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Abstract—For RoboSub 2021, Team Bumblebee’s strategy
involves simultaneously deploying the BBAUV 3.99 and
the BBAUV 4.0 to complete the tasks efficiently, using
acoustic subsystems for inter-vehicular communication.
The mechanical design of the BBAUV 4.0 is optimised
for space and weight, offering vastly superior manoeu-
vrability while eliminating the weight penalty incurred by
the BBAUV 3.99. Electrical work centred on improving
ease-of-access to components and decoupling individual
subsystems, reducing turnaround time when debugging.
Software development focused on improving the vision
pipeline and implementing a behaviour tree-based mission
planner to allow for quicker iterations during testing and
an easier understanding of the AUV’s behaviour. The
team’s limited access to in-water testing was supplemented
using hydrodynamic simulations to tune the AUV’s control
systems, and custom sensor plugins were developed for our
Gazebo simulator. Testing time was used to qualify our
simulation results and improve our models.

I. COMPETITION STRATEGY

For RoboSub 2021, we plan to deploy both our
BBAUV 3.99 (Fig.1) and BBAUV 4.0 (Fig.2) to
complete all the competition tasks. We noted that
although we were previously able to achieve good
results with only the BBAUV 3.99, the past 3
physical RoboSub competitions were won by teams
deploying two vehicles. Deploying two vehicles
allows us to significantly reduce our competition
run time as they can complete tasks simultaneously,
while also acting as backups in case one vehicle
fails to perform a task. Furthermore, we are also
able to optimise each vehicle for a specific set of
tasks, which we will discuss below. Lastly, while
the new vehicle was still under development, our
software team was able to use the stable BBAUV
3.99 platform to deploy and test our software sys-
tems.

A. Development Efforts

During the first half of the year, lab access was
limited due to COVID-19 restrictions. As a result,
our whole team worked remotely, with the Mechan-
ical team relying on our accurate CAD models to
continue development of our vehicles. We continued
to finalise designs and send parts for manufactur-
ing during the lockdown period, allowing us to
rapidly assemble and test them once the lockdown
lifted.

Even after restrictions were partially lifted, our
physical pool testing opportunities were still
severely limited. To make full use of our time, we
split our team into two, deploying both vehicles at
every test. One team focused on testing our new
algorithms using the robust BBAUV 3.99, while
the other team focused on finalising development of
the BBAUV 4.0. To further increase the efficiency
of physical testing, we developed hydrodynamic
models of the AUVs, using Computational Fluid
Dynamics (CFD) simulation conducted in Ansys
Fluent. Control law partitioning was used to identify
relevant system equations, providing a guideline for
the tuning of the Proportional–Integral–Derivative
(PID) controllers, reducing the number of parame-
ters required to tune the PID controller from 24 to
8.

For our Software team, we expanded our Gazebo
simulations to add a variety of task obstacles, al-
lowing us to test the controls and sensors of the
AUV without requiring physical pool tests. Fur-
thermore, we were able to tune the parameters of
our simulated vehicle to closely match our real
vehicle, using data calculated by the aforemen-
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tioned hydrodynamic models. This allowed us to
accurately simulate the competition tasks and test
various configurations of our mission planner for
their effectiveness. This way, we were able to use
pool time to rectify errors we couldn’t predict in
the simulation, such as reflections from the water
surface interfering with our camera.

B. Competition Vehicles
Our first vehicle, the BBAUV 3.99, was entered in
RoboSub 2018 and 2019. It was developed as both
a competition vehicle as well as a research and
development vehicle for commercial applications.
However, its high weight incurs a large penalty
under the RoboSub scoring system, and its large
size prevents it from doing certain tasks effec-
tively.

Fig. 1: 3D model of the BBAUV 3.99.

Our second and newest vehicle, the BBAUV 4.0,
is designed solely for RoboNation competitions. A
much smaller and lighter vehicle, it is intended to
resolve the weaknesses inherent in the BBAUV 3.99
while maintaining similar capabilities.

Fig. 2: 3D model of the BBAUV 4.0.

While developing our new BBAUV 4.0, we reused
existing designs and technologies as far as possible,
to reduce the cost of developing an additional vehi-
cle. However, improvements made to the BBAUV
4.0 were also back-ported to the BBAUV 3.99,

such as our new electronically-controlled actuation
system, replacing the heavier and less reliable pneu-
matics used on BBAUV 3.99.

C. Course Strategy
Being the faster of the two, we aim to deploy the
BBAUV 4.0 for the With Moxy and Choose Your
Side tasks first. For the remaining tasks, we plan to
use the BBAUV 4.0 to complete the pinger tasks
(Survive The Shootout and Cash or Smash), while
assigning the BBAUV 3.99 to the marker following
tasks (Make the Grade and Collecting). We expect
both vehicles to complete their tasks at the same
time (the pinger tasks are more time-consuming,
but the BBAUV 4.0 is faster). If time permits, the
vehicles will swap their assigned tasks and attempt
to get a better score.

To facilitate this dual-vehicle strategy, we developed
an inter-vehicle communication system. In order to
prevent conflicts, each vehicle publishes the task
that it is currently attempting; only when both
vehicles signal completion of all their tasks will they
swap their assignments. Furthermore, in terms of
collision avoidance while navigating between tasks,
each vehicle publishes its current and predicted lo-
cations; if the predicted locations are within 5m, the
vehicles will move to different depths to allow them
to safely pass each other. Lastly, the inter-vehicle
communication system allows both our vehicles to
share the positions of each task with each other,
allowing for seamless swapping of tasks.

In terms of the individual tasks, we make use of
a sensor fusion approach, together with a tech-
nique known as structure from motion in our vi-
sion pipeline. By combining our sonar images with
object detection using machine-learning methods,
we are able to accurately localise and identify task
objects like the buoys in the Make the Grade task.
For identifying the torpedo cutouts in the Survive
the Shootout task, we further augment this with
traditional computer vision techniques for detecting
the border colour.

To complete the Collecting task, we first use the
bottom-facing camera to follow the orange markers
to the general area of the bins; we then search for
them by moving in a square-shaped spiral path to
balance the efficiency of detection and accuracy of
motion as recorded by our Doppler Velocity Log
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(DVL), using our aforementioned vision pipeline for
identifying the bins themselves. To lift the cover, our
plan is to leverage our position-based PID controller
(discussed below) to accurately position the vehicle,
utilising a fixed grabber arm to grab the cover’s
handle.

Bringing together these task-specific strategies is
our mission planner. In previous years, we used a
Finite State Machine (FSM) based mission planner
due to the abundance of existing resources, and their
relative ease of implementation. In our experience
however, adding or removing states from an FSM-
based planner is prone to human-error by virtue of
needing to consider the complexities of the transi-
tions and internal states in the state machine. This is
only exacerbated under high-stress conditions, such
as within the 15-minute time limit of a run. As such,
we moved to a Behaviour Tree (BT) based mission
planner this year, and its benefits will be elaborated
under the Design Creativity section.

II. DESIGN CREATIVITY

A. Mechanical Sub-System
1) Design of Main Hull
In designing the main electronics hull of the
BBAUV 4.0, we looked for ways to reduce wasted
space on the vehicle. Noting that most commercially
available boards are rectangular, we decided to make
the hull rectangular to increase its packing effi-
ciency. Compared to the already packed cylindrical
hull of the BBAUV 3.99, the BBAUV 4.0 hull
achieves space savings of 50% while preserving
previous capabilities.

Rectangular hulls are more susceptible to warping
at high pressures, so our hull is made of Computer
Numerical Control machined aluminium instead of
the usual acrylic pieces. Finite Element Analysis
was performed to optimise the shape while ensur-
ing that it could withstand its rated pressure of 3
bars. The hull also contains an internal aluminium
wall which improves the structural rigidity of the
AUV, while doubling as method of isolating the
electrically noisy components (eg. the Electronic
Speed Controls) from the sensors, like the Inertial
Measurement Unit (IMU) and acoustic systems.
We also implemented an innovative slot mounting
mechanism, which enables mechanical and electri-
cal modularity (Fig.3).

Fig. 3: Internal layout of the main hull.

Our vehicle also has a transparent window to ob-
serve internal components and a display screen
which highlights the vehicle’s internal pressure,
battery level and other important indicators.

2) Cooling System
The BBAUV 4.0’s cooling system takes advantage
of our aluminium hull by using thermal adhesive
tape to dissipate heat from our Single-Board Com-
puter (SBC) and Graphics Processing Unit (GPU)
directly onto the hull walls (Fig.4) and, by exten-
sion, the surrounding water. This simple and passive
heat dissipation method obviates the need for addi-
tional components and complexity for component
cooling.

Fig. 4: SBC mounted with thermal adhesive tape.

3) Design of Battery Hull
Another creative aspect of our new AUV is the
battery hull, manufactured using novel 3D metal
printing technology. We embedded internal lattices
and isogrid patterns for the walls and base of
the battery hull, increasing the rigidity-to-weight
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ratio. By using 3D-printing, we were also able
to manufacture tight corners, which are difficult
to create using traditional methods. This allows
the battery to fit exactly into the hull, once again
minimising internal space wastage. Together, these
factors significantly reduce the vehicle’s weight and
volume.

Fig. 5: Isogrid layer of the battery hulls.

The rectangular design of both the main and battery
hulls also allows them to be directly connected
by right-angled SubConn Low Profile connectors,
further cutting weight by reducing the length of
cabling required.

4) Design of Actuation Systems

The BBAUV 3.99 previously used a pneumatic sys-
tem for the ball dropper and torpedo launcher. How-
ever, this system requires a buffer to re-pressurise
the tank between actuations, and also necessitates
a separate hull to contain the pneumatic valves,
occupying both weight and space.

Our vision to reduce the weight, footprint and
maintenance time of the new BBAUV 4.0 led us
to develop an electronically controlled actuation
system (Fig.6), removing the need for air canisters
and an additional hull.

Fig. 6: BBAUV 4.0 Torpedo Launcher.

The new dropper uses a single servo motor to
control the position of the blocking arms, while the
new torpedo launcher uses a compressed spring and
latch system that is actuated via a servo motor. The
grabber system utilises the commercial off-the-shelf
Blue Robotics Newton Gripper, due to its robustness
and simplicity for tasks that require manipulating
PVC pipe obstacles.

5) AUV Indicator Lights
To provide real-time, at-a-glance feedback of the
vehicle’s state during autonomous testing and com-
petition runs, the BBAUV 3.99 uses internal LED
strips, which are visible through its transparent hull.
To maintain this functionality with the BBAUV
4.0’s opaque aluminium hull, we developed an in-
house RGB lighting system that is entirely enclosed
within a Blue Robotics M10 Penetrator, requiring no
external cabling. Its low profile design reduces drag,
while still being externally visible.

We determined that the off-the-shelf Blue Robotics
lights were unsuitable since they could only display
a single colour, making it difficult to differentiate
between states, or requiring more than one light to
do so.

B. Electrical Sub-System
1) Design of Electrical Architecture
There are two main communication channels used
in our electrical architecture: Controller Area Net-
work (CAN) and Ethernet. Ethernet is used for
systems requiring high bandwidth, while CAN is
used for communication between the embedded
systems.

Fig. 7: Communication architecture block diagram.

Our custom-designed Power Monitoring Board
reads the battery charge through a fuel gauge IC,
allowing us to display an estimate of the remaining


