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Article info Abstract:

Thermal cameras are useful devices that are used in many different situations,
such as quality control, system maintenance, structural repair, security,

Received.13/12/2022 medical, monitoring, treatment. and diagnose human health or to research and

Revised: 03/03/2023 develop advanced technological components. It provides visual temperature
information that cannot be perceived by the human senses. Products from the
Accepted: 16/5/2023 research results of the author group towards compact size, easy to handle,

convenient to carry, low cost of implementation, monitoring range in the
measuring area of the sensor eye up to 7 meters. , the monitoring temperature
zone can be limited, the color displayed is equivalent to the temperature zone,

Keywords: and the resolution of the thermal pixels can also be adjusted simply through
the buttons. With basic functions that can be used such as non-contact body
Thermal camera, temperature measurement, maintenance, maintenance, quality inspection and
Handheld thermal repair of electronic, electromechanical, telephone, chip, IC, over temperature
camera, Temperature, detection. Electrical system lines, underground cables, recessed walls, utilities,
Infrared heat, Non- gas leak detection, ventilation furnaces, fireplaces, etc., the device can be a
contact body temperature useful and effective civil tool.
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Théng tin bai viét Tém tit

Camera nhiét hay may anh nhiét 1a thiét bi hiru ich dugc ng dung trong
nhiéu treong hgp khac nhau, nhu kiém dinh chat luong, bao dudng hé théng,

Ngay nhan bai: 13/12/2022

Ngay sira bai: 03/03/2023

sua chira cac két cau, trong an ninh, y t&, theo doi, dicu tri va chan doan stc
khoé con nguoi hay dé nghién ctru, phat trién cac thanh phan cong nghé tién

tién. N6 cung cap thong tin vé hinh anh nhiét do ma khong thé cam nhan

Ngay duyét dang: 16/5/2023

duogc bang cac giac quan cua con nguoi. San pham tir két qua nghién ctru cia

nhom téc gia hudng toi ¢ kich thude nho gon, vira tay cam, thuan loi mang

Trr khoa:

May anh nhiét, Camera nhiét
cam tay, Do nhiét do, Nhiét
hong ngoai, Po thin nhiét
khéng tiép xiic.

theo, ¢6 chi phi thyc hién thép, pham vi giam sat trong vung do cua mét cam
bién 1én dén 7 mét, c6 thé giéi han ving nhiét do giam sat, mau séc hién thi
tuong duong voi ving nhiét do, va do phan giai cua diém anh nhiét ciing
¢6 thé diéu chinh don gian qua cac nut bam. Vi tinh nang co ban co thé sir
dung nhu do than nhiét nguoi khong tiép xic, bao tri, bao dudng, kiém tra
chit lugng va sira chita cac thiét bi dién tir, co dién, dién thoai, chip, IC, do

qua nhiét duong day hé théng dién, cable ngﬁm, am tuong, dién nudce, phat
hién dudng ng ro i khi gas, 16 thong gio, 10 sudi, v.v, thiét bi c6 thé 1a mot
cong cu dan dung hiru ich va hiéu qua.

1. Introduction

Temperature is a physical quantity that affects the
properties and structure of all materials, and impacts
the growth and development of plants, animals, and
humans. To measure temperature, a thermometer can
be used, and in addition, an infrared thermal camera
can also be used. Thermal cameras work by capturing
the infrared radiation emitted from an object to create
an image that is described by colors corresponding to
the temperature values at that point. The remarkable
feature of thermal cameras is that they can capture
images and temperatures in the light spectrum that
human eyes cannot see. Therefore, their applications are
diverse, spanning across many fields such as security

monitoring, fire detection, medical applications, remote
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temperature measurement of people, maintenance,
inspection, repair, warning of thermal, electrical, and

electronic devices, etc.

To monitor, measure, and capture temperature
regions, there are many thermal camera products
available on the market from reputable suppliers.
Examples of such products include Testo 868 from
Germany with a resolution of 19200 pixels, measuring
range from 30° to 650°C; Luke PTI120 which can
measure from -20°C to 150°C with 10800 pixels; Fluke
TIS20+ with a measuring range of -20°C to 150°C
and 76800 pixels; CA 1954 with a monitoring range
of -20°C to +250°C and 19200 pixels; FLIR E5-XT
with a measuring range of -20°C to 400°C and 19200

pixels, etc. [1] Common features of these commercial
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products include various functions, resolution,
accuracy, design, application range, etc. However,
their prices are often too high and not suitable for
individual research, widespread use in civil society,
and they cannot be reconfigured and programmed
by developers due to copyright and locked chips. In
addition, researchers have proposed many studies
on the application of thermal cameras, such as low-
resolution thermal image calibration for human body
temperature monitoring applications [1], a system for
detecting motion using artificial intelligence based
on thermal images that provide a measure of urinary
flow to evaluate the severity of urinary tract disorders

[2], non-contact body temperature measurement using

2. System design

2.1. Hardware design

deep learning in varying environmental conditions [3],
real-time detection of electrical system faults based on
thermal images [4], gesture recognition using thermal
images and neural networks [5], developing thermal-
infrared imaging detectors for testing electrical devices
[6], using thermal cameras for detecting plant diseases
[7], etc.

Recognizing the importance of temperature as well
as the applicability of thermal cameras, the authors have
conducted research and developed a compact device for
monitoring temperature and collecting corresponding
thermal images. The product is designed with low cost
and can be reprogrammed for modification, upgrade,

and adjustment according to the desired objectives.
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Figure 1. Block diagram of the handheld mini thermal camera system

The device is built according to the block diagram shown in Figure 1, which has the function of measuring

infrared temperature without contact. The device displays the obtained values and corresponding color zones

representing the areas with the highest temperature in white light, the average temperature in orange and yellow,

and the lowest temperature in blue or purple.

Input block: This block consists of a switch, as shown in Figure 2(a), to turn the power supply on and off. The

switch has a contact resistance of <20 MQ and insulation resistance of > 100MQ. The block also includes buttons

for device settings, as shown in Figure 2(b). These are PBS-110 type, normally closed (NC), with a power rating

of 250V1A AC, and a resistance of 100 M.

(@)
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Figure 2. (a) Power switch; (b) Buttons; (¢) OLED display; (d) AMG8833 sensor
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- Display block: The device displays the parameters
on a 0.95-inch OLED screen [8], as shown in Figure
2(c), with a resolution of 96 x 64, 65536 colors, SPI

interface, and a voltage range of 3.3V to 5V.

- Sensor block: The device uses the AMGS883
infrared thermal sensor [9], as shown in Figure 2(d),
with a temperature range of 0°C to 80°C, an accuracy of
+2.5°C, a power supply voltage range of 3.3V to 5V, a

maximum frame rate of 10Hz, and I2C communication.

- Central processing unit (CPU) block: The device
uses an Arduino Nano board [10] as shown in Figure
3 (a) with an AVR ATmega328P-AU MCU core,
which supports digital and analog I/O signals, UART,
SPI, 12C communication, and can be restructured and

programmed through the Arduino IDE.

- Power block: Provides DC power to the system,
which can be supplied by a 9V battery as shown in
Figure 3 (b) or a 3.3V + 9V adapter.

(@) (b)

Figure 3. (a) Power switch; (b) Push button; (¢c) OLED
screen; (d) AMGS883 sensor.

2.2. Software program design

The thermal imaging camera device is designed as
an algorithm that repeats infinitely, consisting of the

following steps:

- Step 1: To start the program, libraries such as SPI,
Wire, AMG8833, 12C need to be declared.

- Step 2: Declare the pre-processing: create
connections between Arduino Nano and peripherals
such as buttons, screens, AMGS88 sensors, set the
minimum temperature threshold tmin and maximum
temperature threshold tmax to display notifications,
define the color codes to be displayed on the OLED.

- Step 3: Check the conditions for setting the pixel

value (via button 1), if:

- Correct: Increase the pixel value using button 1,

decrease the pixel value using button 2.
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- Wrong: Proceed to step 4.

- Step 4: Continuously collect data from the
AMGS8833 infrared thermal sensor, and check the

conditions:

+ If the measured temperature (t) is within the range
tmin < t < tmax, display the Normal information along
with the corresponding color codes for each thermal

zone.

+ If the measured temperature t < tmin, display Low
information along with the corresponding color codes

for each thermal zone.

+ If the measured temperature t > tmax, display
High information along with the corresponding color

codes for each thermal zone.
- Step 5: Return to step 3.
3. Experimental Results

We connected the peripheral components, including
a power switch, three buttons (Menu, Up, Down), an
OLED display, and an IR thermal sensor (AMG8833)
to an Arduino Nano, and powered it with a 9V battery
according to the circuit diagram shown in Figure 4 and
the pin connections listed in Table 1. After assembling
and connecting the electronic components, uploading
the program to the microcontroller, and enclosing the
device, the final product has the appearance shown in
Figures 5(a) and 5(b).
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Figure 4. Hardware circuit diagram of the thermal

camera’s electronic components
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Table 1. Pin connections between Arduino, OLED,

and AMGS8833
Arduino Nano Oled AMGS8833

GND GND GND
VCC 5V Vin
D13 SCL

D11 SDA

D9 RES

D8 DC

D10 CS

AS SCL

A4 SDA

When the power switch is turned on, the display

will show the pixels, color codes, and corresponding

temperatures detected within a range of 7 meters by the
AMGS8833 sensor on the 0.95-inch OLED screen. To
set the pixels and adjust their values, the Menu, Up,
and Down buttons are used accordingly. Depending
on the temperature of the observed area detected by
the sensor, the values, alerts, and corresponding color

zones are displayed on the OLED screen.

The input information of a handheld thermal camera
includes the detected and displayed thermal images on
the device’s screen. The device can be used to detect
and measure the temperature of objects using thermal
sensors. The output of a handheld thermal camera is
information about the temperature of objects within the
scanning range. This result is displayed as a thermal
image along with the minimum, maximum, or average

temperature of the observed area.

() (c)

Figure 5. (a) Assembled electronic components; (b) information displayed on the OLED screen;

(¢) final product of the mini handheld thermal camera.

4. Conclusion

Temperature is an important factor in all scientific
fields, production, daily life, and human health.
Measuring, monitoring, and alerting with temperature

values, images, and colors are necessary.

The device developed from the research process can
measure and display the color region corresponding to
the temperature received in the detection area of the
sensor eye. With a compact handheld design, it can
set the temperature range (upper and lower thresholds)
that needs to be surveyed and the resolution that needs
to be displayed on the OLED screen. It is convenient
to carry and can be used even in the absence of light.
The product can be applied in various fields such as

measuring non-contact body temperature, maintaining,

repairing, and testing the quality of electronic devices,
electrical and mechanical devices, phones, chips,
ICs, detecting overheat wires of electrical systems,
underground and in-wall cables, electricity and water,
detecting gas leaks, ventilation furnaces, heating

furnaces, etc.

In addition, this product is also used in the industry
to monitor and check the temperature of equipment,
machinery, building materials, pipelines, leading
to early detection of technical issues and avoiding
accidents due to overheating. Moreover, handheld
thermal cameras are also used in security and
firefighting to immediately detect hotspots in homes

and avoid fire or explosion risks.
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To expand the scope of application of the research

product, improve accuracy, reliability, increase
resolution, etc., more measurement sensor eyes can be
used, along with wireless communication networks,
accurate image recognition and processing algorithms,
and screens for convenient

large-size display

monitoring.

References

[1] T&M technology services and equipment joint
stock company, “Mechanical measurement equipment
thermal camera”, tm-tech, December 2021, [online]
Available: http://tm-tech.vn/vn/camera-nhiet.html
[Accessed April 20, 2022]

[2] A. Naser, A. Lotfi and J. Zhong, “Calibration
of Low-Resolution Thermal Imaging for Human
Monitoring Applications,” in IEEE Sensors Letters,
vol. 6, no. 3, pp. 1-4, March 2022, Art no. 7000904.

[3]Y. -C. Chen, J. -P. Su, C. -H. Tsai, M. -C. Chen,
W. -J. Chang and W. -J. Wu, “iVoiding: A Thermal-
Image based Artificial Intelligence Dynamic Voiding
Detection System,” 2022 International Conference
on Artificial Intelligence in Information
Communication (ICAIIC), 2022, pp. 027-029.

and

[4] C. Song and S. Lee, “Accurate Non-Contact
Body Temperature Measurement with Thermal Camera

under Varying Environment Conditions,” 2022 16th

116|

International Conference on Ubiquitous Information
Management and Communication (IMCOM), 2022,

pp. 1-6.

[5] S. Durgapurohit, J. Granthi, S. Daware, V.
Dange, M. Mhetre and A. Kadu, “Real Time Electric
Hazard Detection System Using Thermal Imaging,”
2022 4th International Conference on Smart Systems
and Inventive Technology (ICSSIT), 2022, pp. 624-
629.

[6] R. R. Yakkati, S. R. Yeduri and L. R.
Cenkeramaddi, “Hand Gesture Classification Using
Grayscale Thermal Images and Convolutional Neural
Network,” 2021 IEEE International Symposium on
Smart Electronic Systems (iSES), 2021, pp. 111-116.

[7] K. -T. Hsu, B. -S. Wang, C. -H. Lin, B. -Y.
Wang and W. -P. Chen, “Development of Mountable
Infrared-Thermal Image Detector for Safety Hamlet,”
2021
Communications, Internet of Things and Big Data
(ICEIB), 2021, pp. 105-109.

International Conference on  Electronic

[8] Electropeak, “Oled 0.95 inch 12C”, OLED
Display Datasheet, 2020.

[9] Panasonic, “AMGS8833 Sensor”, Infrared Array
Sensor Grid-EYE, 2020.

[10] Lampiran, “Arduno nano R3”, Arduino Nano

Technical Specifications, 2020.



