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Filzzy Logic Design for Temperature control Applied with Oven.
Tanaporn Payommai
Department of electronies communication and Computer, Faculty of Industrial Technology,
Valaya Alongkorn Rajabhat University under the Royal Patronage, Thailand,
1 Moo 20 Phaholycthin Road , Khlong Nuang , Klong Luang , Phathum Thani 13180,

E-mail address; tanapormm@yvru.ng.th

Abét't‘a.c'i .

Fuzzy Logic design for controlling temperature applied with the small oven. The aims
to design controls with fuzzy Logic that can control well. The microcontroller
STM32F4171GT6 and MATLAB / Simulink are used for designing, The display \_yill show by
pu[ling data from the microcantroller board (STM32F4171GT6), To display show»by using the
LCD on the control process with oven measures 42,000 cm® which x;s used halogen lamps with
1000 watts of 2 tuhes is to heat the oven. And to measure the temperature inside the oven is

tuzned ony lemperature resistance means that it is a thermometer RTD pt100.

Motivation

An electric is mostly heating coil (Heater) which will be designed and carvied out most
applications because it is the heat and durability. Coil is compared by using Halogen lamp for
control system. Halogen lampé can be controlled more easily. The lamp has accumulated
temperature device itself is loss than when no heating ¢oil current flows,

The proposed of the temperature coutrol is to heat the system up to bounded temperaturs.
Subsequently, hold it at that temperature in insured manner, This paper focus on fuzzy logic
Coauﬁl'o-] ler with first order by using STM32F4171GT6 which is fuzzy loglc microcontrolier

that iS patt of closed-loop corirol systenis or feedback control systems.,
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Fig. 1. Block diagram for fuzzy logic Conirol

Fig. 1 shows a diagram of the control system for small oven process fuzzy logic by using
STM32F417IGT6 controller that will get the target value of the user. Then, it will checl the
tempcf,ratum levels in the oven size 42,000 cubic centimeter with the reception of the signal

from the temperature sensor, The temperature will have a value of resistance changes with
tempsrature. The resistance value is estimated 0.38 ohm per degree Celsius, Scope defined 50
to 100 degrees Celsius. Gain the resistance from the tmnpe_raturémeasurement is 119.40 ohm
ta 138.50 ohm. Then, it needs to convert the resistance into electrical signals with the RTDs
signal converter is the voltage 1-2 v. Due to the STM32F4171GT6 can receive the signal from
the 0~5.3 v. 1o fit the microcontroller and the results were compared between the target values
and measured values from the sensor to genetate control signals for the temperature conirol
systmﬁ. Then the control signal to drive light bulbs and set fire to drive the lamp will enter the

halogen bulb size 1,000 watts that use 2 tubes. It will ereate and control the temperature levels

to the target in the oven.



Experimeutal Resulis and Discussions

In the experimental, the open loop response program is used for showing data signal from
microcontroller which is receiving signal from sensor and get the 10 percentage of pulse~
width modulation (PWM) input. Then, microcontroller get value form sensor and transmit to
computer in order to show data and drive halogen lamps for open loop response process
control is shown in Fig. 2.

The Open Loopy Response
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Fig. 2 open loop response

Table 1 Open loop response resut

No. Time of random Time {Second) Tcmpcra}u-re (Celsiug)

1 | 30086 2.51 27.16

2 60173 5..01 37.43

3 00259 7.52 49,52

4 120345 10.03 59.36

5 150431 12.54 66.33

] 180317 15.04 71.30

-7 210603 17.55 75.20

L 8 240689 20.006 77.60




From the result, we can sec that the temperature is high at 87.168 Celsius within 3008.6

second. After resufting, we design fuzzy logic conirol for three memberships. Tt divides to 3
parts which are consist of evror, ervor rate and duty with 3 set point at 55, 75 and 93 Celsius,

The experimental result is shown in table. 2. From the table, the parameter have 6 factors when

isrise lime,  is peak time, __is steady state time, ___ is over shoot, Equilibrium and __

is steacly state error.

) 270775 22,56 79,58
10 300861 25.07 81.13
11 330947 27.58 82,31
12 361033 30.09 83.18
13 391119 32,59 84.88
14 421205 35,10 85,60
15 451291 37.61 86.23
16 481377 40.11 86.68
17 511463 42.62 86.83
18 541549 45.13 87.28
19 571635 47.64 87.60
20 601721 50.14 87.17

Table 2. Compared result of fuzzy logic control with 3 memberships

Set point G| _ & &= Equilibrium L
53 Celsius 93.06 185 ~ | 34.00 Celstus | 1.8%
75 Celsius 139.88 245 - | 74,11 Celsius | 1.18%
95 Celsius 186.29 2998 | - | 93.60 Celsius | 1.47%




Conclusions

- The paper proposed fuzzy logic design for controller with first order which use the
STM32F4171GT6 microcontroller as a control in the simulation process for size 42,000 cubic
om. with time delay. A drive circuit can supply power to the halogen lamp load, maximum 2,
000 watts and cuts power to the load, minimum 5 watts. A water level temperature can be
ad;justed signal level suited to a microcontroller. In finding the process model is used to analyze
the value of Graph program MATLAB of Pade "to get close to the actual control process moadel
to be used in the design of the controller, In the design of fuzzy controller is used to program
MATLAR to analyze the response of the process before the test with the process. Fuzzy
controller design for the process of small oven which is suitable for fuzzy controller 3

memberships. Because of the temperature control all the target value,
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