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The underwater environment is complicated and full of hazards, making it 
tough to complete with just one piece of underwater operation equipment. 
Building a high-speed, low-latency wireless connection between a 
remote wireless operation platform on water surface and other operation 
platforms in order to achieve long-distance transmission of high-definition 
image data and control commands, as well as collaborative operations 
among multiple platforms, has become a development trend and focus 
of exploring complex and dangerous waters. This paper summarizes and 
elaborates on underwater communication technology, long-distance data 
transmission technology, multi-submersible robot collaborative operation, 
and information interaction technology, as well as the development status 
of key technologies of remote wireless operation platform on water surface. 
And the research direction and focus of the remote wireless operation 
platform on water surface are prospected.

Keywords:
Remote wireless control
Underwater communication technology
Cooperative operation
Underwater robot

1. Introduction

Exploration, exploitation, and utilization of marine 

resources have attracted unprecedented interest and 
enthusiasm in recent years. Underwater environments 
are complicated and volatile, necessitating the use of 
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machines to perform perilous jobs. In earthquake and 
tsunami warning, ecosystem monitoring, oil drilling, and 
military surveillance, various underwater detection and 
extraction devices, submarines, and unmanned vehicles 
are commonly utilized [1]. These operational duties rely 
heavily on communication between equipment and 
between equipment and platforms. Some underwater 
operation activities are difficult to execute with a single 
underwater operation gear because they are complicated 
and risky. To achieve long-distance transmission of 
high-definition image data and control commands, it is 
critical to create a high-speed and low-latency wireless 
link between the surface remote operation platform and 
other operating platforms. To give control commands 
to underwater robots and receive underwater detection 
information, information contact with underwater 
multipurpose robots is also required. Underwater 
robots should communicate with one another to build a 
cooperative underwater operation system.

Remote wireless operating system for water surface is 
divided into three parts: water surface remote monitoring 
system, long-distance data transmission system, and on-
site equipment monitoring and control system. Each part 
divides the work to complete the monitoring and control 
tasks with the help of wireless technology [2]. The remote 
monitoring terminal system is primarily an interactive 
system that allows users to input control commands 
and process data about remote equipment status. Over 
extended distances, the long-distance data transmission 
system transfers various forms of control data from the 
user and site equipment status information. The on-site 
equipment monitoring and control system operates the 
equipment based on control data from the monitoring 
terminal, simultaneously checks the status of the 
equipment, performs necessary analysis, and sends these 
states back to the monitoring system via the transmission 
channel. Figure 1 illustrates this.

Figure 1. Remote wireless operating system for water 
surface

The hold-type remote monitoring technique, the 
completion-type remote monitoring method, the complete 
remote monitoring method, and the human-computer 
interaction remote monitoring method are the four types 
of remote wireless operation control methods [3]. The 
hold-type remote monitoring technique delivers control 

commands to the equipment control system, which the 
equipment completes independently, and the monitoring 
equipment just monitors the equipment and intervenes 
when necessary. The complete remote monitoring 
approach involves the remote monitoring system merely 
issuing control commands to the equipment control 
system, not monitoring the equipment’s implementation 
process, and reporting to the remote monitoring system 
after the work is completed. The equipment control 
system and the equipment are separated in the complete 
remote monitoring technique, and the local control system 
of the equipment merely controls the actuator of the 
equipment, with the remote monitoring system handling 
all operation control. The remote monitoring technique 
for human-machine interaction is controlled by the remote 
monitoring system, and the local operator operates and 
maintains the equipment, which is controlled by the local 
operation and the remote monitoring system in tandem.

Without the use of underwater communication technol-
ogy, information exchange between surface platforms, un-
derwater robots, and platforms and underwater robots, as 
well as joint operations, are impossible. Communication 
between two parties underwater or between underwater 
and above water is referred to as underwater communi-
cation. Underwater communication systems are currently 
divided into two categories: underwater wired communi-
cation and underwater wireless communication. The core 
technologies of the distant wireless operation platform 
are summarized in this paper: underwater communication 
technology, long-distance data transmission technology, 
numerous underwater robots cooperative operation and 
information interaction technology, and so on.

2. Research Status of Key Technologies of 
Remote Wireless Operation Platform

2.1 Study of Information Interaction between 
Surface Platforms

The remote data transmission and control system be-
tween platforms is typically made up of a central control 
system and several platforms, with active self-report-
ing and interactive query being the most common data 
transmission and control modalities. The surface remote 
operation platform establishes a high-speed, low-latency 
wireless link with other operation platforms in order to 
achieve long-distance transfer of high-definition image 
data and control commands, allowing several platforms 
to work together. Wireless communication allows one 
platform to grasp the goal, action, current condition, 
and other information of the other, complete data 
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transmission, and execute the appropriate commands for 
collaborative activities. It can be separated into explicit 
and implicit communication depending on the style of 
communication. Implicit communication refers to the 
platform obtaining information from the outside world 
and their internal sensors in order to collaborate with one 
another; the security platform does not directly contact 
with information. Explicit communication is a multi-
security platform solution that uses a specific medium 
to complete the information transfer and exchange 
between platforms. Implicit communication lacks data 
exchange, making it difficult to complete complex tasks; 
explicit communication, while capable of completing 
advanced collaboration strategies not possible with 
implicit communication and completing the transfer and 
exchange of information between platforms, suffers from 
communication quality issues such as network delay and 
local communication conflicts [4].

There are commonly two forms of long-distance HD 
image transmission: cable transmission and wireless 
transmission. The standard wired transmission method is 
used to transmit data to the control system and operating 
equipment. The communication effect is relatively 
optimal, and wired data transmission is rapid, effective, 
and dependable. It is commonly employed in basic fixed 
communication systems. However, because of the wire’s 
limitations, increasing or moving the operation platform 
and other connected equipment over large distances 
becomes cumbersome and difficult. The advantages of 
wireless communication, such as high scalability, not 
being limited by geographic environment, low cost, 
good adaptability, not having to worry about wiring 
problems, and ease of maintenance, have attracted 
extensive attention and are widely employed in a 
variety of industries. The application cost of wireless 
communication has decreased dramatically as RF 
technology has advanced, the transmission rate has 
increased, and the efficacy and dependability in industrial 
applications have increased. 5G technology, broadband 
wireless access technology, WiFi, and other wireless 
communication distance communication technology have 
become ubiquitous in people’s daily lives in recent years [5]. 
5G technology achieves high-speed low-latency wireless 
connections through optimal networking deployment, 
allowing for fast networking and access to the cloud 
platform, real-time upload and download of large amounts 
of data, and the formation of data interaction between 
platforms at any time and from any location. View data 
and high-definition photos between platforms via a remote 
wireless operating system to control the most up-to-date 
real-time operational status and offer the foundation for 

system decision-making [6].
A high-speed and low-latency wireless link between 

the remote wireless operation platform on water surface 
and other operation platforms is required for the transfer 
of long-distance high-definition image data and control 
directives. Collaborative task planning is a key technology 
for achieving multi-platform collaborative control, 
which entails taking into account the performance of 
platforms as well as the importance of tasks, assigning 
different tasks to appropriate platforms, and ensuring 
that the multi-platform collaborative system completes 
all tasks with the best solution. The remote wireless 
operating platform unites two media, above and below 
the water, and provides improved data collecting and 
analysis processing. As a result, wireless communication 
technology is not only a technical requirement for multi-
platform cooperative system integration, but it is also 
essential for system collaboration.

2.2 Research on Communication Technology be-
tween Underwater Robots and Platforms

The communication between underwater parties 
is the communication between two or more devices 
underwater, and the communication between underwater 
and water is primarily the data transmission between the 
underwater operational robot and the water platform. 
According to whether or not an umbilical cable connects 
them to the platform, underwater robots are classified 
as Remotely Operated Vehicles (ROV) or Autonomous 
Underwater Vehicles (AUV) [7]. Underwater and above-
water communication systems are currently divided 
into two categories: underwater wired communication 
and underwater wireless communication. Two separate 
underwater robots correlate to these two underwater 
communication technologies.

The umbilical cable connection is used to transmit both 
power and control signals from the unmanned surface 
boat to the underwater robot in the forward direction and 
image data from the underwater robot to the unmanned 
surface boat in the reverse direction in real time between 
the ROV and the unmanned surface platform [8]. There 
is no umbilical cord connecting the AUV to the mother 
ship, and wireless communication is used to engage 
with the platform for information and underwater data 
transmission, and the boat has its own power source 
and intelligent autonomous navigation. The majority 
of existing underwater robots are controlled via remote 
telemetry information (and electricity) transmitted via 
fiber optic cable, cable, or umbilical cable. The umbilical 
cable transfers power and control signals from the 
unmanned surface boat to the underwater robot in the 
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forward direction, as well as picture data in real time from 
the underwater robot to the unmanned surface boat in 
the reverse direction. Underwater wired communication 
technology, which involves laying submarine fiber optic 
cable and transmitting data via optical fiber, has the 
following benefits: high transmission rate, high capacity, 
and good anti-interference. Furthermore, the high cost 
and vulnerability to corrosion by seawater and submerged 
animals make underwater communication unsuitable for 
widespread use [9].

Control commands from the surface remote operating 
platform, as well as underwater image data and other 
status data, are sent to the surface platform via cable. Only 
a tiny diameter coaxial cable or optical fiber is necessary 
if only information is being conveyed and no power 
is being transmitted. A significantly thicker diameter 
umbilical cable is necessary if power is also delivered to 
the robot. Robots that use umbilical cords have an almost 
limitless underwater range, and robots that carry cables 
for navigation usually have two options. The robot uses 
the cable-laid navigation approach for single-use, smaller 
diameter coaxial or fiber optic cables. When the robot is 
sailing, the spool is carried by the robot, and the cable or 
fiber optic cable is automatically released from the tail. 
The robot does not have to bear the large cable tension, 
and the cable is automatically released when the robot 
completes the task and needs to return; for the slightly 
thicker diameter of the repeated use of the cable, the robot 
uses the towing cable navigation method, the platform is 
equipped with an automatic tension control cable winch, 
when the robot enters the water navigation, towing cable 
navigation, when the cable tension exceeds the first class 
set value Strong currents and deep sea navigation, in 
particular, need the use of the. The cable applied by the 
wire-controlled robot is under more pressure in strong 
currents and deep sea navigation, and there are more reefs 
in the strait, which can easily cause cable breakage and 
other problems.

2.3 Research on Information Interaction Technol-
ogy for Multi-Underwater Robots

The process of sending and receiving information, 
sometimes known as underwater communication, is 
known as underwater information interaction. Because 
the underwater environment is complicated and unknown, 
underwater communication faces numerous technical 
challenges, and underwater communication has lagged 
behind ground, air, and space communication [10]. Under-
water wireless electromagnetic wave communication, un-
derwater acoustic communication, and underwater optical 
communication are the three main types of underwater 

wireless communication technologies [11].
Underwater electromagnetic communication dates 

back to the First World War, when France was the first 
to conduct submarine communication experiments using 
electromagnetic waves. During World War II, the United 
States Scientific Research and Development Administra-
tion conducted research on short-range radio-magnetic 
communication among divers, but electromagnetic com-
munication in seawater is severely attenuated, and the 
higher the frequency, the greater the attenuation, so it 
cannot meet the requirements of long-range underwater 
networking and can only be used for close-range commu-
nication [12]. Aside from the influence of saltwater features 
on underwater electromagnetic wave communication, the 
flow of seawater has a significant impact on underwater 
electromagnetic wave communication, which is currently 
exclusively employed for long-distance communication in 
shallow water environments [13].

The United States Navy Hydroacoustic Laboratory 
developed the world’s first hydroacoustic communication 
system in 1945, which was primarily used for submarine 
communication. Hydroacoustic communication is the 
most advanced technology in the field of underwater 
communication; the acoustic wave attenuation is small in 
the process of underwater acoustic communication, and 
hundreds of meters of communication transmission can 
be achieved. Underwater, acoustic systems have had a 
lot of success and are widely utilized in communication, 
sensing, detection, navigation, location, and other 
domains. However, underwater detecting equipment 
cannot transmit high-definition real-time video over 
acoustic communication due to high latency, considerable 
signal attenuation, serious multipath effect, restricted 
communication bandwidth, and other characteristics [14].  
Random interference also affects hydroacoustic 
transmission, and data is easily stolen [15].

The United States military began to pay attention to 
underwater laser technology development in the early 
1990s. However, laser communication is now only 
employed for satellite-to-submarine communication, and 
underwater transceiver development is behind. Traditional 
underwater electromagnetic wave communication and 
hydroacoustic communication are contrasted to underwater 
optical communication, which has the advantages of ultra-
high bandwidth, high data transfer rate, security, and 
inexpensive installation and operation costs [16]. Water as a 
communication medium is the fundamental disadvantage 
of underwater optical communication, but water is also a 
highly absorbing medium for light signals, in addition to 
optical scattering generated by particles in the ocean [17].
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2.4 Research on Cooperative Operation of Multi-
ple Underwater Robots 

As operating activities become more complicated, a 
single underwater robot may be unable to handle all of 
the requirements. Because of their spatial distribution, 
efficiency, resilience, and flexibility, many underwater 
robotic systems have benefits that no single underwater 
robot can match [18]. Multiple platforms of underwater 
robots working together to work in difficult seas help 
them to avoid risky circumstances, ensure crew safety, 
and decrease property damage. As a result, multi-robot 
underwater cooperative operation is progressively 
becoming one of the research hotspots, with the control 
module as the fundamental technology [19]. The CoCoRo 
underwater micro-UAV cluster produced by the EU [20], 
the Micro Underwater Explorers (M-AUEs) cluster built 
by the University of California [21], and the SwarmDiver 
underwater micro-UAV cluster developed by Aquabotix, 
USA are all examples. To increase the efficiency of 
cooperative activities, the literature [22] suggested a 
generalized multi-robot cooperative control model 
employing a deep neural network training model. The 
literature [23] thoroughly summarizes the classification 
and current research state of AUV, formation control, 
and hydroacoustic communication capabilities, as well 
as forecasting formation control’s future growth path. 
Harbin Engineering University, Northwestern Polytechnic 
University, and the Chinese Academy of Sciences’ 
Shenyang Institute of Automation all do related research 
on multi-submersible robotic systems in China [24]. The 
multi-submersible robot formation navigation control 
and cooperative positioning of multi-submersible robots 
are studied at Northwestern Polytechnical University [25]. 
Harbin Engineering University is investigating multi-
submersible robot system distributed control structure 
and task coordination mechanism, as well as multi-
submersible robot coordination approaches [26,27].

The control system is at the heart of the multi-robot 
underwater collaboration process, in which each robot 
communicates with the others and provides mutual detec-
tion information in real time to keep a safe distance across 
many platforms. From the perspective of operation control, 
there are three types of multi-robot collaborative opera-
tion architecture: centralized, distributed, and hybrid [28].  
A comparison of the characteristics of these three collabo-
rative operation architectures is shown in Table 1.

Low transmission data rate, delayed transmission, in-
adequate security, and interference in underwater robotic 
cooperative operation communication limit coordination 
and precision. Technical difficulties such as underwater 

remote high-speed dynamic communication and linkage 
between underwater and air networks must be solved in 
order to achieve data exchange across different robots on 
multiple platforms [29].
Table 1. Comparison of multi-robot cooperative operation 

architectures

Advantages Disadvantages

Centralized
Only one control unit for task 

division and management, 
easy to control

Less flexibility

Distributed
Each member is equal to each 
other and makes all their own 
decisions about their actions

Poor resource sharing 
and coordination

Hybrid

Unified management of some 
members of the underwater 

robot, followed by task 
division and division of labor, 

sharing of resources and 
coordination of conflicts

Complex structure for 
system complexity and 
distributed autonomous 
decision making among 

multiple robots

3. Conclusions

The remote wireless operation platform is connected 
to other platforms via a high-speed, low-latency wireless 
connection, and hydroacoustic communication is used 
remotely. Communication between other platforms and 
ROVs in the near range uses twisted-pair cables in the 
umbilical cable to transmit both the operation commands 
of underwater HD cameras, sonar, and manipulators, 
as well as the signals used by the surface manipulation 
console to control them [30]. In the complicated and varied 
underwater environment, optical communication is used 
to accomplish information interaction and data sharing 
between multipurpose underwater robots. The remote 
wireless operating platform combines hydroacoustic 
and wireless communication, with hydroacoustic 
communication being used when wireless communication 
is out of range and wireless communication being used 
when it is. It offers high data rate, high security, and 
short delay time communication transmission between 
platforms, platforms and underwater multipurpose 
robots, and underwater robots, and improves cooperative 
operation coordination and precision.

Without the use of underwater communication tech-
nology, information exchange between surface platforms, 
underwater robots, and platforms and underwater robots, 
as well as joint operations, are impossible. One of the 
most essential technologies in the development of remote 
operating platforms is underwater communication tech-
nology. Security, transmission speed, or real-time, and 
transmission efficiency are the primary issues in underwa-
ter communication technology today. The core challenge 
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of remote control, underwater communication network, 
and underwater communication security issues are the 
focus of future development. The US has implemented 
large application projects in the fields of underwater 
acoustic communication, radio communication, and 
optical communication, among others. In the future, it is 
anticipated to break the underwater communication and 
cross-domain communication bottlenecks. China has 
conducted seawater quantum communication experiments, 
demonstrating for the first time the viability of underwater 
quantum communication with communication distances 
of hundreds of meters.

At the same time, an essential long-term development 
plan direction for remote operation platforms is underwa-
ter robot formation cooperative control technology with 
higher system reliability and higher data update rate. High 
system compatibility, signal power augmentation, en-
cryption and decryption, and modulation technologies are 
predicted to be represented in future advancement in robot 
formation cooperative control technology. A future devel-
opment trend is to combine explicit and implicit commu-
nication amongst individual case platforms. Furthermore, 
as remote operation platforms face increasingly difficult 
mission missions, future research on multi-platform col-
laborative systems will focus on how to achieve dynamic 
collaborative task assignment and redistribution, maxi-
mize the characteristics of each platform, target, and avoid 
conflicts and interference within collaborative formations.
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In the physiological measurement science and the in-
dustrial chemical process monitoring, Electrical Imped-
ance Tomography (EIT) as imaging technology has gained 
interest due to its low cost, noninvasiveness, flexibility to 
be customized, and non-radiation to replace the X-Ray, 
CT-Scan, MRI, and Ultrasonography. EIT is the evolution 
of Electrical Resistance Tomography (ERT) that has been 
widely used in the geotechnical field. In EIT, the sensor 
is mainly in a close boundary attached to the periphery of 
the human body or pipe/tank. The EIT sensor consists of 
a conductive circle-shaped electrode array. Through the 
collection of impedance measurement at very low ampli-
tude current and less than 1 MHz frequencies, the 2D/3D 
electrical conductivity or permittivity distribution is re-
constructed in a real-time manner to represent an object 

of interest such as an anomaly of physiological condition 
inside the human body [1], a material characterization [2], or 
a multiphase flow distribution inside the pipe/tank [3].

For more than three decades of EIT development study 
at the academic laboratories since the late 1980s, EIT’s 
data acquisition system should be very sensitive and 
accurate to detect the conductivity change of the object 
of interest. A sophisticated impedance measurement cir-
cuit is primarily used in this requirement [4]. Meanwhile, 
considering the measurement time, the sophisticated im-
pedance measurement circuit takes a lot of measurement 
time. Moreover, the measurement time is getting slow if a 
higher number of electrodes are used. In the case of mul-
tiphase flow application, the EIT system should provide a 
high-speed frame rate to show a reconstructed image that 
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is at least ten times higher than the speed of multiphase 
flow [5]. Among the three variables of EIT system perfor-
mance (sensitivity, accuracy, and frame rate), prioritizing 
one variable will sacrifice another. Therefore, most of EIT 
system is customized to a particular application.

From this point, the rest of the EIT system problem is 
due mainly to a lack of spatial resolution. It is because 
the EIT uses a nonlinear current distribution, and con-
sequently, the reconstruction of EIT is an ill-posed and 
ill-determined problem. The most optimum EIT system 
(considering the three variables as aforementioned before) 
still cannot guarantee a significant improvement in spatial 
resolution. It is still far beyond X-Ray image resolution. 
This issue is the main reason EIT is still difficult to go for 
a market. Despite reaching a higher spatial resolution to 
show a clear structure of the object of interest, most of the 
EIT system provides a robustness reconstructed image in 
which any small conductivity change from the object of 
interest can be detected and reconstructed.

To improve the robustness reconstructed image, a large 
amount of data from the collection of multifrequency 
impedance measurements in a time domain have been 
widely used. This is due to that the conductivity change 
of the object of interest is a function of frequency distri-
bution. It is also a fundamental way to evaluate the object 
of interest in the frequency spectrum of reconstructed  
images [6,7]. Additionally, the conductivity of change of the 
object of interest occurs in the time domain monitoring or 
imaging [8]. Moreover, integrating with other modalities 
with different sensor configurations could be possible 
such as with electrical capacitance tomography (ECT) [9,10],  
mutual inductance tomography (MIT) [11], and Ultra-
sonography [12]. The dual modalities system causes a more 
complicated sensor and takes a longer measurement time; 
however, it may provide a prominent result in the most 
sophisticated system.

Following the effort to improve the robustness of re-
constructed images, machine learning (ML) is currently 
employed [13]. Remember that a high computational cost 
and a complex regularization to solve the reconstruction 
problem are troublesome and time-consuming in the case 
of the ill-posed and ill-determined case. In order to bypass 
the problem of conventional reconstruction processing, 
the ML predicts the true conductivity distribution by gov-
erning a neural network trained in the initial condition 
of EIT measurement. Some promising studies show the 
performance of ML, such as prediction of the most opti-
mum scanning measurement pattern [14], restoration of re-
constructed image [15], estimation of the object of interest 

without an image [16], and recognition of hand prosthesis 
control [17].

In ML applications for EIT, a predictive model is 
developed through neural network training from a data 
set collection. For image classification, a convolutional 
neural network (CNN) is commonly used because its as-
signing of important variables (such as learnable weights 
and biases) to various features in the image will be able 
to differentiate each other [18]. Meanwhile, a Long Short-
Term Memory (LSTM) network for the case of time-do-
main data because of its feedback connection among 
the data points in the entire sequence [19]. The predictive 
model is very sensitive to the random selection of initial 
parameters. This random selection causes the predictive 
model becomes more difficult to be duplicated even using 
the same training dataset and ML framework algorithm 
(including model parameter, and optimization functions). 
Thus, governing the predicted model should be evaluated 
with some different frameworks.

The most critical accuracy issue of the predictive mod-
el from a neural network training is based on the proper 
classification data on the data set, which has the desired 
feature extracted from the object of interest in the prior 
condition of EIT measurement. Different application 
has their own different feature. In EIT for physiological 
measurement, a conductivity change related to a particu-
lar physiological condition or disease is biased by other 
confounding factor such as systematical error during the 
measurement, unknown contact impedance, tempera-
ture change, and boundary change. Thus, it is crucial to 
discriminate the confounding factors of EIT during the 
measurement. Otherwise, the output of ML will be misin-
terpreted.

Finally, the maturity of ML application for EIT will 
be limited to an early warning system instead of a true 
physiological condition. Though, we can still obtain this 
benefit by observing the predictive conductivity distribu-
tion without suffering the ill-posed problem in the recon-
struction image. Moreover, in a straightforward method, 
a predictive model without using a reconstructed image 
but providing the binary data results representing the true 
feature of the object of interest could be challenging and 
interesting for future EIT applications [20]. 
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This paper focuses on the application of solar energy along with 
microcontrollers to design and run a motor to pump water from various 
sources. The solar water pump is one of the applications or appliance that 
perform task with the use of solar radiation. The solar water pump consists 
of solar PV array, solar pump, inverter, AC water pumping device etc. Solar 
energy radiation is converted in electrical current or power source which 
is then used to run a pump and draw water directly from ground, wells, 
rivers, lakes etc. In this paper, the relationship between flow rate of the 
water and luminous intensity of the solar irradiance is studied and the data 
are linearly fitted to find out the correlation between these parameters. Also 
the study about efficiency of the solar powered water pump shows that 
the operation of this type of pumping system is quite efficient than other 
types of fossil fuel engines like diesel, petrol, kerosene etc. in long run. The 
use of Arduino Uno, flow sensor, LDR sensors in the solar powered water 
pump helps to analyze the relation between these parameters and know the 
conditions favorable for excess supply of water in short time efficiently. 
These solar powered devices are the future of clean and green future of this 
world. Thus it is not only necessary but also compulsory to enhance the 
usage of solar energy throughout the globe.

Keywords:
Solar PV array
LDR sensor
Water flow sensors
Arduino Uno and Liquid
Crystal display

1. Introduction 

1.1 General Introduction 

The most abundant source of energy available on earth 
is solar energy. Solar energy is most essential source of 
energy for the living creatures on this planet. Also for 

several physical and chemical changes usually occurs 
on the earth also uses solar energy. It is the free energy 
which can be converted into other form of energies and 
perform several task. This energy is inevitable source of 
energy as life is not possible without it. The bad impact of 
continuous consumption of fossil fuel on the environment 
encouraged the scientist to switch over the renewable 
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sources such as solar energy, wind energy, biogas etc. to 
power the different devices. As solar energy is abundantly 
present and can be utilized without any permissions so it 
is providing the best alternative of all other nonrenewable 
energy sources. Not only necessarily but also compulsory 
use of renewable energy sources such as solar energy is 
the best solution for the energy crisis related problem in 
Nepal [1].
Solar energy to run water pumps

Water is necessary for the daily life activities of any liv-
ing beings. With the periodic development of civilization 
on the earth the use of water by humans is massive which 
is also becoming the huge problem as the supply of water 
is insufficiently fulfilled. And in most places the supply of 
water is done by running motors from direct electrical grid 
or from diesels engines motors which is both costly and 
harmful. That is why a sustaining solution is needed to 
solve the water crisis in such remote places where there is 
no facility of direct electrical grid and the use of fossil fuel 
will be massively expensive. This solar powered water 
pump can operate throughout the daylight and can deliver 
water continuously. Since the solar powered energy 
generation is ecofriendly it is mostly used nowadays. The 
solar water pump consist solar cell, solar pump, inverter, 
AC water pumping device etc. Solar energy radiation is 
converted in electrical current or power source which is 
then used to run a pump and draw water directly from 
ground, wells, rivers, lakes etc. The operation of solar 
powered water pump is more economical than other types 
of pumping system [2].

1.2 Rationale

Solar powered water pumps have several advantages 
over the internal combustion pumps as it does not pollute 
the environment and also have less maintenance cost. It 
does not require fuels to operate and it has potential to 
change the lifestyle of people living under the shade of 
water crisis for ages. As per the “Global Water Supply 
and Sanitation Assessment Report” of WHO there are 1.1 
billion people around the globe who have not access to 
pure drinking water and this data was estimated to become 
3 billion by 2025 [3]. Thus to control the upcoming water 
crisis around the globe it is necessary to take action and 
solve this problem using solar powered water pumps. 
The SPWP can deliver water as per necessity by use of 
required size of solar panels because the amount of water 
that need to be supplied is directly dependent to the size 
of the PV system and on the size of the pump. A solar 
panel contains solar cells made up of silicon wafers which 
is used for fabrication of integrated circuits. Firstly, power 
is generated on the system using solar Photo Voltaic 

array cells. Inverters in the pumping system convert the 
DC from the solar array into AC. Secondly, a controller 
works as back up voltage regulator in case if the system is 
switched off when the voltage is too high or too low. Solar 
powered water pumps operate throughout the day light as 
it is directly dependent on the luminosity of the sunlight [4].

1.3 Solar PV Water Pumping System 

There are number of ways of designing solar powered 
water pumps and among them PV water pumping 
system is mostly used. Figure 1 shows the generalized 
representation of solar PV water pumping system [5]. A 
solar powered conversion system comprises of PV panels 
along with the tracking system for improved efficiency 
which accumulates the solar energy and converts it into 
electrical energy. Mainly the energy is generated in DC 
but the pump mostly available in AC so the output energy 
is needed to be converted to AC by using inverter. And 
the pumps can be classified on the basis of installation 
that is either submersible pumps or surface water pumps. 
It pumps the water from the sources or reservoir to 
the container or tank installed at some height and thus 
delivery of water could be easy by the gravity flow [5,6].

Figure 1. Generalized representation of solar powered 
water pump 

Source: KCP Solar, 2020

This figure shows the schematic representation of solar 
powered water pump in which solar panel is used along 
with the controller and submersible pump that pumps 
water to the storage tank.

1.3.1 Motors

Different types of DC motors like brush, brushless, 
magnet type and AC motors like induction synchronous 
are used in solar powered water pumping systems. 
The proper choice of motor relies on the efficiency of 
the system, size of the system, price, input power and 
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availability of the system. DC motors do not need any 
controller or inverter to convert the DC output, as their 
output is directly utilized by the system. DC motors are 
efficient for large applications most likely above 9 hp, but 
AC motor requires an inverter to convert the DC output 
of PV array to AC. It requires extra cost and extra energy 
along with the decrease in efficiency of the system up 
to some extent due to the use of the inverters. So DC 
motors are more popular than AC motors due to its high 
efficiency and performance [7].

1.3.2 Solar Pump

The type and selection of solar pump is done on the 
basis of discharge and head of the water. Low lead marine 
grade bronze and stainless steel are used to manufacture 
the solar pumps. These pumps are designed such corrosion 
and maintenance free to work in varying environment with 
long life span of working. As per application submersible, 
floating and surface water are the three classification of 
solar water pumps. The pumps that are installed in deep 
bore wells are submersible, pumps drawing water from 
ponds, lake, rivers are surface water pumps and those 
pumps which floats in the water of the reservoir are the 
floating water pumps. In submersible and floating water 
pumps, both the motor and pump are attached in a single 
unit but they are integrated separately in surface water 
pump [8].

1.3.3 Pump Head

The height difference between the water storage tank 
and water reservoir is the pump head. The pump head 
is different with the varying capacity of the solar pump. 
More hp solar pump can lift water from low height to up 
height more efficiently [8].

1.3.4 PV Generators

These generators consist of PV module which were 
connected in series and parallel according to current and 
voltage required for the operation of water pump along with 
the running motor. These PV modules consist of PV cells 
which converts the solar irradiance directly into electrical 
power. The energy converted from PV cell depends on the 
climatic condition. It has maximum operating point that 
is dependent on the irradiance level. During the morning, 
evening, cloudy and winter season the irradiance level is low 
due to which a linear current booster is used to match up the 
current level of the motor [7,8].

1.3.5 Controllers

During the maintenance and no use condition a circuit 

breakers helps to switch off the pumps with the help of 
controllers. At the required head and flow rate, the pumps 
require a certain power to deliver certain amount of water. 
That is why controllers along with the proper PV array 
size helps to maintain the power in the motor and the 
pumps [8].

1.4 Research Objectives

1.4.1 General Objectives

The general objective of solar powered water pump is 
to pump water from various sources using the available 
solar energy in efficient manner. Maximum utilization of 
these freely and abundantly available solar energy to solve 
the water crisis in different corners of the world is to be its 
general objectives.

1.4.2 Specific Objectives

This project objectify to study the relationship 
between the outputs of solar powered pump with the solar 
irradiance at certain time period. It also specifically aims 
to study the efficiency of solar powered water pump.

1.5 Contribution of the Study

This project gives the general idea about the solar 
energy and its possibilities in present world.

It also helps to understand the terms related to solar 
powered water pump and other devices used to operate 
the solar water pump.

The correlation between flow rate and solar intensity 
is observed which shows the efficient operation of solar 
powered water pump.

This project will enable the researcher to know about 
Arduino Uno and other materials as well as software used 
during the research work.

Finally this project gives framework to carry out solar 
related project in wider sense and carry out project in the 
field.

2. Literature Review 

2.1 Overview of the Subject

Nowadays solar powered water pumping system is 
widely used all over the world in order to pump water. 
It is found that the solar energy is the best alternative 
energy source for several purposes. It is also being used to 
generate electricity, run several other electronics devices 
and operate variety of motors efficiently. The use of solar 
based machines is reliable and easy to maintenance so 
it is mostly preferred nowadays. It is reliable and less 
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expensive in long term maintenance cost though its 
installation cost is high. A simple layman can maintain 
this solar powered water pumps. The facility of direct 
conventional power is absent in remote areas of Nepal and 
also some places where there is facility of direct electrical 
grid it will cost high to operate motor for desired period of 
time to fulfill their water need that is why an economical 
and flexible pumping system is needed to pump water in 
such backward areas. This technology seems to be very 
new for many of us but its possibility is being studied 
from very long period of time about early 1900s [9]. 

2.2 Historical Evolution

In 1920 a steam engine was run by using solar 
energy concenters to pump water upto a height of 6m by 
Harrington [10]. And the first case of solar PV water pump 
was reported in the Soviet Union in 1964 [11]. Though the 
flow rate and working head of the water pumping systems 
were small, but these studies proved milestones in the 
development of future solar operated water pumping 
system. Nebraska of Mead in 1977, constructed first large 
scale PV operated pumping system on an experimental 
basis. The capacity of this water pumping system was 
3.8 m3 per min and could run for 12 hours a day. On the 
way of its development and method of conversion of 
solar energy into mechanical energy it was classified in 
two broad categories- solar thermal and direct conversion 
schemes. The schemes of direct conversion methods 
convert solar energy into the electrical energy, which 
powers the DC/AC motor that in turns operate a pump. 
It was also found that the thermodynamics conversion 
were less efficient but requires high maintenance though 
they were cheaper than direct conversion methods [12].  
Dunford and Ward, studied the technological and 
economic feasibility and performance of solar powered 
water pumps under the meteorological conditions of 
Zimbabwe and found that for borehole, the progressive 
cavity pumps were most efficient and economical [13]. 
Similarly Mankbadi and Ayad, investigated on the 
technological viability of various types of SPWPS 
under the meteorological conditions of Egypt. From this 
technological studies they categorized these SPWPS as 
solar PV, solar thermal and other solar water pumping 
methods [14]. Later on Chowdhury discussed the detail 
guidelines for SPVWPS and they designed five different 
SPVWPS of different capacities, for five different places 
of USA. The performance and reliability of study were 
carried out for 2 years in which they found that PV power 
was a cost effective alternative for remote water pumping. 
And they also concluded that the reliability of PV systems 
in terms of operation was very good [15]. All these above 

mentioned findings can conclude us to the fact that in the 
decades of 70-80, the researches and investigations were 
mainly focused on thermodynamics conversion principle 
to use the solar energy for water pumping but very few 
studies were reported on direct conversion principle of 
using solar energy for water pumping energy source. The 
technology in solar PV water pumping has been advancing 
steadily since 1980s. The World Bank executed a UNDP 
funded project entitled ‘Small Scale Solar Powered 
Pumping Systems’ from 1975 to 1983 [16]. This project 
proved the possibility of solar energy as alternative energy 
in pumping water efficiently. After the taste of success in 
this particular project the World Bank extend its funding 
in several countries for the development of solar powered 
water pumps. Though the implantation of solar powered 
water pump increases rapidly, its efficiency and feasibility 
is doubted for a long time. But further study and 
experiments done around late 1990s shows the efficiency 
of this solar powered water pumps to be more than other 
several fossil fuel powered pumps [17]. Previously the use 
of solar powered water pumps was done in small scale 
to pumps water for household purposes only but from 
early 2000s the use of such pumps in the development 
of irrigation project increases. The use of PV pumps 
was began to irrigate the barren lands around the globe 
massively [18]. Solar heater system is developed to heat 
water using direct solar water pump instead of electric 
pump and integrated combined system of a photovoltaic 
thermal solar water heater has also been designed in the 
year 2008. Solar PV system can also be used in temporary 
traffic signs, emergency phones, radio transmitters, water 
irrigation pumps, stream-flow gauges, remote guard post, 
lightning for roads etc. [23]. 

2.3 History of Solar Powered Water Pumping 
System in the Context of Nepal

A special mechanical valve to pump water is invented 
in 1968 [19] and is being used as solar powered water pump 
since then all over the world. The efficiency of solar PV 
system is about 10% to 23% and its study is being done 
time to time in order to increase the efficiency and supply 
the power direct to the grid system.

In the context of Nepal solar energy is in use for 
various purposes like production of electrical power to 
fulfill electrical demand of every household in remote 
areas where there is no facility of direct electrical grid. 
The first solar powered pumping system was installed in 
1993 in Sundharighat, Kathmandu in Nepal, which was a 
4 KW system [19]. And then several project were adopted 
in subsequent years but not widespread. Around 2015, 
solar powered pumps evolved as a potential solution for 
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drinking water and irrigation in several remote areas of 
Nepal. Several isolated programs installed solar irrigation 
pumps through Government of Nepal subsidies or grants 
from the development partners. In 2015, the USAID 
Accelerated Commercialization solar photovoltaic Water 
Pumping (AC-SPVWP) was implemented in two phases 
where the first phase includes 69 SPVWPs in 16 district of 
terai with combined capacity of 53.15 kWp which benefits 
392 farmer groups. And in second phase an additional 
120 systems were installed in 2017 [20]. Also International 
Centre for Integrated Mountain Development (ICIMOD) 
developed 1.2 KWp – 2.4 KWp solar irrigation project in 
Bara, Saptari, Sarlahi and Ruatahat districts in Terai [21].  
And so many other similar were conducted in several 
districts of Terai regions. Similarly Gandaki province on 
Nepal has conducted many solar drinking water project 
in different remote parts of its different districts like 
Syangja, Tanahun, Kaski, Myagdi etc. Only in Tanahun 
districts there are 151 small and large scale solar water 
drinking project developed by allocating budget of around 
270 million. Likewise in recent years Government of 
Nepal is also promoting solar water project by giving 
subsidies to similar project all over the country. As per the 
15th periodic plan, the GON plans to increase SIPs over 
6500 cumulative installation from 2021 to 2024 through 
Alternative Energy Promotion Centre (AEPC) [22], but this 
number may still be less of the total demand. 

3. Materials and Methods

1) Initial survey and planning: The initial survey is 
about pumping techniques and other systems related to 
this project. So we have to access all the parts and devices 
necessary to pump water using solar pump.

2) Site visit and case study: Our proposed project 
site to take data from our prototype device is Kathmandu 
municipality ward number 16, Balaju. We will be visiting 
the site and study their water source availability and 
collect the information about the problems of water at 
that site. From site visit we gather information about the 
pumping system existed in that locality.

Figure 2. Balaju industrial area 

Balaju industrial area is the reference place of the 
project experimentation location which is only 50 meter 
ahead of project location.

In Figure 3, exact location of project experimentation 
is shown using blue bullet arrow along with the green 
notation.

Figure 3. Location of experimentation with the device

3) Collection of information and data: After site visit 
we have to collect all the necessary information that are 
needed to perform the solar pump experiment with that 
prototype device at that site. The previous water source of 
that site, distance between the community and water source, 
altitude of water available source, daily consumption of 
water previously and other possibilities of water usage which 
are some topic to be highlighted for that site.

3.1 Working of Arduino Based Solar Powered 
Water Pump

In this research, LDR and LM35 sensors have been 
used to measure the luminous intensity and temperature 
respectively. The motor gets DC current from the solar 
panel and operate to pump water whose flow rate are 
been sensed by flow sensor. All the measured values from 
sensors have been received by Arduino Uno. Then the 
Arduino displays those values in the LCD that is operated 
from reserved DC source which is shown in Figure 4.

This is the block diagram of solar powered water pump 
which shows the connection of other hardware with the 
Arduino Uno device and all the data programmed are 
displayed in LCD display.

3.2 Software Used in This Research

3.2.1 Arduino Software 
To control Sensors and the Arduino, Arduino software 

is being used, that known as Arduino IDE. In this 
software it uses a code known as sketch written in C+ and 
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C++ programming languages. Arduino uses the sketch 
as a group of instruction to control all the sensors and 
components connected within it. This software is used in 
this research in order to write sketch and when the sketch 
is complete, we upload that to Arduino hardware. Arduino 
version 1.8.10 is being used in this research which is 
shown in Figure 5.

Arduino
Uno

Heat Sensor

SolarPanel

Flow
Sensor

Serial

P

LCD
Display

LDR Sensor

Figure 4. Block diagram of solar powered water pump

This Figure 5 shows the coding works carried out using 
Arduino Uno software.

3.2.2 Origin Software

It is a computer program for scientific graphing and 
data analysis produced by Originlab Corporation. This 
software is used by many physicists, engineers, scientists 
of commercial industries, academia and government 
laboratories that is why its users are over half a million 
globally. It provides an easy interface for beginners, 
allowing them to make templates for repetitive tasks 
and to perform batch operations, without the necessity 
for programming. Several types of data analysis can be 
done by this software such as polynomial fitting, linear 
fitting, non-linear fitting, single peak fitting, exponential 
fitting etc. Generally this software also includes statistical 
analysis such as descriptive statistics, hypothesis test, 
ANOVA test, non- parametric test survival test etc. This 
research uses 8th version of origin software which is 
shown in Figure 6.

In this figure above, task performed using origin 
software is shown which performs mainly statistical 
analysis.

3.3 Circuit Diagram and Working

The circuit diagram of solar powered water pump 
system is shown in below Figure 7. As shown in the 
figure, the circuit diagram consists of solar panel, water 
pump, Arduino Uno along with temperature and light 
sensor, LCD and flow sensor in systematic order so that 
a system makes a portable solar powered water pump. A 
photo voltaic solar panel is connected to the Arduino Uno 
system in between which a DC water pump is connected 
which converts the solar energy into mechanical energy 
and pump water. In order to control the current flow in 
the Arduino Uno system resistor are connected in both 
the terminal of the solar panel connecting wires. LM 35 
temperature sensor and LDR light sensor are also designed 
in the Arduino Uno device which measures the value of 
temperature and luminosity respectively. When the DC 
pump operates it pump water and in the process water 
flows from the flow sensor which then measures the flow 
rate of water. Finally all the measured value of the sensors 
are displayed in the 16*2 LCD. When light strikes in the 
solar panel it generates DC current which is used to run 
the motor and thus pump water through the flow sensor 
which measure the flow rate in lit/min. LDR light sensor 
measure the luminous intensity of the sunlight and display 
the lux value in the IC2 LCD. The LCD displays four data 
including temperature, flow rate, intensity, voltage offered 
by solar panel. In such way a solar powered water pump 
operates by the use of direct sunlight. 

In this figure, circuit diagram of the device is shown 
which consists of solar panel, water pump, LCD display, 
Arduino Uno along with other sensors. 

3.4 Field Observation and Data Collection

Data collected in Balaju area, Kathmandu on 2022/06/08 
at around 11AM- 3PM. Figure 8 shows the information 
about the area of data collection. 

Figure 8 shows the location of experimentation (in left) 
and data collection (in right). 

The data collected at this location using device are 
shown in the Table 1 below. 

In Table 1, all the data collected during experimentation 
are noted respectively in serial wise for different time, 
intensity, voltage, flowrate, and temperature along with 
its weather type. In this table weather type is noted by 
manual observation.
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Figure 5. Arduino software

 

Figure 6. Origin Software
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Figure 7. Circuit Diagram

   

Figure 8. Data collection using device in Balaju area 
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Table 1. Data collected at Balaju Area using prototype 
device.

Sn. Time
Intensity 
(lux)

Voltage
(V)

Temperature 
in Celsius

Flow 
rate
(L/m)

Weather 
type

1 11:17AM 1383 19.40 43 0.44 Sunny

2 11:27AM 1338 18.90 39 0.41 Sunny

3 11:37AM 463 18.37 34 0.44 Cloudy

4 11:47AM 1244 19.54 41 0.43 Sunny

5 11:57AM 431 17.88 36 0.29 Cloudy

6 12:07PM 1184 20.03 36 0.40 Sunny

7 12:17PM 590 18.60 33 0.36 Cloudy

8 12:27PM 1088 18.35 42 0.39 Sunny

9 12:37PM 1108 19.60 37 0.42 Sunny

10 12:47PM 329 17.81 32 0.17 Rainy

11 12:57PM 216 17.06 27 0.02 Rainy

12 1:07PM 255 18.00 30 0.14 Rainy

13 1:17PM 292 18.18 29 0.14 Rainy

14 1:27PM 139 18.26 28 0.17 Rainy

15 1:37PM 140 18.32 29 0.25 Rainy

16 1:47PM 189 18.74 31 0.30 Rainy

17 1:57PM 209 19.02 30 0.33 Rainy

18 2:07PM 212 18.80 33 0.41 Rainy

19 2:17PM 508 18.65 38 0.35 Cloudy

20 2:27PM 453 18.65 36 0.33 Cloudy

21 2:37PM 313 17.51 34 0.18 Cloudy

4. Results and Findings 

Various types of sensors and component are connected 
to Arduino Uno with the help of wires. The solar powered 
pump is constructed using Arduino, solar panel, DC pump, 
flow sensor etc. the device looks like as Figure 9(a), (b) 
and (c) below.

(a)

(b)

(c)

Figure 9. (a): Arduino Uno connected with LCD and 
LDR sensor; (b): Input and output of pipe connected 

with flow sensor and motor; (c): Arduino based system 
connected with motor and flow sensor

With the help of this prototype device the flow rate of 
water pumped from direct solar current is observed near 
Balaju area. 

4.1 Results Obtained at Balaju Near Industrial 
Area

Figure 10 is the location of data collection. The result 
of analysis of flow rate and luminous intensity has been 
done in this location is as below.
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Figure 10. Location of data collection

(Position: 27.7294° N, 85.3032° E’ Latitude: 27.7294° N’, 
Longitude: 85.3032° E’, Altitude: 4258ft) 

4.1.1 Temperature Data Obtained from the Device 

In this location the data are recorded in the morning 
and afternoon and the following variation of temperature 
and humidity are obtained in those different phase of time 
is shown in Figure 11. 

Figure 11. Variation of temperature with time

4.1.2 Intensity Data Obtained from the Device

With the help of Arduino based device analysis has 
been done in the same location for Luminous Intensity too 
which is shown in Figure 12. 

Figure 12. Variation of intensity with time

4.1.3 Flow Rate Date Obtained from Device

Flow rate sensor of the device helps to collect flow rate 
data at the specific period of time in the unit of liter per 
minute is shown in Figure 13.

Figure 13. Flow rate of water at different time period

4.1.4 Weather Data from Manual Observation

Weather of the specific period is noted manually using 
electronic device and also tabulated in Figure 14.

Figure 14. Weather variation with time and intensity.
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4.1.5 Voltage Data Obtained from the Device

Voltage offered by the solar panel is displayed in the 
LCD whose relation with temperature is shown in the 
curve below in Figure 15.

Figure 15. Relation of temperature and voltage

4.1.6 Relation between Voltage and Flow Rate

The rate of flow and the solar panel voltage is shown in 
Figure 16.

Figure 16. Relation between Voltage and flow rate

4.1.7 Relation between Water Flow Rate with 
Intensity

The graph of the relation between water flow rate and 
intensity of sun rays is shown in Figure 17.

Figure 17. Pattern of water flow with Intensity

4.2 Comparison and Analysis of Data 

The analysis of the data obtained from the device is 
done by linear fitting of the data as shown below. 

4.2.1 Linear Fit of Intensity, Voltage, Temperature 
and Flow Rate with Time Frame 

The result of the linear fit of intensity, voltage, temperature 
and flow rate with time is shown in Figure 18.

Figure 18. Linear fit of the data obtained from the device

The standard deviation of the values and regression 
coefficient obtained are as shown in Table 2:

Table 2. Analysis of linear fit of the data using linear 
regression

S.N. Parameters Value Error
Linear fit 
equation

1 A 4429.04584 909.89856 Y = A + B * X

2 B –7141.83896 1681.20094 Y = A + B * X

3
Regression 
coefficient

–0.69794 - -

4
Standard 
deviation

323.96828 - -

5. p-value 4.34935E-4 - -

4.2.2 Linear Fit of Intensity with Time Frame of 
the Data

The linear fit of intensity with time is shown in Figure 
19 the red color shows the linear fit of the data. 

Figure 19. Linear fit of intensity data
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4.2.3 Linear Fit of Voltage and Flow Rate over 
Time Frame

The linear fit of the graph with the parameter of voltage 
and rate of flow of water is shown in Figure 20.

Figure 20. Linear fit of voltage and flow rate data

5. Conclusions and Discussion

In this research, construction and working of solar 
powered water pump have been explained using Arduino 
based device to store data. This specially designed solar 
powered water pump works with three sensors and meas-
ures four parameters temperature, solar intensity, water 
flow rate and voltage offered by solar panel. All setup of 
the device is done very carefully so that no flaws occur in 
the data collection. Some sorts of data like temperature, 
voltage are also noted using handheld device like ther-
mometer and multi meter. 

After collecting all the data from the device, the data 
are interpreted using linear fit model of linear regression. 
In the above Table 2 the linear fit of the whole parameters 
is done over time but the linear fit is observed for the in-
tensity data only which shows that there is negative corre-
lation of the parameters as the regression coefficient value 
is –0.69794. This observation is quite often because when 
time passes by the intensity also decreases gradually and 
during night time pump stops pumping water as there is 
no presence of any intensity to operate solar panel. 

Table 3 is plotted to analyze the difference in regres-
sion model of the intensity data when plotted along with 
all other parameters as in Table 2 and this shows us that 
there is not any effect of other parameters in the correla-
tion of the intensity data over time. Also we find that the 
probability value of the data observed is less than the sig-
nificance level which proves that the relationship observed 
in the sample also exists for the larger population. From 
this regression analysis we got to find out that the changes 
in time also affect the intensity which helps to conclude 
that non-zero correlation exists in the population. 

Table 3. Analysis of linear fit of intensity data using linear 
regression

S.N. Parameters Value Error
Linear fit 
Equation

1. A 4429.04584 909.89856 Y = A + B * X

2. B –7141.83896 1681.20094 Y = A + B * X

3.
Standard 
Deviation

323.96828 - -

4.
Regression 
coefficient

–0.69794 - -

Also from Table 4 it is seen that the regression coeffi-
cient is –0.33196 which helps us to understand that there 
is negative correlation between the voltage and time frame 
of the data but the probability value is greater than the 
significance level and that is why this relation observed in 
the sample is insignificant for the larger population. This 
observation helps us to conclude that voltage of the panel 
is independent with the time frame instead it is dependent 
on the type and power of solar panel used. It means that 
the high kilowatt solar panel gives more current and thus 
more supply of water.

Table 4. Analysis of linear fit of voltage and flow rate data 
using linear regression

S.N. Parameters Values Errors Equation

1. A 21.38065 1.83034 Y = A + B * X

2. B –5.18774 3.38188 Y = A + B * X

3.
Standard 
deviation

0.65169 - -

4.
Regression 
coefficient

–0.33196 - -

In this way, all the outcomes of this study are as ex-
pected since the pattern of the data observed from this 
prototype device is quite coaxial with the data that can be 
obtained from the standard devices. So it can be conclud-
ed that the project work is successful to meet the objective 
of studying the relationship between parameters involved 
in the solar powered water pump.

6. Summary and Recommendation 

As so many new technologies are developing in the 
world day by day, the advancement in the solar device is 
also inevitable. So in this research something new with 
the solar powered water pump is done to build up the re-
liability of the solar pump and develop the usage of solar 
powered water pump widely. 

In this research, solar powered water pump is con-
nected with the Arduino device along with the luminous 
intensity sensor, water flow sensor, temperature sensor 
etc. The use of these sensors in this device made it more 
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informational and precautionary. As we observed from 
the data and its graphical relation with intensity param-
eter that flow rate of water is continuous even in the low 
luminous period of time it can be used throughout the 
day. This device can be revolutionary in the fulfillment 
of energy demand in the upcoming future in every field 
not only in water supply. It can deliver efficient amount 
of water in the remote part of the villages all over the day 
time. Nowadays both our neighboring countries India and 
China are investing huge amount of its national budget in 
the development of solar plant, solar irrigation and solar 
energy generation. This also shows the future importance 
of solar powered devices in the sector of irrigation, city 
water supply, energy generation etc.

This solar powered water pump provides information 
about luminous intensity and flow rate of the water at any 
time. It is easy to operate using portable charging devices 
like power bank, back up batteries, or even direct from 
solar current in wider sense. From this research it can be 
estimated that the use of solar energy is the major solution 
for the probable energy crisis of future. Thus it is recom-
mended that such type of research regarding the advance-
ment of solar powered water pump should be done in wid-
er aspect to fulfill the water demand of next generation.

The prototype device discussed in this research is more 
reliable in the sense that it is more informative and port-
able. This device can be made more efficient by adding 
some other advanced technology and improving standard 
of the device that is being used. 
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