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Who  we  are

C O G I P ,  a  robot i cs  assoc ia t ion  compe t ing  in  the  Coupe  de  F rance  de
Robot ique  (Eurobot ) .
A  team  o f  5 ,  bu i ld ing  the  who le  robots :  mechan i cs ,  e lec t ron i cs ,
f i rmwa res ,  hos t .
6  robots  runn ing  toge the r  on  the  tab le :  1  ma in  robot ,  4  S I M As  and  1  "N in j a"
Robots  tha t  must  l oca l ize ,  plan  and  move  autonomous ly  on  a  tab le ,  in  100s .
Eve r y  M CUs  on  robots  runs  R I OT-O S  and  is  deve l oped  in  C++20 .

Th is  ta lk  is  not  a  deep  d ive  into  one  fea tu re ,  but  a  map  o f  wha t  R I OT  le t s
a  sma l l  team  bu i ld  end  to  end ,  focus ing  on  the  ma in  robot .
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The  play ing  area

N e s t F r i d g e  ( x 4 ) G r a n a r y N i n j a  s t a r t i n g  a r e a L o a d i n g  a r e a

P a n t r y  ( x 1 0 ) C o l l e c t i o n  a r e a  ( x 1 0 ) T h e r m o m e t e r C u r s o r

Se t  curso r ,  g rab ,  so r t  and  put  down  c ra tes  in  g iven  a reas  wh i le  avo i d ing  the
opponent ,  a l l  in  100  s  w i th  no  ope ra tor .
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The  software  stack

cogip- too ls :  Py thon /C++  hos t  on  the  Raspbe r r y  P i .  P lanne r ,  cop i l o t ,  avo i dance ,
dashboa rd ,  too l s ,  P ro tobu f  python  b ind ings .

github.com/cogip/cogip-tools
mcu- f i rmwa re :  C++  f i rmwa re  for  the  STM32  boa rds .  Mot ion ,  ac tua to rs ,
sensors ,  E M S ,  l ogs .

github.com/cogip/mcu-firmware
R I OT  (our  fork ) :  the  RTO S  the  f i rmwa re  runs  on .  B ranch  cogip_master ,  boa rd
and  C PU  add i t ions ,  packages  ve r s ions  upda tes .

github.com/cogip/RIOT
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The  big  p icture

R a s p b e r r y  P i  4
h o s t  ( P y t h o n )

M o t i o n  c o n t r o l
2  m o t o r s

L i f t  1
m o t o r  +  l i m i t  s w i t c h e s

L i f t  2
m o t o r  +  l i m i t  s w i t c h e s

P o w e r  s u p p l y

C A N  b u s  ·  P r o t o b u f  m e s s a g e s

4  STM32  boa rds  +  1  P i  4 ,  a l l  C A N  nodes  speak ing  P rotobu f .  Same  "motors "
boa rd  runs  th ree  ro les  (mot ion  +  two  l i f t s )  on  one  HW,  con f i gured  a t  bu i ld  t ime .

55



Three  targets , one  codebase

mcu-firmware
(one C++ source tree)

cogip-board
STM32G4

cogip-board-h5
STM32H5

cogip-native
PC simulation

real robot (G4) real robot (H5) laptop / CI

Same  cont ro l le r s ,  same  P ro tobu f ,  th ree  back-ends .  make BOARD=...  and  go .  On
cogip-native ,  docke r  compose  sp ins  up  the  fu l l  s tack  ( f i rmwa re  +  hos t  +

v i r tua l  C A N ) ,  no  ha rdwa re .
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Nat ive  s imulat ion

firmware (same C++)

libsocketcan
(real virtual CAN)

periph_gpio_mock
emulated MTD

(FlashDB in RAM)

Linux vcan0

cogip-native  comp i les  the  f i rmwa re  as  a  P C  bina r y .  Rea l  C A N  f rames  on  a
v i r tua l  bus ,  mocked  G P I O,  emula ted  f lash .  Dev  and  C I  w i th  ze ro  ha rdwa re .
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Why  we  moved  to  the  H5

G 4  +  R I O T N e w  f e a t u r e s O n e  b u s  f o r  a l l S T M 3 2 H 5 A l l - E t h e r n e t

m o t i o n  c o n t r o l

a c t u a t o r s  o n  C A N  F D

y e a r s  o f  c o m p e t i t i o n

s y s l o g  +  t e l e m e t r y

f i r m w a r e  +  s y s m o n

i t  a l l  n e e d s  t h e  b u s

G 4 :  n o  E t h e r n e t  M A C

l o g s ,  s t r e a m s ,  i m a g e s

f i g h t  t h e  c o n t r o l  l o o p

E t h e r n e t ,  d u a l - b a n k

i n  o u r  R I O T  f o r k

a p p  c o d e  u n t o u c h e d

c o n t r o l  t r a f f i c  t o o

C A N  r e t i r e s  o n e

s u b s y s t e m  a t  a  t i m e

w h e r e  w e  w e r e w h a t  w e  w a n t e d t h e  c e i l i n g w h e r e  w e  a r e w h e r e  w e  a r e  g o i n g

Today  C A N  F D  ca r r i es  the  cont ro l  l oop  and  E the rne t  takes  the  new  fea tu res :
l ogs ,  te leme t r y,  f i rmwa re  images .  We  move  one  subsystem  a t  a  t ime .
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Adding  the  STM32H5

B rand-new  C PU  fam i l y  b r ing-up  in  our  R I OT  fork .

Work ing  now

C A N  (F D C A N )
E the rne t
PWM  ·  Q D E C
UA RT  ·  G P I O  ·  T ime r
r iotboot  (dua l-bank  f lash )

Wha t  we  wrote

a  new  C PU  fam i l y  in  our  R I OT  fork
one  thin  boa rd  laye r ,  jus t  th ree  f i les
R A M- func t ion  f lash  e rase  ( read-
wh i le-wr i te )

Fu l l  d isc losure :  the  code  is  wr i t ten  by  C l aude .  We  just  do  the  th ink ing  (a  b i t ) .

Two  boa rds ,  two  C PU  fam i l i es ,  one  appl i ca t ion  t ree ,  and  noth ing  in  the
por t  is  C O G I P-spec i f i c ,  wh ich  is  why  i t  is  wor th  upstream ing .
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Protobuf  on  the  MCU

EmbeddedP roto :  P ro tobu f  on  a  m i c rocont ro l le r .
Our  own  R I OT-sty le  package ,  not  ups t ream :  USEPKG += embedded-proto .
R I OT 's  pkg  system  is  extens ib le :  ex te rna l  package  bu i lds  l i ke  a  bu i l t- in ,
no  fork .
protoc  runs  a t  bu i ld  and  em i t s  C++  w i th  no  heap  ( l i ke  ETL ) .

Same  .proto  a l so  gene ra tes  the  Python  hos t  b ind ings .
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ETL , the  STL w ithout  a  heap

Embedded  Templa te  L i b ra r y :  conta ine r s  w i th  no  dynam i c  a l l oca t ion .
etl::variant ,  etl::unordered_map ,  etl::string<N>  (bounded ,  de te rm in is t i c ) .

Example :  ControllersIO ,  a  t yped  key-va l ue  s to re  passed  down  the
cont ro l  cha in .

We  neve r  ca l l  malloc .  Memory  use  is  f ixed  a t  bu i ld  t ime .
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Mot ion  control , the  cyc le

MotorsController chainPlatformEngineSensors

MotorsController chainPlatformEngineSensors

loop [every fixed cycle]

prepare_inputs()
(pose, speed, target)

execute() runs the chain on ControllersIO

speed / angular commands

process_outputs()

The  l oop  runs  a t  a  f ixed  pe r iod .  As  l ong  as  i t  runs ,  the  f i rmwa re  is  hea l thy .
The  wa tchdog  checks  exac t l y  th is  ( la te r ) .

1 21 2



100  seconds , 5,000  cyc les

o n e  m a t c h :  f u l l y  a u t o n o m o u s ,  n o  o p e r a t o r ,  n o  r e t r y

0  s 1 0 0  s

20  ms
r e a d  e n c o d e r s ,  i n t e g r a t e ,  s o l v e ,  d r i v e

× 5,000
a n d  e v e r y  o n e  h a s  t o  l a n d

No  ope ra tor,  no  re t r y,  no  second  run .  So  the  ma ths  runs  on  the  M CU ,  not  ove r
a  l ink .  The  dead l ine  is  ha rd .
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A l l  of  it , on  one  MCU

S T M 3 2 G 4 7 4 R E  ·  1 7 0  M H z  C o r t e x - M 4

p a t h  f o l l o w i n g
( w a y p o i n t s )

t r a p e z o i d a l
v e l o c i t y  p r o f i l e s

g o - s t r a i g h t  f i l t e r
r o t a t e · m o v e · r o t a t e

c a s c a d e d  P I D
p o s e  +  s p e e d

b r a k i n g - d i s t a n c e
l i m i t i n g

a n t i - b l o c k i n g
d e t e c t i o n

50 Hz
2 0  m s  ·  d r i f t - c o r r e c t e d  z t i m e r

F l a s h :  5 1 2  K B 2 1 0 , 6 7 2  B  ·  4 0 . 2  %

R A M :  9 6  K B  S R A M 7 0 , 1 2 4  B  ·  7 1 . 3  %

a r m - n o n e - e a b i - s i z e ,  o n  t h e  b i n a r y  w e  c o m p e t e  w i t h

One  engine ,  seve ra l  contro l le r  cha ins  (QuadP I D,  pro f i le  t racke r ,  b rake ) ,
se lec ted  a t  run t ime .  The  who le  f i rmwa re  f i ts  in  206  K B ,  no  dynam i c  a l l oca t ion .
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Room  to  grow :  the  same , on  the  H5

S T M 3 2 H 5 6 3 R I  ·  2 5 0  M H z  C o r t e x - M 3 3

p a t h  f o l l o w i n g
( w a y p o i n t s )

t r a p e z o i d a l
v e l o c i t y  p r o f i l e s

g o - s t r a i g h t  f i l t e r
r o t a t e · m o v e · r o t a t e

c a s c a d e d  P I D
p o s e  +  s p e e d

b r a k i n g - d i s t a n c e
l i m i t i n g

a n t i - b l o c k i n g
d e t e c t i o n

50 Hz
2 0  m s  ·  d r i f t - c o r r e c t e d  z t i m e r

F l a s h :  2  M B 2 3 9 , 4 6 4  B  ·  1 1 . 4  %

R A M :  6 4 0  K B  S R A M 9 8 , 1 8 0  B  ·  1 5 . 0  %

s a m e  f i r m w a r e ,  a r m - n o n e - e a b i - s i z e  o n  t h e  H 5  b u i l d

Not  one  l ine  o f  the  contro l  cha in  changed .  On  the  H5 :  12%  f lash ,  15%  R A M ,
w i th  room  for  E the rne t ,  l ogg ing ,  and  b igge r  t ra jec to r i es .
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Parameters  &  te lemetry

Tune  l ive

parameter_handler
change  P I D  ga ins  ove r  C A N /P ro tobu f ,
no  re f lash
QUA D P I D  and  t racke r  ga ins  tuned
independent ly
pe r s is ted  in  a  F lashD B  key-va l ue
s to re ,  su r v ives  reboots

Obse r ve

telemetry  s t reams  robot  s ta te
pose ,  speed ,  cont ro l le r  inte rna l s
l ive ,  on  a  dev  P C  on  the  ne twork

Deve l opment  l oop :  run ,  wa tch  te leme t r y,  re tune ,  repea t ,  a l l  w i thout  a  rebu i ld .
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Observabi l ity  w ithout  a  probe

telemetry :  l ive  robot  s ta te  (pose ,  speed ,  cont ro l le r  inte rna l s )  ove r  C A N  as
P ro tobu f  (ove r  E the rne t  soon  ; ) ) .
sysmon  ( th read  l is t ,  s tack  usage ,  heap ) ,  a l l  as  P ro tobu f  messages .
sys log  forwa rding ,  conso le  tee 'd  to  R F C  5424  ove r  UD P  →  journa ld .
Boot  l ogs  captu red  too  (A R P-ga ted  f l ush  so  the  f i r s t  l ines  a ren ' t  l os t ) .

F i e ld  debugg ing  ove r  the  ne twork ,  no  se r i a l  cab le ,  no  J-L ink .
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Safe  fie ld  update , end  to  end

1 .  Dua l-bank  s lots

running

writes

bootloader
picks newest valid

Slot 0

Slot 1

active fw

2.  F lash  ove r
the  ne twork

MCU (lwIP TFTP)Host

MCU (lwIP TFTP)Host

which slot is free?

slot 1

PUT new image

reboot

boot newest valid

3.  Safe  ro l lback

loop beats

crash (WDT)
retry (.noinit)

3 fails

other bank confirmed

Boot

Healthy

Failed

Rollback

make flash-net :  push  a  bu i ld  ove r  the  ne twork ,  and  a  c rash ing  image  can  neve r
b r i ck  the  robot  ( ro l led  back  a f te r  3  fa i l s ,  even  ac ross  a  co ld  boot ) .
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Actuators  &  platforms

lib/actuator  (motors ,  l i f t s ,  l im i t-sw i tch  sensors )  beh ind  one  inte r face .
One  app  pe r  p la t form  pf-* ,  a l l  sha r ing  pf-common  (C A N ,  pa rams ,  te leme t r y ) .
One  base ,  seve ra l  robots :  robot1  /  robot2  /  robot6  bu i ld- t ime  con f i gs .

ROBOT_ID = 1..6
robot*_conf.hpp

robot-motion-control

lift 1 / lift 2
configs

robot-lift-control

pf-robot-motion-control pf-robot-motors

power-supply-control

pf-power-supply

pf-common
CAN · params · telemetry
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Qua l ity  &  CI

Pull request GitHub Actions

commit-message check

clang-format

cppcheck
static analysis

build matrix
cogip-board G4 · cogip-

native
cogip-board-h5 soon ;)

Doxygen docs

Eve r y  P R :  comm i t-message  l int ,  c lang- forma t ,  cppcheck  s ta t i c  ana l ys is ,  a
bu i ld  ma t r ix  (G4  +  na t ive ,  H5  soon  ; ) ) ,  and  Doxygen .
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What  RIOT  gives  us

Mu l t i-boa rd  f rom  one  t ree
Pe r iphe ra l  d r ive rs  (CAN ,  ETH ,  PWM ,  QDEC ,
wa tchdog ,  f lashpage…)
Th reads  ·  zt ime r  ·  IPC
r iotboot  dua l-bank  upda te
lw IP  ne twork ing  stack

pkg  system :  ETL ,  EmbeddedP ro to ,  F lashDB
na t ive  boa rd  =  test  on  a  laptop
C++  suppor t  +  l i bstdc++  (we  bump  i t
to  C++20)

A  sma l l  team  sh ips  a  fu l l  robot  s tack  because  R I OT  a l ready  ca r r i es  the  O S .
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Upstream-ab le  contr ibut ions

The  who le  STM32H5  suppor t  we  integ ra ted  (C PU  fam i l y  +  pe r iphe ra l s ) ,  p lus :

R A M- func t ion  f lash  e rase  for  STM32H5  (dua l-bank  read-wh i le-wr i te ) .
lwip_app_tftp  modu le ,  TFTP  ove r  lw I P.
stdio_syslog ,  conso le  tee  to  R F C  5424  UD P.
con f i rmed-boot  /  ro l lback  pa t te rn  ( .noinit  +  wa tchdog  +  s lo t  va l i da t ion ) .

Code  gene ra ted  w i th  C laude :  s ix  months  on  a  s ing le  d r ive r  is  not  an  opt ion  when
you  compe te .  P Rs  go  up  in  ba tches  on ly  a f te r  fu l l  rev i ew  and  tests ,  so  we  keep
cont ro l  o f  the  wha t  and  the  how .
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Thank  you

Cogip ,  a  robot  s tack ,  top  to  bot tom ,  on  R I OT-O S .

github.com/cogip/mcu-firmware  ·  github.com/cogip/RIOT

Quest ions?
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