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Visually disabled people rely on the sense of touch and sense of hearing to
help them recognise anything in their everyday life. Colours, however, is also
important in giving information about things such as the colour of cash note
(blue, green, red, orange and purple), the colour of spices (yellow turmeric,
red chilli, green chilli) and colour of cloth. Without a sense of visual, they are

not able to recognise colour and perceive the beauty of colour. This study

was conducted to develop a colour recognizer for visually disabled people.
Keywords: Colour recogniser used the colour sensor to sense the colour, microcontroller
- . to recognise the colour and notify the user using a speech generator and
Colour recognition device speaker. The device is powered by dry cell batteries and designed to be user-
Colour sensor friendly, practical and portable. The testing is done to show that this device
Module was able to sense and differentiate 12 primary colours in the RGB colour
Speech generator wheel and validated the accuracy of this devices.

Vision impaired person ) ) L .
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1. INTRODUCTION

Nowadays, people with visual disability are about 303 million globally, whereby 39 million of them
are considered to be com-pletely blind and the remaining 264 million are having vision limitations or known
as partial blindness. About 90% of them are living in developing countries [1]. As blindness can be defined
as a lack of vision, it also can be referred to a loss of vision that cannot be corrected with glasses [2].

Colour is meaningless to people who are born blind as they never see colour and never understand
colour. However for some people who become blind later in life or have partial blindness, colour is also
important in helping them recognise things. Mostly, visually disabled people face difficulties in recognizing
colours in their lives. For instance, to identify colour in pedestrian crossing lights, clothes, paints, foods, and
etc. In order to assist the visually disabled person, there have several methods been developed such as Braille
with colour code [3] and devices that can produce audio output from a colour sensor data [4-7]. Braille is a
form of communication in which people use their fingers to feel elevated bumps on a surface and can
understand what is meant to be interpreted [9-14]. Sometime the visually disable people leaves marking such
as staples or pin on their cloth to identify colour. By having a colour recognition device they can remove
these markings. The developement of a colour recognizer can also help a teacher to teach colours to the
visually disable person.

The aim of this study is to develop a device that can detect colours and then inform the colour to the
users through the audio output from speakers. Therefore, this device should be simple, user-friendly, practical
and affordable to those with vis-ual disability. The objective of this study is achieved by, firstly studying the
behaviour of disabled people especially for colour recognition, so it helped in choosing the suitable
mechatronics design for colour detection, then prototyping by fabricating the mechatronic design for colour
detection and after all of that a verification and evaluation process is carried on 12 primary colours.
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Extensive research on colour recognizer has been performed in the last few years. In India, L.
Dhaminil and D. Bhanuprakash [15] proposed a camera-based sensor and raspberry pi to detect and process
the colour. The colour was transformed from the RGB system to the HSL system to better differentiate the
colour tone. M. Anil Kumar et al [16] proposed a device connected to a mobile phone that is able to notify
the user on the colours. The colour recogniser device and mobile phone are required for this application.
The sensor for detecting colours is TCS3200. In Indonesia, Alfa Sheffildi and Rini Fitri [17] developed
colour recognition with augmented reality concept based on finger interaction between a user and coloured
object. A camera is used for the colour sensor. In Malaysia, Tarek M.D. et al [18] proposed to use a neural
network and decision three based machine learning to recognize the colour and give an output to the user
through audio and vibration. Three devices were used for the colour recognition system, first, the hand index
box that contains the camera, ultrasonic sensor and push button, second, the vibration actuator module and
the third is hand wrist box with the processors (raspberry pi). In this paper, a practical single colour
recognizer which is a portable, small, lightweight and low cost is proposed to help the visually impaired.
The output chosen is an audio output where the user can use an earphone to listen to the colour name.
The processor is Arduino Uno and the colour sensor is TCS3200. Before moving on to the methodology,
an understanding of the colour system is required and discuss below.

Additive colour system, subtractive colour system and CMYK colour system are the three
colour systems available. For the RGB model as shown in Figure 1(a), R for red, G for green and B for blue
are the light primaries. Combining these primaries will produce new colours: - green and red light rays
produce yellow, blue and green produce cyan, red and blue produce magenta. The RGB (red, green,
blue) primary colours when combined in various proportions different colours will be obtained in the visible
spectrum. If all primary colours are mixed together white light will be created as in Figure 1(a). In this
system, the levels of the three colours red, green and blue can range from 0 to 100 percent of full intensity.
Decimal numbers are used to represent each level ranging from 0 to 255, range from 00000000 to 11111111
in binary numbers and from 00 to FF in hexadecimal. the total number of colours is 256 x 256 x 256 which
results 16,777,26 colours. This colour model is normally used for devices employing light such as computer
monitors and television sets. Meanwhile, the subtractive colour system is the opposing of additives colour
system. It employs cyan, magenta and yellow as the basic primary colour. Combining two of three colours
will produce the additives colours and when all three subtractive colours are combined will produce black
light. Lastly, the CMYK colour system which means cyan, magenta and, yellow, then become the black
colour systems. These four colours are used as the primary colour. The CMYK colour system is used in the
printing industry. When these primaries colours are combined, the result is grey [10] as seen in Figure 1(b).

(a) (b)
Figure 1. Colour system. (a) RGB Model. (b) CMYK Model

2. RESEARCH METHODOLOGY
2.1. Hardware

The electronic components used in the device are Arduino Uno, colour sensor TCS3200, Catalex
serial MP3 player and power source. The device casings are modelled using SOLIDWORK software as
illustrated in Figure 3 and then they are produced by using a 3D printer machine.

The microcontroller board used is the ATmega328P and called Arduino/Genuino Uno. It has 14
digital input/output pins with 6 PWM pin, 6 Analog inputs, a 16 MHz quartz crystal, a USB connection,
a power jack, an ICSP header and a reset button. The microcontroller can be directly connected to a PC using
USB cable or by using dry battery to start it.

The colour sensor used is TCS3200. It is a programmable colour light to frequency converter that
combines configurable silicon photodiodes and a current-to-frequency converter on a single monolithic
CMOS integrated circuit. The TCS3200 reads an 8*8 array of photodiodes, while the output is in a square
wave with frequency directly proportional to light intensity (irradiance) as in Figure 2 [12].
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Figure 2. Functional block diagram of TCS 3200

To play the name of the colour, a Catalex MP3 player module is used. It is based on a high-quality
MP3 audio chip (YX5300), and support 8kHz ~ 48kHz sampling frequency MP3 and WAV file formats.
The audio files for colours name are downloaded into a micro SD and inserted into the TF slot that comes
with the Catalex MP3. MCU can control the MP3 playback state by sending commands to the module via
UART port, such as switch songs, change the volume and play mode and so on. For a bonus-added feature,
the system is designed to make possible for debugging the module via USB to UART module.
It is compatible with Arduino/ AVR / ARM / PIC.

Figure 3. Functional block diagram of TCS 3200

This combination of components is powered up using one unit of a 9V dry cell which is placed at
the bottom of the device. The circuit diagram of the device is shown in Figure 3 and the components used
are: 1. Catalex serial MP3 player, 2. TCS3200 colour sensor, 3. Arduino UNO, 4. 9V dry cell and 5.
Toggle switch.

2.2. Software
In this section the software used will be discuss and the connection between the TCS3200, Arduino

microcontroller and the software. All Software implementation of this device is the Arduino software.
The programming code is developed in Arduino software which is then uploaded to Arduino board via
USB connector. The first setup is to initilized the integer variables that control the input and output pins of
the sensor. Secondly, communication speed is setup to 9600bps since the MP3 module is configured to that
speed and thirdly, the pins which are used to select the filters are define. Once the connection has been made,
check whether the information is coming through a serial port or not. Now checks the serial port data that
identify which colour the application asks. Then different filter pins are configured based on information
given in Table 1.

Table 1. Filter Pin for the Colour Sensor
Pin S2 Pin S3 Photodiode Type

L L Red

L H Blue
H L Clear
H H Green
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2.3. Prototype of the Device

At a grace of the 3D printing machine, the prototype is materialized. Then all the electronic
components are embedded in it. The completed prototype is then tested and verified to ensure its capability to
recognize the colours correctly. Figure 4 shows the prototype of the device.

3 Earphone Jack
& ColourRecognizer Device |

@ (b) )

Figure 4. Prototype of the device. (a) Bottom of the device. (b) Light is turned on the device. (c) The device
with speaker/earphone connection

2.4, Experiment and Verification Test

The experiment is performed under a room condition with a moderate light source from the
environment up to 550 lux. From this test, the reading of the colour of the object will be done by TCS3200
colour sensor with four photodiodes. The detected colours will be converted to a frequency which will then
be read by Arduino. The data are acquired and processed to determine its performance. The test is carried out
using 12 standard colours which are red, orange, yellow, green yellow, green, green cyan, cyan, blue cyan,
blue, blue magenta, magenta and red magenta as in Figure 5. For the experiment, different colour material
such as a different colour fabric is used as test items. The colour recognizer must be placed flat on the surface
of the fabric or item such as shown in Figure 6.

Object must be placed
flat on the surface

Figure 5. Colour wheel for verification process Figure 6. Placement of object for colour recognition

The verification is performed with the aids of the serial monitor of Arduino environment software.
The colour reflected by the white light will be transferred to the Arduino board and compared based on the
frequency detected by the colour sensor. Initial setup will use the three primaries colours red, blue and green.
The maximum and minimum frequency output for each colour will be recorded and converted to RGB values
(from 0 to 255). In the programming, the frequency-scaling of colour has been tabulated and compared with
frequency detected by the four photodiodes which will then be picked to be vocalized by the colour
recognizer sensor.
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Figure 7 shows the initial result for the frequency to RGB mapping. Here the expected frequency
when red is the dominant colour is 8kHz and when blue is the dominant colour, the frequency will be around
11kHz. Verification on real object for the colour recognizer is done on t-shirts. From the testing, it has shown
that the colour recognizer is able to detect the dominant colour of the fabric. For the other colours such as
orange, magenta and blue cyan, the same method is used but the frequency range will be between the primary
colours red, blue and green. The result of the recognition for intermediate colours is discussed in Section 3.
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Figure 7. Initial setup for frequency RGB mapping: () Red and (b) Blue

3. RESULT AND ANALYSIS

This section will discuss the result of colour recognition experiments for four types of colour.
Here the data obtained is frequency according to the frequency-scaling that was implemented in the
programming. The plotted graph of the output from the sensor as shown in Figure 8 will be compared to the
colour wheel data in Figure 5 in terms of the colour position. The first experiment uses an orange colour
object as a testing item. Based on Figure 8(a), the output from the colour sensor shows that when an orange
object is put near the device, the frequency output given by the red photodiodes will be lower than that of
green and blue photodiodes. As referred to the colour wheel and comparing with the graph, it is expected that
the red colour will be dominant followed by green and blue. As shown in Figure 8(b), for cyan colour
according to the colour wheel, the expected frequency output will be lower for blue and green as compared to
red. This is verified by the graph in Figure 8(b). Then for an object with magenta colour, the frequency
output given by the colour sensor will give a lower value for the red, followed by blue and then green as can
be seen by Figure 8(c). This is comparable to the colour wheel. Finally, for the blue-magenta, as shown in
Figure 8(d), it can be seen that the frequency output of blue photodiodes is lower followed by red and green.
This is because the blue colour is a bit more dominant colour for blue-magenta.

As can be seen, when an object placed has a dominant primaries colours under the additive colour
system-red, blue and green, those colours will be filtered out and the frequency output will be lower than the
other two. As in Figure 8(a), since red is the dominant colour for orange, it will be filtered out and has the
lowest frequency compared to blue and green. Here the frequency difference between red and green and blue
is about 7 kHz and 9 kHz respectively. For the other additive colours which are yellow, yellow-green, green-
cyan, blue-cyan and blue-magenta, it can be seen no one type of colour will be dominant or the colour sensor
will produce a lower frequency. For secondary colour in the additive colour system, at least two colour can
have a low frequency since both dominant colours are detected by the colour sensors. This can be seen in
Figure 8(b) and 8(c). For cyan, only 5 kHz of difference between blue and green while for magenta only a
2kHz difference between red and blue. This is logical since cyan is a combination of green and blue and
magenta is a combination of red and blue.

As for the tertiary colour of the additives colour system, the frequency output will be lower towards
the dominant primary colour (red, blue and green). This can be seen as in Figure 8(d). The frequency
recorded in Figure 8(d) (blue-magenta) shows that when compared with the same colour in Figure 8(c)
(magenta), the difference of green and blue is about the same — 2kHz and 4kHz respectively. But for the red
frequency has a big difference of about 10kHz since less red light is filtered out when tested with a blue-
magenta coloured object than red light filtered out for a magenta coloured object. From these experiments,
it shows that the programming and mapping of frequency to colour is in a good agreement and can verify the
correctness of the colour detection.
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Figure 8. Frequency against number of reading. (a) Orange. (b) Cyan. (c) Magenta. (d) Blue-magenta colours

4.  CONCLUSION

According to the result and discussion, the device is beneficial and useful to assist people with
visual disability to determine the type of colour in their surrounding object. The design of the device is very
user-friendly, practical and cost-effective. The size of the device also is acceptable to hold by human hand.
Colour recognizer was successfully developed with medium accuracy and available at affordable price.
Also, this device was fabricated using 3D printing and contains an electronic circuit. Then, validation of the
colour recogniser has proved the ability of colour recogniser. Lastly, this device will be useful for visually
disabled people and can help them to solve their everyday problem.
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