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Constraints In Robotics
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• Run on Cortex -M MCUs  
(e.g. STM32F4)

• Extreme size, weight, 
and power ( SWaP )

• Reactive behaviors, 
such as simple obstacle 
avoidance, also require 
compute

How do we operate 
complex tasks, such as 
search and rescue with all 
these constraints?



Hardware -Software Co -design in Robotics
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The current gap in gem5
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Contribution Of This Work

• Arm-M class decoder, registers, and instructions
• M-profile fault model, System Control Space, 

thread handling, and NVIC
• M-profile gem5 MMU and partial stacking 

optimization
• M-profile Platform

• Flexibly describe the memory and device layout of 
the board in Python

• gem5 stdlib  Cortex -M board and 
 STM32G474RE platform
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Arm-M class decoder, registers, and 
instructions
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M-profile fault model, System Control Space, 
thread handling, and NVIC
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M-profile gem5 MMU and partial stacking optimization
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M-profile Platform
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Why do we need a M -profile platform?



M-profile Platform
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gem5 stdlib  Cortex -M board & STM32G474RE platform

12



Evaluation

Functional Correctness 

• Validated correctness with real hardware using 
microbenchmarks, random generated instruction sequences, 
and selected kernels from Entobench , which involve heavy fp 
instructions, interrupts, and semihosting  mechanisms. 

• Validated thread handling by running FreeRTOs  with 
multithread workloads.
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Evaluation
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Performance Error
• We found that the 

contribution of this work 
doesn’t impact the 
performance error.

• Comparing numbers of 
cycles.

• The same binaries ran 
on both real hardware 
board and gem5 
simulation.



Evaluation
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Can we use our 
model to do SoC -
in-the-loop 
robotic 
simulation ?

Link  to the repo  of the 
example:  

https://github.com/studyzt
p/webots -gem5 -example



Evaluation

Co -sim Slowdown

• Webots  alone completes in 34.60 s; adding 
gem5 raises this to 1900.49 s (∼55 ×), and 
skipping idle periods where the firmware spins 
waiting for interrupts reduces it to 464.71 s 
(∼13×).
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On -going Work

• MPU region protection

• Tail -chaining 

• Full support of lazy FP stacking

• Improve the adaptive real -time memory 
accelerator

• AHB bus modeling
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Upstream Plan

• Discuss with the community to improve the design
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