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A Temperature Control of Electric Kettle by Spider Monkey Optimization Based on PID Controller
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Abstract

This paper proposes an optimal PID controller design for
temperature control of electric kettle by spider monkey optimization
(SMO). The SMO is one of the powerful meta-heuristic optimization
search methods. The sum squared errors between reference temperature
and actual temperature of electric kettle is performed to minimize the
objective function, and the experiment was carried out by testing the
temperature control of electric kettles at 3 different temperature levels:
60, 80 and 100 degree Celsius. From the simulation results, it was
found that the SMO was able to optimize the parameters of the PID
controller with very effective responses. In addition, the simulation
results are confirmed by the real experiment of the temperature control

of electric kettle developed in the laboratory.

Keywords: Spider Monkey Optimization, Meta-heuristic Optimization,

PID Controller, Electric Kettle
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(Pseudo Codes) Hanaiuapu3ItYee SMO lanagii 1

Initialized:
- Set the initial values of the population size y, Local Leader Limit (LLL),
Global Leader Limit (GLL), perturbation rate ( pr)
for (i=1:i<N) do
- Generate an initial population SM, randomly
- Evaluate the fitness function of each spider monkey (solution) SM, -
end for
- Assign the global leader and the local leader by applying greedy selection.
repeat
for (i=1:i< N) do
- Generate the new position for each spider monkey $p7, by using self experience,
local leader experience and global leader experience as shown in eq. (9).
- Evaluate the fitness function of the new spider monkeys positions.
- Apply greedy selection and select the best solution.
- Calculate the probability prob, for cach Sp7, as shown in eq. (11)
- By using prop, self experience, global leader experience and group member
experience as shown in eq. (10)
- If local group leader position is not updated for a specific number of iterations
(LLL),then redirect all members for food searching as shown in eq. (12).
- If global leader position is not updated for a specific number of iterations
(GLL),then she divides the group into sub-groups by following steps
end for
until Termination criteria (TC) satisfied.
Produce the best solution SM,-

; z
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Parameters
Temperature (°C) X, X, X, Ob;j. (J)
60 3.5279 0.0325 0.0014 0.9832
80 3.3888 0.0201 0.0012 0.9849
100 3.2738 0.0148 0.0010 0.9749

5. wamsAnywazmsenliena

5.1 wamIdaedszuuAIuAN

a a

faesszuumunugungivesmdini llihilgangd 3 svey
Frwldsunsuumandy Tasii 1, o $2978191 (Rise Time) M, fo
ANfUAN YA (Maximum Overshoot) 7 70 Fraandii (Settling
Time) ¢ 70 A1AWAANA1A TUAD ML DA (Steady-state Error)
uaz ¢, iv NT5UNIMU (Disturbance) dhunluszuumunuiigangi
-30 espuAEEE a1 900 Juri daiu mameuAUB VeI 1A0g

STUUMUANIAAIAIGUT 3 uazansei 3

Temperature (degree Celsius)

O T T 11— Response without Controller
== Response with PID Controller

200 400 600 800 1000 1200 1400 1600 1
Time (sec.)

) 60 o IBAITO

Temperature (degree Celsius)
~
\

7 e e o po Controller
- Response with PID Controllor

200 400 0 800 1000 1200 1400 1600 1
Time (sec.)

) 80 o uBAITO

Temperature (degroe Celsius)
.

J 7 S B s e B e Controller
- Responss with PID Cortrolr

200 400 600 800 1000 1200 1400 1600 1800
Time (sec.)

) 100 DIFUTAITO

317 3 HANBUANBIVBINIT1BITZUUAIUAN



Thailand Electrical Engineering Journal, Vol., 4 No. 1, January — April 2024

Temperature (* C)
8
N,

Step Input

Step Response

(min)

Step Disturbance Response

Temperature (°C
5 8

Step Input
Step Response

I Step Command Response

Step

Disturbance Respon

o
V) 80 DIFNLHALLY

120 =
200
=
o B0
E
% o Step Input
g 40 Step Response
2 —

20 | = |

o  Step Command Response 7 Timd (min) Step Disturbance Response I

1) 100 oA usAITOA

Eﬂﬁ S HARBUAUBDIVDITEVUAIUAY

A1319% 3 amsﬂuzﬂummsﬁmms:uummgu

Simulation Responses
R e MR t(5ec) | en%) | ta(sec)
60 90.1622 | 19.28 | 355.2030 | 0.00 | 253.8965
80 147.6685 | 10.52 | 538.8285 | 0.00 | 366.6594
100 209.8653 | 2.97 | 613.0448 | 0.00 | 422.3595
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System Responses
Temperature (°C)
f,(sec.) | M, (%)| f(sec.) | e (%) | t,(sec.)
60 90.60 26.66 | 618.00 0.00 448.80
80 147.00 | 25.00 | 496.20 0.00 201.60
100 214.20 5.00 372.60 0.00 145.20
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