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Abstract The article discuss about designing a Raspberry Pi 

3-Based OHP Temperature Calibrator. This device used to 
callibrate temperature measurement device with GUI-based 
(Graphic User Interface). The device has been programmed on 
Raspberry Pi 3 with Python programming language.  

This research was done by and recycled over head projector 
(OHP), designing and conducting sensory characterization 
analysis and uncertainty analysis on temperature calibrator. The 
method used in this research is heuristic method, where this 
method is used in sensor characterization analysis. After the 
characterization done, obtaining the specifications of each sensor, 
temperature calibrator instrument then tested to determine the 
amount of uncertainty of the instrument that has been designed.  

The result of the homogeneity for fifth test points are 6 Â°C, 5 
Â°C, 5 Â°C, 8 Â°C, and 16 Â°C. The results of the sensor 
characterization test show that the accuracy and precision of all 
sensors are more than 99%. The sensitivity values for the four 
sensors are 11.68 mV /Â°C, 12.34 mV /Â°C, 11.24 mV /Â° C, and 
11.50 mV /Â° C. The correlations and linearity of all sensors are 
more than 97% also. And the response of time of the four sensors 
to the heat source are 1.61 Â°C/s, 1.13Â°C/s, 1.17 Â° C / s, 1.00 
Â°C/s. the uncertainties for sensor 1 are (132 Â± 0.7)Â°C, sensor 
2 (132 Â± 0.6)Â°C, sensor 3 (132 Â± 0.7)Â°C, and sensor 4 (132 
Â± 0.7)Â°C. Based on the research, it can be concluded that 
Raspberry Pi based temperature calibrator instrument has a good 
accuracy level, and the effective temperature for calibration is at 
maximum temperature, that is 132Â°C. 

Keywords : temperature, callibrator, raspberry pi.  

I. INTRODUCTION 

Temperature measurement is very important for all aspects 
of life, especially in industrial processes. Measuring 
instruments or instruments must have high accuracy and 
accuracy [1] – [6]. All measuring instruments are considered 
good if it has been proven by an instrument test, called a 
device calibration [7]. A standard calibration device is needed 
to determine the temperature value accurately.  

Calibrator temperature measuring devices used in the 
calibration laboratory so far are dry block, dry well, and 
thermobath [8] – [12].  
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The calibrators have the same working principle, which is 
to produce heat at a certain calibration point and then display 
the temperature value on the LCD which is on one side of the 
calibrators, so that it can be compared with the temperature 
value read on the test instrument that is on the input 
interchangeable [13] – [14]. Monitoring on the standard 
calibrator is still done manually, so the temperature measuring 
instrument calibration process will be less effective and 
efficient which can affect the results of the calibration device 
[15] – [18]. 

Based on these problems, it is necessary to design a 
temperature calibrator that serves as a reference analog 
measuring instrument / sensor that has an interface system and 
data that can be stored on the SD Card in .xls format. 

II.  METHOD 

The following is a block diagram of the Raspberry Pi 
3-Based Temperature Calibrator Design system presented in 
Figure 1. 

 
 

Fig. 1. Device block diagram. 
The following is an explanation of the Block diagram of the 

Rasberry-Based Temperature Calibrator system that will be 
implemented. The temperature sensor is used to detect the 
temperature coming from the heat source of the halogen lamp 
in the calibrator box [19] – [25]. 

ADS1115 functions as an analog to digital converter 
(ADC), in this case the analog signal from the sensor is 
changed to a digital signal which is then forwarded to 
Raspberry Pi 3 for further processing [26]. 

Raspberry Pi functions as a System on Chip (SoC), which in 
this device functions to process the signal processing from 
ADS1115. Raspberry Pi also functions as a GUI so that the 
temperature readings from the calibrator can be displayed on 
monitor [24]. 

The LCD monitor functions as a Raspberry Pi interface, 
which displays temperature values on a Graphic User 
Interface. SD Card functions as a storage place for 
measurement data [21]. 

A. Hardware design 

The design of the temperature calibrator hardware starts 
with testing each component to be used, then makes the 
design of the device, the design,  
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and finally the working system of the measuring instrument 
to be made. In designing this device, the temperature sensor 
used is LM35. The calibrator box used is recycled from OHP 
to be utilized space inside and halogen lamps as a source of 
heat [27] – [28].  

The surface shape in the OHP is irregular, so it needs to be 
given an additional wall to the inside of the glass so that it 
resembles a cube. Glass as an inner calibrator wall is coated 
with aluminum foil on the outside, to retain heat inside the 
glass and so that the light from the halogen lamp does not 
penetrate from the glass wall. The inner wall of the calibrator 
is 24.5 cm x 21 cm x 22 cm. the four sensors are placed in the 
order shown in the device scheme in Figure 2.  

 

 
Fig. 2. Device design inside OHP. 

In designing the temperature sensor (LM35) calibrator 
device is connected to the module circuit contained on the 
PCB first. The module circuit for one sensor consists of 2 
capacitors worth 1μF and 1 resistor worth 100 Ω. This circuit 

aims to refine the reading of the output voltage signal from the 
temperature sensor. Then the four temperature sensor 
modules are connected to ADS1115. 

 
Fig. 3. Device schematic design. 

Raspberry Pi does not have a component for signal 
digitization, so this component is very necessary. The 
ADS1115 is then connected to the Raspberry Pi using the 
GPIO Extension Board. The circuit scheme was created using 
Proteus 8.0 software which can be seen in Figure 3. 

B.  Software design 

The design of Python for sensor testing is used to convert 
analog signals on temperature sensors into digital signals 
which will be processed using the Python program on 

Ranspberry Pi. The measurement results will then be 
displayed on a 20-inch LCD Monitor and stored on the SD 
card in the form of .xls file format. Next in Figure 4 is a 
Python program flowchart on the Raspberry Pi. 

 

 
Fig. 4. System flow chart program 

III. IMPLEMENTATION 

To implement the device under actual conditions it is 
necessary to test the measurement or detection performance 
of the sensor and test the overall function.  

The design of temperature calibrators using Python on 
Raspberry Pi aims to display temperature measurement 
results in the UI. The results of the Python UI program in the 
design of the temperature calibrator can be seen in Figure 5. 

 

 
Fig. 5. UI display on device operational. 

The design of Python software for UI display uses several 
features such as frames for graphical display, START button 
to start data retrieval,  
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SAVE button is used to store temperature data in .xls 
format into SD Card, and OPEN button to open measurement 
data in format .xls has been saved. For the sensor reading 
frame contains 4 columns where each column will display the 
results of the calibrator temperature reading. Next is the entry 
column "number of sampling" used to enter the sampling 
number of data collection that has been determined. The 
"Inteval Sampling" column is used to enter the number of 
sampling intervals for data collection with a minimum value 
of 1 and its multiple. If this column is filled with the number 0 
(zero), then the program execution interval carried out by 
Raspberry Pi is dependent on the process run by Raspberry Pi. 
The fewer processes that are run, the faster the sampling 
interval will be. This is because the Raspberry Pi is not a Real 
Time Embedded System. Raspberry will not execute the next 
program when the first program is not finished. In this case, 
Raspberry Pi is more precisely called the System on Chip in 
the form of a Single Board Computer. Then the "fetch to" 

column functions as a display of the measurement number that 
is currently running. Standard temperature readings are done 
manually and then analyzed using matlab and .xls. From the 
results of this test it can be concluded that the UI can function 
properly. 

A. Static Character of Temperature Sensors 

This test is conducted to determine the static and dynamic 
character of all sensors used. Static characters tested are; 
regression equations, accuracy, precision, sensitivity, 
correlation, linearity.  

Static character test results are presented in Table 1, 
showing that all sensors have good characters with a high 
enough value. The average value of all sensors for; accuracy, 
precision, sensitivitas, correlation, and linearity are; 99,5%  , 
99,9%, 11.69%, 98.55%, 99.84. 

 

 

Table- I. Sensors static characters 
No. 

sensor 
Regression equation R2 Accuracy 

(%) 
Precision 

(%) 
Sensitivity 
(mV/°C) 

Corellation 
(%) 

Linearity 
(%) 

1 y = 0.0128x + 14.355 0.9847 99,54 99,97 11,68 98,95 99,86 

2 y = 0.0121x + 14.379 0.9854 99,56 99,98 12,34 98,95 99,87 

3 y = 0.0133x + 13.582 0.9799 99,49 99,98 11,24 98,45 99,84 

4 y = 0.0131x + 16.608 0.9721 99,41 99,98 11,50 97,86 99,81 

The following graph is the uncertainty presented in Figure 9.  

B. Dynamic Character of Temperature Sensors 

Dynamic sensor characterization is done by testing the 
sensor response to a heat source during a specified time 
interval. Response time analysis aims to determine the 
response of each sensor in detecting heat within a certain time. 
Sensor testing for response time is done by reading the 
temperature on the sensor when the halogen lamp is turned off 
in a certain time interval as t0 or initial time. In this test the 
time interval for t0 is 11 seconds. Then the halogen lamp is 
turned on until the sensor reads at the desired temperature 
point as the settling time. The maximum temperature of the 
test response time used in this test is 78 °C, after that the 
temperature is conditioned to be stable in 78 °C for 
approximately 11 seconds. The data obtained is then 
processed so as to produce response times for each sensor as 
in Table 2. 

Table- II. All sensors time response 
No. sensor Respon Waktu (°C/s) 

1 1.61 
2 1.13 
3 1.17 
4 1.00 

All sensors show different temperature readings when the 
temperature of the halogen lamp is below 100 ° C and sensor 1 
always shows the highest temperature reading, but at the final 
testing point when the temperature of the halogen lamp is 
maximum, all sensors show linear results with thermocouple.    

A graph stating the relationship between the measurement 
number and temperature is presented in Figure 6. 

 

 
Fig. 6. Time response of all temperature sensors. 

Based on the graph in Figure 6 it can be seen that sensor 1, 
sensor 2, sensor 3, and sensor 4 have a precise response time.  

Based on the characterization test using the heuristic 
method, it can be seen that the sensor temperature and 
thermocouple temperature will be the same when the 
temperature of the calibrator reaches its maximum point. At 
the beginning, the temperature sensor and thermocouple 
showed significantly different values up to 15 °C. Thus, the 
optimal point for the temperature of the calibrator to calibrate 
the temperature is when the temperature in the calibrator 
reaches a maximum point of 132 °C. 

C. Error and Uncertainty 

Based on the results of the error testing of the four sensors 
carried out, it can be concluded that the effective testing point 
for the calibration point is when the maximum temperature is 
132 °C because the lowest error is at the test point, which is 0 
°C. 
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IV. CONCLUSION 

Based on the results of research using the heuristic method by 
devising of Raspberry Pi-based temperature calibrators made 
by the author, it can be concluded that: 
1) The working principle of the temperature calibrator using 

the OHP-based Raspberry Pi 3 recycle in general, 
comparing the results of the calibrator temperature 
reading with the temperature reading of the k-type 
thermocouple device, with the heat source used is the 
OHP halogen lamp, then the temperature reading results 
are displayed on UI that can be saved in .xls format.  

2) The results of this study can be seen that the temperature 
calibrator that has been designed has an inhomogeneous 
value for test point 1, test point 2, test point 3, test point 4 
and test point 5 namely 6 °C, 5 °C, 5 °C, 8 °C, and 16 °C. 
The accuracy value of the four sensors is 99.54%, 
99.56%, 99.49%, and 99.41%. The precision values are 
99.97%, 99.98%, 99.98% and 99.98%. The sensitivity 
values for the four sensors are 11.68 mV/°C, 12.34 
mV/°C, 11.24 mV/°C, and 11.50 mV/°C. correlation of 
the four sensors is 98.95%, 98.95%, 98.45,% 97.86%. 
the linearity of the four sensors is 99.86%, 99.87%, 
99.84% and 99.81%. And the response time of the four 
sensors to the heat source is 1.61 °C/s, 1.13 °C/s, 1.17 
°C/s, 1.00 °C/s. 

3) Raspberyy Pi-based temperature calibrator have 
extended uncertainty at the maximum test point for 
sensor 1 which is 0.7 °C, sensor 2 which is 0.6 °C, sensor 
3 which is 0.7 °C and for sensor 4 which is 0.7 °C. so the 
uncertainty can be reported for sensor 1, i.e. (132 ± 0,7) 
°C, sensor 2 (132 ± 0,6) °C, sensor 3 (132 ± 0,7) °C, dan 
sensor 4 (132 ± 0,8) °C.  
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