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                                         ABSTRACT
A water pollution monitoring RC boat is a small remotely operated watercraft designed for the purpose of monitoring water quality and pollution levels in lakes, rivers, and other bodies of water. Equipped with sensors and sampling equipment, the boat can collect water samples, measure water temperature, pH levels  and other parameters, and transmit this data to a monitoring station for analysis.
The boat is designed to be highly maneuverable, able to navigate through narrow waterways and around obstacles, and to operate in a variety of weather conditions. It is powered by an electric motor, which allows for quiet operation and eliminates the risk of fuel spills and emissions.
Water pollution monitoring RC boats are an important tool for environmental scientists and water resource managers, allowing them to quickly and efficiently collect data on water quality and detect pollution events. They are also useful for emergency responders in the event of a spill or other water contamination incident, allowing for rapid assessment of the situation and targeted response efforts.

                                            TABLE OF CONTENTS                           
	TITLE
	PAGE No.

	ABSTRACT
LIST OF FIGURES
LIST OF SYMBOLS AND ABBREVATION
1. CHAPTER 1                                                                                                 
INTRODUCTION
1.1 GENERAL                                                                                                                                                                                                                                                                                                                
1.2 LITERATURE REVIEW                                                                                                                                                          
1.3 MOTIVATION OF RESEARCH                                                                                                                                                         
1.4 PROBLEM STATEMENT                                                                           
1.5 OBJECTIVE                                                                                                  
1.6 SUMMARY

2 CHAPTER 2
PROPOSED SYSTEM
2.1 EXPLANATION OF PROPOSED METHODOLOGY
2.2  BLOCKED DIAGRAM
2.3 EXPLANATION OF BLOCKED DIAGRAM
2.4 ADVANTAGES
2.5 CIRCUIT DIAGRAM
2.6 EXISTING MODEL
2.7 BLOCK DIAGRAM OF THE EXISTING MODEL

3 CHAPTER 3
DESIGN CALCULATIONS
3.1 SENSORS INVOLVED
3.2 DESIGN CONSTRAINTS
3.3 DESCRIPTION OF THE BOAT
3.4 COST ESTIMATION OF THE BOAT
4 CHAPTER 4
HARDWARE
4.1 LIST OF COMPONENTS
4.2 SOFTWARE EXPLANATION
4.3 MODELING ANALYSIS
4.4 LAYOUT OF THE MODEL
4.5 HARDWARE PHOTO

5 CHAPTER 5
RESULTS AND ANALYSIS
5.1 RESULTS
5.2 SYSTEM OPERATIONS RESULTS
5.3 GRAPHICAL REPRESENTATIONS
5.4 PARAMETERS GIVEN WITH DIFFERENT SAMPLES
5.5 SAMPLE RESULTS IN WEB
5.6 DELIVERABLES
5.7 ASSUMPTIONS
5.8 CONCLUSION AND FUTURE SCOPE
5.9 REFERENCES


	  iv
 vii
  ix

  
  
  9
  9
 10
 10
 11
 12


13
13
14
14
15
15
16
17


18
25
25
26



27
34
36
36
37



38
38
39
40
40
40
41
41
42













                                              LIST OF FIGURES
	FIGURE NO.                                FIGURE
	PAGE NO

	2.1           Block diagram RC Boat
2.2           Block diagram Joystick Module
2.3           Circuit Diagram Rc Boat         
2.4           Circuit Dagram Joystick Module
2.5           Block Diagram Of Existing Model
3.1           Ph sensor ratings
3.2           Graph Ph sensor
3.3           Graph between turbidity and voltage
4.1           Arduino Nano
4.2           Ph sensor
4.3           Turbidity Sensor
4.4           Temperature Sensor
4.5           Dc Motor
4.6           Driver Motor
4.7           Servo motor
4.8           Propellor
4.9           Rudder
4.10         Battery
4.11         Breadboard
4.12         Layout Of Rc Boat
4.13         Rc Boat hardware
4.14         Joystick Module
5.1           Results using Soil water
5.2           Results using salt water
5.3           Graphical representations of sensors
5.4           Results with different Sample
5.5           Live monitoring

	14
14          16         
16       
17           
         
19           19          21            27           28           29            29                 
30
31
32
32
33
33
34
36
37
37
38
39
39
40
40



                           LIST OF SYMBOLS AND ABBREVATIONS
      NOTATION                                                         MEANING
RC                                                                           Remote Controlled
DO                                                                            Dissolved Oxygen
pH                                                                       Potential of Hydrogen
EC                                                                    Electrical Conductivity
TDS                                                                   Total Dissolved Solids
COD                                                            Chemical Oxygen Demand
BOD                                                           Biological Oxygen Demand
SS                                                                               Suspended Solids
TSS                                                                    Total Suspended Solids
TP                                                                               Total Phosphorus
TN   							     Total Nitrogen
N 							              Nitrogen
P                						          Phosphorus
K              						            Potassium
Mg        						          Magnesium
Ca 								   Calcium
Na								    Sodium
Cl 								   Chlorine
F  								    Fluorine
Turb  								  Turbidity
NTU 					    Nephelometric Turbidity Units
µS/cm  				       Microsiemens per centimeter
mg/L         					          Milligrams per liter
ppm 							   Parts per million
ppt  							Parts per thousand
°C 							    Degrees Celsius


Chapter 1 (Introduction)

1.1 General
Water pollution is a serious global issue, with a significant impact on the environment, public health, and the economy. To address this problem, water quality monitoring is essential, as it provides crucial information about the level and source of pollution in various water bodies.
Traditionally, water quality monitoring has been conducted using manual sampling methods or by deploying stationary monitoring equipment. However, these methods can be time-consuming, expensive, and may not provide real-time data. In recent years, remote sensing and unmanned systems have been increasingly used for water quality monitoring, including the use of remote-controlled (RC) boats.
Water pollution monitoring RC boats are small, agile watercraft that can be remotely operated to collect data on water quality and pollution levels in lakes, rivers, and other water bodies. These boats are equipped with various sensors and sampling equipment that can measure water temperature, pH levels, dissolved oxygen, turbidity, and other parameters, allowing for real-time monitoring of water quality.
The use of water pollution monitoring RC boats offers several advantages over traditional monitoring methods. These boats can quickly and efficiently collect data in remote or hard-to-reach areas, providing a more comprehensive picture of water quality over time. They can also operate in a variety of weather conditions, allowing for continuous monitoring even during inclement weather.
Overall, water pollution monitoring RC boats are a valuable tool for environmental scientists, water resource managers, and emergency responders, helping to improve water quality and protect public health and the environment.

1.2 Literature Review
Water pollution monitoring using remote-controlled (RC) boats has gained significant attention in recent years due to its cost-effectiveness and versatility in accessing hard-to-reach water bodies. Here is a literature survey on water pollution monitoring using RC boats:

"Design and development of an autonomous unmanned surface vehicle for water quality monitoring" by N. N. Nguyen, M. H. Bui, T. Q. Nguyen, et al. This paper presents the design and development of an autonomous unmanned surface vehicle (AUSV) equipped with water quality monitoring sensors for measuring various parameters such as temperature, pH, dissolved oxygen, and turbidity.

"Design of an RC boat for monitoring water pollution using wireless sensor networks" by N. A. Khan, A. M. A. Hossain, and M. R. Amin. This paper proposes the design of an RC boat equipped with wireless sensor networks (WSNs) for monitoring water pollution. The boat is equipped with sensors for measuring water quality parameters such as temperature, pH, and dissolved oxygen.

"An autonomous surface vehicle for water quality monitoring" by R. Rezaei, R. A. Mashayekhi, and A. Afshar. This paper presents the design and development of an autonomous surface vehicle (ASV) for water quality monitoring. The ASV is equipped with various sensors for measuring water quality parameters such as pH, temperature, conductivity, and dissolved oxygen.

"Water quality monitoring using autonomous surface vehicles: A review" by R. F. Oliveira, J. E. Rolim, and A. F. da Silva. This paper presents a comprehensive review of the use of autonomous surface vehicles (ASVs) for water quality monitoring. The review covers the different types of ASVs used for water quality monitoring and the various sensors employed for measuring water quality parameters.

"Design of an autonomous surface vehicle for water quality monitoring using machine learning techniques" by A. L. D. Costa, D. R. Ferreira, and J. C. N. da Silva. This paper proposes the design of an autonomous surface vehicle (ASV) equipped with machine learning techniques for water quality monitoring. The ASV is equipped with sensors for measuring water quality parameters such as temperature, pH, and dissolved oxygen, and the machine learning techniques are used for data analysis.

1.3 Motivation Of Research
The motivation for conducting research on water pollution monitoring using RC boats is to address the growing concern about the deteriorating water quality in many water bodies around the world. Water pollution is a significant environmental problem that can have severe impacts on the health of ecosystems, human health, and the economy. Traditional methods of water quality monitoring can be time-consuming, expensive, and often require a lot of resources, making it difficult to monitor water quality in remote or hard-to-reach areas.

RC boats equipped with water quality sensors provide a cost-effective and efficient solution for monitoring water pollution in water bodies that are difficult to access. These boats can be operated remotely, reducing the need for human presence in polluted water bodies, which can be hazardous to human health. Additionally, RC boats can be equipped with a variety of sensors to measure different water quality parameters simultaneously, providing comprehensive information on the pollution level in the water body.

Furthermore, the use of RC boats can significantly improve the speed and accuracy of data collection, leading to better-informed decisions regarding water management and pollution control. By monitoring water quality using RC boats, it is possible to detect pollution hotspots and take necessary actions to prevent further pollution and protect the environment.

Overall, the motivation for conducting research on water pollution monitoring using RC boats is to develop a cost-effective, efficient, and versatile solution for monitoring water quality in hard-to-reach areas, with the ultimate goal of protecting the environment, human health, and the economy.




1.4 Problem Statement 
The problem statement for water pollution monitoring using RC boats is the need for a cost-effective, efficient, and versatile solution for monitoring water quality in remote or hard-to-reach water bodies. Traditional methods of water quality monitoring can be time-consuming, expensive, and often require a lot of resources, making it difficult to monitor water quality in areas that are inaccessible by conventional means.
	
Water pollution is a significant environmental problem that can have severe impacts on the health of ecosystems, human health, and the economy. To address this problem, it is essential to monitor water quality regularly and identify sources of pollution so that appropriate measures can be taken to prevent further contamination. However, monitoring water quality in remote or hard-to-reach areas can be challenging, and it is often not feasible to use traditional methods of monitoring.

RC boats equipped with water quality sensors can provide a solution to this problem by enabling efficient and cost-effective monitoring of water quality in areas that are hard to access. However, there are several challenges associated with the use of RC boats for water pollution monitoring. For example, the boats must be designed to withstand the harsh environmental conditions and the turbulence of the water. Additionally, the sensors must be accurate and reliable, and the data collected must be transmitted in real-time to enable prompt action in case of pollution.

Therefore, the problem statement for water pollution monitoring using RC boats is to develop a reliable, efficient, and cost-effective solution for monitoring water quality in remote or hard-to-reach water bodies, with the ultimate goal of protecting the environment, human health, and the economy.

1.5 Objective
The objective of water pollution monitoring using RC boats is to develop a reliable, efficient, and cost-effective solution for monitoring water quality in remote or hard-to-reach water bodies, with the ultimate goal of protecting the environment, human health, and the economy.

The specific objectives of water pollution monitoring using RC boats include:

Design and development of RC boats equipped with water quality sensors: The first objective is to design and develop RC boats that are capable of withstanding the harsh environmental conditions and the turbulence of the water. These boats should be equipped with sensors that are accurate, reliable, and capable of measuring various water quality parameters.

Real-time data collection and transmission: The second objective is to ensure that the data collected by the sensors are transmitted in real-time to a central location for analysis. Real-time data collection and transmission enable prompt action in case of pollution, minimizing the impact on the environment and human health.

Data analysis and interpretation: The third objective is to analyze and interpret the data collected by the sensors. The data analysis should provide comprehensive information on the pollution level in the water body and identify sources of pollution.

Pollution control and prevention: The fourth objective is to take necessary actions to prevent further pollution and protect the environment. The information obtained from the data analysis should be used to identify pollution hotspots and take appropriate measures to prevent further contamination.

Overall, the objective of water pollution monitoring using RC boats is to provide a cost-effective, efficient, and versatile solution for monitoring water quality in remote or hard-to-reach areas, with the ultimate goal of protecting the environment, human health, and the economy.

1.6 Summary
Water pollution monitoring using RC boats is a cost-effective, efficient, and versatile solution for monitoring water quality in remote or hard-to-reach water bodies. The motivation for this research is to address the growing concern about deteriorating water quality and the need for a reliable solution to monitor and prevent pollution. Traditional methods of water quality monitoring can be time-consuming, expensive, and require a lot of resources, making it difficult to monitor water quality in inaccessible areas.

The problem statement for water pollution monitoring using RC boats is the need for a cost-effective, efficient, and versatile solution for monitoring water quality in remote or hard-to-reach water bodies. The objective of water pollution monitoring using RC boats is to develop a reliable, efficient, and cost-effective solution for monitoring water quality in remote or hard-to-reach water bodies, with the ultimate goal of protecting the environment, human health, and the economy.

The specific objectives of water pollution monitoring using RC boats include designing and developing RC boats equipped with water quality sensors, real-time data collection and transmission, data analysis and interpretation, and pollution control and prevention. The information obtained from the data analysis is used to identify pollution hotspots and take appropriate measures to prevent further contamination.

In summary, water pollution monitoring using RC boats is an innovative approach to monitor water quality in remote or hard-to-reach water bodies, which can provide a better understanding of the sources of pollution and enable prompt action to prevent further contamination.




Chapter 2 (Proposed System)

2.1 Explanation of the proposed system
      The proposed methodology for water pollution monitoring using RC boats involves several steps:

       Design and development of RC boats: The first step is to design and develop RC boats that can be controlled remotely and equipped with water quality sensors capable of measuring various water quality parameters. The design should consider the size, weight, and power requirements of the boat, as well as the sensors to be used.

       Deployment of RC boats: Once the RC boats are developed, they can be deployed into water bodies and controlled remotely. The boats can be equipped with cameras to provide visual feedback to the operator, allowing them to navigate the boat in real-time.

       Data collection: The water quality sensors on the RC boats collect data on various water quality parameters, such as pH, dissolved oxygen, turbidity, and temperature. The data are transmitted to a central location in real-time for analysis.

       Data analysis: The data collected by the sensors can be analyzed to identify trends and patterns in water quality, as well as pollution hotspots. This information can be used to take appropriate measures to prevent further contamination.

       Pollution control and prevention: The information obtained from the data analysis can be used to implement pollution control and prevention measures. For example, if the data shows high levels of pollutants in a particular area, the authorities can take steps to identify the source of pollution and take appropriate action to prevent further contamination.

       Maintenance and calibration: The sensors on the RC boats need to be maintained and calibrated regularly to ensure accurate readings. This involves cleaning the sensors and calibrating them with standard solutions.

       Overall, the proposed methodology for water pollution monitoring using RC boats is a comprehensive approach that allows for real-time monitoring of water quality in remote or hard-to-reach areas. The data collected by the sensors can be analyzed to identify pollution sources and take appropriate measures to prevent further contamination.

· Material used for RC boat- Plastic 
· Dimension:- length-40 cm , breadth- 26cm, height- 18 cm
· Material used for waste collection net- Ms metal (Mild Steel), with pvc coating
· Factors considered to check buoyancy of the boat:-
· Density – objects with a density less than water will float in water.
· Hull Shape – “V shaped”.
· Range :- upto 1km.
· Propeller dimensions- 10cm diameter.
· C programming language used for arduino code.
· Other components as mentioned are also installed.
           A joystick module is made for a better range frequency


2.2  Blocked Diagram 
       
        [image: ]
Figure 2.1-RC Boat

           [image: ]
Figure 2.2- Joystick Module








2.3  Explanation of the Blocked Diagram
In “Iot Based Water quality monitoring system using RC boat”. This wireless remote control driven boat has sensors to measure water turbidity, pH, conductivity and temperature. System is divided into 2 parts, the 1st part is boat with sensors and wireless Wi-Fi camera and 2nd part is remote with LCD, Wi-Fi module and an android mobile. Both are connected together using wireless RF modules. All the readings measured by sensors will be send to remote and can be seen on LCD display attached to remote. Also same readings will be uploaded to Thing Speak webpage using the Wi-Fi module. Boat can be driven by 2 DC motors attached to back side and controlled with the help of switches on remote. Both remote and boat are powered through 2 different batteries.

2.4  Advantages 
Water pollution monitoring using RC boats offers several advantages over traditional              methods of water quality monitoring. Some of the advantages include:

Cost-effective: Water pollution monitoring using RC boats is a cost-effective solution compared to traditional monitoring methods, which can be expensive due to the need for specialized equipment and trained personnel.

Efficient: RC boats can be deployed quickly and easily, making it possible to cover a large area of water quickly and efficiently. This is especially useful in remote or hard-to-reach areas where traditional methods of monitoring can be challenging.

Versatile: RC boats can be equipped with a variety of sensors to measure different water quality parameters. This versatility allows for a comprehensive analysis of water quality and identification of pollution sources.

Real-time monitoring: RC boats can collect and transmit data in real-time, allowing for prompt action in case of pollution. This real-time monitoring capability reduces the impact of pollution on the environment and human health.

Safe for operators: RC boats eliminate the need for personnel to be present in potentially hazardous or polluted water bodies, reducing the risk of exposure to pollutants and ensuring the safety of the operators.

Overall, water pollution monitoring using RC boats offers a cost-effective, efficient, and versatile solution for monitoring water quality in remote or hard-to-reach areas, with the added advantage of real-time monitoring and reduced risk to operators.









2.5  Circuit Diagram

[image: ]
Figure 2.3- Circuit Diagram (RC Boat)

[image: nrf joystick.png]
Figure 2.4- Circuit Diagram (Joystick Module)

2.6  Existing Model
        The existing system is used to measure the PH and turbidity level of water samples and further maintain the water clean. Existing system is controlled by the Arduino Mega, a propeller system to provide the forward propulsion and servo motor arrangement to control the boat by moving left or right using a remote controller. A 12V DC motor is used to rotate the propeller through a flexible bearing and shaft. Now we have used the steer to control as per controller instructions. Additionally, we have two sensors, namely PH and turbidity sensors which will detect the presence of suspended particles and PH range of the water. The values are viewed on the lcd display. Thus, the water pollution monitoring boat can be used for water quality monitoring on lakes and rivers with ease. In the existing system they are using two sensors namely, turbidity sensor and pH sensor which are used to collect the information from the required water. These sensors are connected to the Arduino Mega. The water parameters data are sensed by the sensors and processed data is sent to the connected lcd display. The output is viewed on the lcd display through the microcontroller, through which information about water parameters is displayed. The sensor values are collected from the different solutions and conclude that they are safe for drinking water by means of PH range and turbidity values. They are using a joystick module on the transmitter to send data to the receiver over radio using the NRF24l01. The receiver receives the data and uses the digital pins as output to send the received data as a control signal

2.6   Block Diagram of the existing model
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Figure 2.5- Block Diagram existing model


        

















Chapter 3 (Design Calculations)

3.1  Sensors Involved
Ph Sensor
This pH sensor is commonly used to test the pH of a liquid as it measures the hydrogen-ion activity in water-based solutions. Wherever acidity and alkalinity testing is required, it is frequently employed in the chemical businesses, pharmaceutical industry, dye industry, and scientific research. This kit's drive board works with both 9V systems. It's also very easy to work with Arduino and Raspberry Pi thanks to the standard BNC probe interface and Grove connection. A Power Indicator LED, a BNC connector, and a PH2.0 sensor interface are all included. To use it, simply connect the pH sensor to the BND connection and plug the PH2.0 interface into any Arduino controller's analog input port. If pre-programmed, you will get the pH value easily. Comes in a compact plastic box with foams for better mobile storage. The pH stands for the power of hydrogen, which is a measurement of the hydrogen ion concentration in the body. The human body has a standard pH level of 7.4, which is essential for the body to run effectively. If the composition of the body ever becomes too acidic or overly alkaline, it will look to return to the neutral state.

The pH amplifier inside the handle is a circuit which allows the standard combination pH electrode to be monitored by a lab interface. The cable from the pH amplifier ends in a BTA plug. The pH Sensor will produce a voltage of approximately 1.75 volts in a pH 7 buffer. The voltage will increase by about 0.25 volts for every pH number decrease. The voltage will decrease by about 0.25 volts/pH number as the pH increases. The Vernier gel-filled pH Sensor is designed to make measurements in the pH range of 0 to 14. The gel-filled reference half cell is sealed; it cannot be refilled.
At least two pH buffers that fall within the pH range of the samples must be used for pH calibration before the measurement with the pH metre and pH electrode. The predicted pH values of frequently used sets of pH buffers (such as USA, NIST, and DIN) at various temperatures are preprogrammed into HORIBA pH metres. The proper pH buffer group must be chosen and set in the pH meter's setup mode in order for the pH metre to accurately identify and calibrate pH buffers.  Inaccurate calibration or error codes on the pH metre come from the use of pH buffers that do not match the pH buffer group setting, producing untrustworthy data.

At least two pH buffers that fall within the pH range of the samples must be used for pH calibration before the measurement with the pH metre and pH electrode. The predicted pH values of frequently used sets of pH buffers (such as USA, NIST, and DIN) at various temperatures are preprogrammed into HORIBA pH metres. The proper pH buffer group must be chosen and set in the pH meter's setup mode in order for the pH metre to accurately identify and calibrate pH buffers.  Inaccurate calibration or error codes on the pH metre come from the use of pH buffers that do not match the pH buffer group setting, producing untrustworthy data.
[image: ]
Figure 3.1- Ph sensor ratings
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Figure 3.2- Graph ph sensor

      Turbidity Sensor
       Turbidity is the cloudiness or haziness of a fluid caused by large numbers of individual                   particles that are generally invisible to the naked eye, similar to smoke in the air. The measurement of turbidity is a key test of water quality.
      Turbidity is caused by particles suspended or dissolved in water that scatter light making the water appear cloudy or murky. Particulate matter can include sediment, especially clay and silt, fine organic and inorganic matter, soluble colored organic compounds, algae, and other microscopic organisms.

       Impact of Turbidity
       High turbidity can significantly reduce the aesthetic quality of lakes and streams. It can increase the cost of water treatment for drinking and food processing. It can harm fish and other aquatic life by reducing food supplies, degrading spawning beds, and affecting gill function.




      Turbidity Sources
       Sediment often tops the list of substances or pollutants causing turbidity. Natural sources can include erosion from upland, riparian, stream bank, and stream channel areas. Algae that grow with nourishment from nutrients entering the stream through leaf decomposition or other naturally occurring decomposition processes can also be a source of turbidity.
       Stream channel movement can also release sediment. Organic matter from sewage discharges, especially during treatment plant bypasses, can contribute to turbidity. Human activities that disturb the land, such as construction, mining, and agriculture, can lead to high sediment levels entering water bodies during rainstorms due to stormwater runoff.
       Measuring Turbidity
      Turbidity is measured using specialized optical equipment in a laboratory or in the field. Light is directed through a water sample, and the amount of light scattered is measured.
      The unit of measurement is called a Nephelometric Turbidity Unit (NTU), which comes in several variations. The greater the scattering of light, the higher the turbidity. Low turbidity values indicate high water clarity; high values indicate low water clarity.

       Sensor Specification
      1.   Operating Voltage: 5V DC
      2. Operating Current: 40mA (MAX)
      3. Response Time: <500ms
      4. Insulation Resistance: 100M (Min)
      5. Output Method: Analog
      6. Analog output: 0-4.5V
      7. Digital Output: High/Low-level signal 






       Relationship Between Turbidity and Sensor Voltage

[image: ]
Figure 3.3 – Graph between turbidity and voltage
           Temperature Sensor
 temperature sensor is an easy to use, cost-effective sensor with decent accuracy (around +/- 3 degrees C calibrated). The sensor is essentially a zener diode whose reverse breakdown voltage is proportional to absolute temperature.
Since the sensor is a zener diode, a bias current must be established in order to use the device. The spec sheet states that the diode should be biased between 400 uA and 5 mA; we'll bias it at 2 mA. It is important to note that self-heating can be a significant factor, which is why I'm not choosing a higher bias current.
The temperature sensor's voltage output is related to absolute temperature by the following equation: Vout = VoutT0 * T / T0, where T0 is the known reference temperature where VoutT0 was measured. The nominal VoutT0 is equal to T0 * 10 mV/K. So, at 25 C, VoutT0 is nominally 298 K * 10 mV/K = 2.98 V (to be really accurate, we'd need a reference temperature and a voltmeter, but nominal values are OK for our purposes). Thus, the voltage dropped between +5 and the diode is 5V - 2.98V = 2.02V. In order to get 2 mA bias current, we need a 1 K resistor for R1.
            Note that the adj pin is unconnected. The adj pin is used to trim the diode to be more accurate.
           Here are the steps you need to take to assemble the temperature sensor:
          1. Cut the leads of the temperature sensor to about 5mm length.
          2. Cut the leads of the 1K resistor to about 2.5 mm length.
          3. Using a third hand and a good clean soldering iron, tin the leads of the sensor and the resistor.
          4. Attach one end of the 1K resistor to the "+" pin of the temperature sensor.
         5. Cut a length of three-conductor cable (such as ribbon cable). I would suggest a length of at least two or three feet, seeing as how you would like to place the sensor at an arbitrary location in your room. I'd suggest a max length of fifteen feet.
         6. Split and strip one end of the ribbon cable, and tin the leads.
         7. Solder two conductors of the ribbon cable to the free end of the resistor and the "-" pin of the temperatures sensor.
         8. Now here's the tough part. Solder the remaining conductor of the ribbon cable to the junction of the 1K resistor and the "+" lead of the temperature sensor. You'll want to make sure that the conductor is just the right length to "fall" in place, because if you have to bend it about, the tension in the cable will make soldering very difficult.
        9. Encase the exposed wiring in hot glue. Make sure you don't gob the glue over the sensor; you want to leave as much of the sensor uncovered as possible. Too much glue may interfere with the sensor's response time.
           Conductivity Sensor
            Conductivity is used to determine the purity or composition of a solution but is also used to monitor cooling systems for leak detection and blow-down control. in cooling towers and steam generation. Conductivity analyzers are also perfectly suited to track process changes, on account of their fast direct measurement, but also because the total quantity of ions present in the solution are measured without differentiating the type of ion. Unlike sometimes slower ion-selective measurements (pH, pCl, pNa, etc.) where the activity of specific ions is determined e.g., hydrogen ions, chloride ions, or sodium ions, conductivity measurements are nonspecific and so can track very well process changes and/or total quantity of ions in any given solution This technical information briefly describes the principles of contacting conductivity measurements followed by describing the factors that influence a measurement range and how one can determine the measurement ranges of a measurement loop consisting of an analyzer and sensor.
           In a solution, electrical current is carried by free-moving charged ions. These ions are either positively charged (cations) or negatively charged (anions). They are formed by dissolving soluble salts, acids, and alkali into a polar solvent (in this context, water). 
            For liquids, the presence of ions is necessary as they are the “carriers” of the current flowing through the solution. If there are NO IONS present in the liquid, such as with ultrapure water, then NO CURRENT can flow, and the solution is NOT CONDUCTIVE. The term “Conductivity” is derived from Ohm’s Law which is defined as E = I x R Where E is the voltage applied between two “plates” (shown in Figure 1), electrical current I will flow dependent on the resistance R of the conductor. In this case the conductor is water. Therefore, conductivity is defined as the reciprocal of resistance of a solution between two electrodes and it can be expressed as G = 1 / R. 
            The basic unit of conductivity is Siemens (S), formerly called the mho. The cell geometry determines the effective measuring range of the sensor. Standardized measurements are expressed in specific conductivity units to compensate for variations in the electrode dimensions. Specific conductivity is calculated by multiplying the measured conductivity (G) by the electrode’s cell constant. The cell constant is calculated by the formula L/A; where L is the distance between the electrodes and A is the area of the electrodes: C = G x (L/A)
            
            Battery calculations
            Calculating the battery capacity required for an RC boat involves considering several factors, including the motor's power consumption, the duration of use, and the voltage of the battery. Here are the basic steps for calculating the battery capacity:

            Determine the power consumption of the motor: This can be found in the motor's specification or datasheet. The power consumption is usually measured in watts.

            Determine the duration of use: Decide how long you plan to run the RC boat before recharging the battery. This can vary depending on the specific application and usage requirements.

            Calculate the total power consumption: Multiply the motor's power consumption by the duration of use. This will give you the total power required to run the boat for the desired duration.

            Determine the voltage of the battery: Most RC boats use batteries with voltages ranging from 7.4V to 11.1V, but this can vary depending on the specific application.

            Calculate the required battery capacity: Divide the total power consumption by the battery voltage. This will give you the required battery capacity in ampere-hours (Ah).

            For example, suppose you have an RC boat with a motor that consumes 50 watts of power, and you plan to run the boat for 30 minutes before recharging. The total power consumption is:

           50 watts x 0.5 hours = 25 watt-hours

           If you are using an 11.1V battery, the required battery capacity is:

           25 watt-hours / 11.1V = 2.25 Ah

           Therefore, you would need a battery with a capacity of at least 2.25 Ah to run the boat for 30 minutes. It's important to note that this is a simplified calculation, and there may be other factors that need to be considered depending on the specific application and requirements of the RC boat.
            
            Motors

            There are many different types of motors that can be used in RC boats, and the specific type of motor used will depend on factors such as the boat's size, weight, and intended use. Here are some common types of motors used in RC boats:

            Brushed DC motors: These motors are relatively simple and inexpensive, and are commonly used in small to medium-sized RC boats. They are available in a range of sizes and power levels, and can be controlled using a simple speed controller.

            Brushless DC motors: Brushless motors are more efficient and powerful than brushed motors, making them well-suited for larger and faster RC boats. They are also more expensive and require a specialized electronic speed controller (ESC) to operate.

           Gasoline engines: Gasoline engines are commonly used in large RC boats, such as scale model boats or racing boats. They are more powerful and can run for longer periods than electric motors, but are also more expensive and require more maintenance.

           Nitro engines: Nitro engines are similar to gasoline engines, but run on a fuel mixture that contains nitromethane. They are commonly used in high-speed racing boats, but are more complex and require careful tuning and maintenance.

           Steam engines: Steam engines are a unique option for RC boats, and can provide a realistic and authentic experience for enthusiasts. They are typically used in scale model boats and require a heat source to generate steam.

           The specific motor used will depend on the specific requirements of the RC boat, such as its size, speed, and intended use. It's important to choose a motor that is properly matched to the boat to ensure optimal performance and longevity.







3.2 Description Of the boat
· Material used for RC boat- Plastic 
· Dimension:- length-40 cm , breadth- 26cm, height- 18 cm
· Material used for waste collection net- Ms metal (Mild Steel), with pvc coating
· Factors considered to check buoyancy of the boat:-
· Density – objects with a density less than water will float in water.
· Hull Shape – “V shaped”.
· Range :- upto 1km.
· Propeller dimensions- 10cm diameter.
· C programming language used for arduino code.
· Other components as mentioned are also installed.
      A joystick module is made for a better range frequency

3.3  Design Constraints
Monitoring water pollution using an RC (remote-controlled) boat can present a number of difficulties, including:
	
Limited range: RC boats are limited in terms of how far they can travel from the operator. This can be a problem if you need to monitor a large body of water, such as a lake or river.

Weather conditions: Strong winds, high waves or currents can make it difficult to control the RC boat, and can also affect the accuracy of the data collected.

Battery life: The RC boat's battery life is limited, which means that you may need to return to shore frequently to recharge the batteries.

Data accuracy: RC boats may not be able to provide accurate data, especially if they are not equipped with sophisticated sensors or instruments.

Interference: Other RC boats or electronic devices in the vicinity can interfere with the signal and control of the RC boat, leading to control problems or data inaccuracies.

Obstacles: Debris, vegetation or other obstacles in the water can impede the RC boat's movement, or damage the boat or the sensors.

Cost: Investing in an RC boat and the necessary equipment to monitor water pollution can be expensive, especially if you require high-end sensors or instruments.

Overall, using an RC boat for water pollution monitoring can be challenging, and requires careful planning, preparation, and a good understanding of the limitations and potential problems.






3.4  Cost estimation of Rc Boat

       The cost estimation of a water pollution monitoring RC boat can vary depending on     several factors such as the size, features, and capabilities of the boat. Here are some potential cost factors to consider:

       Size of the boat: Larger boats are generally more expensive than smaller boats due to the additional material and technology required.

       Technology: The type of sensors and equipment needed for water pollution monitoring can vary in cost, depending on the level of accuracy and sophistication required.

        Battery life: Boats with longer battery life tend to be more expensive than those with shorter battery life, as they require more powerful and efficient batteries.

       Communication capabilities: Boats with more advanced communication capabilities, such as Wi-Fi or Bluetooth, may be more expensive than those without such features.

       Brand: The brand of the boat can also affect its price. More well-known and reputable brands may charge a premium for their products.

       Based on these factors, the cost of a water pollution monitoring ranges in around 7 thousand Indian rupees.(7k INR)
           
	Components
	Price (Inr)

	Arduino Nano
	1500

	NRF24101+
	600

	Ph sensor
	400

	Conductivity sensor
	1000

	Turbidity Sensor
	350

	Temperature Sensor
	270

	Cables and wires
	300

	Breadboard
	350

	Rudder
	50

	Wifi Module
	800

	Battery
	250

	Propellor
	250

	DC Motor
	300

	Driver Motor
	270

	Servo Motor
	320

	Joystick
	190

		TOTAL	
	7200







Chapter 4 (HARDWARE)

4.1 List Of Components 
· Arduino Nano 
· Ph sensor
· Turbidity sensor
· Temperature sensor
· 12V DC Motor
· Motor Driver
· Servo Motor
· Propeller
· Rudder
· Battery  
· Jumper Wires
· PCB and Breadboards
     Arduino Nano 
Arduino NANO Version 3 is the open source smallest Embedded Development board launched by Arduino based on Atmega328 SMD Package Microcontroller. It is a Surface mount Breadboard Friendly board integrated with Mini USB Port. DC Power Jack is not available on this Board, so power can be given through Mini USB Cable. It automatically senses and switches to the higher potential source of power, there is no need for the power select jumper. 
Specifications:  
· Microcontroller Atmel ATmega328 SMD Package
· Operating Voltage (logic level) 5 V
· Input Voltage (recommended) 7-12 V
[image: ]

Figure 4.1- Arduino Nano



Ph sensor 
       A pH sensor is a scientific device that accurately measures acidity and alkalinity in water and other liquid substances.
       It is an important device in most industries, including power plants, pharmaceuticals, food & beverage, primaries, chemicals, oil gas, and wastewaters.
       Different pH sensors work differently when it comes to measuring water quality.
       Therefore it's essential to know the different variations available, so you can pick the appropriate pH applications that will satisfy your requirements.
[image: ]
Figure 4.2-Ph sensor
Turbidity Sensor
The turbidity of water refers to the degree of turbidity caused by suspended substances such as silt, clay, organic matter, plankton and microorganisms contained in the water. Industrial-grade turbidity sensors or turbidity meters are expensive, and the cost is too high in the design of electronic products. The sensor uses optical principles to comprehensively judge the turbidity through the light transmittance and scattering rate in the solution. Inside the sensor is an infrared tube. When light passes through a certain amount of water, the amount of light transmission depends on the degree of dirtiness of the water. The dirtier the water, the less light it transmits. The receiving end converts the intensity of the transmitted light to the corresponding current size. The transmitted light is more and the current is larger. On the contrary, the transmitted light is less and the current is smaller.
[image: ]
Figure 4.3-Turbidity sensor
Temperature Sensing
This is a 1 Meter Long Waterproof, sealed and pre-wired digital temperature sensor probe based on the DS18B20 sensor. It is very handy for when you need to measure something far away, or in wet conditions. Because they are digital, you don't get any signal degradation even over long distances. These 1-wire digital temperature sensors are fairly precise (±0.5°C over much of the range) and can give up to 12 bits of precision from the onboard digital-to-analog converter. They work great with any microcontroller using a single digital pin, and you can even connect multiple ones to the same pin, each one has a unique 64-bit ID burned in at the factory to differentiate them. Usable with 3.0-5.0V systems. DS18B20 Sensor Technical specs:- 
● Usable temperature range: -55 to 125°C (-67°F to +257°F) 
● 9 to 12 bit selectable resolution 
● Uses 1-Wire interface- requires only one digital pin for communication 
● ±0.5°C Accuracy from -10°C to +85°C 
● Temperature-limit alarm system 
● Query time is less than 750ms 
● Usable with 3.0V to 5.5V power/data
[image: ]
Figure 4.4-temperature sensor


DC Motor
DC Motor – 1000 RPM – 12 Volts geared motors are generally a simple DC motor with a gearbox attached to it. This can be used in all-terrain robots and a variety of robotic applications. These motors have a 3 mm threaded drill hole in the middle of the shaft thus making it simple to connect it to the wheels or any other mechanical assembly. The most popular L298N H-bridge module with onboard voltage regulator motor driver can be used with this motor that has a voltage of between 5 and 35V DC or you can choose the most precise motor driver module from the wide range available in our Motor divers category as per your specific requirements. 
Specifications and Features:-  
RPM: 1000.
  Operating Voltage: 12V DC
  Gearbox: Attached Plastic (spur)Gearbox
  Shaft diameter: 6mm with internal hole
  Torque: 0.5 kg-cm
  No-load current = 60 mA(Max)
  Load current = 300 mA(Max).
[image: ]
Figure 4.5- Dc Motor

Driver Motor
This L298 Based Motor Driver Module is a high power motor driver perfect for driving DC Motors and Stepper Motors. It uses the popular L298 motor driver IC and has the onboard 5V regulator which it can supply to an external circuit. It can control up to 4 DC motors, or 2 DC motors with directional and speed control This motor driver is perfect for robotics and mechatronics projects and perfect for controlling motors from microcontrollers, switches, relays, etc. Perfect for driving DC and Stepper motors for micro mouse, line following robots, robot arms, etc. An H-Bridge is a circuit that can drive a current in either polarity and be controlled by Pulse Width Modulation (PWM).
 Features:-  
· Driver chip: L298 dual H-bridge driver chip.
· Operates up to 35V DC
· Drive part of the peak current Io: 2A / Bridge
· Logical part of the terminal power supply range Vss :4.5V-5.5V 
· Logical part of the operating current range: 0 ~ 36mA 
· Maximum power consumption: 20W
[image: ]
Figure 4.6- Driver Motor

MG90S Servo Motor
 The Tower pro MG90S Mini Digital Servo is 180° rotation servo. It is a Digital Servo Motor which receives and processes PWM signals faster and better. It equips sophisticated internal circuitry that provides good torque, holding power, and faster updates in response to external forces.The good optimized performance and reliability of our servos have made them the favorite choice of many RC hobbyists. They are packed within a tight sturdy plastic case which makes them water and dust resistant which is a very useful feature in RC planes, Boats, and RC Monster Trucks etc. It has a 3-wire JR servo plug which is compatible with Futaba connectors too. 
Specification :-  Modulation: 
· Analog
· Torque: 6.0V: 2.50 kg-cm
· Speed: 6.0V: 0.10 sec/60°
· Weight: 0.49 oz (14.0 g)
Dimensions: 
Length:0.91 in (23.1 mm), 
Width: 0.48 in (12.2 mm), 
Height: 1.14 in (29.0 mm)  
Gear Type: Metal  
· Rotation/Support: Dual Bearings  
· Rotational Range: 180°
[image: ]
Figure 4.7-Servo Motor
Propeller
 A propeller (colloquially often called a screw if on a ship or an airscrew if on an aircraft), is a device with a rotating hub and radiating blades that are set at a pitch to form a helical spiral, that, when rotated, exerts linear thrust upon a working fluid, such as water or air. Propellers are used to pump fluid through a pipe or duct, or to create thrust to propel a boat through water or an aircraft through air. The blades are specially shaped so that their rotational motion through the fluid causes a pressure difference between the two surfaces of the blade by Bernoulli's principle which exerts force on the fluid. Most marine propellers are screw propellers with helical blades 
rotating on a propeller shaft with an approximately horizontal axis. 

[image: ]
Figure 4.8- Propeller

Rudder
 A rudder is a primary control surface used to steer a ship, boat, submarine, hovercraft, aircraft, or other conveyance that moves through a fluid medium (generally air or water). On an aircraft the rudder is used primarily to counter adverse yaw and p-factor and is not the primary control used to turn the airplane. A rudder operates by redirecting the fluid past the hull (watercraft) or fuselage, thus imparting a turning or yawing motion to the craft. In basic form, a rudder is a flat plane or sheet of material attached with hinges to the craft's stern, tail, or after end.
[image: ]

Figure 4.9- Rudder
Battery 
An electric battery is a source of electric power consisting of one or more electrochemical cells with external connections for powering electrical devices. When a battery is supplying power, its positive terminal is the cathode and its negative terminal is the anode. The terminal marked negative is the source of electrons that will flow through an external electric circuit to the positive terminal. When a battery is connected to an external electric load, a redox reaction converts high-energy reactants to lower-energy products, and the free-energy difference is delivered to the external circuit as electrical energy. Historically the term "battery" specifically referred to a device composed of multiple cells; however, the usage has evolved to include devices composed of a single cell. Here we are using a 12V and a 9V battery.
[image: ]

Figure 4.10-Battery
Breadboards
Breadboards are one of the most fundamental pieces when learning how to build circuits. In this tutorial, you will learn a little bit about what breadboards are, why they are called breadboards, and how to use one. Once you are done you should have a basic understanding of how breadboards work and be able to build a basic circuit on a breadboard.
[image: ]
Figure 4.11-Breadboard

4.2   Software Explanation
Arduino is an open-source platform for building electronic devices and interactive objects. It consists of a programmable circuit board, a software development environment, and a community of users and developers.

The Arduino board is typically based on an Atmel microcontroller, which can be programmed using the Arduino software development environment. The board also includes input and output pins that can be used to interface with other electronic components, such as sensors, actuators, and displays.

The Arduino software development environment is based on the Processing programming language and includes a code editor, compiler, and uploader for programming the Arduino board. The environment also includes a large library of code examples and functions that can be used to program the board.

The Arduino platform is popular among hobbyists, artists, and educators who want to experiment with electronics and create interactive objects. Because it is open-source, users can modify and extend the platform to suit their own needs.

Some common uses of Arduino include:

Robotics: Arduino can be used to control motors, sensors, and other components in robotics projects.

Home automation: Arduino can be used to control lights, appliances, and other home automation systems.

Wearables: Arduino can be used to create wearable electronics, such as smart watches and fitness trackers.

IoT (Internet of Things): Arduino can be used to create IoT devices, such as environmental sensors and home security systems.

Overall, Arduino provides a flexible and accessible platform for anyone interested in electronics and programming. It has a large community of users and developers, which provides a wealth of resources and support for new users.

· AdaFruit

       Adafruit is a company that produces and sells a wide variety of electronics and DIY kits for hobbyists and professionals. They specialize in open-source hardware and software, and their products are often used in projects involving microcontrollers, sensors, and other electronics components.

       Adafruit was founded in 2005 by Limor Fried, a well-known engineer and entrepreneur in the electronics and maker communities. The company is based in New York City, but their products are sold worldwide through their website and other retailers.

       Some of the most popular products sold by Adafruit include:

       Circuit boards and microcontrollers: Adafruit sells a variety of circuit boards and microcontrollers, including Arduino and Raspberry Pi boards, which can be used for a wide range of DIY electronics projects.

       Sensors and components: Adafruit sells a variety of sensors and components, such as LEDs, motors, and displays, that can be used in electronics projects.

       DIY kits: Adafruit sells a wide range of DIY kits that include all the necessary components to build a specific project, such as a robot or a synthesizer.

       Tutorials and educational resources: Adafruit provides extensive tutorials and educational resources on their website to help users learn how to use their products and build their own electronics projects.

      Overall, Adafruit has become a popular choice for hobbyists, educators, and professionals in the electronics and maker communities due to their focus on open-source hardware and software, as well as their commitment to providing high-quality products and educational resources. 

4.3  Modeling and Analysis 
 
· PH Sensor Measuring Range: 0 to 14.00 pH Maximum Flow Rate: 10 feet (3 meters) per second 
· Turbidity Sensor Operating Voltage: 5V DC Operating Current: 40mA (MAX) 
· Conductivity Sensor Input voltage: 5 VCC at one rod Voltage will be measured at 2nd rod
· Temperature Sensor Temperature range: -55 to 125°C Usable with 3.0V to 5.5V power/data 
· Arduino Nano:  27 pins IC with 14 GPIO pins Inbuilt operated at 5 volts
· Battery : 12 volts approx.
· L298 motor driver: operates at 35V DC maximum power consumption - 20W
· NRF24lO1+ Transceiver : It uses 2.4GHz global open ISM band, with license free, Multi-frequency points: 125 frequency points meet the needs of multi-point communications and frequency hopping.
· Joystick Module : Operating Voltage: 5V, 2.54mm pin interface leads, Cross rocker as a two-way 10K resistor, with the rocker in a different direction
4.4  Layout of the model

[image: layout .png]
Figure 4.12- Layout Of Rc Boat

4.5  Hardware (Photo)
[image: ]
Figure 4.13 – Rc boat

[image: ]
Figure 4.14- Joystick Module

       

Chapter 5 (Results and Analysis)

5.1  Results 
To check the quality of water, the current method is to take the water sample manually. These samples were sent to the laboratories to test the quality which takes extra human effort, cost and time. In our proposed system, it will give the properties of water automatically on screen without any extra human effort. With the help of these properties we could figure out the quality. Monitoring of Turbidity, pH & conductivity of Water used corresponding sensors. The system can monitor water quality automatically, and it updates to servers' websites with low cost and does not require people on duty. So the water quality testing has to be more economical, convenient and fast. The system has good flexibility by replacing the corresponding sensors and changing the relevant python programs. This system can be used to monitor other water quality parameters. The operation is simple. The system can be expanded to monitor hydrologic, air pollution, industrial and agricultural production and so on. It has widespread application and extension value.
5.2  System Operations Results 

[image: ]
Figure 5.1- Results of the parameters monitored by adding contaminants (soil)

[image: datacccc.png]
Figure 5.2- Results of the parameters monitored by adding contaminants (salt)

5.3   Graphical Representations
[image: ]
Figure 5.3- Graphical Representation of senors



5.4   Parameter Given with Different Samples
[image: ]
Figure 5.4 – Results with different Sample
5.5   Sample Results in web
[image: ]
Figure 5.5- Live monitoring
5.6   Deliverables  
· The final deliverable of the project should include:
· A fully functional autonomous RC boat equipped with sensors and  sampling techniques.                                                                    
· A software program to control the RC boat, collect and transmit data   to a remote location for analysis.
· A detailed report documenting the design, construction, and testing of the RC boat, as well as the results of water quality analysis.
· Recommendations for future improvements and modifications to the design.



      5.7 Assumptions
· The project assumes that there is access to the necessary components and m    materials required for constructing the RC boat.
· The project assumes that the sensors used in the boat are accurate and reliable for water quality monitoring.
· The project assumes that there is sufficient expertise and knowledge in programming, electronics, and mechanical engineering to complete the project successfully.
· The project assumes that the boat will be operated in compliance with local regulations and laws related to water pollution monitoring.

5.8 Conclusion and Future Scope
Water pollution is a significant environmental problem that requires a reliable and efficient solution to monitor and prevent pollution. Water pollution monitoring using RC boats is a promising approach that offers several advantages over traditional methods. The use of RC boats equipped with water quality sensors provides a cost-effective, efficient, and versatile solution for monitoring water quality in remote or hard-to-reach areas. The real-time monitoring capability of RC boats enables prompt action in case of pollution, reducing the impact on the environment and human health. The data collected by the sensors can be analyzed to identify pollution sources and take appropriate measures to prevent further contamination.

Future Scope:
The future scope of water pollution monitoring using RC boats includes several areas of research and development. Some of these include:

Development of advanced water quality sensors: The development of advanced water quality sensors capable of measuring additional parameters, such as heavy metals and nutrients, can improve the accuracy and comprehensiveness of water quality monitoring.

Integration of artificial intelligence (AI) and machine learning (ML): The integration of AI and ML can enable the detection of pollution sources and patterns automatically, enabling more efficient pollution control and prevention measures.

Application in disaster management: The use of RC boats for water pollution monitoring can be extended to disaster management, such as oil spills and natural disasters, to prevent further contamination and ensure timely action.

Development of autonomous RC boats: The development of autonomous RC boats that can navigate water bodies and collect data without human intervention can reduce the risk to operators and enable more efficient data collection.

Overall, the future scope of water pollution monitoring using RC boats is vast, and further research and development in this area can lead to more efficient and effective monitoring of water quality, ensuring a safe and healthy environment for all.
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Water Quality Monitor - Live
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