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thermocouple and MAX6675 sensors based on Arduino microprocessor with DS
thermistor as the referencevhich has been previously calibrated with the ASTMC
thermometer. Cabration was performed at ambient conditions utilizing the ener¢
from the environment where four #§/pe thermocouple and MAX6675 sensavere
calibrated alongside two DS18B20 sensors in ambient water for 24 .hiuiscrease
the accuracy of the#ype thermocouple and MAX6675 sensors, simple mathemat
methods were used in Arduino codingthereby providing automatically calibrated
values.After calibration using the proposed method, the sersstiren wereused in
readingtemperatures of ambient air and vater. The result of this studys simple
methods to improve the accuracy of-fpe thermocouples and MAX6675 senstrs
be used forreading temperature valuet different working fluidsusing Arduino
Microprocessor The error value before calibratiomas4.9% compared to 0.42% an
0.61% after calibration in ambiemtater and ambienair respectivel.
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1. Introduction

Temperature is an important parameter in every system. Because of its crucial role, the
temperature measurement is needed both academicand industrial field[1,2]. To measure the
temperature or the temperature differenc&hichis cruciain heat transfef3], K-type thermocouple
hasbeenwidely used becausk is relatively lowpriced, selfpowered,and it has avide range of
measuremens that can be applied to complex systenjg,4]. Long ago,to acquire data of
measurement, researcheisad to record the measurementresults manuallyand periodically To
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ease the measuremenhowadays researchers commonlyise data acquisitionHowever, the
expenseof commercial instruments is a significant obstacle to setting up important monitoring
networks such as data acquisitigb]. Arduino, highly customizable opeplatform electronics
prototyping system[6], can be a valid data acquisition if the sensors are -vadibrated [7].
Therefore, Arduino has been selected for use in this study to tesftfiteiey fordata acquisition and
calibration.

To make a temperature data acquisition using Arduino astgpk thermocouple, a module to
compensate for thermocouple cold junction is needed. MAX6675 is one of many modules compatible
with Arduinothat cancompensate forthe K-type thermocouple cold junction. The use otyge
thermocouple mounted on MAX6675 module is becoming more comamangresearcherg4, &

10], but not many have tried to calibrate the sensespeciallyin ambient conditionsin ambient
conditions, where there is almost no temperature difference between cold junction and hot junction
thermocouple, the reading from -&/pe thermocouple and MAX6675 is erratic aadcuracy is
compromised in comparison with readings taken from a D3Q&&nsof11]. The purpose of this
study is to calibrate the measurement value reggtfrom Ktype thermocouple and MAX6675
sensor.

2. Methodology

The sensors used in this experiment are two DS18B20 waterproof thermistors as the calibrator
and four Ktype thermocouples whictvere mounted on MAX6675 modul&:type thermocouple has
a wide range of measurement starting fro260°C to 1100°{12], but when mounted on MAX6675
asacold junction compensation module, the measurement range is limited from 0°C to 1024°C with
aresolutionof 0.25°C[13]. DS18B20 sensors were used as the calibrator because the séasers
been previously calibrated using an ASTM C thermometef14] and have a great resolution of
0.0625°¢15].¢ KS &Sy az2NDna VYSI a-8sRor1357[1i5-16ang tHe®rrok BetwdeNP Y
sensors after calibration varies from 0.23°C to 0.4pE4}. The true value of the measured
temperatureis the averagef the reading produced bytwo DS18B20 sensoesach time takenas
this technique allows for compensation for the variations that exist between sensors after calibration

The Arduinomicroprocessor was used to perform this calibratiégdthough Arduino is mostly
used as a controllgl7-19], it alsocanbe used as data acquisitidool, which can be upgradeds
data loggef5,16, 2021]. The output of Arduinovhichcan be engineereds beneficial for calibration
[22]. The engineered output thetanbe saved to SD Cajth, 23] SD Card and Arduino compatibility
reduce power consumption for computensut it is extremely difficult to monitor the data directly
without the help of the lquid Crystal Bplay

To achieve calibrationJlssensors are connected to Arduino which is connected to the computer
to input the commands for measuring temperature. Temperature data retrieval from six sensors is
done every 100 milliseconds. The measutechperatures then were engineered in Arduino to be
saved in SD Card as a .txt file.

The stabilization and calibration process were carried out in ambient conditions, utilizing the
SYGANRYYSYy(GQa Sy S NH dransfgr.Rhe &jp@tiomN@oges Bustbé done i&l
steadystate condition where the temperature is constant in order to ¢gfe¢ true value of the
temperature being measurednvironmental heatransfer in ambient conditiorprovides natural
steadystate conditionswhich isbeneficialfor the purpose otcalibration.

To test whether Kype thermocouples mounted on MAX6675 can be calibrated with DS18B20
sensorsijt is first necessary to observe their patterns by reading the watabient temperature
Four Ktype thermocouples eachmounted on MAX6675 "(Y0) were immersed in an open vessel
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containng ambient water for 24 hours with two DS18B20 thermistd@sY, as shown in Figure 1.
The anbient water mediunwaschosen to see the initimheasuremenbdf the sensors because water
has a high specific heat capacityerefore, a changen temperature of the surrounding environment
would have little effect on the temperature of wate

Input command

K-Type Thermocouple with MAX6675
AN DS18B20 Temp. sensor

Arduino Mega as DAQ /

Output storage

module

' SD Card Module L a0 |

Fig. 1. Experimental setip

MAX6675 ‘
-

If the patternsof both sensors in reading wat@mbient temperature are the same, then the next
step is to calibrate the sensorSimple mathemated methodswere chosen to calibrate the-kK/pe
thermocouple mounted on MAX6675 sensors, such as averaging, filteringittangl Averagingall
measureddata generated every secofy each Ktype thermocouple and MAX6675 using Eg.can
reduce thenoiseof the sensorsThe fltering process using E(R), based on MAX6675 resolution,
0.25°C, cameduce the fluctuation sehat the data will bedistributedin the rangeof £0.25°C The
fitting process using E4), can boost the accuracy oftipe thermocouple in reading temperature
values.

Fitting proces®r line translationis an important process to reduce the systematic error of the
sensors. Factor of translation or later will be described as fitting value (FV) is calculated by averaging
the delta of measurementbetween DS18B20 sensors andtype thermocouple mounted on
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“vé B h (1)
Data will be printed if

YO YOy "Y6r T§ U 3 (2)
Otherwisec"Y0;, ¢

SR 3)

Y6 YO Ow (4)

Between 08 PMand 11PM{p 0 o6 p P O

86



Journal of Advance®esearh in Fluid Mechanics and Thermal Sciences
Volume68, Issue2 (2020) 84-93

Ot —— 5)

o'y B (6)

where

4 # =the data of measuremenfrom the K-type thermocoupleand MAX667%°Q

Subscripi =the order of sensor

Subscripj =the data ofmeasurement atach time

Y& =the measured data after calibratidfiQ

Q =the data of measurement at each tinfier a predetermined hour

FV = Fitting value°Q

oY =The true valueindicated by the average measuremesitakenfrom two DS18B20
sensorg°Q

The above methodwere written in the form of code (codind) Y R dzLJt 2 F RSR A,y | NF
resulting inautomatically calibrated values. Téemethods will be used in reading not only waete
ambienttemperature butalso airambient temperature. The results from reading watanmbient and
air-ambient temperature with the proposed methoasll then be compared. The standard deviation
(°C)and error value (%d)efore and after calibratiomill be calculated using BE(7) to (10).

B
Standard deviation = —— (7
Systematic Error h—hh primp (8)
B
AverageStandard deviation = —— (9)
Average of Systematic Error=B P T pmmb (20)
h
where
€ = total datameasured pesensor
3. Results

3.1 Before Calibration

The measuremens taken byeach K-type thermocouple sensor mounted on MAX6675i(TC
compared to thetrue value shown by thaverage of DS18B20 sensors (DSAVv) in reading the water
ambient temperature are shown in Figure 2. Since eatyp& thermocouple sensor has the same
patternswith the average of DS18B2@nsors the calibration of Kype thermocouple to DS18B20
sensor can be done.

Based on Figure 2 and Table #type thermocouple mounted on MAX66T&relatively precise
in reading the ambient temperature but not so accurate. The range of ambient temperature on that
day (24 hours) ashown by the average of DS18B20 sensaasfrom 27.7°C to 28.7ifferent
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readings were produced from the-ti{pe thermocouple and MAX6675 sensors. The temperature
measured by Kype thermocouples and MAX6675 sensors were not the same even though they ha
the same specifications and were purchased from the same manufactureravdragedeviation
between sensors vartefrom 0.23°C to 0.26°C. Theveragesystematic erros of each sensor
respectivelywere 1.72°C, 0.86°C, 1.46°C, and 1.49°C compared to the true value. The average error
value (%) before calibratiomas4.9%.
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Fig. 2.The reading of #ype thermocouples (TC) in measuring ambient water temperature before
calibration compared to the true vadushown by the average of two DS18B20 sensors (DSAv)

Table 1

Uncertainties of the measurement before calibration

Initial Characteristic
Deviation Systematicrror

K-type Thermocouple mounted on
MAX6675 (paiF)

(°C) (%)
1st 0.26 6.1
2nd 0.25 3.0
3rd 0.23 5.2
4th 0.24 5.3
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3.2 After Calibration

With a100ms delayor data retrieval, only four readings are produced by Arduino in one second.
This is most likely because Arduino needs time to convert and save the printed date, time, and
measurement values into text ithe SD Card. By averagimad data per every secondof each
measurementtaken bythe K-type thermocouple and MAX6675, the deviation becomes smaller,
varyingfrom 0.12°C to 0.14°Eiltering the data by +0.25°€anreduce thenoise of measuremengs
shown in Figure 3. The deviation after averaging and filtering the data varies from 0.11°C to 0.13°C
assummarizedn Table 2.

To ease the datditting of the four Ktype thermocouple and MAX6675 sensors to DS18B20, the
averaging of those four paimas conductedising Eq(3). The measurement values taken by either
the four pairs of Kype thermocouple mounted on MAX66% the two DS18B20 sensors should
haveshown the same result because they were placed under the same corgérainelatively near
to each other.However, as demonstrated iRigure 2, they showed different results in reading
temperature value, so the averaging process was dormtwertthe four pairs showro one value
that represents the four of them. Aftecalculating this averagas shown in Figure 4, the delta
between that one value and th&ue value in this case theverage ofthe DS18B2&Gensorswas
calculated. The delta of measurents between the sensors at ambiesteady conditions, fror8:00
PM to 1100 PM, were then averaged to calculate one constant value or fitting value to fit the
uncalibrated sensors to thieue value The fitting value for this experimemtas1.31°C.

Fig.3. Results after filtering and averaging four data measured by edgpa<thermocouple mounted on
MAX6675
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