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Abstract

The last several years have presented a unique set of challenges for the Mcgill Robotics team.
Extremely large turnover coupled with poor documentation and systems failure has lead us to
’think smaller’. This year we have decided to get a fresh start and build solid foundations for the
years to come. Our main values are now those of simplicity, reliability, and the development of a
team where all members have a strong understanding of each component of the AUV. We want
our AUV team to be more accessible to newcomers by operating under simple logic and by having
information about the robot easily accessible. We also want to make sure that, in the future, the
team will be able easily understand and verify the work that we are doing, such that they will be
able to efficiently and easily build upon it.

This report discusses various aspects of our AUVs, old and new, including competition strategy,
design creativity, and experimental results. In accordance with our values, our competition strategy
placed a special emphasis on simplicity, which we believe leads to better robustness. We achieved
this by heavily prioritizing the competition tasks we thought we would be able to achieve in the
short term. This allowed us to put more energy towards making the robot perform its tasks using
reliable methods rather than attempting to do everything with mediocre success rates. When it
comes to design creativity, as we were planning for years ahead, we made it a priority to have
a system that is modular and extensible. This can be seen in our mission planner which uses
state machines to encapsulate tasks as states. This design will allow us to modify and add tasks
without impacting work done previously. We also improve modularity by obeying the separation of
concerns principle when designing our package system. Meanwhile, our mechanical design is made
extendable by ensuring that the hardware of our AUV is easily accessible and replaceable. Finally,
we report on some modest bench-top testing results, demonstrating the frequency response of our
custom hydrophones filter board and the debugging outputs of our mission planner.

Competition Strategy

Our general competition strategy is to prioritize robustness and simplicity whenever we are presen-
ted with a design choice. Due to the small size and relative inexperience of our team, we have
decided to focus on tasks that require the least amount of hardware and that we believe we will be
able to complete with a high success probability. Consequently, we have decided not to attempt
the bin and torpedo tasks.

Planning for years to come, we have decided to implement the overarching logic of the robot using
a state machine. By having every task be self contained, the state machine allows us to easily add
or remove tasks without impacting the rest of the logic. We go into more detail about the state
machine and how it works in the design creativity section.

The rest of this section is used to describe our strategy for each task.

Gate Task

For the gate task we have chosen to accept a random starting direction based on the outcome
of a coin flip. As per competition rules, it is possible to adjust the code running on the AUV
after the outcome of the coin flip is known. Thus, we can hardcode the initial angle between the
direction of the AUV and the direction of the gate. To orient ourselves towards the gate an Inertial
Measurement Unit (IMU) is used to determine the current direction of the AUV relative to its
initial orientation.

Completing this task is broken down into three steps: submerging the AUV; orienting it to face the
gate; and surging through the gate. To move our robot, we will be using a series of PID controllers
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to arrive at the required setpoint in each degree of freedom. Our PID controllers will rely on a
bank of sensors to measure our instantaneous displacement from our desired setpoint, and adjust
the robot’s effort accordingly.

We use the PID ROS package as a framework: it generates topics upon which the sensors publish
state estimation data, which the PID subsequently uses to publish efforts on different topics to
guide the AUV towards a predefined setpoint. Using this package allows us to not worry about
the implementation of a PID controller and focus instead on the way it ‘hooks up’ the different
parts of the system.

In implementing this state, as with other states, we determine a threshold within which the robot
can be considered ‘at the setpoint.’ When the robot is within this threshold we wait for 10
consecutive readings that are within the threshold to ensure that the robot is stable at its target
state before executing the next move.

Concretely, for descending the robot to the competition depth, a setpoint depth of 2.5 m is hard-
coded with a threshold of 0.2 m. The current depth estimate is provided by a pressure-based depth
sensor. The PID will receive the current depth from our onboard pressure-based depth sensor and
use the difference between this reading and our setpoint to output the effort to our upward-facing
thrusters which will apply a vertical force on the AUV. Similarly, for rotating the AUV towards
the gate, the IMU provides the angular state to the PID, the angle setpoint is set after the coin
toss outcome is known and a angle threshold of five degrees is used.

To move the robot through the gate, the robot is set to surge with a predetermined magnitude for
a set amount of time so as to cover a hardcoded distance. We chose to pursue this ded-reckoning
approach due to its simplicity and our confidence that we can - through pool testing - come up
with appropriate hardcoded parameters that would achieve the task for the majority of competition
situations.

Lane Detection

With the foreknowledge that we have just completed the gate task, we expect to be in close
proximity to the lane marker. We begin by using our downward facing camera to obtain footage
and check if there are any bright orange points using colour thresholding. If we identify a sufficiently
large contour satisfying the colour threshold, we take this as an indication that we are directly
above the lane. If not, we perform a raster scan to center ourselves above the lane. During this
raster scan, we maintain a constant heading to ensure that we are still aligned to the first segment
of the lane marker.

Once we identify that the lane is in the viewframe, we engage a PID controller to bring the centroid
of the lane to the middle of the viewframe. Once this is complete, we are oriented directly above
the lane.

Upon finding the lane, our first task is to reduce noise by applying a Gaussian blur to the image
obtained. This prevents any specks from interfering with our detection process. Following this, we
increase the red component of the entire image to ensure that the contrast is stark enough to be
clearly separable for our color mask. We can then move on to applying a color mask, for which
the parameters have been adjusted with testing. Furthermore, we have implemented a dynamic
reconfigure service that allows a user to adjust these threshold values while the robot is active.
These ’on-the-fly’ adjustments allow us to respond to different ambient lighting conditions and
significantly accelerates testing. At this point, we arrive at a binary image so we see the image
in terms of parts that are orange and parts that are not. Again, we find contours in this image
and check if any of these contours are large enough to be the lane. If we find contours of sufficient
size, we apply Canny edge detection on the image. We then apply the Hough lines algorithm to
interpret the edges output by the Canny edge detector as straight lines. We separate the identified
lines into two groups corresponding to the two segments of the lane. Finally, we compute the angle
between these two groups of lines and use this angle to orient the AUV toward the next task.
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Modular Design of the Software

There are plans to refactor how code is organized in the repository such that it is more modular and
abides by a self-consistent design architecture. Currently, the repository consists of several ROS
packages; however, there is inconsistency in regards to the purpose of a ROS package within this
project. Some packages like cv (computer vision) group modules together based on the underlying
technology. Others, like controls, have suffered from scope-creep - what the package is responsible
for is ill-defined and includes low-level code for the particular implementation of the propulsion
mechanism.

These design decisions present code smells - characteristics of code indicating deeper problems that
will cause downstream development issues. In this section, a new architecture will be formalized
and advantages and disadvantages of this proposed design are considered.

Code Smells

Grouping code in packages based on using similar underlying technologies creates a close-coupling
between what the code does and how it does it. As an example to illustrate why this should be
avoided: if the team chooses to change the underlying logic for the buoy task such that it no
longer uses computer vision then it would not make sense to have relevant code in the cv package
anymore. Each time significant implementation changes are made, there is a possibility that things
get moved between packages. This may cause confusion since locating lane-marker navigation code
requires one to already be familiar with its particular implementation, and have to re-learn this if
ever the implementation changes. Therefore, it may be advantageous to organize ROS packages in
a way where code pertaining to a certain function of the robot always resides in the same package
regardless of how the function is implemented.

Secondly, packages that balloon in scope lead to confusion. Code pertaining to commanding the
thrusters should be in a propulsion package separate from the control logic because control and
propulsion are orthogonal and independent concerns. If packages are grouped by function, the
propulsion package does not need to be aware of how decisions are made regarding the effort
that should be exerted by the thrusters. The propulsion package should only be concerned with
providing the interface with the mechanical propulsion mechanism. Having these independent
concerns in the same package could encourage people to push code for the propulsion system that
makes explicit use of the concrete control system implementation, leading to more closely-coupled
code that is harder to refactor. Additionally, overzealous grouping can cause the ‘hooks’ by which
packages are connected to become ill-defined. This presents several problems: not knowing where
to ‘hook into,’ hooks that do not follow a consistent convention, accidentally using the wrong
hooks, or creating duplicate hooks; all of which lead to poor code readability and understanding.
If there are clear definitions of the scope and interfaces of each package it is easier to define the
extent of tasks, compartmentalize them, and document their interfaces.

Proposed Architecture

The proposed architecture aims for the repository to consist of a series of loosely-coupled ROS
packages that each have a clearly defined scope and purpose. The packages group code based on
their functionality/concerns and operate akin to an interface such that each package may contain
several implementations of the same concern. For example, the propulsion package may have several
implementations for different thruster configurations; however, only one of those implementations
will be used in competition. Importantly, other upstream packages (ie. mission-planning, controls)
need not be concerned with how the propulsion system is implemented, only that it works to propel
the AUV as intended. Tentatively, the packages that would comprise the repository include:

• propulsion: responsible for the propulsion mechanism interface

• controls: responsible for calculating effort based on a setpoint and state-estimate it receives
from upstream
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• state-estimation: responsible for determining the pose and kinematic state of the AUV.
Notably, this includes low-level implementation of devices such as hydrophones, depth sensors,
and IMU. Furthermore, responsible for computer vision implementations for determining ori-
entation based on lane-markers

• mission-planning: responsible for making high level decisions about the actions the AUV
needs to take, particularly the steps involved in completing a task and transitions between
tasks

This architecture could be extended in the future to include packages for logging, debugging and
testing. Separating out these orthogonal concerns ensures consistency across packages without
polluting the code inside other packages.

In this loosely-coupled architecture, the controls package may require the current depth from the
state-estimation package; however, the way in which the state-estimation package works is a black
box - the controls package need not be concerned with how the depth is determined as long as it
trusts that the value provided at the interface is correct. This gives freedom to refactor the concrete
implementation of the depth-estimation node in the state-estimate package (ie. by using a DVL
sensor as opposed to a pressure based sensor) without any disruption to downstream dependencies
- the controls system would never be the wiser that anything changed.

This naturally leads into the concept of package scope since each package is concerned with provid-
ing a set of functionalities with clearly defined expectations. Then, implementing or refactoring
a functionality is restricted to only use the interfaces of external packages and must adhere to
providing exactly what is expected of it - no more, no less. As a concrete example, the surge con-
troller node, part of the controls package, expects to receive a setpoint from the mission-planner
package and an estimate of the current position from the state-estimate package. Using this data,
it provides a thrust vector to the propulsion package. The controls package should not try to make
mission-level decisions about what to do and in what order (that is the mission-planner’s job) and
should not make any assumptions about how the thrusters are configured (that is abstracted away
in the propulsion package).

Advantages

• Several different or historical implementations can be included in each package. This could
be useful to have as a reference, to assess performance or to defer back to without having to
revert git history by setting the build system to use a particular implementation.

• Having scoped, modularized components makes it easier to plan out the tasks. Each task can
consist of implementing a particular functionality, the scope and extent for which is restricted
by the design architecture. This avoids increasingly long tasks that don’t have a clear end
goal.

• Packages that are loosely-coupled allow for group collaboration without stepping on toes,
since individuals making changes to a particular package need not worry about the imple-
mentation changes being made to dependencies.

Disadvantages

• The benefits of this design philosophy persist as long as it is adhered to. Over time there may
be areas where old anti-patterns are used, or cases where the proposed approach seems too
laborious as opposed to a more convenient closely-coupled solution. In these cases, adhering
to the architecture may be more difficult to understand.

• May be difficult for new members to understand and adopt this philosophy since many things
are handled in the abstract as opposed to dealing with concrete implementations. Likewise,
there will be more overhead with the build system and getting things to hook together in a
loosely coupled manner which makes working with the code less approachable.
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Appendix

This section contains the figures referenced in the main text.

Figure 1: An example of our ORB image detector in action. The small circles are scale invariant
features, the green rectangle is the bounding box of the detected image, and the plot in the lower
left is a livestream of the target’s position and orientation. The target here is an image of David
Bowie, but changing the target with this scheme is very straightforward.

Figure 2: The PCB layout for our current depth sensing solution. This PCB is placed in a
feedthrough in the main pressure vessel, then encapsulated in stycast epoxy. Originally, this board
was also responsible for measuring the pose of the robot via an IMU, but this has been superseded
by a dedicated IMU in the main pressure vessel.
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Figure 3: A top-down photograph of the previous iteration of our AUV.The four upward facing
thrusters can be seen at the corners of the AUV, and the remaining four are along the sides.

Figure 4: CAD images for the newest iteration of AUV, which features the ability to rotate the
thrusters. The bronze feedthroughs, indicated with green arrows, are free to rotate and are driven
by servo motors on the inside of the main pressure vessel.


