Water quality monitoring system using Raspberry Pi
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Abstract - According to data issued by human rights commission, 20 million people are still drinking contaminated water in our country. We have to continuously monitor water quality parameters to reduce water related diseases and to avoid water pollution. In preliminary methods of water monitoring, data are collected manually from various sources. This needs ample time and rigorous manual effort. To overcome these problems, we have to adopt new methods for water monitoring. The main aim of this work is to design a system to continuously monitor the water quality parameters based on the concept of IoT. The proposed model employs various sensors to measure the required parameters. With the help of a core processor, the measured parameter values from sensors are processed. RaspberryPi is the core controller used for the entire model. Using a Raspberrypi, measured data from sensors are viewed on the website.
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I.  Introduction


Water is an indispensable natural resource for humanity, but due to the rapid development of society and human activities, its contamination and degradation have accelerated. Therefore, monitoring water quality is essential to identify changes in water quality parameters over time and ensure real-time safety. The quality of drinking water is crucial for the health of humans and animals, and the water from rivers and lakes is the primary source for drinking, irrigation, fishery, and energy production. Therefore, it is imperative to maintain the quality of water in rivers and lakes at a certain level. However, the water supply in urban areas and rural regions is not always safe for consumption due to poorly maintained infrastructure and the increasing population, and conventional water quality monitoring methods such as sampling and laboratory techniques are not cost-effective and time-consuming. Therefore, there is a need for more efficient and productive monitoring strategies such as water-dependent microbial and physicochemical measurements. Physicochemical parameters of water include turbidity, water level, pH, and temperature, which can be analyzed quickly and cost-effectively instead of traditional water sampling and laboratory testing techniques. Online instrumentation can also measure these parameters. Commercial products such as probes and meters are available for water quality monitoring, but they are expensive and analyze the parameters separately. In this paper, the authors have proposed a low-cost, real-time, multi-sensor boat system specially designed for big, complex-scale water environments such as rivers, reservoirs, and lakes to measure the physicochemical parameters of water. The system includes water level, pH, temperature, and turbidity sensors, and the results are analyzed and transmitted to the website through wireless communication. The results are displayed through graphical user interface (GUI) technique with their readings and graphical analog meters along with their nominal ranges.

II. RELATED WORK

A lot of research has been done on water quality monitoring problems and related technological aspects or method to use for providing solutions. A considerable amount of design, experimental as well as analytical research has been carried out on providing effective solution by use of IoT and similar technologies for this sector. In this Report, a survey of the relevant literature is presented to indicate the extent of work already reported in open literature pertaining to the resolution in water quality monitoring systems. 

Moez ul Hassan, Sanjay Kumar, Hitesh Kumar, Kabir Kumar, Sarmad Hameed and Kiran Fatima - Real Time Water Quality Monitoring Boat, this paper work provides the design of low-cost, wireless remote controlled mini boat system which indicates the water�s multi parameters along with GPS navigation in real time. This system is useful for the complicated scale water environment.

K. A. Unnikrishnan Menon, Divya P, Maneesha V. Ramesh - Wireless Sensor Network for River Water Quality Monitoring in India, in this paper, we present the system architecture for a Wireless sensor Network which aids in River Water Quality Monitoring. This paper also proposes a novel technique for the design of a water quality sensor node which can be used for monitoring the pH of water.

Yan Bing Wang, Fang V - Design of water quality monitoring system based on NB-IoT technology. This paper designs a water quality monitoring system combining STM32F10 single-chip microcomputer and HUAWEI CLOUD IoT platform based on narrow-band IoT technology. The water quality sensor is used to collect temperature, pH, TDS and ORP data within a certain range of the water area. The module sends the collected data to the HUAWEI CLOUD IoT platform for real-time display, and at the same time, sends it to the LCD screen for display.

Joyce O�Grady, Dian Zhang, Noel O�Connor, Fiona Regan - A comprehensive review of catchment water quality monitoring using a tiered framework of integrated sensing technologies. In this research the vision of a tiered framework of integrated technologies enables us to extend our perspective and apprehend the dynamic processes and behaviour of individual catchments. This review has highlighted the processes, methods and techniques that have been applied to measure water quality parameters, observation of land use/land change and environmental impacts on catchments

A.N.Prasad, K. A. Mamun, F. R. Islam, H. Haqva - Smart Water Quality Monitoring System. This paper demonstrates a smart water quality monitoring system. Four different water sources were tested within a period of 12 hours at hourly intervals to validate the system measurement accuracy. The results obtained matched with the expected results obtained through research. The temperature relation with pH and conductivity were also observed for all the water samples.

Anjitha Hiriyannagowda Akshay Manjunath Aruna Patted Jagadeesh Basavaiah Audre Arlene Anthony Vrsha Lakshmikantha - IoT based smart water quality monitoring system, in this work, causes and effects of water pollution is presented, as well as a comprehensive review of different methods of water quality monitoring and an efficient IoT based method for water quality monitoring has been discussed. This work presents a review of the recent works carried out by the researchers in order to make water quality monitoring systems smart, low powered and highly efficient such that monitoring will be continuous and alerts/notifications will be sent to the concerned authorities for further processing                            
III. BLOCK DIAGRAM

This section explains the complete block diagram of the proposed system. Also, it presents the detail explanation of each and every block. The overall block diagram of the proposed system is as shown in figure 1. This proposed block diagram consists of number of devices having respective sensors, and the collected data from all devices are gathered and sent to the Raspberry pi 4 model B. 

The device consists of several sensors for measuring water quality parameters such as pH, turbidity, temperature, water level. The data from the sensors are sent directly to the Raspberry pi4 model B. So, the proposed system gets the data from the sensors and processes on them, put the data in a text file which is transmitted to Database. For transmitting data to the Database, gateway is created on the Raspberry pi 4 model B using FTP (file transfer protocol) protocol. In the proposed system, for monitoring the processed data on the internet, flask made website is used. In flask, separate IP address is provided which make possible to monitor data. To access that monitor data and make system user-friendly browser application is introduced which work on HTTP. So, by using browser application user can access and monitor the data. 








Fig 1: Block diagram of proposed system

  Advantages of the proposed system:

· Improves water quality 
·  Intelligent management of the services in the city. 
· Due to automation, it will reduce the time to check the parameters. 
· Low maintenance. 
·  Prevention of water diseases. 
·  Real time information on the website.
IV.HARDWARE DESCRIPTION
The major components used in the proposed have been discussed briefly:
Raspberry Pi4 Model B: Raspberry Pi 4 Model B is the latest product in the   popular Raspberry Pi range of computers. It offers ground-breaking increases in processor speed, multimedia performance, memory, and connectivity compared to the prior-generation Raspberry Pi 4 Model B, while retaining backwards compatibility and similar power consumption. For the end user, Raspberry Pi 4 Model B provides desktop performance comparable to entry-level x86 PC systems. Raspberry Pi4 Model B is a small sized single board computer which is capable of doing the entire job that an average desktop computer does Like spread sheets, word processing, Internet, Programming, Games etc. Raspberry Pi4ModelB Built on the latest Broadcom BCM2711, quad-core Cortex-A72 (ARM v8) 64-bit processor, the new generation Raspberry Pi4 Model B is faster and more powerful than its predecessors. With built-in wireless and Bluetooth connectivity, it becomes the ideal IoT ready solution. It consists of 1.5GHz QUAD Core Broadcom BCM2711 64bit ARMv8 processor, on-board 802.11ac Wi-Fi, Bluetooth 5, full gigabit Ethernet (throughput not limited), two USB 2.0 ports, two USB 3.0 ports, 1�8 GB of RAM, and dual-monitor support via a pair of micro-HDMI (HDMI Type D) ports for up to 4K resolution. The Raspberry Pi 4 B model is shown in fig. 2.
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Fig. 2: Raspberry Pi4 Model B module
Raspberry Pi 4 Model B runs on Linux kernel based operating systems. It boots and runs from the SD card. It does not have any internal memory other than the ROM. It has an SD card slot which is capable of reading up to 32 GB. The GPIO pins of the raspberry Pi 4 Model B are programmed using Python programming language. The I/O devices like sensors are given to GPIO pins whenever needed.

Water Turbidity Sensor: 

The TSD-10 module shown in fig3. is designed to measure the turbidity, which refers to the number of suspended particles, in a water source. This is achieved through the use of an optical sensor that measures the density of turbid water or the concentration of extraneous matter by utilizing the refraction of wavelengths between a photo transistor and diode. The optical sensor measures the amount of light transmitted from the light source to the light receiver, using an optical transistor and optical diodes, to calculate the water turbidity.
Operating principle

The sensor operates based on the principle that the amount of light transmitted through a water sample is dependent on the level of soil present in the water. When light passes through a sample of water, the amount of transmitted light decreases as the soil level in the water increases. The turbidity sensor measures the amount of transmitted light to determine the turbidity of the water. The Raspberry Pi4 Model B receives these turbidity measurements and makes decisions on how long to examine the water quality based on a comparison between the initial clean water measurements and the final turbidity measurement taken at the end of the process cycle. This process results in a water quality check. [image: image2.jpg]



Fig. 3: Turbidity Sensor

Specifications:

· Rated Voltage: DC 5V (between pin #1 and Ground)

· Operating Temperature Range: -10°C to 90°C

· Rated Current: 30 mA

· Insulation Resistance: ≥ 100 MΩ at 500V DC
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Fig. 4: Water Turbidity sensor

Water pH Sensor:

This particular sensor provides an output signal that corresponds to the hydrogen ion concentration measured by the pH electrode. This allows for the pH value to be observed at any time by directly connecting the sensor to a controller. It is particularly useful for pH measurements in various settings, such as waste water, sewage, and other related applications.
Features: 

· Grove Interface 

· Wide measuring range 

· Life span is two years 

· Isopotential Point: pH 7.00 (0 mV)

[image: image4.jpg]



Fig. 5: pH Sensor

Temperature sensor

The DS18B20 Digital Thermometer is capable of providing temperature readings ranging from 9 to 12 bits (configurable), accurately indicating the temperature of the device. The thermometer operates over a 1-Wire interface, requiring only one wire (and ground) to be connected from a central microprocessor to a DS18B20. It is capable of deriving power for reading, writing, and temperature conversions from the data line itself without requiring an external power source. Since each DS18B20 contains a unique silicon serial number, multiple thermometers can exist on the same 1-Wire bus, allowing for temperature sensors to be placed in various locations. This feature proves useful in applications such as HVAC environmental controls, temperature sensing within buildings, equipment or machinery, and process monitoring and control.
        [image: image5.jpg]


 
Fig. 6: Temperature sensor

Features:

· Power supply range is from 3.0V to 5.5V, which means it can be used with a variety of microcontrollers and development boards.

· Zero standby power is required, meaning it only uses power when actively measuring temperatures.

· It can measure temperatures from -55°C to +125°C, with a Fahrenheit equivalent range of -67°F to +257°F. This makes it suitable for a wide range of temperature sensing applications.

· It has an accuracy of ±0.5°C from -10°C to +85°C, making it reliable for temperature measurements in a variety of settings.

· The thermometer resolution is programmable from 9 to 12 bits, allowing for a trade-off between temperature resolution and conversion time.

· It can convert a 12-bit temperature reading to a digital word in 750 ms (maximum), allowing for relatively fast temperature readings.

Water Level Depth Detection Sensor
These sensors operate by measuring changes in capacitance, which occur as the water level rises or falls and the exposed traces become submerged or exposed. As the capacitance changes, the sensor produces an analog signal that can be read and interpreted by a microcontroller or other device. Capacitive water level sensors are commonly used in a variety of applications, including water tanks, irrigation systems, and aquariums.
[image: image6.jpg]



Fig. 7: Water Level Depth Detection Sensor
Features:
· Working Voltage: DC 3-5V: This sensor operates within a voltage range of 3 to 5 volts.
· Working Current: <20mA: The maximum current consumption of this sensor is less than 20 milliamperes.
· Sensor Type: Analog: The output of this sensor is an analog signal, which means that the signal's voltage level changes in proportion to the water level.

· Detection Area: 40 mm x 16 mm: This sensor has a detection area of 40 mm by 16 mm, which is the area where the water level is measured.

· Size: 65 mm x 20 mm x 8 mm: The physical dimensions of this sensor are 65 mm in length, 20 mm in width, and 8 mm in height.

· Humidity: 10% -90% non-condensing: The operating humidity range of this sensor is 10% to 90% without condensation.
V. RESULTS AND DISCUSSION

The project's outcomes include the following:

� Detection of waste levels within water resources.

� Transmission of data to the website from database.

� Ability to access data from anywhere in the world at any time.

� Real-time transmission and access to data.

This Online Monitoring of Water Quality system, which utilizes a Raspberry Pi4 Model B, has various benefits for smart cities. Water sources in different locations within cities often become contaminated, and the public is frequently unaware of this. Our solution aims to address this issue by providing information about water pollution in various areas throughout the city. The relevant authorities may access the information from anywhere and at any time to make informed decisions.
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Fig. 8: GUI of Web Browser
Fig shows that Temperature, Turbidity, pH, H2O Level on the GUI web browser. This information can be accessed from anytime and anywhere and the concern person take the decision accordingly.

VI. FUTURE SCOPE

Proposed system provides crucial information to all stakeholders that depend on the water supply plant. The system can be enhanced by adding more sensors to detect additional parameters for security purposes. By interfacing a relay, the supply of water can be easily controlled and monitored.

This system has a wide range of applications including both commercial and domestic purposes. Water supply agencies can utilize this system to improve the efficiency and reliability of their operations. In the health department, this system can be used to identify the cause of waterborne diseases, enabling prompt action to be taken to prevent their spread.
VII. CONCLUSION

The system described is capable of monitoring the turbidity, pH, temperature and water level of water using corresponding sensors. It can automatically monitor water quality and update the information to a website hosted on a server, with low cost and without requiring personnel on duty. This makes water quality testing more economical, convenient, and fast. The system is highly flexible, as corresponding sensors can be replaced and relevant python programs can be changed to monitor other water quality parameters. The operation of the system is simple and can be expanded to monitor other areas such as hydrology, air pollution, industrial and agricultural production, among others. Its widespread application and extension value make it a valuable tool in many fields.
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