Military Technical College - MW Team

Abstract: Military Technical College (MTC) is
ready to conquer the RoboBoat competition with a
bright-minded team. The team contains three
groups: Mechanical, Electrical, and Multimedia.
The team confronted some challenges with the old
version of the boat to adapt to the new competitive
strategies. The competition strategies revealed
within this report briefly discuss the design
process, imposing several specific requirements
on the vehicle design and construction. This
includes the presence of various sensors used
efficiently to provide the boat with the ability to do
the tasks smoothly. Also, the team encountered
many mechanical and electrical trade-offs in the
design discussed below.

I. Introduction

Our choice for the naming MW is "water"
in the ancient Egyptian language. MW's team is
divided internally into three subareas working in
harmony, according to the skills required for the
development of an autonomous vehicle. The
electrical team works on the connections between
the "Robotic Operating System" ROS, the camera
as a vision for the boat, and the control system
complying with signals from the ROS to each
thruster, light, and electronic devices on it,
Mechanical team on the design of the catamaran
hull, production the overall structure of the ASV,
and Media team responsible for the web page,
photos, videos.

Il. Competition Strategy

Our team approaches the competition
tasks with minimum effort, time, and cost to
collect as many points as possible. Due to the
changes in the tasks this year, the team decided to
make some decisions that traded off some features
to adapt to some tasks. In this section, we will
provide insight into how the team plans to do this.
Initially, the subsystems used in the challenges
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will be presented, followed by a short explanation
of how each challenge will be accomplished. Due
to some obligations in college and a lack of
members in the mechanical group, we had very
limited collective hours to work on the vehicle.
However, we made use of it wisely.

1. Navigate the Panama Canal

Being the main mandatory task, we gave it
the highest priority. It is required that the ASV
navigate through two pairs of red and green buoys
in a fully autonomous manner. The two buoys are
at least 6 feet apart. The two sets of buoys are at
least 25 feet apart. We decided to complete this
task with image processing by color detection
without needing the detection of shape.

The camera was placed in the most suitable
location that suits all requirements of the
upcoming tasks. We made an algorithm that
guides ASV and maintains the suitable distance
between the red and green buoys according to
camera detection. The algorithm instructs the ASV
to maintain the initial direction in seek of the exit
gate. As soon as ASV passes through the exit gate,
it proceeds to the next task.

2. Magellan’s Route

The ASV is required to sense and
maneuver between multiple sets of gates
consisting of pairs of red and green buoys. The
ASV must not touch the buoys and avoids
intermittent yellow and black buoys in the
pathway. This task depends heavily on the camera,
putting an extreme processing load on the NUC.
So we decided not to use the LIDAR to reduce the
complexity of this task. As ASV pushes forward,
it must localize itself between the two buoys,
putting the green buoy on its right, and the red
buoys on its left using right or left thrusters
independently. If a yellow or black buoy is
detected, the distance between them and each buoy
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is calculated and the ASV is directed towards the
largest distance to maintain a smooth path.

3. Beaching & Inspecting Turtle Nests

Despite being a straightforward task, it
took a lot of effort for our team to perform it. We
decided to use both LIDAR and a camera during
this task so we constructed an extremely complex
algorithm, ROS which manages to detect any
obstacle by using LIDAR through the route to the
docking bay while the camera detects the color and
number of eggs of the required bay, then
initializing docking algorithm which eventually
managed to pass the task successfully.

4. Northern Passage Challenge

Starting this task in a similar manner to
Navigate the Panama Canal task, then ASV had to
find the blue buoy distant 40 ft. at least from the
gate buoys rather than the second gate. As soon as
ASV passes the first pair of buoys, it pushes
forward with a full thrust with the same heading
until the blue buoy is detected by the camera. ASV
moves toward the buoy, reducing its speed
gradually until it is at a suitable distance measured
by the LIDAR. It then circumnavigates the blue
buoy, and moves again toward the entrance gate
with full thrust, completing this task as fast as
possible.

5. Ocean Cleanup

It is the first time the team attempting this
task, but eventually, we decided to keep it simple,
by designing a scoop with holes drilled in it
allowing for multiple racquetball catches at once,
this design is chosen to maximize the number of
balls ladled with minimal effort, time and
complexity.

6. Feed The Fish
Through this task, we made some
adjustments to the boat’s mechanical design, we
added a small pipe to hold and shoot the balls via
the water jet. As a trade-off, we decided to make

the water jet fixed instead of using servomotors to
decrease the complexity and weight of the ASV.
ASV detects the frame using the camera then holds
the position at a suitable distance from it, using
trial-and-error then deploys balls through the
frame and onto the feeding table, in any of the
three holes.

Figure 1: Water Pump

7. Ponce de Leon

Using the same water jet mechanism used
in the previous task, water is delivered through the
center of the target, after its detection using a
camera, and a suitable distance from the dock is
maintained using trial-and-error. Water is pumped
from the surrounding environment instead of
storing it onboard to decrease weight and increase
stability.

8. Explore the Coral Reel

RTK is trained to locate the next task from
data collected from the camera and VectorNav
making sure to avoid all obstacles in the way
(floating buoys, balls, docks, previous task
equipment, etc.) until eventually finding the two
black buoys, passing through them announcing all
tasks successfully passed.

I11. Design Creativity

1. Hull Design
We decided to go with a double-hull
design as it grants increasing in stability than a
single-hull ~ design. However, it increases
resistance in water thus decreasing the ASV speed
which is an acceptable trade-off due to
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competition tasks containing a lot of steering-
based tasks compared to high-speed tasks.
Another trade-off we took on was increased
buoyancy thus increasing the maximum load
onboard of the ASV which increases the overall
weight. So as a countermeasure, we replaced last
year’s batteries with lighter batteries.

Figure 2: The Final Design of ASV

2. Navigation system
We integrated the IMU and GPS to move
from one point to another using the Kalman filter.
We encountered many issues with the GPS
module due to local restrictions but we managed
to solve them.

ASV heads towards the next waypoint with
aid of IMU and GPS module rotating in a closer
direction, then as LIDAR detects any nearby
obstacle, it uses a special algorithm to avoid it.

3. Cooling System

A new design for the AUV was essential to
counter our weak points in the previous design
where we noticed that performance was degraded
due to a rise in NUC’s temperature. The cover
provides enough space for the internal components
with calculated spacing for each component to
prevent any interferences between them and allow
for the air to flow releasing the heat accumulated
from the NUC where the air enters through the top
side of the cover and is exhausted through the back
making sure the is no water particles may enter.

The new fiberglass hull design ensures more
hydrodynamic efficiency and generates less drag
force upon movement and is both lighter and
smaller than the previous wood hull design. We
also used silica gel to absorb humidity in the air
from the surrounding environment. The new cover
also provides an interface for charging the battery
and showing its status externally through an LCD
so the cover needn’t be removed.

Figure 3: Cooling system and charging interface in
the cover

4. Software
We used LabVIEW for control due to its
simplicity & creativity. We integrated our ROS
work with LabVIEW by sending only command
velocity to the controller, we have tried to keep it
as simple as possible. Our design is modular &
easy to modify.

We used MyRio as the controller, where it’s
compatible with LabVIEW in addition to its quick
response compared to other microcontrollers. We
used ROS to send command velocity to MyRio.
Hence, it sends PWM signals out to the thrusters.

- W
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Figure 4: Communication between ROS & LabVIEW




Military Technical College - MW TEAM

IV. Experimental Results

1. Vehicle’s performance:

We wused the double hull structure
(catamaran) which proved to be more stable with
a decent buoyancy, using both Maxsurf stability
gave us satisfying results which encouraged us to
use this design model.

Fiberglass was used to improve the
buoyancy where the overall weight decreased
which increased speed and freeboard.

Figure 7: Water flow vectors

The hull design used was taken from many
experiments where we picked the best volume-to-
force and good speed in the water as water drag
ratio.

The Catamaran was designed to maintain a
high transverse righting moment even at high
heeling angles to maintain high stability and a
fairly high longitudinal righting moment, to ensure
the ASV is always at its ideal working conditions
either at idle or in motion.

Figure 5: Vehicle’s stability test

Figure 6: Water streamlines i s -

Figure 8: Water streamlines

The hulls were designed to withstand high
loads up to 60 kg which is the max load allowed at
the draft of 200 mm
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Figure 10: Water streamlines
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Appendix A: Component List

Vendor Model/Type Specs Custom/Purchased Cost Year of Purchase

ASV Hull Form/Platform | Local | CATAMARAN | withstand high o Custom - ’T ’T
Waterproof Connectors | sLUEROBOTICS | EncLosURE ver | o-RNG wATERT | Purchased | K [2023
Propulsion | BLUEROBOTICS | 200 | - Furchased ’T ’T
Power System | Amazon | Lead Acid | 432w | Purchased | 708 | 2023
Motor Controls | BLUEROBOTICS | BasicEsc | 30amPr2ev | Purchased < E 2022

CPU | wTEL | Wuc 11 RO | CORE T 11th GEY | Purchased | | soos 202
Teleoperation | Te-Link | EAP110-Outdoor | External 2¢5dBic | Purchased | 905 202
Cumpass | VectorNaw | vn-100 | - ’W ’W ’F
Inertial Measurement Unit | Py — | o | - ’W ’W ’T
(IMU)

Camera(s} | logitech | Co30s | pro HD webcam Purchased - W ’T
Hydrophones | Aquarian Audio | H2A HYDROPHO [- | Furchasss < EC [203
Vision | stanTeC | RPUDAR A2 | 25 mRANGE RET | Purchased < [200s [2021
Localization and Mapping | EnLp | REACH RS- | 9DOF MU/ 9-CH, | Purchased | [ soos [ 2021
Autonomy | IMPLEMENTED | ROS | - Custom - _ ’72023

| ubuntu [ 160415 [- [ custom -] -]

Open Source Software
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