MATE FLLORARTS!

NAVIGATOR CLASS: MATE Floats! 2024

MATE Floats! 2024 is inspired by the National Science Foundation (NSF)-funded GO-BGC Project. The
goal of GO-BGC is to help build a global network of profiling floats with chemical and biological sensors
to monitor circulation, chemistry, biology, and overall ocean health. Scientists, engineers, and
technicians are using NSF grant funds to build and deploy 500 robotic ocean-monitoring floats around
the globe.

This task involves the following steps:

Design and build an operational vertical profiling float
e Prior to the competition, design and construct a vertical profiling float with a temperature
sensor — up to 10 points

o Design and construct a vertical profiling float — 5 points
o Include a temperature sensor — 5 points

e Deploy the float into a designated area — 5 points

e Float completes a vertical profile — 15 points

o Float collects temperature data from four points — up to 20 points
o Air (prior to being deployed) within 4°C — 5 points
o Surface within 4°C -5 points
o Mid-water within 4°C -5 points
o Bottom within 4°C -5 points

e Graph temperature versus depth — up to 10 points
o Graph is plotted using a computer program — 10 points
o Graph is plotted on graph paper - 5 points

OR

Company does not design and construct a vertical profiling float or the float does not contain a
temperature sensor.
o MATE-provided data is used to graph depth over time — up to 10 points
o Graph is plotted using a computer program — 10 points
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o Graph is plotted on graph paper — 5 points

Total points = 60 points

Product Demonstration Notes:

Prior to the competition, NAVIGATOR companies must build a float capable of completing a vertical
profile (i.e., traveling from the surface to the bottom and back to the surface) and collecting data during
the profile.

The vertical profiling float:
e May use a motor and propeller to travel from the surface to the bottom and back. Alternatively,
the float may use other means to go up and down, such as a buoyancy engine.

e Propellers must be enclosed inside the frame of the float or shrouded. The propeller should not
be able to touch any surface of the pool. Floats with propellers protruding outside the
framework will not pass safety inspection and cannot be used.

e  Must operate independently of the ROV. The ROV may carry the float to the designated area,
but the float must go down and up independently of the ROV (on its own).

e May be operated by a pilot. This pilot can be the same person who pilots the ROV or a different
pilot.

o Must be less than 50 centimeters in overall height. The float may not have a
diameter/length/width greater than 12 cm.

e  MUST operate as a non-ROV device. See below for additional information on powering non-
ROV devices.

Companies will receive 5 points for successfully designing and constructing a vertical profiling float.
Successfully designing and constructing a float is defined as bringing the profiling float to the mission
station and explaining to the judge how it operates (how it moves up and down in the water column).
Companies will receive 5 points for successfully incorporating a temperature sensor on their profiling
float. Successfully incorporating a temperature sensor is defined as showing the station judge the
temperature sensor on your float.

Companies must deploy their float in a designated location. The designated location is defined as
anywhere beyond a red mark set 1 meter out in the pool. Companies will receive 5 points when they
successfully deploy their float. Successfully deploying the float is defined as the float no longer in
contact with the ROV, floating on the surface, and beyond the red mark 1 meter away from the side of
the pool. If the float is released before reaching the designated location, companies are permitted to
retrieve the float and reposition it in the designated location.

Once released, the float should attempt to complete a vertical profile. A vertical profile is defined as any

part of the float on or above the surface, descending in the water column until any part of the float
touches the bottom, then ascending to and breaking the surface once again. Companies will receive 15
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points for successfully completing a vertical profile. Successfully completing a vertical profile is the float
starting on the surface, descending to and touching the bottom of the pool, then ascending to the
surface again. Companies must complete an entire vertical profile, surface to bottom to surface, to
receive points.

Companies must use the temperature sensor on their float to record four temperature measurements.
One measurement must be recorded in the air. This measurement must be taken during the mission
run before the float is deployed into the water by the ROV. Note that it cannot be taken during the set-
up time. A second temperature measurement must be recorded at the surface. The temperature
sensor must be underwater, but some portion of the float must be at the surface of the water. A third
temperature measurement must be recorded in the midwater. No part of the float should be on or
above the surface, no part of the float should be touching bottom. The float does not need to stop in
the midwater in order to take the measurement. A sensor providing continuous temperature readings
can be used, and a temperature reading recorded when the moving float reaches the midwater. A
fourth temperature measurement should be recorded from the bottom of the pool. Some portion of
the float must be touching the bottom of the pool.

Companies will receive 5 points for successfully recording each measurement, up to 20 points.
Successfully recording a temperature measurement is defined as showing the station judge your
temperature reading and recording that temperature at the mission station. Companies may record the
temperatures by hand on paper or enter them into a computer or other device. MATE will not provide
paper or a device for recording.

The accuracy of the temperature measurement must be within 4° Celsius of the true temperature.
Station judges will have a temperature sensor that will measure the temperature of the pool and the air.
Companies can compare their temperature sensor against the station sensor to determine if there is any
offset (i.e. to determine if your sensor differs from the station sensor). Recording the temperature can
include writing down your temperature on paper or recording it onto a computer spreadsheet.

Once all four temperature measurements have been recorded, companies must graph those four data
points as temperature versus depth. Companies should use the known depth of the pool to estimate
the depths for each temperature measurement. For example, in a pool 2.2 meters deep, companies
could use 20 cm for their air depth, -10 cm for their surface temperature measurement, 110 cm for their
midwater depth temperature measurement, and 220 cm for their bottom temperature measurement.

Companies will receive 10 points when they successfully graph the temperature versus depth using a
computer program, or 5 points when they successfully create a graph on paper. Successfully graphing
the data is defined as plotting depth on the Y-axis and temperature on the X-axis and showing the
resulting graph to the station judge. All dots should be linked by a line. Companies may use Excel or
another computer program to plot their data points. Companies graphing the data points on paper will
receive fewer points. MATE will not provide computers or graph paper at the mission station;
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companies must provide their own method for graphing the data. All graphs must have their axes
labeled. An example of a graph plotting temperature versus depth is represented below:

Data measured:

Location Depth (cm) Temperature (°C)
Air 30 31.4
Surface -20 27.2
Mid-water -110 25.5
Bottom -210 25.4
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If a company does not build a float, if that float does not contain a temperature sensor, or if the
temperature sensor fails to send temperature data back to the mission station, companies should
inform the station judge that they are choosing to instead graph data provided by MATE. The judge will
then provide a set of depth versus temperature data. Once a company requests the MATE data, they
can no longer receive points for collecting four temperatures and graphing those four temperatures.
Instead, companies will receive 10 points for successfully graphing depth versus temperature on a
device, or 5 points for successfully graphing depth versus temperature by hand on paper. Successfully
graphing the data is defined as showing the station judge a graph with temperature on the X-axis and
depth on the Y-axis. MATE will not provide computers or graph paper at the mission station; companies
must provide their own method for graphing the data. All graphs must have their axes labeled.

Hints on building your vertical profiling float and incorporating a temperature sensor:
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e One motor is sufficient to move your ROV up and down in the water. The same is true for a
float.

e Your float only needs to move in two directions, up and down. A DPDT switch is capable of
controlling a bilge pump motor on your float.

e Like GO-BGC floats, your float should be positively buoyant. When released by the ROV, it
should float on the surface, but do not use so much flotation that your motor and propeller
cannot move the float to the bottom of the pool.

e Simple underwater temperature sensors consist of a probe, which goes into the water, and a
display that remains out of the water. These components are connected by a short pair of
wires. Like the float itself, the temperature sensors may be connected to the mission station by
the tether (most temperature sensors will need to be elongated and can use two wires in the
tether). The temperature sensor probe must be attached to the float, but wires from the probe
can extend from the float to the mission station where your display is located.

e The float wires and the temperature sensor wires may be incorporated into a single tether.

e Want to learn more about temperature sensors on your ROV or float? Check out the MATE ROV
Competition Sensors presentation.

e Glass thermometers are not allowed in the pool! A glass thermometer on a float will NOT pass
safety inspection.

Like ROVs, floats do not need to be overly complicated to work. Here is an example of a float using
a propeller. While this float uses onboard batteries, which are not allowed for NAVIGATOR and
SCOUT, it does use a motor with a shrouded propeller to complete vertical profiles.

Rancho San Juan — Atlantico Float Documentation

Here are examples of floats that use buoyancy engines to move up and down. These floats also use
onboard batteries (again, these not allowed for NAVIGATOR and SCOUT), but are shared here to
demonstrate different ways to move a float up and down.

Florida Atlantic University High School — Night Owls Float Documentation

X-Academy — Hephaestus Robotics Float Documentation

Brooks DeBartolo High School — Phoenix Robotics Float Documentation

Additional company float documentation can be found in the 2022 Archives and the 2023 Archives.
See the Technical Reports & Spec Sheets.

Non-ROV Device Power Specifications

The vertical profiling float with a temperature sensor is considered a non-ROV device. This is a device
separate from the ROV that a company can deploy and control to fulfill its mission. The following are
rules for the float.

ELEC-NRD-001: The vertical profiling float MUST be powered from the surface, it may not use onboard
batteries. Voltage is limited to 12 VDC maximum; amperage is limited to 6 amps maximum. All power
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for the non-ROV device must come from a surface supply, must go down tether wires, and must go
through a single fuse (see ELEC-NRD-004).

The temperature sensor on the non-ROV device may be powered independently from the vertical
profiling float if the sensor:

e Is purchased “off the shelf” with integrated batteries

e Has a voltage less than or equal to 9v
Provided the off-the-shelf temperature sensor system meets the above requirements, the system does
not need to be opened to insert a fuse. This rule is for the non-ROV device temperature sensor only!
This does not apply to the ROV.

A tether is limited to 6 conducting wires. l.e. your tether may only have 6 wires going from the surface
controls to the float. You may not use pneumatics or hydraulics on your float. Only electrical wires are
allowed to be connected to the float.

ELEC-NRD-002: The vertical profiling float non-ROV device may use thrusters or a buoyancy engine to
descend/ascend but no cameras are allowed on the float.

ELEC-NRD-003: Connection to power must be red/black Anderson Powerpole Connectors. The red and
black pole pieces must be attached together. Loose Powerpoles (those not attached together) will not
pass safety inspection. MATE will provide a 12-volt power source for the float at the mission station.

ELEC-NRD-004: A 7.5-amp (or less) fuse is required. The fuse must be installed in the positive power
supply line within 30 cm of the power supply attachment point.
e ATO type blade fuses or MINI blade fuses MUST be used for any fusing. These fuses provide
easy visual inspection for amperage using industry standard color codes.
Fuse Reference: ATO fuse MINI fuse
These fuses are all rated for 32VDC and are color coded for amperage.

o All blade fuses MUST correspond to the standardized color codes listed on the fuse links above.
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