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Abstract: - This paper presents a comparative analysis of three prevalent methods for speed control of induction motors in electric 

vehicles: V/f Control (Scalar Control ), Field Oriented (Vector) Control, and DTC (Direct Torque Control). The performance, advantages, 

and limitations of each method are evaluated to determine their suitability for electric vehicle applications. The analysis is based on 

MATLAB simulations, focusing on speed regulation, torque response, and efficiency.   
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1. Introduction 

Electric vehicles (EVs) rely heavily on efficient and precise motor control systems to ensure optimal 

performance. Induction motors are more popular due to their high efficiency, reliability, and cost-effectivenessin 

electric vehicles (EVs). However, several obstacles hinder the efficient control of these motors' speed. The main 

challenge is to achieve high-performance speed control while maintaining efficiency and stability. Various 

control techniques have been developed to address this challenge in recent years. Among them, Direct Torque 

Control (DTC), scalar control, and vector control are the most commonly used methods.[1][2][3]. Each 

technique has its advantages and limitations, and selecting the most suitable method for a particular application 

is crucial.DTC is a popular control technique that offers fast torque response and simple implementation. 

However, it can produce torque ripple and oscillations, especially at low speeds.[4][6] Scalar control is a simple 

and cost-effective method, but it has poor dynamic performance and is sensitive to parameter variations.[7][8] 

Vector control, on the other hand, offers high-performance speed control, but it is complex and requires accurate 

parameter estimation. In this study, aim of research is to compare the performance, benefits, and drawbacks of 

DTC, scalar control, and field oriented control for controlling speed of induction motors in EVs. We will use 

MATLAB simulations to evaluate the torque response, efficiency, and speed regulation of each technique. The 

goal is to identify the most effective control method for efficient control of speed of induction motors in EVs, 

overcoming obstacles such as torque ripple, flux estimation, and parameter sensitivity.The remainder of this 

introduction provides a detailed background on induction motors, EVs, and the control techniques used in this 

study.By comparing these methods, our aim is to identify the most suitable approach for EV applications. 

Each control method has its strengths and weaknesses. Scalar control is simple but lacks dynamic performance, 

making it less suitable for EVs that require quick response to varying loads. Vector control offers high precision 

and dynamic performance but at the cost of increased complexity. DTC provides a good balance with excellent 

dynamic performance and simpler implementation. 

 

2.Simulations of  Speed Control Methods of Induction Motor 

2.1V/f Control (Scalar Control) 

V/f control is a straightforward and cost-effective method for controlling induction motors. It involves 

independently adjusting the motor's voltage and frequency to control the speed and torque. This technique is 

acceptable for applications where precise torque control is not critical, such as fans, pumps, and conveyors. In 
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this method, the voltage and frequency are varied proportionally, maintaining a constant V/f ratio. This ensures a 

relatively constant motor torque over a wide speed range. However, V/F control may not provide optimal 

performance at low speeds..[5][7] 

Overall, scalar control is a practical and affordable choice for controlling induction motors in many applications. 

While it may not offer the same level of performance as vector control, it is a reliable and efficient solution for 

applications that do not require precise torque control.[8][14] 

The simulation of scalar control based induction motor is carried out with different operating conditions like 

100% load and 100% speed conditions,50% load and 50% speed conditions and 120% load and 100% Speed 

conditions. The stator current ,Torque and Speed signals are taken for analysis. 

2.2 Vector Control 

Vector control is a sophisticated method for controlling induction motors that offer precise torque control and 

high efficiency. Unlike scalar control, which independently controls voltage and frequency, vector control 

directly controls the motor's stator current and rotor current. FOC, a sophisticated control method, enables 

precise torque control over a wide speed range for permanent magnet synchronous motors (PMSMs). By 

measuring stator currents and estimating rotor currents, FOC calculates reference stator currents based on 

desired torque and speed. The inverter then controls the motor's stator currents to match these references, 

ensuring precise control even under varying load conditions. FOC decomposes stator currents into direct (d-

axis) and quadrature (q-axis) components, where d-axis controls flux and q-axis controls torque, allowing for 

independent control of these two essential parameters. [15] 

The simulation of Vectorcontrol based induction motor is carried out with different operating conditions like 

100% load and 100% speed conditions,50% load and 50% speed conditions and 120% load and 100% Speed 

conditions. The stator current ,Torque and Speed signals are taken for analysis. 

2.3 DTC Control 

Direct Torque Control (DTC) is a method of controlling induction motors that directly manipulates the stator 

currents to achieve the desired torque. Unlike Field Oriented Control (FOC), which decomposes the stator 

currents into d-axis and q-axis components, DTC directly controls the stator currents to minimize the torque 

error.In DTC, a hysteresis comparator is used to compare the actual torque with the reference torque. If the 

actual torque is above or below the reference torque by a specified threshold, the inverter switching states are 

adjusted to reduce the error. This process is repeated continuously to maintain the desired torque.DTC offers 

several advantages, including fast response, robustness to parameter variations, and the ability to operate at low 

speeds. However, it also has disadvantages, such as potential high switching frequency, increased losses, and 

less precise torque control compared to FOC.DTC is often used in applications where fast response and 

robustness are critical, such as electric vehicles, wind turbines, and high-performance servo drives. It is also 

suitable for applications where precise torque control is not as critical, but fast response and robustness are 

important.[17][21] 

The simulation of DTCcontrol based induction motor is carried out with different operating conditions like 

100% load and 100% speed conditions,50% load and 50% speed conditions and 120% load and 100% Speed 

conditions. The stator current ,Torque and Speed signals are taken for analysis. 

3. Results and Discussion 

The Matlab simulation is carried out for the induction motor having ratings listed below:Power:164000VA(220 

HP),Voltage(RMS):550 V,Frequency:50 Hz,Ploe:4, Stator Resistance:0.435 Ω, Rotor Resistance:0.216 ΩRated 

Speed:1440 RPM. 

3.1 Scalar Control 

Scalar control, also known as V/f control, maintains a constant voltage-to-frequency ratio to control the speed of 

the induction motor. This method is simple and cost-effective but offers limited dynamic performance and 

torque response.[10] 
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Figure 1. Case 1: 100% Load, 100% Speed. Stator current, Torque at load side, rotor speed 

The fig1 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 100% load and 100% speed. 

 

Figure 2. Case 2: 50% Load, 50% Speed. Stator current, Torque at load side 

The fig2 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 50% load and 50% speed. 
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Figure 3. Case 3: 120% Load, 100% Speed. Stator current, Torque at load side and Rotor Speed 

The fig3 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 120% load and 100% speed. 

3.2 Vector Control 

Vector control, also known as Field-Oriented Control (FOC), decouples the motor's torque and flux, allowing for 

independent control of each.[19][20] This method provides superior dynamic performance and precise torque 

control. 

 

Figure 4. Case 1: 100% Load, 100% Speed. Stator current, Torque at load side, rotor speed 
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The fig4 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 100% load and 100% speed. 

 

Figure 5. Case 2: 50% Load, 50% Speed. Stator current, Torque at load side, rotor speed 

The fig5 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 50% load and 50% speed. 

 

Figure 6. Case 3: 120% Load, 100% Speed. Stator current, Torque at load side, rotor speed 

The fig6 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 120% load and 100% speed. 
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3.3 Direct Torque Control (DTC) 

DTC directly controls the motor's torque and flux by selecting appropriate inverter states. It offers excellent 

dynamic performance and torque control without the need for complex transformations or feedback 

loops.[11][12][13]. 

 

Figure 7. Case 1: 100% Load, 100% Speed. Stator current, Torque at load side, rotor speed 

The fig7 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 100% load and 100% speed. 

 

Figure 8. Case 2: 50% Load, 50% Speed. Stator current, Torque at load side, rotor speed 

The fig8 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 50% load and 50% speed. 
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Figure 9. Case 3: 120% Load, 100% Speed. Stator current, Torque at load side, rotor speed 

The fig9 Shows the Stator current, Torque at load side, rotor speed, and rotor angle during normal loading 

conditions like 120% load and 100% speed. 

The comparison of the above methods is explained in the table below 

Table:1:Comparision Speed Control Methods 

Sr. 

Number 

Parameter Scalar Control Vector Control DTC Control 

1 Simplicity Very Easy Complex Medium 

 Steady State 

Performance 

Good Best Best 

2 Dynamic 

Performance 

Bad Very Good Superior 

3 Performance 

During Varying 

Load 

Bad 

Performance 

Superior 

Performance 

Superior 

Performance 

4 Efficiency Lower Higher Higher 

5 Sensor 

Requirement 

Very Less Many Very Less 

6. Torque Ripple High Lowest Low 

 

4. Conclusion 

For electric vehicle applications, where dynamic performance and efficiency are crucial, Vector Control and 

Direct Torque Control are more suitable than Scalar Control. DTC, in particular, offers a good trade-off between 

performance and complexity, making it a strong candidate for induction motor control in EVs. During normal 
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loading conditions, Scalar control gives a good performance but during varying load conditions, DTC and 

Vector Control are best. During overload condition, the scalar control does not gives a satisfactory performance 

while the DTC and Vector control give a satisfactory performance.While both DTC and FOC are effective 

methods for controlling induction motors, the choice between the two depends on the specific application 

requirements. DTC is generally preferred for applications where fast response and robustness are more 

important than precise torque control, while FOC is often used for applications that require high precision and 

efficiency 
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