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Abstract:

There are many temperature control systems for either heating or cooling, the most famous of which is the ON-
OFF control system. Most of these systems draw a high current when starting, which leads to a large consumption
of energy, this affects the overall efficiency of the system, and the response of the system is not completely as
required, as an overshoot occurs in response due to continuous operation and stopping. Some systems are not
greatly affected by the overshoot rate that occurs in the response of the system, and some systems, if the
temperature control is not very accurate, will lead to the failure of the entire system and will entail major problems.
An example of this is the incubator, which is a machine that adjusts the appropriate temperature and humidity
that the eggs need to hatch. Any change in temperature causes problems and defects and reduces the hatching
rate a lot, so this process requires constant monitoring of the temperatures in the incubator. In this project, the
focus was on solving two problems: the problem of energy consumption in heating devices and the problem of
override in the system response. By designing the feedback control system to maintain the system temperature
within a particular range based on a feedback signal from the temperature sensor, as a result, the power
consumption will be reduced, the overshoot will be eliminated, and the system response will be obtained.
LabVIEW program was used to draw the system response. The parameters of the controller were modified using
trial and error method to obtain good system characteristics. System results show that the controller was able to
adjust the temperature without an overshoot.

Keywords: LabVIEW, PID Controller, Temperature Control, Power Electronics, Arduino

Cite thisarticle as: H. A. Ali, M. N. Salem, R. M. Abdullah and S. B. Abdullah, “Real Time Temperature Control
Using LabVIEW Based on PID Algorithm and Power Electronics,” African Journal of Advanced Pure and
Applied Sciences (AJAPAS), vol. 2, no. 4, pp. 340351, October-December 2023.

. , . Copyright: © 2023 by the authors. Licensee
Publisher’s No_te: The African Academy _of @ ® AfrF:Zar? Journal ofyAdvanced Pure and
Advanced_ S_tud_|e§ — AAAS stays ngutral with Applied Sciences (AJAPAS), Libya. This
re%a_rd ';(_)t]ij_rlsd|Ict|f$_r:§It<_:Ialms in published maps article is an open-access article distributed under the terms
and nstitutiona aftitiations. and conditions of the Creative Commons Attribution (CC
BY) license (https://creativecommons.org/licenses/by/4.0/).

LabVIEW g« PID aSaial) aladialy ) sl 4:8) a9 aSaill alsl 34T § azacal

441“3.11: ‘)..)ﬁuaz\m 6341!\.3.\9 dana CLIJ czen.u dana \)}.ﬁ c*l&c L;.C e—‘,—.‘“
L el 5 SISV A0 20 ¢ V) oSt s 4321

340 | African Journal of Advanced Pure and Applied Sciences (AJAPAS)


https://aaasjournals.com/index.php/ajapas/index
mailto:haamaliali@gmail.com

oadlal)

Gy s Jaadill 8 aSail) Al a el (e eyl ol uaeall L) 551 ad) s 5o (8 aSal) ddail (el aa sy
Plaall 3oliS e iy 13 5 A8l & S Dlgind ) (525 Lae Jaril ey aie Llle Tl Aakai'¥) o2a alans s
Sl 5 Jeill o EaY) 8 overshoot sy Cua Lelad sllaall JREIL ¢ 6<3 Y aUaill dgladiul 5 2401
A (e AV ) g Uil Aladid 8 Caasy 31 Overshoot O sy S ISy 6 Y Audail) (oasy | il
JSUie b e i iy JolSIL alaill (28 1) QIS (oo 50 Tan 3 US55 ) all A j0 8 oSl Lgd oS5 o1 13
S Gl Lealing Al dliall 45k )l 5 )l ol da o lasia e Jand A oy ranall dlid @l e JUe 3508
380 e Alenll oda Callaii A T8 i) s iaddys e s JSLie can 3)all Claya 8 s sl i
A8Ual) gl Ui JSLEA (e G D o 3l 25 ep 5 phall 138 5 s JS50 AulEll 5l all s
sle Baliall daa N Aael) 3 sl GUsS asenad 305k oo pUadll Alaiud 4 overshoot J) Al 5 3 jea)
i s Gl Ay 35l jall Aa 3 Gl (e Aral ) 25 5,L) e 13l (pme (B e allail) 5] ja A 2
D) sy aladiad & WUaill 4 slladl) i) e J geasll 5 overshoot J (e paliil) s g 28Ual) lginl
sus allad o Jganll @l g Uadll g 4 jail) 48y aladinly aSaiall <l jial Jl Jpaad o oUail Alaicd as )
s el dadl) e lali gl 3305 (s 3ulal) s s lava e a8 S Uil o jedai duleal il oUsill
.(overshoot)

Boall L aSaill g0 ) (PID Controller <l i<l ¢ gy sdsalidal) cilalst)

Introduction

Heating systems are widely used in the processes of industries for efficient processes and good quality products.
The controls automatically turn the heating on and off based on settings input by the user, to ensure maximum
comfort. Modern electrical appliances such as air conditions, water pumps, fans, heaters, etc. These systems draw
a high current when starting, which leads to a large consumption of energy. This will affect the efficiency of the
system and the life span of the device. Developing control systems in heaters' applications have been drawn huge
attention, there are many studies focusing on this topic. ON-OFF Control system, on-off control is the simplest
form of feedback control. An on-off controller simply drives the manipulated variable from fully closed to fully
open depending on the position of the controlled variable relative to the setpoint. A common example of on-off
control is the temperature control in a domestic heating system. When the temperature is below the thermostat
setpoint, the heating system is switched on and when the temperature is above the setpoint the heating switches
off. There is, however, a bit of subtlety applied in practical on-off systems. If the heating switches on and off the
instant, the measured temperature crossed the setpoint, an overshoot will occur in the system response. Figure 1
shows the response of the on-off control system.

OFF oM OFF | ON | OFF | O

Termperature
-~

e A B e o R B e

P

*
Time

Figure 1: Common response of the ON-OFF Control system.

Nowadays, energy consumption is one of the most difficult challenges facing the world. One of the solutions to
this problem is the intelligent control of energy consumption in electrical appliances. In the existing literature,
there are many research papers for different systems and ways working on control the temperature and reduce the
energy consumption. We studied several papers and here few of important contributions are presented.

One of the papers that has been published discusses the design of an Arduino Uno-based microcontroller system
for automatic temperature management. The hardware used to interact with the computer was the temperature
sensor LM35 and Arduino Uno, and the temperature in the room is controlled. Temperature is shown on an LCD
display using the hardware Al pin and an analog pin that uses pulse width modulation (PWM). [1]. Muhammad
[2] developed a PID control strategy for monitoring and managing the temperature of a heating element, which is
sensed by a thermocouple as the measuring device, using an Arduino microcontroller and Virtual Instrumentation
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(V1) software called LabVIEW. The experimental results demonstrate that a PID controller can monitor and
regulate heater temperature in order to maintain a specified reference temperature. The temperature control
procedure for a hair drier was modeled in [3]. This design contains the Arduino board as the primary control
device, and the Arduino interfaced thermocouple with MAX6675 will be used to measure temperature. A heater
is used to warm the air that is being blown out of the dryer's primary air inlet, fan, and exhaust. The thermocouple
uses a zero crossing detector to determine the output voltage based on the temperature of the reflected air. This
device electrically triggers the TRIAC angle to turn on and off the heater, thereby managing the amount of heat
power. The experimental analysis continually controls the hair dryer temperature, and as a result, the fan speed is
controlled by regulating the TRIAC angle. The experimental results showed that the hair dryer system temperature
is effectively controlled. By combining sensors, PID controllers, LCD displays, DC motors, and fan control
systems, Okpagu et al. proposed creating a temperature control system for egg incubators. Due to the necessity of
monitoring the embryo and its progress, this type of incubator system is crucial, and temperature control and
monitoring were therefore crucial components of it [4]. The concept and design of temperature distribution control
for infant incubator use was suggested by Wayan et al. To ensure a baby's healthy development in this system, it
is crucial to maintain a specific temperature within the room. In the examination of the experiment employing the
microcontroller-based system for temperature measurement and control, humidity was also taken into
consideration. This application for baby care and health turned out to be really significant [5].

We conclude from the previous literature that all research was intended to control the temperature in different
ways. Therefore, in this paper, a feedback control system is developed to maintain the heaters' temperature within
a particular range based on a feedback signal from a temperature sensor. As a result, power consumptions will be
reduced, the overshoot will be eliminated and the required system response will be obtained. The temperature will
be controlled using the Arduino board with power electronics (Triac, Diac, etc.) away from the use of classic
technologies (Relay, Contactors, etc.) to get a better performance of temperature control systems in terms of the
required heat accuracy and reduce energy consumption. The PID algorithm is implemented on the Arduino board,
and the Arduino is linked with the LabVIEW program to display the practical results to monitor the results in real
time.

This work is arranged as follows: Section 2, which is devoted to the block diagram of the system with a brief
explanation about the system components. Section 3, covers results and discussion of this work and section 4 of
this paper presents the conclusion of the performed work.

System block diagram

Figure 2 shows the complete system diagram of the temperature control system and its controller board with two
inputs (temperature sensor and zero crossing detector) and with two outputs (heating and cooling circuits). The
PID algorithm is installed in the Arduino board and used as the main brain of the whole system; it receives data
from the input devices and then updates the output devices via Arduino board. The goal of the system is to be able
to receive the required temperature from the user through the LabVIEW program, then work to adjust it using
heating and cooling circuits without an overshoot in the output while reducing the power consumed by the cooling
and heating circuits. Figure 3 shows the prototype of the real time temperature control using LabVIEW Based on
the PID algorithm and power electronics.
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Figure 2: Block diagram of the real time temperature control system
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Figure 3: The prototype of the real time temperature control

1) System Hardware
The physical parts of a system are referred to as the hardware. Any component of the system that we can touch is
referred to as system hardware. These are the main mechanical, electrical, and electronic components that make

up the system. Hardware in this system includes, for instance, the Arduino board, Temperature sensor, MOSFET
driver, etc.

e Temperature Sensor
DS18B20 is a Temperature Sensor 1-Wire interface developed by Dallas Semiconductor Corp. The sensor
normally comes with two type factors. One that comes with box TO-92 looks much like a regular transistor.
Another one in a rugged probe type that can be more effective when testing anything far away, underwater or
below level. The temperature sensor DS18B20 is reasonably reliable and does not require additional components

to run. With a precision of £0.5 ° C, it can calculate temperatures from -55 ° C to +125 ° C. Figure 4 is shows the
shape of DS18B20 Temperature Sensor [6].
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Figure 4: The DS18B20 temperature sensor

e Zero Crossing Detector
The instantaneous point in an alternating current signal where no voltage is present is known as the zero crossing.
This often happens twice every cycle in a sine wave or other simple waveform. It is an instrument for determining
the point at which the voltage in either direction crosses zero. Systems that transmit digital data over AC circuits,
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such modems, home automation control systems, and Digital Command Control systems used in Lionel and other
AC model trains, depend on the zero-crossing. Another technique in speech processing to determine the basic
frequency of speech is counting zero-crossings. With regard to providing the necessary supply to the other circuits,
the base circuit will be displayed as it is in (Figure 5). It is necessary and desirable for the other circuit components
to have a voltage standard of 9 V, which is achieved by the transformer. Furthermore, prior to the output half
wave from the x-axis bridge entering the Arduino, the opto-coupler that produces the correct pulse at the zero
crossing with it is exhibited in (Figure 6).
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Figure 6: The Output of Zero Crossing Detector Circuit

e Phase Control Driver
AC phase angle control is a method through which we can control or chop an AC sine wave. The circuit shown
in Figure 7 was used, relying on the Triac and the Diac to control the voltage sent to the heater. The firing angle
of the switching device is varied following a zero-crossing detection, resulting in an average voltage output that
change proportionally with the modified sine wave; the figure 8 describes phase control method.
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Figure 7: The Firing Circuit of TRIAC Element
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Figure 8: The Principle Working of Phase Shift Control

From figure 8, we start with our AC input signal, as you can see. The zero-crossing signal is the next in line; it
causes an interrupt every 10 milliseconds. Next is the gate trigger signal. After receiving a triggering signal, we
wait before delivering the trigger pulse for a set period. The longer we wait, the lower the average voltage can be,
and vice versa. In the final experiment, the PID algorithm will be responsible for the time of triggering the Triac
based on the changes that occur in the reading of the temperature sensor.

e MOSFET Transistor

A MOSFET transistor is one of the classifications of FET field transistors, which is an acronym for (Field Effect
Transistor). The MOSFET transistor consists of three external terminals: the drain terminal, the gate terminal, and
the source terminal. Where a metal electrode and another layer called a metal oxide insulator, is placed between
the terminal of the gate and what is inside the transistor, to control the states of the transistor indirectly using a
technique similar to the field effect. The PID algorithm sends the appropriate signal to the gate of mosfet, so that
the mosfet opens a suitable path for the electrical current to the fan to decrease the temperature of the room. The
circuit diagram of Mosfet with Arduino board is shown in Figure 9.
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Figure 9: The Circuit Wiring of MOSFET with Arduino

e Arduino Board
Arduino is open-source electronics prototyping platform based on flexible, easy-to-use hardware and software. It
is intended for artists, designers, hobbyists, and anyone interested in creating interactive objects or environments.
Arduino can sense the environment by receiving input from a variety of sensors and can affect its surroundings
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by controlling lights, motors, and other actuators. The microcontroller on the board is programmed using the
Arduino programming language (based on Wiring) and the Arduino development environment (based on
Processing). Arduino projects can be stand-alone or they can communicate with software running on a computer
[8]. The Arduino Uno is a microcontroller board based on the ATmega328 as shown in figure 10. It has 14 digital
input/output pins (of which six can be used as PWM outputs), six analog inputs, one UART (hardware serial port),
a 16 MHz crystal oscillator, a USB connection, a power jack, an ICSP header, and a reset button. It contains
everything needed to support the microcontroller; simply connect it to a computer with a USB cable or power it
with an AC-to-DC adapter or battery to get started [7].

RXwm ARDUINO

MADE IN ITALY

Figure 10: The Arduino UNO Board

2) System Software
The software is a set of guidelines, processes, and documentation that manages various tasks on a system. The
PID algorithm in the Arduino IDE and GUI in LabVIEW program were the two pieces of software employed in
this system.

e PID Algorithm
Proportional-integral-derivative (PID) control is the most common control algorithm used in industry and has
been universally accepted in industrial control. The popularity of PID controllers can be attributed partly to their
robust performance in a wide range of operating conditions and partly to their functional simplicity, which allows
engineers to operate them in a simple, straightforward manner [8]. The block diagram of PID controller is shown
in figure 11.
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Figure 11: The Block Diagram of PID Controller.
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As the name suggests, the PID algorithm consists of three basic coefficients; proportional, integral and derivative
which are varied to get optimal response, the trial-and-error method was used to get optimal response.

e Graphic User Interface LabVIEW
The temperature control system needs an interface between the model and the user or operator, LabVIEW is a
better solution, it is a virtual instrumentation software that allow the user to deal or monitor the process without
the direct constant with the system. Figure 12 shows the GUI layout window for the system, this window provided
with an empty field to enter the desired temperature value, the below field is to show the actual temperature value
measured of the heater and the last field is to show the error value. This chart contains a heater temperature-

monitoring graph. The chart contains two curves, red curve for actual value of the system response and the blue
curve for the desired value.
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Figure 12: The LabVIEW GUI of the System

Results and discussion

In this section, the flow chart of this system will be shown through which the idea of the system works will be
shown, followed by the consequences of several tests that have been applied to the system. The flow chart of this
system is shown in figure 13.
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Figure 13: The Flow Chart of the system

From the figure 13, we notice that the system initially reads the actual temperature from the sensor and the required
temperature through the LabVIEW program. After that, the system compares the real value and the required value
to be able to make the final decision whether the system needs a cooling process or a heating process. During each
cooling or heating process, the controller’s parameters are loaded in the PID algorithm to obtain the best possible
performance. The controller parameters were tuned in the case of cooling and heating using trial and error method.

In the first test, the required value was 50°C and the system was under the influence of room temperature 27°C,
in this case the system will works on heating until it reaches the temperature. The figure 14 shows Response of
Heating DV = 50°C.
System Response
EU T T T T I I ]
: : : : Actual Value
Desired Value

] N e e .

Temperature (C)

Time (s)

Figure 14: The System Response with Setpoint = 50 °C

We notice from the previous figure that the controller was able to drive the heater to track the temperature value
required by the user. We also notice that there is no an overshoot in the temperature and this is one of the goals
required from the beginning of the system design.

In the second test, the desired value was 25°C and the system temperature was 60°C, in this case the system will
work on cooling until it reaches the desired temperature. The figure 15 shows Response of Cooling DV = 25°C.
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Figure 15: The System Response with Setpoint = 25 °C

We notice from the previous figure that the system detected a change in temperature after it was 60, it changed to
25, meaning that the process required to reach the required temperature is cooling, so the cooler was operated
until it reached the required value without an undershoot in the temperature response.

In the third test, the system was under the influence of a room temperature of 27°C and the desired value was
variable in this case the system will work on heating and cooling together, as shown in the following figure 16.
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Figure 16: The System Response with Setpoint = Changed

Through the previous figure, the difficulty of the test was increased to ensure the efficiency of the controller in
obtaining constantly changing temperatures over time, as we notice from the response that the system is successful
in tracking the changing values required by the user, whether in cooling or heating operations, without an
overshoot or undershoot in the output response.

In the fourth test, the system was stable at 25°C and we affected it by disturbing external heating for a certain time

and then turned it off, in which case the system was able to adjust itself and return to the desired value. The figure
17 shows system response with external heating disturbance.
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Figure 17: The System Response with External Heating Disturbance

The output response for the fourth test shown in the previous figure. Additional heat was applied into the room to
test the system to detect and overcome any disturbance. As shown in the figure, the system was able to detect
disturbance and overcome it without undershoot.

In the last test, the system was stable at a temperature of 50°C and we affected it by disturbing the external cooling
for a certain time and then turned it off, in this case, also the system was able to adjust itself and return to the
desired value. The figure 18 shows system response with cooling disturbance.
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Figure 18: The System Response with External Cooling Disturbance

Conclusion

we conclude that the response of the system was good As it performed the required function of this project, we
were able to control the starting current passing through the circuit and reduce the over-shot of the system's
response in the case of heating and cooling, when the required temperatures were changed by the user "heating
and cooling" at the same time, the system was able to track changes and give the required response at each value
and when an external influence was added for a certain period of time, it had an effect on the system in the “cooling
and heating” states, and the system was able to recover its normal state.
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