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Abstract—Iodine found in salt has different levels and it is 
considered important to know the iodine level consumed. Some 

types of salt do not provide information about the iodine content 
of the salt, but the others have iodine levels that exceed the 

human body consumption limit. The consumption of iodine is 

different in terms of age (children, adolescents, and adults), so it 
is necessary to be careful in consuming salt, especially for 

children. Measurement of iodine levels in salt is carried out by 

mixing starch in salt or using iodine test kit liquid. This study 

aims to measure the iodine levels in salt, which are grouped into 

three categories (7-15 ppm, 20-27, and > 30). The use of Arduino 

Uno and TCS3200 sensor can detect samples with the results of 

two samples that do not contain iodine, and the others have 

different iodine levels.
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I. In t r o d u c t i o n

The need for iodine for humans can be met by consuming 
salt mixed with potassium iodate compounds. Unfortunately, 
salt that has been mixed with potassium iodate has the same 
color, and taste as salt that has not been mixed with this 
substance [1]. Some types of salt sold in the market do not 
provide information about the iodine content of the salt, but 
the others have iodine levels that exceed the human body 
consumption limit. The consumption of iodine is different for 
each age (children, adolescents, and adults), so it is necessary 
to be careful in consuming salt, especially for children. 
Measurement of iodine levels in salt is carried out by mixing 
starch in salt or using iodine test kit liquid. Salt has iodine 
levels will change color after being given iodine test kit liquid, 
the higher the iodine content, the darker the salt will be. 
Measuring salt iodine levels by giving the test kit fluid only 
serves to ensure that the salt contains iodine, while the iodine 
content can only be expected to match the color formed from 
the results of the chemical reaction of the salt and test kit fluid.

The use of microcontrollers in measuring salt content uses 
salinity sensor [2] and conductivity sensor [3], while the 
detection of iodine in salt uses spectrophotometry to measure 
iodine in salt, which can decrease due to the volatile nature of 
iodine. This study aims to measure the iodine content in salt 
using a microcontroller, this system will display the amount 
of iodine content in salt which is divided into three categories 
(7-15, 20-27, and more than 30) ppm [4]. The microcontroller 

functions to process data received by the sensor and displays
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it on LCD. Ergonomic and portable design is expected to be 
easy to use and provide information on the amount of iodine 
in salt, to avoid consuming iodine levels that are not in 
accordance with the body’s needs. This paper consists of five 
parts, namely introduction, theoretical background, analysis 
and design, result, and conclusion.

II. Th e o r e t i c h a l  B a c k g r o u n d

A. Iodine
Iodine is one of minerals that humans need to help the 

metabolic of the body. Lack of iodine will cause health and 
growth problems called deficiency iodine, while excess 
consumption of iodine can cause hyperthyroid[5] and toxicity. 

The body needs 100-150 micrograms of iodine per day, which 
can be obtained from marine animals or salt mixed iodine. The 
use of iodized salt is intended to reduce the number of 
disorders caused by deficiency iodine which affects more than 
200 million children. To find the iodine level in salt, firstly, 

the salt dripped with iodine test kit liquid, if the salt turns black 
or grey, it contains iodine.

Test-kit fluids commonly used today contain a liquid that 
can change the salt color if it contains iodine, the liquid often 
referred to as test iodine. The semi-quantitative test shows the 
presence or absence of iodine in salt, but it is difficult to 
conclude the iodine content is in salt and how much iodine is 
in salt. The discoloration is currently only able to distinguish 
white, gray, black, and solid black. Based on the numbers that 
the author has determined which has been adjusted to the 
regulation of the Minister of Health of the Republic of 
Indonesia in 2019 concerning the recommended nutritional 
adequacy rate for the Indonesian people, where they are the 
salt level is 0 ppm, the salt level is 7-15 ppm for children, the 
salt level figure is 20-27 ppm for adolescents, and the salt level 
figure is <30 ppm for adults [6]. This study used several salt 
samples, including salt taken from unbranded salt factories 
and several branded salt.

B. Microcontroller
Microcontroller or single-chip microcomputer (SOCs) 

consists of a microprocessor, memory units, I/O interfaces, 
ADC (Analog to Digital Converter), PWM (Pulse Width 
Modulation), and communication module, which has a 
specific function [7]. A microcontroller has several types 
based on processor, bit length, clock frequency, RAM and
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ROM capacities, Input/Output unit, built-in enhancements, 
form factor, and operating conditions. The set of instructions 
executed by the processor can be divided into CISC and RISC, 
CISC is complex instruction set which has high hardware 
design and requirement, and multiple cycles, while RISC is 
reduced instruction set with basic hardware design and 
requirements, and single cycle. The use of RISC architecture 
in microcontroller more common than the CISC architecture, 
for example, microprocessor ATMEGA328P [8]. This 
microprocessor is a type of ATMEL microprocessor with high 

performances AVR technology microcontroller. It is designed 
by 8-bit CMOS technology with a large number of pins and 
features, and its power efficiency gets improved by the 
internal temperature sensor and auto sleep. The IC has internal 
protections and helps engineers to priorities this controller for 
different situations with multiple programming methods. The 
usage of this microcontroller has been increasing as it allows 
multiple communication methods for other modules.

BEGIN

NUMBER redFrequency, greenFrequencv.

blueF requecv, redColor, greenColor, blueColor 

/ Reading the output frequency 

redFrequency =pulseIn(sensorOut LOW7); 

greenFrequencv = pulseln(sen sorOut, LOW); 

blueFrequency = pulseln( sen sorOut, LOW7);

// Remaping the value of the RED (R) frequency from 0 

to 255

redColor = map(redFrequency, 60, 76. 255,0); 

greenColor = map(greenFrequency, 56, 71,255, 0); 

blueColor = map(blueFrequency, 54. 64. 255, 0);

END

Fig. 1. Mapping Colors

C. Arduino
Arduino or called Arduino board is hardware equipped 

with Integrated Development Environment (IDE) that allows 
open-source programmable. Currently the use of Arduino is 
more widely used in monitoring devices for homes, health, 
and smart body control [9]. Several types of Arduino that sold 
in the market such as Arduino Uno, Lilypad Arduino, Red 
Board, Arduino Leonardo, Arduino Mega, and Arduino 
Shields, but Arduino Uno as classic Arduino is the most 
widely used. Arduino Uno transmits and receives signals, data 
or information via the internet when combined with Arduino 

Shield. Programming should be considered when building a 
system utilizing a microcontroller. It aims to write code on the 
microcontroller chip or Arduino with C++ programming[10].

D. Color Sensor
A sensor is a device detecting signals and responding to 

some types of input from the physical environment, it 

converts signal one form of energy into another [11]. The 

types of sensors are classified into analog or digital, physics 

or chemical, and active or passive sensors [12]. One of the 

sensors that are widely used in the microcontroller is a color 

sensor. It measures the color of an object and converts it into 

information that can be understood. The sensor measures the 

color in two methods, which detects Red, Green, Blue (RGB 

color sensors) values, and the chromatic aberration of the 

object [13]. Likewise, the RGB color sensor has two modes 

to measure the color, namely analyzes the percentage of 

tristimulus (red, green, blue), and detects the reflected light 

intensity of RGB color [14].

TCS3200 color sensor is one of the types of RGB color 
sensor which is programmed to convert colors into 
frequencies that are directly proportional to the intensity of 
light[15]. The color illuminated by led will reflect led light 
towards photodiode and the reflection of light has different 
wavelengths depending on the color of the detected object. 
TCS 3200 sensor can read color modes (Red, Green, 
Blue)[16] through 64 photodiodes, where each color read 
through 16 photodiodes[17]. Based on the Fig. 1, color sensor 
represents the detected colors with the RGB model which has 
values from 0 to 255. For example, the value of red color (60 
and 76) will be mapped to 255 and 0 by using the map () 
function, which these values show the closest and the farthest 
distance between the salt and the sensor at the time of the 
measurement process. The same procedure goes for the two 
other colors.

III. An a l y s i s  a n d  De s i g n

A. System Design
System design consists of hardware, process, and software 

design. Tools and materials needed to build the system are 
Arduino board, TCS3200 sensor, LCD Display, salt, and 
liquid test kit. Arduino used in this study is Arduino Nano as 
ATMEGA 328P. The working principle of the system as 
shown in Fig. 2, the system will receive salt as input, which is 
read by the sensor, then processed by Arduino to produce the 
output displayed on the LCD.

Arduino programming aims to measure iodine levels 
according to the reading from TCS3200. There are four 

conditions for the color of salt to be detected by the sensor, 
they are:

• 0 ppm indicates that the salt does not contain iodine. 
(27 < R < 29, 28 < G < 31, 26 < B < 29). The salt color 

does not change.

• 7-15 ppm indicates that the salt appropriate for 
children (R = 33, 34, G = 34, 30, B = 32, 33). The salt 

color is grey.

• 20-27 ppm indicates that the salt appropriate for 
adolescents (R = 32, 33, G = 33, 34, B = 30, 31). The 
salt color is black.

• > 30 ppm indicates that the salt appropriate for adults 
(R = 35, 36, G = 36, 37, B = 33, 34). The salt color is 
deep black.

To make these conditions as shown in Fig. 3, the 
microcontroller is programmed according to value from the 
sensor. This value is obtained from the measurement of salt 
whose iodine levels have been known. The results are number 
of colors (Red, Green, Blue) and sensor distance with salt.

Fig. 2. Diagram Block System
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Fig. 3. Flowchart System

// Checks the current detected color and prints
BEGIN
//Condition 1

IF ((redFrequency>=27 AND redFrequency<=29)
AND (greenFrequency>=28 AND  

greenFrequency<=31) AND (blueFrequency>=26 

AND blueFrequency<=29)) THEN 

OUTPUT "OPPM"
//Condition 2
ELSE IF ((redFrequency=33 OR 

redFrequencv=34) AND (greenFrequency=35 OR 

greenFrequency=36) AND (blueFrequency=32 OR 

blueFrequencv=33)) TEtEN 

OUTPUT" 7-15 PPM"
/ Condition 3
ELSE IF ((redFrequencv=32 OR 

redFrequency=33) AND (greenFrequency=33 OR 

greenFrequency=34) AND (blueFrequency=30 OR 

blueFrequencv=31)) THEN 

OUTPUT (" 20-27 PPM")
//Ccaidition 4
ELSE IF ((redFrequency=35 OR redFrequencv=36) 
AND (greenFrequency=36 OR 

greenFrequency=37) AND (blueFrequency=33 OR 

blueFrequency=34)) TEIEN 

OUTPUT " > 30 PPM"
ELSE
OUTPUT "Not Detected"

ENDIF
END

Fig. 4. Pseudecode Detection Iodine

B. Implementation
The purpose of implementation is to test tools or hardware 

and system to work properly. The first step to ensure the 
Arduino module is functioning properly that test the output 
voltage of each Arduino pin with several parts such as the 
ATMEGA 328P microcontroller, color sensor, and LCD. This 

test aims to check whether the input and output data can work 
under the system's work. The last step is uploading a simple 
code to turn on the sensor, microcontroller, and LCD circuit 
connected to the Arduino pins.

The implementation of the TCS3200 sensor is to prepare 

salt sample with known iodine levels, then measure it using 
the tristimulus values method, which is to analyze the 
proportions of red, green, and blue. The results obtained are 
used as a value to determine levels in the measurement 
process. These values are written the Arduino programming 
based on Fig.3 to create four conditions as shown in Fig.4. The 
testing on the system is carried out on two salt conditions 
namely salt which is not mixed with the test kit fluid and the 
others are eight samples that have been mixed with the test kit 
fluid. The following are steps taken as a system 
implementation process,

• Define the pins to which the color sensor is connected 
and a variable for reading the frequency.

• Setting the sensor output as an Arduino input and 
frequency scaling

• Reading the output frequency and remapping this 
value of RGB frequency from 0 to 255

• Making the condition according to Fig. 4. The thing to 

note is that the condition is determined from the RGB 
frequency.

IV. Re s u l t  a n d  Di s c u s s i o n

Table I. shows the results of the tool testing on samples 
that have been mixed with the test kit fluid. From these results 
obtained are two samples do not contain iodine, one sample 
was not detected, and the others contain iodine. To ensure the 
accuracy of the tool, data collection is carried out for each 
sample up to five times. Meanwhile, in Table II. some samples 
have different measurement values such as B, E, and G, and 
there was one sample not detected as well. It is necessary to 
consider the use of the color sensor influenced by the distance 
of the sensor with the color detected. Repetitive testing gives 
information that the iodine content in salt ranges from 7-27 
ppm, whereas others exceed the consumption limit for 
children and adolescents.

The method used to measure salt iodine levels is to read 
the color changes that occur in salt. The tool will display ND 
(Not Detected) because the measured salt is not given the test 
kit fluid. The thing to note is that the condition is determined 
from the RGB frequency not the RGB color if the tool uses 
this value the tolerances of the color readings in RGB are 
almost close to each other. These results can lead to errors in 
determining iodine levels, for example a tool displays an 
iodine level > 30 ppm even though the displayed value should 
be 20 -  27 ppm. It is necessary to consider that the difference 

in color of each iodine level that is not much different (black, 
light black, dark black), which this condition can cause the 
RGB color value to be almost the same.

TABLE I. Me a s u r e m e n t  Re s u l t s

Sample Measuring Average Iodine Level 
(ppm)1 2 3 4 5

A ND ND ND ND ND ND ND

B 0 0 0 0 0 0 0

C 51 58 67 55 80 62.2 > 30

D 7 8 7 7 9 7.6 7 - 15

E 25 22 24 18 25 22.8 20 - 27

F 0 0 0 0 0 0 0

G 48 55 50 60 55 53.6 > 30

H 7 7 8 7 7 7.2 7 - 15
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TABLE II. IODINE Le v e l s  in  Sa l t  The measurement results in Table II. shows that for

readings of iodine levels at the level of 7-15 ppm were stable 
at 7-9, while at 20-27 ppm iodine the tool displayed a value of 
18 which was not included in that level range, and for levels 
iodine > 30 ppm that values shown were in the range above 45 
to 80 ppm. It can be concluded that the iodine content in salt 
for a level > 30 ppm has very high numbers, while the other 
levels have values according to the standard.

V. Co n c l u s s i o n

Based on the result and discussion can be concluded that 

the iodine level test tool in salt was successful in measuring 

salt samples and grouping them into three categories. Some 

salt samples have different values for repetitive data 

collection, this is because the color sensor used is influenced 

by the measuring distance with the color of the object to be 

analyzed. From the measurement of salt samples, it was 

found that the iodine content in salt was at the level of 7-27 

ppm, while the others had values far above 30 ppm. For future 

work, the tool can be developed using different types of color 

sensors or combining other sensors to measure the substances 

or minerals contained in salt.
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