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SUMMARY

Automatic color recognition is an important factor to achieve high levels of
automation for laser edge banding system in furniture manufacturing. In
. this article, a color recognition system was designed and evaluated based
Keywords: Arduino on the Arduino UNO mainboard and TCS3200 sensor. The TCS3200
UNO, color recognition, sensor was used to detect the color of the product, and the Arduino
TCS3200 sensor, laser mainboard was used to read the output frequency and analyze the color
edge technology result. Eight-panel surfaces with different colors were used to validate the
accuracy of the designed system. The results showed that the design system
had the ability to accurately identify colors with high stability. Therefore,
this result might be applied for developing automatic color recognition

systems in the next generations of laser-based edge sealing machine.

Phit trién h¢ théng nhéan dién mau sic tw dong cho bé mit van gb cong
nghiép trong may dan canh bang cong nghé¢ laser

Nhan dang b& miat cua van gb cong nghiép ty déng théng qua mau sic 1a
mot yéu 0 quan trong dé dat duge muc do tu dong hoda cao cho hé théng
méy dén canh bing cong nghé laser trong san xudt van d6 ndi thit. Trong
bai viét nay, hé théng nhan dang mau sic duge thiét ké, danh gia dua trén
ban mach Arduino UNO va cim bién nhan dién mau sic TCS3200. Cam
bién TCS3200 dugc st dung dé phat hién, nhan dién mau sic ciia cac bé
mat san phém va ban mach cht Arduino dugc su dung d8 doc tan sb du ra
va nhan két qua mau sac. Tam bé mat tim van véi cic mau sic khac nhau
duogc str dung d8 x4c nhan d6 chinh xéc cua hé théng duoc thiét ké. Két qua
cho théy hé théng thiét ké tu doéng nhén dién bé mat tAm van thong qua
mau séc 1a chinh x4c v6i do dn dinh cao. Do d6, két qua nay co thé duoc ap
dung dé phat trién hé thong nhan dang mau sic bé mat van g cong nghiép
tu dong trong cac thé hé tiép theo ciia may dan canh ding cong nghé laser.

Tve khoa: Arduino UNO,
nhan dang mau séc, cam

bién TCS3200; may dan

canh Laser

169



Tap chi KHLN 2021

Trong Tuan Nguyen ef al., 2021 (S5 3)

I. INTRODUCTION

Color recognition is becoming more and more
widely used in modern production, including,
industrial ~ automation,  remote  sensing
technology, image processing, product quality
inspection, and several fuzzy detection
technologies that require color detection (-3
Edge sealing is an important step in furniture
manufacturing. It offers the protection against
moisture and steam for the kitchen worktop,
provides stabilization of cut edges and can seal
narrow surfaces of wood artificial board =1,
Currently, the process of laser edge sealing, is
similar to that of traditional edge sealing, but
that of laser edge sealing is less complex thanks
to the integration of edge sealing tape and the
adhesive layer.

In addition to the stability and quality of the
weld, the surface color of each surface sealed
product requires its matching color of the
sealing edge. With laser-based edge sealing
machine, the task was automated by computer
input of color code from a list according to
color of products. However, this color code
input is prone to human reading mistake.
Therefore, automatic color reading and
adjustment of input color matching that of edge
banding is, an important factor in achieving a
high automation level.

vcC vee

Pl T P2
—VCC

—_—A—
R8
10KQ
LED_CON | 0.1%

Currently, there are many color sensors in the
market with different prices depending on the
quality and field of use. Among them,
TCS3200 sensor is a programmable color light
to frequency converter developed by Texas
Advanced Optoelectronic Solutions, which is
used in many fields due to its high accuracy and
reasonable cost !'” '] In this study, we used the
TCS3200 sensor and Arduino UNO mainboard
to design the color recognition system of panel
surface for an automatic laser sealing process.
Through our work, a high economic efficiency
color reading system was proposed for sealing
edge machine. This can be applied in
automation of color reading and changing of
sealing edge color in furniture manufacturing
industries.

II. MATERIAL AND METHODS
2.1. TCS3200 color sensor

The TCS3200 color sensor is a complete color
detector, including a TAOSTCS3200 RGB
(Red, Green, Blue) sensor chip and four white
LEDs. It can detect and measure a nearly
limitless range of visible colors. The
applications of TCS3200 include test strip
reading, sorting by color, ambient light
sensing, and calibration, and color matching,
etc '“'%5] The circuit diagram of TCS3200
color sensor as shown in Fig. 1.
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Fig. 1. The circuit diagram with a chip structure of the TCS3200 sensor
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2.2. Arduino UNO board

The Arduino expansion was emerged in Italy to
build up low-cost hardware for communicating
design.  Recently, Arduino UNO an
outstanding option for many In-Out-through

application designs!™* ~'*). 1t is widely used for

an open-source single-board microcontroller
development platform due to the flexible
applications, easy-to-use hardware, and
software components.

Digital Ground

Analog reference Pin

Serial Out (TX)

Digital [/O pins(2-13)

USB-B port
to computcr —

External
Power supply

Serial In (RX)

Atmega328
microcontroller

Power Analog in Pins (0-5)

Fig. 2. General structure of Arduino UNO Board

Arduino UNO is a microcontroller board
designed based on the microchip ATmega328
(Fig. 2). It includes 14 digital Input/Output pins
such as the Pulse Width Modulation outputs,
analog inputs, Universal Serial Bus connection,
and others. In addition, the Arduino-compatible
custom sensor expansion boards can be
developed to directly plug into the standardized
pin-headers of the Arduino UNO board,
allowing the Arduino UNO to connect to several

sensors 1721,

TCS 3200 Color Sensor

2.3. Research methodology
Design principle

The color edge banding constitutes the values
of the three primary colors of blue, green and
red. When a color filter is used, it only allows a
specific primary color to pass through, and
other primary colors are not allowed to pass.
The sensor converts it to a specific frequency,
which is then fed into the frequency converter.
This output frequency determines the perceived
color and uses the Arduino UNO processor to
read the output frequency and receive the color
result. The scheme of light intensity
transformation into a signal shown in Fig. 3.

Arduino

S0 81

Fig. 3. Scheme of light intensity transformation into a square signal
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III. RESULTS AND DISCUSSION
3.1. Surface panel color

Panel surfaces were exposed to the color
sensor, at which light from the surface was
absorbed and analyzed and subsequently sent
to Arduino UNO for further analysis, color
coding and screen display. Analytical results
also triggered input of sealing edges with
matching color in the manufacturing process.
In preparation steps, this study established a
range of available color surface based on
colors currently used in the industry.
Specifically, seven surfaces were assigned the
codes P1, P2, P3, P4, P5, P6, P7, and P8 are
blue, green, yellow, black, gray, brown, oak
and gray oak, respectively, as shown in Fig. 4.

=1
Fig. 4. Assigned codes of panel surfaces color

3.2. Design of model

The main function of the Arduino UNO
controller is to control other modules to achieve
color detection and display. Among them, the
main  controller is the ATMega328
microcontroller board. To speed up the Arduino
UNO board, a 9V DC input was used to enable
the ability to drive high-power external devices
such as servos and a universal serial bus (USB)
port. After plugging in the sensor, the power
supply and communication with the
programming board was tested. A bypassing
capacitor (reduction of high-frequency current
flow) and an LCD display for simple viewing
of the data measured were connected to the
feeder circuits. There is a potentiometer

172

(10 kkQ) connected to the LCD display to set
up the required contrast. The circuit is activated
on by a push-button switch (Fig. 5).

Fig. 5. Initial wirings of the sensor to the
programming board

The development platform selected for this
application was previously developed (41 The
controlling software of colorimeter was
written in JAVA language in the Arduino IDE
environment. The functionalities of the elec
Freaks library, especially functionalities for
signal frequency measurement and LCD
control were used.

3.3. Frequency RGB value

The color detecting device was used to recognize
the color of the panel surface. To stabilize the
brightness of the illumination lamp and the A/D
conversion accuracy, the DC power supply was
adjusted stability with accuracy within + 0.1%.
In addition, the color sensor TCS3200 was
adjusted to an optimal detection distance of 1
cm. The results of the measurements for 8 panel
surfaces in this study are shown in Fig. 6 for
each color component R, G, B.

The results show that the highest R values
when there are more red components in the
color of the measured object such as P3, PS5,
P6, P7, and P8 samples. Similarly, if there are
many green components, G in the output result
is the largest value such as P2 sample. If there
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are many blue components, B is the highest
value such as P1 and P4 samples.
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Fig. 6. The frequency of RGB value for on
color panel surfaces

3.4. Validation results

In order to validate the accuracy of the
automated color recognition system, the tests
were carried out on two different types of paint
surfaces such as solid paint color (P1, P2) and
texture paint color (P7, P8). On each sample,
20 random points on the paint surfaces were
measured with the automated color recognition
system. The frequency of the RGB value of P1
and P2 are presented graphically in Fig. 7a and
Fig. 7b, respectively.
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Fig. 7. Frequency of RGB values at different
points of P1 (a) and P2 (b) samples

The results show that the SD values of R, G, B
of Pl and P2 samples are less than 1,
indicating that the color parameters measured
at different locations on the surface of the
sample are not significantly different. This
demonstrates that the sensor has high
sensitivity and accurately identifies colors on
the solid paint color surfaces.

The frequency of RGB values at different
points of P7 and P8 samples are plotted in
Fig. 8a and Fig. 8b, respectively. The results
show that the SD values of R, G, B of P7 and
P8 samples are greater than 1. This result can
be explained by the fact that the color of
texture paint surfaces is dark and uneven

color distribution according to the
characteristics of each type of wood grain.
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Fig. 8. Frequency of RGB values at different
points of P7 (a) and P8 (b) samples

The wvalidation results again confirm the
accuracy and stable work of the color
recognition system with the TCS3200 sensor.
However, the proposed color recognition
system in this study has some limitations to be
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mentioned. First, a small number of panel
surfaces were used to validate the system in
experiments; this reduced the accuracy of the
system. Thus, further validation with more
panel surfaces, especially the texture paint
color surfaces, need to be conducted.
Additionally, this color recognition system
was not linked to actual laser edge sealing
equipment which may cause significant
differences among the outcomes, thus results
have limited reliability. Thus, a field study is
needed in the future to validate the results of
the present study.

IV. CONCLUSIONS

This article introduces the system of color
recognition for the panel surface based on
Arduino UNO board and TCS3200 sensor. The
results indicated that the panel surface was
precisely recognized by Arduino UNO analysis

of the signal from color sensor TCS3200, with
high working speed and stability. Although the
system development is still in an early phase, it
might be used in prototyping and manufacturing
of automatic color recognition systems in the
next generations of laser-based edge sealing
machine.

ACKNOWLEDGMENTS

This study was conducted in the Lab of the
Department of Mechanical Design and Theory,
College of Mechanical Engineering at
Northeast Forestry University, Harbin 150040,
China. The authors gratefully acknowledge the
financial and academic support of Research
Institute of Forest Industry, Vietnam Academy
of Forest Sciences, Hanoi, Vietnam. Also, the
authors would like to thank the reviewers for
their valuable remarks and comments.

REFERENCES

1. Sachdeva A, Gupta M, Pandey M, Khandelwal P, 2017. Development Of Industrial Automatic Multi Colour
Sorting and Counting Machine Using Arduino Nano Microcontroller and TCS3200 Colour Sensor,
International Journal of Engineering Science, 6, 56 - 59.

2. Mazumdar I, Mondal R, Sagarika P, 2013. Design and Development of a Low Cost Colour Sensor and its
application in Angular Position Control System of a Stepper Motor, International Journal of Electronics and

Computer Science Engineering, 2, 1241 - 1251.

3. Bryjova I, Kubicek J, Kasik V, Peter L, Kamensky D, Klosova H, 2016. Design of the DSC1 Skin Colorimeter:
Pilot Testing on Hypertrophic Burn Scars, [FAC-PapersOnLine, 49, 499 - 504.

Lugos A, 1990. Color sensor system for the recognition of objects with colored surfaces, in, Google Patents.

5. Kunhimohammed C, KK M S, Sahna S, Gokul M, Abdulla S U, 2015. Automatic Color Sorting Machine Using
TCS230 Color Sensor And PIC Microcontroller, International Journal of Research and Innovations in Science

and Technology, 2, 33 - 38.

6. Ding Y, Ma L, Fu X, 2017. The Research Progress of Edge Banding Technology of Panel Furniture, Furniture, 4,

1-5.

Jansen I, Rechner R, 2009. Using lasers in edge banding, Adhesion Adhesives & Sealants, 6, 36 - 40.

8. Nguyen T T, Nguyen T T, Le N H, To Q H, Hua J, 2018. Examine temperature field at sealing surfaces treated
by laser sealing using Ansys software, in: IOP Conference Series: Materials Science and Engineering, IOP

Publishing, pp. 022010.

9. Zhang E H, Fan X R, Yan M A, Hong-Gang X U, Zhou Y C, 2017. University N F, University S J, Laser Edge
Banding System and Its Technology Research, Packaging Engineering.

10. 1Qiaoyi L, Yanling X, Wenlong Y, Junsheng H, Huan L, 2014. Study on Color Analyzer based on the
Multiplexing of TCS3200 Color Sensor and Microcontroller, International Journal of Hybrid Information

Technology, 7, 167 - 174.

174



Trong Tuan Nguyen et al., 2021 (S 3) Tap chi KHLN 2021

11.

12.

13.

14.
15.

16.

17.

18.

19.

20.

21.

Seelye M, Gupta G S, Bailey D, Seelye J, 2011. Low cost colour sensors for monitoring plant growth in a
laboratory, in: 2011 IEEE International Instrumentation and Measurement Technology Conference, IEEE, pp. 1 -
6.

Zhang J, Yang Y, Zhang J, Chen M, 2013. Color reproduction and classification with TCS 3200 D, Engineering
Journal of Wuhan University/Wuhan Daxue Xuebao, 46,257 - 260.

Malanoski A, Johnson B, Erickson J, Stenger D, 2016. Development of a detection algorithm for use with
reflectance-based, real-time chemical sensing, Sensors, 16, 1927.

Arduino documentation., in, 2019.

Candelas F, Garcia G J, Puente S, Pomares J, Jara C A, Pérez J, Mira D, Torres F, 2015. Experiences on using
Arduino for laboratory experiments of Automatic Control and Robotics, IFAC-PapersOnLine, 48, 105 - 110.
Casado C G, Cisquella M L, Lopez S A, 2018. Intelligent Irrigation System Based on Arduino, arXiv preprint
arXiv:1803.00097.

Desai D P, Patel D, 2015. Design of Control unit for CNC machine tool using Arduino based embedded system,
in: 2015 International Conference on Smart Technologies and Management for Computing, Communication,
Controls, Energy and Materials (ICSTM), IEEE, pp. 443 - 448.

Teikari P, Najjar R P, Malkki H, Knoblauch K, Dumortier D, Gronfier C, Cooper H M, 2012. An inexpensive
Arduino-based LED stimulator system for vision research, Journal of neuroscience methods, 211,227 - 236.
Ferdoush S, Li X, 2014. Wireless sensor network system design using Raspberry Pi and Arduino for
environmental monitoring applications, Procedia Computer Science, 34, 103 - 110.

Fatehnia M, Paran S, Kish S, Tawfiq K, 2016. Automating double ring infiltrometer with an Arduino
microcontroller, Geoderma, 262, 133 - 139.

2Wardana H K, Indahwati E, Fitriyah L A, 2018. Measurement of Non-Invasive Blood Glucose Level
Based Sensor Color TCS3200 and Arduino, in: IOP Conference Series: Materials Science and
Engineering, IOP Publishing, pp. 012019.

Email tac gia lién hé: nguyentuancnr@gmail.com
Ngay nhén bai: 04/05/2021

Ngay phan bién danh gia va stra chira: 03/06/2021
Ngay duyét dang: 07/06/2021

175



