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Abstract—Most developing countries depend on conventional 

water quality monitoring methods which are usually expensive, 

complicated, and time-consuming. In recent years, stationary and 

portable water quality monitoring and a mobile surface vehicle 

have increased the utilization of on-site water measurements and 

monitoring. The first has the disadvantage of small coverage area 

while the second has its cost and operational complexity. This 

paper addresses these issues by placing materials and equipment 

used in fixed online water quality monitoring and using a 

customized and low-cost unmanned surface vehicle. The 

measurements are taken automatically on the equipment 

onboard the unmanned surface vehicle (USV), transmitted 

wirelessly to a PC-based remote station or nearby stations and 

saved there in a dedicated database. The overall system 

comprises a commercial water quality sensor, a GSM and Zigbee 

module for a wireless communication system, a low-cost mobility 

platform, and the location/positioning system. During testing, all 

captured data like water quality parameters, location, and other 

essential parameters were collated, processed and stored in a 

database system. Relevant information from the USV can be 

viewed on a smartphone or a computer. The USV was also tested 

to conduct unmanned water quality measurements using the pre-

inputted navigation route which shows a good result in 

navigation and data transmission. Water bodies with calm water 

such as lakes and rivers can use the USV, in a stand-alone mode 

or as a part of a networked sensor system. 
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I. INTRODUCTION  

Because of population increase, industrialization and 
climate change, water demand is increasing at an alarming rate 
[1-3]. The sources of potable water are limited and vulnerable, 
thus the need for water quality monitoring in rivers, lakes, and 
other freshwater bodies is becoming a more pressing issue [4]. 
There is a growing demand to implement a mechanism to 
enhance the effectiveness of existing water quality monitoring 
methods. Mostly, water quality information gathering uses 
traditional or manual methods for various reasons ranging from 
lack of technology capacity, human resources and financial 
constraints [5-7]. These techniques or methodologies are 
usually accurate and inexpensive, but suffer from various 
disadvantages like the loss of vital information during 

transport, limited samples, and cost-effectiveness. They cannot 
perform real-time monitoring which could mitigate or prevent 
uncertain happenings in a particular area [8].  

Nowadays, some advanced countries perform water quality 
monitoring using innovative technologies like utilizing an 
electrochemical sensor which can give water quality 
information in real-time [10-11], maximizing the advantages of 
recent technology by combining electrochemical sensors with 
wireless communication technology [11]. The system 
automatically senses data, transmits it to the notification node 
and will alarm if the parameters exceed their limits. Authors in 
[12] successfully demonstrated a method of deployment of a 
wireless sensor network with a mechanism to reduce traffic 
between base and remote stations for water quality monitoring 
wherein stationary stations could detect essential water 
parameters in real time. Gathered data were transmitted every 
five minutes to the base station through multi-hoop routing 
using a flooding routing protocol. However, the stationary 
platform also has the disadvantages of high cost of covering the 
whole study area [13], of provision of sensors in every 
sampling point and lack of mobility [14]. With these, the 
development of a mobile technology which will take advantage 
of the water quality monitoring capability of the stationary 
sensors and add mobility to enhance coverage, effectiveness, 
and efficiency of water monitoring is necessary [15]. USV 
technology with sensors on board could cater and house more 
research tools, thus improving the methods of water quality 
monitoring. Mobile vehicles in a marine or aquatic area could 
further increase the coverage of an automated water quality 
monitoring system with its ability to transfer from one location 
to another thus increasing the spatial and temporal 
measurement capability of the whole system. They can provide 
protection (housing and floatation) to the electronic equipment 
needed for monitoring and getting samples of the research area. 
With the advancement of computational ability, options for 
more monitoring equipment on board the USV increased 
through the utilization of new and innovative sampling 
methods [17, 18]. This led to the increasing trend of using 
different approaches, design, and implementation in a mobile 
vehicle for WQMS endeavor. 

Among many types of water surface vehicles for water and 
environmental monitoring, autonomous underwater vehicle 
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(AUV), unmanned surface vehicle (USV), and autonomous 
surface vehicle (ASV) are the most widely used [18]. ASV has 
the capabilities of large-area monitoring and worry-free 
unmanned navigation which is the ideal scenario for water 
quality monitoring, but comes with a high cost [19], while 
AUV also can be a handy tool, especially in dangerous areas, 
but has also a high price along with its complex operation and 
setup [20]. USVs offer the advantages of being less expensive 
and having simpler supervision compared to UAV, while they 
are easy to customize for a hybrid operation depending on the 
actual situation of the study area like an obstacle or floating 
objects which can be hardly detected using automation. 

Several aquatic mobile vehicles have been developed for 
water quality monitoring with some enhancements like 
customized platforms to fit the actual conditions of the area 
[21], communication systems [22], and energy systems and 
mechanisms to cater the much-needed power of the vehicle 
[24, 25]. Some known USV projects for water quality 
monitoring include bathymetric survey [25], data acquisition 
system on large fish and marine mammal movements [26], 
research on marine inhabitant activities [28-30], coastal 
environmental monitoring and pollutant tracking [13], 
emergency response and survey of damages [30], data 
acquisition and sampling for sea water and air [31]. Authors in 
[33] focused on the improvement of surface vehicle platforms, 
communications and coordination, propulsion, control and 
other crucial improvements. They covered basic important 
WQM parameters ranging from temperature to sodium with 
data being wirelessly transmitted to a nearby computer system 
for storage. Authors in [34] proposed another low-cost USV 
water quality monitoring, but with emphasis on inland water 
resources, while authors in [35] studied a multi-robot system 
approach to monitoring coastal waters, rivers, and lagoons in 
real-time with added features for the monitoring of heavy metal 
concentrations. Measurement of marine important parameters 
like partial pressure and sea-air fluxes of CO2 were conducted 
in [36]. The USV in [37] collects water samples in different 
water depths, places them in different water containers, and 
brings the samples for laboratory analysis. A remote-controlled 
watercraft with an automatic calibrator for sensors that need 
frequent calibration like pH was studied in [38] and low-cost 
bathymetry and depth monitoring in real time were performed 
in [25]. 

Small water bodies like lakes and rivers usually have 
shallow waters which are difficult and too expensive for an 
environmental ship to monitor. Operations in shallow waters 
require having a low draft and protection mechanism for the 
propellers. USV is able to operate in shallow waters with 
possible floating materials and plants such as water lilies, fish 
pens, and other barriers. With constraints for its total weight, it 
only allows a very minimalistic payload to be onboard the USV 
like a sensor, communication and navigational equipment with 
their electronics parts. The USV aims to provide a low-cost 
method capable of bringing information about water 
physicochemical parameters in real-time. This real-time 
monitoring can be an aid to the traditional or conventional 
methods of water quality monitoring which have high 
sensitivity, but seldom perform satisfyingly for budgetary 
constraints and other reasons. Instead, USV utilization would 

make up continuous monitoring systems essential in the 
investigation and characterization of some water quality 
parameters like pH and temperature which have very 
inconsistent characteristics. Received data can be further 
analyzed and may serve as input to decision making.  

This study focuses on the design of an unmanned mobile 
vehicle for water quality monitoring with consideration of the 
actual requirements and scenarios of the target area which is 
Lake Mainit, Philippines. Its main features are its affordability 
and adaptability to the field of study.  

II. MATERIALS AND METHODS  

The primary goal of the USV is to give an alternative 
method in water quality monitoring in dangerous areas and 
high-risk jobs. To collect data in hard to reach areas [19], to 
improve the data collection frequency, which if done manually 
could lead to expensive and laborious endeavor. Figure 1 
shows the diagram of the proposed system in which data 
collection is automated. Figure 2 shows the USV prototype 
during its first testing. Boat materials available in the area were 
used for creating its body and motor and its controllers are 
commercially available WQ sensors from Atlas Scientific (pH 
and temperature) making this design ready for replication. 
Also, to make it affordable, open source software was utilized. 
This software is used to receive and accumulate data acquired 
from the onboard sensors of the USV as an input interface for 
navigational operation setup, and to download the predefined 
USV direction. The system is divided in four subsystems, 
namely USV platform, automated sensor system, application 
software, and a base station.  

 

 

Fig. 1.  Diagram of mobile water quality monitoring 

 

 

Fig. 2.  USV prototype 
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A. Construction 

Most of the materials used in the catamaran-type USV are 
available online or in the local market. The main goal of this 
research is to build a floating and mobile platform that can 
perform water quality monitoring in a sizeable aquatic area that 
is too large for the deployment of stationary sensors and too 
risky and difficult for manual sampling. USV design considers 
affordability, replicability and flexibility to cater to an actual 
field situation. The USV was designed and built in the Center 
for Robotics, Automation and Fabrication Technology 
(CRAFT) of Caraga State University in Butuan City, 
Philippines. It is an enhancement of the previous project for 
WQM which uses buoy as floating material, but in a permanent 
location. The area to be covered is set to be 5km

2
 per day with 

the need to sample/measure water in at least 1-meter depth. 
These requirements are in consideration with the area of the 
Lake Mainit of Caraga region in the Philippines where mining 
activities are rampant. These facts led to a consideration of a 
minimum speed of 1 nautical mile (0.5m/s), and a maximum 
weight of 40kg. A catamaran-type of construction was chosen 
for its proven stability on water, which allows easy control. The 
USV can be operated using remote control or can be automated 
depending on the location of the area and the distance it will 
cover. The operator might opt for remote-controlled operation 
if the area is small and there is a presence of an obstacle or 
floating materials or species that might destroy or damage the 
USV propeller, the casing or onboard sensors. The automatic 
operation fits with considerable area coverage with no 
obstruction or floating objects. The operator can design a 
mission plan and define its coordinates for the sampling 
location. With these, deployment makes data gathering 
unmanned and automated in dangerous and difficult to reach 
areas. 

B. Electronic Module 

In terms of electronic components, the USV system 
comprises of two subsystems: USV unit and ground control 
station with corresponding electronic equipment. The ground 
control station comprises of a computer system (laptop/PC) and 
wireless transceivers linking with the USV. The ground control 
has also the path/direction application program used in 
updating the USV path and pointing of sampling if needed. 
Communication module comprises of telemetry, Xbee, and RC 
modules. The data related to the mobility of the USV are 
catered by the Ardupilot using telemetry. XBee module is used 
to transmit the gathered data to the nearest station while the 
remote controller (RC) module is used for the manual 
navigation control of the USV. It used a customized mission 
planner using an open source program powered by Arduino 
IDE to control the navigational operation of the USV. For a 
continuous operation, a mission plan must be downloaded to 
the microcontroller before the start of the mission. The 
automated operation used a compass board and GPS module as 
a means to follow the predefined navigational route. Sensing of 
data is the same with the stationary sensor methodology. The 
sensor determines the value and after proper conditioning and 
boosting it will be transferred to the microcontroller for 
preprocessing and will be sent to the wireless transceiver for 
transmission to the nearest stations or pre-defined cellphone 
numbers. Wireless transmission is done through an Xbee 

technology for short distance and GSM/GPRS transceiver for 
long-distance transmission. Arduino IDE is the software used 
to configure the microcontroller (Arduino mega 2560), XBee 
short distance communication and GSM/GPS setup for long 
distance transmission. XBee module provides wireless 
connectivity to devices using end-point solutions. XBee uses 
IEEE 802.15.4 networking protocol which is common to low 
power clustering communication setups. For long distance 
transmission and reception of data a GSM module is used. It 
has a library which mimics an Arduino board to perform 
operations same as an ordinary GSM powered cellphone like 
receiving and sending messages and connect to the local 
telecommunication companies. The GSM/GPRS transceiver 
has a built-in modem that facilitates data transfer from a serial 
port to the GSM network. It will receive data at the controller 
by another Xbee. An open source program will process this 
data using Microsoft Visual Studio flat form to facilitate user-
friendly display and storage. 

A triple-axis magnetometer compass board HMC5883L 
(Honeywell) and a NEO-6M GPS Module (uBlox) control the 
navigation system of the USV, designed to cover all functions 
for unmanned operation using a pre-programmed mission plan. 
The body of the USV platform utilizes marine plyboard with 
painting to safeguard the USV onboard electronic components. 
A wooden material houses the battery and other electronic 
components and connected to 1.5m (from head to tail) by 1m 
wide catamaran boat type. The USV can carry a maximum 
payload of 40kg. Finally, the wireless transceiver and sensor 
calibration were completed before testing the whole system in 
the actual application. 

The water sensor unit is the primary component of the 
mobile water quality monitoring system. In this research, it 
employed two sensors from the Atlas Scientific company for 
measuring pH and temperature. With the built-in flexibility of 
Arduino microcontroller, it can add more number of electrodes 
depending on the needs. pH and temperature sensors have their 
interface circuits which are also provided by the manufacturer. 
Only the temperature sensor is connected directly to the analog 
pin of the microcontroller. It utilized a customized motherboard 
to connect all electronic components to the microcontroller. 
Also, the board allows other modules and circuits, while having 
a feature to isolate the sensor individually and eliminate issues 
of noise. To maintain accuracy, electrodes are calibrated based 
on the manufacturer standards and using their own calibration 
solutions. The microcontroller unit is the main part of the USV 
and makes it unique among other aquatic mobile vehicles. It 
has pins which can expand its utilization. It comprises of a 
hardware microcontroller and a software program that guides 
the operation of the microcontroller with the rest of the USV 
parts. This research uses Arduino Mega 256, the most 
expandable Arduino microcontroller to accommodate 
capability and future expansion of the system. Same with the 
early variant of the Arduino microcontroller, it has an open-
source electronics prototyping platform, flexible, easy-to-use 
hardware, and user friendly programming environment [39]. 
The USV preprocess the data using the preprogrammed 
commands downloaded to the microcontroller. The developed 
software program uploaded into the microcontroller memory 
sets the sensor node to measure the water quality parameter at 
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predetermined time intervals. The data are always copied in an 
SD card before transmission as backup data storage. 

C. Software  

The software for all USV electronic modules controlled by 
the microcontroller is written in Arduino IDE while Microsoft 
Visual Studio (IDE) was used to develop the Windows 
application that interfaces the USV output to the computer 
systems in the base station. Figure 3 shows the flowchart of the 
USV software. It uses the Windows application to receive data 
from the serial port that connects the communication link of the 
USV. First, the microcontroller initializes all the components 
and waits for the GPS to be ready before it navigates using 
either the preprogrammed path or through remote control. 

 

 

Fig. 3.  USV program flowchart 

For RC operation, all programming comes from manual 
input of the operator which converts a string of commands and 
processes by the microcontroller for execution like direction, 
points of sampling, etc. In the autonomous method, the 
microcontroller sets the destination points, navigates, gets the 
current position of the USV from the GPS, reads the sensors, 
and sends and logs data. With the destination point encoded, 
the microcontroller navigates until it reaches home location. 

D. USV Datalogger 

For easy data transfer from the USV to base station a data 
logger was designed. Figure 4 shows the software application 
interface for the USV which was developed using Visual 
Studio. It was designed in such a way that it will display the 
incoming data in a tabulated form. Also, it provides a 
mechanism of updating the path of the USV using a simple 
inputting of values through a graphical interface. The USV’s 
time to stay and gather data before it will navigate or move to 
another location can change through this logger. All necessary 
inputs are displayed for the user to review.  

III. RESULTS AND DISCUSSION 

After a laboratory bench testing of the different parts of the 
system, the USV was assembled. Navigation trials were 
conducted in order to check if specifications were followed. A 

series of tests were also conducted for its autonomous 
navigation. Laboratory tests included measurements of the 
quality of communication between the control unit and the 
USV, and the interruption of the radio link. The results of the 
connection measurements conform to the minimum standards. 

 

 

Fig. 4.  USV interface application 

A. Navigation Testing 

Upon the construction of the vessel prototype, testing 
followed in the creek found inside the University campus. 
Maneuvering capabilities, vessel stability, and navigation speed 
were tested. The results of maneuvering capabilities and 
stability were outstanding since the catamaran was stable and 
could rotate almost around its axis. The average navigation 
speed was 1knot, while 180° turn was achieved in less than 
15s. Also, testing the range of the radio link, stability, and 
behavior of the boat at some water disturbances that mimic 
small sea waves was conducted. Tests showed that the radio 
link range in the open sea is about 150m. 

 

 

Fig. 5.  USV’s path 

B. WQM Sensor testing 

A calibration process was conducted to the electrochemical 
sensors in the lab for their accuracy and functionality. 
Calibration solution interface and isolation circuit from Atlas 
Scientific were utilized to calibrate and test the pH electrodes. 
For field testing, freshly calibrated electrodes from the lab were 
installed on the USV side platform. A series of final tests of the 
electronic component implemented were conducted before the 
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actual operation. The configuration of the water quality sensor 
was the same with the one used in the laboratory. The USV 
was programmed to measure a minute after its arrival at the 
designated testing point or on the points/area where the 
operator wanted to make the measurement. Figure 5 shows the 
data received from the USV. It shows the effectivity of the 
system by accurately displaying important WQMS parameters, 
which include pH, temperature, time, date etc. It validates that 
the system performs following the specifications of the 
electronic component and the USV delivers its primary 
function which is to protect components from water intrusion. 
The test also did not encounter a significant problem except the 
periodic GSM signal. The display works well on PCs, laptops, 
and smart mobile phones. With these, the onboard water sensor 
and its peripherals can provide the needed resources, thus 
giving stakeholders an alternative method on how to conduct 
water quality monitoring continuously. 

 

 
Fig. 6.  Sample of the output of the system 

IV. CONCLUSIONS 

With changing water environment, the need for a low-cost 
and mobile method of measurement is increasing. In this 
research, the design and development of a low-cost mobile 
vehicle as a tool to carry water sensors and transmit their 
results wirelessly was successfully implemented. Utilization of 
easy to find sensors, locally available materials for the USV 
parts, and development of customized integrated software 
using open source technology are the main advantages of the 
system when compared with commercial USVs. Laboratory 
and on-site results show the USV’s capability to conduct water 
quality monitoring in a lake and other small bodies of water. 
Temperature pH, time and date were transmitted. In 
conclusion, this system has the potential to enhance reporting 
and information dissemination regarding the status of water 
quality. 
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