__
I3

International Journal of Health and Information System (IJHIS)

Content lists available at Pubmedia

{)Publishing

journal homepage : https://ijhis.pubmedia.id/index.php/ijhis

Article

Detecting Dehydration Based on Urine Color Using Fuzzy
Logic Image Processing and Regulating Water Intake with
an Automatic Water Pump According to Dehydration
Level Using an IoT-Based

Citation: D. T. Utomo, A. H. Utomo,
Z. Olivia, N. Maria, and N. P.
Rosidania, “Detecting Dehydration
Based on Urine Color Using Image
Processing and Regulating Water
Intake with an Automatic Water
Pump According to Dehydration
Level Using an IoT-Based”, IJHIS,
vol. 1, no. 3, pp. 152-164, Jan. 2024.

Received: 08-12-2023
Revised: 16-12-2023
Accepted: 10-01-2024
Published: 16-01-2024

Copyright: © 2024 by the authors.
Submitted for possible open access
publication under the terms and
conditions of the Creative Commons
Attribution-ShareAlike 4.0
International License (CC BY SA)
license

(http://creativecommons.org/licenses

[by-sa/4.0/).

Denny Trias Utomo!", Adi Heru Utomo?, Zora Olivia®, Nita Maria*, Nilla Putri
Rosidania’®

1 Politeknik Negeri Jember, Jalan Mastrip No. 164 Jember; denny_trias@polije.ac.id

2 Politeknik Negeri Jember, Jalan Mastrip No. 164 Jember; adiheruutomo@polije.ac.id
3Politeknik Negeri Jember, Jalan Mastrip No. 164 Jember; nita.maria.r@polije.ac.id

¢ Politeknik Negeri Jember, Jalan Mastrip No. 164 Jember; zora@polije.ac.id

5 Politeknik Negeri Jember, Jalan Mastrip No. 164 Jember; nillaputrirosidania@gmail.com

* Correspondence: denny_trias@polije.ac.id ; Tel.: +62-81336608000

Abstract: Dehydration is a condition where the body lacks the fluids it needs to carry out its
functions optimally. Dehydration can cause various health problems, including decreased mental
and physical performance, and can even cause death if not treated immediately. Therefore, it is
important to be able to detect and treat dehydration early. One way to detect dehydration is through
urine color analysis. Urine that is darker than normal can be a sign of dehydration. The classification
of dehydration level according to urine color is as follows: 1-2: Hydrated, 3-4: Mildly dehydrated,
5-6: Dehydrated, 7-8: Very dehydrated. This research aims to develop an IoT-based dehydration
detection system that can detect the level of dehydration in a person based on urine color and
regulate water intake automatically using a water pump. The novelty of this research is the method
of integrating drinking water intake with dehydration detection based on real-time urine color
based on IoT using the Fuzzy Logic method. The results of this research are used by the Jember State
Polytechnic TeFa Nutrition Care Center (NCC) in serving patients. The methodology used in this
research is Fuzzy Logic image processing to process urine color data and determine a person's level
of dehydration. After carrying out this research, the following conclusions were obtained:
Based on the literature study in this research, 8 levels of hydration status according to
NSW Health were obtained, then from this literature a method was obtained to measure
a person's hydration based on urine color using image processing using the Fuzzy Logic
method.
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1. Introduction

Dehydration is a serious medical condition and can affect an individual's health and
well-being. However, many people are unaware or do not fully understand the
importance of adequate hydration and a lack of it can affect their health. [1] One way to
detect dehydration is through urine color analysis. Urine that is darker than normal can
be a sign of dehydration. [2]

Therefore, this research was conducted to develop technology that can help
individuals monitor dehydration levels and regulate water intake more effectively and
efficiently, as well as increase individual awareness of the importance of hydration in
maintaining health.
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This research uses the method of image processing to classify the degree of
dehydration based on urine color, as well as the fuzzy Inference System to determine
drinking water needs according to the level of dehydration. This method was developed
with the aim of developing technology that can help individuals monitor their health
independently and increase awareness of the importance of hydration in maintaining
health and well-being. In this research, IoT (Internet of Things) will be used as a means to
automatically control the water pump according to the individual's level of dehydration.
Data collected from the urine color sensor will be sent via an internet connection to the
Fuzzy Inference System, and the results will be used to regulate the water pump via IoT.
By using IoT technology, individuals can regulate water intake automatically and
accurately, without the need to make manual settings. This can make it easier for
individuals to control their water intake and help maintain their health and well-being
more effectively. By combining the technology of image processing, Fuzzy Inference
System, and IoT, this research is expected to provide more accurate and effective results
in detecting dehydration levels and determining appropriate drinking water needs.

Dehydration is a condition in which the body loses more fluid than is necessary to
maintain fluid balance in the body. This condition can be caused by various factors such
as not drinking enough water, heavy physical activity, diarrhea, vomiting, and fever. One
indicator commonly used to determine the level of dehydration is the color of urine. [3]
Hyperosmolarity is frequently linked to dehydration. But as was previously said,
depending on the degree of related salt loss, dehydration can result in a variety of osmolar
states. [11] The other research Dehydration also ever to chronic kidney disease (CKDu) in
Sri Lanka [3]

A darker urine color can be an early indicator of dehydration. Darker urine color and
higher urine viscosity are associated with decreased plasma volume and increased serum
osmolality. [4]-[6] Urine color can be used as an indicator to determine body fluid needs.
Darker urine color may indicate a higher water need. Habitually consuming less water
was linked to higher body fluid contents [24] . People who consume sufficient amounts of
water tend to have lighter urine color and lower urine viscosity [7], [8].

A study used computer vision technology for real-time [9] to estimate the level of
dehydration based on the color of urine in mice. The research used a camera to take images
of mouse urine and processed them with computer vision technology. Image processing
is carried out by converting the image into HSV mode (hue, saturation, value) color space
denotes the intensity or lightness or brightness of the color[10]. and using a clustering
algorithm to classify urine color into three categories: normal urine, urine with a mild
level of dehydration, and urine with a severe level of dehydration. [4]-[6]

Several studies have also been carried out to determine the appropriate drinking
water needs according to the level of dehydration [11]. In the current era, water is a
significant resource for socio-economic growth and the protection of healthy
environments [12] . Dehydration of as much as 2% of body weight can cause a decrease
in plasma volume and an increase in serum osmolality. Serum osmolality is the sum of
the osmolalities of every single dissolved particle in the blood such as sodium and
associated anions, potassium, glucose, and urea [13]. However, increasing water intake
can improve the condition. So that adequate water intake can minimize the risk of
dehydration during intense physical activity, especially in running athletes. Additionally,
special attention needs to be paid to the dangers of dehydration and its serious
repercussions [14].

Based on data released by the Ministry of Health, it shows that adults need at least
2.5 to 3.5 liters of water per day, depending on activity level and environmental
temperature. However, individual water needs may vary based on factors such as age,
gender, and health status. [15]

[8] Several recent studies have succeeded in developing machine learning models
that are capable of classifying the level of dehydration based on urine color with high
accuracy. For example, studies using techniques of image processing and deep learning
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to classify urine color based on the degree of dehydration. The results show that the model
developed can classify the level of dehydration with an accuracy of 97.3% [16]. Sometimes
the FIS with neural network learning systems to improve the approximation ability [17].

In addition, several studies have succeeded in integrating IoT technology with a
Fuzzy Inference system to determine drinking water needs based on an individual's level
of dehydration. For example, a study by Aditya et al used an IoT system to monitor
dehydration levels in patients with chronic liver disease and provide appropriate water
intake recommendations.[18]

The novelty of this research is the method of integrating drinking water intake with
dehydration detection based on real-time urine color based on IoT using the Fuzzy Logic
method.

2. Materials and Methods

Materials

ESP8266 IoT kit

TCS 3200 RGB Sensor
Breadboard

IoT Server

Web Server Apache
MySQL Database Server
PHPMyAdmin

Jumper cable

Test tube bottle

O 0N ONUT L=

Methods
In general, this research was carried out according to the block diagram as seen in
Figure 1 below.

Step 1 Step 2 Step 3 Step 4
Input Urine Dehydration Calculate Turn on the
classification water needs pump
using RGB based on according to
value from dehydration the Fuzzy
sensor level Inference
System

Fig. 1. Research Flow Block Diagram
2.1. Input Urin

Based on the urine fluid sample, color detection is carried out directly using the TCS3200
sensor to obtain the R(R) G(Green) B(Blue) value. [1]

2.2. Determining classification using RGB values from sensors

Determination of Hydration levels based on urine color are carried out using value
readings from the TCS3200 sensor with a few steps:

1. The urine sample is placed in a glass/test tube
2. The liquid in the test tube is detected using the TCS3200 sensor module

3. The RGB value data obtained from the TCS3200 readings is compared with a database
containing hydration data based on references taken from NSW Health [19]. As explained
in table 1 below.
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' Am | drinking enough water?

Use this urine colour chart to assess how hydrated you are. It is important to drink
plenty of water every day to stay healthy.

1to 2: Hydrated

Pale, odourless and plentiful urine is often
an indication that you are well hydrated.
2 Keep drinking at the same rate.

3 to 4: Mildly dehydrated
Siightly darker yellow urine can indicate
that you nead to drink mara water.

4 Drink a glass of water now.

Medium-dark yellow urine is often an
indication that you are dehydrated.
6 Drink 2-3 glasses of water now.

7 to B: Very dehydrated

! _
Darker, strong-smeliing urine in small
amounts can be a sign of dehydration.
8

Drink a large bottle of water immediately.

What can change the colour of my urine? Important

Certain foods, medications and vitamin The colours an this chart should only be used
supplements may change your urine colour as a guide and should not replace the advice
even if you are hydrated, of a health professional. Speak to your doctor

if you are worriad about the colour of your
urine, the amount of water you drink or
dehydration.

www.healthdirect.gov.au

Fig. 2. Urine Color Chart [19]

According to NSW Health in the image above, to determine a person's hydration
status, can be obtained from the urine color extracted from the image into an RGB value
using the Matlab application app2.mlap in Figure 3 Image Preprocessing.

Proses Output

Input photo coler RGS image RGE Color Feature Extraction Image value resulting from
using the app2.miap extraction of RGB colr
gpplication features

W38 COLOM PEATRE EXTRAS IOV PROGRAY R0 COLOA FTATRL CATRACTION PROGRAM
A - —r]
wat.

Fig. 3. Prepocessing Image

Based on the preprocessing carried out, the table obtained in Table 1 is as follows:
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Table 1. Hydration Based on Urine Color

Mark

No Hydration Status
Red Green Blue

1 251 252 238  Hydrated
250 250 213  Hydrated
246 245 181 Mildly Dehydrated

4 237 238 136 Mildly Dehydrated

5 237 217 105 Dehydrated
220 199 51  Dehydrated
7 207 174 59  Very Dehydrated

8 176 148 53  Very Dehydrated

Based on Table 1 above, hydration status is determined as follows: 1-2: Hydrated, 3-4:
Mildly dehydrated, 5-6: Dehydrated, 7-8: Very dehydrated. [19]

plot points: 181
Membership function plots
T

T T T T T T T T
Hydrated Midly_Hydrated Dehydrated Very_Dehydrated

output variable *Hydrated_Level

Figure 3. Membership function of Output Variabel Hydrated Level

Figure 3 shows the membership function on the hydration level output variable [19]

2.3. Calculating Water Needs Based on Dehydration Level
The following are the steps for calculating water needs using FIS based on urine color:

1. Determine variable input What will be used is the level of urine viscosity , which
can be measured based on the color of the urine. [20]

2. Define the output variables that will be used to determine the state hydration as a
determinant of drinking water needs.

3. Determine fuzzy rules that can be made based on expert knowledge obtained from
journals.

4. Fuzzy rule evaluation: Evaluate fuzzy rules to determine membership values for
each output variable.

5. Calculate weights: Calculate the weights for each output variable. The weight
shows the contribution of each output variable in determining the value of water
requirements.
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6. Calculate defuzzyfication value: Compute the defuzzyfication value for the
output variable. The defuzzification value is a value that describes the appropriate
water requirements based on the measured urine viscosity level

2.4. Turning on the Pump Based on the Fuzzy Interference System

After obtaining the hydration level, the next step is to determine whether the water
pump will turn on until the required water is met using IoT-based equipment which
will be published later

3. Results and Discussion

This research aims to develop an innovative system for monitoring individual hydration
levels based on urine color analysis. The design of this system begins with taking a urine
sample, which will then be analyzed for color using the TCS3200 color sensor. The RGB
values resulting from urine color analysis will be sent to the IoT web server via the
ESP8266 module, and then processed to determine a person's hydration level. After the
hydration level can be determined, the second ESP8266 module will be given a command
to activate the 1 channel 5v relay which controls the water pump so that water can be
released into the bottle. When the bottle is completely filled, the ultrasonic sensor will
signal the ESP8266 to deactivate the relay and stop the water pump, thus ensuring optimal
filling of the bottle with water according to the individual's measured hydration level.
Thus, this system provides an effective solution for monitoring and automatically meeting
individual hydration needs. The technical explanation of this IoT tool will be explained in
more detail in the next journal publication.

Figure. 4. System Concept Diagram

The process on this device involves several steps that must be gone through before finally
being able to calculate the amount of water needed by the user.

1. Urine Image Capture

In this device, the sensor used is the TCS3200 sensor to obtain urine values. The values
obtained from this sensor are Red (R), Green (G), and Blue (B). Then the value generated
from the sensor is used as material to classify a person's level of dehydration. In this
system, the method used to classify is Fuzzy[21].

2. Classification of dehydration levels based on urine color

In this system to classify the level of dehydration using the Fuzzy method. In system
design, fuzzy variables will be created where fuzzy can help in decision-making. This
fuzzy method of control has 3 inputs, namely Red, Green, and Blue, and produces 3
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outputs, namely normal, dehydration, and severe dehydration. [22] The membership
function of each input variable can be seen in the picture

- 0 X

gt s

nput vaiabie LY

Figure 5. Membership Function of RED

In the picture above, the membership function for the RED input variable with the

following universe is explained:
Table 2. Input Variable of RED

Input Variable Universe of Conversations
Function
Red Low 0-70
Currently 50-200
Height 70-255
Green Low 0-70
Currently 50-200
Height 70-255
Blue Low 0-70
Currently 50-200
Height 70-255

In the table 2 above, explains the membership function for Red

ot pons: 81

ip function plots
T

Low Middle High

I I
100 150
input variable "GREEN"

Figure 6. Membership Function of GREEN
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In the picture above, the membership function for the GREEN input variable with the
universe is explained as follows:

Table 3. Input Variable GREEN

Input Variable Universe of Conversations
Function
Red Low 0-70
Currently 50-200
Height 70-255
Green  Low 0-70
Currently 50-200
Height 70-255
Blue Low 0-70
Currently 50-200
Height 70-255

In the table 2 above, explains the membership function for GREEN

plt paints: 181

Membership function plots
I

Low Midde High

= I I I I
100 150 bl b
nput variabie "BLUE"

Figure. 7. Membership Function BLUE

In the picture above, the membership function for the input variable BLUE with the
universe is explained as follows:

Table 4. Input Variable BLUE

Input  Variable  Universe of

Functio Conversations
n
Red Low 0-70

Currently 50-200



IJHIS 2024, Vol. 1, No. 3

160 of 164

Height 70-255

Green Low 0-70
Currently 50-200
Height 70-255

Blue Low 0-70
Currently 50-200
Height 70-255

In the table 2 above, explains the membership function for BLUE

4] Membership Function Editar: FI5
File Edt View

S Variables

) BN ) \ N
XX N
XX \./

Memmbership function plots

output varable “Hydeaid_Lavar

Current Varabie Current Membership Function (cick on WF 1o seiect]

Name

Type.

Params

Disiay Range

‘ Selectad varabe Hyduted Lever

After determining the membership function for each input variable [12] and output
variabel, the next step is to create a rule. At this stage, each output from the fuzzification
stage in the form of membership degrees and linguistic variables will be combined using

an evaluation rule [23]. In rule evaluation, there are linguistic rules to determine the

control action on the input value from defuzzification. In this step, use the rule
(IF...AND...THEN). The rules created in Table 5 are as follows:

Table 5. Rules of Fuzzy Inference System Hydration System Using RGB Image Processing

No Rules Result
1  If REDis High and GREEN is High and BLUE is High Hydrated
2 If REDis Low and GREEN is Low and BLUE is Low Dehydrated
3  If REDis Low and GREEN is Low and BLUE is Middle = Very Dehydrated
4  If REDis High and GREEN is Middle and BLUE is Low Mildly Hydrated
5  If REDis High and GREEN is Middle and BLUE is Low Mildly Hydrated
6  If RED is Middle and GREEN is Middle and BLUE is Mildly Hydrated
Low
7 If RED is Low and GREEN is Low and BLUE is Low Mildly Hydrated
If RED is Low and GREEN is Low and BLUE is Low Mildly Hydrated
If RED is Low and GREEN is Middle and BLUE is Low  Mildly Hydrated
10  If RED is High and GREEN is Low and BLUE is Low Mildly Hydrated
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No Rules Result

11  If RED is Middle and GREEN is Low and BLUE is Low  Mildly Hydrated

12 If RED is Middle and GREEN is Low and BLUE is Low  Mildly Hydrated

13 If RED is Middle and GREEN is Middle and BLUE is Dehydrated
Middle

14  If RED is Middle and GREEN is Middle and BLUE is Dehydrated
Middle

15 If RED is Middle and GREEN is Middle and BLUE is Dehydrated
Middle

16  If RED is High and GREEN is High and BLUE is Middle Very Dehydrated

17 If RED is Low and GREEN is Middle and BLUE is Low  Mildly Hydrated

18  If RED is Low and GREEN is High and BLUE is High Mildly Hydrated

19  If RED is Low and GREEN is High and BLUE is High Mildly Hydrated

20 If RED is High and GREEN is Middle and BLUE is Low Mildly Hydrated

21  If REDis High and GREEN is Middle and BLUE is Low Mildly Hydrated

22 If RED is Middle and GREEN is High and BLUE is High Mildly Hydrated

23 If RED is Low and GREEN is Low and BLUE is Low Dehydrated

24  If RED is Middle and GREEN is Middle and BLUE is Dehydrated
Middle

25  If RED is High and GREEN is Low and BLUE is Low Dehydrated

26  If RED is Middle and GREEN is Middle and BLUE is Dehydrated
Middle

27  If RED is High and GREEN is Middle and BLUE is Dehydrated
Middle

In Table 5 above, the FIS Hydration System Rules are explained in accordance with
literature obtained from NSW Health [19].

Figure 8.Rule Viewer

Figure 8 explains the Rule Viewer dehydration system.
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3. Calculate the length of time the water pump is on
The length of time the water pump is on is determined using an Ultrasonic (Distance)
sensor by measuring the distance between the sensor and the water level.

“.:l o e TR, MRV TR
sl el

PENDETENS! EHIDRAS! DERDASARKAN WARKA URIN MENGGUNARAN PENGOLAHAN CITRA
[N PENGATURAN ASUPAN AR DENGAN POMPA MR OTOMATIS SESUAI TIKGKAT DEHIDRAS! MENGUNAKAN SISTEM INFERENSI FUZIY DERBASIS 10T

COMTROL AIR TANIGK] &1R (MAX 3 LITER)

—_— INFORMAS!

TILML AR
BETIRE

Figure 9. Web Application of Dehydration Detection

n @ dehidrasi tb_rgb n { dehidrasi tb_sensortds n @ dehidrasi tb_kontrol
¢ id :int(11) ¢ id :int(11) 2 id :int(11)

# r:int(11) # sensor : int(11) 4 relay : int(11)

# g:int(11) # servo :int(11)

# b int(11) Mo cenidrasi tb_tangki # indikator : tinyint(4)

# indikator : tinyint(1) Al ) @ terakhir : datetime

# centroid : double # tinggi : int(11)

hasil : varchar(255) # aturan_tinggi : int(11)

Figure 10. Databse of Application

In the picture above, the physical database diagram of the dehydration system web
application is explained, which consists of 5 main tables in the database

4. Conclusions

After carrying out this research, the following conclusions were obtained: Based on the
literature study in this research, 8 levels of hydration status according to NSW Health
were obtained, then from this literature a method was obtained to measure a person's
hydration based on urine color using image processing using the Fuzzy Logic method.
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