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By Philip Bresnahan, Ellen Briggs, Benjamin Davis, Angelica R. Rodriguez, Luke Edwards,

Cheryl Peach, Nan Renner, Harry Helling, and Mark Merrifield

ABSTRACT. A low-cost (~$100), do-it-yourself (DIY) ultrasonic water level sensor/
datalogger has been designed, constructed, and tested for use in education, citizen/
community science, and research settings. The sensor package comprises an ultra-
sonic distance sensor, a microcontroller running Arduino firmware, a micro-SD card
for datalogging, a real-time clock for timekeeping and sleep functions, and an OLED
screen for real-time display. Electronics are housed in low-cost custom containers using
either upcycled plastic containers or laser-cut acrylic. Reported ultrasonic sensor accu-
racy is 5 cm across a range of 15-645 cm, with an estimated power budget of 76 days
of operation on a rechargeable 10 amp-hr battery. The DIY sensor has been field tested
alongside two commercial sensors for 18 days in Wilmington, North Carolina, includ-
ing during Tropical Storm Colin, with all sensor measurements in close agreement
(e.g., root mean squared error of 1.5 cm between the DIY sensor and a proven commer-
cial unit). Potential applications, design and construction, and deployment recommen-
dations for the sensors are described, as well as simple and inexpensive modifications
to the sensor and its packaging that could further improve performance. Preliminary
lesson plans written to accompany the device for undergraduate-level educational
projects are available.

BACKGROUND
Water level monitoring, involving the

for risk assessment and adaptive planning
(Ablain et al., 2017; Cipollini et al., 2017;

collection of in situ free surface eleva-
tion measurements, is critical for under-
standing environmental exposure and
flood risk, especially in populated coastal
areas (Merrifield et al., 2009). In partic-
ular, water level records are needed to
understand the combination of processes
(e.g., tides, storm surge, wave events)
that dictate local and regional variability,
particularly during extreme conditions
(Smith et al., 2019; Sweet et al., 2022).
Given projected increases in coastal
flooding and inundation associated with
sea level rise (IPCC, 2021), water level
monitoring will be increasingly important
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IPCC, 2021).

A recent report (Sweet et al., 2022)
suggests that sea level is expected to rise
along US coastlines on average 25-30 cm
between 2020 and 2050 (measured as
additional sea level rise above what was
already observed from 1920 to 2020). The
report also predicts marked increases in
high tide flooding (also known as “sunny
day flooding”)—that is, the events where
astronomical high tides disrupt or dam-
age communities even in the absence
of storms. However, despite its societal
value, water level monitoring is typically
the domain of specialists with experience

in deploying expensive instruments with
measurements referenced to established
datums. Specifically, Sweet et al. (2022)
note that “the NOAA tide-gauge net-
work is relatively sparse compared to the
density of coastal communities” There is
a need for an open-source and low-cost
water level monitoring instrument that
can be easily assembled, programmed,
and deployed by a wider range of practi-
tioners in order to increase the density of
water level observations, validate projec-
tions and forecasts (Loftis et al., 2019), and
educate the public. As one specific exam-
ple, the American Geophysical Union’s
Thriving Earth Exchange—the AGU’s
active community science network—has
ongoing projects geared toward water
level data collection and flood mitigation

efforts  (https://thrivingearthexchange.

org/project/coastal-communities-us/)

that could potentially benefit from lower
cost instrumentation.

In addition to its scientific and soci-
etal value, water level monitoring is a
strong fit for ocean and environmen-
tal science and engineering educational
applications for several reasons: devices
can be easily deployed and maintained
without the need for more sophisticated
and expensive diving or research vessel-
based deployments—they can be located
in comparatively accessible areas, includ-
ing on waterfronts and in flood-prone
areas on land; the sensor principles of
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operation are well described and acces-
sible (Mohammad, 2009; Kelemen et al.,
2015); the utility of water level monitor-
ing extends far beyond basic research
and into everyday societal need and can
be connected to a wide array of lessons
in multiple subjects. Especially in coastal
communities where sea level rise is a
looming concern, building and deploy-
ing a water level sensor provides an excel-
lent opportunity to engage students and
their communities in the significance and
importance of monitoring water level in
their own backyards.

The sensor package described here
was originally created in the Scripps
Institution of Oceanography Sandbox
Makerspace in collaboration with the
Birch Aquarium at Scripps and the
San Diego Unified School District. The
goal of the project was to develop a sensor
that high school students could assemble,
calibrate, and test in classroom settings,
and then deploy during field trips to the
Seaport Learning Center in San Diego,
California. These field trips were unfor-
tunately postponed due to the Covid-19
pandemic; however, the sensor design
was completed.

A second set of designs and lessons was
developed for the University of Hawai‘i
(UH) at Manoas undergraduate Surf
Science and Culture Lab class offered by
the Department of Ocean and Resources
Engineering (ORE 203L). For the
ORE203L class, there were four compo-
nents to the “Do It Yourself” (DIY) water
level sensor lab exercise: (1) holding a data
analysis lab where the students learned
about tides, sea level rise, sampling strate-
gies, and sensing technologies in the field
of oceanography; (2) building the DIY
water level sensor; (3) calibrating and
deploying the sensors at the UH Marine
Center in Kakaako, Hawai‘i; (4) recover-
ing the sensors, processing the data, and
comparing them to the local tide station
(see Supplementary Materials for more
details). The updated version, described
here, was refined by a US National Science
Foundation (NSF) Research Experiences
(REU)

for Undergraduates student

researcher at the University of North

Carolina Wilmington. Sensors have
been constructed and deployed by stu-
dents (including many with little-to-no
prior sensor development experience) in
California, Hawai‘, and North Carolina,
including an 18-day deployment at the
Center for Marine Science, Wilmington,

North Carolina.

DESIGN OF THE DISTANCE
SENSORS

Design constraints included that the
sensor must be (1) comparatively low
cost (a couple hundred dollars or less
for all necessary components), (2) con-
structed of entirely off-the-shelf parts
(no custom printed circuit boards), with
widely adopted form factors for future-
proofing (e.g., following the Feather
specification: https://learn.adafruit.com/

adafruit-feather/feather-specification),

and (3) programmable using the Arduino
integrated development environment and
Arduinos wiring language so that stu-
dents with varying backgrounds could
quickly learn the skills to build and pro-
gram devices themselves. The parts list,
assembly procedure, and code are open
source so that this instrument could be
an accessible DIY project either within
or outside of class settings. In this sec-
tion, we outline the technical details
of the sensor components and provide
a high-level overview of the assembly,
deployment, and data analysis routines.
For more step-by-step details, including
firmware, enclosure designs, an assembly
guide, and data analysis examples, please
visit  https://github.com/SUPScientist/
Seaport_Tide-SLR.

Materials and Costs

Table 1 and Figures 1 and 2 list and
illustrate sensor design and assem-
bly. The electronics comprise a battery,
a microcontroller with microSD log-
ging capabilities or a microcontroller
and microSD logging add-on board,
a microSD card, a display, a real-time
clock (RTC), and an ultrasonic distance
sensor (Figure 1). Note that there is no

need for two microSD peripherals (as
shown here on both the M0 Adalogger
Feather and the Adalogger FeatherWing
RTC + SD; the latter is used solely for its
RTC capabilities). The first versions of
the sensor/datalogger did not include an
RTC, but we observed marked improve-
ments in timing and power consump-
tion after its addition due to the ability to
use lower-power sleep states in between
samples. Average current consumption
is 5.5 mA, which provides for 76 days
of operation with the 10 amp-hr battery.
Every day, 5.6 KB of data are recorded (or
only 2 MB per year).

The water level sensor relies on an ultra-
sonic distance sensing component: the
Maxbotix MB1040 LV-MaxSonar-EZ4
(hereafter, “MB1040”). This acoustic sen-
sorisbased on principles thatare similar to
those for a variety of other oceanographic
sampling methods (e.g., echosounders,
acoustic Doppler current profilers), fur-
ther motivating its use in educational set-
tings. The MB1040 was selected for its
range (15-645 cm); its resolution (2.5 cm);
its accuracy (5 cm); its maximum sam-
pling frequency (20 Hz); its narrow beam,
which reduces interference from nearby
objects and improves selectivity for the
water surface (as opposed to interfer-
ences from nearby objects, like pier pil-
ings); its cost ($24.95 at time of writing);
its interfacing options (e.g., analog, pulse-
width modulation, and RS232 serial); its
low power draw and voltage require-
ments (~2 mA at 2-5 V, making it easy to
interface with 3.3-5 V microcontrollers);
and its principle of operation (i.e., ultra-
sonic rangefinding). The MB1040 oper-
ates at 42 kHz.

We tested several different micro-
boards
peripheral devices for different applica-

controller development and
tions and across different price ranges

(e.g.
tions, OLED screen for visual display,

real-time cellular communica-
onboard datalogging). For example, a
version based on the Adafruit M0 or
32u4 Adalogger models with peripheral
displays enabled both real-time readouts
and integrated microSD datalogging. We
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TABLE 1. Bill of materials, including links to parts from Adafruit for ease of sourcing. All parts are also available elsewhere or have comparable replace-
ments. Prices listed were those available at the time of publication. A microSD card reader is also helpful but is not listed below in the bill of materials

for the sensor itself.

PART NAME
Adafruit Feather MO Adalogger’
MicroSD Memory Card
Maxbotix Ultrasonic Rangefinder LV-EZ4
Adafruit FeatherWing OLED 128x32
Adafruit FeatherWing RTC
Half-size breadboard
Stacking headers for Feather (3 sets)
Solid-Core Wire Spool (25 ft, 22 AWG, Black)?
Solid-Core Wire Spool (25 ft, 22 AWG, Red)?
Solid-Core Wire Spool (25 ft, 22 AWG, Blue)?
Lead-free solder wire
Lithium-lon Battery Pack (3.7 V, 6,600 mAh)®
USB A to USB-micro-B cable

FUNCTION ‘ URL ‘ COST
Microcontroller/ development board https://www.adafruit.com/product/2796 $19.95
Datalogging https://www.adafruit.com/product/1294 $9.95
Distance sensor https://www.adafruit.com/product/982 $28.50
Digital display https://www.adafruit.com/product/2900 $14.95
Real-time clock https://www.adafruit.com/product/2922 $8.95
Laboratory prototyping https://www.adafruit.com/product/64 $4.95
Electrical connections https://www.adafruit.com/product/2830 $3.75
Electrical connections https://www.adafruit.com/product/290 $12
Electrical connections https://www.adafruit.com/product/288 $12
Electrical connections https://www.adafruit.com/product/2989 $12
Soldering https://www.adafruit.com/product/2473 $12.50
Power supply https://www.adafruit.com/product/353 $24.50
Interfacing with computer/programming https://www.adafruit.com/product/592 $2.95

TOTAL ‘ $131.31

"The North Carolina version uses the Adafruit Feather MO Adalogger; other constructions utilize different microcontrollers as described in Table 2.
2 These items would provide sufficient material for at least 25 units, so the item cost is divided by 25 to provide a more accurate single unit cost.
% Due to shipping restrictions on lithium batteries, the Hawai‘i version uses three AAA alkaline cells.

L

Ultrasonic sensor

Adafruit MO processor

Micro SD card

Lithium battery

FIGURE 1. Electronic components of the water level sensor, described in the text and in Tables 1and 2.
Note that the rechargeable lithium battery shown here can be swapped out for alkaline batteries if

desired. Assemblies are shown in Figure 2.

developed a version based on the Particle
Boron (a cellular Internet of Things [I0T]
microcontroller that also follows the
Adafruit Feather specification), which
enabled real-time remote communication
with the device, including the updating of
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a cloud-based datasheet. Lastly, we tested
an nRF52832 Bluefruit Feather in order
to explore Bluetooth Low Energy options
and to open the possibility of students
designing mobile applications to com-
municate with the water level monitor.

We provide firmware for each of these
microcontrollers in the Supplementary
Materials, though we did not develop a
mobile app to accompany the Bluefruit.
We refer hereafter to our primary DIY
sensor as the North Carolina version,
which used the Adalogger MO.

All of the microcontroller options
(see Table 2) are built into develop-
ment boards following the Feather spec-
ification from Adafruit (https://learn.

adafruit.com/adafruit-feather/feather-

specification). In brief, Adafruit specifies
the physical form factor, pin placement
(e.g., analog/general purpose inputs and
outputs or GPIOs), USB interfacing, and
use of 3.3 V inputs and outputs, among
other standards in power management.
Consequently, the designs described here
allow for simple interchangeability of
the microcontroller without needing to
change placement of peripheral devices
such as the OLED screen or ultrasonic
sensor. Additionally, the Adafruit Feather
nRF52 Bluefruit and the Adafruit Feather
Adaloggers use the Arduino Wiring
coding language with code that can be
programmed, compiled, and flashed from
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within the Arduino integrated develop-
ment environment (or IDE). The Particle
Boron uses a branch of the wiring lan-
guage, resulting in considerable over-
lap across firmware for all three versions.
The Arduino and VS Code IDEs and the
Particle Workbench extension (used for
the Boron) are all freely available and
straightforward to install on Windows,
macOS§, and Linux operating systems.

Sensor Assembly, Calibration,

Deployment, and Data Analysis
The
requires only three wire connections to

simplest electronics  assembly
the distance sensor for minimal soldering:
power (3V3 on microcontroller board to
5V on sensor), ground (GND to GND),
and analog input (A1 on microcontroller
to AN on sensor). The RTC and OLED
FeatherWings are placed on top of the
Feather microcontroller/datalogger, and
the microSD card and battery are plugged
into their proper slots. The three wires
to the distance sensor can be soldered
to either the Feather or FeatherWing

FIGURE 2. (a) One assembled set of water level monitoring electronics. (b) Components for an additional 12 units
for the San Diego field trips. (c) North Carolina sensor on the Center for Marine Science dock in Wilmington, North
Carolina. (d) Same location, zoomed in to show the mounting bracket screwed into dock.

boards, as the pins will be shared among
the three once they are stacked as shown
in Figure 2a. Once assembled and placed
into the complete housing, the distance
sensor must point straight down at the
water with an unobstructed view for the
most accurate readings.

Two unique sensor housings were
developed: a water resistant, upcycled
clear plastic ice cream jar for the North
Carolina and Hawai‘i versions, and a
laser-cut acrylic housing for the high
school student assembly in San Diego. In
the former, a hole was cut in the jar for the
rangefinder to gain an unobstructed view
of the water surface. Because the exposed
region of the rangefinder is not weather-
proof but needs to be obstruction-free, an
upcycled plastic cup was secured to the
jar to provide some protection against
rain during deployment (Figure 2c,d).
The San Diego housing was designed
to provide a hands-on assembly experi-
ence but not for unattended deployments
and, consequently, was not designed to
be waterproof. Instead, the San Diego

version used off-the-shelf screws and nuts
and a custom laser-cut enclosure that stu-
dents were to be instructed to assemble
during classroom activities prior to their
field trips (see Supplementary Materials
for enclosure designs). A custom three-
dimensional printed bracket was used to
fasten the North Carolina version to the
Center for Marine Science research pier
in Wilmington, North Carolina. Care
was taken to ensure that the sensor pack-
age was installed level so that the ultra-
sonic sensor was pointing straight down
at the water’s surface.

The microcontroller’s analog input
and onboard analog-to-digital converter
(ADC) convert the sensor reading to dig-
ital counts that can then be converted
to physical distances in two ways. The
first option utilizes the MB1040’s data-
sheet conversion equation, which divides

TABLE 2. Description of microcontroller options and their capabilities. Choose one of the following to serve as microcontroller/development board in
Table 1. Prices listed were those available at the time of publication.

NAME CAPABILITIES WEBSITE COST
Adafruit Feather MO ) ) . .
or 32u4 Adalogger Datalogging, Arduino platform https://www.adafruit.com/product/2795 $21.95
Adafruit Bluefruit Bluetooth Low Energy, Arduino platform (external datalogging . .
Feather nRE52832 required) https://www.adafruit.com/product/3406 $24.95

. Bluetooth Low Energy, Cellular (LTE or 2G/3G) (external datalogging https://store.par’ucle.lo/collectlons/clellular/
Particle Boron . . . R ) products/boron-lte-cat-m1-noram-with- $59.37
required), code written and compiled in Particle Workbench othersim-dth-aen
-4th-g
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the ADC’s recorded voltage by the scal-
ing factor of (V_/512) per inch. V__ is the
voltage supplied to the MB1040: 3.3 V for
our microcontroller. The second option,
given the sensor’s linear voltage-to-
distance response, is to convert from
counts to inches by individually calibrat-
ing each unit and applying linear correc-
tions in the form of sensor gain (or slope)
and offset (intercept). We recommend
this latter option for both educational and
research applications, as it prevents a false
sense of confidence in the sensor’s output
and requires manual calibration rather
than blind trust in the manufacturer’s
equation. Our firmware logs sensor val-
ues in uncalibrated inches (imperial
units used in this step rather than met-
ric because this sensor was designed to
report in imperial, following the scaling
equations above). We calibrate the sen-
sors after fully assembling them into their
water-resistant packages by recording the
rangefinder output at five fixed distances
(12", 24", 100", 150", and 200") from a
wall. After calibration and conversion, all
field data are reported in metric units.

The North Carolina
deployed on the University of North

sensor was
Carolinas Center for Marine Science
research pier for 18 days in June and
July 2022. Tropical Storm Colin made
landfall in North Carolina on July 3,
2022, and resulted in a local maximum
windspeed of 17.4 m s' and 5.8 cm of
rain in approximately 36 hours accord-

ing to https://www.weather.gov/ilm/.

Two commercial water level sensors are
also operated on this pier: a Campbell
Scientific CS475A Radar Water Level
Sensor and a Green Stream Technologies
Ultrasonic Water Level Sensor Kit. Data
for both commercial sensors are refer-
enced to NAVDS88 (the North American
Vertical Datum of 1988) and are available
in real time and for download from the
Coastal Ocean Research & Monitoring
Program (CORMP; https://cormp.org).
The DIY and commercial sensors are all
programmed to log data at six-minute
intervals, beginning on the hour.

Once our DIY sensor is powered
(i.e., the battery is connected), it begins
logging data (elapsed time and distance
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FIGURE 3. Sensor calibration results. Red line depicts the factory calibra-
tion and the datasheet’s recommended conversion from analog-to-digital
converter (ADC) counts for a 10-bit ADC to distance in inches; black line
shows the student calibration to convert from counts to distance.
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to the water) to the microSD card at six-
minute intervals using a 10-second aver-
age of distance measurements. To com-
pute the average, 200 points are sampled at
20 Hz (the sensor’s maximum frequency),
the highest and lowest 10 values are elim-
inated, and the remaining 180 samples
are averaged. This approach reduces noise
from sensor interferences or fleeting sig-
nals, such as from short period surface
gravity waves, though we note that alter-
native sampling schemes may need to be
considered for certain research and oper-
ational applications. To convert the mea-
sured distance between the airborne sen-
sor and the water surface to water level,
we inverted the sensor readings such that

H=a-x, (1)

where H is the water level, a is a constant
representing the sensor’s fixed position,
and x is the sensor’s reported distance.
For this educational application, a is cho-
sen using a simple guess-and-check pro-
cedure wherein values are refined until a
graph of H vs. time from the DIY water
level sensor agrees with H vs. time from
the CORMP Campbell Scientific gauge
(by iteratively minimizing the mean dif-
ference between the two time series). For
operational deployments, a more rigor-
ous calculation of a would require sur-
veying to a known datum and correcting
x for changes in sound speed (due to, for
example, temperature and humidity vari-
ations). For inland flood detection appli-
cations, a could instead be defined as the
distance from the sensor to the moni-
tored surface, such as a roadway.

RESULTS AND DISCUSSION

A linear calibration correction was con-
ducted as described in Methods. Figure 3
shows the results of the calibration and
the improvement of our calibration
(black line) over the factory calibration
(red line). The data from the field deploy-
ment were calibrated using the result-
ing slope/gain of 0.502 inches (1.28 cm)
per ADC count and offset of -0.582 in
(1.48 cm). Prior to calibration, the root
mean squared error (RMSE) of sensor
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values vs. actual values was 0.811 in
(2.06 cm); post-calibration RMSE was
0.704 in (1.79 cm). (As noted above, we
report inches in this step because the sen-
sor is designed to output inches.)

Figure 4 shows the results of the North
Carolina deployment. There is no visual
difference among the three sensors in
the top panel. For quantitative compari-
son, additional processing was required.
All sensors were programmed to log data
at six-minute intervals, beginning on the
hour. However, we detected a small shift
in the timing of the DIY sensor (record-
ing took place roughly every five minutes
and 57 seconds) due to a firmware error.
We note that this timing shift still resulted
in accurate timestamps, but at slightly
This
shift is not the same as clock drift, which

shorter than intended intervals.

would result in inaccurate timing. To
resolve this issue for the sake of compari-
son with the commercial sensors, we lin-
early interpolated the DIY sensor values
onto the Campbell Scientific sensor time-
stamps for further comparison, noting
that this adjustment could lead to small
discrepancies between sensors that are
not necessarily due to sensor inaccuracy.
The mean anomaly between our DIY sen-
sor and the Campbell Scientific commer-
cial unit (Figure 4b) was forced to zero
via the setting of a in Equation 1. The
root mean squared error between the
DIY and Campbell Scientific sensors was
1.5 cm. Some of this discrepancy can be
attributed to the interpolation method
rather than sensor accuracy, though this
artifact is difficult to quantify. Supporting
this claim is the fact that the largest anom-
alies (Figure 4b) tend to occur when the
slope of the water level curve is changing
the fastest (i.e., near high and low tides),
which would correspond to times when
a linearly interpolated time series would
fit the actual water level the worst. This
artifact also leads to the cyclical (rather
than random) nature of the anomaly
time series. Infrequent outliers, such
as the 0.35 m anomaly on July 7, 2022,
can likely be attributed to non-sensor-
related issues such as objects floating on
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FIGURE 4. (a) Processed water level data from the do-it-yourself (DIY) sensor collected at the
University of North Carolina Wilmington’s Center for Marine Science (black dots) overlaid on water
level data from two nearby commercial tide stations (blue line and red dots). It is difficult to see the
three distinct sensor time series due to their close agreement. (b) Anomaly between readings from
the DIY sensor described here and the commercial Campbell Scientific sensor.

the surface of the water. In summary,
the roughly $100 DIY water level sensor
provided results quantitatively similar
to those from the commercial CORMP
tide gauges after the calibration and offset
procedures described above, demonstrat-
ing the quality and value of this instru-
ment. Simple firmware and/or hardware
modifications could further improve data
quality, as we describe below.

Possible Modifications

The current version of the DIY water
level sensor provides the basis for
impactful, hands-on, interdisciplin-
ary lessons and yields accurate field
observations. However, there are sev-
eral modifications that could improve
the design and result in superior reso-
lution and accuracy, potentially meet-
ing some research and operational needs.
In terms of data quality, a higher resolu-
tion sensor, such as the MaxBotix HRLV-
MaxSonar-EZ4 (1 cm vertical resolution,
similar range, and only $5 more), would
be advantageous in many applications.

The MaxBotix MB7092 XL-MaxSonar-

WRMAL ($99.95) is a ruggedized, water-
proof (IP67 rating) sensor and would
likely withstand far harsher conditions
than the simpler and less expensive ver-
sions deployed here. Importantly, how-
ever, we note that the North Carolina
sensor (non-waterproof LV-EZ4 model
enclosed in plastic ice cream jar) suffered
no interruptions during Tropical Storm
Colin. Finally, the MaxBotix distance
sensor output is referenced to its voltage
input, which is supplied by the microcon-
troller boards. Including a voltage regula-
tor, such as the MB7986 from MaxBotix,
could aid in measurement stability,
although we did not observe a lack of sta-
bility in our application and conclude that
the microcontroller boards’ on-board
voltage regulators suffice for our needs.
Finally, our applications called for
an instrument with the ability to mon-
itor changes in water level over peri-
ods of hours to weeks. However, other
applications would require a geodetic
datum, in which case the instrument
would need to be surveyed in and refer-
enced to a vertical datum following best
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surveying practices (NOAA, 2013), after
which tools such as NOAAs Vertical
Datum Transformation Tool (VDatum;
https://vdatum.noaa.gov/) could be used

to yield observations relative to a stan-
dard tidal datum. While the time series
reported here is 18 days (limited by the
end date of coauthor Edwards’s NSF sum-
mer REU), the power budget allows for
76-day deployments with a 10 amp-hr
battery. A larger battery, solar panels,
and/or connection to the electric grid
would allow for longer deployments.

Educational Applications

This DIY water level gauge project offered
an excellent teaching opportunity to
engage students in a hands-on “start to
finish” project with real-world applica-
tions. For the University of Hawai‘i at
Manoa Surf Science and Culture Lab, this
project offered the students an oppor-
tunity to learn about: (1) building and
deploying simple sensors with bread-
boarding, writing and loading Arduino-
based code, and processing and analyzing
the sensor output; (2) sampling strategies
and deciding what sampling rate would
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provide sufficient data to observe chang-
ing seawater height compared to other
natural phenomena; (3) oceanographic
sensing technologies and historical meth-
ods compared to more recent advance-
ments in autonomous systems; (4) and
what causes changes in coastal water
levels such as tidal fluctuations and sea
level rise, as well as their implications for
coastal communities and ecosystems.
University of Hawai‘i at Manoa stu-
dents were provided a kit containing all of
the sensor components. They completed a
step-by-step exercise (see Supplementary
Materials) to assemble and communi-
cate with each component. This involved
inserting components into a breadboard
and toggling pins high/low to make LEDs
blink, writing to the OLED screen, dis-
playing output from the rangefinder to
the OLED screen, and then finally sav-
ing rangefinder output to an SD card. As
described above, the MB1040 has analog,
pulse-width modulation and RS232 inter-
facing options. Students found the analog
option to be the easiest to implement.
The students built a support structure
to hold the water level sensors that could

FIGURE 5. University of Hawai‘i at Manoa students stand next to sensors housed within a support

structure at the University of Hawai‘i Marine Center.
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be pushed out and secured over the edge
of the seawall at the UH Marine Center
(Figure 5) where research vessels moor.
The vertical distance from the seawall to
the water was roughly 1.5 m (depending
on tide). A plastic tote was secured upside
down over the sensors to provide an addi-
tional barrier during deployment and to
protect the sensors from possible heavy
rain or curious birds. The sensors were
recovered the following week.

Upon recovery, battery power was
removed, and data were downloaded to
personal computers from the microSD
cards. The students completed a data
processing exercise to apply the calibra-
tion correction, invert the vertical dis-
tance (sensors were looking downward
so that a smaller distance from sensor to
water corresponds to a higher tidal stage),
and compare their sensor output to the
local tide station data (NOAA Station
1612340, https://tidesandcurrents.noaa.
gov/waterlevels.html?id=1612340).

There was very positive feedback from

all of the students who participated in this
lab exercise, for example, “The two activ-
ities that I enjoyed most were building
the tide gauge and deploying it. I thought
both of these activities were very fun and
something that I have not done before.
I enjoyed being able to build the gauges
firsthand, program it, deploy it, and see
the data” (course evaluation, anonymous
ORE 203L student).

CONCLUSION

We demonstrated the utility of a low-cost,
easily constructed DIY water level sensor
for educational settings. We combined a
MaxBotix ultrasonic rangefinder, real-
time displays, and microcontrollers fol-
lowing the Adafruit Feather design spec-
ification, and programmed the devices
to measure water level within a range of
15-645 cm with a resolution of 2.5 cm.
We note that simple modifications could
improve resolution to 1 cm. Sensor pack-
ages were successfully built, tested, and
calibrated in laboratory and classroom
settings and deployed in the field by stu-
dents at the University of North Carolina


https://vdatum.noaa.gov/
https://tidesandcurrents.noaa.gov/waterlevels.html?id=1612340
https://tidesandcurrents.noaa.gov/waterlevels.html?id=1612340

Wilmington and the University of Hawai‘i
at Manoa. Data from a five-point calibra-
tion suggest that the sensor has a linear
and predictable response, and compari-
son of our sensor’s field deployment data
with a nearby tide station illustrate good
agreement. Sensor accuracy is reported
by the manufacturer to be 5 cm, but after
a simple calibration procedure, we quan-
tified only a 1.5 cm root mean squared
error (for a 10 sec averaged sample every
6 min) between our DIY sensor and a
collocated commercial unit. For just over
$100, only a small amount of soldering,
and installation of ready-to-use code,
other students and educators, commu-
nities in need of water level monitoring,
and potentially researchers can construct
a simple but reliable device. Building,
deploying, and analyzing data from the
sensor can aid in students’ understanding
of water level measurements and in the
practice of monitoring sea level changes.
Ultimately, we believe that this DIY water
level sensor can improve ocean and cli-
mate literacy while providing a hands-on
project that teaches real-world engineer-
ing and science skills.

SUPPLEMENTARY MATERIALS

Please see https://github.com/SUPScientist/Seaport_
Tide-SLR for raw and processed field and calibration
data, data analysis scripts, firmware, getting-started
guides, and additional lesson plans.
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