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Abstract - This study proposes a temperature sensor reading and
calibration method using the MAX31865 module to process
signals from the thermal sensor PT100 via the ratio measurement
method. Temperature is determined using both calculation and
table lookup methods, then displayed on a web server and
calibrated using the two-point method to minimize errors. The
device outputs a voltage signal in the range of 0+5 V,
corresponding to a temperature range of 0+~100°C, which is then
converted into a current signal of 4+20 mA for compatibility with
programmable logic  controllers.  Experimental results
demonstrate high accuracy, with an acceptable error within the
range of 0+100°C. While this method achieves acceptable
precision, further evaluation over a wider temperature range is
necessary to ensure suitability for industrial applications.
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1. Introduction

Smart sensors have become increasingly important
across various fields, from industrial automation to
consumer electronics. Beyond measurement, they possess
data processing and communication capabilities, thereby
optimizing system performance [1, 2].

The emergence of low-cost sensors has driven the need
to enhance performance, simplify systems, expand
functionality, and reduce design costs [3]. Among these,
the research and application of temperature sensor
technology have attracted significant attention, with
various signal processing methods proposed to improve
accuracy. Wang and Yin utilized a Wheatstone bridge
circuit and piecewise linear estimation to achieve precise
and highly stable temperature measurements, with a three-
wire connection improving the measurement accuracy of
PT100 sensors to 0.1°C [4]. Additionally, Wheatstone
bridges and LM741 were used to process signals from
PT100 sensors, while the ADC0808 converter reduced
nonlinearity errors, in combination with an STC
microcontroller for temperature display and object control
via relay [5]. Meanwhile, Li and colleagues applied a BP
artificial neural network combined with the LM algorithm
for multipoint calibration, enhancing accuracy [6].

Samuk and Cakir combined a Quarter Bridge circuit
with an STM32F4 microcontroller to design a high-

Tém tit - Nghién ciru nay dé xudt mot phuwong phéap doc va hiéu
chinh cam bién nhiét do thong minh, st dung moé-dun MAX31865
dé xir 1y tin hiéu tir cam bién nhiét dd PT100 bang phuong phap do
ti 1&. Nhiét d6 dugc tinh toan bang ca phuong phép tinh todn va tra
bang, sau dé hién thi trén web server va hidu chudn theo phuong
phép hai diém dé giam thiéu sai s6. Thiét b c6 thé xuét tin hiéu dién
ap trong day tir 0+5 V, tuong tmg véi dai nhiét do tir 0+100°C, va
dugc chuyén dbi thanh tin hiéu dong dién trong diy tuwong (mg tir
4+20mA dé c6 thé két ndi véi thiét bi diéu khién 1ap trinh logic. Két
qué thyc nghiém cho thdy thiét bi hoat dong chinh xéac véi sai sb
cho phép trong dai do 0+100°C. Két qua cho thiy phuong phap doc
va hiéu chinh nay dat d§ chinh xac phu hop véi ing dung cong
nghiép nhung ciing can tiép tuc danh gi trong diy nhiét d6 do rong
hon dé hoan toan phtt hop vdi cac tng dung thue tién.
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precision measurement system [7]. Wang et al. proposed
the use of an AD7794 24-bit Sigma-Delta converter and
dynamic compensation techniques based on IRTD to
improve reliability [8]. Furthermore, Czaja integrated a
voltage divider and time-domain measurement method to
reduce noise when reading data from PT100 sensors [9].

These studies demonstrate that PT100 temperature
sensors are an excellent choice for temperature
measurement applications due to their durability and high
stability. Therefore, this research focuses on improving the
method of reading and calibrating sensors, combined with
data transmission to a web server to enhance efficiency and
applicability. The proposed temperature measurement
device includes the following functions: reading and
transmitting data to a web server, high-temperature
warning, two-point calibration, and outputting a 4-20 mA
current signal for connection to programmable logic
controllers (PLC), thereby providing a practical solution
for temperature measurement and monitoring.

Currently, many temperature measurement systems
using PT100 sensors have been deployed; however, remote
monitoring capabilities often require specialized equipment
and high technical expertise. Available solutions rarely
integrate an intuitive web interface that allows for remote
calibration and control. This raises the question: how can a
PT100 measurement and calibration system be built that is
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accurate, cost-effective, easy to deploy, and supports web-
based monitoring? This paper proposes an integrated model
using ESP32 hardware, MAX31865, MQTT protocol, and
Node-RED, along with flexible calibration algorithms to
address this issue. The study also applies both single-point
and two-point calibration, as well as computational
algorithms, to optimize device accuracy.

2. Methods

2.1. Proposed data acquisition system
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Figure 1. The diagram of reading and calibrating system for
PT100 thermal sensor

Figure 1 illustrates the general architecture of the
PT100 sensor reading system, which uses the ESP32
microcontroller for data processing and communication
with the web server. The MAX31865 module processes
signals from the PT100 sensor, while the MCP4725
module converts analog signals to digital. Additionally, the
HW685 module is used to convert voltage signals to
current for connection with a PLC control system, ensuring
both flexibility and accuracy. The list of devices and their
basic specifications are summarized in Table 1.

Table 1. List of the equipment used in the system

No. Equipment Parameters
. Inclued wifi
1 | Microcontroller ESP32 2.4 GHz
2 | Thermal sensor Dookwang PT100 —200 ++650°C
RTD to Digital converter circuit . )
3 MAX31865 3+5 VDC; SPI
2,7+5,5VDC;
4 | DAC circuit MCP4725 12 Bit;
+0,2 LSB
5 Voltage to current converter circuit 0+5Vto
HW685 4+20 mA
6 Power 5V and 12V, resistance, LED,
keypad and LCD screen

The ESP32 microcontroller receives data from the
sensor via SPI and calculates the temperature using either
a lookup table method or the Callendar—-Van Dusen
equation [10, 11]. The calculated temperature is displayed
on the LCD and sent to the web server via Node-RED. The
website interface displays a chart and supports two-point
calibration. In addition, the ESP32 sends data to the PLC

via the MCP4725 module, which converts the digital value
to a voltage signal, and then to a current signal for PLC
connection.
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Figure 2. Equipment connecting diagram

The connection diagram is shown in Figure 2. The
ESP32 microcontroller acts as the central processor,
receiving and calibrating data, and connecting to the web
server via Wi-Fi for display. The LCD display, keypad, and
switches are primarily used for setting alarm limits and
calibration parameters for the sensor.
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Figure 3. Block diagram for control

The block diagram of the control system is presented in
Figure 3. The system begins with the PT100 temperature
sensor measuring the ambient temperature and converting
it into a resistance signal. This signal is fed into the
MAX31865 module, which converts it into a digital
resistance value. The temperature is then determined by a
lookup table to obtain the wuncalibrated value.
Simultaneously, the system employs other measurement
methods to calculate and cross-check the temperature,
increasing calibration accuracy. The uncalibrated
temperature is processed through a calibration stage, based
on the deviation between different measurement methods.
After calibration, the accurate temperature value is sent to
the web server and displayed on the LCD screen. The
system also provides alarm functionality and allows users
to set temperature thresholds as required.

2.2. Development of the web-based monitoring and control
interface using MQTT-Broker, Node-RED, and ESP32

The temperature data monitoring system utilizes a cloud-
based platform with the MQTT protocol, as illustrated in
Figure 4 [12]. The PT100 temperature sensor sends data to
the ESP32 (client 2), which subsequently publishes the data
to the MQTT-Broker. From there, the data is forwarded to
the Node-RED application for display and processing. The
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data flow occurs sequentially as follows:
- The sensor transmits temperature data to the ESP32;
- The ESP32 publishes the data to the MQTT-Broker;
- The computer ("client 1") subscribes to receive the data;

- The computer can also send control commands to the
ESP32 via the MQTT-Broker.

MQTT-Broker

subscribe

clinet 2

Node-RED

2quosqns

—
clinet 1

Figure 1. Web server connecting via MOTT-Broker

Both the ESP32 and the computer can subscribe to and
publish data, enabling real-time system monitoring and
control. Meanwhile, Node-RED acts as an intermediary for
data management.

2.3. Calculation and calibration methods for the sensor
2.3.1. Temperature calculation methods

There are several formulas for calculating the measured
temperature value from a temperature sensor operating
based on the change in resistance of a conductor with
temperature (RTD) [10, 13]. Among these, the Callendar—
Van Dusen equation offers the best balance between
complexity and accuracy and is presented as follows:

—A+ A2—4><B[1—RRTD]
) Ry

- 2xB M

Where:
- t is the measured temperature value (°C);
- Rrrp is the resistance of the sensor at temperature t;
- R, is the resistance of the sensor at 0°C;
- A =3,9083x10" and B =-5,775x107.
Cubic approximation function [10, 13]:
t= A+ Rypp x(B+ Rppp x(C+Dx Reqpy ) 2)
Where A =-247.29; B =2.3992; C =0.63962x10" and
D =1.0241x10°.
Polynomial approximation function [10, 13]:
t=A+BxRpp, +CxR. —DxR
4 5 3)
—ExR® +FxR
RTD RTD
Where A = -242.02; B = 2.2228; C = 2.5859x10%;
D =4.826x10% E =2.8183x10% va F = 1.5243x10°1°,
Rational polynomial function [10, 13]:

Rerp (B+Rezp (C+ Rz (D+Ex Rey ) )
1+ Ry (F+RRTD (G+HxRypp))

t=A+

(4)

Where A = -245.19; B = 2.5293; C = —0.066046;
D = 4.0422x103;, E = -2.0697x10%, F = -0.025422;
G =1.6883x10" and H=-1.3601x10"°.

2.3.2. Lookup table method for measured temperature

The lookup table method is used to determine the
temperature from the measured resistance value of the
RTD sensor. This method relies on a standard data table, in
which each resistance value corresponds to a specific
temperature. The lookup table used in this study is based
on the BS EN IEC 60751:2022 standard [14].

2.3.3. Single-point calibration method

Although the single-point calibration method is
relatively simple and easy to use, its calibration results are
not as accurate as the two-point method. However, this
study utilizes both calibration methods [15].

To perform single-point calibration, the RKC RD900
temperature measuring device and the RKC PT100 probe
[16] are first used to read the temperature value of a water
sample. The reading provides the actual temperature value
for calibration, denoted as #,9. Simultaneously, the sensor
to be calibrated measures the temperature of the same
water sample, yielding the sensor’s reading at the
calibration temperature, denoted as f.9. The actual
measured value at any temperature after calibration ¢, is
calculated as follows:

ty =ty + At =1, +(t,0—t00) (5)

Where, t, is the temperature measured by the sensor at
any point before calibration (°C).

2.3.4. Two-point calibration method

To perform sensor calibration using the two-point
method, two measurements are required. One
measurement is taken at a low temperature (in the
experiment, —5 to 5°C), with the measured value ¢,
obtained from the developed model and the actual
temperature #,; obtained using the RKC RD900 reader and
TP100 probe. A second measurement is taken at a higher
temperature (in the experiment, 95 to 105°C), with the
corresponding measured values ¢, and #,..

The correction coefficient &. is calculated as follows:

L — a1
__a a 6
‘ [m2 _tml ( )
The offset A is calculated as:
A=t,—¢&.xt,, (7

Each measurement is repeated multiple times, and the
average value is used to calculate the coefficients & and A.
The actual temperature value after calibration is then
estimated as follows:

t, =g, xt, +A ®)

3. Research results and survey
3.1. Results of hardware system model construction

The hardware devices were connected according to the
diagram shown in Figure 2, and the results are presented in
Figure 5. During the experiment, connectors were soldered
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to increase the stability of the connections.

Figure 5. Hardware connection of the model

&« O @ 127.0.0.1:1880/ui/#!/1?socketid =dIpHdt8T6185ebACAAAB

3.2. Results of web server interface development

The web server interface was designed using Node-
RED and consists of two pages. The main interface is used
to monitor the measured temperature parameters and the
sensor status (Figure 6). The calibration interface, shown
in Figure 7, is only used when calibration of the PT100
sensor is required.

Users can view temperature, resistance, and DAC signals
through charts and status bars, and can also calibrate the
device directly via the web interface without editing the
source code, saving time and reducing the risk of errors.

3.3. Sensor calibration results

The PT100 sensor calibration interface was run at
temperatures of 1.1°C and 96.5°C to obtain calibration
parameters (Table 2). These parameters were then entered
to perform sensor calibration.

B a

= Calibration Sensor PT100

Calibration of PT100 temperature measuring device

Before calibration Status: Undefined Results Status: 2 point calibration Results
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Figure 6. Main user interface in web server
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Figure 7. Calibrating interface

To evaluate the calibration results from this study, an
independent device consisting of an RD900 temperature
probe and a PT100 sensor from RKC [16] was used to
simultaneously measure the temperature of the water
sample as shown in Figure 8b. Table 2 presents the
temperature readings from the sensor after calibration with
the web server. Among these, the two temperatures 1.1°C
and 96.5°C were used for sensor calibration. The other
values, 31.5°C, 62.9°C, and 81.4°C, were randomly
selected for assessment. Each measurement was performed
20 times to record the average value, as shown in Table 2.

4. Discussion

Comparing the results in Table 2, in general, all methods
yield relatively small errors, not exceeding 0.24°C.

Specifically, the average error in descending order occurs in
the lookup table method (0.21°C), cubic function (0.20°C),
rational polynomial approximation (0.20°C), polynomial
approximation (0.18°C), and the Callendar—Van Dusen
function (0.16°C). The calibration values obtained using the
Callendar—Van Dusen function have both the lowest
maximum error and average error, at 0.16°C and 0.22°C,
respectively, and are therefore recommended for use.

The temperature data measured using this method is
stored in the cloud and transmitted to remote control
devices via the internet, expanding the range of remote
control. However, the system requires additional
supporting components, such as protective casings, cooling
fans, isolation between power and control circuits, backup
batteries, and a 4G mobile network.
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Table 2. Temperature reading results after calibration

Testing Reading temperature after calibrating (°C)

temperature

©C) Thut Teva Tcube Tpoly Trpoly

1.1 1.31 1.26 1.32 1.30 1.33

31.5 31.29 | 31.28 | 31.27 | 31.272 | 31.27

62.9 63.08 | 62.98 | 63.01 | 62.97 | 63.00

81.4 81.62 | 81.59 | 81.63 | 81.64 | 81.64

96.5 9642 | 9642 | 96.38 | 96.39 | 96.40

Mean error (°C)|  0.21 0.16 0.20 0.18 0.20

Max error (°C)| 0.22 0.22 0.23 0.24 0.24

The RKC RD900 temperature controller uses a fuzzy
control system. When used in the temperature range of
0-99°C, the display has a reading resolution of 0.1°C. The
controller is compatible with various types of temperature

Before 1 point 2 points Status: 2 points calibration
rd: 8529 ndi: nd2: 9179 Temperature (°C)
10
Ohms:111.82 @  Ohms1: Q  Ohms211207 @ % e tomp
)
*Tlt:3064  °C *Thl: € *Tt23129 °C %
Tcube:30.68 °C  Tcubel: °C Tcube2:31.28 °C
-10
Tovd:30.64  °C Tevd: € Tevd2:3127 € [LETARTE AT & TR 5T ST KU £
Tpoly: 3064  °C  Tpoly1: €€ Tpoly23127 € SetTemp: Gidi han trén  DAC (12bit) —@
Trpoly: 30.62  °C  Trpolyl: °C Trpoly2:31.27  °C 15.30.99 Dignry —@

a) Read out results before and after calibration

sensors and can read, display, and control temperatures in
the range of —200 to 1,000°C. Resolution is also a factor
that affects accuracy and should be added to the calibration
error in Table 2. Therefore, the actual average calibration
error of the two-point method using the Callendar—Van
Dusen function should be (0.16 + 0.1) = 0.26°C.

To interact with control devices such as PLCs, the
digital value of the RTD resistance at the 16-bit logic level
is converted down to 12 bits to be compatible with the
available HW685 conversion circuit. In the current
experiment, due to the limitations of the water sample, the
test temperature remains within the 0-100°C range. In
future studies, when the experimental temperature range is
expanded to more broadly evaluate the stability of the
measurement method, the conversion value will need to be
updated to match the new range.

1278

11205 Q

b) Comparison with themometer RKC RD900

Figure 8. Calibration results

5. Conclusion

This study has developed a method for calibrating the
PT100 sensor and reading temperature values via a web
server with acceptable accuracy within the investigated
temperature range. The calculation method based on the
Callendar-Van Dusen equation and the two-point
calibration approach is recommended. These results
provide the capability for remote temperature reading and
control at a reasonable cost. However, the temperature
range should be further expanded in future studies, and
greater attention should be paid to designing for durability
and stability of the device.
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