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Abstract 

Kuwait has a subtropical desert climate. It is very hot in summer where the temperature is around 

45/46 C° and it can reach up to 52/53 C° from June to August. Because of this high temperature 

the water stored in tanks on the roofs of the buildings becomes very hot even to touch. Cooling 

this water to a normal temperature to make it usable is really a big challenge. This project is about 

designing and implementing a system that can solve this problem. It will be a smart system that 

will be connected to the IoT (Internet of Things) so the user can control and monitor the system 

using a mobile phone from anywhere. The system consists of two units, the lower unit and the 

upper unit and a mobile application. Both units have a microcontroller that works as the brain of 

the system and each controller is connected to a Wi-Fi module to make a connection with the IoT. 

The mobile application will tell the user about the water level and temperature of the water in the 

tank on the roof and will give him the ability to assign a certain value for both.  The lower unit 

will be connected to the lower tank that usually pumps the water to the upper tank when the user 

turns on the pump manually. It will have a low-level sensor that will measure the level of the water 

in the tank where the microcontroller will turn the pump on and off automatically according to the 

reading from this sensor and the reading from an ultrasonic sensor connected to the upper unit. 

The upper unit will be connected to the tank on the roof. It reads from the ultrasonic sensor and a 

temperature sensor to determine the water level and temperature. The microcontroller in the upper 

unit will control a cooler according to the reading from the temperature sensor. This system will 

give the user the option to cool a specific amount of water that he chooses which will save a lot of 

power and time and will make the process of cooling the water much easier, more flexible, and 

more efficient.
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CHAPTER 1: INTRODUCTION 

1.1 Background 

According to UN projections, water shortages would directly affect roughly 20% of the world's 

population by 2025 and will have an indirect impact on the rest of the population, economy, and 

ecosystems. Smart water systems based on a combination of Internet of Things, big data, and AI 

technologies can help prevent these predictions from occurring and repair the damage that has 

already been done due to injudicious use of water resources. 

The mild waters of the Arabian Gulf soften the desert environment in Kuwait’s coastal districts. 

From mid-March through the end of April, if there is enough rain, the desert becomes green. The 

heat is more intense during the dry season, which runs from April to September, with daily 

temperatures averaging 111 degrees Fahrenheit (44 degrees Celsius) and occasionally approaching 

130 degrees Fahrenheit (54 degrees Celsius). 

As a result of the high temperature, water stored in tanks on building rooftops becomes extremely 

hot to the touch. As a result, before this water can be used, it must first be cooled to a safe 

temperature. To do this, we created a smart system that allows the user to set a precise temperature 

and level for the water in the rooftop tank, allowing him to chill a certain volume of water. The 

designed technology can aid in the management and planning of water usage. It is simple to install 

in residential communities. Sensors installed in the tank provide continual updates on the water 

level at any given time. 

1.2 Problem Statement 

Kuwait has a desert climate. It is very hot in summer where the temperature is around 45/46 C°, 

and it can reach up to 52/53 C° from June to August, not to mention sandstorms. Due to this high 

temperature, the water stored in tanks on the rooftops of the buildings become very hot even to 

touch. Cooling this water to a normal or cold temperature to make it usable is really a big challenge. 

This project is about designing and implementing a system that can solve this problem, in addition 

to adding smart management and alarming systems to detect leaks, determine water quality, and 

issue alarms, which involves a collection of smart sensors to measure and control many variables, 

such as flow, pressure, TDS, and pH. 
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1.3 Aims and Objectives of the Project 

The aim of this project is to find a solution for the problem of overheated water in the rooftop’s 

tanks in summer in order to cool this water and make it usable. The objectives of this project are: 

• Designing and implementing a smart water cooling and management system by the 

end of May 2021 where this system is connected to the internet of things (IoT) and 

can be monitored and controlled through a mobile application. 

• The system will be designed to give the user the ability to assign a specific 

temperature and level for the water in the rooftop tank which means that he will be 

able to cool a specific amount of water that he chooses. 

• In addition, the system will measure the quality of water and report it to the user on 

the application. 

1.4 Significance, Scope and Definitions 

As mentioned earlier the main goal of this system can be divided into two main parts: the first is 

to save energy by just cool the desired amount of water, instead of cooling down all the tank 

content and consume large power for cooling a water that will not be used may be for two or three 

more days, this means that the water will keep consuming energy every day while it is not being 

used. 

The other part is the water quality monitoring, the user can obtain a vital information about the 

water being used in his home like its level of pH and the total dissolved solids in this water, add to 

this there is luxury portion of this project since the user can monitor the water temperature and 

control its level, also observing the water level in his tank. 

1.5 SWOT Analysis 

In this section the strength points of the system that creates opportunities and weaknesses point 

that may be lead to threats will be discussed 

Strength points and its corresponding opportunities  

- Users can monitor their water level in the tanks and never run out of water, this may lead to better 

selling for this product 
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- users can set a selected point for cooling, other system set point can be changed from the unit 

attached to the tank not as this system where the user can change it using his mobile from anywhere 

in or out his home. 

- users can set the desired amount of water to be cooled and this means that the consumed power 

will be reduced and the paid amount for electricity will be reduced, more saving means more 

customers to buy this product. 

- users can monitor the water quality indicators like the TDS level and pH levels, people who takes 

care of their body health and their hair health will like this product. 

Weaknesses and threats 

- The ultrasonic sensor used is not waterproof, this may be lead to stop measuring the water level 

if this sensor exposed to water and stop working 

- System directly depends on the IOT server, if the internet connection is down then the user cannot 

monitor or control the system 

- Sensors need periodic maintenance like the TDS sensor needs a periodic cleaning and the pH 

sensor needs a periodic calibration, otherwise the reading will be not accurate 

1.6 Report Outline 

In the first chapter we discussed the introduction of the project, the second chapter will discuss the 

related work of the proposed system, then we will discuss the methodology of that used in the third 

chapter, the fourth chapter will discuss the software and hardware implementation, then we will 

discuss the conclusion and the future work in the fifth chapter  
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CHAPTER 2: LITTERATURE REVIEW 

 

2.1 Historical Background 

There is no life without water. At some point throughout the research process, every environmental 

history project will come across water-related difficulties. The numbers do actually aim to raise 

awareness to the fact that water is practically everywhere on Earth, the "Blue Planet": water covers 

70% of our planet's surface, with 97 percent of that in seas and 2% in ice. However, when looking 

at the planet’s sphere, it is clear that people in Greenland, the United States, and Sub-Saharan 

Africa do not have the same relationship with water. Humankind has developed means and 

technologies to master the Earth's water system throughout history, thanks to processes such as 

storage, treatment, and transfer, but even in the twenty-first century, the threat of drought remains 

a serious concern for millions of people, while others are periodically flooded. 

2.2 IoT Based Water Management System for Residence  

This system is an automated water management system where it is connected to a mobile 

application through the internet of things and it measures the quality of water, its level in the 

tanks and fill it automatically from the storage tank. It filters the water to provide the houses with 

a drinking water and it heats and cool the water automatically to provide the people with their 

needs. Figure 2.1 shows the block diagram of the system [1]. 

 

Figure 2. 1: The Block Diagram of the system [1]. 

The drawbacks of this system are that it does not check or measure the water quality (PH, TDS, 

etc.) and the user does not have the ability to assign a specific temperature for the water or to 

choose a specific level for it in the tank. 
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2.3 Dana Chillers  

This chiller is manufactured by a company called Dana in UAE to overcome the problem of the 

very high water temperature in tanks during summer. It is a fully automatic circulating water 

chilling system that can cool up to 3000 gallons water tank to a user adjustable temperature. When 

the temperature set by the user is achieved the chiller is switched off automatically. It is simple 

system that can be installed easily without the need of a technician or electrician, and it is shown 

in figure 2.2 [2]. 

 

Figure 2.2: Dana Chiller System [2]. 

This system provides a solution for the problem of overheated water in the tanks. However, it is 

not a smart system, not automated and does not have any monitoring or controlling features where 

the user must go up to the chiller itself to assign the water temperature he wants. 

2.4 Water Tank Monitoring System Based on Mobile Devices  

This system is called interface for monitoring water tanks (IRMA) and it can control and monitor 

water tanks using an electronic module which consists of an ultrasonic sensor at the edge of the 

tanks bounded to an Arduino microcontroller. The microcontroller takes the readings of the sensor 

and sends it to an application service installed on a server machine. The server machine sends the 
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data to a mobile interface through GSM network or wireless LAN. The architecture of the system 

is shown in figure 2.3 [3] 

 

Figure 2.3: IRMA Architecture [3]. 

The advantage of this system that it allows the user to control and monitor the water in the tank 

and it uses more than one way for communication (GSM and wireless LAN) it also uses the 

notification system to keep the user aware of the level of the water all the time which gives him 

the ability to detect leaks in a fast way which prevents wasting the water. On the other hand, it 

doesn’t provide any information about the quality or temperature of the water, and it doesn’t have 

any water-cooling feature. 

2.5 Efficient Water Management using LoRa in Advance IoT  

This system automates the management of water in houses, industries or so. It consists of many 

sensors like flow, pressure and purity sensors that are connected to an Arduino microcontroller. 

The communication between the system and the user is done using long range (LoRa) shield that 

is connected to the controller. The shield sends the data to what is called LoRa gateway which 

sends the data to the user on a mobile application. The data includes information about leakage 

locations, purity of water and amount of total loss. It also gives the user the ability to control the 

water flow by controlling the pump. This system architecture is shown in figure 2.4 [4]. 
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Figure 2.4: System Architecture [4]. 

This system provides an efficient monitoring features, but it only has control on the water flow by 

controlling the pump. It does not have any cooling or temperature controlling features. 

2.6 Water Monitoring System Using Arduino with Lab VIEW  

This system monitors some important parameters of water such as PH, temperature and turbidity 

using low-cost sensors that are connected to Arduino microcontroller which is interfaced with 

lab VIEW where the data can be accessed remotely on the web where lab VIEW has a web 

publishing tool bar that can be accessed in any remote location. This system is a low cost, 

flexible and easy to install system. However, the main drawback of this system is that it is a 

monitoring system only where the user cannot control any parameter of the water. The system 

block diagram is shown in figure 2.5 [5]. 

 

Figure 2.5: Block Diagram of the System [5]. 
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2.7 Summary and Implications 

None of the discussed systems provides a complete solution for the problem we are trying to solve 

in this project. Most of them are more of monitoring systems for the water level and parameters 

rather than control systems. And only one of them provides the ability of cooling the water but the 

user needs to reach the rooftop and assign the temperature on the cooler itself which has nothing 

to do with automation. The solution we are proposing in this project will give the user the ability 

to monitor water parameters from anywhere and to control the flow of water and its temperature 

and the amount of water to be cooled as you will see in the next section. Below 2.1 is a comparative 

table between our project and the projects which were reviewed 

 

Table 2.1: Comparison between our project and reviewed projects 

Features 
Measures 

Temperature 

Measures 

quality 

Measures 

Water 

level 

Uses 

IoT 

Water 

cooling 

Water 

heating 

Temperature 

control 

Water 

level 

control 

Article 1         

Article 2         

Article 3         

Article 4         

Article 5         

Our Idea         
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CHAPTER 3: METHODOLOGY, DESIGN AND ANALYSIS 

To solve a problem, students will probably build hardware and/or develop software. Here, students 

need to explain their design alternatives and choices. Decisions should not be just listed; they need 

to be explained.  It is also important that students show and justify the method by which they 

accomplished their design - "process" is as important as "product" to an engineer. For example, if 

the project is based on software, its outline as a flow chart and/ or block diagram will be helpful 

for a reader to understand the concept rather than hundreds of lines of code. Similarly, if the project 

is based on hardware setup and implementation, its mathematical model and block diagrams will 

serve the purpose of understanding the design. 

3.1 Methodology 

Our system consists of three main subsystems mentioned below: 

1. The Lower unit 

This unit is attached to the lower tank or the storage tank what is used to store the water. This tank 

usually has a pump connected to it where it pumps the water to the rooftop tank when it is switched 

on manually by the user. The block diagram of this unit is shown in figure 3.1 

 

 

Figure 3.1: Lower Unit Block Diagram 

As you can see in figure 3.1 the lower unit consists of a microcontroller that is the brain of the 

system where it controls and monitors the whole operation. The low-level sensor is used to detect 

the level of water in the tank. When the water level is lower than a specific value the sensor tells 

the microcontroller, which turns off the pump through the relay to prevent a dry run that would 

burn the pump There is also a Wi-Fi module connected to the microcontroller where it is used to 

communicate with the other parts of the system. 
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2. The Upper Unit 

This unit is connected to the upper tank which usually on the rooftop of the building where it 

receives the water that is pumped up from the storage tank. The block diagram of the upper unit is 

shown in figure 3.2. 

 

Figure 3.2: Upper Unit Block Diagram 

As you can see in figure 3.2 the upper unit also has a microcontroller with a Wi-Fi module 

connected to it so it can communicate with the other parts of the system. The unit has five sensors 

attached to the upper tank: 

• Ultra-sonic sensor that measures the water level in the tank.  

• Temperature sensor that measures the water temperature. 

• PH sensor which measures the potential of hydrogen in the water. 

• TDS sensor that measures the concentration of dissolved solids in water in milligrams 

per liter where it is an important parameter in measuring the quality of water.  

• Water flow sensor which measures the amount of water flowed from the tank. 

The upper unit also has a cooler connected to the microcontroller through a relay where it cools 

the water to the temperature assigned by the user on the mobile application which is the third part 

of the system. 

3.2 Research Design 

In this section of the report, we will focus of the design alternatives and the decisions that were 

made and the reasons behind each selection, the first concern was how to control the water pump 
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and how to protect this pump from dry run, and the second concern was how to measure the water 

volume in the tank, those two concerns are discussed in the following two sections as follows: 

3.2.1 Design Alternative 1 

The main concept of this system is to get the maxim features and controllability without the need 

for laying down new wiring for controlling neither monitoring, the first design was to control the 

lower water pump from the main controller, this will cancel the lower controller but at the same it 

time will require wires to go from the upper tank to the lower tank to control the pump, also another 

wires must be used for the water level sensor, this alternative was eliminated and a dedicated 

controller was designed to read from the water level sensor and control the water pump. 

3.2.2 Design Alternative 2 

The second alternative of our design that was taken into consideration is how to measure the water 

quantity in the upper tank after the user sets the desired water volume, the first solution is to use 

ultrasonic sensor to measure the distance between the tank top and the water surface, in this way 

we can calculate the water volume, but this method cannot be used for all types of tanks because 

the diameter of the tanks are different and this will lead to different volume per centimeter, we 

moved for another accurate method of measuring the water volume using a flow sensor, so when 

the user select the desired amount of water the pump will start to pump the water through the flow 

sensor which is connected to the main controller board, and the pumping process will be stopped 

when the desired amount of water have been reached. 

3.3 Software and Hardware 

The operation of the system can be summarized as follows: 

• The user assigns values for the temperature of water and the water level he wants to 

maintain in the upper tank.  

• The mobile application sends these values to the IoT server using the Wi-Fi connection in 

the mobile phone. 

• The IoT server sends the value of the water level to the microcontroller in the lower unit 

through Wi-Fi which turns off the pump through the relay to fill the upper tank with the 

needed mount of water.  
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• The IoT server sends the value of the water temperature to the microcontroller in the upper 

unit through Wi-Fi which turns on the cooler through the relay to cool the water to the 

desired temperature.  

• When the water reaches the desired level and temperature the microcontrollers turn off the 

pump and the cooler through the relays.  

• The live values of the temperature and the level of water in the upper tank will be sent to 

the IoT server which will send it to the mobile application 

• The reading of the PH, TDS, water flow sensors are sent to the IoT server by the 

microcontroller through Wi-Fi connection where the server will send them to the mobile 

application.  

• Depending on the low-level sensor reading in the lower unit the microcontroller will 

automatically turn off the pump to avoid dry run which would burn the pump.  

• When the level of the water in the upper tank decreases below the assigned level the pump 

will automatically start pumping the water to reach the assigned level again. 

Figure 3.3 below shows Complete System Architecture 

 

Figure 3.3: Complete System Architecture 
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The mobile application is the user interface with the system where the user can monitor and control 

the system from anywhere using it where it is connected to the internet of things (IoT). It gives the 

user the ability of turning the pump on and off manually, to assign a temperature and water level 

values for the water in the upper tank which means that the user can control the amount of water 

to be cooled where this saves the time and energy consumption of the operation of cooling the 

water. And maintains a constant level of water in the upper tank where the system will turn on the 

pump automatically if the water level becomes lower than the assigned value. The application will 

also show the user the PH, TDS, and the amount of flowed water. The main screen of the mobile 

application is shown in figure 3.4 

 

Figure 3.4: Mobile Application Interface 

As shown in figure 3.4 the user can assign values for the temperature and the water level easily by 

using simple sliders. He can also control the pump manually by hitting two single buttons. The 

whole system is monitored on this screen where the real time water level in the upper tank is shown 

all the time in addition to the live temperature, PH, TDS, and the amount of water flowing from 

the tank. 

One 

Person 

Two 

Persons 

Four 

Persons 
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3.4 Analysis 

As mentioned before our system is consist of two units, the upper unit and the lower unit which 

are connected to each other using the Blynk server, the upper unit is the master unit which means 

it will send command to control the lower unit though the IOT server, in the server there are no 

definitions for the connected controllers as a master or slaves but we built the system as follows to 

make the upper unit act as a master controller: 

On the GUI side of the project when the user select to pump water, this command will be sent to 

the upper controller not the lower one, then the upper controller will check if this command is 

applicable (if there is enough room for the selected amount of water) then the upper controller will 

send the command back to the server to be forwarded to the lower controller to turn the pump on, 

this way all of the commands will go through the upper unit which makes it the master unit. 

3.5 Ethics and Limitations 

In this section we will introduce the ethical considerations and limitations that faced the group 

members during the working process or the testing the system, the limitations can be divided into 

two main categories 

3.5.1 Lower tank limitation 

In the lower tank unit, we used a DC water pump which is not actually used in homes, the real size 

water pump is very hard to be embedded in our system because of its size, but for the functionality 

it can be easily interfaced to the system using a 5volts relay. 

3.5.2 Upper tank limitation 

In the main unit we used normal ultrasonic sensor to measure the distance between the tank top 

and the water surface, this sensor is not water proof and can be damaged if exposed to water vapors 

for long time, but on the other hand there is a water proof version of this sensor that works with 

the same connection and same Arduino code, this sensor can be easily replace our sensor without 

modifying the circuit or the code, the reason behind neglecting this sensor is that the blind area for 

this sensor is 20cm and a tank in real size should be used. 
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CHAPTER 4: IMPLEMENTATION 

4.1 Hardware Implementation 

In this section of the report, we will explain the main components used in this system and also we 

will discuss the schematic circuit for the part connections, the hardware is divided into two main 

parts as follows: 

4.1.1 Lower tank unit 

This unit consists of the following components 

4.1.1.1 ESP8266 board 

The ESP8266 is a System on a Chip (SoC) made by Espressif, a Chinese firm. A Tensilica L106 

32-bit micro controller unit (MCU) and a Wi-Fi transceiver make up the device. It features 11 

GPIO pins* (General Purpose Input/Output pins) as well as an analog input. This means it may be 

programmed in the same way as any other Arduino or microcontroller. You also get Wi-Fi 

communication, which allows you to connect to your Wi-Fi network, connect to the Internet, host 

a web server with genuine web pages, link your smartphone to it, and so on... The options are 

limitless! It's no surprise that this chip has become the most widely used IoT gadget. 

The chosen module is the ESP8266 shown in 4.1 this chip is a low cost one and with a 

microcontroller capability where it will be used as the microcontroller and the Wi-Fi module for 

the system. There are many reasons for choosing this chip as our microcontroller instead of regular 

Arduino microcontrollers like UNO for example. The ESP8266 also has a lower current 

consumption than the Arduino UNO. ESP8266 has a higher speed than the UNO and all Arduino 

microcontrollers in general where Arduino controllers runs with 16MHz where the ESP boards 

like the ESP8266 are much faster with speed of 80MHz. if the size of the project matters the 

ESP8266 has a smaller size than the Arduino controllers in general [12]. 

 

Figure 4.1: ESP8266 Module [12]. 
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4.1.1.2 Relay board 

A relay is an electromechanical device that opens or closes the contacts of a switch using an electric 

current. The single-channel relay module is more than simply a relay; it includes components that 

simplify switching and connection, as well as indicators that signal if the module is powered and 

whether the relay is active or not. [8] 

Figure 4.2 below shows the relay module 

 

 

Figure 4.2: Chosen relay Module [8]. 

Table 4.1 below shows the relay pin description  

Table 4.1: the relay pin description [8]. 

 

Pin Number Pin Name Description 

1 Relay Trigger Input to activate the relay 

2 Ground 0V reference 

3 VCC Supply input for powering the relay coil 

4 Normally Open Normally open terminal of the relay 

5 Common Common terminal of the relay 

6 Normally Closed Normally closed contact of the relay 

 

Single-Channel Relay Module Specifications 

1. Supply voltage – 3.75V to 6V 

2. Quiescent current: 2mA 

3. Current when the relay is active: ~70mA 

4. Relay maximum contact voltage – 250VAC or 30VDC 

5. Relay maximum current – 10A [8]. 
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4.1.1.3 Water pump 

The chosen component is the DEVMO brushless motor submersible water pump shown in figure 

4.3 it operates at a voltage of 12 v and it has a flow rate of 80-120L/H [9]. 

 

 

Figure 4.3: Water pump [13]. 

4.1.1.4 Water level sensor 

The chosen module is Copapa water level sensor KSD301 shown in figure 4.4. This sensor is made 

of ceramic and operates at a temperature up to 150C° [14]. 

 

Figure 4.4: KSD301 Water Level Sensor [14]. 

Float Switch is a type of level sensor. It is used to detect the level of liquid within a tank. Most of 

the common usage of the flow switch can be summarized as below: 
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1. Pump control 

2. tank water level indicator 

3. Alarm [14]. 

• Specifications 

1. Max Contact Rating: 10W 

2. Max Switching Current: 1.5A 

3. Max Breakdown Voltage: 300V DC/AC 

4. Max Carry Current: 3A 

5. Cable Length: 36cm / 14.2" [14]. 

4.1.1.5 Buck converter 

The Lm2596 is a step-down (buck) switching regulator with outstanding line and load regulation 

that can drive a 3-A load. Fixed output voltages of 3.3 V, 5 V, and 12 V, as well as an adjustable 

output version, are offered. Because the LM2596 series operates at a switching frequency of 150 

kHz, smaller filter components can be used than with lower frequency switching regulators [15]. 

Figure 4.5 below shows buck converter 

 

Figure 4.5: Buck converter [15]. 

• Pinout for LM2596 module 

IN+ Here we connect the red wire from the battery (or the power source), this is VCC or VIN 

(4.5V - 40V) 

IN- Here we connect the black wire from the battery (or the power source), this is ground, GND 

or V-- 
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OUT+ Here we connect the positive voltage of the power distribution circuit, or a component 

powered 

OUT- Here we connect the ground of the power distribution circuit, or a component powered 

• Set the required voltage  

1. Connect the output of the converter to the multimeter and set it to read voltage. On the output, 

you can already see the voltage. 

2. using a tiny screwdriver, adjust the 20k Ohm until the voltage is set to the desired output. 

3. Now that the voltage has been properly adjusted, connect the device/module you want to power 

instead of the millimeter. 

The IC LM2596 has a current rating of 3 Amps (steady current), however if you draw 2 or more 

Amps through it for an extended period of time, it will heat up and burn out. 

4.1.1.6 Overall schematic diagram 

Figure 4.6 below shows the exact schematic diagram of the lower tank unit, the ESP which act as 

a controller and Wi-Fi modem is reading the water level sensor using the digital pin D1 and 

controlling the relay via digital pin D2, the relay when closed will cause the current to flow from 

the power source through the contactor of the relay and finally to the dc motor (water pump). 

The system is being supplied from 12V adapter and using a buck converter we will get the desired 

5volts for the system operation and at the same time the 12volts is used to supply the water pump. 
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Figure 4.6: schematic diagram of the lower tank unit 

4.1.2 Upper tank unit 

This unit consists of the following components 

4.1.2.1 Arduino UNO 

The Arduino Uno microcontroller will be used, It's a common microcontroller that's simple to 

program and wire. It has enough analog input ports to read from 17 different analog sensors at the 

same time, as well as a Serial Data (SDA) line and a Serial Clock (SCL) line. Help for I2C sensors 

necessitates the use of both the SDA and SCL lines. The Arduino Uno can read from three analog 

sensors and two digital sensors at the same time using these input ports. Additionally, the Arduino 

Uno has Serial Peripheral Interface (SPI) capability, which allows it to communicate with 

peripheral hardware such as SD card modules. In addition, digital ports may be programmed to 

serve as Serial Receive (RX) or Serial Transmit (TX) lines on the board. These are needed in order 

to properly attach it to a Bluetooth module. Finally, many hardware modules are designed to work 

specifically with Arduino microcontrollers due to their popularity, including those required by the 

Sensor Interface, such as Bluetooth modules [9]. 
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Why choosing Arduino Uno 

1. It is an open-source project, which means the software/hardware can be easily customized 

and expanded. 

2. It is versatile, with a wide range of digital and analog inputs, as well as SPI and serial 

interfaces and digital and PWM outputs. 

3. It is simple to operate; it links to a computer through USB and communicates using a 

standard serial protocol; it can be used as a standalone device or as an interface for 

PC/Macintosh computers. 

4. It is affordable, costing about 30 euros per board, and includes free authoring tools [9]. 

Arduino is backed up by a growing online community, a lot of source codes are already available, 

and we can share and post our examples for others to use. 

Figure 4.7 below shows the Arduino UNO 

 

 

 

 

 

 

                 

Figure 4.7: Arduino UNO module [9]. 

4.1.2.2 ESP8266 

The ESP that is used in this unit is same controller board as the one used in the lower tank with 

the same specifications, but the main difference is that the lower unit ESP is acting as a Wi-Fi 

modem and controller because it is controlling the relay using it GPIO and also it reads the input 

from the water sensor, in this unit the ESP8266 is just act a Wi-Fi modem and is passing all the 

incoming data from the IOT server to the Arduino Uno as shown in figure 4.8 below, the Tx pin 

is connected to the receiver pin on the Arduino board and the Rx pin is connected to the Tx pin on 

the Arduino board. 
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Figure 4.8: The ESP connection 

4.1.2.3 DS1820 temperature sensor 

The chosen sensor is the DS18B20 sensor shown in figure 4.9This sensor is a waterproof, moisture 

proof and rust proof digital sensor. It comes with high-quality stainless-steel tube encapsulation. 

It has high sensitivity and very low temperature delay [7]. 

 

Figure 4.9: DS18B20 Sensor [7]. 

Table 4.2 below shows the DS18B20 Pin Configuration 

 

 

Table 4.2: The DS18B20 Pin Configuration [7]. 

 

No: Pin Name Description 

1 Ground Connect to the ground of the circuit 

2 Vcc Powers the Sensor, can be 3.3V or 5V 

3 Data This pin gives output the temperature value which can be read using 1-wire method   

 

• DS18B20 Sensor Specifications 

1. Programmable Digital Temperature Sensor 

2. Communicates using 1-Wire method 
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3. Operating voltage: 3V to 5V 

4. Temperature Range: -55°C to +125°C 

5. Accuracy: ±0.5°C 

6. Output Resolution: 9-bit to 12-bit (programmable) 

7. Unique 64-bit address enables multiplexing 

8. Conversion time: 750ms at 12-bit [7]. 

Figure 4.10 below shows the connection of the temperature sensor to the Arduino Uno board, there 

is one wire connecting the sensor to the D7 on the Arduino, and a pull up resistor with a value of 

1k is pulling up the data line when the connection is idle. 

 

Figure 4.10: The connection of the temperature sensor to the Arduino Uno board 

4.1.2.4 Flow meter 

The water flow sensor consists of a plastic valve body, a water rotor and a hall-effect sensor. When 

the water flows through the rotor, rotor rolls and the speed of it changes with a different rate of 

flow. The hall-effect sensor outputs the corresponding pulse signal. 
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Figure 4.11: water flow sensor [16]. 

 

Figure 4.12 below shows the connection between the flow meter and the Arduino board, the 

internal Hall Effect sensor requires 5v and ground for operation and gives one output, this output 

should be pulled up using 10k to give logic high to the controller when the pin is float. 

 

Figure 4.12: The connection between the flow meter and the Arduino board 

4.1.2.5 Ultrasonic sensor 

The ultrasonic sensor is an electronic system that uses ultrasonic sound waves to determine the 

distance of an object and converts the reflected sound into an electrical signal. It is made up of two 

main components: a transmitter and a receiver, where the transmitter emits the wave and the 

receiver encounters it after it has returned from the object, and then measures the object's distance 

by calculating the time the wave takes to travel to the object and back to the receiver using the 

formula: 
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Distance of the object = 0.5 * Time * the speed of sound app. 343 m/s 

The HC-SR04 module was chosen for our design because it provides a 2 cm to 400 cm non-contact 

measurement function with a 3 mm ranging accuracy and includes the transmitter, receiver, and 

control circuit. It uses an IO trigger minimum of 10 us signal and automatically sends eight 40 kHz 

signals and detects if there is a pulse signal back, then uses the formula above to calculate the 

distance [6]. 

Figure 4.13 below shows the ultrasonic sensor  

 

Figure 4.13: The ultrasonic sensor [6]. 

Figure 4.14 below shows Connection of the ultrasonic sensor with the microcontroller 

 

 

Figure 4.14: The Connection of the ultrasonic sensor with the microcontroller 

 

 



26 
 

4.1.2.6 Relay board  

Relay board is used in this unit to give the user ability to drive any type of cooling system, the 

relay coil side is connected to the Arduino on pin D4, the controller will activate the relay when 

there is need for reducing the water temperature, on the contactor side user can take the two 

terminals (com and NO) to be connected in series as switch with the cooling system power source 

[8]. 

Figure 4.15 below shows the connection between the relay board and the Arduino UNO 

 

Figure 4.15: The connection between the relay board and the Arduino UNO 

4.1.2.7 TDS sensor 

TDS (Total Dissolved Solids) refers to the number of milligrams of soluble solids dissolved in one 

liter of water. The higher the TDS value, the more soluble solids are dissolved in water, and the 

less pure the water is in general. As a result, the TDS value can be used as a single point of 

reference for assessing the water's purity. This can be used to test and monitor water quality in 

home water, hydroponics, and other sectors. 

A TDS meter is essentially an electrical charge (EC) meter that measures charge by inserting two 

electrodes evenly spaced into water. The TDS meter interprets the result and converts it to a ppm 

value [10]. 

Figure 4.16 below shows the voltage source  
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Figure 4.16: The voltage source [10] 

If the water is pure and free of soluble elements, it will not conduct a charge and hence have a 0 

ppm value. In the case of dissolved materials, the water will conduct a charge, with the resulting 

ppm figure corresponding to the quantity of dissolved solids. This is due to the fact that all 

dissolved materials have an electrical charge, allowing electrical charge to flow across the 

electrodes. 

Figure 4.17 below shows the connection for the TDS sensor, simply it is being supplied from 

5volts and the analog output from the sensor is connected to the analog input A0 on the Arduino 

Uno  

 

Figure 4.17: The connection for the TDS sensor. 
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4.1.2.8 PH sensor 

A liquid's acidity and basicity are measured using the PH scale. It has a range of values from 1 to 

14, with 1 indicating the most acidic liquid and 14 indicating the most basic liquid. A neutral 

material with a pH of 7 is neither acidic nor basic. PH is now quite significant in our lives and is 

employed in a variety of applications. It can be used to test the quality of water in a swimming 

pool, for example. PH measurement is also utilized in a wide range of applications, including 

agriculture, wastewater treatment, industry, environmental monitoring, and so on. 

• Technical Features 

 

o Signal Conversion Module 

1. Supply Voltage: 3.3~5.5V 

2. BNC Probe Connector 

3. High Accuracy: ±0.1@25°C 

4. Detection Range: 0~14 [11]. 

o PH electrode 

1. Operating Temperature Range: 5~60°C 

2. Zero (Neutral) Point: 7±0.5 

3. Easy calibration 

4. Internal Resistance: <250MΩ [11]. 

Figure 4.18 below shows the PH sensor 
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Figure 4.18: The PH sensor [11]. 

• Pin Description 

1. V+: 5V DC input 

2. G: Ground pin 

3. Po: pH analog output 

4. Do: 3.3V DC output 

5. To: Temperature output [11]. 

 

• PH Electrode Construction 

Figure 4.19 below shows the connection for the pH sensor, simply it is being supplied from 5volts 

and the analog output from the sensor is connected to the analog input A1 on the Arduino Uno 
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Figure 4.19: The connection for the PH sensor 

4.2 Software Implementation 

4.2.1 Arduino IDE 

The Arduino Software (IDE) includes a text editor for writing code, a message field, a text console, 

a toolbar with buttons for common functions, and a set of menus. It attaches to the Arduino 

hardware, allowing it to upload and interact with programs.  

Sketches are programs created with the Arduino Software (IDE). These sketches were created in 

a text editor and saved with the file extension. Cutting/pasting, as well as searching/replacing text, 

are all available in the editor. The message area shows errors and provides input when saving and 

exporting. The Arduino Software (IDE) outputs text to the console, which includes complete error 

messages and other information. The designed board and serial port are shown in the window's 

bottom righthand corner. You can verify and upload programs, make, open, and save sketches, and 

open the serial monitor using the toolbar buttons. 

• Libraries 

Libraries add extra functionality to drawings, such as the ability to interact with hardware or 

manipulate data. Pick a library from the Sketch > Import Library menu to use it in a sketch. This 

will compile the library with your sketch and add one or more #include statements to the top of 

the sketch. Libraries take up more room on the board than your sketch since they are uploaded 

with it. Remove the #include statements from the top of your code if a sketch no longer needs a 

library 
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In the reference section, there is a list of libraries. The Arduino app comes with a few libraries. 

Others are available for download from a number of places, like the Library Manager. You can 

import a library from a zip file and use it in an open sketch starting with version 1.0.5 of the IDE. 

To build a third-party library, follow these instructions  

4.2.2 The Mobile Application 

It will be programmed using Blynk which is a platform that allows you to build interfaces to control 

and monitor your hardware using IOS and Android devices. It supports most Arduino boards, 

Raspberry Pi models, the ESP8266 and much more. Using Blynk you can create your local server 

to keep everything within your own network.  

Figure 4.20 below shows the interfacing using Blynk 

  

 

 

 

 

 

 

 

 

 

Figure 4.20: Interfacing using Blynk 

4.2.3 Graphical user interface 

In this section we will concentrate on the graphical user interface that was built using the Blynk 

application, as shown in figure below the main components that forms the GUI are as follows: 

1- Horizontal level indicator: this indicator will display the water level in the upper tank 
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2- Segmented switch: this switch gives the user ability to select the desired amount of water, the 

water volume is set using the number of persons where each person require one litter of water (in 

our case)  

3- LCD: the LCD is being used to display the temperature value of the water and the TDS sensor 

reading where it will be displayed as particle per million and finally the pH level 

4-Slider: this slider is used to select the desired water temperature as the user want it to be in the 

upper tank. 

5- Button: this button gives user ability to manually turn on/off the water pump. 

6- LED: this led indicate the water existence , if the LED is on then there is water in the tank, and 

finally the water pump will be automatically turned off if this led goes off. 

Figure 4.21 below shows the graphical user interface 

 

Figure 4.21: The graphical user interface 
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4.3 IEEE Standards 

• Wi-Fi Standard  

IEEE 802.11 is a set of media access control (MAC) and physical layer (PHY) protocols for 

implementing wireless local area network (WLAN) computer communication. It is part of the 

IEEE 802 collection of local area network (LAN) technical standards. The standard and 

modifications form the foundation for Wi-Fi-branded wireless network equipment and are the most 

extensively utilized wireless computer networking protocols in the world. IEEE 802.11 is a 

wireless networking standard that allows laptops, printers, smartphones, and other devices to 

communicate with one another and access the Internet without the use of wires in most home and 

office networks. The LAN/MAN Standards Committee of the Institute of Electrical and 

Electronics Engineers (IEEE) develops and maintains the standards (IEEE 802). The standard's 

first version was published in 1997, and it has since been updated. While each amendment is 

formally canceled after it is integrated into the most recent version of the standard, the business 

world prefers to sell to the modifications since they succinctly describe the capabilities of their 

goods. As a result, each iteration tends to become its own norm in the marketplace. IEEE 802.11 

use a variety of frequencies, including but not limited to the 2.4 GHz, 5 GHz, 6 GHz, and 60 GHz 

bands. Despite the fact that the IEEE 802.11 specifications mention possible channels, the radio 

frequency spectrum available varies greatly per regulatory domain. The protocols are frequently 

used to carry Internet Protocol traffic and are often used in conjunction with IEEE 802.2. They are 

designed to function smoothly with Ethernet and are frequently used to carry Internet Protocol 

traffic. 

• TDS 

Total dissolved solids (TDS) is a measurement of the molecular, ionized, or micro-granular 

(colloidal sol) suspended content of all inorganic and organic compounds present in a liquid. TDS 

levels are frequently expressed in parts per million (ppm). A digital meter can be used to determine 

the TDS concentrations in water. Solids must be tiny enough to survive filtration via a filter with 

2-micrometer (nominal size, or smaller) pores, according to the operational specification. Salinity 

includes some of the ions that make up the definition of TDS, hence it's usually only discussed in 

relation to freshwater systems. TDS is most commonly used in the analysis of water quality in 

streams, rivers, and lakes. TDS is employed as an indicator of aesthetic features of drinking water 

and as an aggregate signal of the presence of a wide range of chemical contaminants, despite the 
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fact that it is not typically regarded a main pollutant (e.g., it is not thought to be related with health 

impacts).Agricultural and residential (urban) runoff, clay-rich mountain streams, leaching of soil 

contamination, and point source water pollution discharge from industrial or sewage treatment 

plants are the primary causes of TDS in receiving waters. Calcium, phosphates, nitrates, sodium, 

potassium, and chloride are the most prevalent chemical elements found in fertilizer runoff, general 

stormwater runoff, and runoff from snowy climes where road de-icing salts are used. So long as a 

soluble micro-granule is created, the chemicals can be cations, anions, molecules, or 

agglomerations of one thousand or less molecules. Pesticides derived from surface runoff are more 

unusual and dangerous components of TDS. Weathering and dissolving of rocks and soils produce 

some naturally occurring total dissolved solids. To ensure the palatability of drinking water, the 

United States has developed a secondary water quality standard of 500 mg/l.Total dissolved solids 

(TDS) differ from total suspended solids (TSS) in that TSS cannot pass through a 2-millimeter 

screen but remain suspended in solution indefinitely. TDS and TSS are not included in the term 

settleable solids, which refers to any material of any size that will not remain suspended or 

dissolved in a holding tank that is not subject to motion. Larger particle particles or insoluble 

molecules are examples of settleable solids.Both volatile and non-volatile solids are included in 

total dissolved solids. Volatile solids are those that can easily transition from solid to liquid. To 

produce this state shift, non-volatile solids must be heated to a high temperature, approximately 

550 °C. Salts and sugars are examples of non-volatile substances. 

• Ultrasonic principle 

At regular intervals, ultrasonic sensors emit brief, high-frequency sound pulses. These travel at the 

speed of sound through the air. If they hit something, they're reflected back to the sensor as echo 

signals, which the sensor uses to calculate the distance to the target depending on the time between 

sending the signal and receiving the echo. 
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Figure 4.22: Ultrasonic principle [17]. 

 

Ultrasonic sensors are great at suppressing background interference since the distance to an object 

is calculated by measuring the time of flight rather than the intensity of the sound. Almost any 

material that reflects sound, regardless of color, can be detected. Ultrasonic sensors may operate 

in a variety of materials, including transparent materials and thin foils. Ultrasonic sensors are ideal 

for target distances ranging from 20 mm to 10 m and can determine a measurement with pinpoint 

accuracy since they monitor the time of flight. Some of our sensors can even resolve signals to 

0.025 mm accuracy. Ultrasonic sensors have the ability to see through dusty air and ink mists. 

Even little deposits on the sensor membrane have no effect on its performance. Sensors with a 20-

mm blind zone and a razor-thin beam spread are enabling completely new uses today: It is simple 

to assess fill levels in wells of microliter plates and test tubes, as well as to detect small bottles in 

the packaging sector. Wires as thin as a hair are successfully recognized.  
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CHAPTER 5: EVALUATION 

In this section we will validate the system operation and conduct a series of test to approve that 

the system is operating as desired. 

5.1 lower water pump operation test 

The water pump is being controlled from the lower tank controller which is connected to the upper 

tank controller through the IOT server, this pump has a dedicated switch on the GUI , the tests was 

to turn on and off the water pump from the GUI and observe the result, as a result all the conducted 

tests was successful without a single error, next thing that should be taken into consideration is the 

dry run protection, this means if the water level is low then the water pump should be turned off, 

table below shows the tests and the results 

Table 5.1 below shows the lower water pump operation test 

Table 5.1: The lower water pump operation test 

Water level sensor 

At start time 
Pump state 

Water level sensor 

After period of time 
Led on GUI result 

Water exists off Water exists on Successful 

No water off No water off Successful 

Water exists on Water exists on Successful 

Water exists on No water off 
Motor started 

then stopped 

No water on No water off 
Motor did not 

start 

5.2 Flow meter testing 

For testing the flow meter, we attached the water pump to the flow meter and fed the output of the 

flow meter to a one litter water bottle, the water pumping process was started while the Arduino 

counts the pulses coming from the flow meter, the total pulses count that needs to fill the 1 liter 

bottle is given in the table 5.2 with the corresponding trial number 
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Table 5.2: The total pulses count that needs to fill the 1 liter bottle 

Test number Pulses count Filled volume 

1 2010 1 litter 

2 2008 1 litter 

3 1992 1 litter 

4 2008 1 litter 

 

After those result, we made the program to count 2000 pulses for each desired litter 

5.3 Ultrasonic sensor testing  

For testing the ultrasonic sensor, we made ten tests where a known distance is measured using the 

sensor and reading the output of the sensor to get the deviation from the actual reading 

Table 5.3 below shows the ultrasonic sensor testing 

Table 5.3: The ultrasonic sensor testing 

Real measured distance Ultrasonic sensor reading Deviation 

5 5 0 

10 10 0 

15 16 1 

20 21 1 

25 26 1 

30 31 1 

35 36 1 

40 42 2 

45 45 0 

50 51 1 

After conducting this test, we come up with the result that no need for sensor calibration and the 

reading are right. 

5.4 Testing the PH sensor 

We used the liquid that comes with the sensor to test the result, the output of the sensor gives exact 

7 when we measure this liquid, and according to the datasheet in this case no calibration is required 
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CHAPTER 6: CONCLUSION AND FUTURE WORK 

6.1 Conclusion 

Along the way, we learned about interesting ideas and observed how other projects were developed 

and enhanced and trying to solve a real-life issue or a customer demand. That helped us understand 

what components to choose and what to avoid, and how to optimize our design to be more flexible 

and adjustable in the future. That is what our team is trying to do in this project. 

 

6.1.1 PH Value 

The acidity of a substance is measured in pH, which is a unit of measurement. The negative log of 

the hydrogen ion concentration is defined as "H." The pH scale ranges from 0 to 14, with 0 being 

the neutral pH and 14 being the acidic pH. A pH of 7 is considered neutral, as pure water has a pH 

of 7. Acidic values are less than 7, and basic or alkaline values are larger than 7. 

Figure 6.1 below shows the PH value  

 

Figure 6.1: The PH value 

6.1.2 TDS 

TDS is an abbreviation for Total Dissolved Solids in a liquid, including organic and inorganic 

substances in a molecular, ionic, or micro-granular suspended form. TDS is generally expressed 

in parts per million (ppm) or as milligrams per liter (mg/L). TDS is directly related to the quality 

of water i.e., the lower a TDS figure, the purer the water. As an example, reverse osmosis purified 

water will have a TDS between 0 and 10, whereas tap water will vary between 20 and 300, 

depending on where you live in the world. 

Figure 6.2 below shows the TDS value  
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Figure 6.2: The TDS value 
6.1.3 TDS meter usage  

As well as measuring the TDS of our drinking water supplies, a TDS meter can be used for 

measuring:  

1. Fish tanks and aquariums 

Fish require a certain TDS and pH that is similar to their native environment. Some freshwater fish 

require less than 400ppm, while some require even less. TDS levels of 5000 to 50000ppm are 

required for saltwater fish. 

2. Hydroponics 

A TDS meter is a valuable tool for determining the nutrient concentration in a hydroponic 

solution fast. 

3. Pools and spas 

A low TDS reading can help prevent maintenance issues, skin irritation, and algal blooms. 

4. Colloidal silver 

Many colloidal silver consumers today use a TDS meter to determine their colloidal silver 

content in parts per million (ppm). The TDS meter provides a reasonably accurate reading. 

6.2 Future Work 

- Replacing the lower tank water pump with real pump, this is applicable because we are using 

relay for driving the pump 



40 
 

- Replacing the ultrasonic sensor with waterproof ultrasonic sensor and install the system on real 

tank 

- Use a real refrigerator to cool down the water, the system has a relay to drive any type of 

refrigerators. 

- Add LCD to the Arduino to display the water temperature and water level locally without the 

need for the mobile application 

- Add buzzer alarm to warn the user if high ph level was detected 

- Add alarm to warn the user about the water if it has high TDS values 

- Upgrade the mobile application to notify the user when system prepare the water to the desired 

level 
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