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Embedded meetup, Gdansk 7.05.2024




About competition

> About competition
< About me, why MicroMouse?
< My approach to project development

< Post-mortem thoughts and questions
<% Demonstration and Q&A




Micromouse competition

Started around 50 years ago
- Fully autonomous mobile robot
- Size of the maze is 16x16 cells
- Each cell is 18cm wide

- Starting position is one corner

- Target position is in the middle
- Maze is unknown

Robot might do multiple runs.
Final score = (time of first run)*0,1 + (time of fastest
run)

Photo credit: author’'s own resources



What it means

- Multi-disciplinary problems
- mechanics
- electronics
- software

- Complex tasks to solve on different

application level in the same time
- mapping | e
- motion planning
- motion profiling

- wall sensing _—

- other

High entry-level

Photo credit: author’'s own resources
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About me

Engineer at heart. Willing to construct
autonomous robots that will change the
world... for better




Why micromouse?

seems challenging,

. dunno
but achievable

learn!



Project timeline

Initial commit HW bring up

first run on sim

26.12.2019 28.03.2023 23.02.2024
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TDD

Kitchen conversation
ucgosu course
<Tmin test cycle

Test Driven Development (TDD)

A&

Refactor Test

LNy

Photo credit: https://www.kaizenko.com/what-is-test-driven-development-tdd/




Scale of the project (LOC)

17061 6997

FW LOC SIM LOC

ttttt

production code
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38)970/0

Written lines of code are deployed to target
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Continuous
Integration

Rule: Everything done up to now must
work all the time

Continuous integration
(not: continuous delivery)

27 &
)/:.l/.»,/}_ - \
B~
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& C QO DO localhost:st

€ Jenkins

Dashboard MM_pipeline
B status Pipeline MM_pipeline .
</> Changes egreSSIO l
> Build Now ° °
{3 Configure I It I eStS al ure
@I Delete Pipeline Stage View
Q. Full stage View
Declarative: it init
kot seM : dul build with UT build sim test with sim
/ Rename eckou! submodules
@ Pipeline syntax Average st«lage times: 7s 5s 8s 7s 13s
(Average full run time: ~57s) == - “— _— S—
D Build History trend v Feb21
20:20
Q /
) #294 Feb 21,2024, 8:20 PM Feb21 7s 55 3s 13ms 15ms
= g 20:15
failed failed Failed
() #293 Feb 21,2024, 8:15 PM
® #292 Feb 21,2024, 8:10 PM Feb21 7s 5s as 46ms 12ms
- 20:10
@ #291 Feb 21,2024, 7:34 PM failed failed failed
® #290 Feb 19,2024, 8:31 PM #291
Feb21 75 7s 10s
#289 Feb 18,2024, 10:32 AM s S 0s 0s 15s
19:34
7) #288 Feb 18,2024, 10:28 AM
Feb 18,2024, 10:21 AM e
Feb19 7s 5s 10s 9s 17s
Feb 18,2024, 10:19 AM 20:31
failed
Feb 18,2024, 10:18 AM == 14




Top most priority: fix it now.

Stage View
Declarative: git init
Checkout SCM sibriodales build with UT build sim test with sim
Average stage times: 65 5s 9s 65 165
(Average full run time: ~1min 4s) == - e i
Mar 01
1052
Mor 01 1 commit
‘ 10s 27ms 15ms
1045 B BIEXE] repair distance sensors UT
failed failed failed
See detail
Mar 01 Ss 41ms 32ms
09:53
failed failed failed
Feb24 ! 7s 5s 10s 10s 25s
2351 e
Feb24 [ 7s 5 10s 10s 24s
2325 U 15



Dashboard MM_pipeline

]

<S>

N O & & v

®

Status

Changes

Build Now

Configure

Delete Pipeline

Full Stage View

Rename

Pipeline Syntax

() Build History

©) #286

7) #285

Feb 21,2024, 8:20 PM

Feb 21,2024

,8:10 PM

Feb 21,2024, 7:34 PM

m

eb 19,2024, 8:31 PM

Feb 18,2024, 10:32 AM

n

eb 18, 2024, 10:28 AM

Feb 16,2024, 7:50 PM

Pipeline MM_pipeline

Stage View
Declarative:
Checkout SCM
Average stage times: 7s
(Average full run time: ~57s) ==
Feb21 7s
20:20
Feb 21 | 7s
20:15
7s

Feb 19 7¢
20:31

T repaired

git init
submodules

Ss

wn
"

5s

build with UT build sim test with sim

8s 7s 13s
9s 10s 17s
3s 13ms 15ms

failed failed failed
4s 46ms 12ms

failed failed failed
10s 10s 15s
10s 9s 17s

failed 16



No hardware!

... minimize it as much as possible

Photo credit: author’s own resources
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Micromouse simulator = = X

Simulator

: 395522.000000
1 395.522000 S

1
T
-O 1.00

step run reset

State

1 248.19 247.43 [mm]
: 454,09 454.02 [mm]
: 0.05 0.05 [rad]

: 80.97 75.40 [mm/s]
: 0.21 0.00 [rad/s]

€ < A< X

target speed linear: 0.13
itarget speed angular: -0.07

Maze

Load Freeze Save

Mouse
tact




linear velocity in time for output 0.2

Physical
modelling

J

velocity [m/s]

First order system - step
response on straight line

x real 0.2

x sim0.2
—— curve_fit 0.2 t=0.034, k=141.363
—— analitycal 0.2 t=0.034, k=141.363

0.025 0.050 0.075 0.100 0.125 0.150 0.175 0.200
time [s]



Split code into
units

the only way to go fast is to go well

Photo by KarolinafGrabowska from Pexels:
https://www.pexels.com/photo/photograph-of-wooden-building-blo

cks-near-a-kid-7269687/



https://www.pexels.com/photo/photograph-of-wooden-building-blocks-near-a-kid-7269687/
https://www.pexels.com/photo/photograph-of-wooden-building-blocks-near-a-kid-7269687/

Code architecture

production testing

4 A
application Unit
- <
platform API System

\ J Platform
4 N

sim hw




Micromouse program

Application
Platform agnostic modules

Platform | hw
Platform specific modules

application esrs

Configs, defines \
typedef labirynths
Unit Tests defines saved labirynths 7 Environment \
platform_base | 3,
ret_codes config hw specific init & utils get distances
return codes logic robot configuration §
a0y platform_state
TG PR get & set p|at?orm state
o encoderticks Simulator
k / pathplanner-hw W
/ Pure application \ W i b show path )
useful id printer
math utils low level PID controller | dumps complicated stuff
point labirynth vector e
analytical geometry utils wall configuration container implementation / Different implementations \
path_planner
. poshion ... | plans mapping and finds logge! G . ~ )
analytical geometry utils Toules logging module ‘ simulation l
Reality, hardware
K / ‘ ukmarsbot ‘
/ logic that needs hw \
distance_sensors mission /
distance based state high level mission
estimation & utils manager
platoform tests
state executor
state estimation calculate motor speeds
. system tests
’ Mocks ’

22



Physical modelling

current state

linear velocity

linear PID

left motor PWM

o\

next point

o\

N

angular velocity

angular PID

&

left motor
encoder

right motor
encoder

A
>

A

right motor PWM

J/
<

J

23
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Unit tests - Holy
Grail or necessary
evil?

For me: the only way to produce a high quality code
is by creating it in TDD framework.
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Case study - Unit Tests are not always right

system tests: failure

Root cause: FW and FW'’s UTs
uT had the same bugs ut
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Simulation decision retrospective

S —

N
| know what's inside bugs
Custom fully customizable always needs improving
AN
C N " N N
well documented high entry-level knowledge
Development Reuse open C++
with sim? source needs custom plugins
AU J A AN )
C N N N
start rapidly on hw die rapidly on hw
HW only Cl testing nearly impossible
difficult debugging
27
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schedule time for MM take partin competition # s« perform full run from

MISCELLANEOUS SHOW-OFF starting point to center
when maze known

W MMm-10 om @
FULL RUN ON HW

+ Create issue + Create issue W mm-s2

Photo credit: author’s own resources

Photo credit:
https://pixabay.com/illustrations/rubiks-cube-cube-rubik-puzzle-toy-3347244/ 28



SRP - single
responsibility
principle

A function (or module) should do exactly
one thing - and it should do it properly.
Applies not only for code

Robert C. Martin Series

Clean Architecture

A Craftsman’s Guide to
Software Structure and Design

Robert C. Martin

With contributions by James Grenning and Simon Brown

Foreword by Kevlin Henney
Afterword by Jason Gorman

Photo credit: Amazon



https://www.amazon.pl/Clean-Architecture-Craftsmans-Software-Structure/dp/0134494164/ref=asc_df_0134494164/?tag=plshogostdde-21&linkCode=df0&hvadid=504384189023&hvpos=&hvnetw=g&hvrand=1723001052483940854&hvpone=&hvptwo=&hvqmt=&hvdev=c&hvdvcmdl=&hvlocint=&hvlocphy=1011476&hvtargid=pla-423658477418&psc=1&mcid=07d7e73e82af32098f91e285927f2ef4

ret codes.h"
fine PID CONTROLLER STRUCT SIZE BYTES 64

t pid controller;
- st . pid controller* pid controller

ret code t pidInit(

pid controller t pid,
| AD

’
T
ol |

le D);

ret code t pidStep(
pid controller t pid,
ouble time,

> error,

*output) ;




Another principle
from uncle Bob

More or less: do not mess up with logic
layers.

High level function should not interfere with low
level stuff.

It can call lower layer functions and pass some
objects though.
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If it works -
don’t touch it!

First implementation
changed “just
because”

32



(0,0)

LAB|

Coordinate system:
Global

Local / Mouse / Robot
notation: (x, y, [theta if provided])

This is the starting cell
cell_xy =[0, 0]

| DIM_WALL LAB_DIM_CORRIDOR LAB|_DIM_WALL
0.012 0.168 0.012
LAB_DIM_CELL
0.180

(0,0)

Coordinate system:
Global

Local / Mouse / Robot

notation: (x, y, [theta if provided])

This is the starting cell
cell_xy = [0, 0]

, DIM_WALL

LAB DIM_WALL LAB_DIM_CORRIDOR LAB
0.012 0.168 0.012
LAB_DIM_CELL
0.180
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over one week lost

Due to stupid decision which was at this time arbitrary



When to switch from sim to hw?

Infrared (IR) distance sensors - case study

35



Simulation is fine,

but one must try the

code on HW

srodkowy czujnik

cm IR on IR off

25 615
24 630
23 644
22 660
21 678
20 699
19 725
18 757
17 788
16 828
15 877
14 934
13 1012
12 1093
11 1200
10 1322

O N W H U O N 0 O

150
155
157
160
164
167
173
179
187
194
204
217
232
250
273
300

diff 90'

465
475
487
500
514
532
552
578

634
673
717
780
843
927
1022

Know your limits
-> And simulate it

5000

4000

3000

2000

10

15

20

25
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2500

2000

1500

1000

500

@ diff 90'
Linia trendu: diff 90’
@ diff 45'
Linia trendu: diff 45°
diff 60'
Linia trendu: diff 60’

IR distance sensors have different measurement when angle changes




When to switch from sim to hw?

Switch fully?
Or maybe partially?

Maybe develop hw and sim simultaneously?
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Make environment

Keep environment dependent on

and tools
“portable”

specific
machine/OS




Development environment vi

some OS
/ docker \ / docker
firmware -
compilation and TCP simulation - building
running tests: unit and running with GUI
k and simulator-based / K
another OS i

GUI - x server
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Development environment v2

v

(&

docker

firmware -
compilation and
running tests: unit
and simulator-based

some OS

TCP

)

\

(&

docker

simulation - building
and running with GUI

1

GUI - x server

42



Development environment v3

/ some OS \

firmware -
compilation and TCP simulation - building
running tests: unit and running with GUI
and simulator-based

N\ oz




Make environment

Keep environment dependent on

and tools
“portable”

specific
machine/OS




Compiler is your friend

e It's your first “static code analysis” tool
e Case study (warnings are important!): “abs” vs “fabs”
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TDD - write high quality code

Cl server - be sure it's always working
SRP - modularize the code

Learn - from others and books

Simulation vs HW
Dockerization of development tools

Enable HW earlier to know its limitations
Don't change approach without good justification
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DEMO




