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COnStra | ntS In RObOtICS e 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?
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Hardware-Software Co-design in Robotics

‘@ IEEE ICRA 2026

https://2026.ieee-icra.org » workshops-and-tutorials

Workshops & Tutorials

Workshop, RoboARCH: Robotics Acceleration with Computing Hardware and Systems, FULL, FULL DAY,
Schubert 2. Workshop, RoboTac 2026: Embodied Tactile Intelligence ... Read more

@ IEEE ICRA 2025
https://2025.ieee-icra.org » Events

RoboARCH: Robotics Acceleration with Computing Hardware ...

This workshop is designed to build a welcoming community and ignite innovation and collaboration at
the exciting intersection of robotics, computer software, ... Read more

RoboARCH 2024 @ MICRO Home Schedule Speakers Organizers Callfor Abstracts
—

RoboARCH: Robotics Acceleration with

Computing Hardware




The current gap in gems

[ A/R-profile — what gem5 has ] [ M-profile — what Cortex-M needs ]

GIC generic interrupt controller NVIC nested vectored interrupt controller

MMU virtual memory + page tables No MMU — optional MPU only
Address vector table + Thread/Handler

Table-based exception model

(no equivalent) Tail-chaining - late-arriving - lazy FP
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— M-profile gets its own ISA, NVIC, MMU and fault model — not a restricted A/R core




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

* gemb) stdlib Cortex-M board and
STM32G474RE platform CSL. =




Arm-M class decoder, registers, and
Instructions

New M instructions
A  MSR/MRS - CPS - SVC - BKPT - VFP - LDREX/STREX

M-specific encoding \
)
Instruction stream M-profile decoder
intercept or fall through
J
everything else -
v Shared A/R decoder
generated from the same .isa — shared Staticlnsts
.
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M-profile fault model, System Control Space,
thread handling, and NVIC

Sensor IRQ NVIC decides Stack frame Vector fetch Handler runs
e.g. IMU ready priority + preempt 8 words, auto VTOR[exc] — handler Handler mode

(00}

PRIMASK / BASEPRI - strictly-higher preempts  R0-R3, R12, LR, PC, xPSR LR =EXC_RETURN
1
t i
________________________ EXC_RETURN — unstack — back to Thread mode e e e e e e

Priority resolved in hardware, frame stacked automatically — low, predictable latency
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M-profile gem5 MMU and partial stacking optimization

@ Te<hainng I e e

back-to-back ISRs skip

M-class
unstack + restack

[ ]
( cycles saved )

preempt

@ Latearivin T

a higher-priority IRQ
during entry preempts ( no wasted re-entry )

© Lazy FPoave

skip stacking S0-S15

uses FP .
unless the handler uses FP

| |
( FP stacking skipped when no FP is used )




M-profile Platform

Why do we need a M-profile platform?

Cortex®-M4
with FPU
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M-profile Platform

class STM32F429Platform(ArmMPlatform):
code_ranges = [
AddrRange (0x08000000, size="1MiB"),
AddrRange (0x08100000, size="1MiB"),

1
sram_ranges = [
AddrRange (0x20000000, size="112KiB"),
AddrRange (0x10000000, size="64KiB"),
]
periph_ranges = [
AddrRange (0x40020000, size="448KiB"),
]
external_ram_ranges = [
AddrRange (0x60000000, size="8MiB"),
]
external_device_ranges = [
AddrRange (0xCO000000, size="16MiB"),
]
ppb_range = AddrRange(OxEO000000, size="1MiB")
vendor_ranges = [
AddrRange (OxE0100000, size="4KiB"),
1
boot_alias_ranges = [
AddrRange (0x00000000, size="1MiB"),

scs = MProfileSCS(num_irqs=91, priority_bits=4)

devices = [

MProfileDWT (pio_addr=0xE0001000),
P1011(pio_addr=0x40011000),
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N
gemb stdlib Cortex-M board & STM32G4/74RE platform

board = STM32G474REBoard(
cpu_cls=ArmMSignalCPU,
flash_latency=args.flash_latency,
flash_address_phase_latency=args.flash_address_phase_latency,
flash_buffer_hit_latency=args.flash_buffer_hit_latency,
flash_read_buffer_size=args.flash_read_buffer_size,

: CSI=:



o
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.

: CSI=:




Evaluation

B Custom 3-stage CPU 39.8
| mmm Tuned MinorCPU

Performance Error

e We found that the
contribution of this work
doesn’t impact the
performance error.

34.5

 Comparing numbers of

Mean |error| vs real STM32G4 board (%)

cycles.
° The same blnarles ran - Overall Integer Simple ALU Floating
(n=184) divide (non-div) point
on both real hardware (n=24) (n=32) (n=128)

board and gemb
simulation.
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Evaluation

Multi-robot cosimulation: one gem5 per robot
Webots steps every robot; a bridge routes each robot to its own STM32G474RE model

Can we use our
model to do SoC- [Lea;’;;oﬁf;:‘:;:::’;;f*‘ﬁ’] [C“iiz;.f:;'; ]
in-the-loop

robotic

Webots (one process)

matches robot name — gem5 server

simulation? [

Link to the repo of the p

Bridge Helper Library ]

name: leader

/

name: chaser

~

example:

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

15 \_

gemS5 instance — leader
STM32G474RE board + MProfBridgelO

leader.elf
firmware image

gemS5 instance — chaser
STM32G474RE board + MProfBridgel O

chaser.elf
firmware image




Evaluation

Co-sim Slowdown

16

Webots alone completes in 34.60 s; adding
gemb raises this to 1900.49 s (~55x), and
skipping idle periods where the firmware spins
waiting for interrupts reduces it to 464.71 s
(~13x).




On-going Work

MPU region protection
Tail-chaining
~ull support of lazy FP stacking

mprove 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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