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Abstract 

Static motor drives have gained reputation in homes and groups recently due to the fact they assist lessen 

power use. Consequently, PMBLDC, or BLDC vehicles, have caught lots attention. This study examines 

controlling BLDC motor motion the use of three techniques: PID (Proportional-Integral-Derivative), 

Fuzzy Logic Controller (FLC), and Adaptive Neuro-Fuzzy Inference System (ANFIS). Also, all three 

methods are useful for controlling pace and torque. Brushless DC (BLDC) motors are noted for his or 

her effectiveness and sturdiness, requiring a proper manage gadget for proper pace manipulation. 

Response to Time, Positioning, & Non Linear tasks simulations show that ANFIS performs better than 

PID & FLC and therefore is a good quality to use for BLDC motor motion regulation. This analysis uses 

five forces method to help expect developments in electric vehicle era and commercial device. 
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1. Introduction 

Brushless DC (BLDC) cars have grow to be a linchpin for numerous industries thanks to their excessive 

performance, reliability and coffee safety. The paper Evaluates exclusive pace manage techniques for 

BLDC devices, which specialize in their overall performance with respect to the response time and 

efficacy. The results suggest that contemporary control strategies enhance the resilience of the overall 

system [1]. A comparative study of PI and fuzzy logic controllers for BLDC motor speed control is 

presented and it shows that fuzzy logic gives a better adaptability. The gadget reacts correctly to active 

variations and discloses less redundancies. In this regard, fuzzy manage structures have been educated 

for necessity [2] and for precision and stability. This paper explains the use of PID controllers used in the 

pace control of the BLDC vehicles with a view of tuning points for the best performance. This indicative 

of the exceptional PID capability to maintain a constant speed under unusual circumstances. However, 

hindrances challenges very great weights, indicating the need for adjusted strategies [3]. The outcomes 

show progressed stability time and response time. SMC is mainly potent in stopping external disturbances 

and preserving system overall performance [4]. The paper investigates neural community-based manage 

for BLDC automobiles and compares it with PID controllers. Neural networks show ameliorate 

performance in dynamic environments, and provide quicker reaction instances and ameliorate 
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optimization. Studies display that neural interventions are more potent in tough manage situations [5]. A 

strong control form for BLDC motor speed control is proposed, which focuses on the stability of the 

system during different disorders. The design shows excellent performance to maintain movement stability 

and reduce maintenance time. Studies have emphasized the importance of strength in the implementation 

of guidelines [6]. Comparison of PI Controllers with the Artificial Neural Network (Ann) Regulator for 

the BLDC Motor Motion Control Ann - regulator provides great flexibility for non -linearities and time -

variable environments. The results indicate that Ann based control system performs better than the 

traditional PI controllers [7]. Pulse width modulation (PWM), comparison between stylish engine 

Quickness System Control Methods. PWM is a very accurate speed, and conservative power controls the 

engines more linear. PWM is often used in speed control applications [8]. A sensor-free speed control 

method for high-speed BLDC devices is presented using a variable interested slip mode observer (SMO). 

A strategy for ripple deficiency for torment for BLDC motors is proposed using rebuilding technique and 

CUK converter. [9]. Focusing on the speed of energy efficiency and operation, a high-demestration BLDC 

engine station for sealing fan applications has been developed. The system improves motor efficiency with 

low power consumption. This approach is ideal for customer applications that require a powerful speed 

control solution [10]. A strategy for ripple deficiency for torment for BLDC motors is proposed using 

rebuilding technique and CUK converter. This method greatly reduces the operation of the engine to the 

leveling torque wave. The results suggest that this method is powerful for applications that require less 

torque waves [11]. 

 

2. BLDC Motor 

BLDC devices do not use brush commuters, but are electronic switches powered by engine controls or 

drivers. By coordinating the adjustment based on the response from the sensor about the rotor position, it 

provides smooth and accurate control of speed and torque. BLDC motors are more reliable and longer life 

than brushing engines because there is no brush to wear out. In some applications where rooms are large 

and power cases, you can use more simple or coarse materials. From all, BLDC devices are the best 

choices for different areas from customer electronics to car systems. Another advantage of this is that the 

torque can increase continuously, which leads to a soft rotation and thus the speed is strictly controlled. A 

more classic control method, the PID controller continuously calculates the error between the desired 

versus actual engine speed and adjusts the control input accordingly. Although sufficient for linear 

systems, PID control is not consistent for BLDC motors when -linearities and delays in time are 

considered. The specificity of the BLDC engine shows in the table 1. 

Figure 1 shows the BLDC motor used for various applications. 

 

 
Figure 1: BLDC Motor 
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Table 1: Specification of BLDC Motor 

Parameters Specification 

Rated Voltage 36 V 

No of Poles 4 

Rated Speed 4000 RPM 

Rated Torque 0.22 Nm 

 

3. Existing System 

PID controllers are widely used on different types of applications due to their simplicity and efficiency. 

Although PID controllers can provide satisfactory performance in linear systems, they often struggle with 

non -linear dynamics of BLDC engines. For example, overruns, fluctuations and slow reaction may be 

time. On the other hand, unclear logical control provides a more flexible approach by means of a rule -

based system that mimics human logic. FLCs are designed to handle uncertainty and not -existence, which 

suits them for complex systems. New development is detected in control techniques to overcome the limits 

of PID and FLC controls in controlling BLDC devices, such a technique is ANFIS, which is a technique 

for learning a modified neurological network to adjust the non -linear Dynamic behavior of the BLDC 

engine. The functions combine the benefits of the unclear logic., ANFIS provides promising solutions, 

especially for applications that require real the world's accuracy and scalability. In addition to ANFIS, 

research methods are researched to improve the performance of BLDC devices. 

 

4. Proposed System 

A new control strategy for BLDC engine is proposed in this work, ANFIS. This allows modeling of non 

-linear dynamics of engines, providing performance in speed and torque control. The ANFIS thus can 

effectively utilize both these approaches as a hybrid approach to enhance its control strategies and can 

give a response in terms of less time when results are compared for high speed and efficiency against its 

traditional counterparts of PID and FLC system. It is also intended to prevent complications, promote 

coordination and stability. This new way of using ANFIS not only implies enhancing efficiency of BLDC 

devices, but gives us a sole prospect for the development of intelligent control units. 

Figure 2 shows the block diagram of the suggested system, which contains all implemented features. 

 

 
Figure 2: Block Diagram 

https://www.ijsat.org/


 

International Journal on Science and Technology (IJSAT) 

E-ISSN: 2229-7677   ●   Website: www.ijsat.org   ●   Email: editor@ijsat.org 

 

IJSAT25038482 Volume 16, Issue 3, July-September 2025 4 

 

This methodology covers a systematic representation, realization, and trial of the functioning of three 

control systems—PID, FLC, and ANFIS; —controlled brushless motion DC (BLDC) control) appliances. 

The block diagram gives the general structure of the controlling of a Brushless DC (BLDC) motor, 

showing the interactions between the different components that are needed for the successful realization 

of the speed regulation. First, the Reference Speed input which is the target speed or set point that the 

BLDC motor supposed to work at. This reference speed is important because it is used to be target of the 

control system and it causes the fault signal to be computed later. These strategies are all beneficial as 

they allow for the nonlinearity control of the BLDC motor and also to perform the necessary adjustments 

in load and environmental conditions Another signal is received by the controller It processes the fault 

signal and generates the control signals to the decoders. Subsequently, a 3-phase generator is employed 

for the purpose of providing the necessary power for the motor. This generator makes the engine deliver 

the exact phase sequence and voltage level they have to reach for the ideal performance. Last but not least, 

the power generation from the generator is regulated by the driver unit, which commands the power of the 

BLDC engine, ensures proper operation and responsibility for controlling signals. 

 

5. Modeling of BLDC Motor 

BLDC motors are known for their high efficiency, robust and high-performance operation in many 

applications. Several control systems can be used to perform this task, including PID, FLC and ANFIS. 

Back EMF calculation: 

The equation (1) can be used to calculate the back EMF generating of a BLDC motor. 

Eb=kb. 𝜙. Ω                                                                       (1) 

Where: 

• Eb  = Back EMF (V) 

• kb  = Motor constant (V/rad/s) 

• 𝜙 = Magnetic flux per pole (Wb) 

• ω = Angular speed (rad/s) 

Hence, this relationship demonstrates that, under constant load conditions, the surface EMF is 

proportional to the angular speed of the motor, which leads to the need for measures to ensure an 

appropriate handling of speed spikes. 

Torque Calculation: 

And the electromagnetic torque of a BLDC motor can be represented as: 

T= 
𝑷

𝝎
                                                                              (2) 

where: 

• T = Torque (Nm) 

• P= Power (W) 

• ω = Angular speed (rad/s) 

Equation (2) shows the relationship between power, torque, and speed, and emphasizes the importance of 

maintaining the desired torque to successfully reach the target speed. 

Torque ripple coherent: 

The torque ripple coherent (TRC) is usually defined as the ratio of the peak and maximum torque waves 

to the torque generated by the motor. The equation (3) shows, 
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Torque Ripple Coherent =  
𝛥𝑇𝑟𝑖𝑝𝑝𝑙𝑒

𝑇𝑎𝑣𝑒𝑟𝑎𝑔𝑒
                                                  (3) 

Where: 

• ∆Tripple = The peak to peak torque wave (the difference between the maximum and minimum torque 

values of an electrical cycle). 

• T average = The average torque of the motor. 

The torque ripple coherent measures the variation in torque output of a motor based on its average torque. 

Torque ripple is defined as a percentage of the rotor torque expressed in the form of a graph which in the 

ideal case have a constant value of one. The better coherent denotes a more torque fluctuation, which can 

result in vibration and decreased performance. The development of new innovative control algorithms 

fundamentally with robotic devices, new digital signal processors, and new circuit microcontrollers will 

improve the whole control method and increase the system flexibility. 

 

6. Simulation 

The designed PID controller MATLAB Simulink model developed is illustrated in Figure 3. 

 
Figure 3: Plot of the Output Response with PID controller 

 

As a controller, PID works by wide-ranging the output of the control based on three distinct parameter 

(or variable) that having three basic terms which present proportional, integral and derivative. The 

proportional component takes its output proportional to the present error value. That provides immediate 

correction but can lead to persistent mistakes. The derived component (D) predicts future faults based on 

fault transition rates, and provides a containment effect that improves system stability and response time. 
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The designed FIS controller MATLAB Simulink model developed is depicted in Figure 4. 

 
Figure 4: Plot of the Output Response with FIS controller 

 

Controlling systems with fuzzy logic (FLCs) makes use of fuzzy set theory to solve the uncertainties and 

inaccuracy in the control system, which is suitable for complex nonlinear systems like BLDC motors 

However, the linguistic rules that FLCs use are different from the standard ones; instead of using accurate 

mathematical models, they use linguistic rules to make language-based decisions. 

 

The designed ANFIS controller MATLAB Simulink model developed is depicted in Figure 5. 

 
Figure 5: Plot of the Output Response with ANFIS controller 

 

It is a hybrid control method (neural-fuzzy), which takes neural networks' learning levels and fuzzy logic 

capability and apply it to optimal path decision making. The first layer applies fuzzy membership 

functions to convert the inputs into fuzzy values, as in traditional FLC. In the next section, simple rules 

can be activated based on input, where each rule provides a firing force that implies relevance to the 

current state The derivatives of this rule are stated combine in subsequent positions to obtain an overall 

fuzzy effect. The most prominent factor in the ANFIS design is the capability it possesses to dynamically 

change its characteristics. This is done through the membership function and the rule parameters that are 

designed in such a way that they can be tuned to optimize the network using backpropagation and gradient 

methods. It means that historical data helps the system learn, get better, and reach its optimum 

performance. Further, the flexibility of the fuzzy neuro-fuzzy inference system (ANFIS) enables it not 
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only to alleviate uncertainties and accuracy in the modeling of the brushless DC motor but also to allow 

for more efficient control when compared to the classical PID and the fuzzy logic control methods. 

 

7. Simulation Results 

Figure 6 PID refers to speed versus time characteristics for the controller. A small overflow is observed, 

followed by a short dip, but the system is quickly cured. There is another small disturbance in 300 

milliseconds, after which the speed becomes stable near the target. The PID controller shows a short 

response time and excellent strength, with minimal fluctuations after a short initial period. 

 

 
Figure.6: Speed characteristics of PID controller 

 

Figure 7 PID refers to the torque versus time characteristics for the controller. Originally, the torque was 

set to 20 Nm. It then falls quickly and shows the fluctuations before hard to about 5 nm in about 100 ms. 

When the engine reaches a certain torque value, fluctuations gently indicate that the PID controller 

compensates for maintaining a certain electromagnetic torque. 

 
Figure 7: Torque characteristics of PID controller 
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Figure 8 FIS shows speed versus time characteristics for the controller. The speed of the engine starts at a 

low price, grows rapidly and well around 2000 rpm. The speed for about 0.1 seconds has a slight noticeable 

decline, which reflects the presence of a transient reaction or disruption. After this short change, the speed 

is very stable and remains stable. 

 

 
Figure 8: Speed characteristics of FLC 

 

Figure 9 shows the torque vs time characteristics for the Fuzzy Logic Controller (FLC) you are working 

on. It appears that initially in the first few milliseconds the system experiences a high torque spike (about 

30 Nm), followed by a sharp decrease until about 100ms after which the torque stabilizes past the steady 

state value (200). approximately 5 Nm) around. That seems to be the case, although there are still some 

minor oscillations. 

 

 
Figure 9: Torque characteristics of FLC controller 

 

Figure 10 shows the speed vs time characteristics for the ANFIS controller. After a little rocking a going 

on, the speed settles quickly at about 2000 rpm. The result shows the installation time is smaller than 0.1 

seconds, owing to that a fast response and a rapid stabilization is achieved. This type of performance 

shows the ANFIS controller is capable of providing reduced overshoots and practical motion control in 

steady state in a limited time. 
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Figure 10: Speed characteristics of ANFIS controller 

 

Figure 11 shows the torque vs time characteristics for the ANFIS controller. First of all it is maximum and 

then it rapidly saturates incoming to a dissipation. After ~100ms, the torque stabilizes and enters a steady 

state with little fluctuation. Also, the oscillations in the torque decrease gradually, showing the capability 

of the ANFIS controller for reaching stability. From the controller point of view, more out of controls yet 

less overdue compares to other controllers. 

 
Figure 11: Torque characteristics of ANFIS controller 

The simulation results show that the performance of the ANFIS controller for speed and torque regulation 

of BLDC motor is better than PID and Fuzzy Logic controllers. This proves that the ANFIS is a good 

performer to electrifying vehicle application. 

 

8. Experimental Verification 

The connection with the circuit is based on the circuit diagram as shown in Figure 12 and the test results 

are released and confirmed. 
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Figure 12: Hardware Setup 

 

9. Result and Discussion 

The findings imply that ANFIS controller is better than the conventional PID and fuzzy logic controllers 

for controlling the BLDC motors torque and speed. The ANFIS controller achieves the torque regulation 

of revolute joint with quicker response time, zero overshoot, and lesser steady-state error. With respect to 

the torque characteristics, a strong reduction of varying behavior was noticeable against different load on 

the machines. Also, as performance improved, due which increased performance in the electrics vehicle 

applications. In general, as Table 2 shows, ANFIS was a powerful solution to elucidate 

BLDC motor control. 

 

Table 2: Control Method Comparison BLDC Motor 

Parameters/ 

Control methods 

PID FLC ANFIS controller 

Rise time(sec) 0.8 0.7 0.5 

Settling time(sec) 1.5 1.3 1.0 

Overshoot (%) 10 8 3 

Steady-State error (%) 2 1.5 0.5 

Power consumption (W) 75 72 65 

Torque ripple 0.79 0.62 0.22 
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