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In this paper the PID controller and the Fuzzy Logic Controller (FLC) are used to control the
speed of separately excited DC motors. The proportional, integral and derivate (KP, KI, KD) gains of
the PID controller are adjusted according to Fuzzy Logic rules. The FLC cotroller is designed accord-
ing to fuzzy rules so that the system is fundamentally robust. Twenty-five fuzzy rules for self-tuning
of each parameter of the PID controller are considered. The FLC has two inputs; the first one is the
motor speed error (the difference between the reference and actual speed) and the second one is a
change in the speed error (speed error derivative). The output of the FLC, i.e. the parameters of the
PID controller, are used to control the speed of the separately excited DC Motor. This study shows
that the precisiom feature of the PID controllers and the flexibllity feature of the fuzzy controller are
presented in the fuzzy self-tuning PID controller. The fuzzy self — tuning approach implemented on
the conventional PID structure improved the dynamic and static response of the system. The salient
features of both conventional and fuzzy self-tuning controller outputs are explored by simulation
using MATLAB. The simulation results demonstrate that the proposed self-tuned PID controller
i.plementd a good dynamic behavior of the DC motor i.e. perfect speed tracking with a settling time,
minimum overshoot and minimum steady state errorws.

Keywords: Fuzzy Logic, Electric motors, DC machine, Differential gain, Power System, PID
controller, Optimization technique, and Self-tuning

INTRODUCTION

Electric motors play an important role in all areas of life, providing us with
the mechanical capacity we need in many industries. It is also an indispensable
part of our everyday life as most household appliances rely on electric motors. DC
motors have a number of advantages that are not available in other engine types:
they generate a high initial torque that makes them suitable in many applications
and provide a wide range of speed. Their control methods are easy and low cost if
compared with AC motors. In addition to these advantages, they are free from
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some disadvantages, as they require a constant source of power, as well as their
need for early adopters to determine the primary impulse current. Many applica-
tions need to set the motor speed at a certain speed level, as well as obtain good
response characteristics to speed and on this basis the need to build a control sys-
tem to do this work emerged [1-3]. Many of its control systems used the propor-
tional control — the differential — the differential (PID), the Fuzzy logic controller,
and the Neural Networks Controller. The PID Controller is one of the most widely
used in industrial applications. Some sources indicate that the control ratio of PID
is more than 95 % in industrial applications. It is characterized by great durability.
The dominant control combines the advantages of the dominant (PD) and control
(PI) techniques, improving the response of the case and reducing the error of the
fixation case to zero [4-6]. (K » Kis K 4) and a lack of sufficient flexibility to

adapt when the system is exposed to some external influences and its performance
is affected when it is used to control the speed of motors due to the nonlinear
characteristics of the motor, including the characteristics of saturation and friction.
Due to the difficulty of dealing with a system that possesses nonlinear characteris-
tics because it is not possible to create and deal with a mathematical model.
Mamdani (1974) applied the logic of control systems. The advantage of using log-
ic is its ability to control nonlinear systems that cannot be described as simple
mathematical equations or to be described as a difficult process [7]. A reasonable
technology was found to replace the traditional control technique (PID), which
often requires a mathematical, not linear and complex, model. Reasonable logic
has successful applications, especially in control systems, compared to the tradi-
tional control, which has great flexibility in design. The dominant control gives
the designer the ability to control nonlinear systems, and the common logic uses
the language knowledge (IF,..., THEN), which is based on human experience.
From this point of view, this control was used to synthesize (PID) to suit all oper-
ating system conditions [8—11].

1. PID-CONTROLLER

The dominant (PID) is one of the most traditional dominants used in industrial
control processes. The PID is also one of the basic control techniques as it provides
an easy and efficient solution to many real-time control problems. The PID control-
ler has three types of gain, which can be set to obtain an acceptable response in
output. These types are K,, K;, and K; (2) [12-15].

where: KP: Proportional gain. KI: Complementary gain. K, : Differential gain.
The differential integrative proportional control equation is:

d
UPID=K ,-e(t)+ K; -e(t) + Ky (%j (1)

The three gain values can be tuned by trial and error, or using some of the
available control rules such as the Zecler-Nikles method. Individual effects of the
three gain values on the closed loop system performance can be summarized in
Table 1 [16].
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Fig. 1. The mass plan of the differential integral proportional controller

Table 1

The effect of the gain values (K, K;, K;) on the system response

Increase . - . Overflow
the value Boarding Stability Evidence limit (over- Stability

Element Time (Tr) Time (Ts) [ status (ess) shoot)

Proportional Increases Less Increase Its effect
(Kp) slightly is negative

Integrative Slightly Increase Much less Increase .Its effep t
(K) less is negative
Differential Slightly Decrease Its effect Decrease Improves
less is small stability

2. FUZZY CONTROLLER

In 1974, the world introduced the Fuzzy Logic Controller (Fuzzy Logic Con-
troller), whose logic was based on logic, as these controllers demonstrated their
superior performance over traditional control systems because they do not rely on
the mathematical equations of the process, (Transfer Function) of the control sys-
tem, known or unknown, but depends on the human experience of the rules in the
form of (If,..., Then). The set of rules that describe the performance of the system
is called the rule base of the controlled ruler [17, 18].

FUZZY CONTROLLER STRUCTURE

The controlled rule consists of four basic parts as shown in Figure (2) [19, 20]:

1. Fuzzifier. The process of marginal input values is converted to values based
on the input functions of each entry.

2. Fuzzy Inference Engine. This section analyzes the polarized laws and finds
the set of output output based on the values of the pointed inputs.

3. Knowledge Base. This section includes the rule of law and the database.
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4. Defuzzifier. The unit of conversion of the output of the bounded inference
device to a limit value by performing one of the methods of de-fouling.

Knowledge Base

DataBase Rule Base

4@—. rierence Fname Defuz=ner

Marginal Marginal
entries outputs

Fig. 2. Fuzzy dominant parts and structure

3. SELF-TUNING OF THE FUZZY SELF TUNING
PID CONTROLLER

This control creates a relationship between the dominant control inputs and
the gain coefficients of the PID based on the logic theory of the reasonableness in
order to provide the best performance of the system response [21]. In this research,
the proposed controlled control consists of two inputs, the error signal (e), the
speed of reference and the speed of the motor) and the signal of change in the error

(de), and consists of three outputs (K, Kj;, and K ;). Though the error signal

and error change of the controlled control work on the tuning of the PID (which is
the initial values), K, K;, and K;) are calculated by the Zikler-Niklas Table.

Figure (3) illustrates this relationship the N dominant triple (PID Controller) and
the controlling Almillb (Fuzzy Controller) [22].
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Fig. 3. Controlled and finite control of triple control coefficients
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Now the equation of the triple controller (PID) after the hybridization process
with the fuzzy logic controller (Fuzzy logic controller) takes the form:

d
UPID =K 5 -e(t) + Kjp -e(t) + K g3 ( Z(tt)j , (2)

where (K 5, K, K42) are the new gain coefficients after the link between PID

and fuzzy controller:
Kyp=Kp-K,,  Kp=Kjy-K;,  Kgpp=Kg-Ky.

where K, K;, Ky, K, K;1, Ky are outputs of the fuzzy control that synthesize
parameters (PID).

4. POWER SYSTEM

The power system consists of the DCMotor, the Buck Converter and the con-
trol system. The DC motor is of a separate type. The engine consists of a fixed part
and the other moving part. The moving part contains the product files where the
product voltage is changed by the changer circuit to obtain the required speed [23].
The Buck Converter is the modulator with which the Vo output voltage can be ob-
tained less than the input voltage Vs [24]. This type of transformer is simple to in-
stall and work and can change the output voltage from a few voltages close to zero
to the voltages in the changer [17, 25]. The control system consists of the PID and
the Fuzzy logic control, which generates pulses based on the speed of the tube.
These pulses are driven by the buck converter circuit to obtain the voltages that are
placed on the product circuit. Figure (4) shows the mass diagram of the circuit in
the Matlab program.
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Fig. 4. The mass diagram of the circuit in the Matlab program
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5. SIMULATION RESULTS

In this research, a differential integrative proportional control is designed
based on the Zicler-Nikles scale. The gain values, which are considered as the ini-
tial value, are calculated as the tuning process of the controlled controller to obtain
the best response to the speed of the engine which is K, =10.363, K; =471.07,

K, =0.057. The results of the comparison between the traditional triple control

where the values of the gain elements were found by the Zikler-Nichols table and
the self-tuning determinant of the gain elements of the triangular rule.
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Fig. 5. Motor speed response of the traditional triangular control
and the triangular control

Table 2

The motor speed response elements of the traditional triangular control
and triangular control

Speed reference Over Error steady Setting Rise time
250 rpm shoot, % state, % time (sec) (sec)
PID Controller 21.56 0 0.28 0.018
Fuzzy PID Con- 1.2 0 0.078 | 0.023
troller
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Fig. 6. Motor speed response of the traditional triangular control
and triangular control
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Table 3

Motor speed response elements of the traditional triangular control
and triangular control

Speed reference Over Error steady Setting Rise time
750 rpm shoot, % state, % time (sec) (sec)
PID Controller 0.83 0 0.12 0.045
Fuzzy PID
Controller 0 0 0.1 0.052

PID COMTROLLER
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Fig. 7. Motor speed response to the traditional triangular control (PID) where the reference
speed has been changed from 250 to 500

FUZZY self Tuning PID CONTROLLER
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Fig. 8. Speed response of the motor for the PID Fuzzy where the reference speed has been
changed from 250 to 500
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FUZZY self Tuning PID CONTROLLER
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Fig. 9. Motor speed response of the trigonometric control shows the fuzzy control
of the load
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Fig. 10. The amplitude of the motor speed response of the trigonometric control
with the fuzzy controlled control of a time load of 0.5sec

CONCLUSIONS

This research is designed to studiy the behavior of the control system of the
triple (PID) type of controlling to control the speed of the DC motor type of sepa-
rate excitation.Theses dominant features have many advantages, namely, it is solid,
easy to understand and simple but it also has some problems, e.g. gain coefficients
for obtaining good properties because each drive point has different coefficients
that perform well for that point only. In this research, the Zicler-Nichols method
was used to find the coefficients of the gain. The coefficients were found at a work
point of 1000 rpm. Above, it was noted that the more (250). We notice a response
to the speed of the motor to be compared to the response of the motor speed (750),
where we note a good response to the proximity of the point of finding parameters
to solve this problem. A Fuzzy PID is designed, where the logic is applied to the
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tuning of the gain coefficients so that it produces good performance of the motor
speed in all cases. This was proved by the results where the overshoot ratio was
reduced to 250, which is far from the point of finding gain transactions in the man-
ner of Z Layer of 21.56 % to 1.2 % through the Almillb logic the same operating
conditions as well as the time of stability had reduced timesettling of 0.28 sec to
0.078 sec. The triple controlled control with the traditional triangular control was
also tested with a change of the reference speed from 250 to 500 and a sudden load
on the motor where the results showed the superiority and durability of the triangu-
lar controlled modulator in the logic of the traditional triangular control.

REFERENCES

1. Alsayed Y.M., Maamoun A., Shaltout A. High performance control of PMSM drive system
implementation based on DSP real-time controller. Proceedings of the 2019 International Conference
on Innovative Trends in Computer Engineering (ITCE), Aswan, Egypt, Febraury 2019, pp. 225-230.

2. Steffi Mary S., Mohammed Shaffi J. A review paper on speed control of DC Motor & Virtual
Instrumentation. International Journal of Innovative Research in Computer and Communication
Engineering, 2018 vol. 6 (2), pp. 1654-1657. — DOI: 10.15680/1IJIRCCE.2018.0602091.

3. Zhang J., Wang N., Wang S. A developed method of tuning PID controllers with fuzzy rules
for integrating process. Proceedings of the 2004 American Control Conference, Boston, 2004, vol. 2,
pp. 1109-1114.

4. Ang K.H., Chong G., Li Y. PID control system analysis, design and technology. I[EEE
Transactionon Control System Technology, 2005, vol. 13, no. 4, pp. 559-576.

5. Li H.X., Tso S.K. Quantitative design and analysis of fuzzy proportional-integral-derivative
control — a step towards autotuning. International Journal of System Science, 2000, vol. 31, no. 5,
pp. 545-553.

6. Sooraksa P., Pattaradej T., Chen G. Design and implementation of fuzzy P2ID controller for

handlebar control of a bicycle robot. Integrated Computer-Aided Engineering,, 2002, vol. 9, no. 4,

pp. 319-331.

7. Tang W., Chen C., Lu R. de. A modified fuzzy PI controller for a flexible-joint robot arm
with uncertainties. Fuzzy Set and System, 2001, vol. 118, pp. 109-119.

8. Fan L., Meng Joo E. Design for auto-tuning PID controller based on genetic algorithms.
4th IEEE Conference on Industrial Electronics and Applications (ICIEA 2009), Xi’an, China, 2009,
pp. 1924-1928. DOI: 10.1109/ICIEA.2009.5138538.

9. Sabri S.S. Optimal fuzzy controller design for (Cuk) converter circuit using genetic
algorithm. M.Sc thesis. University of Mosul. Mosul, Iraq, 2008.

10. Kumar R., Girdhar V. High performance fuzzy adaptive control for D.C. motor.
International Journal of Engineering Research and Technology (IJERT), 2012, vol. 1, iss. 8,

11. Namazov M., Basturk O. DC motor position control using fuzzy proportional-derivative
controllers with different defuzzification methods. Turkish Journal of Fuzzy Systems, 2010, vol. 1,
no. 1, pp. 36-54.

12. Bansal U.K., Narvey R. Speed control of DC motor using fuzzy PID controller. Advance in
Electronic and Electric Engineering, 2010, vol. 3, no. 9, pp. 1209-1220.

13. Grimholt C., Skogestad S. Optimal PID Control of double integrating processes. I[FAC
PapersOnlLine, 2016, vol. 49 (7), pp. 127-132.

14. Suman S.K., Giri V.K. Investigation and implementation of genetic algorithm for speed
control of DC motor based on PID controller. Journal of Engineering and Applied Sciences, 2017,
vol. 100 (6), pp. 1428-1433.

15. Gubara W., Elnain M., Babiker S.F. Comparative study on the speed of DC motor using
PID and FLC. IEEE Conference of Basic Sciences and Engineering Studies (SGCAC). Khartoum,
Sudan, 2016, pp. 24-29.

16. Suman S.K., Giri V.K. Speed control of DC motor using optimization techniques based PID
controller. IEEE International Conference on Engineering and Technology (ICETECH), Coimbatore,
India, 2016, pp. 581-587.

17. Pimentel J.C.G., Gad E. An algebraic approach for the stability analysis of BLDC motor
controllers. arXiv:2007.01387. 2020, pp. 1-12.



152 AF. SHEET

18. Lotfy A., Kaveh M., Mosavi M.R., Rahmati A.R. An enhanced fuzzy controller based on
improved genetic algorithm for speed control of DC motors. Analog Integrated Circuits and Signal
Processing, 2020, vol. 105, pp. 141-155. DOI: 10.1007/s10470-020-01599-9.

19. Mohamed M.E.A., Yanling G., Osman B.A.r., Mohamed A.A. Design of speed control sys-
tem of DC motor based on PID tuning with fuzzy define weighting point. 2019 International Confer-
ence on Computer, Control, Electrical, and Electronics Engineering (ICCCEEE), Khartoum, Sudan,
2019, pp. 1-6. DOI: 10.1109/ICCCEEE46830.2019.9071374.

20. Gupta S.K., P. Varshney. Fractional Fuzzy PID controller for speed control of DC Motor.
2013 Third International Conference on Advances in Computing and Communications, Kochi,
Kerala, India, 2013, pp. 1-4. DOI: 10.1109/ICACC.2013.7.

21. Yanling G., Mohamed M.E.A. Study on the extent of the impact of data set type on the
performance of ANFIS for controlling the speed of DC motor. Journal of Engineering and
Technological Sciences, 2019, vol. 51, no. 1, pp. 83—102.

22. Mohamed M.E.A., Guo Y. Separately excited DC motor speed tracking control using
adaptive neuro-fuzzy inference system based on genetic algorithm particle swarm optimization and
fuzzy auto-tuning PID. IOP Conference Series: Earth and Environmental Science, 2019, vol. 300,
no. 4, p. 042114.

23. Zhao H., Wang Y., Guo C., Luo P., Zhao D. Research on self-adaptive fuzzy speed control
strategy of brushless DC motor for stronger robustness. 2019 Chinese Control And Decision
Conference (CCDC), Nanchang, China, 2019, pp. 2483-2488. DOI: 10.1109/CCDC.2019.8832713.

24. Tarannum T. Intelligent speed control of DC motor using ANFIS D controller. 2019 Ist
International Conference on Advances in Science, Engineering and Robotics Technology (ICASERT),
Dhaka, Bangladesh, 2019, pp. 1-5. DOI: 10.1109/ICASERT.2019.8934620.

25. Rauf P., Jamil M., Gilani S.0., Rind S.J. Comparison of nonlinear controllers for speed
control of DC motor. 2018 IEEE 9th Annual Information Technology, Electronics and Mobile Com-
munication Conference (IEMCON), Vancouver, BC, 2018, pp.389-394. DOI:10.1109/
IEMCON.2018.8614853.

For citation:

Sheet A.F. Optimization of DC motor speed control based on fuzzy logic-PID controller.
Sistemy analiza i obrabotki dannykh = Analysis and Data Processing Systems, 2021, no. 3 (83),
pp. 143-153. DOI: 10.17212/2782-2001-2021-3-143-153.

Amep Dapxan [llum, TOKTOP 3JICKTPOHHON TEXHHMKH, aCCUCTAaHCKH Tpodeccop kaden-
PBl HEDKCHEPHOTO MEIUIMHCKOTO mprudopoctpoeHuss CeBepHOro TEXHHYECKOTO YHUBEPCUTETA.
Wmeet 17 Hay4uHBIX CTaTel, NATCHTHYIO HayuHyto KHUTY. E-mail: dr.amerfarhan@ntu.edu.iq

Amer Farhan Sheet, Doctor of electronic engineering. Asistanc Professor Of Engineering
Medical Instrumentation Department Of Northern Technical University. He has 17 scientific
articles, patent scientific book. E-mail: dr.amerfarhan@ntu.edu.iq



Optimization of DC motor speed control based on fuzzy logic-PID controller 153

DOI: 10.17212/2782-2001-2021-3-143-153

OnruMu3anms ynpasJjeHUsl CKOPOCTBIO IBUIaTe sl IOCTOSIHHOI'O TOKA
V3 v*
Ha ocHoBe [IN/[-peryisitopa ¢ He4eTKOI JOrUKOM

A.@. IIUT

Upax, Mocyn, yn. An. Menaca, 18, Cegepnbiii mexuuueckuil yHugepcumem

dr.amerfarhan@ntu.edu.iq

AHHOTANUS

B s10i1 craree [T -perynsrop u koHTposuiep HedeTkor soruku (FLC) ucmonssyrores
JUIS yIPaBJICHUS CKOPOCTBIO JBUraTeiei MOCTOSHHOIO TOKA C HE3aBUCUMBIM BO30Y)KICHUEM.
IIponopuronanbHble, UHTErPaIbHbIE W Npou3BoAHbIE (K, K;, K;) KO3(Q(OHUUMEHTB! yCHIEHUS
[T ]]-perynsaTopa peryiupyrorcs B COOTBETCTBUU C NpaBuiaaMu HeueTkoil oruku. FLC paspa-
60TaH B COOTBETCTBUM C HEUETKUMU MPABUIAMH, IO3TOMY CHCTEMA SIBISIETCS NMPUHLUNUAIBHO
ycroitunBoil. PaccMoTpens! 6osee IByX NECATKOB HEYETKHX MPaBHII CAMOHACTPOMKH KaXOTO
napametrpa [TN]]-perynsatopa. FLC umeet 1Ba BXoja: MEepBbIH — 3TO OIHOKA CKOPOCTH JBHIa-
Tens (pasHULA MEKAY OMOPHOH U (PaKTHUECKON CKOPOCTHIO), a BTOPOU — H3MEHEHHUE TOTPeIl-
HOCTH CKOpOCTH (Ipou3BoiHAs rorpemHocty ckopocth). Beixox FLC, T. e. mapamerpst [TN]I-
perynaTopa, UCHONb3yeTCs ISl yIIPaBICHNUS! CKOPOCTHIO OTACIBHO BO30YKIECHHOTO JIBUTATEIs
MIOCTOSIHHOTO TOKa. DTO HCCIIE0BAaHME MOKA3bIBaeT, 4To TouHas ¢ynkuus I1H/[-perynsropos
1 THOKOCTh HEYETKOI'O PETYJITOpa MpeACTaBICHbI B HEUETKOM caMoHacTpauBatomemes [TN/I-
perymstope. IToxxo HEUETKOM caMOHACTPONKH, peaTn30BaHHEINA HA TPAAUIIMOHHOH CTPYKType
[N /I-perynsTopa, yaydinia AMHAMAYECKUN U CTaTHYECKUN OTKINK cHcTeMbl. CyIecTBEeHHbIE
0COOCHHOCTH KaK OOBIYHBIX, TAK M HEYETKUX BBIXOJOB CAMOHACTPAUBAIOMIETOCS KOHTPOJLIEpa
HCCIIEYIOTCS IIyTeM MOJesupoBaHus ¢ ucnoib3zoBaHueM MATLAB. PesynpraTsl Mogenupo-
BaHUs MOKa3bIBAIOT, YTO IpeaaraeMblii camoHactpauBatomuiicst [IMJ[-perynstop peanusyer
Xopollee AMHAMHYECKOE MTOBEICHUE JABUTATEIIsI IOCTOSIHHOTO TOKA, TO €CTh HACAIbHOE OTCIIe-
KHMBAHUE CKOPOCTH C BPEMEHEM YCTAaHOBIIEHHs, MHHHUMAJbHBIM NEPEPETYIUPOBAHUEM U MHU-
HUMAIILHOH OIIMOKOH B yCTAaHOBUBIIIEMCS COCTOSTHHU.

KnrodeBble cjioBa: HeueTKas JIOTHKA, 3JE€KTPOJBUTaTENM, MAIINHA TTOCTOSHHOTO TOKa,
muddepennuansHoe ycunenune, cuctema nutanus, [TU/I-peryastop, METOA ONTHMH3ALHUNA U
caMOHacTpoiika
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