2 B JulinsBir e

| enovo

Formula Electric Driverless
Presentation

Caleb Pollreis




el e

N S A

Overview

Intro / Dynamic Events
Driverless Roadmap
Why start early?

High Level System Architecture

* Mechanical Integration

* Electrical Integration

* High Level Software Implementation

DSO - Driverless Systems Officer
Driverless Operations

DSF Submission

FSAE / FSG Resources

Why do this at all?




FSG Driverless 2023 Fastest Lap

https://www.youtube.com/watch?v=OMWKD]JeAEDU
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https://www.youtube.com/watch?v=9MWKDJeAEDU
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Fxrentc
Dynamic Event Markings

All Dynamic Events are marked by:

a. Track Border, Left Side - Small Blue Cones

b. Track Border, Right Side - Small Yellow Cones
c. Entry and Exit Lanes - Small Orange Cones

d. Before and after start, finish and timekeeping lines - Large Orange Cones

e. Timekeeping equipment may be surrounded by additional cones outside of the track

boundary
DD.1.3.1 Details of Cones used to mark the Driverless Dynamic tracks:

DD.1.2.4 No map data is given

Cone Type Stripe WEMAS Part Number
a. Small Blue Single White 400.000043.00.00
b. Small Yellow Single Black 400.000013.01.10
c. Small Orange Single White 400.000013.00.00

d. Large Orange Dual White 307.610500.00.00




Driverless Roadmap

SUMMARY TIMELINE
Driverless

Yeal Participation Key Elements
Technical Inspection

2026 Optional Design
Up to 3 Dynamic Events
Technical Inspection

2027 - 2029 ||Optional Design & Cost
Up to 4 Dynamic Events
Driverless Acceleration & Skid Pad events adopted
into overall competition points

- o Teams may opt-out
2030 Official o Autonomous runs required for full scoring
of 1000 points

Driverless Cup

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



Why Start Early?

e 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”

2) Learn on the job

Nobody tells you how to build a driverless racecar. There’s no book with step by step
instructions, lecture slides, or professors that have 20+ years of experience that are advising
you. Formula SAE is a crash course on being pushed off the edge of a cliff and learning
how to fly.

3) You’re just as capable now as you will be 2 years from now

Transitioning from student to engineer requires starting to make your own design decisions
and advocating for your own system. The best engineers I've met have a common trait: they're
not afraid to ask questions or look like they don’t understand something. That’s how they
learn.

Being a software engineer in a hardware-heavy project is a unique experience. You're not just
writing code. You're responsible for understanding mechanical and electrical systems you
didn’t design, figuring out how different components interface and communicate, and often
connecting all the pieces together. You spend time reading datasheets to understand sensor

limitations, learning how signals propagate, and solving problems that span both hardware
and software.

For example, from February to March, the EE % and software teams push to test our
electrical system off the car by placing all our boards on a table and wiring them together for
a full integration test. We call this process “EE on Bench,” where the final goal is to spin the
motors that power the car with our custom battery. During that time, the software is actually
mostly written, so | spend most of my time helping with assembly. | help make the wiring

harnesses, assemble the boxes, and do full integration tests with the help from the electrical

team.



High Level System Architecture

i

Software Integration
(High Level)

o

O

Mechanical Integration

Electrical Integration



High Level Software Implementation
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High Level Software Implementation

PERCEPTION

DETECTION AND LOCALIZATION OF
ENVIRONMENTAL OBJECTS

Sensors

\ 1 principal axis
camera

cenire —=——— image plane

e

= Mix between LiDAR + Stereo Camera
Actuators - Sensor fusion (next slide) optimally but likely too
complex starting out




High Level Software Implementation

PERCEPTION W W
DETECTION AND LOCALIZATION OF Pointcloud<XYZIR> Image

ENVIRONMENTAL OBJECTS ‘ ¢
Sensors ( @ =
e Motion Regctification
Low-Level
Sensor Fusion
b - =
Actuators ¥ \ . v
- Cone detection
= Timestamps

- Ref. Coordinate Frame
- List of cones
- Probability, Position etc.



High Level Software Implementation

ESTIMATION ST .

MAPPING, LOCALIZATION OF THE
VEHICLE & BOUNDARY DETECTION

Sensors

Actuators



High Level Software Implementation

ESTIMATION

MAPPING, LOCALIZATION OF THE
VEHICLE & BOUNDARY DETECTION

IMU, |
wheel odom

-

p

.

.

Velocity Estimation

4

Car State

- Position

- Orientation
- Speed

v

Boundary

left boundary
right boundary




High Level Software Implementation

CONTROLS

TRAJECTORY & CONTROLLING 0 L
. . \
~10 - )
Sensors N e iy
201 .. g TR - S/
F =30 - p
E‘ »
= —40 A |
. ‘\\
—50 1 y i —
‘..-\\\\
_60 -
=70 - )
—-20 0 20 40
b X[m]
Actuators - MPC Controller would be the best

long-term solution
- Starting by finding the midpoint of
the track is easier




High Level Software Implementation

WRAP UP

Cone Detections
Throttle

Trajectory

Boundary

Pointcloud<XYZIR>

Odom Car State

>

IMU,
wheel odom

Steering Angle




Simplified Software Implementation

WRAP UP

Cone Detections
Throttle

Trajectory

Boundary

Pointcloud<XYZIR>

Odom Car State

>

IMU,
wheel odom

= Could start with just computer
vision

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

Steering Angle



Simplified Software Implementation

WRAP UP

Cone Detections

Trajectory
Throttle

Simplifications (gotta start somewhere!):

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

. . Car State
- Can assume static reference point (x, v, 8) = (0, 0, 0)

)
,—l
o
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<
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e
-
e
)
)
4
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Breaking Down Simplified Approach

. Boundary generator

. (Geometric) steering controller

. Velocity controller



Breaking Down Simplified Approach

BO U N DA RY e Delaunay results in graph of triangles

o Containing all cones as nodes
G E N E RATO R o All neighbouring cones connected through edges
LOCAL DELAUNAY TRIANGULATION o No edges are crossing, only triangles exist

e Connect middle points of all edges of a cone, each
o Each middle point is either part of

e m the track
_ " / A Y m boundary
m none
. . UV I/ |\ Y o resulting in another graph

F/ e The easiest criteria for a point on the track: Edges belong to
7 cones of different class (e.g. blue, yellow)

N\, e Working only on sight, in the frame of the vehicle



Breaking Down Simplified Approach

GEOMETRIC
CONTROLLER

ONE POSSIBILITY: PURE PURSUIT

Input: Middle trajectory (list of points) as reference

Params

o Length of vehicle
o Lookahead distance /radius

Preparing input data (optional)
o Densify trajectory for better sampling
o (Interpolate the trajectory)

Generate output

o Select target point based on lookahead distance
o Steering angle results in angle of target point to the
vehicle's longitudinal axis



Breaking Down Simplified Approach

\/ E LOC |TY e Hold a static velocity

o |Issue acceleration

C O NT RO |_ I_ E R o |Issue deceleration

e Target velocity, keeping the rules in mind (no DV Cup):
o D 5.5.1: Runs with a time without penalties > 25 s will be

D).
o o D 5.5.2: Worst scoring:
: f oo B S 75/ NUM_OF_ALL_ACCEL_FINISHERS
/20( e //
R g _ — 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

A
<=

i~

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

=0—=0
FORMULA STUDENT

P - e g DRIVERLESS COMMUNITY

[ ] MIT Would you guys be able to =

Reid | FEB @ Juee 202 0:4
! says this in the readme as well but to run it;

1. install the Dev Containers vscode extension

The team has been limited pens EeE
J. run tne rebulld an Pen in container comimneg
Without a Sim or any method Of 4. cn_ 's d?ne, open a terminal in vscode, and

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?
e
Memory? ®
e @
Power Draw? ®
@
[ <
&
@
@

3
>

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=(11.11m/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

ONA

::tROS2

And many more!




Electrical — Controls + Indicators

* DSMS - Driverless Systems Master Switch

* Driverless Key

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

* DSSI - Driverless System Status Indicators
* 3lights -> 2 on main roll hoop, 1 above brake light 100mm above

* Shows Driverless Systems Status when GLVMS and  brake light
DSMS are ON

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



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

Deactivation points




Mech — EBS (Emergency Brake System)
* EBS:

* Only use passive systems (mech. energy
storage)

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

DT.3.2.5 Emergency Brake Maneuver
The Emergency Brake System must decelerate the vehicle and stop vehicle motion

a. The system reaction time, the time between opening of the Shutdown Circuit and the

start of the deceleration,_

EBS Actuator 1&2 (MM1 / MM2)

d1 =38 mm, d2 = 12 mm, Transfer Ratio = 1:10
Spring preload = 33 N (0.3 bar pneumatic)

Inlet Port
from reservoir

\

Venting Hole O-Ring

|

Transducer Piston

Outlet Port
to Brake Caliper

Pressure Inlet

Return Spring Port

Front Housing

Brake Fluid resistant
Sealing (EPDM)

Rear Housing




Driverless Systems Operations

- A o
EBS Activated?

AND DSMS On
AND DSEB checks OK
AND TS Activa?

Brakes
Engaged?

Driverless System Status

DSSI Indication

Mission finished
and Vehicle
at Standstill?

YES

YES

Y Y
il Finshed | [ Emergency
Driving

Ready
to Drive?

a. Off Off

b. Ready Yellow Continuous
c. Driving Yellow Flashing
d. Finished Blue Continuous
e. Emergency Blue Flashing

A 4 7 o
Ready K/(\‘i\{\l m [ [; :‘l
W\




Driverless Systems Operations

DO.1.2 Driverless Missions
D0.1.2.1 The Driverless System must at least implement the following missions:
e Inspection DO.1.3
o Manual Driving
° Emergency Brake System Test
e Acceleration
e  Skidpad

° Autocross

D0.1.3.2 The Inspection Mission must:
a. Slowly spin the drivetrain
b. Slowly operate the steering system with a sine wave pattern

c. Transition to Driverless System Finished after 25 sec to 30 sec

DO.1.4 Driverless Mission Indicator

The vehicle must have a Driverless Mission Indicator that must:
a. Show the selected Driverless Mission Dash display could be updated to switch to
a “driverless” screen on some trigger
(haven’t looked into it yet)

b. Be easily readable
c. Belocated as part of the dash or located near the DSMS

Or we switch it manually



Driverless System Inspections

DRIVERLESS SYSTEM INSPECTION

Inspection Required

To operate in Driverless Mode, the vehicle must pass the three: ¢  Data sheets for all sensors

Technical Inspection IN.3.1
Driverless Inspection IN.3.2

Emergency Brake System Test

DI.1.2  Inspection Items

Bring these to Driverless Inspection:

e  Documents which prove that all sensors meet local legislation
o Remote Stop Remote Control
e Tools needed for Driverless Inspection

e Copies of any submitted Rules Questions with the received answer

DI.2 EMERGENCY BRAKE SYSTEM TEST

DI.2.1

DI.2.2
DI.2.2.1

DI.2.2.2

DI1.2.2.3
DI.2.2.4

Objective

The Emergency Brake System is tested dynamically to make sure performance obeys DT.3.2.5
requirements

Conduct

The Emergency Brake Test will be performed in a straight line marked with cones similar to
Acceleration

During the Emergency Brake Test:

.. The vehicie must accelerate in Driverless Mode o 40 key/h minimum in 20 m orless

If track conditions are wet, the stopping distance may be scaled by the officials

The Emergency Brake Test s done aftr other parts o Technica nspectin are completed




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

Perception

v
4 A

Responsibilities

1. Data handling
- ROS bag storage
2. Multi-modal labeling
3. Recording data
4. Data visualization
- Output of "Estimation"
5. Docker containerization

Estimation (Planning
+ Mapping)

v

-

Responsibilities

1. Name TBD lol

2. ROS2 pipeline dev.
3. ML model training (w/
Perception)

4. SLAM / MPC dev.

\ J
I

Notes:

- DAQ for larger data set
- Perception work feeds ML
model training

\_

5. Work with DV simulation

-

%

|

Controls (Actuation)

v

-

1. New state machine
additions

Responsibilities

3. Driverless Mission
Indicator updates (dash
display)

section?)

o

2. Spin / Actuation motor(s)

4. DV sim? (likely separate

~

4 I

Responsibilities

1. Bring up: LiDAR sensor
2. Bring up: Camera firmware
3. Bring up: Jetson controller
4. Low level comms:

- CAN implementation
(works with Controls)

- USART etc.

9

Notes:

- Heavily determines performance
- Think "What can we do given the rules constraints
to outperform other teams"

- Software + Hardware

\ %

A

4 I

Responsibilities

1. Test Procedures

2. Unit tests / V model testing
3. Bring up: CI/CD testing
suite

4. Set up DV testing suite
(compatible with sim!)

5. Automated testing with DV

simulation

\ %

Notes:

- Rules heavy sections
- Works w/ hardware to ensure high level abstraction (Perception &
Estimation) have valid outputs
- More mechanical and electrical interfacing work




DSF — Driverless Systems Form

!

The site is the official channel for news. As soon as we have more info, it goes up there. Unfortunately there isn't yet anything else to say on the RES. | would if there was.

For the DSO submission it'll be similar if not the same to the ESO process. We just haven't put that in place yet given the much later deadline.

Submission Outline:

Actuator Power Supply Schematic

Continuous Monitoring Flowchart ‘
Startup Checks Flowchart

High Level Block Diagram

Pressure System Overview

Mechanical Assembly Drawings
CAN DBC

NSk N

* 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

Figure 1. RSS Control Box and Vehicle Module (North American device colors may differ)

* More on next 2 slides



Actuator Power Supply Schematic

RS8S1 <«
Shutdown Circuit
2
' B !
1 EIE 1
GLVMS DSMS L85
- o '
| f 1
1 1
TS 1 ey
! ]
: Z : : N ______ ! EBS Actuator|
ety o S Supply
|| Driverless RSS Bypass ‘ ! X
GLV System Relay I | |
! | ! Steering
1 T
Actuator
[ ess L
Control DSMS Relay

. 4

- STOP: Remote Kill Switch

opens shut down circuit
= GO: Preselected driverless

mission starts

Actuator Power Supply Schematic
Team Name: University:
FSAE Team FSAE University
Car#:
0
Document Version: V1.0
Date: 2-FEB-2026 |Sheet: 11

5




bke wnee
iemp

ePBR26 Wire Harness

|
Sock @

APPS
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wheel peake
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Actuator Power Supply w/ ePBR26 Overlay

buEe wheel Afes] | E DSM&SM&BIS emlu%y RSS Bypass
1emp slicL snock: R, Stock fF.  SPEEd. 1emp Relay
[ L] Steering (L0
ﬁq@@ﬂor
L
EB
ACt a%%h ORT> OTSA Figure 1. RSS Control Box and Vehicle Module (North American device colors may differ)
Su
PEZ - STOP: Remote Kill Switch
opens shut down circuit
- GO: Preselected driverless
riverless ]
A . mission starts
r [ Frewall
] Systein L]
|
" reories Note: Component locations aren’t
ool —_— . .
[] |Controi | MSD | final, just overlay from last slide
reo Ayx 4@ [Enem. M.
| O e
—
6ty A fan.| DSMS

m/nlu
S i T
vis™"

BELV GL




1 2 3 4 5 6
High Level Block Diagram
Shutdown Circuit
RSS NC1 EBS Control Unit
(Monitoring and
Watchdog)
Note 1
TSMS Interlocks EBS Relay IV
__| EBS Sensor
(BP1) ST m T T ss s s ssms e
GLV GLVMS DsSMS RSS NC2 1 Note to Teams: The diagram :
1 must show all aspects of the 1
| EBS Sensor | | , system, including mechanical !
(BP2) 1 systems in scenarios that '
: actuate the brake pedal directly. !
1
| 1
EBS EBS A EBS )
Separation E.BS . EBS Local Activation ! Pressure Bra_|ke ! Brake
Deactivation 3t Caliper T Sensor |—
Valve (SJ1) Storage (CM1) Valve 1 | Transducer Front i |Front (BP4)
EBS (RM1) (Qm1) ! (MM1) 1
Energy : :
Storage 1 .
(CM3) EBS EBS ' EBS !
Separation E_BS . EBS Local Activation : Pressure Brgke ! Brake
Deactivation Caliper Sensor |—
Valve (8J2) Storage (CM2) Valve 1 | Transducer Rear ' |Rear (BP5)
(RM2) (QM2) : (MM2) :
L, 1
Orange Shutdown Circuit
Red EBS Positive Supply T -
Brown EBS Negative Supply High Level Block Dlagram _
Green Pneumatic System Team Name: University:
Yellow Electrical/lCommunications FSAE Team FSAE University
Blue Hydraulic System Car#:
0
Note 1: Document Version: V1.0
EBS Relay: Panasonic CB1A-M-24V Date: 2-FEB-2026 |Sheet: 1/1

3

4

5




2 | 3

| 4

Shutdown
Circuit
Open?

.

|RSS and DS Alive?|
CAN

Communications
OK?

Driverless
System
OK?

Read RSS Status

RSS
Error Register
= 0x007?

6.5 bar < BP2 < § bar

Toggle Watchdog

Vehicle is Ready

Continuous Monitoring

Flowchart
Yes: Delay 200ms
Heartbeat Style
Comms Check
Ensure the Brake
System is working v
o Nu%ﬁ < 90 bar,
Ensure the Brake
System is working
or NW'% < 90 bar,
[
o—
Y
Engage Brakes / Open
Shutdown Circuit
A 4
Y

{ ERROR )

Stop
Monitoring

1 |

Vehicle is Ready
(At starting line, Mission Selected)

University:

FSAE University

Continuous Monitoring Flowchart
Team Name:
The monitoring task will be scheduled every FSA_‘E Team
200ms by a high priority timer interrupt. The Car#:
watchdog will only be toggled in this task. 0
Document Version: V1.0
Date: 2-FEB-2026

Sheet:

171

Close SJ1 and SJ2 f -

Close DSMS

Y

i Close TSMS ;

Y

Push [ _____
TS Activation Button

[ Energy Storage
Filled?

[ Overpressure
and plausibility
check

™,

_,[

Independent and
plausible?

Turn off valve MB1
Turn on valve MB2

BP5 < 1 bar

Turn on valve MB1

Independent and
plausible?

BP5 > 9.5"BP2

[ Turn off valve MB2 ]

BP1 and BP2
=6.5 bar

BP1 and BF2
<8 bar

BP4-9.5"BP1
AND

AND
BP4 < 1 bar

Go to
Ready State

BF5=0.5"BP2

TS
Activated?

}‘{ EBS ERROR I

2 3

Startup Checks Flowchart

Team Name: university:

FSAE Team FSAE University

Car#:

0

Document Version: V1.0

Date: 2-FEB-2026 |Sheet 1/1
1 4

2 3




iExpanded on Page 2
]

lEl EES Actuator 1 and 2

Pressure Transducer: Self Built - see Mechanical drawings, Max. 10 bar

EES Activation Valve 1 and 2

P = 5% bar

=

P =200 bar

Solencid Valve: FESTO - MHE2-M1H-3/20-M7, Max. & bar

EES Pressure Tank 1 and 2
Air Tank: FESTO - CRVZS-01.4, Max. 16 bar

EEBS Pressure Sensor 1and 2
Pressure Sensor: FESTO - SPTE-P10R-56-B-2.5K, Max. 15 bar

EES Release Valve 1 and 2
Manual Valve: FESTO - H-3-1/4-B 2, Max_ 10 bar

Silencer: FESTO - AMTE-M-H-G14, Max. 10 bar

EBS Separation Check-Valve 1 and 2
Check Valve: FESTO - H-1/4-B, Max_ 12 bar

Overpressure protection
Relief valve: Landefeld - 5V 14 5-8

EBS supply Pressure Regulator
Pressure Regulator: Tescom - BB-13AL3KEA Mac. 414 bar
Qutput Range; 0-15.2 bar

Tank Pressure Regulator
Pressure Regulator: Protoyz - *, Max. 200 bar
Qutput Range: 59 bar, Pl Certified

EBS Supply Pressure Tank
Pressure Tank: Protoyz - 0,81 Alu, Max. 200 bar

1 2

I

Pressure System Overview

Pl Certified
Pressure System Overview
Team Name: University:
FSAE Team FSAE University
Cari#:

0

Document Version: V1.0

Date: 2-FEB-2026 |Sheet 1/2

2 3 4

Brake Pressure Sensor front
Sensor: Variohm - EFT3100 - A - 25000 - B - 5 -B, Max. 250bar

Master Cylinder front
Maszter Cylinder: AP racing - CPTE54-92PRTE, Max. n.a

v

Shuttle Valve front
Shutlle Valve: AP racing - CP5088-1, Max. n.a

EBS Actuator 1
Pressure Transducer: Seffbuilt - see Mechanical drawings, Max. 200 bar

Froni Brake Caliper left & right
Brake Caliper: AP racing - CP4227-250, Max. n.a

Brake Pressure Sensor rear
Sensor: Varichm - EPT3100 - A - 25000 - B - 5 -B, Max. 250bar

Master Cylinder rear
Master Cylinder: AP racing - CPT854-92PRTE, Max. n.a

Shutife Valve rear
Shutile Valve: AP racing - CP5083-1, Max. n.a

EBS Actuator 2

Pressure Transducer: Self-built - see Mechanical drawings, Max. 200 bar

Rear Brake Caliper left & right
Brake Caliper: AP racing - CP4227-250, Max_ n.a

[ ]




+-

1 \ 2 | 3 | 4

EBS Actuator 1&2 (MM1 / MM2)

d1 =38 mm, d2 = 12 mm, Transfer Ratio = 1:10
Spring preload =33 N (0.3 bar pneumatic)

Inlet Port
from reservoir

Outlet Port
to Brake Caliper

Pressure Inlet

Return Spring Port
Front Housing |
Brake Fluid resistant TansducerPilen Rear Housing
Sealing (EPDM)
Partial Mech Assembly
Mechanical Assembly
Team Name: University:
FSAE Team FSAE University
Car#:
0

Document Version: V1.0
Date: 2-FEB-2026 |Sheet 1/1

1 2 3 4




VERSION ™"

NS_:

BS :

NS_DESC_

CM_

BA_DEF_

BA_

VAL_

CAT_DEF_

CAT_

FILTER
BA_DEF_DEF_
EV_DATA_
ENVVAR_DATA_
SGTYPE_
SCGTYPE_VAL _
BA_DEF_SGTYPE_
BA_SCGTYPE_
SIG_TYPE_REF_
VAL_TABLE_
SIG_GROUP_
SIG_VALTYPE_
SIGTYPE_VALTYPE_
BO_TX_BU_
BA_DEF_REL_
BA_REL_
BA_DEF_DEF_REL_
BU_SG_REL_
BU_EV_REL_
BU_BO_REL_
SG_MUL_VAL _

BU_: MC IMU

BO_67 IMU3_Data: 6 IMU
SG_w_GyroZ1: 32|16@1+ (0.00018,-5.72468) [-5.72468|5.72468] "rad/s" MC

BO_ 64 IMUO_Data: 8 IMU
SG_G_AccelY1 : 16/16@1+ (0.0005,-6) [-6|6] "G-Force” MC
SG_G_AccelX1 : 0[16@1+ (0.0005,-6) [-6/6] "G-Force" MC

FSAE University | FSAE Team | Car #0

CAN DBC of Driverless Signals

Page 10f 2

BO_66 1MU2_Data: 4 IMU
SG_w_GyroY1:16|16@1+ (0.00018,-5.72468) [-5.72468|5.72468] "rad/s" MC
SG_w_GyroX1: 0[16@1+ (0.00018,-5.72468) [-5.72468|5.72468] "rad/s" MC

BO_ 256 SystemStatus: 5 MC
SG_ BrakeLightStatus : 32|1@1- (1,0) [0]0] ™" Vector__XXX
SG_GoMission : 12|1@0- (1,0) [0]0] "" Vector__XXX

BO_513 BrakeControl: 8§ MC
SG_ BrakeState : 0]4@1- (1,0) [0]0] ™ Vector__XXX

BO_65IMU1_Data: 6 IMU
SG_G_AccelZ1 : 32|16@1+ (0.0005,-6) [-6/6] "G-Force” MC

BA_DEF_SG_ "GenSigSendType" ENUM
"Cyclic","OnWrite","OnWriteWithRepetition","OnChange","OnChangeWithRepetition","IfActiv
e""IfActiveWithRepetition""NoSigSendType";

BA_DEF_SG_ "GenSiglnactiveValue" INT 0 0;

BA_DEF_BO_ "GenMsgCycleTime" INT 0 0;

BA_DEF_BO_ "GenMsgSendType" ENUM
"Cyclic",'not_used","not_used","not_used",'not_used","Cyclic","not_used","IfActive","NoMsgS
endType";

BA_DEF_BU_ "NmStationAddress" HEX 0 0;

BA_DEF_ "DBName" STRING ;

BA_DEF_ "BusType" STRING ;

BA_DEF_DEF_ "GenSigSendType" "Cyclic";

BA_DEF_DEF_ "GenSiglnactiveValue" 0;

BA_DEF_DEF_ "GenMsgCycleTime" 0;

BA_DEF_DEF_ "GenMsgSendType" "NoMsgSendType";

BA_DEF_DEF_ "NmStationAddress” 0;

BA_DEF_DEF_ "DBName" "";

BA_DEF_DEF_ "BusType" "CAN";

BA_"BusType" "CAN";

BA_"DBName" "IMU_Controller_V1";



Resources from FSAE

Driverless Roadmap

Driverless Rules

DSF Outline (and somewhat of a template)
RSS Info

Driverless Notice of Intent

Sk W=



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

Rules for FSG 2026

B. FS-Rules_2026_v1.1.pdf (884 KB)

B. FSG26_Event_Handbook_v1.1.pdf (687 KB)

Changelog

20251012:
20251125:
20251207:
20251229:
20260104:
20260115:
20260123:
20260126:
20260127:
20260127:

FS-Rules 2026 v1.0

FS Rules 2026 v1.1

AS Beginners Guide 2026 v1.0 (fsg.one/as-guide)
FSG26 Event Handbook v1.0

ASF Examples v26.0 (fsg.one/handson-asf)
FSG26 Event Handbook v1.0.1

FSG26 IAD Form v1.0

FS26 ASES Template v1.0

ASF Examples v26.1 (fsg.one/handson-asf)
FSG26 Event Handbook v1.1


https://arwo.hamburg/talks/

Why take this on at all?



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