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Overview

https://www.youtube.com/watch?v=9MWKDJeAEDU

FSG Driverless 2023 Fastest Lap

https://www.youtube.com/watch?v=9MWKDJeAEDU


Overview

Dynamic 
Events



Driverless Roadmap

- Vehicle must be able to operate in 
manual mode and driverless mode



Why Start Early?

• Driverless:
• Drastic increase in system design 

complexity

 

• “Working car > Optimized Car” 
for all systems

• Anything you don’t 
understand/isn’t documented on 
the car currently is “complex”

• “Better is the enemy of good”



High Level System Architecture



High Level Software Implementation



High Level Software Implementation

- Mix between LiDAR + Stereo Camera
- Sensor fusion (next slide) optimally but likely too 

complex starting out



High Level Software Implementation

- Cone detection
- Timestamps
- Ref. Coordinate Frame
- List of cones

- Probability, Position etc.



High Level Software Implementation



High Level Software Implementation



High Level Software Implementation

- MPC Controller would be the best 
long-term solution
- Starting by finding the midpoint of 
the track is easier



High Level Software Implementation



Simplified Software Implementation

- Could start with just computer 
vision

- SLAM, state estimation can be 
ignored to start with but required 
for competition



Simplified Software Implementation

- Localizer -> Integration over car state data to 
predict the car state

- Can assume static reference point

Simplifications (gotta start somewhere!):



Breaking Down Simplified Approach



Breaking Down Simplified Approach



Breaking Down Simplified Approach



Breaking Down Simplified Approach

– Keep in mind, a PID can be used without 
competing in the DV cup / DV events

– SLAM (or some other algorithmic approach) 
would be required to run, and perform well, on an 
unknown track



Enabling Work From Anywhere

AMZ sim from 7 years ago 
(best sim at the time, outdated): 
https://github.com/AMZ-Racing/fssim

EUFS path planning sim that’s more up 
to date:
 https://gitlab.com/eufs/eufs_sim

Formula Student official sim for LiDAR 
and camera realistic tests:
click here

- The team has been limited 
without a sim or any method of 
remote work

- There’s a working version kindly 
provided by the DV discord -->

https://github.com/AMZ-Racing/fssim
https://gitlab.com/eufs/eufs_sim
https://fs-driverless.github.io/Formula-Student-Driverless-Simulator/v2.2.0/


Good Software Design Means …

• Understanding Design Requirements and 
Constraints

• “What components does the software 
interface with?”

• “Who is going to be using the code?”

• “What is their skill set?”

• Latency?

• Memory?

• Power Draw?

Rough Hand Calc

Straight-line 40kph to pass EBS test 
(ignoring accel.)

- If you sample inputs at (example) f = 5Hz
- T = 200ms latency (+ any added latency from 

other systems)

- d = vt = (11.11 m/s)(0.2 s) = 2.22 m
- Discrepancy from sampling to actuation(s)

- Too slow to react to oncoming turns @ high 
speeds as well



Driverless System Outline

• Driverless System

• Needs more computing power than current STMs, 
needs internal storage for ROS bags

• NVIDIA Jetson Orin (good balance of cost to compute 
power for this application)

• Need something more robust than a DEV kit on the car, 
could put internals in an enclosure

• OS: Ubuntu 20.02 

• Framework: ROS2 (>= Galactic)

• Cost:
• Really depends on what we can get sponsored

• PTx Trimble -> informally offered to give us camera(s) + 
LiDAR sponsored

• Jetson -> Not sure yet, likely sponsored as people move to 
Jetson Thor

+

+



Driverless System Outline

And many more!



100mm above 
brake light

• DSMS – Driverless Systems Master Switch
• Driverless Key

• Tractive System Activation Button
• Puts vehicle TSA from outside vehicle

• DSSI - Driverless System Status Indicators 
• 3 lights -> 2 on main roll hoop, 1 above brake light
• Shows Driverless Systems Status when GLVMS and 

DSMS are ON

• Driverless Alert Sound -> For Emergency State
• Driverless Mission Indicator (separate slide)

Electrical – Controls + Indicators



Mech – Sensor Mount + Steering + 
DSB

• Manual Steering still possible

• Actuator Decoupling

• Sensor Mounting

• Brake System(s)
• DSB -> Driverless System Brake

• May be a part of the hydraulic braking system
• MAX 2 deactivation points (1 near DSMS OR top side of vehicle)
• Works without electrical power
• Needs to build pressure before going driverless is ready

• Manual Braking still possible

DSB

Sensors

“Brake 
Release”

Deactivation points

“Brake 
Release”



Mech – EBS (Emergency Brake System)

• EBS:
• Only use passive systems (mech. energy 

storage)

• GLVMS + DSMS + Remote Stop Relay (RSS) 
+ Emergency Brake System Relay

• All supplied directly, no delay

• EBS Relay -> Start braking when shutdown 
circuit open

• Car enables EBS when … (see rules)
• Failure of above signals (or power loss)



Driverless Systems Operations



Driverless Systems Operations

- Dash display could be updated to switch to 
a “driverless” screen on some trigger 
(haven’t looked into it yet)

- Or we switch it manually



Driverless System Inspections



DSO – Driverless Systems Officer

• Responsible for Driverless System
• Must not be a driver

• Must be with car when driverless system is installed

• DSF, Driverless Video, etc.

• Only person to:
• Let the vehicle operate in manual mode

• Declare Driverless System “safe”

• Use the Driverless Key (on DSMS)



Software Team Structure



DSF – Driverless Systems Form

Submission Outline:
1. Actuator Power Supply Schematic

2. Continuous Monitoring Flowchart

3. Startup Checks Flowchart

4. High Level Block Diagram

5. Pressure System Overview

6. Mechanical Assembly Drawings

7. CAN DBC

• Each of the above has 2 sections:
• System Requirements Checklist
• Technical Content



Electrical – Remote Stop System 
(RSS)

• RSS:
• Pre-determined module by 

SAE
1. Vehicle Module Box
2. Control Box
3. Remote Stop Relay

• Bypassed when in “Manual 
Mode”

• Antenna of RSS mounted 
without being obstructed

• More on next 2 slides



Actuator Power Supply Schematic

- STOP: Remote Kill Switch 
opens shut down circuit

- GO: Preselected driverless 
mission starts



ePBR26 Wire Harness



Actuator Power Supply w/ ePBR26 Overlay

- STOP: Remote Kill Switch 
opens shut down circuit

- GO: Preselected driverless 
mission starts

Steering
Actuator

DSMS

GLVMS
GLV

Driverless 
System

EBS
Control

EBS
Actuator
Supply

RSS Bypass 
Relay

DSMS Relay

Note: Component locations aren’t 
final, just overlay from last slide



High Level Block Diagram



Continuous Monitoring
Flowchart Startup Checks Flowchart

Heartbeat Style 

Comms Check



Pressure System Overview



Partial Mech Assembly



CAN DBC of Driverless Signals



Resources from FSAE

1. Driverless Roadmap

2. Driverless Rules

3. DSF Outline (and somewhat of a template)

4. RSS Info

5. Driverless Notice of Intent



Resources from FSG

LOTS they’ve been doing driverless 
since 2016

- https://arwo.hamburg/talks/ 
(videos/lectures)

- FSG website (videos/lectures)
- Example ASF (very similar to DSF) 

submissions
- DSF is a WIP version of the ASF

https://arwo.hamburg/talks/


Why take this on at all?

• https://mitadmissions.org/blogs/entry/b
ecause-racecar-friendships-and-family/

https://mitadmissions.org/blogs/entry/because-racecar-friendships-and-family/
https://mitadmissions.org/blogs/entry/because-racecar-friendships-and-family/
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