suitable for applications that do not require high 

precision [2]-[5]. 

Field-oriented control (FOC) is a typical modern control method in the vector control method group. 

FOC method is suitable for applications requiring high precision in speed and torque control [6], [7]. FOC 

technique converts the IM's complicated non-linear control structure into a linear control structure similar to 

the DC motor control technique. The three-phase stator current in the FOC technique is divided into two 

orthogonal components, including “isx” and “isy” in the [x, y] rotating coordinate system, as in Figure 1. The 

“isx” component is used to keep the rotor flux as a constant value, and the “isy” component is applied to 

adjust the IM's torque [8]-[14]. Therefore the stator current plays a crucial role in the speed control of the 

FOC technique. If there is any failure of the current sensors during the operation, the performance of IMD's 

can be severely affected, which can cause the collapse of the total system [15]-[19]. 

Stability and reliability always are essential criteria of speed control in IMD systems. Therefore, in 

recent years, FOC methods without current sensors, called current sensorless (CSL), has been focused on 

research. Generally, virtual current signals are used instead of the measured current signals supplied to the 

FOC control loop in the CSL technique. The aim of CSL controllers is to ensure the stable operation of the 

IMD system in controlling the rotor speed without feedback current signal from sensors in various operating 

conditions. 

In Barba et al. [20], the speed of IMD is controlled by the FOC method without any current sensors. 

In this method, an observer based on the typical Luenberger form receives current DC-link signals and the 

feedback rotor speed to estimate the reference voltages for motor speed control. The success of the method is 

determined through the stable operation of IMD under normal conditions. In [21], a fault-tolerant control is 

presented as a solution against the failure of current sensors. The estimated line-current generated from a 

Luenberger observer is used to replace the measured stator current to calculate the electrical torque and stator 

flux vector for the direct torque controller of IMD. Using estimated line-currents has ensured stable operation 

of IMD under current sensor fault states. In [22], A new CSL method is applied for estimating the stator 

current from the rotor flux variable and voltage signal in [α, β] coordinate. In this way, the speed of IM is 

controlled through the FOC loop with only a feedback speed signal of the encoder. The IMD system without 

current sensors could work stably and reliably under various operating conditions. Authors in [23] have 

proposed a method for virtual stator current estimation to replace the function of the measured currents in the 

speed control of IMD. The virtual current signals in this paper are estimated from the voltage signal of the 

DC bus and the feedback signal of the encoder. The proposed method has proven highly reliable when 

operating efficiently under load and no-load conditions over a wide speed range. 

This paper proposes the virtual stator currents based on the slip frequency instead of feedback 

current signals in the FOC technique. The estimation algorithm uses machine parameters and virtual currents 

to generate the predicted voltage supplied to the inverter switching control. The feasibility of the technique 

will be demonstrated in various operating conditions in the Matlab/Simulink environment. 
 

 

 
 

Figure 1. Vector control diagram 
 

 

2. FOC METHOD USING THE VIRTUAL CURRENT  

In this section, the operational structure of IMD systems using the FOC strategy is introduced in 

general. The mathematical equation of IMD is presented in detail in the rotating coordinate system. Then, a 

FOC method without current sensors (virtual currents) is proposed for the speed control of the IMD. 
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2.1.  FOC technique in rotating coordinate system 

The FOC works based on projections on the axes of the [x, y] rotating coordinate system 

corresponding to rotor flux angle and rotor flux speed [24]-[29]. The isx-component is used for controlling the 

magnetic current to keep the rotor flux as a setting value. The isy-component controls the electrical torque of 

IMD to obtain the setting motor speed. The operation mechanism of the IMD system using the typical FOC 

strategy is shown in the block diagram in Figure 2. 

There are three sensors used in the typical FOC method for motor speed control, including a pair of 

current sensors and a speed encoder. Two-phase current signals in the [a, b, c] coordinate is transformed to 

the [α, β] stationary coordinate by using Clark's formulas [17] in the FOC controller, as shown in (1). 

 

 

 
 

Figure 2. Block diagram of IMD using typical FOC 
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Next step, Park's formulas [17] are used to convert current vector components from [α, β] to [x, y] 

coordinate, as shown in (2). 
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The iSα, iSβ components combining a feedback motor speed signal is applied to determine the 

magnetic current and rotor flux angle. 

The PI controllers use the deviation of the reference and actual signals to generate the reference 

voltage in [x, y] rotating coordinate. The reverse Park's formulas are applied to convert this reference signal 

into the [α, β] stationary coordinate. Finally, the reference voltage is transformed back to the [a, b, c] 

coordinate for the switching control pulse of the inverter. 

 

2.2. Current sensorless technique based on the rotor slip speed (Virtual currents) 

The relationship between voltage, current, and flux signals in IM is non-linear. The dynamic 

equations of IM in [x, y] rotating coordinate are described in detail [30] as shown in: 

 

𝑢𝑆𝑥 = 𝑅𝑆𝑖𝑆𝑥 + 𝜔𝑒𝜓𝑆𝑦 +
𝑑𝜓𝑆𝑥

𝑑𝑡
 (3) 

 

𝑢𝑆𝑦 = 𝑅𝑆𝑖𝑆𝑦 + 𝜔𝑒𝜓𝑆𝑥 +
𝑑𝜓𝑆𝑦

𝑑𝑡
 (4) 

 

0 = 𝑅𝑅𝑖𝑅𝑥 −𝜔𝑠𝑙𝜓𝑅𝑦 +
𝑑𝜓𝑅𝑥

𝑑𝑡
 (5) 

 

0 = 𝑅𝑅𝑖𝑅𝑦 − 𝜔𝑠𝑙𝜓𝑅𝑥 +
𝑑𝜓𝑅𝑦

𝑑𝑡
 (6) 
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Where 

𝑅𝑆/𝑅𝑅  ∶  Stator/Rotor_resistance 
𝜔𝑠𝑙        :  Rotor slip speed 
𝜔𝑒        :  Flux_speed 

 

The rotor flux is kept as a constant value and has the same direction as the x-axis of the coordinate 

corresponding to the FOC technique. The feature of rotor flux in the [x, y] rotating coordinate system, as 

shown in follows: 
 

{
𝜓𝑅𝑥 = 𝜓𝑅 = 𝑐𝑜𝑛𝑠𝑡
𝜓𝑅𝑦 = 0  (7) 

 

Using (7) into (3)-(6), we can receive in (8)-(10): 
 

𝑢𝑆𝑥 = 𝑅𝑆𝑖𝑆𝑥 − 𝜔𝑒𝐿𝜎𝑖𝑆𝑦 (8) 
 

𝑢𝑆𝑦 = 𝑅𝑆𝑖𝑆𝑦 + 𝜔𝑒𝐿𝑆𝑖𝑆𝑥 + 𝐿𝜎
𝑑𝑖𝑆𝑦

𝑑𝑡
 (9) 

 

{
𝜔𝑒 = 𝜔𝑚 +𝜔𝑠𝑙
𝜓𝑅 = 𝐿𝑚𝑖𝑚

 (10) 

 

where: 

{
 
 

 
 𝐿𝜎 = (

𝐿𝑆𝐿𝑅 − 𝐿𝑚
2

𝐿𝑅
)

𝐿𝑆/𝐿𝑅: Stator/Rotor_inductance
𝐿𝑚        :  Magnetizing_inductance
𝑇𝑅        :  Rotor_time constant

 

From (8)-(10), we can determine the stator current components on the [x-y] axis through in: 
 

𝑑𝑖𝑆𝑦

𝑑𝑡
=

1

𝐿𝜎
[−𝑅𝑆𝑖𝑆𝑦 − 𝐿𝑆𝜔𝑒𝑖𝑆𝑥 + 𝑢𝑆𝑦] (11) 

 

𝑖𝑆𝑥 =
𝜔𝑒𝐿𝜎𝑖𝑆𝑦+𝑢𝑆𝑥

𝑅𝑆
 (12) 

 

The rotor slip speed can be determined as the following: 
 

𝜔𝑠𝑙 =
𝐿𝑚𝑖𝑆𝑦

𝑇𝑅𝜓𝑅
=

𝑖𝑆𝑦

𝑇𝑅𝑖𝑚
 (13) 

 

Due to the magnetic current is keep as a constant value in the FOC technique; therefore, we can 

apply the reference magnetic currents (im, isx) and reference voltage on the y-axis to replace the actual signals 

in the differential equations. As a result, we can obtain the estimated equations for virtual stator currents 

based on the rotor slip rotor, as shown in: 
 
𝑑𝑖𝑆𝑦_𝑒𝑠𝑡

𝑑𝑡
=

1

𝐿𝜎
[−(𝑅𝑆 +

𝐿𝑆𝑖𝑆𝑥
∗

𝑇𝑅𝑖𝑚
∗ )𝑖𝑆𝑦_𝑒𝑠𝑡 − 𝐿𝑆𝑝𝜔𝑒𝑛𝑖𝑆𝑥

∗ + 𝑢𝑆𝑦
∗ ] (14) 

 

𝑖𝑆𝑥_𝑒𝑠𝑡 =
(𝑝𝜔𝑒𝑛+𝜔𝑠𝑙_𝑒𝑠𝑡)𝐿𝜎𝑖𝑆𝑦_𝑒𝑠𝑡+𝑢𝑆𝑥

∗

𝑅𝑆
 (15) 

 

Where: 
 

𝜔𝑠𝑙_𝑒𝑠𝑡 =
𝑖𝑆𝑦_𝑒𝑠𝑡

𝑇𝑅𝑖𝑚
∗  (16) 

 

The block diagram of the FOC used the virtual stator current is shown in Figure 3. AS shown in 

(14), (15), (16) are applied in the “Virtual current estimator block” for generating the estimated stator current 

instead of feedback current signals from sensors. The reference voltages, reference currents, and the rotor 

speed signal are used as the input signals of the estimator. The PI controllers use the reference signals and the 

estimated signals to modulate the control voltage for the switching inverter. As a result, the speed control 

using FOC strategy of IMD is implemented with only a speed sensor in the drive system. The simulations 
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have been implemented to prove the high performance of the proposed technique in many operation 

conditions. 

 
 

Figure 3. Block diagram of IMD using FOC with the virtual current 

 

 

3. SIMULATION RESULTS  

Simulations are performed in many operating conditions to verify the feasibility of virtual current 

estimation method in the speed control of IM. The simulations using a three-phase IM with a rated power of 

2.2 kW and a rated voltage D/Y of 230V/400 V are implemented for speed control. The parameter of IM 

applied to the simulations is described in Table 1  

 

 

Table 1. Parameters of the IM 
Description Symbol Unit Value 

Rated_Torque Tn Nm 14.8 
Rated_Speed ωn rpm 1420 

Rated stator current D/Y IS A 8.43/4.85 

Stator/Rotor_Resistance RS/RR Ω 3.179/2.118 
Magnetizing_Inductance Lm H 0.192 

Number of pole pairs p - 2 

Stator/Rotor_Inductance LS/LR H 0.209/0.209 

 

 

The control model in Figure 4 is used to implement the simulations for speed control of IMD based 

on the FOC technique in various conditions 
 
 

 
 

Figure 4. Simulation model of IMD using FOC technique without current sensors 
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In the first case, the performance of IMD using the FOC technique without current sensors is 

verified in the rated operating condition. In this simulation, the reference speed and the load torque are set as 

a ramp from zero to rated value for a 1-second interval, then kept as a constant corresponding rated value 

during operation, as shown in Figures 5(a)-(d). The IM operated stably, and the response speed of the IMD 

(blue) quickly reaches the reference value (red) after a short transient, as shown in Figure 5 (a). Figure 5 (b) 

indicates the virtual stator current of the estimator in the operation process of the IMD. Figure 5 (c) 

demonstrated the equivalence in shape and magnitude of the virtual (red) and actual (blue) current 

components during the operation of IMD. The electrical torque is increased quickly to push the motor speed 

up to the setting value; after the rotor speed reaches the stable value, the electrical torque keeps balance with 

the load torque, as shown in Figure 5 (d). 

The proposed sensorless method is verified in the operating condition at a low speed in the next 

case. A reference speed is set as a ramp from zero to a value of 100 rpm corresponding to a ramp load torque 

of 5 Nm applied, as shown in Figures 6(a)-(d). The simulation shows that the IMD has a quick response rotor 

speed corresponding to the operation condition. Figure 6 (a) proved the suitability of the proposed method in 

speed control during the operation of the system at a low speed. The estimated current of the proposed 

method has a similar form as the measured current in Figures 6 (b), and 6 (c). Therefore, the FOC loop using 

the estimated current still effectively control the rotor speed equivalent to the FOC loop utilizing the sensor's 

feedback current signal. Figure 6 (d) describes the electrical torque and load torque of 5 (N.m) in the 

operation of the IMD system. 

Through the above typical cases, IMD using virtual current can work effectively at the rated speed 

as well as a low speed. The simulation results have shown that the virtual stator current of the estimation 

method is similar to the actual current of the IMD. Thus, the FOC technique with virtual stator current based 

on the rotor slip has been proved feasible in the speed control of IMD over a wide speed range. 

 

 

  
(a) (b) 

  

  
(c) (d) 

 

Figure 5. Performance of the IMD at 1420 rpm with the virtual-current in a rated-load of 14.8 Nm; 

(a) reference and real speed, (b) virtual stator current, (c) virtual and real-alpha currents, (d) torques of IMD  
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(a) 

 

(b) 

  
(c) (d) 

 

Figure 6. Performance of the IMD at 100 rpm with the virtual-current in a load of 5 Nm; (a) reference and 

real speed, (b) virtual stator current, (c) virtual and real alpha-currents, (d) torques of IMD 
 

 

4. CONCLUSION 

This paper presents another approach in estimating a virtual stator current vector to control the 

motor speed based on the FOC technique. The virtual stator currents calculated based on the rotor slip 

combining the reference signals are used instead of the feedback current signal in the FOC control loop. The 

virtual currents have indicated the equivalence in shape and magnitude with the measured current in 

simulation results. Consequently, an IMD system using the FOC strategy to control the motor speed without 

current sensors has worked reliably during operation. Furthermore, the FOC method using virtual currents 

can also be applied as a backup solution in the reconfiguration phase of the current sensor fault-tolerant 

control techniques. 
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