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Abstract

One of the challenges in any business is to produce a product with a good quality that
satisfies customer needs, and checking the color of the product is essential to verify the
quality of the product; that is why color matching and identification are essential aspects in

the industrial field.

The main emphasis of this thesis project is to develop a portable and user-friendly device
that can measure the color of any flat surface and provide the data in the form of digital
color spaces that can be useful in the industrial field or even for personal uses and present

the measuring data to the user in a proper way.

The method used to measure the colors is a spectrometer sensor; the idea of the
spectrometer is to measure the wavelength of the reflected light from the material surface;
the wavelengths can be mapped and translated into many color spaces. Then, the measured
data will be sent to a mobile application to display it using a Bluetooth connection between

the device and a smartphone.

With a six-channel spectral sensor, The device can read the red, green, and blue
wavelengths; the RGB wavelengths are then translated into the RGB color space and
converted to the other color spaces like XYZ, CIE-Lab, CIE-LCH, CMYK, HSL, and HSV.

A Microcontroller mounted with BLE (Bluetooth Low Energy) module will read the
measures of the sensor and send them to the smartphone.

The smartphone has a mobile application developed To present and display the data.
The user can interact with the device, take new measurements, or compare two samples and
display the Delta. The device's size is small so that a man can hold it with one hand, and it

contains a rechargeable battery to be used outside and in the industrial environment.

To conclude, the output of this thesis project is a Color measurement tool that can read
and identify any color and provide the data in terms of the most famous seven color spaces

used in the industrial field.
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1. Introduction

1.1. Motivations

It is challenging to identify the colors using the naked eye, as Human vision is subjective, leading
to communication errors and confusion. A little brighter, a smidge darker, or a touch bluer are
impossible to achieve without hours of trial and error and, in the end, will not have a quantitive
measurement. Furthermore, due to the massive numbers of colors, if we consider the RGB color
space, which can be represented in 24-bits, there are 16,777,216 different color possibilities, so
there was a need to develop a digital tool can differentiate between the colors.

Measuring colors with an instrument such as a spectrophotometer instead of evaluating them by
the naked eye can dramatically decrease the time wasted for noticing the difference between two

colors and gives digital quantitive data.

1.2. Thesis goals

This project aims to develop a low-cost portable color sensing device that can measure the
color of different surfaces and provide the data described digitally in terms of color spaces
that are used in many industrial fields, and present the measuring data to the user in a proper

way so that it can be shared or processed.

1.3. Method

The method used to measure the colors is a spectrometer sensor; the idea of the
spectrometer is to emit the light against the measured surface, then measure the wavelength
of the reflected light; the sensor receives the wavelengths. Then, filter it into different colors
wavelengths using the optical filters; the data will be processed using a microcontroller and

sent to a smartphone using a Bluetooth connection.
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The device contains a six-channel spectral sensor that reads the red, green, and blue
wavelengths; the RGB wavelengths are translated into the RGB color space, and from RGB
will be converted to CMYK, HSL, HSV, and XYZ, which then will be converted to LAB and
LCH.

The ESP32 Microcontroller is used to communicate with the sensor, acquiring the data
and processing it by Calibration to RGB and conversion to the required color spaces; it is
mounted with BLE (Bluetooth Low Energy) module that will send the processed data to the
smartphone.

A mobile application was developed to present and display the data coming from the
device. The user can interact with the device, measure one color, or compare two samples
and display the Delta. Also, it allows the user to share the report of the data with any sharing
tool installed on the mobile. The device's design is tiny so that it will be easy for the user to
carry it and use it; the device contains a battery to use in the industrial environment without

connecting the device to the PC.

10
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2. Background Theory

In this section, the color spectrometer definition, the working principle, and an
introduction about the color spaces and conversion between the color spaces will be

hand-coded and used in our Application.

2.1. Spectrometer

How it works

A traditional spectrometer functions by utilizing the diffraction that occurs when a light

wave hits an object; in this case, a diffraction grating occurs according to equation 2

dsin(6m) = mA (D
(d is the distance between light lines, A is the wavelength //
of the light, and Om is the diffraction angle of the light. P /
e >
After diffraction occurs, several beams of light will appear 1 d il /'
for each wavelength; m corresponds to the number of X

each beam starting from o0 along the centerline) Figure 1: diffraction of light lines
Solving equation (1) for Om gives
mA
Om = sin~! (—) (2)
d
From equation 2, it becomes evident that the diffraction angle is different for each
wavelength of light. It means that visible light can be spread into its wavelength/color

components, acquiring a light spectrum. One can then let this diffracted light hit an array

of detectors (Photodiodes) then the intensity of each wavelength can be measured.

The photodiode is considered a light sensor that converts light energy into electrical
energy as current or voltage. The photodiode structure is a semiconducting device with a
PN junction Between the p (positive) and n (negative) layers; an intrinsic layer is present.

It receives light energy as input to generate electric current.

11
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The photodiode contains optical filters; the objective of the optical filter is to block
specific light wavelengths while permitting others to pass through it. The blocking can be
done either by absorbing or reflecting the unwanted light. Placing one such filter in front
of a photodiode refines the sensitivity curve of the diode, The simplest type of optical

filter is a colored sheet of glass or other transparent material.

By filtering the reflected light from the measured object and forcing a specific light color
to hit the Phtodidode based on the optical filters, the wavelength can be calculated, which

is the color spectrometer's working principle.

2.2. Color spaces

A color space is a specific colors organization; it is a useful conceptual tool for
understanding the color capabilities of any digital file or physical surface. Color space
consists of a color model and a specific mapping of that model onto an absolute color
space. The color model can be represented as tuples of numbers, typically three or four
values like RGB and CMYK. A Gamut can describe the color space; it depicts a range of
colors within the spectrum of colors or a color space identifiable by the human eye

(visible color spectrum).

2.2.1. RGB

sRGB color space (standard RGB) is a color space derived from the RGB color model, is
an abbreviation for (Red, Green, Blue); it describes the amount of light that needs to be
emitted to produce a given color; when these three colors are combined, they create
variations of other colors. RGB is described in 24 bit 8 for each color, which means a

value (0 -255)

12
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2.2.2. XYZ

The CIE-XYZ color space is one of the first color spaces to be defined mathematically,
established by the International Commission on Illumination (CIE). Inside the CIE XYZ
color space, the X, Y, and Z approximately correspond to the colors of red, green, and
blue. The X value in the XYZ model represents the red/green part of the color, the Y value
represents approximately the lightness, and the Z value corresponds roughly to the
blue/yellow part. The X value range (from 0 to 95.047), the Y value from o to 100, and

the Z accepts values between 0 and 108.883.

2.2.3. LAB

CIE-L*a*b* color space (also called CIE-LAB) is one of the most popular color spaces
for measuring object colors. CIE defined it for color communication and is widely
adopted today in many color control and management industries. In the L*a*b* color
space, L* indicates lightness represented on a vertical axis with values from o (black) to
100 (white), and a* and b* are chromaticity coordinates. a* and b* are color directions:
+a* (positive) and -a* (negative) indicate red and green values, respectively. +b* is the
yellow axis, and -b* is the blue axis. The vertical distance from the origin represents the

saturation of the color. Moreover, the angle on the chromaticity axes represents the hue.

2.24. LCh

The L*C*h CIE color space is similar to the LAB space, and most industry professionals
prefer it because its system correlates well with how the human eye senses color.

It has the same L¥a*b* color space diagram but uses cylindrical instead of rectangular
coordinates. L* indicates lightness in this color space, C* represents chroma, and h is
the hue angle. The value of chroma C* is the distance from the lightness axis (L*) and
starts at 0 in the center. Hue angle starts at the +a* axis and is expressed in degrees ( 0°

is +a*, red, and 90° is +b or yellow).

13
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2.2.5. CMYK

CMYK space stands for Cyan, Magenta, Yellow, and Black (Key) is a subtractive color
space based on the primary colors of printing. The CMYK color model derives from the
inefficient use of the RGB color model in the printing process as in RGB, inks of (red,
green, blue) will be mixed to get white, which is usually the most dominant color of the
painting paper containing text. So CMYK color space works opposite to the additive RGB
color space. In CMYK space, inks subtract brightness from white (cyan, magenta, yellow
and black are subtractive primaries) by layering cyan, magenta, yellow and black to

achieve a specific hue.

2.2.6. HSL

Unlike RGB and CMYK, which base on primary colors, HSL is more relative to how
humans perceive color; HSL is an acronym for hue, saturation, and lightness; they
describe the color space as a double-cone or sphere, the vertical axis represents all
shades of gray from o (black) to 1 (white). All fully saturated colors then lie on the outer
circle of a horizontal cross-section with middle gray at its center, allowing the hue to be
defined as an angle. The third parameter, saturation, corresponds to the circle radius

around the vertical axis at the position of the current lightness.

2.2.7. HSV

HSYV follows the same concept as HSL; it visually represents colors for the human eye.
H(Hue) is the color portion of the model, expressed as a number from 0 to 360 degrees,
S (Saturation) describes the amount of gray in a particular color, from 0 to 100 percent,
V(Value or Brightness) describes the brightness or intensity of the color, from 0 to 100
percent. The HSV color space diagram appears as a wheel, cone, or cylinder, but always

with these three components.
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2.3. Color conversions

2.3.1. From RGB to XYZ

RS
R _ 12}?35 ’ Rsrgp < 0.04045
linear — Ropgp+0.055 2.4
(T) , RSRGB > (0.04045
e Gopos < 0.04045
Glinear = 1292 2.4
Gsrgp+0.055\“
Bs
B _ 12}1(9;5 ’ Bsrep < 0.04045
linear — Borep+0.055) 24
( 1.055 ) ) BsRGB > 0.04‘04‘5
Xpes 0.4124 0.3576 0.1805 Riinear
Ypes | =[0.2126 0.7152 0.0722| + | Guinear
Zpes! 10.0193 0.1192 0.9505] LBiinear

XD65 = ((Rlinear * 0-4124’) + (Glinear * 0-3576) + (Blinear * 0-1805))
YD65 = ((Rlinear * 0-2126) + (Glinear * 0-7152) + (Blinear * 0-0722))
Zpes = ((Riinear * 0.0193 ) + (Giinear * 0.1192) + (Bjinear * 0.9505))

2.3.2. From XYZ to Lab

L = 116f, — 16
a=500(f, — f;)
b = 200(, - ;)

where
if x, >¢
er + 16 Oth )
116 erwise
{ if yr > ¢
Ky, + 16 ]
116 Otherwise
if z- > ¢
Kzr + 16 oth )
—ie erwise
X Y Z
Xy = X_r ’ Yr = ?r ’ Zr = Z_
X,=95 , Y.=100, Z, =108 ,e= 0.008856,K =909.3 (CIE standard)
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2.3.3. From Lab to LCh

L=1L
C =+ a2+ b?
b
h = arctan (Z)
%180
H= In]
360 ——180
T
2.3.4. From RGB to CMYK
R'=—2 ,G'=-= ,B'=—
255 255 255

K =1— Max(R',G',B")

__ (1-R'-K)
€= (1-K)
_ (1-G6'-K)
M= (1-K)
_ (1-B'-K)
r= (1-K)
2.3.5. From RGB to HSL and HSV
Cmax = Max(R',G',B") , Cmin = min(R',G',B"), 4= Cmax — Cmin
( 0° A=0
60 <G ZB mod6) Cmax = R’
B' — R’
H =3 60( Y +2> Cmax = G'
R'—G'
60 +4 Cmax = B’
\ A
0 A=0 0 Cmax =0
For HSV: S=1_4__  ,therwise » FOrHSV:S=1_4_ ihorwise
1—|2L-1| cmax

__ Cmax+Cmin

L =
2

V = Cmax
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3. Methodology

This chapter describes the design and implementation of the proposed device and

overall methodologies. First, section 3.1 shows the system’s design requirements;

section 3.2 describes the selection of hardware components. Next, section 3.3 discusses

the electronic circuit and connections of the system; Section 3.4 shows the feature of the

mobile Application; section 3.5 includes the software algorithms design. Finally, section

3.6 describes the mechanical design of the system.

3.1. Design Requirements

For developing a low-cost portable color measurement tool, the following design

requirements have been set:

The system should easily match and identify any color with a simple scan

The system should be low-cost

Low Power consumption

The developed system should provide the user with the different color spaces used
in the industrial field

Perform quality analysis (Read the color) with wireless measurement solution
Quickly review and export the measured data

Estimate the closest known color to the measured one calculating the distance if
there is a difference

Compare between two samples and calculate the Delta

The device should be portable and lightweight to be carried around the field

The device should be rechargeable to use outside in the working environment.

17
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3.2. HardWare design of the system

3.2.1. Color sensor selection

The objective of the thesis is to create a low power consumption and portable device that
can provide the user with the color code of the measured surface; based on that, it was
significant to select a suitable color sensor.

A study was done, comparing the available sensors in the market, showing if it is suitable

for the device.

Output data (color Comm. ESP 32 . .
Sensor company comp Size Price
space) Protocol (Drivers)
Direct
TCS230/TCS3200 (TAOS) RGB Analog read yes accepted 8€
ISL29125 Sparkfun RGB 12C yes accepted 9¢€
6 visible channels
AS7262 Sparkfun UAIEE or yes accepted 27 €
(V,B,G,Y,0,R)
AS7261 MIKROE XYZ,NIR UAIEE or No Not 27€
UART or Partially
AS7261 DEMO KIT AMS XYZ,NIR 12C supported accepted 109€
. UART or Partially
AS7264 Demo Kit AMS XYZ, NIR,B440,B490 12 supported accepted 133€
AS7265x Sparkfun 18 channels UAIEE or yes accepted 60€

Table 1: color sensors comparison

The size of the sensor matters as, in the end, it will impact the final size of the device, so it
was essential to select a sensor with a geometric shape and has good fixing points to be
easy to assemble; that is why for instance, the AS7261 MIKROE sensor was excluded as it
has a non-geometric and big size.

The sensor price should be economical as the price is crucial for this project, so high price

sensors were also excluded.
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The sensor's output should be one of the famous color domains to be easily converted to
the other color domains required by the market, and the most used two are RGB and
XYZ.

At the end of this study, the AS7262 Sparkfun sensor was selected based on the design
requirements; an additional advantage, Sparkfun also provides a library that supports the

Microcontroller, which will acquire the data from the sensor using the I2¢ protocol.

The AS7262 sensor has A 6-channel multispectral sensor in the visible range of around
(430 nm to 670 nm) with a full-width half-max (FWHM) of 40 nm. The six visible
channels are 450 nm (channel V), 500 nm (channel B), 550 nm (channel G), 570 nm
(channel Y), 600 nm (channel O), and 650 nm (channel R).

This study will use the R, G, and B channels to provide the RGB color domain, and it will

be easy to convert to all the other required domains.

11
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Figure 2:AS7262 output spectral responsitivity [15]
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The sensor is mounted on a spectral breakout board
(SparkFun number SEN-14347) to integrate the sensor. It
has a 16-bit ADC (Analog to Digital Converter).
Moreover, its operating voltage ranges from 2.7V to 3.6V.
Also, it has an I12C register set by which spectral data can be
accessed.

The temperature range of the sensor is -40°C to 85°C

temperature, which is very suitable for our Application to

Figure 3: AS7262 sensor [15]

use the device outside in the industrial environment or even

for personal uses.

The sensor has a built-in white LED connected to a LED driver output that can be used to
control the LED. This method will allow different wavelength light sources to be used in
the same system. In addition, the LED output sink currents are programmable and can
drive external LED sources. The current can be set to 12.5mA, 25mA, 50mA, and 100mA.
Also, it can be turned off and on Using the I12C registers control.

The reflected light from the measured surface will hit an array of photodiodes in the

AS7262. There are six photodiodes G, Y, B, O, V, and R

The AS7262 can communicate by both the I2C and UART serial interfaces; The 12C is the
default setting (The default I2C address is 0x49). UART can be enabled easily by

removing solder from the jumper on the board adding solder to another t jumper.

Photo Diode Array

o \"

Figure 4: photodiodes array of AS7262 sensor [15]
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3.2.2. The Microcontroller selection

The selection criteria of the Microcontroller are the shape, size, and memory capabilities;
moreover, it should contain an I2¢c Communication Protocol to communicate with the
AS7262 sensor. Again the size is essential; the selection was between Arduino nano,
Nodemcu ESP 8266, and ESP 32.

In the end, ESP32 was selected because it has all the specifications required for the

project.

ESP32

ESP32 is a SOC (System on Chip) microcontroller; it has Dual-Core 32-bit LX6
microprocessors, which run up to 600 DMIPS. The ESP32 Working frequency is settable
between 80 MHz and 240 MHz.

The first core is named Protocol CPU, and the second one is Application CPU. The
Protocol CPU processor handles the WiFi, Bluetooth, and other internal peripherals like
SPI, I2C, ADC. on the other side, The Application CPU is left out for the application code.

Memory
It has a 448 Kb ROM for core functions and booting and 520 Kb on-chip SRAM for
instruction and data. In addition, a flash memory of 4Mb is used for storing the

application code.

Physical characteristics
The Operating temperature (-40 to 85) degrees Celsius and Operating Voltage of (3.3V)
Moreover, the current of (80 mA) and finally, the module dimensions is (51 x 28 x 14

mm).
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ESP32 Microcontroller is a perfect selection for our Application based on the previous
specifications. The most valuable advantage is that the ESP contains a built-in BLE
(Bluetooth low energy) module, So instead of using, for instance, an Arduino nano or
ESP8266 with a separate Bluetooth module like hc-05 or he 06 instead, ESP32 is used,
and it contains BLE, not just the standard Bluetooth module and ESP32 supports both
Bluetooth 4.0 (BLE / Bluetooth Smart) and Bluetooth Classic (BT).

BLE (Bluetooth low energy)

Bluetooth Low Energy, BLE for short, is a power-conserving variant of Bluetooth. BLE's
primary Application is the short-distance transmission of small amounts of data (low
bandwidth). Unlike Bluetooth, which is always ON, BLE remains in sleep mode

constantly except when a connection is initiated.
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Figure 5: ESP 32 devkit v1
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3.2.3. The battery selection

The operating Voltage of the ESP32 and the AS7262 color sensor is 3.3V, so it was
convenient to select a battery with a voltage higher than 3.3V to avoid any voltage drop or
unwanted operating behaviors. In addition, the battery current should be above 800mA
to be suitable for our loads; the battery should be rechargeable to be used efficiently,
small size, and lightweight to be suitable for our case design.

One of the essential requirements is that the battery should be recharged using USB
power 5v, so it was not suitable to select a battery with a voltage above 5v.

The lithium-Ion cells are a perfect choice based on the specifications mentioned above

due to their lightweight, small size, and operating power.

Battery specifications

Size 48.5mm X 30mm X 10mm

o Nominal Voltage 3.7v

. {
e Maximum current 1.6A | 103048 1600mAh 9.82Wh

[ Xnarglng limit voltage:4.2V
i ¢ CAUTION

® Welght 31g j :&;)’ i Do not use the battery with conspicuous '

|

damage or deformation [

o Charging ending voltage 4.2 v ' Do not reverse-charge or reverse-connect J
Do not put in high temperature environment

: : . 4 CEHEG

o Discharging ending voltage 2.75 v - =

« Maximum charging current 0.5 C (5 ° ~ 50 °) Figure 6: Li-Ton Battery
e Maximum discharging current 0.5 C (-20 ° ~ 50 °)

« Battery protection circuit (PCM)

Lithium-Ion Protection Circuits (PCM) provides voltage cut-off
security for Lithium rechargeable batteries. The circuit will stop

the battery from overcharging or discharging too far.

Figure 7: Lithium-Ion Protection Circuit
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The AS7262 color sensor works as mentioned in the previous section by emitting light on

the object then measuring the reflected light; the light source is the built-in LED on the

SENsor.

It is crucial to have stable light intensity during the measuring to avoid changing the

sensor reading, so it was essential to understand the discharging behavior of lithium-ion

batteries.

The C-rate represents the level at which the battery provides the energy; the higher

power, the higher the discharge rate; 1 C means that the battery is full charged and

discharged within one hour; our battery is 0.5 c, the discharge rate is 0.5¢*1.6Ah=0.8Ah

which means the battery is discharged 8oomAh per hour and could operate around 2

hours.

Voltage (V)

It is evident from the curve that the device must operate at the flat area of the curve,

4 200
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3200

3.000

2800

2.600

2.400

2200

2.000

1,800

160 -

1.200

1.200
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Figure 8: discharging diagram of Li-Ion battery
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which means the first 2 hours if the rate is 800mA to avoid the voltage drop or unwanted

behavior.
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3.2.4. battery charging board
The TP4056 module is used to charge the lithium rechargeable battery; it uses the
constant-current/constant-voltage (CC/CV) charging method. In addition to safely
charging a lithium battery, the module also provides the necessary protection required by

lithium batteries.

Red light charging
IN the input+ Green light means full

-wwR

IN the input-

Figure 9: TP4056 charging board
The charging module uses both the TP4056 and the DWo01A Li-Ion battery protection IC,

which together in combination, can give high protection for the battery:

o Control the constant current to constant voltage charging of the connected lithium

battery

o Over-discharge protection: keeps the battery from being discharged below 2.4V,

which is the healthy minimum voltage level for the battery.

o Ifthe battery is discharged below 2.4V, the module will Turn off output power
until the battery voltage recharge above 3.0V (the over-discharge release voltage);
After that, the module will again allow power discharge from the battery to the

connected loads

e Overcharge protection: the module will safely charge the battery to 4.2V without

exceeding that limit

e Overcurrent and short-circuit protection: the module will cut off the output from

the battery if the discharge rate exceeds 3A or if there is a short circuit.
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o Trickle charge: (battery reconditioning) If the connected battery's voltage level is
below 2.9V, the module will use a 130mA trickle charge current when the battery's
voltage reaches 2.9V. The charge current will be increased linearly till the average
charging current.

The module Can be powered from a micro USB cable or the board terminals. However,
the power source needs to provide at least 1A for the charger to charge the connected
battery correctly.

The module contains two indicator LEDs; a red LED indicates the charging state, and a
blue LED indicates the charging completed state.

The module contains six terminals, two for the input power charging (which can be
neglected if the USB port is used), two to connect the battery, and finally, two to connect

the loads for discharging.

3.2.5. Power ON/OFF control switch

A push-button was used to turn ON and OFF the device; it is
connected to the positive wire of the battery in series; the button
operates in ON-OFF-ON mode, which means that one push to turn

on the device and another one to switch OFF, The push-button

switch contains four terminals; two for the switch and two terminals
for the Indlcatlng LED. Figure 10: Power ON/OFF switch
The led will illuminate green when power is ON and will be off

when switching the device OFF.
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3.3. Electronic circuit Diagram

The diagram is created using fritzing it is, an open-source software tool that makes

electronics circuits and diagrams with the possibility to convert them into PCB (printed
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Figure 11: Electronic circuit diagram of the system

3.3.1. Power circuit

As shown in the diagram, a micro USB port was used; it is connected to the input power
terminals TP4056, so the USB power port of the module is not used; the output power

terminals of the recharging module is connected directly to the Lithium battery.

Figure 12: Connection between the USB port and charging board
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The two indication LEDs of the TP4056 module were removed because it is hidden
inside the dives; instead, two external LEDs were fixed to be visible to the user what is the

charging state is.

Figure 13: external LEDs connection With charging board

The battery is connected directly to B+ and B- of the charging board. The push-button
terminal is connected to the OUT+ of the charging board in series, and the other pin is
connected to both the indication LED positive pin and the Vin pin of the ESP32 that will
power up the board. The negative pin of the LED is connected to the OUT- terminal of the
board.

Figure 14: the power connection circuit of the system
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The ESP32 board contains an ams1117 3.3 voltage regulator used to power up the ESP
module itself, it converts the input voltage into 3.3v, and it is connected to a GPIO 3v3 pin;

the 3.3 voltage regulator is also used to power up the as7262 color sensor.
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Figure 15: ESP32 devkit vi schematic [5]
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3.3.2. Control circuit

The communication between the ESP32 and the color sensor module is set up using the
I2¢ protocol, so the SDA and SCL pins of the color module are connected to GPIO 21 and

GPIO 22, related to the I2¢ protocol.

3.3.3. Programming connections

A male micro USB port is attached to the ESP32, and the output wires of the port are
connected to wires of the main input USB female port that is used to charge the device; with
this connection, it will be available to reprogram and update the code of the ESP32 without

disassembling the device.

Figure 16: programming and charging port
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3.4. Mobile Application Features

In order to monitor the data coming from the Microcontroller, there was a need to develop a
mobile application; the APP will connect the Mobile to the device using Bluetooth
communication.
It will help the user communicate with the device and read the colors or even compare
between two colors and show the Delta.
The app was developed using MIT App Inventor Platform; it is an open-source platform. It
was created by MIT university to develop mobile apps using the scratch programming
language.
The app's first step is to verify the Bluetooth connection using a virtual led; when the
Bluetooth connection is off, it is red, and when the connection is set up correctly, it turns

green.

Color Spectrometer O Color Spectrometer .

Read Color One Color Read Read Color One Color Read

Figure 17: Bluetooth connection indication LED
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The app provides two color reading modes; One read color mode and Second color mode,
and the mode selection is from a list besides the Read color button.

One read color mode means taking the measurements of a single color.
the measurement contains eight color spaces presenting the RGB, RGB Hex, XYZ, LAB,
LCH, CMYK, HSL, HSV
it also provides the user with a visual presentation of the measured color and the name of
the closest named color to the measured one; it also provides the HEX RGB code of the new
color and the distance between the two colors.
If there is a match state, a named color is precisely like the measured one; otherwise, the

app will give a "No match color" message with the closest color.

Read color

One Color Read

Color Spectrometer O

Read Color One Color Read

#D6COB5
RGB(214, 192, 181)
XYZ(54.92, 55.33, 51.50)
Lab(79.23,6.04,7.94)
Lch(79.23,9.98,52.72)
cmyk(0.00,10.00,15.00,16.00)
hsl(0,28,77)
hsv(0,15,83)

Second Color

No match color
Closest color: Clam Shell
Hex: #D4B6AF
Distance: 262

Clam Shell

Figure 18: Color read mode selection
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The second read mode takes the measurements of a second color and enables the
comparison with the first color showing the difference.

After selecting the mode from the list and pressing the Read color, a Compare button will
appear automatically.

If the compare button is pressed, the app will calculate the difference between the two colors
The app died the data into three sections; the first section contains the data of the first color,

the second section for the econ, and the last section for the difference.

RGB(245, 251, 255)
Color SpeCtr ometer O XYZ(90.20, 95.63, 108.31)
Lab(98.28,-1.16,-3.15)
Lch(98.28,3.36,249.74)

cmyk(3.00,1.00,0.00,0.00)
Read Color Second Color hsl(204,100,08)

hsv(204,3,100)
Compare
ARGB(0, 0, 0)
XYZ(0, 0, 0)
#FSFBFF Lab(0,0,0)
RGB(245, 251, 255) Lch(0,0,0)
XYZ(90.20, 95.63, 108.31) cmyk(0,0,0,0)
Lab(98.28,-1.16,-3.15) hsl(0,0,0)
Lch(98.28,3.36,249.74) hsv(0,0,0)

cmyk(3.00,1.00,0.00,0.00)
hsl(204,100,98)
hsv(204,3,100)

No match color
Closest color: Alice Blue
Hex: #FOF8FF
Distance: 70

Alice Blue

Share Data

Figure 19: measure two colors and show the difference
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There is a possibility to share the data by clicking the share button at the end of the app; it

allows sharing all the measured data by Email or any sharing tool.

The shared data is in the form of a report showing the color and deference measurements.

Share

PERSONAL WORK

FZ

ShareMe WhatsApp Add to Bluetooth
Dropbox

Remember my choice

Cancel

10:41 PM 0.1KB/s B 2 (& = O
&  Compose ® B i
From agmy.2020@gmail.com v
To o VINCENTI Maurizio | v

Color measurements report

R1=245 G1=251 B1=255
X1=90.20 Y1=95.63 Z1=108.31
L1=98.28 A1=-1.16 B1=-3.15
L1=98.28 C1=3.36 H1=249.74
C1=3.00 M1=1.00 Y1=0.00 K1=0.00
X1=204 Y1=100 Z1=98
H1=204 $1=3 V1=100

No match color

Closest color: Alice Blue

Hex: #FOF8FF

Distance: 70

R2=245G2=251 B2=255

X1=90.20 Y2=95.63 Z2=108.31
L2=98.28 A2=-1.16 B2=-3.15
L2=98.28 C2=3.36 H2=249.74
C2=3.00 M2=1.00 Y2=0.00 K2=0.00
X2=204 Y2=100 Z2=98

H2=204 S2=3 V2=100

AR=0 AG=0 AB=0
AX=0 AY=0 AZ=0
AL=0 AC=0 AH=0
AL=0 AA=0 AB=0
AC=0 AM=0 AY=0 AK=0
AV=0 AS=0 AV=0
AH=0 AS=0 AL=0

i
1

R2=245G2=251 B2=255

X1=90.20 ¥2=95.63 72=108.31
L2=98.28 A2=-1.16 B2=3.15
L2=98.28 C2=3.36 H2=249.74
C2=3.00 M2=1.00 Y2=0.00 K2=0.00
X2=204 Y2=100 Z2=98

H2=204 §2=3 V2=100

AR=0 AG=0 AB=0

AX=0 AY=0 AZ=0

AL=0 AC=0 AH=0

AL=0 AA=0 AB=

AC=0 AM=0 AY=0 AK=0
AV=0 AS=0 AV=0

AH=0 AS=0 AL=0

Figure 20: sharing the report using Email
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3.5. Software algorithm design

The tool used to program the ESP 32 is Arduino IDE; it is a robust open-source developing

environment.

3.5.1. AS2762 sensor Configuration

Sparkfun provides a library to configure and take the measurements of the sensor

As discussed in previous sections, the sensor is mounted with a 5700K LED to reduce power
consumption; the current can be controlled using a dedicated function from the SparkFun
library.

sensor.setBulbCurrent(0);

The current mode is set to zero, which means the current will be a minimum value of
12.5mA.

the value can be set according to the table:

0 1 2 3
12.5 mA 25 mA 50 mA 100 mA

Table 2: the current control mode of the color sensor LED

Configuring the time the sensor takes a sample is done with a function that can be set by

changing the input value between(0-255) multiplied by 2.8ms.

sensor.setIntegrationTime(200);
IT = 200 * 2.5 ms = 500 ms

It means that the sensor will take a sample every 500 mA
This calculation is for one spectral conversion and only if the required data exists in one

data Bank.

The AS7262 provides V, B, G, Y, O, and R (Violet, Blue, Red, Green, Yellow, and Orange)

data. The data are available after the spectral conversion; data is stored in two
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photodiode Banks; Bank 1 contains data of the V, G, B, Y photodiodes. Bank 2 consists of
G, Y, O, R photodiodes data. Spectral conversion requires an entire (IT) integration time.
If both photodiode banks are required to complete the conversion, the second Bank
requires an additional IT. Minimum IT for a single bank conversion is 2.8 ms. If data is
required from all six photodiodes, the device must perform two total conversions (2 x
Integration Time).In the project, the required data are R, G, and B so that both banks
will be used, and the integration will be the double

Total;r =2 *IT = 1000 ms

So it needs one second to acquire the data from the sensor and use it for our Application
Moreover, to have the date of the SIX channels ( after two IT), the measurement Mode

should be set to mode2 using this function: setMeasurementMode(byte mode);

BANK Mode 0

| One Conversion | - V,B,G, Y

<+—Integration Time —»

BANK Mode 1

One Conversion | - G, Y,0,R

<+—Integration Time —»

BANK Mode 2

1st Conversion |~ V,B,G,Y

<+—Integration Time—bl 2nd Conversion | - G,Y,0,R

<+—Integration Time —»

Figure 21: AS7262 sensor reading modes

to take the measurements, the takeMeasurementsWithBulb(); function is used; it

takes measurements by Illuminates the onboard bulb; then the required three needed

channels are fetched using;

float getCalibratedRed();
float getCalibratedBlue();
float getCalibratedGreen();

calibrated values mean that it is Lifetime-calibrated sensing with minimal drift over time

or temperature, and it is afloat more precise data than uncalibrated values.
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3.5.2.

AS2762 sensor Calibration

The AS7262 provides the wavelength response of six channels in this project; we will use

the R, G, and B channels.

The values are calibrated using lookup tables to map the output values of the sensor into

the RGB color space.
R_SnsrOut | R_mapped G_SnsrOut | G_mapped B_SnsrOut | B_mapped
2.69 0 6.87 0 5.22 0
144.52 0 104.22 49 139.67 69
159.78 38 176.36 107 271.51 139
306.99 120 295.47 130 454.25 162
489.21 204 308.07 132 489.49 180
754.01 246 576.05 169 616.11 173
781.62 255 973.44 195 736.20 180
1037.57 224 882.40 220
1370.83 251 1156.51 255
1392.77 255

Table 3: RGB mapping lookup tables

On the left is the output wavelength response of the sensor; on the right is the True

Value of the RGB color space. The actual values are measured using Pantone 100

postcards; it is 100 colors with the given RGB code for each color.

The lookup tables will take the raw input value of the sensor and convert it into RGB

color space; if the value does not exist, it will linearly interpolate the two values that the

input exists between and give the output.
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Color Spectrometer D

Read Calor i ol Byt

#BDBSDA
RGB(141,181,218)
KYZ(40.16, 43.77, 72.66)
Lah(72.08,-4.37,-23.29)
Leh(72.08,23.80,259.41)
£myk(35.00,16.00,0.00,14.00)
hsl(208,50,70)
hsv(208,35,85)
No mateh colar
osest color: Half Baked
Hex: £85C4CC
Distance: 2529
==

PANTONE =
291 4

Figure 22: reading a color sample and showing the result

3.5.3. Color spaces conversion

After mapping the sensor output to the RGB color space, it is also required to convert to

the other color spaces;

The RGB will be converted to CMYK, HSL, HSV, and XYZ, which then will be converted
to LAB and LCH.

Spectral of RGB RGB

l_]l_]

Figure 23: color spaces conversion method

The conversion methods are coded in ArduinoC language based on the formulas

explained in the previous sections.
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3.5.4. Bluetooth Data frame

When the data is ready, it will be sent to the Mobile phone Via Bluetooth; the data
consist of one color measurement described in 77 color spaces; each color space contains
three values except the CMYK, which contains four value; at the end, we have 20 value if
we neglect the shared values.

The data will be encapsulated into one text frame; the values are separated by a comma
so that it will be easy for the mobile app to take the frame and split the data with the

comma.

RGB XYZ LAB LCH CMYK HSL HSV

"IR |G, |B, X, |Y,|Z|L|A|B|C|[H|[C|M|Y K [H][S LS|V,

Figure 24: the Data frame from the ESP32 to the mobile APP

3.5.5. Mobile app Algorithm

The mobile app will connect to the ESP Bluetooth module directly using the Address of
the module, and it will give an indication with a led (it is essential to pair with the ESP32

Bluetooth from the setting of the Mobile).

when (&< 38 .Timer

o) Bl L abel BLT Sts ~ M Text ~ WECMENCEIN BluetoothClient1 + BelSTT:

address ¢ 94:B9:7E:D6:44:DA ESP32_Agamy &

O W Cabel BLT sts - W Text - = R tue 1)

then 5et> B PaintColor ~ RG]
= O

else set 8 PaintColor -
-y
—

After setting up the connection, the app will check if there is data available to receive and

store it in a global variable that will split it into 20 values.

when .Timer
do | (o] if call ([EMEREGEEEIED BytesAvailableToReceive (0]

then set'to ' call EIIEC I ReceiveText
numberOfBytes call EEEEHEIEREIES BytesAvailableToReceive
8 global list + KGN split ~ RESA@EN:1E global m - |
at | ‘@
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It is also essential to check that we have 20 elements in the list before using this data in
the reading modes; the execution of this step is done immediately after clicking the Read
Color button to avoid any garbage in the Bluetooth channel.

The 20 elements will be displayed on the screen based on the read mode selected by the

user, whether Read only one color or Compare two colors.

8 Read_Color + FLei(e

do ((a] i | \lengthoflist list | get CETIEED €53 €O

then [ {2J1if . compare texts . = - i
then set.to | select listitem list 4 global list + |

index

. set [EIEEEINCITHERED to (| select list item list » <=4 global list

index 8

‘ set CEEECLFHEIED to | select list item list | . -4 global list * |

‘ index .

An API (application programming interface) will take the RGB code and give the nearest

named color to the measured one.

set : BN IR Y hitps://www.thecolorapi.com &
L id2rgb=rgb( &
¢ global Orig R ~

¢t global Orig G ~

¢« global Orig B ~

The response code of the app contains vast data about the color, but the only used piece

of information is the name of the color and the HEX code conversion of the RGB.
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3.6. System mechanical design

The objective of the thesis is to create a portable device, so it was essential to consider
this while doing the mechanical design.

The device case is made of PLA (Polylactic acid) using the 3D printing technology; the
device's size is 80x55x55¢cm; it is tiny so that a man can hold it with one hand. It is also
light with a weight of 120gm.

The case was designed to contain the electronic components and grantee a good way of

fixing each component.

Figure 25: mechanical design of the device
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The color sensor output is significantly affected by light and the distance between the
sensor and the measured surface.

The case was designed to isolate the sensor from the external light; the sensor is
positioned downward and centered in the middle; the distance between the sensor and
the device edge is 25mm in this way, no light leakage will occur.

The reading hole, which allows the sensor to emit the light and receive the reflected

wavelength, is designed to focus the light on the measured object.

Figure 26: design of device reading hole
The UI (user interface) is positioned in a goon way to make it easy for the user to use it.
The ON/OFF button with the indication LED is on the top of the device, and the
charging USB port is on the front of the device with two LEDs to indicate the charging

stat

Figure 27: design and positioning of user interface
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4. Results

This section will show the measurements of ten colors with available RGB data and evaluate

the measurement compared to the true one.

4.1. Measurement results

Color

Actual results

(R, G, B)

Device Results

(R, G, B)

PANTONE 19-4305

47, 52, 53

46, 52, 50

PANTONE 19-3935

62, 68, 101

61, 65, 97

PANTONE 19-3438

121,71, 132

121, 65, 130

PANTONE 19-0825

246, 195, 36

243,195, 36

PANTONE 19-1255

229, 118, 31

223, 120, 30

PANTONE 19-1564

220, 68, 58

228, 68, 60

PANTONE 19-1248

176, 88, 58

175, 93, 62

PANTONE 19-5722

63, 128, 112

63,132, 112

PANTONE 19-4330

0, 130, 180

5, 130, 180

PANTONE 19-6437

123, 182, 101

121,182,103

Table 4: measurements results of 10 color samples

Color Spectrometer O Color Specirometer O

Read Color [l Read Color [Rtile]

vaEsasz =304161

ROB(46, 52, 50) RUB(61, 65, 57)
XY212.93, 3.27, 3.49) XYE(5.97, 5.64, 12.08)
Labi21.08,-3.03.021) Lab(28.47,7.11,-19.69)
Leh(21.08,3,04,176.03) Leh(28.47.20.94.289.87)

omyk(11.00,0,00,3.00.79,00) omyk(37.00,32,00,0.00,67,00)

Pel(160,6,19) hal{733,22,30)
hew(160,11,20) hev(233,37,38)
Hex: #304443 e #405169
Distance 1416 Distance: 735

Color Spectrometer O Color Spectrometer O

Read Color One i dwan Read Color S Sul R

e #AF5DAD
ROB(228, 68, 60) RGB(175,93, 77}
XYZ(34.89, 20.95, 6.48) XVZ(22.93, 1748, 919
Lab(52.90,61.04,40.43) Labi49.86,31.77.23.87)
Loh(52.90,73,25,33.56) Loh(49.96,90.74.36.92)
cmyk(0.00,70,00,73.00,10.00) ‘omYk(D.00.46.00,55.00.31,00)
i, 75 56) hal(0,28,49

(073,89 svi0.56,68)

Figure 28: the mobile App measurements of ten samples

Color Spectrometer O

Read Color sa Ll hest

wesI282
RGB(101, 50,130)
XYZ(10.54,6.66, 21.85)

2,27
omyk(Z2.00,61,00,0.00,49,00)
hei(278,44.25)
hae(276,61,50)

Color Spectrometer @

Read Color S Gl R

s3F0470
ROBI63, 132, 172)

omyk(52.00,0.00,15.00,49.00)
hel(162,35,38)
hev(162,52.51)

Read Color  JEECCLEN] Read Color  [JEECLE

roe7mE
RG8(223, 120, 30)
X¥2{37.38,79.21,450)
Lab(e0.97,38 53,61 39)
Len(en.97,70. 28,60 58)

Color Spectrometer O Color Spectrometer O

Read Color o Gl Bt Read Colar Som Culln Rl

z05e384
REB(5, 130, 180)

XYZ(16.28, 19.29, 45.05)
ab(51.03,11.17.-34.96)
Leh(51,03,38.70,262.28)

‘omyK(97.00,27.00,0,00.29,00)

hell197,94,36)
he(197,97.70)
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4.2. Analysis and discussion

In order to evaluate the output data, a suitable concept is to calculate the distance between

the output color of the device and the Actual RGB of the color measured.

D =(R, — R)? + (G, — G1)* + (B, — By)?

4.2.1. PANTONE 19-4305
PANTONE 19-4305
B Device Qut [ Actual Value

Distance = 3.162 250

200

Actual Value Device output 2 150
@ 100
47,52, 53 46, 52, 50
50
0 J.—.L.l
R G B
RGB
Figure 29: the first sample measurement
4.2.2. PANTONE 19-3935
PANTONE 19-3935
B Device Out M Actual Value
Distance=5.099 250
200
Actual Value Device output ®
3 150
61, 65, 97 E 100

50

RGB

Figure 30: the second sample measurement
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4.2.3. PANTONE 19-3438

Distance=6.324

Actual Value

Device output

4.2.4. PANTONE 19-0825

Distance=3

Actual Value Device output

246, 195, 36 243, 195, 36

4.2.5. PANTONE 19-1255

Distance=6.403

Device output

Actual Value

RGE Value

RGE Value

RGEB Value

PANTONE 19-3438
I Device Out

B Actual Value
250

200

150

G B
RGB

Figure 31: the third sample measurement

PANTONE 19-0825

I Device Out [ Actual Value
250
200
150
100
50
0

R G B
RGB

Figure 32: the fourth sample measurement

PANTONE 191255
I Device Out

Il Actual Value

250

200

150

100

50

45



Thesis

Mohammed Ali Agamy Mostafa 276303

4.2.6. PANTONE 19-1564

Distance=8.246

Actual Value Device output

RGEB Value

4.2.7. PANTONE 19-1248

Distance=6.481

Actual Value Device output

RGB Value

176, 88, 58 175, 93, 62

4.2.8. PANTONE 19-5722

Distance=4

Actual Value Device output

250

200

150

100

50

250

200

150

100

50

RGB Value

Figure 33: the fifth sample measurement

PANTONE 19-1564
B Device Out I Actual Value

G B

RGB

Figure 34: the sixth sample measurement

PANTONE 19-1243
B Device Out M Actual Value

G

RGB

Figure 35: the seventh sample measurement

250

200

150

100

PANTONE 19-5722
B Device Out [ Actual Value

R G B

RGB
Figure 36: the eighth sample measurement
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4.2.9. PANTONE 19-4330

PANTONE 19-4330
B Device Out M Actual Value

Distance = 5
200
Actual Value Device output E 150
T 100
o
50
Figure 37: the ninth sample measurement
4.2.10. PANTONE 19-6437 PANTONE 19-6437
B Device Out [ Actual Value
250
Distance = 2.828
200
- 3 150
Actual Value Device output =
3 o
oz

50

R G B

Figure 38: the tenth sample measurement

After taking the reading of 10 colors and calculating the distance with the actual values, the

maximum distance is 8.246.

Color Disance
PANTONE 19-4305 3.162
PANTONE 19-3935 5.099
PANTONE 19-3438 6.324
PANTONE 19-0825 3
PANTONE 19-1255 6.403
PANTONE 19-1564 8.246
PANTONE 19-1248 6.481
PANTONE 19-5722 4
PANTONE 19-4330 5
PANTONE 19-6437 2.828

Table 5: color Distance calculation for the ten samples 47
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4.3. Troubleshooting

One of the most challenging aspects of this project is the fact that it is not possible
to evaluate the sensor output or the calibration process until finishing the
mechanical design and the electric circuit wiring; because we need to fix the factors
that affect the sensor output, which is the amount of light and the suppling voltage
of the light sours (built-in LED).

Secondly, to calibrate the color sensor, a colored material (paper card) with a defined
color code is used, but the problem is that the color values measured by the device
are not the same. It depends on the position of the sensor on the paper card; of
course, it is not a significant difference, but it is crucial to have a precise value for
the calibration process. The problem was solved by taking the values of three
different positions on the paper and using the average result in the calibration

process.

The software update at the beginning of the implementation process was complex
because to upload the updated code, there is a need to disassemble the device,
connect the USB micro port to the ESP32, and thin assemble aging the device. This
problem was fixed by using an external female USB micro port connected to the ESP

inside the device, making it easy to update the software without trouble.
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5. Conclusion and future work

5.1. Conclusion

To conclude, the output of this thesis project is a color measurement device that can read
the color of any flat surface and display it to the user.
The device is tiny and lightweight; it is also mounted with a powerful rechargeable battery

to be used in the industrial environment without the need to attach any cables.

The device is connected to an Android mobile application to show the result immediately;
the user can take the read of one color or compare two colors showing the difference;

moreover, the data can be shared using any sharing tool installed on the mobile phone.

The app shows the data in & color spaces the RGB, XYZ, LAB, LCH, CMYK, HSL, and HSV,

which covers all the needs in the industrial sector.

5.2. Future work

e In this project, the sensor's output is the wavelengths of the red, green, and blue
colors reflected from the measured surface; it will be more efficient to use a sensor
with a color space output (like AS7261 output is XYZ) to avoid the problems of
converting the data.

e Develop an IOS application to be compatible with IOS smartphones.

e Update the mobile Application to monitor the battery status.
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7. Appendices

Appendix A ESP 32 Code

#include "Bluetoothserial.h"
#include "esp_bt_main.h"
#include "esp_bt_device.h"
#include "AsS726X.h"

AS726X sensor;

String data;

String dataON;

String dataOFF;

#if !defined (CONFIG_BT_ENABLED) || 'defined (CONFIG_BLUEDROID_ENABLED)
#error Bluetooth is not enabled! Please run “make menuconfig™ to and enable it

#endif
BluetoothSerial SerialBT;
void printDeviceAddress() {
const uint8_t* point = esp_bt_dev_get_address(Q);
for (int i =0; i <6; i++) {
char str[3];
sprintf(str, "%02X", (int)point[il]);
Serial.print(str);
if (3 < 5){
serial.print(":");}
}
serial.printinQ;
}
int addr ;
void setup(Q)
{
wire.beginQ;
data = "";
Serial.begin(9600);
delay(500);
pinMode(2, OUTPUT);
sensor.begin(Q;

SerialBT.begin("ESP32_Agamy");
Serial.printin("This is your address™);
printDeviceAddress(Q);
1
void ToopQ)
{
sensor.setBulbCurrent(0);
sensor.setIntegrationTime(200);
sensor.setMeasurementMode(2);
sensor.setGain(0);
sensor.takeMeasurementswithBulb();
// T=sensor.getTemperaturer();
float R = sensor.getCalibratedred(Q;
float B = sensor.getCalibratedBlue();
float G = sensor.getCalibratedGreen();
float outl[] {0,0,38,120,204,2463;
float inl[] = {2.69,144.52,159.78,306.99,489.21,754
float vall = R;

.01};
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float RR = multiMap(vall, inl, outl, 6);
float out2[] {0,49,107,130,132,169,195,224,251};
float in2[]= {6.87,104.22,176.36,295.47,308.07,576.05,973.44,1037.57,1370.83};
float val2 = G;
float GG = multimMap(val2, in2, out2, 9);
float out3[] {0,69,139,162,180,173,180,220,255};
float in3[]1= {5.22,139.67,271.51,454.25,489.49,616.11,736.20,882.40,1156.51};
float val3 =B;
float BB = multimMap(val3, in3, out3, 9);
//convert RGB to XYz
double f1 = (RR / 255.000000);
double f2 = (GG / 255.00000);
double f3 = (BB / 255.00000);
if ( f1 > 0.04045 ) {
fl = pow( C ( f1 + 0.0550 ) / 1.0550 ) , 2.4000);

}

else {
fl = f1 / 12.9200;

}

if ( f2 > 0.04045 ) {
f2 = pow( ( C f2 + 0.0550 ) / 1.0550 ) , 2.4000);

}

else {
f2 = f2 / 12.9200;

}

if ( 3 > 0.04045 ) {
f3 = pow( C ( f3 + 0.055 ) / 1.055 ) , 2.4000);
}
else{
f3 = f3 / 12.9200;
}

fl = f1 * 100;

f2 = f2 * 100;

f3 = f3 * 100;

double x = ((f1 * 0.4124 ) + (f2 * 0.3576) + (f3 * 0.1805));

double y = ((f1 * 0.2126 ) + ( f2 * 0.7152) + (f3 * 0.0722));
double z = ((f1 * 0.0193 ) + (f2 * 0.1192 ) + (f3 * 0.9505));
//double x = ((f1* 0.4124 )+ (f2 * 0.3576) +(f3 * 0.1805))*0.7562;
//double y= ((fl * 0.2126 )+( f2 * 0.7152) + (f3 * 0.0722))*0.7506;
//double z= ((f1 * 0.0193 )+ (f2 * 0.1192 )+ (f3 * 0.9505))%0.7883;
//convert XYZ to LAB

*
*
*
*

double var_X = x / 95;
double var_y =y / 100;
double var_z = z / 108;

if ( var_X > 0.008856 ) {
var_X = pow( var_X , ( 0.3333333333 ));

}
else {

var_X = ( 7.7870 * var_X ) + ( 16.0 / 116.0 );
}

if ( var_y > 0.008856 ) {
var_Y = pow (var_y , ( 0.3333333333 ));
}
else {
var_y = ( 7.7870 * var_y ) + ( 16.0 / 116.0 );
}
if ( var_z > 0.008856 ) {
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var_Z
}
else
var_zZ

}
double 1
double a

double b =

pow (var_z , ( 0.3333333333 ));

(7.7870 * var_z ) + ( 16.0 / 116.0 );

( 116 * var_y ) - 16;
500 * ( var_Xx - var.Y );
200 * ( var_y - var_zZ );

{

//convert XYZ to LCH

double h = atan2 ( b, a);

if Ch>0) {
h=(Ch/PI) * 180;

}

else

double ¢ = sqrt( pow (a, 2) + pow(Cb, 2) );

//convert RGB
float R_dot
float G_dot
float B_dot

float Cx =
float Yx

int Cperc =
int Mperc
int Yperc
int Kperc

(@4
Mx
YX
KX

//convert RGB

int Hx;
float sx;
float Lx;
int templ;
float s;

float Cmax=max(max(R_dot,G_dot),B_dot);
float cmin=min(min(R_dot,G_dot),B_dot);

h =360 - CabsCh) / PI) * 180;

to CMYK

= (RR / 255.00);

(GG / 255.00);

(BB / 255.00);

float maxRG= max(R_dot,G_dot);

float Kx=(1-max(maxRG,B_dot));
(1-R_dot-Kx) / (C 1-Kx) ;
( 1-B_dot-Kx) / ( 1-Kx) ;
float Mx = (1-G_dot-Kx) /( 1-Kx);

* 100;
* 100;
* 100;
* 100;
to HSL

float Delta=Cmax-Cmin;

if(Cmax==R_dot)

{

templ=(G_dot-B_dot) /Delta;
Hx=(60* (templ%6)) ;

}

if(Cmax==G_dot)

{Hx=(60* (((B_dot-R_dot)/Delta)+2));}

if(Cmax==B_dot)

{Hx=(60* (((R_dot-G_dot)/Delta)+4));}

Lx=(Cmax+Cmin)/2;

if(Delta==0
{Hx=0;
Sx=0;

1

else

{sx=Delta/(1-abs((2*Lx)-1));}

)
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//convert RGB to HSV

if(Cmax==0)
{s=0;}

else
{s=Delta/Cmax;}
float vx=Cmax;

int Sxperc=Sx*100;
int Lperc=Lx*100;
int Sperc=s*100;

int vperc=vx*100;

//sending the frame to the mobile APP

//serial.printin(string((int)RR) + ',' + string((int)GG) + ',' + string((int)BB) + '," +
string((double)x) + ',' + string((double)y) + ',' + string((double)z) + ',' + string((double)1) +
'," + string((double)a) + ',"' + string((double)b) + ',' + string((double)c) + ',' +
string((doubledh) + ','+string((double)cperc) + ',' + String((double)Mperc) + ',"' +
string((double)Yperc) + ',' + string((double)kperc) + ',' + String((int)Hx) + ',' +
string((int)sxperc) + ',' + string((int)Lperc) + ',' + string((int)sperc) + ',' +
string((int)vperc) + ',");

serialBT.printin(string((int)RR) + ',"' + string((int)GG) + ',' + String((int)BB) + '," +
string((double)x) + ',' + string((double)y) + ',' + string((double)z) + ',' + string((double)1) +
'," + string((double)a) + ',"' + string((double)b) + ',' + string((double)c) + ',' +
string((doubledh) + ','+string((double)cperc) + ',' + String((double)Mperc) + ',' +
string((double)yperc) + ',' + string((double)kperc) + ',' + String((int)Hx) + ',"' +
string((int)sxperc) + ',' + string((int)Lperc) + ',' + string((int)Sperc) + ',' +

string((int)vperc) + ',");

}
// the Lookup table multiMap function

float multimap(float val, float* _in, float* _out, uint8_t size)
{
uint8_t pos = 1;
if(_in[0] < _in[1]) {
if (val <= _in[0]) return _out[0];
if (val >= _in[size-1]) return _out[size-1];

if (val == _in[pos]) return _out[pos];
while(val > _in[pos]) pos++;
} else {

if (val >= _in[0]) return _out[0];
if (val <= _in[size-1]) return _out[size-1];
if (val == _in[pos]) return _out[pos];
while(val < _in[pos]) pos++;
1
// interpolate in the right segment for the rest
return map(val, _in[pos-1], _in[pos], _out[pos-1], _out[pos]);
1
#include "Bluetoothserial.h"
#include "esp_bt_main.h"
#include "esp_bt_device.h"
#include "AS726X.h"
AS726X sensor;

54



Thesis Mohammed Ali Agamy Mostafa 276303

String data;

String dataoON;

String dataOFF;

#if !defined (CONFIG_BT_ENABLED) || !defined(CONFIG_BLUEDROID_ENABLED)

#error Bluetooth is not enabled! Please run “make menuconfig™ to and enable it
#endif

BluetoothSerial SerialBT;
void printDeviceAddress() {

const uint8_t* point = esp_bt_dev_get_address();

for (int i =0; i <6; i+) {
char str[3];
sprintf(str, "%02x", (int)point[il);
serial.print(str);
if (A < 5){
serial.print(":");}

}
serial.printinQ;
}

int addr ;

void setup(Q

{

wire.beginQ;

data = nn ;

Serial.begin(9600);
delay(500);

pinMode(2, OUTPUT);
sensor.begin(Q;

SerialBT.begin("ESP32_Agamy");
serial.printin("This is your address");
printDeviceAddress();

void ToopQ)
{

sensor.setBulbCurrent(0);
sensor.setIntegrationTime(200);
sensor.setMeasurementMode(2);
sensor.setGain(0);
sensor.takeMeasurementswithBulb();

// T=sensor.getTemperaturer();
float R = sensor.getCalibratedred(Q);
float B = sensor.getCalibratedslue();
float G = sensor.getCalibratedGreen();
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float outl[] = {0,0,38,120,204,246};
float inl[] = {2.69,144.52,159.78,306.99,489.21,754.01};
float vall = R;

float RR = multiMap(vall, inl, outl, 6);

float out2[] = {0,49,107,130,132,169,195,224,251};
float in2[]= {6.87,104.22,176.36,295.47,308.07,576.05,973.44,1037.57,1370.83};
float val2 = G;

float GG = multimMap(val2, in2, out2, 9);

float out3[] = {0,69,139,162,180,173,180,220,255};
float in3[]= {5.22,139.67,271.51,454.25,489.49,616.11,736.20,882.40,1156.51};
float val3 =B;

float BB = multiMap(val3, in3, out3, 9);

//convert RGB to XYz

double f1 = (RR / 255.000000);
double f2 = (GG / 255.00000);
double f3 = (BB / 255.00000);

if ( f1 > 0.04045 ) {
fl = pow( C C f1 + 0.0550 ) / 1.0550 ) , 2.4000);

}

else {
fl =1/ 12.9200;

}

if ( f2 > 0.04045 ) {
f2 = pow( ( C f2 + 0.0550 ) / 1.0550 ) , 2.4000);

}

else {
f2 = f2 / 12.9200;

}

if ( f3 > 0.04045 ) {
f3 = pow( ( C f3 + 0.055 ) / 1.055 ) , 2.4000);
}
else{
f3 = f3 / 12.9200;
}

fl = f1 * 100;
f2 = f2 * 100;
f3 = f3 * 100;

double x = ((f1 * 0.4124 ) + (f2 * 0.3576) + (f3 * 0.1805));
double y = ((f1 * 0.2126 ) + ( f2 * 0.7152) + (f3 * 0.0722));
double z = ((f1 * 0.0193 ) + (f2 * 0.1192 ) + (f3 * 0.9505));

//double x = ((f1* 0.4124 )+ (f2 * 0.3576) +(f3 * 0.1805))*0.7562;
//double y= ((fl * 0.2126 )+( f2 * 0.7152) + (f3 * 0.0722))*0.7506;
//double z= ((fl1 * 0.0193 )+ (f2 * 0.1192 )+ (f3 * 0.9505))*0.7883;

//convert XYZ to LAB
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double var_x = x / 95;
double var_y =y / 100;
double var_z = z / 108;

if ( var_x > 0.008856 ) {
var_X = pow( var_Xx , ( 0.3333333333 ));

}
else {

var_X = ( 7.7870 * var_x ) + ( 16.0 / 116.0 );
}

if ( var_y > 0.008856 ) {
var_y = pow (var_y , ( 0.3333333333 ));
}
else {
var_y = ( 7.7870 * var_y ) + ( 16.0 / 116.0 );
}
if ( var_z > 0.008856 ) {
var_z = pow (var_z , ( 0.3333333333 ));

}
else {
var_Z = ( 7.7870 * var_z ) + ( 16.0 / 116.0 );
}
double 1 = ( 116 * var_y ) - 16;
double a = 500 * ( var_X - var_Y );
double b = 200 * ( var_y - var_z );

//convert XYZ to LCH

double h = atan2 (b, a);

if Ch>0) {
h=C(Ch/PI) * 180;
}
else h =360 - (absCh) / PI) * 180;

double ¢ = sqrt( pow (a, 2) + pow(Cb, 2) );

//convert RGB to CMYK

float R_dot (RR / 255.00);
float G_dot = (GG / 255.00);
float B_dot = (BB / 255.00);
float maxRG= max(R_dot,G_dot);
float Kx=(1-max(maxRG,B_dot));

float Cx = (1-R_dot-Kx) / ( 1-Kx) ;
float Yx = ( 1-B_dot-Kx) / ( 1-Kx) ;
float Mx = (1-G_dot-Kx) /( 1-Kx);
int Cperc = Cx * 100;

int Mperc = Mx * 100;

int Yperc = Yx * 100;

int Kperc = Kx * 100;

//convert RGB to HSL
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int Hx;

float sx;

float Lx;

int templ;

float s;

float Cmax=max(max(R_dot,G_dot),B_dot);
float cmin=min(min(R_dot,G_dot),B_dot);
float Delta=Cmax-Cmin;

if(Cmax==R_dot)
{

templ=(G_dot-B_dot) /Delta;

Hx=(60* (templ1%6)) ;

}
if(Cmax==G_dot)
{Hx=(60*(((B_dot-R_dot)/Delta)+2));}
if(Cmax==B_dot)
{Hx=(60*(((R_dot-G_dot)/Delta)+4));}

Lx=(Cmax+Cmin)/2;

if(Delta==0)

{Hx=0;

Sx=0;

}

else
{sx=Delta/(1-abs((2*Lx)-1));}

//convert RGB to HSV

if(Cmax==0)
{s=0;}

else
{s=Delta/Cmax;}
float Vx=Cmax;

int Sxperc=Sx*100;
int Lperc=Lx*100;
int Sperc=s*100;

int Vperc=vx*100;

//sending the frame to the mobile APP

//serial.printin(String((int)RR) + '," + String((int)GG) + ',' + String((int)BB) + ',"' +
string((double)x) + ',' + string((double)y) + '," + String((double)z) + ',' + String((double)1) +
',' + string((double)a) + ',' + String((double)b) + ',' + String((double)c) + ',' +
string((doubledh) + ','+String((double)Cperc) + ',' + String((double)Mperc) + ',' +
string((double)Yperc) + ',' + Sstring((double)Kperc) + ',' + String((int)Hx) + '," +
string((int)Sxperc) + ',' + String((intdLperc) + '," + String((int)Sperc) + ',' +
string((int)vperc) + ',");

SerialBT.printIn(String((int)RR) + ',' + String((int)GG) + ',"' + String((int)BB) + '," +
string((double)x) + ',' + string((double)y) + '," + String((double)z) + ',' + String((double)1) +
',' + string((double)a) + ',' + String((double)b) + ',' + String((double)c) + ',' +
string((doubledh) + ','+String((double)Cperc) + ',' + String((double)Mperc) + ',' +
string((double)Yperc) + ',' + Sstring((double)kperc) + ',' + String((int)Hx) + ',' +
string((int)Sxperc) + ',' + String((intdLperc) + '," + String((int)Sperc) + ',' +
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string((int)vperc) + ',");

}
// the Lookup table multiMap function

float multimap(float val, float* _in, float* _out, uint8_t size)
{
uint8_t pos = 1;
ifCin[0] < _in[1]) {
if (val <= _in[0]) return _out[0];
if (val >= _in[size-1]) return _out[size-1];

if (val == _in[pos]) return _out[pos];
while(val > _in[pos]) pos++;
} else {

if (val >= _in[0]) return _out[0];
if (val <= _in[size-1]) return _out[size-1];
if (val == _in[pos]) return _out[pos];
while(val < _in[pos]) pos++;
}
// interpolate in the right segment for the rest
return map(val, _in[pos-1], _in[pos], _out[pos-1], _out[pos]);

}

59



Thesis Mohammed Ali Agamy Mostafa 276303

Appendix B Mobile APP Code

when (S48 - Timer
: BESE Label BLT Sts - M Text ~ MEMENCEIN BluetoothClient1 » Jefel T,

address

54:89:7E D6:44.DA ESPSZ_Agamyn

(ol Label BLT Sts - 1 Text - } = - (A true L

then set 8 PaintColor ~
|

else éEt Ball2 - !I-?alntCoIor M

—

when .Timer

do (&) if call MG %IE® .BytesAvailableToReceive m-

then set'to call | BluetoothClient1 » BEEEEIVEI G
numberOfBytes | call .BytesAvailableToReceive
1 global ist - MM spiit -~ POMENE giobal m - |
at | a

CEIl Color Read Mode * M Elements » BG) o[58 global list2 ~

Color Read Mode - | Selection ~
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when IREEEICTEIRS Click
g etiel = oot FEDIEED €53 6D
mpare Color Reac hude -
sot o gel

L1]
B2 okl Orig G - P swobrisi - ]

L glabal Ong B 1 - gl list -
a
(T gletal list -

E-1 ciabal Org v - 1) g PRI
(5]

Y clokal Ong 2 - 1) get FEDIEED
o

B8t i get
ndox

et st tam lt gt
index )

FY ciobal Or Biab - B W aiooal et ]

B ciokal Ori_Lich - 1

E= bl Ors_ Gioh - 10 ol list e | o1 P
index  GED

fectlisd flem =t gt CEEIICTRR
[11]

L losal st
1 clabal Ot Remyk - | E et ETETIE

set FITTIEIRETTIN to | select list item list
index
1 glokal Orig_Kemyk < select list itam list
ndsx | (0
“ Clobal Org_bhal - | st et CETITEN
index 613
ot F I ERAER o | selectlistitem st oot FEENCAE
indox D
t ELEEIE NG00 to || soloctlistitom hst | got G EHEE
index (B
=8 Siukal Ong_Hhsv - 1) o list item get FTITINED
index @D
P lobal Orig_Shov * PRI " ool (LTI
E kol Org Vsw — 1) alsthem bt get
index @

t rgh . Text tojoin *

hsl _Text to jo
sel Webrl . Url o join

to WIEEES

LR Rl Color_Reac_Node - W Selection - |

L clobal Ong R2 - | eelect istitem list  get FIETIER
indax @)

oot FEEIENEER to | sslect listitsm fist | got FITIISE
indsx

sat FIESIETNER o | solectfistitam fist

E Y giokal Orig 2 - 1)
B gotal org vz - ol

okl Orig 22 - ) oot sl lem
index

P giotial Orig Liab? -+ I tem list

set FTEIEIE to || seleet st tem st
indexx
| clobal O Biab - list item fist
inde:

et o titem ligt
index
cat PN NEE T to | ealsctlisttem et
index
set EECIGENGE YN to | selectlistitem st
indax

oot (NS0T to || seloctlistitam

A global Orig Yomyk2 - 153

P jiakal Orig Keanyke - |13 iem sl el TN
cex

1]
P oboal O Hhs2 -~ em st || ger (ETIEID
1 qlokal Ong Snsl2 - 1
L1 global Orig_Lins2 - 103

1 cloksl Oriy_Hha2 «

et FITEIEGIEGE73M to || salectlistitam liet | get FTEFEIERE
index | [E)

cot I IGEAH to | solectlistitom lit | get
index | EX)

Text tajoin*
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when .Click
set : to LTS
S5 Color_difference ~ M Visible ~ RGN
~ 1 global Orig_R_delta -~ R0 -1 global Orig R - M :[ global Orig R2 - I

do

| ot CEECTRETRR o | (oot CETICTNEED - | oot CETISTNEED)

| =t CEEITCEEERD 0 | (oot CETICTNEED - || oot CETKTRZED

| o=t CEEITRICETRR | (! got (RTITRAD - | oot (TTRIRD

| et CEECTRATTRS © | ([ oot (EECTRAD - || oot CETICTRERD

| st CEEITRACIRD © | | got CHTISTIAD - || oot CETISTRZED

R Lgobel Orig_Lab_ceta LMY oiobal Orig_Liob — JBET globerOrig Liabz - )

R Lgobal Org_Aib etz " ERMMEFRT glover Orig s — | globel Org Aleb2 - ]

B {ocbe O Biab _set - LNMIRT locoi Grig biob — JIIFEY glober Orig bieb2 -

R Locbe O L setta _ ERMIFRT o iocal Orig Lioh — NS giobal Orig_Lisha - )

R Lgobal Org_cieh_cetia _ ERMMFRT giover orig_Cion — | IMAICY giobel Orig Cich2 - )

B {ocbel Ong_Hch st NMIRT glovar Orig ich — JIIN = glober Orig Hichz - )

R Lgbel Orig_Comyi_detia ” KENMRNFRY icbel Orig_Comyi — JJINCEY giobal Orig_Comykz - )
R Lgbal Orig_Vomyk_detia " KRBT oiocal Orig iomyi - JIBEST gobal Orig Momyka
B Lgobalora vy deta " MM oiobal O vemyic — |V clober org Vemyiz )
B Lgobal orig_emyi_detta” MMM oiobal Org Komyic — JJMANEY glober org omykz |
R {gobal Orig Hhel et " LM AT gl ohar Orig sl ~ I gl Orig trei2 - )
Lotz Oc_Srel_detia” INMIPRT 5 o Orig shei — R ciobel Orig Sheiz -]

B Locbe O Ll seta - ERMMRFRY o iocai Orig Lnst  JRMSIPTY giobal Orig_Lhsi2 ]

B Lobel Orig the_cetta - LERMIFRT o ooal Orig ey — JMARY global Orig_Hhsv2 - )
[ {ocbel Ori_Srev_dcte  LRMIRT oiai Grig srov — JMIREY ciobal Orig Srovz )
ELgbel Orig Vst LERMIFRT g lovor g oy — JIBE glober Orig Vhova —

rgb_delta . Text toj...
xyz_delta . Text toj...
Ich__delta . Text to ...
lab_delta . Text toj...
cmyk_delta . Text to ...
hsv_delta . Text toj...
hsl _delta . Text toj...
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when .GotText
url | responseCode | responseType = responseContent |
-8 2 responseCode I = - B[ 200
set to | call JsonTextDecodeWithDictionaries
jsonText
 hex |
24 global res - |
gl ot found Ji
set [N - to get value for key | *“ fEIIEY *
in dictionary ‘ get

58 global hex ~ R get value for key

in dictionary

or if not found

or if not found
o name
get

-1l global name ~ R

get value for key
in dictionary

or if not found

compare texts get value for key

in dictionary get
orif notfound [ * | not found Jid
set il FontSize - JRCRIE 16
set - to (B
EEW Label24 - M TextColor ~ NG .
Eol Label24 - B Text - JCRIE No match color ¢
= Labei25 - Wext - N

get value for key

@] join

in dictionary
or if not found
gl Hex: |

get value for key

set (EEEED 5 o | @

in dictionary
or if not found

get value for key

EC W Label27 + B

in dictionary

or if not found
| —

EC W Label24 + M TextColor = WG}
2l Label24 - M Text - WG &l Exact match color &
[l Label25 - B to *

else

i get value for key
in diction

or if not found
0]
0/

FS Label26 - M FontSize ~ RS
Label27 - [ FontSize ~ G

set
~—

L8 HorizontalArrangement43 - B BackgroundColor = MG

then" set (ETTFEED . (D to  value M

get value for key

ol exact_match_name Kl = - |

make color

| responseContent -

L false J§

-l global name - |

gl closest named_hex g

i+ global name ~

-1 global name - |

get

s[18 global Orig R -
s[4 global Orig_G ~
=518 global Orig B ~

I§I make a list

in dictionary (1 get

or if not found

| st (ETEVERD - (ETEEED o (i

N Label23 + B Text = WG

else get value for key

in dictionary [ get

or if not found

| set (FITEERD . (TR t©

PRY global Orig R - JL< ° P global Orig_G - (120 ks Y (obal Orig_B - 120
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Appendix C API JSON response code

Refernce:

https://www.thecolorapi.com/id?rgb=rgb(25.0.0)

Response:

{"hex":{"value":"#190000","clean":"190000"},

"rgb":{"fraction":{"r":0.09803921568627451,"g":0,"b":03},"r":25,"g":0,"b":0,"value":"rghb(25, 0,
0"},

"hs1":{"fraction":{"h":0,"s":1,"1":0.049019607843137254},"h":0,"s":100,"1":5,"value":"hs1(0,
100%, 5%)"%,

"hsv": {"fraction":{"h":0,"s":1,"v":0.09803921568627451},"value":"hsv(0, 100%,
10%)","h":0,"s":100,"v":103},

"name" : {"value":"Diesel",":"#130000", "exact_match_name":false, "distance":54},

"cmyk" : {"fraction":{"c":0,"m":1,"y":1,"k":0.9019607843137255}, "value":"cmyk(0, 100, 100,
90) 1] , llcll :0, llmll :100, llyll : 100' ||k|| . 90} ,

"Xyz":{"fraction":{"X":0.04043137254901961, "Y":0.020843137254901962,"z" :0.001892156862745098},
"value":"Xvz(4, 2, 0)","x":4,"Y":2,"z":0},

"image":{"bare":"https://www.thecolorapi.com/id?format=svg&named=Ffalse&hex=190000",
"named": "https://www.thecolorapi.com/id?format=svg&hex=190000"},

"contrast":{"value":"#ffffff"},"_links":{"self":{"href":"/id?hex=190000"}},"_embedded": {}}
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