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Abstract—This paper describes the initial development of a 
low-cost Lagrangian drifter based on solar panels, 
ultracapacitor and open hardware-software platform. The 
drifter is powered by a solar panel and a single Ultracapacitor 
that stores the energy. The drifter has a sensor suite formed by 
a GPS, temperature, pH, dissolved oxygen, conductivity 
sensors and a camera. The energy management and signal 
processing from sensors is supported by an Arduino Mega 
development board. The communications between the ground 
station and a deployed drifter is based on Iridium Satellite 
Terminal. All mechanical and electronic components are self-
contained in a pressure housing. The main purpose of this 
Lagrangian drifter is: detect a red tide near Ecuadorian coasts, 
obtain physical-chemical parameters in-situ then send the 
measurements trough a satellite network to a ground station. 
Results from sea trials are shown. 

Keywords-ocean drifter; GPS; microcontroller; solar panel; 
ultracapacitor  

I. INTRODUCTION  
An ocean drifter is a surface floating device that contains 

the necessary electronics and mechanical elements to 
estimate ocean currents and measure key oceanographic 
parameters like temperature or salinity. Usually they are 
tracked by GPS [1], [2], [3]. The drifters are a key tool for 
oceanographic monitoring. There are international programs 
like Argo that uses profiling floats to measure temperature, 
salinity and currents in the oceans [4]. Historically the 
Lagrangian drifters have been used for tracking individual 
water parcels through time. Recent technology innovations 
allow other kinds of measurements by the Lagrangian 
drifters like bio-chemical parameters in oceans [5]. Some 
marine environmental studies require the usage of 
Lagrangian drifter, example: generate dispersion models of 
contaminants or finding the best place to deploy mariculture 
facilities [6], [7]. In Santa Elena, Ecuador, the main 
applications for Lagrangian drifters are: generate a 
dispersion model of potential hydrocarbons contaminants, 
dispersion model of plastic waste generated from coastal 
cities and remote detection of red tides. Santa Elena has got 
oil and gas facilities near to the shore that could accidentally 
drop hydrocarbons to the sea, also there are natural sources 
of hydrocarbon on the shores. If a catastrophic event occurs 

with these facilities, earthquake or a Tsunami, a 
mathematical model of contaminants dispersion supported 
by long term data of currents measurements allows a rapid 
response to minimize environmental impact [8]. Santa Elena 
is a great tourist destiny in Ecuador, every holiday an 
average of 50000 tourists come to the beaches. Unfortunately, 
these events generate an unusual amount of plastic waste that 
can easily enter to the ocean [9]. A dispersion model near to 
important tourist points allows futures cleaning plans to 
collect the residuals at sea after every holiday. The economy 
of Santa Elena is based significantly on fishing activities. 
The red tide is an event caused by a few species of 
dinoflagellates that can occur near the Ecuadorian coasts [10]. 
These events could affect the normal fishing activities. 
Usually the red tides are detected by small fishing vessels, 
but these observations haven’t got any physical-chemical 
data for a better analysis. The Marine Science Faculty of 
UPSE is facing these environmental problems and requires 
measurement equipment deployed at sea. This is the 
motivation to develop low-cost Lagrangian drifters based on 
open hardware-software platforms that can stay for long time 
periods, several months. There are previous works of drifter 
development that use open source hardware-software 
platforms [11].  

There are some popular open hardware-software 
platforms for developers that use microprocessors, 
microcontrollers or FPGA. Examples of these platforms are 
Arduino, BeagleBone and Raspberry Pi. The energy 
consumption rate of the onboard computers with peripherals 
and sensors could be high for energy storage solutions 
installed in an ocean drifter where the space and size are key 
designs factors. A typical solution for marine equipment 
deployed at high sea is the usage of solar panels that increase 
significantly the endurance of the equipment [12]. A drifter 
could be deployed for months, even years where 
maintenance at sea might not suitable, so a robust energy 
storage solution is required. Lithium-ion batteries have 
excellent performance in portable electronics. They are 
lighter, smaller and more powerful than others types of 
batteries. A disadvantage of lithium-ion batteries for a long 
term application where a battery replacement is not possible 
is the lifetime that could be 3000 cycles at 80% depth of 
discharge. Also, lithium-ion batteries require special 
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protection to avoid overloads that can produce catastrophic 
failures. An Ultracapacitor uses high-permittivity dielectric 
and porous active carbon to maximize the electrode area. The 
electrodes are not chemically degraded, so the 
Ultracapacitors are able to support thousands of 
charge/discharges cycles, reaching services life more than 5 
years [13]. A novel solution is the usage of Ultracapacitors 
feeding by solar panels [14]. This energy storage solution is 
actively used in Wireless Sensor Networks. This paper 
describes the initial development of a Lagrangian drifter for 
ocean monitoring near to the Ecuadorian coasts to study 
ocean currents and collect physical-chemical parameters in 
situ. The device has an Arduino Mega development board to 
manage the onboard energy, communications and sensor 
readings.  The main objective of this project is to determine 
if a Lagrangian drifter that employs ultracapacitor, solar 
panel and Arduino is capable to support physical-chemical 
monitoring at sea. 

II. MECHANICAL DESING 
The Lagrangian drifter is divided in two components: 

pressure housing and underwater panels. The pressure 
housing contains the onboard electronics. The panels allow 
the drifter to follow the motion of a water parcel accurately. 
The pressure housing is made of 110 mm PVC pipe and has 
a length of 35 cm. Some mechanical components were 
manufacture using a Prusa 3D printer. The CAD employed 
for the mechanical design was FreeCad, open source 
software. At the bottom of the pressure housing is located the 
3400 F Maxwell ultracapacitor. Printed mechanical support 
rings of ABS ensure the position of the ultracapacitor inside 
the drifter. An electronics tray made of PLA give the 
mechanical support for the Arduino development board and 
the daughter cards. The mechanical components were fixed 
by marine epoxy glue. 
 

 
Figure 1.  a) Lagrangian Drifter mechanical outline, b) FreeCad 

Mechanical Design. 

 The top section can be removed to access the onboard 
electronic and has a set of O-rings to get hermeticity. The 
solar panel is mounted on the top section. Around the 
pressure housing is disc-shaped syntactic foam to generate 
additional buoyancy force in the case of leaking. Ballast is 
attached under the panels to get vertical position in the water 

column. The Lagrangian drifter environmental sensors are 
fixed externally, specifically the pH, conductivity and 
dissolved oxygen probes. A set of Blue Robotics 6 mm cable 
penetrators is used to pass the probes cables into the pressure 
housing. One of the penetrators has embedded a temperature 
sensor. The penetrators and a plexiglass disc-shaped window 
are fixed at the bottom of the pressure housing. The 
plexiglass window is for an onboard camera that looks the 
water column. The plexiglass is mounted on O-ring and 
fixed by a set of 3mm screws, it can be easily changed after 
long term observations. The drifter total weight is 3 Kg with 
the payload. The mechanical design can be seen in figure 1. 

III. ELECTRONICS 
The electronics systems are divided in the following 

sections: Power Supply, Arduino Mega development board 
with its peripherals, sensors and communications devices.  

A. Power Supply 
The power supply employs an Ultracapacitor charged by 

a Solar Panel. We use just one Maxwell 3400F/2.85 V 
Ultracapacitor to avoid the passive or active balancing circuit 
problems [15]. A 200 mA, 6V Solar panel feeds the 
ultracapacitor through a Schottky diode. The 1N5821 
Schottky diode has a 320mV voltage drop and prevents that 
the stored energy returns to the solar panel during the night. 
The ultracapacitor charging process is controlled by the IC 
LM339, operational amplifier which has four op amps. The 
first op amp implements a protection circuit to disconnect the 
Ultracapacitor from the solar panel when it reaches the 2.85 
V to avoid damage by overvoltage. This circuit is a non-
inverting comparator with a fixed reference voltage. The 
voltage reference is a diode voltage drop. When the 
comparator gets a high state, activates a normally-closed 
relay by a MOSFET transistor, disconnecting the solar panel 
and ultracapacitor. This transistor can also be activated by 
the Arduino board to check the solar panel voltage Vp. 
 

 
Figure 2.  Power supply scheme. 

The second op amp implements a Hysteresis loop to 
manage the charging/discharging process that works with the 
ultracapacitor voltage, Vcap. This circuit is a positive 
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feedback non-inverting amplifier. The lower threshold is 
2.05 V, the upper threshold is 2.85 V. When the upper 
threshold is reached, a MOSFET IRFZ44N transistor is 
activated to turn on the Arduino board with its peripherals. A 
magnetic switch enables this MOSFET transistor. The 
system is turned off if Vcap gets the lower threshold. Since 
the maximum ultracapacitor voltage is 2.85 V, a step-up DC-
DC converter is used. We employ the DC-DC converter 
MT3608 in a step-up configuration that generates 6 V from 
Vcap. Others IRFZ44N are employed to drive an IRIDIUM 
satellite terminal and Arduino peripherals, controlled directly 
by the Arduino board. The satellite terminal has a peak 
current of 2A that is the operational limit of the DC-DC 
converter. Due its current consumption short data burst are 
sent up to twice a day. Figure 2 shows the power supply 
scheme. 

B. Development Board, Sensors and Communications 
The central element of the electronics system is an 

Arduino Mega development board. This board is directly fed 
by the USB port with 5V.  The main sensor of the drifter is 
an U-blox NEO-6M GPS Receiver Module with ceramic 
antenna. The environmental sensors are Atlas Scientific pH, 
Conductivity, Dissolved Oxygen probes, Blue Robotics fast-
response temperature sensor and ArduCam Camera. The 
Atlas Scientific probes come with CNC connectors fixed on 
daughter cards. The data are stored in a micro SD card by a 
MicroSD Card Adapter and accessed through a Bluetooth 
HC-06 module. The data can be downloaded to a smartphone 
by the app “Bluetooth Terminal”. For long term deployments 
is used an Iridium satellite terminal, specifically a SBD 
Transceiver Model 9601. The satellite terminal is activated 
by a MOSFET transistor only when a data frame is ready for 
delivery in order to save energy. Figure 3 shows the 
electronics layout.   
 

 
Figure 3.  Electronics layout. 

IV. SOFTWARE 
The software is divided in the following tasks: energy 

management, communication protocols for sensors and 
communication devices, color recognition of the water 
column and data frame generation. The communication 
protocol used for the Atlas Scientific probes and Blue 

Robotic temperature sensor is I2C. A script implements the 
serial NMEA 0183 protocol to decode the data frames from 
the GPS, getting the UTC time, Latitude, Longitude, heading, 
speed and number of satellites. The values of the Vcap and 
Vp are read by the analog to digital converter. The data are 
formatted to be stored in the micro SD card as a .txt file. 
After the deployment, the SD card can be read through the 
Bluetooth module to avoid opening the pressure housing. In 
order to save energy the overall system goes to sleep mode, 
every five minutes the system wakes up to take 
measurements from the sensors and store it in the micro SD 
card, this process takes less than one minute. The 
measurements from the pH, conductivity, dissolved oxygen 
and temperature are processing by a Kalman filter after 30 
seconds of data. In the same way, a script checks the RGB 
pixels for 30 seconds looking for near red or brown color 
values to detect red tides. In the worst case, the system can 
deliver up to two SBD messages per day to the ground 
station. Depending on Vcap and Vp levels, more data frames 
would be delivered. Usually the first message is delivered at 
10:00 and the last at 16:00. It strongly depends on the 
weather conditions at sea. The length of the data frame is 200 
bytes.  If a red tide is detected, an alarm SBD message is sent 
to the satellite terminal. A script uses AT commands to 
control the satellite terminal through the serial port. The 
delivered messages are accessed by an user account gave by 
the satellite terminal seller.  

V. RESULTS 
Laboratory tests were carried out before sea trials. The 

ultracapacitor was fully charged by the solar panel. The 
charging time from 0.8 V to 2.85 V was 14 hours. Then the 
ultracapacitor with full charge was connected to the DC-DC 
converter set to 12 V. The DC-DC converter supplied 
successfully 12 V to the Arduino board and the Bluetooth 
modem. Data frames were sent to a smart phone and 
visualized by the app “Bluetooth Terminal”. Without the 
satellite terminal the onboard electronics current 
consumption is less than 400 mA. After the system reached 
the lower threshold, took four hours with full sun light to get 
2.85 V again. Before the installation of the electronics 
system in the pressure housing, the hermeticity was checked. 
The device was submerged up to 5 m without any sign of 
leaking. The power supply was installed on the drifter and 
tested during 30 days in a pool. However, the DC-DC 
converter presents issues when the satellite terminal begun a 
transmission, after few milliseconds, it shutdowns as a 
protection measure. A series of sea trials were carried out 
near to the Ecuadorian coast, up to 20 Nautical Miles. The 
drifter has good stability on the water column. The time of 
initial deployments was 8 hours at sea. After few sea trials, 
biological debris begun to accumulated on the pressure 
housing, including the plexiglass window for the camera. 
This event affects the performance of the color recognition 
algorithm and the accuracy of environmental sensors. During 
one of the sea trials the Lagrangian drifter successfully 
detected a red tide at 17 NM from Ecuadorian coasts and 
sent the alert through the Bluetooth port to a small fishing 
vessel. The received data of the red tide is shown in Table I.  
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TABLE I.  DATA OF RED TIDE 

Coordinates 2º 23´ 11.4´´ S, 81º 5´ 55.4´´ W 
Temperature 25.17 OC  
pH 8.63 
Dissolved Oxygen 11.69 mg/L 
Conductivity 48.21 mS/cm 
Vcap 2.57 V 

  

 
Figure 4.  Sea Trials near Ecuadorian coasts, b) Pressure housing 

inspection. 

Despite the problem of the DC-DC converter, that make 
unable a successfully satellite communication between the 
drifter and the ground station, the initial results are 
acceptable, demonstrating the feasibility of the proposed 
system.  Currently we are designed a new DC-DC converter 
that can support the current consumption of the satellite 
terminal. There was no problem with sea water leaks or 
ultracapacitor balancing circuit problems. Also we are 
analyzing possible solutions to avoid the accumulation of 
biological debris on the plexiglass window. 

VI. CONCLUSIONS AND FUTURE WORK 
The development of a low cost Lagrangian drifter for 

coastal marine systems monitoring, in response to needs of 
information for environmental research of Ecuadorian coasts, 
was presented. The basic drifter design has been tested 
successfully at sea, obtaining in-situ data from red tides. This 
small self-powered, open-source based drifter proved to be a 
valuable tool for environmental monitoring, because of low 
cost and free online support. Future work includes the 
improvement of the DC-DC converter to support the Satellite 
Terminal current consumption and a cleaning system of the 
plexiglass window to avoid the accumulation of biological 
debris. 
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