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The Problem ¢

M Understanding the Core Issue

Waves are a fundamental part of coastal dynamics, influencing

shoreline stability, maritime operations, and climate research.

However, obtaining accurate and reliable wave data near the

coast remains a challenge. Before developing a solution, we

need to ask:

e Why do we need better coastal wave data?

e What problems arise due to a lack of precise wave
measurements?

e Are current methods insufficient, and if so, why?




> The Problem ( ’

__ Coastal Hazards & __ Limitations of Current __ Environmental & Scientific
M M 1

Infrastructure Risks Measurement Technologies = Challenges

Buoy-based systems are expensive,

require frequent maintenance, and are

Waves significantly impact coastal Researchers studying climate change,

often positioned further offshore,

erosion, flooding, and storm surges. . . sea-level rise, and  coastal
missing nearshore wave detalls. )

Without precise data, engineers ) ecosystems rely on detalled wave
Radar and ultrasonic sensors struggle _

struggle to design effective coastal . . data to Improve models and
with resolution near the shore due to o

defenses. . . predictions.
wave reflection and interference. . _

Unreliable = wave  measurements . . The lack of accessible, high-
Satellite-based observations lack the _ o

hinder early warning systems for - . resolution data limits our
precision needed for localized coastal _

extreme weather. o understanding of coastal wave
monitoring.

. dynamics and their long-term effects
Seabed pressure sensors exist but ‘
on the environment.
can be costly and often lack long-term

durability in high-energy coastal

environments.



/ﬂ\ Coastal Engineers & Urban Planners
| |

M e Better coastal protection strategies
% e Improved infrastructure planning

Who Benefits
from This
Technology?

Local Communities & Authorities

e Safer navigation

e Port management optimization

Environmental Scientists and Climate
Researchers
e Better climate impact studies

e Enhanced coastal ecosystem monitoring




Pet"Y<time.

riteLine("wait..")

2try == timeout)

t1117);]

e _WriteLine("Timeou -
Conso. ,cpu:@,mem:©; ,

"{User:'TimeOut'

buffer

wawit LOOP )3
\riteLine( exicT_

o (Sender).e
. Writel1n€

cb

Technological
Solution

The sensor will be a sealed, waterproof unit placed underwater at
sand level, using pressure sensors to measure wave height. Instead

of transmitting data wirelessly, it will store readings on an SD card,
allowing users to retrieve the data periodically for analysis.

Components Affordable & Simple: Eliminates
e Pressure Sensors costly wireless communication
e Microcontroller (e.g., ESP32, modules.
STM32) Durable & Long-Lasting: Designed

e SD Card Storage

e Power System (Battery-Powered)

for long-term deployment.

Accurate & Practical: Provides

Protective Enclosure precise nearshore wave height data.
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Environmental
Durability
Saltwater
corrosion, pressure

variations, and
sediment buildup.

Management

Low-power
components and
efficient data
logging strategies.

Data Storage S

& Retrieval

Must log data
efficiently and have
a user-friendly
retrieval process.

%

Calibration &
Accuracy

Pressure readings
must be converted
into precise wave
height values.

>

Challenges

>

Maintenance

Needs to be easy to
install and remove
for occasional
maintenance.




Parthers ¢

M Haedes

HAEDES is a consultancy and engineering firm specializing in
challenges related to coasts, estuaries, rivers, and oceans. With
hubs in Belgium and Portugal, they offer sustainable
engineering  solutions grounded Iin  nature-enhanced
frameworks and system thinking. Their services cater to
governments, contractors, developers, and partners worldwide.

We are interested in learning from their expertise and exploring
potential insights from their projects and team members.
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Sensor that needs a
vessel, more

Nortek Group > accessible than buoy RBR
sensors
Deeper sensor Wave data logger,
SeaView systems, great for measures data and

AANDERAA >

Systems ? oceanography ) stores it (no real time)
08

Market leading,
surface level sensor

Competitors

Surface level sensor
placed on a buoy
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¢’ Accuracy of Wave Height

it
~ Measurement e o

Compare pressure-based wave height

calculations with reference instruments (e.g., : o ® ®
e B N Va I |dat|0n mEtrIS
/ Use known water depth conditions to verify .

sensor readings.
\ Conduct laboratory tests in controlled wave ’ . . .
: To ensure the sensor provides precise and reliable wave measurements, we
\ tanks before field deployment. - !

' will evaluate its performance using key validation metrics:

™Il & T

Data Integrity & Storage
Efficiency

M

M Long-Term Reliability M Power Efficiency

Test the sensor's durability under prolonged Ensure no data loss occurs due to power

Measure battery life under real operating

exposure to saltwater, sand, and biofouling. failures, storage corruption, or environmental conditions

Monitor sensor drift over time, ensuring stable interference.

- , Assess power consumption per logging cycle
and consistent readings. Optimize SD card write cycles to balance

and optimize sleep modes if necessary.

against leaks and pressure variations. Implement timestamped data logging to

| 4
L
%
R —
Assess the waterproof enclosure’s resilience I storage longevity and frequent logging.
ensure accurate wave event tracking.
e



»Status

M Requirements

gk 3

v Materials

Operating Environment: Beach
Maximum Depth: Maximum coastal depth (~5m)

Durability and Resistance: The enclosure must be resistant to seawater and

corrosion, and have a durability of 15 to 30 days without requiring maintenance ® ESP32
Data Communication: Data transmission via Wi-Fi to the surface when the box is * PowerBank
e SD card

removed from the water

Power Supply: Battery-powered, ensuring sufficient autonomy for the operational ® SD card module
® Enclosure |IP68
e Cable USA-A-Micro-USB

® Pressure and Temperature sensor

period

Maintenance and Accessibility: Allow sensor calibration whenever the device is
removed from the water — it must be easily accessible

Cost and Budget: Less than €100

Measurement Interval: Perform measurements continuously

Data Storage: Store data locally on an SD card
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Division of labor

Manuel Silva Pedro Tavares
e Prototype Development & Data Analysis &

e Website Development & Testing

Code Testing
o i
Carlos Brito Matilde Augusto
e Website Development & Video Editing e Data Analysis & Code Testing
. T AT
Joao Custodio Diogo Carvalho

e Software Development & Interviewer e Prototype Development & Testing
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O Achieved Results

Sign ups Logins

ooooooooooo

ooooooooooooooo

Software >

We wrote the
software that runs
on the sensor,
allowing it to read

Displaying Data > Prototype Layout)

' We've finalized the

internal layout, including
the positioning of

Implemented an
Intuitive data
visualization solution

using Grafana and components, the sensor
f f data, save
InfluxDB for measurements, and hole pl.acement, and the

components. parts.



YResults

Wave Height Time Series - Oceanographic Data

0.6 |
M Plotting the Data
After successfully testing the A

prototype, we retrieved the

data from the SD card and

Wave Height (m)
o

confirmed that it accurately

produced the expected wl N\ |
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- Power bank & low energy consumption

itself off

e Low consumption led to the power bank turning
b

DEViationS and ,’3 Real Time Data

o e Wi-Fi signal loss from water submersion

D iffi Iti prevented live data transmission.

. Stakeholders

Encountered £ —ooeemeess
()

Temperature Sensor

e Add temperature data collection




Problem%

Coastal communities face growing risks from
erosion, flooding, and rising sea levels. The study of
wave dynamics often depends on expensive
pressure sensors and unvalidated numerical
models, making it difficult to trust simulation
results. This data gap compromises decisions in
coastal planning, environmental protection, and
research.

Wavelnacker

We developed a low-cost, robust wave monitoring
device for coastal environments. Installed at sand
level and powered by a power bank, it uses a
pressure sensor to measure wave height. The
system stands out for its simple installation, easy
maintenance, and affordability.

The system was developed using cost-
effective components: an MS5803-14
pressure sensor, an ESP32 microcontroller, a
power bank for power supply, an IP68
waterproof enclosure, and an SD card reader
with memory card. The total estimated cost
of the prototype is €80.

Want to know how
WaveTracker is
revolutionizing coastal
monitoring? Scan me!

Cordinator: Prof. Pedro Vitor *x/—ﬁ%
Scientific Advisor: Prof. Diogo Mendes
Mentor: Jodao Gaspar

Poster

Tanget§Audience

Coastal monitoring companies
e Researchers in hydrodynamics and marine life
¢ Government bodies and local authorities
involved in coastal management
e Environmental projects requiring real-world
wave data

Transmission

Using the I’C protocol, the sensor
transmits pressure and temperature data
to the microcontroller at a sampling
frequency of 1Hz. The pressure values are
then converted into tidal height

7% measurements and stored on the SD card
. , for later analysis.
3 Testi

To validate the reliability and performance of the
wave measurement sensor, two tests were carried out
in a controlled domestic environment.

s Thefirst involved submerging the IP68-certified

enclosure for 12 hours to verify its waterproof
integrity.
¢ The second test was conducted in a swimming pool,
where artificial waves were generated to assess
the sensor’s ability to detect and measure wave
motion accurately.

Wave Height Time Serfes - Oceanographic Data




Website


https://web.tecnico.ulisboa.pt/ist1102586/blog.html
https://web.tecnico.ulisboa.pt/ist1102586/index.html
https://www.youtube.com/watch?v=vZX5QXMQ5wg
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