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 This paper presents a fuzzy logic-based Field Oriented Control (FOC) strategy 

for synchronous reluctance motors (SynRMs). The proposed algorithm 

addresses the inherent nonlinearities and parameter sensitivities of SynRMs by 

integrating fuzzy logic control (FLC) into the FOC framework, enhancing 

system robustness and adaptability. The SynRM model is derived in the rotor 

reference frame, with two control loops implemented: one for speed control 

and the other for flux control. Two FLCs are utilized in the speed control loop, 

while one FLC is adopted in the flux control loop. Fuzzy sets, membership 

functions, and rule bases enable dynamic parameter tuning. The entire system 

is simulated in MATLAB/Simulink. The system's dynamic performance is 

rigorously evaluated in two scenarios: with decoupling control components 

between the speed and flux control loops, and without these components under 

various loading conditions. Comprehensive simulations demonstrate that the 

proposed control algorithm, without decoupling control components, exhibits 

superior dynamic performance in terms of rise time, overshoot, and settling 

time. Furthermore, eliminating the decoupling components reduces the 

system's dependency on machine parameters while having a minor effect on 

undershoot. 
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1. INTRODUCTION  

Recently, the demand for high-efficiency, cost-effective electric motors has driven significant 

advancements in motor technology [1]. Driven by the demand for sustainable energy and improved industrial 

efficiency, synchronous reluctance motors (SynRMs) have emerged as a promising alternative to permanent 

magnet synchronous motors (PMSMs) and induction motors, offering advantages such as simplicity, 

robustness, and high efficiency under diverse operating conditions [2-6]. 

Synchronous reluctance motors operate on the principle of reluctance torque, which is generated as 

the rotor aligns with the stator magnetic field to minimize magnetic reluctance [7]. The rotor lacks windings 

or permanent magnets, instead featuring a laminated iron core with air gaps. This design enhances durability, 

lowers manufacturing costs, and eliminates reliance on rare earth materials [4]. The absence of rotor windings 

also reduces copper losses, further improving efficiency [8]. 

Various control techniques have been employed to enhance the performance of synchronous 

reluctance motors [9,10]. Field-Oriented Control (FOC), or vector control, is a leading technique for SynRMs, 

as it decouples stator current into two orthogonal components: d-axis (responsible for controlling flux) and q-

axis (responsible for torque production) [11,12]. This decoupling allows for independent control of torque and 

flux, resulting in highly efficient and dynamic motor performance. FOC primarily involves applying Clarke 

and Park transformations to convert three-phase currents into a two-axis (d-q) reference frame, utilizing PID 
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controllers to regulate d-q currents, and performing inverse transformations to reconstruct three-phase currents 

for the inverter [12]. 

Comparatively, Direct Torque Control (DTC) is another advanced control technique for SynRMs that 

directly regulates torque and flux without a modulator or PWM generator [13-18]. While it provides fast torque 

response, it suffers from higher torque ripple and less precise flux control than FOC. Its complex switching 

logic can also introduce harmonics, reducing efficiency [19]. 

Model Predictive Control (MPC) uses a mathematical model of the SynRM to predict future states and optimize 

control actions over a finite time horizon [20-22]. While MPC handles nonlinearities and constraints 

effectively, its computational demands make it less practical for real-time applications compared to the simpler 

FOC. 

Sensorless control techniques, which estimate rotor position and speed without mechanical sensors, 

offer cost and reliability benefits. Common methods include model-based estimation and high-frequency 

injection [23]. However, these techniques often require complex algorithms and can struggle with accuracy 

under varying load conditions, whereas FOC with sensors provides precise control even under dynamic 

conditions. 

Adaptive control adjusts the control parameters in real-time to cope with variations in motor 

parameters or operating conditions, ensuring robust performance [24,25]. While adaptive control methods like 

self-tuning regulators and Model Reference Adaptive Control (MRAC) enhance robustness, they add 

complexity to the system, and their performance is often dependent on the accuracy of the adaptive 

mechanisms, unlike the well-established and stable performance of FOC. 

Sliding Mode Control (SMC) offers robustness to parameter variations and ensures performance 

under diverse conditions [26]. However, the high-frequency switching characteristic of SMC can lead to 

chattering, which can be detrimental to the motor and drive system. Modified versions of SMC attempt to 

mitigate these issues, but they still do not match the balance of performance, ease of implementation, and 

reliability offered by FOC. Field-Oriented Control (FOC) provides a comprehensive solution for managing 

synchronous reluctance motors, combining precise torque and flux control with dynamic performance and 

relative simplicity in implementation. 

In this research, a fully integrated fuzzy logic-based Field-Oriented Control strategy is proposed, 

where FLCs are implemented in both the inner and outer control loops. Unlike previous studies that typically 

apply FLCs to only one control loop, this comprehensive approach enhances system adaptability and 

robustness. 

Furthermore, conventional FOC strategies, including those incorporating fuzzy logic or sliding mode 

control (SMC), often rely on decoupling control components to compensate for cross-coupling effects between 

the d-axis and q-axis currents. In contrast, the proposed method eliminates the need for these decoupling 

components, simplifying implementation while maintaining high dynamic performance. This aspect has not 

been addressed in prior research, making the proposed control strategy a novel contribution to the field. 

 

 

2. MODELLING OF SYNCHRONOUS RELUCTANCE MOTOR 

Space vector theory is a powerful mathematical tool used to analyze and control electric machines. It 

involves the representation of three-phase quantities such as voltages, currents, and magnetic fluxes as two-

dimensional vectors in a complex plane as shown in Figure 1. This transformation simplifies the analysis of 

three-phase systems by converting them into a single vector in the d-q plane (direct-quadrature plane), which 

corresponds to a rotating reference frame aligned with the rotor's magnetic field [27-28]. 

 

 
 

Figure 1. Circuit representation of SynRM 
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In this study, the SynRM model is derived based on the following assumptions: 

• The stator winding is assumed to have a sinusoidal distribution. 

• A linear magnetic circuit is considered. 

• The rotor has no damper bars. 

 

The motor's space vector model in the synchronously rotating reference frame, which rotates at an 

electrical angular speed of 𝜔𝑒, is presented as follows [29-31]: 

 

Voltage Equations:  

𝑣𝑠𝑑 = 𝑖𝑠𝑑𝑅𝑠 +
𝑑ψ𝑠𝑑

𝑑𝑡
− 𝜔𝑒𝜓𝑠𝑞                                            (1) 

𝑣𝑠𝑞 = 𝑖𝑠𝑞𝑅𝑠 +
𝑑ψ𝑠𝑞

𝑑𝑡
+ 𝜔𝑒𝜓𝑠𝑑                                              (2) 

where  

vsd and vsq  are the d- and q-axis components of the stator voltage vector, Rs is the stator resistance, 

isd and isq are the d- and q-axis components of stator current vector, ψsd and  ψsq are the d- and q-axis 

components of the flux linkage. 

 

Flux Linkage Equations: 

The flux linkage vector ψs  is related to the stator current vector through inductance. For a SynRM, 

the flux linkage can be formulated as: 

𝜓𝑠𝑑 = 𝑖𝑠𝑑𝐿𝑠𝑑                                                  (3) 

𝜓𝑠𝑞 = 𝑖𝑠𝑞𝐿𝑠𝑞                                                  (4) 

Where, 𝐿𝑠𝑑  and  𝐿𝑠𝑞  are the direct and quadrature axis inductances, respectively 

 

Electromagnetic Torque: 

The electromagnetic torque produced by the motor along with its dynamic equation of motion is 

represented as follows: 

𝑇𝑒 =
3

2
𝑃(𝐿𝑠𝑑 − 𝐿𝑠𝑞)𝑖𝑠𝑑𝑖𝑠𝑞                                                   (5) 

𝑇𝑒 − 𝛽𝜔𝑟 − 𝑇𝐿 = 𝐽
𝑑𝜔𝑟

𝑑𝑡
                                          (6) 

where, 𝜔𝑟 represents the angular mechanical speed, P is the number of pole pairs, 𝑇𝐿  is the 

mechanical load torque, and J is the moment of inertia, 𝛽 denotes the friction coefficient. 

The torque equation can also be expressed as follows 

𝑇𝑒 =
3

2
𝑃(𝜓𝑠𝑑𝑖𝑠𝑞 − 𝜓𝑠𝑞𝑖𝑠𝑑)     (7)        

 

 

3. FIELD-ORIENTED CONTROL STRATEGY OF SynRM 

In FOC, the stator currents are decoupled into d-axis (direct) and q-axis (quadrature) components, 

enabling independent control of magnetic flux and torque similar to a separately excited DC motor. The FOC 

strategy aligns the stator flux vector with the d-axis (𝜓𝑠𝑞 = 0). From equation (3), it is evident that the direct-

axis flux is directly regulated by the d-axis stator current ids. By substituting 𝜓𝑠𝑞 = 0 in equation (7), it will be 

simplified to  

𝑇𝑒 =
3

2
𝑃(𝜓𝑠𝑑𝑖𝑠𝑞  )        (8) 

Subsequently, from equation (8), it is clear that by maintaining the stator flux constant, the torque can 

be linearly controlled by the quadrature axis component of the stator current iqs. Therefore, it can be concluded 

that the FOC strategy achieves decoupled control of speed and flux. 

Figure 2 illustrates the schematic diagram of the speed control loop, Figure 3 depicts the schematic diagram 

for the flux control loop, and Figure 4 presents the overall control system. 

In the speed control loop, the reference speed is compared with the actual speed, and the resulting 

error signal is processed to generate the reference torque. This, in turn, is employed to determine the reference 

for the q-axis component of the stator current, isq
*, using equation (8). The command value of isq

* is 

subsequently compared with its actual value, and the resulting error signal is controlled to generate the 

command value of the q-axis stator voltage vsq
*, after adding the decoupling component represented by the 

third term in equation (2). 

In the flux control loop, the command value of the d-axis component of the stator current, isd
*, is 

derived from the reference flux using equation (3). This command value is then compared with its actual value, 
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and the resulting error signal is controlled to generate the reference d-axis component of the stator voltage, vsd
*, 

after subtracting the decoupling component as indicated by the third term in equation (1).  

In this proposed control scheme, the speed control loop typically employs two FLCs to achieve precise 

and stable operation, while the flux control loop uses only one controller. The speed control loop consists of 

an outer speed controller and an inner current controller. The outer speed controller regulates the motor speed 

by generating a torque command, which is then converted into a quadrature-axis current reference (isq
*). The 

inner current controller ensures accurate tracking of this reference by generating the quadrature-axis voltage 

(vsq
*). This cascaded structure is necessary because the outer loop handles slower mechanical dynamics (speed), 

while the inner loop manages faster electrical dynamics (current), allowing for independent tuning and 

improved performance. 

In contrast, the flux control loop uses a single FLC because flux dynamics are simpler, slower, and 

decoupled from torque dynamics. A single controller suffices to regulate the direct-axis current (isd) and 

maintain the desired flux level, ensuring stable and efficient operation without added complexity. 

 

Figure 2. Speed control loop 
 

 
Figure 3. Flux control loop 

 

 
Figure 4. Comprehensive proposed control scheme. 
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4. FUZZY LOGIC CONTROLLERS 

The fuzzy inference system (FIS) used in designing the fuzzy logic controllers, FLC-1, FLC-2, FLC-

3, is based on Mandeni’s model, as depicted in Figure 5. That FIS comprises of (3) primary components. 

 

 
Figure 5. Fuzzy inference system 

 

4.1. Fuzzification process 

The fuzzification process is crucial in fuzzy logic systems, allowing them to handle imprecise 

information. It converts precise input variables into fuzzy inputs for processing within the fuzzy framework. 

This conversion divides the input variable U into fuzzy sets labeled with terms like "high," "medium," or "low," 

each defined by a membership function that indicates the degree of membership for each input value. 

In the fuzzification process, each precise input (x) is transformed to a fuzzy input by calculating its 

membership degree μ in each fuzzy set. This degree, ranging from 0 to 1, indicates how well the input aligns 

with a particular fuzzy set. For instance, as Illustrated in Figure 6, a crisp input of -3 might result in a 0.9 

membership degree in the "small" fuzzy set, a 0.5 degree in the "medium" set, and 0 in the "large" set. This 

step is crucial as it provides a foundation for further fuzzy logic operations, allowing for the effective handling 

and processing of uncertain or imprecise data. 

 

 
Figure 6. Fuzzification 

 
4.2. Fuzzy rules and operators 

Fuzzy logic control systems use a set of "if-then" rules, often based on expert insights, to make 

decisions in complex, imprecise environments. After inputs are fuzzified into membership values, these values 

activate corresponding fuzzy rules. For rules with multiple conditions, operators like minimum (AND) or 

maximum (OR) combine these values into a single output for each rule. The system then aggregates the outputs 

from all active rules to form a one fuzzy set, called the "aggregated output fuzzy set" as illustrated in Figure 6. 

This step integrates individual rule outputs into a cohesive fuzzy set, which is then defuzzified to produce a 

final, precise output. 

 
4.3. Defuzzification process 

Defuzzification represents the concluding phase in a fuzzy logic system, where the combined output 

fuzzy set is converted into a specific, actionable value. This step is critical, as it turns the fuzzy outcomes 

derived by the system into practical results. Several methods, known as defuzzifiers, facilitate this conversion, 

with options comprising the centroid method, mean of maximum, bisector, smallest of maximum, and largest 

of maximum. Each approach offers a different way of deriving a precise value from the fuzzy set to enable a 

final, usable output. 

The centroid method is particularly popular among these techniques. It calculates the crisp output by 

finding the center of gravity of the area under the aggregated fuzzy set. In essence, the centroid serves as the 

weighted average of all potential output values, yielding a single value that most accurately reflects the fuzzy 

set. As depicted in Figure 7, the precise output is situated at the centroid of the fuzzy set, making it a central 
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point of the aggregated output, which effectively summarizes the overall decision made by the fuzzy logic 

system. 

 

 
Figure 7.  Defuzzification Concept 

 

4.4. Proposed FLCs 

The FLC-1 is configured with two input state variables and one output state variable. The first input 

state variable, the normalized speed error (∆ω), includes seven fuzzy sets with linguistic labels: Large positive 

(LP), Medium positive (MP), and Small positive (SP)zero (Z), Large negative (LN), Medium negative (MN), 

Small negative (SN) as illustrated in Figure 8-a. The second input state variable, representing the rate of change 

of speed error (Δω
.

), is defined with three fuzzy sets labeled as negative (N), zero (Z), and positive (P), as 

depicted in Figure 8-b.  The output state variable, representing the reference torque change (ΔT*), is defined 

by seven fuzzy sets similar to the seven fuzzy sets of (∆ω) but with different universe of discourse, as depicted 

in Figure 8-c. 

FLC-2, shown in Figure 9, includes two input and one output state variable. The input state variables 

for FLC-2 are the normalized error of the q-axis stator current component, ∆𝑖𝑠𝑞 , and the rate of change of this 

normalized error, Δ̇𝑖𝑠𝑞. 

Similar to FLC-2, FLC-3, depicted in Figure 10, also features two input and one output state variable. 

Here, the input state variables are the normalized error of the d-axis stator current component, ∆𝑖𝑠𝑑, and the 

rate of change of this normalized error, Δ̇𝑖𝑠𝑑. 

 

 

Figure 8. FLC-1, a: input speed error ∆ω, b: input rate of change of speed error Δω
.

 , c: output 
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Figure 9. FLC-2, a: input q-axis current error ∆isq, b: input rate of change of speed error Δ𝑖𝑠𝑞

.

 , c: output 

 

 

Figure 10. FLC-3, a: input q-axis current error ∆isd, b: input rate of change of speed error Δ𝑖𝑠𝑑

.

 , c: output 

 

Table 1 outlines the twenty-one fuzzy rules applied in the proposed FLCs, where each rule 

corresponds to two input membership functions. To evaluate the rule outputs, the minimum (AND) operator is 

used. The defuzzification process relies on the centroid method. A graphical view of the fuzzy rule surface of 

FLC-1 is provided in Figure 11. 

An illustration of the Fuzzy Inference System (FIS) operation is provided in Figure 12, which depicts 

the rule viewer of FLC-1. As an example, when the crisp input for the normalized speed error (∆ω) is 0.05, it 

fully activates the fuzzy set Medium Positive (MP) with a membership degree of 1. Simultaneously, if the rate 

of change of speed error (Δω)̇ is -0.02, it partially activates the fuzzy set Negative (N) with a membership 

degree of 0.25 and the fuzzy set Zero (Z) with a membership degree of 0.75. 

During the inference process: 

- The input pair (MP & N) activates Rule 13, producing an output fuzzy set MP with a membership 

degree of 0.25 (determined by minimum (1& 0.25)). 
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- The input pair (MP & Z) activates Rule 14, generating an output fuzzy set Large Positive (LP) with 

a membership degree of 0.75 (minimum (1& 0.75)). 

Finally, the defuzzification process, using the centroid method, computes a crisp output value of 14.7, 

demonstrating how the system determines the final control action based on the given fuzzy inputs. 

 

Table 1. Fuzzy Control System Rules 
 Speed error 

C
h
a
n

g
e 

o
f 

sp
ee

d
 

er
ro

r 

 LN MN SN Z SP MP LP 

N LN LN LN Z MP MP LP 

Z LN LN SN Z MP LP LP 

P LN MN SN SP LP LP LP 

 

 
Figure 11. Visualization of the rule surface for the proposed FIS   

 

 

Figure 12. Visualization of the rule viewer for the proposed FLC-1   
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5. SIMULATION RESULTS 

The proposed system shown in Figure 4 is modeled and simulated in MATLAB Simulink with a 50 

μs sampling period, fixed command flux (ψ*) of 0.9 Wb and inverter DC link voltage (Edc) of 600 V. The 

numerical values of the motor parameters are presented in Table 2.  

 

Table 2. SynRM Parameters 
Rated Power 2.2KW 

𝐿𝑠𝑑 0.345H 

𝐿𝑠𝑞 0.051H 

𝑅𝑠 2.5Ω 

𝑝  2 

J  0.0091Kg.m2 

B  0.15 N.m /rad/s 

 

5.1. Evaluation of Dynamic System Performance through Step Changes in Speed Command 

The proposed system's performance, as illustrated in Figure 4, is examined using simulations that 

include successive changes in reference speed while the motor is full loaded. Initially the reference speed set 

at 1500 rpm. At t=0.5 seconds, the reference speed is suddenly decreased from 1500 rpm to 1000 rpm then 

followed by another sudden decrease at t=1 second, bringing the reference speed to 500 rpm. 
In Figure 13, the motor speed response shows that it accelerates from rest to 1500 rpm with a rise time 

of 85 ms and settles within 130 ms. The first peak speed is reached at 131 ms, with only slight overshoot of 5 

rpm above the reference speed. As the reference speed drops from 1500 rpm to 1000 rpm at t=0.5 seconds, the 

motor rapidly adapts to the new target, demonstrating a fall time of 25 ms, a settling time of 42 ms, and a peak 

time of 43 ms. The undershoot is slight, with just a brief increase of 6 rpm below the steady-state value, leading 

to a 0.6% deviation. In the last adjustment from 1000 rpm to 500 rpm, the response shows a fall time of 24 ms, 

a settling time of 31 ms, and a peak time of 32 ms. There is a minor undershoot of 8 rpm, leading to a 1.6% 

deviation from the target speed. 

The developed torque of the motor and the load torque are illustrated in Figure 14, demonstrating 

torque ripples during steady-state operation, with a peak-to-peak amplitude of 5.5 N·m. In Figure 15, the three-

phase stator currents under full load conditions reach a magnitude of 5A RMS, and the current waveform 

frequency decreases as the motor slows. 

Finally, Figure 16 illustrates the rotating magnetic flux, showing that the flux maintains a constant 

amplitude of 0.9 Wb, accompanied by ripples measuring 0.14 Wb. 

The proposed system's performance, as illustrated in Figure 4, is examined using simulations that include 

successive changes in reference speed while the motor is full loaded. Initially the reference speed set at 1500 

rpm, at t=0.5 seconds, the reference speed is suddenly decreased from 1500 rpm to 1000 rpm then followed by 

another sudden decrease at t=1 second, bringing the reference speed to 500 rpm. 

 

 
Figure 13.  Reference and Actual motor speed 
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Figure 14. Load torque and motor developed torque 

 

 
Figure 15. Stator 3-phase currents 

 

 
Figure 16. stator rotating flux 

 

5.2. Evaluation of dynamic system performance for a step change of reference speed under different 

loading conditions. 

In this scenario, the system is initiated with a command speed of 1500 rpm at no-load condition. At 

0.5s, a full load is abruptly applied, followed by the sudden removal of the load at 1 second. Figure 17 illustrates 

the motor's dynamic speed response, showcasing its ability to quickly and accurately follow the command 
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speed. The developed torque corresponding to this response is shown in Figure 18, while Figure 19 depicts the 

waveforms of the three-phase current. 
 

 
Figure 17. Motor speed response with different loading conditions 

 

 

 

 
 

Figure 18. Motor developed torque response with different loading conditions 

 

 

 

 
Figure 19. Motor 3-phase currents with different loading conditions 

 

5.3. Evaluation of dynamic system performance without decoupling control components 

In this case, the performance of the proposed control system was evaluated under conditions where 

the decoupling control components were removed, as shown in Figure 20. 
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Figure 20. The proposed control algorithm without decoupling control component 

 

Initially, the system was subjected to a sequential step change in speed command. Figure 21 provides 

a comparative assessment of the speed response with and without decoupling control components. At startup, 

the system achieves a rise time of 8.5 ms without decoupling components and 9.1 ms with them, while the 

settling time slightly increases from 12.4 ms to 13.1 ms. The overshoot is measured at 4.5 rpm (0.3%) without 

decoupling components and 4.7 rpm (0.31%) with them. 

For a step-down transition from 1500 rpm to 1000 rpm, the fall time is 3.75 ms without decoupling 

and 4.2 ms with it, with the undershoot decreasing from 10 rpm (1%) to 6 rpm (0.6%). Likewise, for a step-

down from 1000 rpm to 500 rpm, the fall time is 2.9 ms without decoupling and 3.1 ms with it, while the 

undershoot reduces from 10 rpm (2%) to 8 rpm (1.6%). 

 

 
Figure 21. The speed response with and without the decoupling control components 

 

To further evaluate the system performance, a step command speed of 1500 rpm was applied at no 

load at t = 0 s. At t = 0.5 s, a full load torque was suddenly introduced, and at t = 1 s, the load was abruptly 

removed. As shown in Figure 22, at startup, the proposed control system exhibits a fast dynamic response, 

reaching steady-state speed with a rise time of 5.4 ms without the decoupling control component, compared to 

5.9 ms with it. The settling time is 7 ms without the decoupling component and 7.6 ms with it.  

When the full load is suddenly applied at t = 0.5 s, the speed response experiences an undershoot of 

52 rpm (3% of the rated speed) without the decoupling control component, whereas with it, the undershoot is 

reduced to 47 rpm (2.8%). Upon sudden load rejection, the speed overshoot reaches 20.5 rpm (1.3%) without 

the decoupling component and 23.5 rpm (1.6%) with it. 

The analysis demonstrates that removing the decoupling control component enhances rise time, 

settling time, and overshoot performance, while causing a slight increase in undershoot. This trade-off results 
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in a faster dynamic response at the expense of minor undershoot degradation. However, a key advantage of 

eliminating the decoupling components in the proposed control algorithm is the reduced dependency on 

machine parameters, which improves system robustness and adaptability. 

 

 
Figure 22. speed response under different loading conditions 

 

 

6. COMPARING THE PROPOSED FIELD ORIENTED CONTROLLER AND EXISTING FOC 

STRATEGIES 

Field-oriented control (FOC) is a method used widely for motor processes that typically involves PI 

speed and current controllers for their operation. Although PI controllers are quite simple and effective, they 

are sensitive to variations of parameters and require extensive tuning. Other methods like Model Reference 

Adaptive Control (MRAC) and Sliding Mode Control (SMC) provide improved robustness with an increased 

computational complexity. Fuzzy Logic Controllers (FLCs) have been investigated as another option, which is 

more accommodating of nonlinearities and uncertainties. The proposed scheme enhances conventional FOC 

structure by extending the speed control loop with two FLCs: speed control and current control. This feature 

dramatically improves transient response, robustness, and torque regulation. In contrast to PI-based FOC, this 

method reduces the dependency on accurate machine parameters and enhances adaptability. And compared to 

SMC, it avoids chattering and offers improved computational efficiency.  

The benefits of the proposed method over the other FOC methods can be summarized as follows: 

• Improved Dynamic Response: Faster rise time and better settling time. 

• Robustness to Parameter Variations: Reduced sensitivity to machine parameters. 

• Decoupled Speed and Torque Control: Precise speed regulation with accurate torque control. 

• Computational Efficiency: Enhanced performance without excessive complexity. 

 

This approach provides a more adaptive and efficient motor control solution compared to conventional 

FOC strategies. 

 

 

7. PRACTICAL IMPLEMENTATION CHALLENGES AND CONSIDERATIONS 

While the proposed fuzzy logic-based Field-Oriented Control (FOC) strategy has been validated 

through MATLAB/Simulink simulations, real-world implementation introduces additional challenges: 

- Sensor Noise and Measurement Errors: Speed and current sensors may introduce noise and 

inaccuracies. Filtering techniques, such as low-pass or Kalman filters, can help improve measurement 

accuracy. 

- Parameter Variations: Motor parameters change due to temperature, aging, or tolerances. The proposed 

FLCs inherently handle uncertainties, but online parameter estimation could further enhance performance. 

- Real-Time Computation Constraints: Fuzzy logic controllers require real-time computation. DSPs, 

FPGAs, or microcontrollers with sufficient processing power can ensure efficient execution without 

affecting control response. 

- Experimental Validation: Future work will focus on testing the control scheme on hardware to assess 

its robustness under real conditions, including disturbances and load variations. 

 

Addressing these challenges will enable the proposed FLC-based FOC strategy to be effectively 

adapted for real-world applications. 
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8. CONCLUSION 

This paper has presented a fuzzy logic controller-based Field-Oriented Control strategy for 

synchronous reluctance motors to address inherent nonlinearities and parameter sensitivities. Simulation results 

demonstrate that integrating FLC into the FOC framework significantly enhances dynamic performance by 

improving rise time, settling time, and torque ripple reduction. Additionally, the proposed approach eliminates 

decoupling control components, which improves rise time, settling time, and overshoot, with a minor increase 

in undershoot. This trade-o0ff results in a faster dynamic response while reducing dependency on machine 

parameters, enhancing system robustness and adaptability. Despite the increased computational demands of 

FLC, the overall benefits confirm its potential for advanced motor control applications. As the demand for 

high-performance, reliable electric motors continues to grow, the proposed FLC-based FOC strategy offers a 

viable solution to meet these objectives. 
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