
aUToronto Leadership Positions 
2019-2020 

 
 
aUToronto recently placed 1st in the second SAE AutoDrive Challenge. 
Year 2 was held at MCity, a fake town built for self-driving testing at the 
University of Michigan. We can now handle dynamic pedestrians, traffic 
lights, complex intersections, and drive at higher speeds. A video of this 
can be found here. In the next year, we are pushing to develop the 
capability to drive autonomously on public roads. We will also be focused 
on winning the SAE AutoDrive Challenge for the third year in a row! 
 
In line with these goals, we are looking for passionate individuals with 
excellent technical and leadership skills to become Team Leads of 
aUToronto. Team Leads work closely with the aUToronto Team Lead to 
build their sub-team and ensure that the entire team is prepared for Year 
3 of the AutoDrive Challenge in June 2020. 
 
Our team is open to all students at U of T, undergraduate and graduate! 
To be considered for a team lead position, we will ask you to submit: 

1. Your resume 
2. A copy of your (unofficial) transcript(s) 

Deadline to submit application: July 17, 2019 

https://youtu.be/2Z6mPKIv0TM


Benefits of Becoming an aUToronto Team Lead 
● World-Class Faculty Advisors: The primary faculty advisors for 

aUToronto are Professors Tim Barfoot and Angela Schoellig at the 
University of Toronto Institute for Aerospace Studies (UTIAS). We work 
closely with these professors as well as several other UTIAS, ECE, and 
Vector affiliates. We also have a close relationship with our sponsors 
which include GM, Intel, Velodyne, Continental, Novatel, Applanix, 
Dessa, Carmera, and RightHook. 

● Valuable Practical Experience: You will be leading the development of 
a cutting-edge robotics team at the forefront of autonomous vehicles. 
The experience that you will gain as a part of our team will prove 
invaluable to your career. 

● Incredible Resources: We are a well-funded team, and as part of this 
project you will have access to state-of-the-art sensors and computing 
power including: our Chevrolet Bolt EV, Velodyne LIDAR, FLIR Cameras, 
Continental Radar, a Novatel GPS/IMU unit, and a high-powered 
compute server for self-driving. We also have our own dedicated 
garage space and private testing area located at UTIAS. 

● Course Credits: We support students who wish to pursue an 
undergraduate thesis as a part of the team. Last year, 13 students from 
departments including Engineering Science, Mechanical Engineering, 
and Computer Science received course credits in this way. 

● Community: With over 75 undergraduate and graduate students, you 
will become a key member of a community that supports each other to 
become the best engineers  and developers we can be. 

● A Winning Team: After placing first in Years 1 and 2 of the Autodrive 
Challenge, we have been established as a premier university 
self-driving car team. You will have an opportunity to build on this 
legacy.  

 
Note 1: Do not stress if you are missing some of the skills associated with a particular position, 
we strongly value passion for the project and dedication to the team! 
Note 2: All positions below require an average time commitment of 15-20 hours per week.  
Note 3: Applications from both graduate and undergraduate UofT students will be 
considered for team lead roles. The full description for each available role is listed below. To 
apply, please fill out the google form on our website by July 17, 2019. Selected candidates will 
be invited to an interview. 
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Lead Systems Engineer 
The Systems team is crucial for ensuring that the individual software and 
hardware components work together as a whole. The Systems team has 
been instrumental in keeping the team on track and ensuring a high caliber 
of work is produced. The first responsibility is to develop functional and 
interface requirements for each component that the developers will 
implement.  These can include requirements that ensure safety or 
performance metrics. The Systems team also contributes to timelining, test 
design, and architecture design. 
 
The Systems team is also responsible for taking the lead on competition 
reports and presentations. These ‘static events’ constitute almost half the 
points in each year of the competition! For this reason, it is critical that 
members of the Systems team have strong writing and communication skills. 
 
We are hiring 1-2 students to lead the Systems team. 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions. 
● Designing and documenting functional and interface requirements 
● Writing reports for the competition 
● Documenting system architecture and interfaces 
● Developing an integrated test pipeline with simulations 

Essential Skills: 
● Experience in leadership and project management 
● Excellent writing and presentation skills 
● Basic understanding of ROS and the principles of good architectural 

design 
Assets: 

● Knowledge of software development frameworks (Agile) 
● Experience programming in C++ and python 
● Prior experience as a software developer or systems engineer 

 
 
 



Lead Simulation Engineer 
In Year 2 of the competition, we used a simulation of MCity provided by 
RightHook to test several parts of our perception and planning software. The 
goal in Year 3 is to make much more use of our simulation environment to 
quickly test feature additions and bug fixes. To do this, we envision creating 
an automated pipeline that will test our software stack against a simulation 
that will allow us to rapidly perform regression testing. 
 
This team will need to leverage an existing simulation environment such as 
RightHook and develop additional components to facilitate simulated tests 
such as spoofing perception outputs. This team will also work with a 
continuous integration environment such as Jenkins to set up automated 
tests. 
 
We are hiring 1-2 students to lead the Simulation team. 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions. 
● Developing or building on a high-fidelity simulation environment 
● Creating a suite of automated tests that can be used for stress testing 

or regression testing of our software stack 
Essential Skills: 

● Experience programming in C++ and python 
● Prior experience working with ROS 

Assets: 
● Prior experience with simulation environments such as Gazebo 
● Prior experience as a software developer 
● Prior experience setting up automated tests in Jenkins 
● Game Design 
● 3D Modeling 

 
 
 
 
 
 
 



Electrical Hardware Lead 
The Electrical sub-team is in charge of powering all the sensors and our Intel 
compute server in a safe and efficient manner. The Electrical sub-team is also 
in charge of routing data from all the sensors to the server. Another 
important aspect of this team is the cooling system for the Intel server. 
 
In Year 3 of the competition, we plan on adding more cameras and proximity 
sensors. Further, we have designed a synchronization PCB which we plan on 
integrating into the vehicle in order to time-stamp and synchronize sensor 
outputs. As we approach full autonomy, we will need to add several buttons 
to allow the safety driver to enable and disable different parts of the 
autonomy stack. Ideally, these buttons would be integrated into the steering 
wheel. Our use of FPGAs and GPUs may also necessitate some changes to 
our compute server. 
 
We are hiring 1 student to lead the Electrical team. 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions. 
● Outfitting the vehicle with more cameras, sensors 
● Modifications to our Intel server as necessary 
● Integrating a synchronization PCB into the vehicle 
● Integrating button controls into the steering wheel that interface with 

the autonomy system 
● Help build test equipment (traffic lights, pedestrian dummies) 

Essential Skills: 
● Prior experience putting together an electrical schematic, BOM, and 

building a circuit for a particular task 
● A working knowledge of power distribution systems 
● Proficiency with soldering equipment 
● Proficiency with electrical measurement equipment (oscilloscopes, 

function generators, multimeters, etc.) 
Assets: 

● Prior work experience in the automotive sector or related 
extracurricular work 

 
 



Mechanical Hardware Lead 
The mechanical hardware subteam takes care of all physical vehicle 
modification and maintenance tasks; the bulk of their effort goes into the 
design and construction of mounting mechanisms for sensors. The 
mechanical and electrical hardware teams work very closely together in both 
the design and implementation of vehicle modifications. Those intending to 
apply for this position should be highly proficient in Solidworks, have practical 
experience designing assemblies using a mix of off-the-shelf and 
custom-fabricated components. They should also have demonstrated 
hands-on experience in machining, mechanical maintenance, and/or 
assembly.  
 
In Year 3 of the competition, we are looking to develop a weather-proof 
enclosure for several sensors. We will also need to construct sensor mounts 
for proximity detection at the front bumper and along the side of the vehicle. 
On top of this, the mechanical team will take the lead on building new test 
equipment (traffic lights, pedestrian dummy setups) as it is required.  
 
We are hiring 1 student to lead the Mechanical team. 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions. 
● Outfitting the vehicle with more cameras, sensors 
● Developing a weather-proof enclosure for sensors 
● Adding buttons, additional screen mounts to cabin of vehicle 
● Help build test equipment (traffic lights, pedestrian dummies) 

Essential Skills: 
● Proficiency with SolidWorks 
● Hands-on experience in machining, mechanical maintenance, and/or 

assembly 
● Practical experience designing assemblies using a mix of off-the-shelf 

and custom-fabricated components (including the detailed design of 
custom components bearing in mind fabrication considerations) 

Assets: 
● Prior work experience in the automotive sector or related 

extracurricular work 
 



Drive-By-Wire Lead 
In the first year of the competition, our team developed a Drive-By-Wire 
interface utilizing the Chevrolet Bolt’s CAN communication channels 
completely from scratch. This interface enables us to accelerate, brake, turn 
the steering wheel, and change the transmission state. The groundwork for 
this interface has been created. As the Drive-By-Wire Lead, you will pick up 
where the Year 1 and 2 teams left off, developing new interface features, 
improving old ones, and ensuring the safety of the entire system. 
 
We are hiring 1 student to lead the Drive-By-Wire Team 
 
Roles Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Leading the development of our Drive-By-Wire interface 

Essential Skills: 
● Excellent C++ programming and debugging skills 
● Working knowledge of Python 
● Experience with build automation tools such CMake 
● Experience with Unit Testing, and writing "testable code" 

Assets: 
● Prior experience in a mainstream software development paradigm 

such as Agile 
● Working knowledge of Robotic Operating System (ROS) 

 
 
 
 
 
 
 
 
 
 
 
 
 
 



Deep Learning Acceleration Lead 
Deep learning represents the dominant computational load in a self-driving 
vehicle. So far, we have leveraged CPUs and FPGAs to accelerate all of our 
deep learning algorithms on the vehicle. To do this, we developed our own 
Deep Learning Acceleration API that acts as a wrapper on top of Intel’s 
OpenVINO acceleration tools. For Year 3 of the competition, it will continue to 
be of critical importance to be able to run several DNNs concurrently and 
with low latency. Our current platform includes 2 x Intel Xeon processors 
which equates to 44 physical cores in total. We also have an Intel Arria 10 
FPGA which have been able to use for running pedestrian detection on a 
single camera. In Year 3, we may switch to new DNN architectures and we 
may add additional compute power. This team will work to ensure our DNNs 
can run in real-time. 
 
We are hiring 1-2 students to lead the Deep Learning Acceleration team 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Optimizing DNN models for acceleration 
● Developing a C++ interface to facilitate the acceleration of our DNNs 
● Interfacing with perception teams to communicate the requirements 

of the DLA team 
Essential Skills: 

● Prior experience with OpenCL or CUDA 
● Experience using deep learning frameworks such as TensorFlow, 

PyTorch, Caffe. 
● Excellent C++ and Python programming skills 

Assets: 
● Prior experience in a mainstream software development paradigm 

such as Agile 
● Working knowledge of FPGA development 
● Knowledge of and/or experience with computer vision and machine 

learning algorithms 
● Working knowledge of Robotic Operating System (ROS) 

 
 
 



Turn-By-Turn Navigation Lead 
This team will be responsible for the development of a “Google Maps”-like 
path-planning solution for the autonomous vehicle. It will allow the user to 
select a start location and destination and then efficiently plan an optimal 
route between them, replanning if necessary (e.g. due to obstacles). It will 
also need to integrate with the Autonomy team’s high-level path planner. 
 
In Years 1 and 2 we have developed a high-level path planner and GUI which 
enables the user to input a start and end destination to create a high-level 
route similar to Google Maps. In Year 3 of the competition and beyond, our 
goal is to enable a user to input destinations via a touch screen and allow our 
autonomy stack to drive the desired route. 
 
We are hiring 1-2 student to lead the Turn-By-Turn Navigation team 
 
Role Includes: 

● Adding features to an existing C++ stack that currently plans routes to 
and from any destination in Canada and the U.S. 

● Upgrade the existing GUI so that it can be used on a touch screen in 
the vehicle. 

● Integrate the turn-by-turn route navigation with the autonomy stack. 
(This was previously run off-line up to now). 

Essential Skills: 
● Excellent C++ and Python programming skills 
● Experience with graph algorithms, heuristics, and optimizations 
● Experience with creating and using databases (e.g. PostgreSQL, 

MongoDB) 
Assets: 

● Experience with automated testing and writing "testable code" 
● Professional software development experience 
● Experience with QGIS and/or ROS 
● Experience with GUI frameworks (e.g. Qt) 

 
 
 
 
 



Lane and Road Detection Lead 
One of the major challenges posed by the Year 1 AutoDrive challenge was 
being able to actively perceive and track lane markings under a variety of 
situations. We developed a lane detection system which works under varying 
illumination and weather conditions, for both solid and dashed lanes. In Year 
2 of the competition, lane detection was used as a redundant backup system 
for localization. We designed a semantic segmentation network partially 
based on U-Net and SqueezeSeg. In Year 3 of the competition and beyond, 
our goal is to make sure we are using all the available information to obtain 
the best estimate of the vehicle’s position on the road. The challenge is to be 
able to extract a reliable estimate of the position of lane lines and road 
boundaries in varying weather and illumination conditions, all in real-time. 
 
We are hiring 1 student to lead the Lane and Road Detection team 
 
Role includes: 

● Weekly meetings with team leads and weekly work sessions 
● Developing a lane & road detection system to provide supplementary 

information on the vehicle position on the road 
Essential Skills: 

● Experience developing computer vision algorithms 
● Experience using deep learning frameworks such as TensorFlow, 

PyTorch, Caffe. 
● Experience training a DNN for a vision problem 
● Excellent C++ and Python programming skills 
● Working knowledge of ROS (Robot Operating System) 

Assets: 
● Prior experience working with a physical robot (turtlebot, drone, etc.) 

 
 
 
 
 
 
 
 
 



Mapping Lead 
In Year 2 of the competition, we heavily relied on a semantic map for 
autonomous operations. Semantic maps encode the location of lane lines, 
crosswalks, traffic lights and more. Given our current position in the map, we 
can generate a high-level path to desired destination as well as a low-level 
path that the vehicle can track. The goal of this team is to build semantic 
maps of our test areas, competition track, and possibly even public roads. In 
addition, we work with third-party mapping companies which provide us 
with highly-accurate semantic maps. We thus need to develop a pipeline in 
order to convert those maps into our own internal format. In the past, 
building our own maps has been a highly manual process. An additional goal 
will be to develop a semi-automated pipeline for building semantic maps. 
 
We are hiring 1-2 students to lead the Mapping team 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Building semantic maps of test areas and the competition track 
● Converting third-party semantic maps into our own internal format 
● Developing a semi-automated pipeline for building semantic maps 

Essential Skills: 
● Excellent C++ and Python programming skills 
● Strong mathematical background 

Assets: 
● Experience working with QGIS, JOSM or other mapping software 
● Prior experience working with a physical robot (turtlebot, drone, etc.) 

 
 
 
 
 
 
 
 
 
 
 



Localization Team Lead 
Where the Mapping team is charged with creating a map of the operational 
environment offline, the Localization team’s job is to determine the vehicle 
real-time position in that map as accurately as possible. In Year 2 of the 
competition, we leveraged a point cloud map of MCity along with LIDAR 
localization software from a third party. Our LIDAR map and semantic map 
were provided by the same company and came registered to each other. This 
meant that by performing LIDAR localization, we could obtain an accurate 
estimate of our position in the semantic map without any bias. In Year 3 of 
the competition and beyond, we envision leveraging our GPS/IMU position, 
LIDAR localization, and lane detection estimates simultaneously to obtain the 
best estimate of the vehicle’s position. 
 
We are hiring 1-2 students to lead the Localization team 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Developing localization software that fuses information from multiple 

sensors together into a single accurate estimate 
Essential Skills: 

● Strong mathematical background 
● Excellent C++ and Python programming skills 

Assets: 
● Prior experience with Extended Kalman Filters, other localization algos 
● Prior experience developing localization software for a mobile robot 

 
 
 
 
 
 
 
 
 



Object Detection and Tracking Lead 
In Year 2 of the competition, we developed a system for detecting and 
tracking pedestrians around the vehicle. This system was designed to be 
lightweight and is capable of running in real-time using CPUs only. We 
leverage a DNN to detect pedestrian using images and then use LIDAR data 
to get price measurements of their position in 3D space. In Year 3 of the 
competition and beyond, we will need to add many features and upgrade the 
system as a whole to be able to drive autonomously on public roads. We will 
investigate whether a more powerful DNN is required to obtain the 
performance we require. We will also work to track a larger number of object 
classes: cars, buses, cyclists, and more. Another component that this team will 
focus on is prediction. Up to this point our team has not made heavy use of 
prediction. This component will focus on developing models to extrapolate 
the position of objects into the future. 
 
We are hiring 1 student to co-lead the Object Detection and Tracking team 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Designing / Selecting a DNN architecture for detecting objects in 

images 
● Curating a dataset using professionally labeled sequences of data 

collected on public roads by our team 
● Developing C++ software to perform the tracking and prediction 

components 
Essential skills: 

● Excellent C++ and Python programming skills 
● Experience developing computer vision algorithms 
● Experience using deep learning frameworks such as TensorFlow, 

PyTorch, Caffe. 
● Experience training a DNN for a vision problem 
● Working knowledge of ROS (Robot Operating System) 

Assets: 
● Strong mathematical background 
● Prior experience working with LIDAR or  

 
 



 

Traffic Light and Sign Detection Lead 
In Year 2 of the competition, we were tasked with detecting and classifying 13 
different sign classes in addition to classifying the state of the three different 
traffic light configurations. For this purpose, we used a combination of DNNs 
and traditional machine learning approaches to detect and classify these 
objects. In Year 3 of the competition and beyond, we will be looking to 
support an even larger number of sign classes, be able to anticipate 
constructions zones, and support traffic light classification in a wider array of 
weather and illumination conditions. This project is the most heavily focused 
on deep learning but still relies quite heavily on traditional robotics 
algorithms and heuristics. In order to obtain the best DNN performance, we 
must also curate the best dataset possible. 
 
We are hiring 2 students to co-lead the Traffic Light and Sign Detection team 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Training DNNs to identify and classify traffic lights and signs 
● Curating a dataset using professionally labeled sequences of data 

collected on public roads by our team 
● Create a C++ pipeline to detect, track, and filter these detections and 

subsequently pass this information to the planner. 
Essential Skills: 

● Excellent C++ and Python programming skills 
● Experience developing computer vision algorithms 
● Experience using deep learning frameworks such as TensorFlow, 

PyTorch, Caffe. 
● Experience training a DNN for a vision problem 
● Working knowledge of ROS (Robot Operating System) 

Assets: 
● Strong mathematical background 

 
 
 
 
 



Planning Lead 
In Year 2 of the competition, we designed a hierarchical motion planner 
divided into three main parts: a global planner, a local planner, and a velocity 
scheduler. The global planner takes our semantic map (which forms a 
directed graph) as well as a series of high-level waypoints and outputs an 
optimal consisting of a sequence of lanes and intersections to travel through. 
The local planner then does the job of generating a path that the vehicle can 
actually track. The velocity scheduler then determines the desired velocity at 
each point along the path in order to handle obstacles, red lights, high 
curvature regions. In Year 3 of the competition, we will need to add features 
to our existing planning architecture to handle an increasing number of 
scenarios. The planning component has so far tended to be the largest and 
most complex piece of our software stack. 
 
We are hiring 1 student to lead the Planning team 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Developing a planning suite to handle Year 3 challenges 
● Make additions / updates to the existing codebase where necessary 
● Work closely with the Control team 
● Test planning modifications on the vehicle and in simulation 

Essential Skills: 
● Excellent C++ and Python programming skills 
● Strong mathematical background 
● Strong proficiency with algorithms and data structures 
● Working knowledge of ROS (Robot Operating System) 

Assets: 
● Prior experience developing planning software for a mobile robot 

 
 
 
 
 
 
 
 



Control Lead 
In Year 2 of the competition, we leveraged a Model Predictive Controller to 
achieve excellent tracking performance while staying within prescribed 
acceleration and jerk constraints. In Year 3 of the competition, our controller 
will need to be updated to handle a wider variety of driving conditions 
including highway speeds, parallel parking, and icy road conditions. Some of 
these additions may necessitate a redesign of our controller of the addition of 
a dynamic model of the vehicle. 
 
We are hiring 1 student to lead the Control team 
 
Role Includes: 

● Weekly meetings with team leads and weekly work sessions 
● Developing the control software to handle Year 3 challenges 
● Make additions / updates to the existing codebase where necessary 
● Work closely with the Planning team 
● Test planning modifications on the vehicle and in simulation 

Essential Skills: 
● Excellent C++ and Python programming skills 
● Strong mathematical background 
● Strong proficiency with algorithms and data structures 
● Working knowledge of ROS (Robot Operating System) 

Assets: 
● Prior experience developing / tuning a controller for a mobile robot 

 
 
 
 
 
 
 
 
 
 
 
 
 



GUI Lead 
In Year 2 of the competition, we relied on custom GUIs built on RVIZ and RQT. 
Recently, some GUIs developed by UBER and Cruise Automation have been 
open-sourced. Example here: https://avs.auto/#/. The goal of this team will be 
to build a sleek GUI based on one of these open-source repositories. 
Extensibility, ease of use, and aesthetics are extremely important for this 
project. 
 
We are hiring 1 student to lead the GUI team 
 
Role Includes: 

● Developing a single GUI that displays the position of the vehicle in a 
map, the position of detected objects, the currently planned trajectory, 
and more. 

Essential Skills: 
● Excellent C++ and Python programming skills 
● Prior experience working developing a user interface 
● Prior experience working with web-based platforms 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://avs.auto/#/


Marketing and Outreach Lead 
aUToronto’s vision to build an SAE Level 4 autonomous vehicle attracts 
substantial attention from stakeholders both inside and outside the 
University of Toronto community. It is essential that we maintain positive 
relationships with groups outside UofT, such as industry sponsors and the 
general public, in order to develop our brand and seize mutually beneficial 
opportunities for collaboration. We must also maintain positive relationships 
with the University of Toronto and its students in order to maintain internal 
support for our project. 
 
The Marketing & Outreach Sub-Team is responsible for developing 
aUToronto’s city-wide presence as a high-performance design team by 
building relationships with all team stakeholders. Its role may be divided into 
the following key components: 
 
We are hiring 1 student to lead the Marketing and Outreach team 
 
Role Includes: 

● Maintaining the aUToronto’s website and social media pages 
● Developing interesting social media content 
● Reaching out to both industry sponsors and relevant groups within 

UofT 
● Presenting aUToronto’s work to media and other interested groups. 
● Organizing and implementing team recruitment initiatives 
● Representing aUToronto and various public events along with 

organizing our own outreach events 
Essential Skills: 

● Excellent writing and communication skills 
● Prior experience creating social media content 
● Prior experience doing graphic design 


