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Abstract. A refrigeration system to maintain a desired compartment temperature usually uses a thermostat 
as an on-off controller. In fact, the thermostat has some disadvantages. The main problem of  system which 
is related to  the thermostat is the biggest energy consumption  in household appliances. In this paper, to solve 
the problem was designed a new PID controller based on an Arduino Uno R3  with application to a household 
refrigerator. In this case, the Arduino Uno was uploaded with PID controller algorithm. Then, in  
implementation to determine controller parameter values was defined   new criteria. After that, to obtain the 
best refrigeration system performance was also proposed new performance criteria based on experimental 
data. The experimental results showed that the proposed control system was able to maintain the  desired 
temperature with steady-state error of  about 0.044°C. In addition, in steady state the control system for the 
refrigerator was able to the  energy  saving of about 30% and it almost did not depend on  cooling load 
quantity. 

1 Inroduction  
A household refrigerator can maintain a desired 
compartment temperature since it employs a thermostat 
which serves as an on-off controller. In fact, the 
thermostat has some disadvantages. First,  the present of 
control differential, difference between cut-in or cut-out 
temperature and setpoint temperature, causes response 
error that is set consciously according to  the working 
principle of the on-off controller. Thus, the error is 
embedded in the thermostat. Second, if the differensial is 
set at a too small value, then the refrigerator will often turn 
on and off. Consequently, this action can breakdown the 
compressor[7,17]. Besides that, the action also requires  
high starting current equals to 4 to 10 times bigger than 
running current[21].Third , the energy consumption of 
refrigeration system is the biggest in household 
appliances[11,13,15]. 

To respond these disadvantages, the researchers 
developed a new on-off controller. However, this way 
could not reduce significantly both response error [20] 
and the energy consumption[12]. Then, PID (Proportional 
Integral Derivative) controller  concept was used to 
improve the on-off controller[1, 2, 16, 22]. Then, it was 
followed adaptive control concept[8,9,23]. However, in 
implementation they had constraints, both of them were  
determination of control parameters, and  control 
components that were needed to support a control 
system[5]. For example, to modify from the on-off control 
system to the PID one it needs to consider adding of safety 
components to avoid an overheat compressor. Since, the 

PID one  is always working without ever turning off  as in 
the on-off one. 

To reduce the problem and also to give a better 
optional controller, then in this paper was designed  a new 
PID control system based on Arduino Uno R3 with 
application to the refrigerator. In this case, Arduino Uno 
R3 was uploded with a new PID controller algorithm. 
Control parameters are proportional gain Kp, integral gain 
Ki, and derivative gain Kd that were determined using a 
method of trial and error so that the control system 
response satisfies the proposed   criteria. Moreover, it was 
investigated effect of various  cooling loads to the 
refrigeration system performance.  In  this case, it was 
found settling time (ts), steady-state error (Ess), and also 
consumption of electrical power and energy. Then,  the 
data was displayed on a LCD 20x4 and also on a Laptop  
in which was installed both softwares of Excel dan PLX-
DAQ. 

2 Design of control system 
The design of control system consists of two parts, namely 
design of hardware and program. The design of hardware 
includes determination of controller,  sensor, and actuator 
which will be selected. A controller is a device to maintain 
a quantity be the same as setpoint. It was  a mechanical-
electrical device or  a  electronic circuit, for instance a 
thermostat. However, currently the present of computer 
have supported control development. Thus, the working 
principle of old controller can be adopted into a computer 
program form so that the computer can be used as a 
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controller. This is known as control system based on 
computer. In this case, the design of program is of 
computer program for  PID controller. To do this, it is 
initialized by designing a flow chart of  the controller.  

After all design stages  were accomplished, then was 
continued determination of PID control parameters, 
namely Kp, Ki, and Kd. To determine the control 
parameters was used a method of trial and error . The 
proposed criteria are to find Kp, Ki, and Kd value by 
substituting various sets of values of the control 
parameters into  the algorithm of PID controller so that  
was obtained a set of value of  Kp, Ki, and Kd that results 
in Ess  be  within the limited range from 0 to 0.5. The 
method is the simplest, so it can be performed easily and 
quickly. However, the result is really effective and 
accurate.  

2.1 Design of hardware 

In this paper, the explaination focuses on designing of 
main components that is related to control system. 
Whereas, the other components are shown directly their 
connection paths to the Arduino which can be traced 
through  a wiring diagram of the entire hardware design.  

2.1.1 Selection of  microcontroller.  

To design a PID controller was selected a microcontroller 
which is called  the Arduino  shown in Fig.1. To this 
purpose, an algorithm of PID controller was uploaded into 
the Arduino.  

 

Fig. 1. Microcontroller board of Arduino UNO R3 

2.1.2 Selection of actuator 

As an actuator was selected Variable Speed Drive (VSD) 
Telemechanique Altivar 11  or also called Inverter that has 
capacity of 1 HP (1 to 3 Phase) 220V shown in Fig.2. It 
can vary  both its voltage output and frequency which will 
be  sent to a compressor motor. It means that the 
compressor  is operated  at any certain frequency so that 
motor rotation per minute is also at any certain value. 
Thus, the compressor can respond the changes of   
frequency that are equivalent with the changes of  cooling 
load value in the refrigerator compartment. If  cooling 
load value is smaller, then the energy consumption is also 
smaller, and verse.  

 

Fig. 2. Variable speed drive 

2.1.3 Connnection of temperature (sensor) 

To measure compartment temperature  was selected a 
sensor DS18B20. Connection of sensor DS18B20 with  
Arduino UNO R3 is shown in Fig. 3. 

 

Fig. 3. Connection of temperature sensor to Arduino 

2.1.4 Display 

Monitoring of data that includes temperature, Kp, Ki, Kd, 
electrical voltage and current was conducted through  two 
displays, namely LCD and monitor  of laptop. The usage 
of LCD display (20x4)  with I2C is to minimalize pin 
usage of the Arduino. And the connection of LCD display 
20x4 with I2C to the Arduino UNO R3 is shown in Fig.4. 
Whereas, a data display that uses a Laptop in which was 
installed a PLX-DAQ Software and Ms. Excel can be seen 
in Fig.5. 

 

Fig.4. Connection of LCD display to Arduino 

 

Fig. 5.  Display of Laptop Monitor 

2.1.5 Design of the entire hardware  

Finally, Fig. 6. shows how to all hardware components  
were integrated to become an unit  in a wiring diagram 
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2.1.5 Design of the entire hardware  

Finally, Fig. 6. shows how to all hardware components  
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form.In the diagram  all components are  displayed and 
shown  their connections  except Laptop which  its  
connection  has been provided a particular slot and a USB 
cable. The Arduino Uno as controller is connected 

directly to a  temperature sensor DS18B20,  Variable 
Speed Drive (Inverter) and LCD. However, to drive a 
compressor of the refrigerator, it does not have a 
connection directly and must be through an Inverter . 

 

Fig. 6. Wiring diagram of  the entire hardware design 

 
2.2 Design of program 

In this case, the program design does not only design a 
program of PID controller[3], but also it includes a data 
monitoring program. The controller design was conducted 
based on  the flow chart shown in Fig. 7.   This figure  
shows generally an algorithm  of PID controller  including  
input setpoint temperature (Ts) and read sensor output Tc. 
Then, calculate error,  if error < 20 is true, this is caused 
maximum error be 20 which is Tset= 80C subtract 
maximum compartent temperature Tc = 280C , then 
calculate output of controller.If output > 255 is true, then 
output = 255 and If output < 0 is true, then output = 0, this 

is to limit a VSD (Inverter) maximum input of 10 and 0, 
respectively. So that cooling process can keep a setpoint 
value. Note that the designed algorithm is different from 
the existing algorithms including the algorithm in 
reference 2. Since, the method which is used is different 
from the existing ones, for example to calculate the output 
of controller or control signal    was developed   a new 
formulae  in order to obtain more accurate results. 
Whereas, the reference 2 only provided results of 
simulation, not implementation or expremental and to do 
these was used the existing program, namely Mathlab and 
simulink 

 

 

Fig. 7.  Flow chart   of PID controller 
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3 Results and discussion  
The test of performance was conducted by using three  
types of cooling loads. In this case, it only includes 
determination of settling time, steady-state error   ( Ess) 
and energy consumption.The  proposed performance 
criteria  are a maximum steady-state  error of 0.5ºC  and a 
maximum settling time value of  2 hours. Besides, it was 
also investigated effect of cooling loads on the  electrical 
power and energy consumption. To this test was selected 
a setpoint temperature of 8oC so that the response reach 
chilling time quickly and does not take too long time. 

 

 

3.1 Determination of  Kp, Ki, and Kd  

Before  system performance could be determinated  , first 
it was need to find appropriate parameters of Kp, Ki, and 
Kd of PID controller.For this purpose  was used a method 
of trial and error. Kp, Ki, and Kd  were selected by trial so 
that be obtained the best time response and it satisfies a 
particular criteria. The proposed criteria of parameter 
determination are the smallest steady-state  error and the 
maximum error of 0.5ºC  as well as the smallest settling 
time (ts)  value that can be obtained by a response curve. 
Fig.8 shows temperature curves versus time for five 
parameter sets of Kp, Ki, and Kd of PID controller. By 
comparing  these curves was obtained the curve which 
satisfies the criteria, namely for  Kp= 200,  Ki = 20, and 
Kd = 0.01. It can be seen that its  settling time (ts)  value 
was the smallest,while its Ess was almost  the same as 
others. 

 

Fig. 8.  Step response curves   for  some Kp, Ki, and Kd values 
 

3.2 Analysis of performance 

It was investigated the effect of three types of  cooling 
loads to system performance. The cooling loads were 
formed from each a liter of water whose different 
temperature of 24°C, 50°C, and 75°C, respectively. In this 
case, the test of performance includes determination of 
settling time(ts), steady-state error (Ess), and energy 
consumption. 

Settling time value was determinated from 
exprimental data displayed in Fig. 9 For this purpose , 
first, it was need to find error  5% from  setpoint 8°C, 
namely (5/100)x8 = 0.4°C, then compartement 
temperature = 8.4°C or to find error  2% from the setpoint, 
namely (2/100)x8 = 0.16°C, then the 
temperature=8.16°C. Then, settling time for each cooling 
load could be determinated when the temperature of 8.4°C  
( criteria 5%) and then by using curves of cooling  

 
loads  in Fig. 9  ts could be found, as an example for 
cooling load 1 was obtained  ts = 29°C and similarly ts 
could be determined when the temperature of 8.16 °C ( 
criteria 2%). To make easier analysis the important data 
of Fig. 9. and Fig. 10 is summarized in Table 1. Then, the 
rest of settling time values for the three different cooling 
loads can be seen in Table 1. In this case, if cooling load 
quantity increases then ts value also increases. This makes 
sense.  

Determination of Ess value was performed when 
refrigerator had worked for three hours assumed had 
reached steady state. Table 1 shows range of Ess from 0°C 
to 0.044°C. Thus, it satisfies criteria that Ess has to be 
smaller than 0.5° C. If it is compared with a thermostat 
error from 1.5°C to 1.95°C[7,17], then, a new PID 
controller is more accurate. 
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Fig. 9.  Curves of  compartment temperature for  various cooling loads 

Table 1. Experimental data for the three different cooling loads with Tset= 80C 

Cooling 
Load 

For criteria of  steady state error For other data after running  
3 hours 5% 2% 

T 
(°C) 

ts (min) T 
(°C) 

 ts (min) T(°C) Ess (°C) Power 
(Watt) 

Energy 
(KWH) 

1(blue) 8.4 29 8.16 30 7.956 0.044 79.66 0.26946 

2(yellow) 8.4 108 8.16 111 7.981 0.019 80.94 0.30505 

3(green) 8.4 100 8.16 104 7.991 0.019 81.41 0.31273 

 
Besides, it was also observed whether the 

consumption of electrical power and energy to be saving 
or not. Figure 10 shows the decreasing tendency of 
electrical power consumption for the three cooling loads 
from about 130 Watt at the part of beginning of  curve  
became lower in range from 80 to 110 Watt.  Moreover, 
from table 1  can be seen in steady state the  power  
consumption for the three cooling loads turned to about 
80 Watt. It  meant that   the consumption decrease of  
approximately 50 Watt or 30%.   

Thus. in steady state the designed control system for 
household refrigerator could reduce the  power  
consumption of about 30% and it almost did not depend 
on  cooling load quantity. In the other words, the system 
performs energy saving of approximately 30%, since, the  
energy consumption is proportional to power one, then the 
energy saving of system  is also proportional to the the 
power one. As extra information, Table 1 also shows the 
consumption of electrical  energy in steady state   for the 
three cooling loads was almost the same about 0.30 KWH.  

 

Fig. 10. Electrical power curves versus time for various cooling loads 

 
4. Conclusion 
The current research investigates  the effect of  cooling 
load on the designed control system response, the  
electrical power and the energy consumption  for a 
refrigeration system, especially a household refrigerator. 
It can be considered as a promissing enough solution for 

the sustainable energy  issues. The results showed that for 
three types of  cooling loads were obtained range of 
steady-state error from 0°C to 0.044 °C. Thus, the  control 
system has response  more accurate than a conventional 
system with error from 1.5°C to 1.95°C.  Moreover, in 
steady state the control system could reduce the  power  
consumption of about 30% and it almost did not depend 
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on  cooling load quantity inside the refrigerator. In the 
other words, the system performs energy saving of 
approximately 30%. 

5 References 
1. E. Aridhi, M. Abbes, A. Mami, Temperature control 

in a  cavity of  refrigeration using PI controller and 
predictive control. Int. Conf. on Sci. and Tech. of 
Auto. Cont. & comp. Eng, : 123-128 (2014) 

2. E. Aridhi,   M. Abbes, A. Mami, S., Maarouf, R. 
Mhiri, Cooling performance and  energy saving of a 
refrigeration cavity supported by an outside cold air 
flow controlled by a PID controller. Int. Conf. on Sci. 
and Tech. of Aut cont. & comp. Eng. : 1-7 (2015) 

3. K.J. Astrom, T. Hagglund, PID Controllers:Theory, 
Design, and Tuning. NC:Instrument Society of 
America(1995) 

4. M. S. Bhaat,  Domestic Refrigerators: Field Studies 
and Energy Efficiency Improvement. J. of Sci. & Ind. 
Research, Vol. 60, July 2001, pp 591-600 (2001). 

5. W. R. Chang, D.Y. Liu, S.G. Chen, N. Y. Wu, The 
Components and Control Methods for 
implementation of Inverter-Controlled 
Refrigerators/Freezers. Int.Ref. and A/C Conf. Paper 
696(2004) 

6. A.E Coşgun, H. Demirel, On-Off Controller Design 
for A Portable Refrigerator. Proc. of 10th Int. 
Conf.ITELMS: 1- 4. (2015) 

7. R. J. Dossat,  Principle of Refrigeration-SI Version, 
Second Edition. John Wiley & Sons: Canada (1981). 

8. M.D. Felice,  L.Piroddi,  A. Leva, A. Boer, Adaptive 
Temperature Control of a Household Refrigerator. 
American Contr. Conf. : 889 – 894. ( 2009) 

9. E. P. B. Filho,  F. E. M. Garcia,  O.S.H. Mendoza, 
Application of Adaptive Control in a Refrigeration 
System to Improve Performance.    J. of the Braz. Soc. 
of Mech. Sci. & Eng. April- June 2011, Vol. XXXIII, 
No. 2 : 176 – 182. (2011) 

10. J. Fraden, Handbook of Modern Sensors Physics, 
Design,  and Applications, Third Edition. Springer & 
Air Press: New York (2004) 

11. Md. Hasanuzzaman, R. Saidur, H.H. Masjuki, 
Investigation of Energy Consumption and Energy 
Savings of Refrigerator-Freezer During Open and 
Closed Door Condition. J. of Appl. Sci., 8(10): 1822-
1831 (2008) 

12. P. H. Lin,  C. F. Tsai, An Energy-saving Thermostat 
Controller for Electric Vehicle Air-Conditioning 
System. Int. Elect. Vehical Symp. and Exh.: 1-5. 
(2015) 

13. K. Mensah, J. M. Choi,  Energy Consumption and 
Stability Investigation of Constant Temperature and 
Humidity Test Chamber. Int.  J. of  Air-Cond and Ref., 
Vol. 25, No. 01(2017) 

14. N. L. Djongyang, R.Tchinda, D. Njomo, Thermal 
comfort: A  review paper. Renewable and Sustainable 
Energy Reviews, 14: 2626–2640 (2010) 

15. T. Olofsson,  A. Meier, R. Lamberts, Rating the 
Energy Performance Buildings.The  Int. J. of  Low 
Energy and Sustainable Buildings, Vol. 3. (2004) 

16. Y. V. Parkale, Comparison of ANN Controller and 
PID Controller for Industrial Water Bath 
Temperature Control System using MATLAB 
Environment. Int. J. of Comp. Appl. (0975 – 8887) 
Volume 53– No.2 : 1-6 (2012) 

17. E. G. Pita, Air Conditioning Principles and Systems, 
An Energy Approach, Fourth Edition. Prentice Hall. 
(2002) 

18. J. Park,  S. Mackay, Practical Data Acquisition for 
Instrumentation and Control Systems. Britanian : 
Elveseir. (2003) 

19. E. Premeaux, Arduino Project  to Save the World. 
Technology in Action. (2011) 

20. A. Ryniecki,   J. Wawrzyniak, A. A. Pilarska, Basics 
of  Process Control: the on-off Control System. 
ResearchGate: 25-29 (2015) 

21. R. E. Smith,  Electricity for Refrigeration, Heating 
and Air Conditioning, 6 th Edition. Delmar Learning, 
a division of Thomson Learning, Inc. (2003) 

22. S. Srivastava, V.S. Pandit,  A PI/PID controller for 
time Delay systems with desired closed loop time 
response and guaranteed gain and phase margins. J. 
of Proc. Cont. 37: 70–77 (2015) 

23. M. Umberger, I. Humar, Energy savings of 
refrigerators in shopping centers with adaptive 
control and real-time energy management systems. 
Przegląd Elektrotechniczny (Electrical Review), 
ISSN 0033-2097:  327 – 331 (2012) 

24. F. Wang, H. Yoshida, B. Li, N. Umemiya, S. 
Hashimoto, T. Matsuda, H. Shinbayashi,  Evaluation 
And Optimization Of Air- Conditioner Energy Saving 
Control Considering Indoor Thermal Comfort. 
Eleventh Int. Ibpsa Conf.Glasgow, Scotland : 88-
95(2009) 

 

6

MATEC Web of Conferences 154, 01044 (2018) https://doi.org/10.1051/matecconf/201815401044
ICET4SD 2017


