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What is Formula Student?
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And who are we?
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Dominic Odermatt JilZerndt
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Project and Bachelor’s Thesis
Design and Implementation of the VCU for ZUR 06

Requirements:

- Real Time

- Safety Critical
- Event-driven

- Formula Student Rule Conform
- Cargoesvroom
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Pictured: ZUR 05 as ZUR 06 is currently under
construction!



VCU: Vehicle Control Unit
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State Machine Hardware and Peripherals Safety Guarantees:
Timeouts and Error Handling

Threading and Scheduling CAN Communication: OpenCyphal
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Inter-Thread communication: ZBus

Pictured: ZUR 05 as ZUR 06 is currently under
construction!



Hardware and Peripherals of the VCU

ASSI AMI

CAN 4 —
CAN 2

CAN 3

CAN 1 Data
Logger
Y

CAN 0

Throttle
pressure

A
i Steeri .
Pedalbox %i_skpn Inverter Box AMS
ccB < > vCu {Motor CB 4x Inverter e CB ASSI
CAN 0 - Front Left N 0
- -Front Right
-Rear Left
EBS ; C AN 4 Y Rear Right -
Suspension | TS & Dis- spe HY Suspension
sensor board IMU RTD sensor board (
B charge | Status | Current
uttons L _

ASSI




Implementation Details

ZBUs message

System Initialization

IDLE

\_ TS Mot Pressed )

channels
publish cyphal_can_rx ]
LI callbacks
cang _r . cani_rx thread
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cani_rx r .
¥ »  cani_tx thread
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CheckTS

ry
TS Butten Pressed

Driver Releases
TS or RTD Button

RTD Pressed

Critical Error Detected

PRECHARGE

WaitAKKU

Every 100ms Time &It 7s AND
No AKKU_READY

heckTimeout

|
AKKU_READY Received
{within 7 seconds)

HV_SYSTEM_READY

Safety Conditions
NOT Met

CheckSafety

RTD Button Pressed
AMND Brake = 10%
AND Throttle = 5%

READY_TO_DRIVE

Every 100ms

MonitorAndControl

_ Timeout (7s)
OR Critical Errar

| AKKU Mot Ready
OR: Critical Error

) A
ERROR

Timeout

SafetyChecks

All checks pass

Commands Sent

MotorControl

'—OR Health Chack Fail-»
OR Critical Eror SafeMode

Stay in Error

Manual Reset Required
{Power Cycle or SDC Reset)




Safety Guarantees on multiple Layers

« HW Watchdog and Shutdown
Circuit

e Node Heartbeat and Timeout
Monitoring OpenCyphal

e Timeout ZBus channels
* Error Channel
 Timeout State Machine

* FS26 Chip & lock step (NXP Board
built-in Safety)




Conclusion

Why Zephyr?

e RealTime
e Scheduling

e |nter-Thread
Communication

e Tool-Box
e Hardware Abstraction
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Lessons learnt

Zephyr offers
incredible functionality

Steep learning curve

Cars are complex
distributed systems

Teamwork (100+ ZUR
Members)

o

Future
Development

Additional sensors and
functionality

OpenCyphal UDP
Integration testing
Optimization
Win the races

Share Knowledge with
future generations
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See you at the finish line!

*or at the Apéro ;)
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