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About This Book

This step-by-step guide takes you from a bag of parts to your own LiDAR robot that maps your home
and drives itself to any spot you click on the map. You'll assemble it, map your place, program it and
let an Al assistant drive it. The book follows my Maker's Pet video course, adds the fixes and tips I
collected from builders after the videos were recorded, and puts everything in one place you can
read at your workbench.

What you will build

The robot is about 120 mm across. An ESP32 microcontroller, programmed with the Arduino IDE,
drives two N20 gear motors with encoders and reads a spinning LiDAR distance sensor. Over WiFi,
the ESP32 talks to ROS 2, the Robot Operating System, running on your PC. ROS 2 does the heavy
lifting: building maps, working out where the robot is, and planning a path around obstacles.

Once it's built, your robot can:

* Map your place completely on its own, using SLAM and frontier exploration

* Drive itself to any location you pick on the map, avoiding obstacles along the way
* Be driven manually from your PC keyboard

* Show its LiDAR readings live on your screen

* Runin a 3D simulation, mapping and navigating a virtual world

* Bereprogrammed in Python or C++ to change its behavior or process its sensor data
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The finished robot navigating on its own, next to the live map it builds.

What you need

® The robot parts. The Maker's Pet Arduino/ROS2 Self-Driving Robot 120mm Build Pack (BLD-120MM-
PACK) contains everything, including the BDC-30P driver board, a Maker's Pet ESP32-E dev kit
and an LDROBOT LD14P LiDAR. If you have a 3D printer, you can print the plastic parts
yourself; the print files are listed in Appendix D.

® Six AA alkaline batteries.

* APCrunning Windows 10/11 or Ubuntu 22.04. The PC runs the robot's "brain", so a faster PC
gives smoother mapping and navigation.

* A 2.4 GHz WiFi network that both the robot and the PC can join. The ESP32 can't use 5 GHz.

* A USB data cable for the ESP32. Some cables only carry power and won't work.

* A small screwdriver and a wire stripper.
No robotics experience is necessary.

The hardware is optional. You can learn without a physical robot. Chapter 6 runs a simulated robot
in a 3D world on your PC, where you drive it, map a room and send it to goals. The programs in
Chapter 7 run on the simulated robot too. All you need is the PC.

How long it takes. If you've built a kit like this before, allow about an hour each for the software
setup, the assembly and the bring-up. For a first build, set aside a day.
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How this book is organized

Chapter What you do Video
1. Assemble the Robot Put the mechanical and electrical parts together 5min
2. Set Up the Software on a Install the Arduino IDE, the firmware, WSL2, Docker and an 7 min
Windows PC X server

3. Upload the Firmware and Bring Flash the ESP32, connect it to WiFi and test the motors and 9 min
Up the Robot LiDAR

4. Map Your Place by Driving the Drive the robot by keyboard to create your first map 6 min

Robot

5. Let the Robot Explore and Self-  Autonomous exploration and navigation to goals 6 min

Drive

6. Practice in Simulation The same mapping and navigation in a 3D simulator, no 10
hardware needed min

7. Program Your Robot Two Python programs (face the closest object, follow me),

then let an AI assistant drive

8. Using an Ubuntu PC Instead Chapters 2 and 3, the Linux way 13
min
Appendix A Running Ubuntu in a virtual machine on Windows 6 min
Appendix B Troubleshooting and FAQ
Appendix C Quick reference: commands, LED codes and links
Appendix D 3D printing the robot's plastic parts
Pick your path:

* Windows PC: Chapters1 -2 —3—4 —5.
¢ Ubuntu PC: Chapter1 -8 -4 — 5.

* No robot yet? Install the PC software (Chapter 2 or 8, skipping the Arduino parts), then go
straight to Chapters 6 and 7.

Each chapter starts with a link to its video. The illustrations are frames from that video, so if a step
isn't clear from a picture, you can watch that part of the video.
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Conventions

Commands you type are shown like this:

docker container stop makerspet

Commands that start with docker run in a Windows PowerShell (or Ubuntu terminal) window;
commands that start with ros2 run inside the robot software's Linux shell, which Chapter 3 shows
you how to open.

SINCE THE VIDEO WAS RECORDED
Boxes like this one mark corrections and additions made after the videos were published.
Where the book and a video disagree, follow the book.

TIP

Tips make a step easier or save you from a common mistake.

WARNING
Warnings protect your robot, your batteries or your PC. Please don't skip them.

Software versions

This edition was written for Kaia.ai firmware 0.8.0 (ROS 2 Iron), the ESP32 Arduino board package
2.0.17 and the kaiaai/kaiaai:iron Docker image. A ROS 2 Jazzy image, kaiaai/kaiaai:jazzy, is also
available; see Chapter 8.
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Open source, and where to get help

Everything in this project is open source. The robot software is licensed under Apache 2.0, so feel
free to fork and modify it; please keep an acknowledgement.

If you get stuck, first check Appendix B. If it doesn't cover your problem, ask on the support forum
at github.com/makerspet/support/discussions or on the Maker's Pet Discord server. Up-to-date build
notes are always at makerspet.com/blog/bld-120mm-pack.

Happy building!


https://github.com/makerspet/support/discussions
https://discord.gg/3y2JKz5T25
https://makerspet.com/blog/bld-120mm-pack/
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1. Assemble the Robot

Video: How to Create a Self-Driving LiDAR Robot with Arduino, ESP32, ROS2

You'll wire the motors to the BDC-30P driver board, assemble the chassis, fit the ESP32, battery and
LiDAR, and connect the ESP32 to your computer. No software is needed yet. Assembly takes about
an hour once you know the steps; allow more for your first build.
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The finished robot: ESP32, N20 motors and LiDAR.

NOTE

The video shows the February 2025 instructions. The "Since the video was recorded" boxes add
later corrections from the bring-up and troubleshooting guide (makerspet.com/blog/bld-
120mm-pack/).

What's in the kit and the tools you need

Lay everything out before you start:

* Base plate (round, white).

* Board posts (4) and LiDAR posts (4).

e Caster wheel mounts (2), the roller and its metal shaft.

* Motor clamps (2) and two N20 gear motors with encoders.
® Wheels (2) and tires (2).


https://youtu.be/6GtjAB19GP8
https://makerspet.com/blog/bld-120mm-pack/
https://makerspet.com/blog/bld-120mm-pack/
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® Motor cables (2): a plug on one end, loose wires on the other.
e BDC-30P driver board (open source).

® Maker's Pet ESP32-E 30-pin dev kit module, compatible with the original 30-pin ESP32 DOIT
DevKit v1.

e LDROBOT LD14P LiDAR and its breakout cable.
* LiDAR skirt (the white ring that holds the LiDAR).
* Battery case for 6 AA batteries.

* M3 screws of two kinds: countersunk (flat head) screws go on the underside of the base; hex
button (rounded head) screws go everywhere else.

Tools:
* A Phillips screwdriver for the countersunk screws and the screw terminals (an electric one is
optional).
* A hex key or hex bit for the hex button screws.

* A wire stripper.
* A USB cable for the ESP32.

s500P board (o
et.com lstore

The kit laid out.

PRINTING THE PARTS YOURSELF
The plastic parts are open source. Appendix D lists the print files and the one slicer setting that
matters.

10
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Connect the motor wires to the board

Wire the screw terminals first, while the board is loose in your hand.

1. Unscrew all the board's wire terminals fully.

W Openupsallstermimals

Open up all the terminals fully.

2. Strip 8-10 mm of insulation off a motor wire.
3. Bend the bare strands back over the insulation. The thicker end grips better.

4. Insert the wire with the bare strands facing up and tighten the screw.

kA i il (S
lpSent.wiiel- metalfonttop! ™ ilightemithe enlcrew

Insert the wire with the metal on top. Tighten the terminal screw.

5. Connect the rest the same way, one motor cable per motor terminal block. Tug each wire gently
to check it holds.

11
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Both motor terminal blocks use the same order:

Terminal M2 M1 GND ENCA ENCB +Venc
Wire color red white blue green yellow black
NOTE

These are the colors of the cables shipping now. Restocked cables may differ; if so, go by the pin
order on the plug and the terminal labels on the board.

S
.'/Q o /L

4

—7

Both motor cables wired in.

WARNING
A loose screw terminal is the most common cause of a motor that "doesn't work", often because
the stripped end is too short. If in doubt, strip longer than 8-10 mm (see Troubleshooting).

Build the chassis

Posts

1. Attach the four board posts, the shorter posts, to the base plate with countersunk M3 screws.
Orient each post's tab as shown: grab the post and its tab by hand and twist it carefully into
place.

12
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Attach the board posts. All four board posts in place.

2. Attach the four longer LiDAR posts the same way, oriented as shown.

Attach the LiDAR posts. Board and LiDAR posts in place, oriented as shown.

Caster roller
1. Attach the two caster wheel mounts to the back of the base with hex button M3 screws, left
slightly loose.

Attach the caster mounts. Caster mounts in place.

2. Push the metal shaft through the roller.
3. Place the shaft ends into the two caster mounts.

4. Tighten the caster mount screws.

13
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5. Press the roller against the table and roll the base back and forth until it spins freely.

7

Attach roller

Push the shaft through the roller. Place the shaft ends into the caster mounts.

| LooSEl th'e.roller

Roll the base to loosen the roller. Posts and roller in place, top view.

Motors
1. Insert each motor into its clamp, front face flush with the clamp.
2. Attach each motor to the base with three countersunk M3 screws, shafts pointing outward.

3. Don't overtighten; it can bend the plastic base.

14
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AN ~

Both motors mounted, shafts pointing out.

15
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SINCE THE VIDEO WAS RECORDED
Check that no board post tab touches a motor. A post pressing on a motor can block it, and a
blocked motor can burn out when powered. If one does, twist the post to turn its tab away.

Make sure the board post tab doesn't touch the motor.

SINCE THE VIDEO WAS RECORDED
Bent plastic, including the base, can rub against the motor gears or encoder disk, stall the
motor and burn it out. Tighten the motor screws just until snug.

Wheels
1. Make sure each wheel is free of debris.

2. Press a tire into each wheel's groove all the way around.

16
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Put the tire on the wheel. Press the tire into the groove with your fingers.

3. Find the flat on the motor shaft and the matching flat in the wheel's hub.

The flat on the motor shaft. The flat in the wheel hub.

4. Line up the flats and press the wheel fully onto the shaft with both hands.
5. Spin each wheel by hand to check it doesn't rub.

17
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Press the wheel fully onto the shaft with both hands. Check wheel rotation.

SINCE THE VIDEO WAS RECORDED
Grit or plastic shavings in the gearbox can jam the gears and burn out the motor. That's why
you clean the wheels and hubs first.

Mount the board

1. Line up each motor cable's plug with the connector on the back of the motor and press it in
gently. If it won't go in, check the alignment rather than forcing it.

Align the plug with the motor's receptacle. Press the plug in gently.

2. Route the cables under the board and gently bend the wires down at the motor plugs.

18
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Route cables under the board. Bend the wires down at the motor plugs gently.

3. Attach the board to the posts with four hex button M3 screws.

Attach the board to the posts.

19
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TIP
Before plugging in each cable, check the motor's connector: its plastic housing can slide up off
its pins. See Troubleshooting.

Connect the battery

1. Connect the battery case wires to the +BAT, GND, ExtVmot screw terminal: red to +BAT, black to
GND .

2. Check the polarity before switching on. Reversed polarity will burn the board.

3. This time, don't fold back the stripped conductors; insert them straight.

Battery wires in the screw terminal: red to +BAT, black to GND.

Insert the ESP32 module

Plug the Maker's Pet ESP32-E 30-pin dev kit module into the board's socket with its USB connector
toward the battery screw terminals. Check before pressing it fully in: backwards, it gets the wrong
power pins.

20



Assemble the Robot Build, Program a Self-Driving Robot

clk modulejerientaticn

Insert the ESP32 module. Check the orientation.

NOTE
I test and support the kit with the Maker's Pet ESP32-E, which is compatible with the original
30-pin ESP32 DOIT DevKit v1. Clones from other makers might work, but aren't supported.

Prepare the LiDAR
1. Attach the LiDAR skirt to the LiDAR with three M3 hex button screws, leaving no gaps.

N =
.~

y ’

. » JMale sureithere aielno gaps

Attach the LiDAR skirt. No gaps between skirt and LiDAR.

21
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Batteries

1. Make sure the board's power switch is OFF.

2. Put 6 x AA batteries into the case and place it on the base as shown.

Make sure the power switch is OFF. Place the battery case.

SINCE THE VIDEO WAS RECORDED: 18650 RECHARGEABLE BATTERY HOLDER MOD

The BDC-30P is designed for non-rechargeable alkaline batteries (6 x AA) and has no protection
for rechargeable cells, which can be dangerous when mishandled. Using rechargeable
batteries is at your own risk.

If you still use a 2-cell 18650 holder (it fits the 120 mm base):

e Use protected cells only (short-circuit, overcurrent, overcharge and overdischarge
protection), connected in series.

® Charge the cells out of the holder in your own charger.
* Choose cells rated for around 3 A continuous and 5 A peak.
* Mount the rear posts in the outer spare holes of the base.

® Mount the battery holder backstop behind the battery in the two spare holes, with two M3
countersunk screws.

® Use the wider LiDAR skirt that matches the new rear post positions.

22
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The 18650 battery holder mod.

Connect the LiDAR
1. Connect the LiDAR breakout cable wires to the board's LIDAR header:
Header pin GND X PWM +5V
Wire color black yellow red green

Restocked cables may use other colors; go by the pin labels.

23
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Connect the LiDAR wires to the board.

2. Line the plug up with the LiDAR's connector and push it in gently until it clicks.
3. Fold the wires neatly and place the LiDAR on the robot.

Align the plug and push it in gently until it clicks. Fold the wires and place the LiDAR.

Don't fix the LiDAR in place until after the firmware upload.

Connect to your computer

Place the LiDAR carefully aside on the table, still connected to the board, to reach the ESP32-E's USB
connector. Connect the ESP32 to your computer with a USB cable. The robot is ready for the
firmware upload.

24
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Ready to upload the firmware!

TIP
If your computer doesn't see the ESP32, try another USB cable. Some carry power only.

Troubleshooting tips

A screw terminal connection fails. Usually the stripped end is too short. Strip it even longer than in
the video.

25
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EVeillongerlthan shicwin

A screw won't hold in plastic. Overtightening stripped the thread. Push a small wood splinter into
the hole and drive the screw back in.

Insert a wood splinter to fix the thread.

26
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The motor connector housing has slid up. The plastic housing can slide up, off the connector pins.
Press it back down fully before plugging in the cable.

" T o

Slide connector housmg up fully

The connector housing slid up fully; press it back down.

One motor works, the other doesn't. Swap the two motors' connections. If the problem moves sides,
the motor (or its cable) is at fault; if it stays, check that side's screw terminals.

27
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Swap the two motors' connections.

Check the green encoder lights. With the battery on, each motor's encoder board should show a
green light. If one is off, that encoder has no power: check the battery, the switch, and the motor-to-
cable and cable-to-board connections.

28
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SINCE THE VIDEO WAS RECORDED: MORE MOTOR CHECKS FROM THE GUIDE
® No board post tab touches a motor (see Motors).

* The power switch is ON, the battery is connected and not low. The ESP32's power LED
should light.

¢ The motor wires are in the correct screw terminals, none broken or loose.
® No debris in the gearbox; it can seize the gears and burn out the motor.
* Motor screws not overtightened; bent plastic can catch the gears or encoder disk.

® Gently spin the magnet to turn the motor's core shatft. It should turn freely; if it doesn't, the
motor or its gearbox may be jammed.

* Encoder sensors can get bent and touch the encoder wheel. Carefully bend them back and
check the encoder magnet turns freely.

® No cable rubs on a motor's encoder magnet.

Checks that need the firmware and ROS2 running, such as a motor that spins only at full speed
or in one direction, are in the bring-up chapter.

29
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SINCE THE VIDEO WAS RECORDED: BATTERY CONNECTED BUT NO POWER
® Check the board's ON/OFF switch.

® Check the battery wires are in the right terminals with good contact; measure the voltage at
the board's power terminal.

® Check the polarity. Reversed polarity will burn the board.

® Check the batteries make good contact in the holder (wiggle tight ones) and measure each
one.

Next, set up the software and upload the firmware.

Happy building

The finished robot. Happy building!

30
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2. Set Up the Software on a Windows PC

Video: Step by Step Arduino Self-Driving Robot software setup

This chapter has two halves. First, install the Arduino IDE with the ESP32 toolchain and the robot
firmware, and check that the firmware compiles. Second, install the PC side that controls the robot:
ROS2 runs on Linux, so you add WSL2, Docker Desktop, an X server (to see Linux GUI programs)
and PowerShell, then download the robot software image.

You need a Windows 10 (or later) PC with at least 8 GB of RAM and an internet connection, but not
the robot. Expect large downloads and a couple of reboots.

NOTE

On Ubuntu Linux, skip to Chapter 8 instead. For simulation only (Chapter 6), skip the Arduino
part: install WSL2, Docker Desktop, the X server and PowerShell, and download the Docker
image.

WHICH ARDUINO IDE?

Both Arduino IDE 2.x and 1.8.19 work. I recommend 1.8.19: it's tried and true, and frozen, so it
won't change under you, while 2.x has given me some headaches. This chapter covers 2.x first,
then 1.8.19.

Install Arduino IDE 2

1. On arduino.cc, open Software and under Arduino IDE 2.x download the first Windows option
(Win 10 and newer, 64 bits). The video used Arduino IDE 2.3.4.

31
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v 80 Software | Arduino x  +

< C @ % arduinocc

PROFESSIONAL EDUCATION STORE n Arduino.cc SIGN IN

% HARDWARE SOFTWARE cLoup DOCUMENTATION COMMUNITY » BLOG

Arduino Cloud Editor

Experience the Arduino IDE online. whether you're at home or on = - -
the go, code, upload and access your projects anytime from your
browser for free.

GO TO CLOUD EDITOR LEARN MORE

Downloads

DOWNK.OAD OPTIONS

ArdUinO |DE 23.4 Windows Win 10 and newer, 64 bits

Windows Msi installer

Windows ZIF file
The new major release of the Arduino IDE is faster and even

more powerful! In addition to a more modern editor and a Linun Appimage 64 bits (X86-64)

more responsive interface it features autocompletion, code Linux ZiP file 64 bits (X86-64)

navigation, and even a live debugger. B OS e 015 Ao nene 1 bk
For more details, please refer to the Arduino IDE 2.0 macOS$ Apple silicon, 11: “Big Sur” or newer, 64 bits

documentation.

Nightly builds with the latest bugfixes are available through

Arduino IDE 2 download options.

2. Run the installer, accept the defaults, and launch the IDE. If Windows Firewall asks, click Allow.

Add the Espressif ESP32 toolchain
The robot's brain is an ESP32, so the IDE needs Espressif's ESP32 compiler and SDK.

1. Go to File — Preferences. In Additional boards manager URLs, paste this URL and click OK:

https://raw.githubusercontent.com/espressif/arduino-esp32/gh-pages/package_esp32_index.jso
n
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= sketch_feb12a | Arduino IDE 2.3.4

File Edit Sketch Tools Help

sketch_feb12a.ino

Preferences

B Show files inside Sketches
Editor font size: 14
Interface scale:

Theme:

Language:

Show verbose output during Hc
Compiler warnings

B Verify code after upload
# Auto save
B Editor Quick Suggestions

Additional boards manager URLS: ‘ busercontent com/espressiffarduino-esp32/gh-pagesipackage_esp32_index |50n|

() €D

File — Prefe

2. Go to Tools — Board — Boards Manager. 3. Search for Espressif . For esp32 by Espressif
Systems, select version 2.0.17, not the newest, and click INSTALL. Then close the IDE.

349
310
3.0.7
3.06
S:0.5
3.04
3.0.3
302
3.01
3.0.0
2017
2016
2015
2.0.14
2013
2012
2011
2010
2104
208

B8 sketch,

File Edit

‘_3.1.1 ﬁ

# Automatic 100
[E

[English

(Al

Build, Program a Self-Driving Robot

o7
Yo

~ |
+ | (Reload required)
ompile @ upload

v]

rences: paste the Espressif URL and click OK.

Huino IDE 2.3.

wls  Help

Select Board

NAGER sketch _feb12a.ino

1

uded in this package:
3oard, ESP32-52 Dev
}2-S3 Dev Board,...

Select version 2.0.17.
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Stay on ESP32 board package 2.0.17:

Build, Program a Self-Driving Robot

* Not 2.0.15: its HardwareSerial is broken, so the firmware compiles but the LiDAR returns

no data. 2.0.16 or newer works; 2.0.17 is recommended.

® Not 3.x: it removed ledcAttachPin /ledcSetup , which the firmware uses.

Download the robot firmware project

1. Browse to github.com/kaiaai/firmware and click Releases.

v €) GitHub - koiaai/fimware: Platic X +

€ > O @ = gihubcom

O Product Solutions ~ Resources ~+ OpenSource ¥ Enterprise ~ Pricing

11 Pullrequests ons [T Projects y [ Insights
¥ iron # 1 Branch o <> Code -

@) tia0.and llia 0. je bra i t ) 205 Commits

B8 arduinolDE/plugins

| ki

3 .gitignore

Kaia.ai platform robot firmware

This repo contains:

* Robot's

Signin

L} Notifications

About

Platform firmware for Kaia.ai compatible

robots

o3
Releases

©9

Packages

Contributors 2

=" Source codezip

The kaiaai/firmware repository; Releases is on the right.

2. In the latest release, expand Assets and download Source code (zip).
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v €) Releases . kaiaaiffimware - Gitt X+

« C [ % github.com/ka

o web config got too complicated, too many parameters to set manually
added multiple board support: assign GPIO pins in config.yam|
o Kaia.ai-compatible boards will come with a GPIO assignment config file
o configyaml for Maker's Pet BDC-30P, BDC-38C4, MINI-32E, MINI-S3M boards
cleaned up some micro-ROS parameters
simplified motor PID library
removed ON_ERROR vs. ON_MEASUREMENT
o added Kpm proportional-on-measurement factor
o remaoved the direction setting (negate all PID factors to reverse control direction)
o fixed PID adjustment for sample timing
web config launches on BOOT button long-press without reboot
pulled updates into the micro_ros_kaia library
fixed library name conflict
o renamed motor_ctlh to motor_ctl_kaia.h
updated LDS library
bugfix: pause motors on WiFi loss
Arduino ESP32 Nano builds, works
set GPIO slew for EMC

builds with Espressif 5.x, but issue with micro_ros communication

Oc 22024 Maker's Pet Mini default robot

=

Download Source code (zif

3. Open the ZIP ( firmware-0.8.6.zip at the time of writing) and step into its firmware-* folder. It

holds .arduinoIDE, kaiaai-esp32, libraries, tools and a few files.

B firmware-0.8.0

&« T =+ Downloads > firmware-0.80zip > firmware-0.80 > Search firmware-0.8.0 Q

® New - M Sort v = [S Extractall (F Details

® videos Name Type Compressed size Password p... | Size Ratio
M ilya I arduinolDE File folder
P Deskiop M kaiaai-esp32 File folder

BN LDSO2RR-ADAP I ibraries File folder

. tools File folder
I Photos

- B .gitignore Git Ignore Source File
Arduino
B icense File

n README.md Markdown Source File
v W This PC

> = Local Disk (C)

> ‘-“ Network

7items |

Inside the firmware-* folder.
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4. Copy everything in that folder into your Arduino sketch folder, usually Documents\Arduino . This
installs the firmware project and the tested versions of the libraries it needs.

B Arduino x +

@ OneDrive > lia-Personal > Documents > Arduino AT

0] T sort = View

M iaizai-esp3z
M jibraries / File folder

. to0is ) : File folder

W ucense

B READMEmMd

I TurboTax

> I Videos

Copy everything into your sketch folder.

TIP
Your sketch folder is shown as Sketchbook location in File — Preferences. With OneDrive, it
may be under OneDrive, as in the video.

Install the Arduino IDE plugin
The arduino-spiffs-upload plugin uploads the robot's configuration files to the ESP32 later.

1. In the ZIP, go into .arduinoIDE, then plugins.
2. Copy everything in it into your Arduino IDE plugins folder, creating it if needed:

C:\Users\YourUserName\.arduinoIDE\plugins\

Replace YourUserName with your Windows user name.
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| plugins

> arduinolDE >  plugins

@ New ~ T sort ~ = View ~ (B Details

> B Documents

Titem | 1 iter

Copy arduino-spiffs-upload-1.1.5.vsix into your .arduinoIDE\plugins folder.

Compile the firmware

1. Launch the Arduino IDE. If it offers library or board updates, click LATER. Newer versions can
break compilation.

Arduino IDE

sketch_feb12aino

1 etup() {

Updales are available for some of your libraries.
( INSTALL MANUALLY )
SEeelbededothod

Updates are available for some of your boards

LATER INSTALL MANUALLY

Ln1,Col1 X No board selected (12

Do NOT update libraries, boards

Click LATER on update offers.

2. Go to File — Open and open the kaiaai-esp32 sketch from your sketch folder.

3. Click the board selector, choose Select other board and port, search for doit, select DOIT
ESP32 DEVKIT V1 and click OK. No port is needed to compile.
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& kaiaai-esp32 | Arduino IDE 2.3.4
File Edit Sketch Tools Help

¢ DOIT ESP32 DEVKIT VA
tl SKETCHBOOK kaiaai-esp32.ino
- § Select Other Board and Port

g Select both a Board and a Port if you want to upload a sketch.

S look If you only select a Board you will be able fo compile, but not to upload your skeich.
BOARDS PORTS

doit Q  NO PORTS DISCOVERED

DOIT ESP32 DEVKIT V1

DOIT ESPduino32

B Show all poris

(v @D

( NEW SKETCH )

Ln 45, Col 26 DOIT ESP32 DEVKIT V1 on COM4 [not connected] nE

Select DOIT ESP32 DEVKIT V1.

4. Click Verify (check mark). Compiling can take a few minutes and should end with no errors and
a memory summary.

= kaiaai-esp32 | Arduino IDE 2.3.4
File Edit Sketch Tools Help

@ | ¢ DOIT ESP32 DEVKIT V1 - Verify

D SKETCHBOOK kaiaai-esp32.ino REAL
ey
CONFIG cfg;
kaiaai-esp32 kaiaai msgs_msg JointPosvel joint[MOTOR_COUNT];
joint_prev_pos[MOTOR_COUNT] = {@};
gt lidar_buf[cfg.LIDAR BUF_LEN] = {0};
telem prev_pub time us = 8;
ping prev_pub_time us = @;
ros_params_update prev_time us = 0;

ramp_duration_us = @;
ramp_start_time us = @;
Output = o

Library micro ros kaia has been declared precompiled:

Using precompiled library in c:\Users\ilya\OneDrive\Documents\Arduino\libraries\micro ros_kaia
Sketch uses 1104353 bytes (84%) of program storage space. Maximum is 1316720 bytes.

Global variables use 113568 bytes (34%) of dynamic memory, leaving 214112 bytes for local vari

NEW SKETCH Done compiling

Ln 45, Col 26 DOIT ESP32 DEVKIT V1 on COM4 [not connected] (31 B

Success!

The firmware compiled.
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SINCE THE VIDEO WAS RECORDED

Arduino IDE 2.x's Library Manager can silently replace the bundled MotorController and PID
libraries with same-name libraries by other authors, causing errors like use of deleted
function MotorController() or ledcAttachPin was not declared.Prevent this by renaming the
kaiaai libraries in Documents\Arduino\libraries (for example to MotorController_kaia ).

COMPILE ERROR: #ERROR THIS CODE RUNS ON ESP32
No ESP32 board is selected. Select it as in step 3. If no ESP32 boards are listed, add the Espressif
toolchain first.

If you prefer Arduino IDE 1.8.19
Use this instead of IDE 2; otherwise skip to Install Windows WSL2.

1. On arduino.cc Software, under Legacy IDE (1.8.X), download Arduino IDE 1.8.19 for Windows
(Win 7 and newer). Install and launch it.

v 88 Software | Arduino X+

C [ % arduinocc

% HARDWARE  SOFTWARE  CLOUD DOCUMENTATION ~ COMMUNITY ¥  BLOG  ABOUT

Windows Arduino PLC IDE, Win 10 and newer, 64 bits

'WARNING: The profile that installs and uses the

3 PLCIDE must have an account type set to
Program using [EC 61131-3 languages and mix Arduino ‘Administrator’ to ensure praper installation and

sketches through Arduino PLC IDE! Configure easily your functionality.

pre-mapped resources and get quick no code fieldbus Before installing PLC IDE 1.0.6 (or newer), ensure
support, dive into your code analysis thanks to the wide set that both PLC IDE 1.0.3 and PLC IDE Tools 1.0.3
of debugging tools. are uninstalled from Windows using the "Add or

remove programs” tool. Additionally, delete the
For more details, please refer to Arduino PLC IDE “T" folder located in (C:\Users\<your

documentation username>\AppData\Local\T).

Legacy IDE (1.8.X)

DOWNLOAD OPTIONS

Arduino IDE 1.8.19 Windows win 7 and newer

Windows ZIF file

L The open-source Arduino Software (IDE) makes it easy to write code Windows app Win&.1or10 | Get 5§
and %npload it to the board. This software can be used with any i, 52 s
Arduino board. =
Linux 64
Refer to the Arduino IDE 1.x documentation for installation Linux ARM 32 bits

instructions. Limux ARM 64 bits

DleoWwinleaczArkct

they can be verified using this gpg key.
Arduino IDE 1.8.19 in the Legacy IDE section.

Mac 05 X 10.10 or newer

2. In File — Preferences, paste the same Espressif URL into Additional Boards Manager URLs. In
Tools — Board — Boards Manager, search for esp32, select version 2.0.17 of esp32 by Espressif
Systems and click Install.
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© Boards Manager

Preferences X

Type Al | esp32

Settings - Network Arduino ESP32 Boards

by Arduino
Boards included in this package
Arduino Nano ESP32.

More Info

Sketchbook location:

C:\Users\ilya\OneDrive\Documents\Arduine Browse

Editor language: System Default | (requires restart of Arduino)

esp32
by Espressif Systems

Boards indluded in this package:

ESP32 Dev Board, ESP32-52 Dev Board, ESP32-53 Dev Board, ESP32-C3 Dev Board, Arduino Nano ESP32.
More Info

Editor font size: 13

Interface scale: [T Automatic | 125 =% (requires restart of Arduino)

Theme: Default theme | (requires restart of Arduino)

Show verbose output during: (| compilation [ upload

Compiler warnings: Al v

Display line numbers Enable Code Folding
{8 verify code after upload (] use external editor
("] Check for updates on startup I8 save when verifying or uploading
(] Use accessibility features

Additional Boards Manager URLs: .githubuser : iffarduino-esp32/gh :_esp32_indexjson | ]

in the file

More preferences can be edited directly
C:\Users\ilya\AppData\Local\Arduino15\preferences.txt

(edit only when Arduino is not running

Boards Manager: esp32 2.0.17.

File — Preferences in IDE 1.8.19.

3. Copy the firmware project into Documents\Arduino as in Download the robot firmware project.
With IDE 1.8.19, the copied tools folder adds Tools — ESP32 Sketch Data Upload; skip the
plugin step.

4. Go to File — Open and open Documents\Arduino\kaiaai-esp32.

5. Go to Tools — Board — ESP32 Arduino and select ESP32 Dev Module.

@ kaiaai-esp32 | Arduino 1.8.19
|File Edit Sketch Tools Help

Auto Format Cirl+T
Archive Sketch
kaiaai-esp3? Fix Encoding & Reload
Firoant Manage Libraries... Ctrl+Shift+
- 4, |  Serial Monitor Ctrl+Shift+M
3 |// Lic{ Serial Plotter Ctrl+Shift+L .0 (the "License");
! jﬁ YOUI WiFi101 / WIFININA Firmware Updater {68 mithcheshicenso:
= You|
& // ESP32 Sketch Data Upload o
7 /s | = ESP3253 Dev Module
8 |// Board: "Arduino Yun" > Boards Manager... ESP32C3 Dev Module
9 |// Port: "COM3" b Arduino AVR Boards > ESP3252 Dev Module
10 |// Get Board Info ESP32 Arduino > ESP32 Dev Madule
1 }, either expre ESP32-WROOM-DA Module
T i Programmer: "AVRISP mkll" »|! e_1-;he_ s ; es? 9
12 (f/ i lverning permission| ESP32 Wrover Module
R . urn Bootloader
13 |// 1i ESP32 PICO-D4
14 ESP32-53-Box

#ifndef ESP32

ESP32-53-USB-OTG

ESP32S3 CAM LCD

ESP32S2 Native USB

ESP32 Wrover Kit (all versions)

16 #error This code runs on ESP32

17 |#endif

"robot_config.h"

"atil.h" Aventen 53 Sync
<WiFi.h> UM TinyPICO
<stdio.h> UM FeatherS2
"motors.h" UM FeatherS2 Neo
"an_h" 1IM Tinus2

Select ESP32 Dev Module.

6. Click Verify. It can take a few minutes and should finish with no errors.
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© kaioai-esp32 | Arduino 1.8.19

file Edit Sketch Tools Help

-Success!|

ESP32 Div Module, Disabled, Disabled, Default 4ME with spifis (1. 2MB APPH 5MB SPIFFS), 240MHz (WIFUBT), 010, BOMHz, 4MB (32ME), 821600, Cars abled on COM3

Compiling in Arduino IDE 1.8.19.

Install Windows WSL2

ROS2, the software that controls the robot, runs on Linux. WSL2 (Windows Subsystem for Linux)
runs Linux on your Windows PC.

1. Click Start, type cmd , and on Command Prompt choose Run as administrator.
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Q  Search for apps, settings, and documents

— o Apps Documents Web Settings Folders

Best match

I ,—| Command Prompt
System

Apps Command Prompt
System
& GitCMD

. uCsim.cmd Open

. isp.cmd Run as administrater

Open file location
Search the web

Pin to Start

cmd - See more search results

Q : . Pin to taskbar
Folders

B cmdsrc

Documents

. cmd.h
. cmd.c

Run Command Prompt as administrator.
2. Run this command and wait until it reports success:

wsl --install --no-distribution

.| Administrator: Command Prompt

s1 --install - istribution
ows optional component: VirtualMachinePlatform

Deployment Im vicing and Management tool
Versi 10.¢ 2792

rsion: 10.8.2

WSL2 installed; reboot to finish.

3. Reboot your PC.
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SINCE THE VIDEO WAS RECORDED

If WSL2 fails to install, follow Microsoft's WSL installation and troubleshooting instructions on

learn.microsoft.com. As a last resort, run Ubuntu in a virtual machine (Appendix A), though in
my experience it makes ROS2 laggy.

Install Docker Desktop
Docker installs and runs a large collection of robotics software in one go.

1. Go to docs.docker.com/desktop/install/windows-install/ and download Docker Desktop for
Windows - x86_64 (for a typical Intel or AMD PC).

- @ Windows | Docker Docs X +

€ 2 €@ M % docsdocker.com,

+ New More Docker. Easy Access. New Streamlined Plans. Learn more.

& dockerdocs  Getstarted  Guides  Manuals  Reference  Leaming paths % search

B Manuals Ve

v
Docker Build

Install Docker Desktop on Windows

Docker Desktop terr ‘emlequiremenrs
Docker Compose Jocker Desktop terms

Table of contents
Docker Build Cloud
Docker Desktop
Install

Mec This page contains the download URE‘ information about system requirements, and instructions on how to install Docker

Understand permission requirem... Desktop for Windows.

Windows

Docker Desktop for Windows - x86_64

Give feedback

Understand permission requirem...
Docker Desktop for Windows - Arm (Beta)
Use the MS! installer -
Linux - For checksums, see
Signin
Exlore Docker Deskiop System requirements
Dev Environments (Beta)
containerd image store

Should | use Hyper-V or WSL?
Wasm workloads (Beta)

Synchronized file shares Docker Desktop's functionality remains consistent on both WSL and Hyper-V, without a preference for either

fomance nd i on ur websie. W s shre nfoemiion boutycur use o Do ot sty sl nformation x

Download the x86_64 installer.

2. Run Docker Desktop Installer.exe, keep Add shortcut to desktop checked and click OK.

3. At Installation succeeded, click Close and restart.
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o Installing Docker Desktop 4.34.2 (167172)

Docker Desktop 4.34.2

Installation succeeded

You must restart Windows to complete installation.

Close and restart

Click Close and restart.

NOTE

Docker Desktop is free for personal use; commercial use in larger enterprises requires a paid
subscription.

Install the X server

The X server shows the Linux robot software's GUI, such as the map view, on your Windows
desktop. The video uses VcXsrv.

1. Browse to sourceforge.net/projects/vexsrv/ and click Download.
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v Windows X Server dow x +
C @ = eforge.net

SOURCEFORGE For Vendors

Open Source Software Business Software

VeXsrv Windows X Server

VcXsrv Windows X Server

Brought to you by:

L .0 & & d Downloads: Last Update:

Download

Windows
Files Reviews Support . Discussion
Project has been moved to https:/github.com/marchaesen/vexsrv 4
Windows X-server based on the xorg git sources (like xming or cygwin's xwin), but compiled with Visual C+# 2012 Express Edition. Source code

can also be compiled with V52008, V52008 Express Edition and V52010 Express Edition, although current project and makefile are not fully

compatible anymore.

Versions starting from 1.14.3.0 are not compatible with Windows XP anymore.

Features

* xserver

Build, Program a Self-Driving Robot

Recommended Projects

FreeXer - free X-server

Download VcXsrv from SourceForge.

2. Run the vcxsrv installer with the default components and folder.

Launch Docker Desktop and the X server

1. Launch Docker Desktop from its desktop icon. No account is needed: click Skip on the sign-in

screen and the survey. Once Docker Engine has started, close the window; the engine keeps

running.
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& docker deskto ! Q) Search for images, containers, volume... | Ctrl+K & &

9\. To access the latest features,

Starting the Docker Engine...

geta 2_ Terminal ~ v4.342 [\

Starting the Docker Engine.

2. Launch XLaunch from your desktop. On Display settings, set Display number to 0 (zero), keep
Multiple windows and click Next. Accept the remaining defaults and click Finish.

&l Display settings

Select display settings
Choose how VicXsrv display programs

(+ Multiple windows " " Fullscreen -
C -

(" One large window " One window
without titlebar

m

Display number 0

(Specify -1 to let vexsrv automatically choose one)

Set Display number to 0.
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TIP
Launch the X server after every PC restart, before starting any robot GUI. If RViz or another
ROS2 GUI reports could not connect to display, the X server isn't running.

Install PowerShell

You will type the robot's Docker commands in PowerShell.

1. Browse to github.com/PowerShell/PowerShell and click Releases.

v €) GitHub - PowerShell/Powershe. X +

= C @ % githubcom

Releases 180

v1.5.0 Release of Powershell

¥

Packages

Contributors 469

26
]

0508
exe

ssets -> win-64
Open the PowerShell releases.

2. In the latest release's Assets, download PowerShell—version>win-x64.exe (in the video,
PowerShell-7.5.0-win-x64.exe ).
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~ ) Releases . PowerShell/PowerSh: X

<« C M

2 github.com

github.com/PowerShell/PowerShell/releases/downlo:

3. Run the installer.

Y

&

Shell-7.5.0-win-x64.exe

Download the win-x64.exe asset.

Build, Program a Self-Driving Robot

4. Click Start, type powershell and launch PowerShell 7 (x64). Pin it to the taskbar.

D powershell 7 (x64)

& » Apps Documents Web Settings Folders Pt b go3 @

Best match

PowerShell 7 (x64) >
2 -
App

PowerShell 7 (x64)
App

Apps

B Windows PowerShell

2 windows PowerShell ISE 7 open

»' Windows PowerShell (x86) =/ Run as Administrator

2 Windows PowerShell ISE (x86)
Search the web

Q powershell - See more search results
Folders (1+)

Settings (2)

Videos (2+)

PowerShell 7 (x64), not the older Windows PowerShell.
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Download the robot software image

1. Make sure Docker Desktop is running.

2. In PowerShell, type:

docker pull kaiaai/kaiaai:iron

2] PowerShell 7 (x64)

PowerShell 7.5.0
PS C:\Users\ilya> docker pull kaiaai/kaiaai:iren

docker pull in PowerShell.

3. The image is large. When done, PowerShell shows Status: Downloaded newer image for

kaiaai/kaiaai:iron.

27 PowerShell 7 (x64)

bd6f20866108a: Pull complete
d1leb353b4ff7: Pull complete
GacB8e7cb50ed: Pull complete
15233d472285: Pull complete
96307cbb609%e: Pull complete
948d5fab837b: Pull complete
52a0547d9968: Pull complete
9a3d98fd3b18: Pull complete
56bf9fle8lfe: Pull complete
5238bc6d533f: Pull complete
23a020b740F4: Pull complete
07d52ac58239: Pull complete
2b7al19f34c58: Pull complete
abf2d32e5433: Pull complete
231d94ed676b: Pull complete
cf24515d1dyb: Pull complete
a@bdbabtice57: Pull complete
Ya8e5f3dcbe2: Pull complete
udygddcdfca9: Pull complete
df¥d3b2980d87: Pull complete
18e6733ddbe®: Pull complete
6c4c69c@288c: Pull complete
dl23fafdee7d: Pull complete
Digest: sha256:8fb9d2f40d0@ae29c471c25b703b63bcc8cedccle0168b63368832c2+d95b7c6f
Status: Downloaded newer image for kaiaai/kaiaai:iron
docker.io/kaiaai/kaiaai:iron

What's next:
View a summary of image vulnerabilities and recommendations =
PS C:\Users\ilya>

The image has downloaded.
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DOCKER PULL FAILS WITH ERROR DURING CONNECT
An error like this:

error during connect: Post "http://%2F%2F.%2Fpipe%2FdockerDesktoplLinuxEngine/...": open
// ./pipe/dockerDesktopLinuxEngine: The system cannot find the file specified.

means the Docker engine isn't running. Launch Docker Desktop, wait for the engine, and retry.

SINCE THE VIDEO WAS RECORDED

A ROS2 Jazzy image, kaiaai/kaiaai:jazzy, is also available. This book uses the Iron image,
kaiaai/kaiaai:iron.

The software is installed. Next, you will upload the firmware and bring up the robot.
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3. Upload the Firmware and Bring Up the
Robot

Video: Step by Step Arduino LiDAR Robot Bringup

You upload the firmware and its configuration ("sketch data") to the ESP32, connect the robot to
your WiFi and start the ROS2 software on your PC. At the end you drive the wheels from your
keyboard and see live LiDAR data.

You need the assembled robot (Chapter 1) and the PC software from Chapter 2. Plan for about 30
minutes.

Upload the firmware

These steps use Arduino IDE 2.x. With IDE 1.8.19, see If you use Arduino IDE 1.8.19 below; only the
menus differ.

1. Open the kaiaai-esp32 sketch. If the IDE offers library or board updates, click LATER.

File Edit Skeich Tools Help

¢ DOIT ESP32 DEVKIT V1 - |

m ‘SKETCHBOOK

kaiaai-esp32

> tools

Output

Updates are available for some of your libraries.

LATER INSTALL MANUALLY

Updates are available for some of your boards.

NEW SKETCH LATER INSTALL MANUALLY

Ln5, Col 18 DOIT ESP32 DEVKIT V1 on COMS3 [not connected] 22 B

Close the update pop-ups. Don't update.

2. Connect the ESP32 to your PC over USB, with the board's power switch off.
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Plug the USB cable into the ESP32.

3. In the board selector, choose DOIT ESP32 DEVKIT V1 and your COM port ( COM3 in the video).

Select Other Board and Port

Select both a Board and a Port if you want to upload a sketch.
If you only select a Board you will be able to compile, but not to upload your skeich.

BOARDS PORTS

DOIT ESP32 DEVKIT V1 ’Q

DOIT ESP32 DEVKIT V1 v COM3 Serial Port (USB)

B Show all poris

Select the board and COM port.

4. Click Upload (the right arrow). The first compile takes a while.
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5. When the output shows Connecting...., press and hold BOOT for 3 to 5 seconds to put the
ESP32 into download mode.

/ DOITESP32DEVKITV1 ~ | Upioad

e s
PpressiBOOT fori3-5 sec now

...press BOOT for 3-5 seconds now.

Uploading.

NEW SKETCH )

Upload starts connecting...

SINCE THE VIDEO WAS RECORDED
Some ESP32 boards don't need BOOT pressed; if the upload succeeds without it, that's fine. If it
fails with Failed to connect to ESP32: No serial data received, retry and press BOOT as soon

as Connecting... appears.

6. Confirm the upload succeeded: the output ends with Hash of data verified. and Hard

resetting via RTS pin... .
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Tools  Help

' DOITESP32 DEVKITV1 ~ Upload

SKETCHBOOK iaai-esp3’ \DN 1 & ida otors.h  robot_co S util.h

kaiaai-esp32

> tools

Qutput
WriTing at uxYvoagesa. ..
Writing at ©xeeeb3a2f
Writing at exeeel
Writing at exeeel
writing at exo0e:
Writing at exeeecbd
Writing at exeeedlc9a
writing at exeeed73
Writing at ex9eedf1
Writing at ©xoeeesaoa...
writing at exeeeeel
Writing at exeeefae:
Writing at exeeefcfes
writing at exee1023
writing at exeelebefe
writing at exee1115
Writing at ©x961168
writing at exeelicega...
wrote 1110976 bytes (680672 compressed) at 6x60010000 in 11.3 seconds (effective 788.1 kbit/s).
Hash of data verified.

g.

Firmware upload success!

Ln5,Col18 DOIT ESP32 DEVKITV1on COM3 (22

Firmware upload success.

7. Open Tools — Serial Monitor at 115200 baud and press the ESP32's EN (reset) button.

7y 0L §10

} ')'

Riiess ESP32,reseti(EN)

Press the ESP32 reset (EN) button.

8. The ESP32 boots and asks for sketch data, as expected:
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Kaia.ai firmware version 0.8.0-iron

ESP IDF version v4.4.7-dirty

SPIFFS mounted successfully

Sketch data not found. Please upload sketch data.

Serial Monitor X

ets Jun 8 2016 00:22:57

rst:0xl (POWERON BESET),boot:0x13 (SPI_FAST FLASH BOOT)

configsip: 0, SPIWP:0Oxee

clk drv:0x00,q drv:0x00,d drv:0x00,cs0 drv:0x00,hd drv:0x00,wp drv:0x00
mode:DIO, clock diwv:1

load:0x3f£f£f0030,1len:1184

load:0x40078000, len:13260

load: 0x40080400, 1en:3028

entry 0x400805e4

Kaia.ai firmware version

ESP IDF version v4.4.7-dirty

SPIFFS mounted successfully

ketch data not found. Please upload sketch data.

L3

The ESP32 asks for sketch data.

Upload the sketch data

The sketch data is the robot's configuration file, config.yaml, plus the WiFi setup web page. It lives
in a separate flash area (SPIFFS), so it is uploaded separately.

1. Close the Serial Monitor; it holds the COM port and the upload will fail.

2. Open Sketch — Show Sketch Folder and go into the data folder. It holds config.yaml, which
the firmware loads at power-up, config files for other hardware, favicon.png and index.html.
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% +
¢ OneDrive > -+ Documents > Arduino > kaiaai-esp32 > data Search data

(] T Sort ~ View ~ s (I} Details

Name Status Date modified

> [ data B configyami e
> [ libraries n config_mini_32e.yam|
> I tools i ni_bdc_30p.yaml
> [ Audacity n config_mini_bdc_38c4.yaml 3 Ya Source
> I Blackmagic [ | B config_mini_esp32s3_devkitc_1.yaml Yaml Sour
> [ Custom Offic B config_mini_s3myaml /12, Yaml Sourc
> [ Deskiop B faviconpng /2025 4: PNG File

I EasyEDA-Pro ™ indexchtml 2 PM Mi ft Edge HT...

The data folder.

3. Delete every .yaml file except config_mini_bdc_30p.yaml, the config for the BLD-120MM-PACK
with the BDC-30P board. Keep favicon.png and index.html.

4. Rename config_mini_bdc_38p.yaml to config.yaml. It sets the ESP32 pins, motors and LiDAR
model.

¥ DO ESPRDKITVE - Bn - o S

& OneDrive > - Documents > Arduino > kaiaai-espd2 > data

...and rename it to config.yaml.

Keep only the BDC-30P config...

5. Click inside the code window, press Ctrl+Shift+P, type Upload and click Upload SPIFFS to
Pico/ESP8266/ESP32. At Connecting...., hold BOOT for 3 to 5 seconds.

56



Upload the Firmware and Bring Up the Robot Build, Program a Self-Driving Robot

File Edit Sketch Tools Help

¥ DOITESP32DEVKITV1 ~

D SKETCHBOOK Upload

SPIFFS to Pico/ESP8266/ESP32 recently used
Arduino: U
Arduino: U SSL Root Certificates

kaiaai-esp32

> tools

Output
WriT1ng at uXuwwadesa... (oY 7
writing at exeeeb342f... (61 %)
Writing at @x@eebsco3 (64
Writing at exeeebeadl... (66
Writing at ©xe0ec4359 (69
Writing at exeeecbdze... (71
Writing at exeeedic9a... (73
Writing at ©x60ed73a6... (76
Writing at exeeedfi2d... (78
Writing at ©x6@0e5ada... (80
writing at exeeeeella... (83 %)
writing at exeeefaels... (85 %)
wWriting at exeeefcfes... (88 %)
Writing at @x00102328... (90 %)
writing at exeeiebef6... (92 %)
Writing at exee1l157c... (95 %)
Writing at 0x00116883... (97 %)
Writing at oxeeilcega... (100 %)
Wrote 1110976 bytes (680672 compressed) at 0x@0010000 in 11.3 seconds (effective 788.1 kbit/s).
Hash of data verified.

Click Upload SPIFFS _

Ln5 Col 18 DOITESP32 DEVKITVionCOM3 22 B

Pick Upload SPIFFS to Pico/ESP8266/ESP32.

Confirm the upload succeeded: the IDE shows SPIFFS upload completed!

File Edit Sketch Tools Help
‘ ¥ DOITESP32DEVKITV1 ~
D SKETCHBOOK
kaiaai-esp32

> tools

put  SPIFFS Upload X

esptool.py v4.5.1

Serial port COM3

Connecting caiRoE

Chip is ESP32-DeWDQ6 (revision vi.e)
Features: WiFi, BT, Dual Core, 246MHz, VRef calibration in efuse, Coding Scheme None
Crystal is 4@MHz T

MAC: ba:e6:2d:b2:69:a5

Uploading stub.

Running stub

Stub running

Changing baud rate to 921600

Changed.

Configuring flash size...

Auto-detected Flash size: 4amMB

Flash will be erased from 0x00290000 to 0x@@3effff...

Compressed 1441792 bytes to 11582...

Writing at oxee29eeee... (100 %)

Wrote 1441792 bytes (11582 compressed) at @x©0290008 in 7.8 seconds (effective 1469.8 kbit/s

Yz
Hash of data verified.

Leaving...
Hard resetting via RTS pin...

completed upload.

NEW SKETCH 0 SPIFFS upload completed!

Ln6,Col 3 DOITESP32 DEVKITVionCOM3 21 B

Sketch data upload completed.
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6. If it fails right away with ERROR: No port specified, check IDE menus. , restart the IDE and
retry. This happens often.

Output  SPIFFS Upload X

SPIFFS Filesystem Uploader

Using partition: default
ERROR: No port specified, check IDE menus.

A common SPIFFS upload error.

IF THE SKETCH DATA UPLOAD STILL FAILS
e Could not open COM3, the port doesn't exist: close the Serial Monitor, check the USB
cable, retry.
e SPIFFS_write error(-10010): unknown / error adding file! : a file name in data is over 30

characters.

® This chip is ESP32-S3 not ESP32. Wrong --chip argument? : wrong board selected in the
IDE.

See Appendix B for more.

7. Close the SPIFFS Upload output tab, reopen the Serial Monitor and press EN. The ESP32 loads
config.yaml and enters WiFi configuration mode:

SPIFFS mounted successfully

/config.yaml found; loaded OK

WiFi SSID unknown

dest_ip unknown

To enter web config push-and-release EN, then push-and-hold BOOT within 1 sec
Setting up WiFi KAIA.AI; browse to http://192.168.4.1
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Serial Monitor X

ets Jun 8§ 2016e 00:22:57

1 (POWERON RESET),boot:0x13 (SPI_FAST FLASH BOOT)
nfigsip: 0, SPIWP:Oxee
k drv:0x00,q drv:0x00,d drv:0x00,cs0 drv:0x00,hd drv:0x00,wp drv:0x00
DIO, clock div:1l
oad:0x3£fff0030,len:1184
load:0x40078000, 1en:13260
load:0x40080400, 1en:3028
entry 0x400805e4

Raia.ai firmware version 0.8.0-iron
ESP IDF version v4.4.7-dirty
SPIFFS mounted suc sfully
/config.yaml found; loaded OK

3

WiFi SSID unknown

dest ip unknown

To enter web config push-and-release EN, then push-and-hold BOOT within 1 se
Setting up WiFi KAIA.AT; browse to http://192.168.4.1

Config loaded; ready for WiFi configuration.
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If you use Arduino IDE 1.8.19

Skip this section if you use IDE 2.x. With IDE 1.8.19, follow these steps instead of the two sections
above.

Upload the firmware
1. Open the kaiaai-esp32 sketch. If the IDE offers library or board updates, decline them.
2. Connect the ESP32 to your PC over USB, with the board's power switch off.

Wy

Plug the USB cable into the ESP32.

3. Select Tools — Board — ESP32 Arduino — ESP32 Dev Module.
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@ kaiaai-esp32 | Arduino 1.8.19

File Edit Sketch Tools Help

Auto Format Ctrl+T
Archive Sketch

Fix Encoding & Reload

Manage Libraries... Ctrl+Shift+l
Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L

Fi101 / WiFININA Firmware Updater
ESP32 Sketch Data Upload

Board: "ESP32 Dev Module”

Upload Speed: "921600"

CPU Frequency: "240MHz (WiFi/BT)"

Flash Frequency: "80MHz"

Flash Mode: "QI0"

Flash Size: "4MB (32Mb)"

Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)"
Core Debug Level: "None”

PSRAM: "Disabled”
Arduino Runs On; "Core 1"

Boards Manager...
Arduino AVR Boards >
ESP32 Arduino 2

Events Run On: "Core 1"
Erase All Flash Before Sketch Upload: "Disabled™
JTAG Adapter: "Disabled”

Get Board Info

Programmer
Burn Bootloader

Choose ESP32 Dev Module.

ESP3253 Dev Module

ESP32C3 Dev Module
ESP3252 Dev Module
ESP32 D% Module
ESP32-WROOM-DA Module
ESP32 Wrover Module
ESP32 PICO-D4
ESP32-53-Box
ESP32-53-USB-OTG
ESP3253 CAM LCD
ESP3252 Native USB
ESP32 Wrover Kit (all versions)
Aventen 53 Sync

UM TinyPICO

UM FeatherS2

UM FeatherS2 Neo
UM TinyS2

UM RMP

UM NanoS3

UM Tinys3

UM PROS3

UM FeatherS3

5.0DI Ultra v1

LilyGo T-Display
LilvGo T-Displav-53

4. Select your COM port under Tools — Port.
5. Click Upload (the right arrow). The first compile takes a while.
6. When the output shows Connecting...., press and hold BOOT for 3 to 5 seconds.
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for 3-5'sec new

Press BOOT for 3-5 seconds now.

SINCE THE VIDEO WAS RECORDED

Some ESP32 boards don't need BOOT pressed; if the upload succeeds without it, that's fine. If it
fails with Failed to connect to ESP32: No serial data received, retry and press BOOT as soon
as Connecting... appears.

7. Wait for the upload to finish and confirm it succeeded: the output ends with Hash of data
verified. and Hard resetting via RTS pin... .
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© kaiaai-esp32 | Arduino 1.8.19 — a X
File Edit Sketch Tools Help

1 // Copyright 2023-2024 KAIA.AT
2 //

3 // Licensed under the Apache License, Version 2.0 (the "License");
4 // you may not use this file except in compliance with the License.

5 // You may obtain a copy of the License at

T/ http://www.apache.org/licen LICENSE-2.0

cable law or agreed to in wri

; software
" BASIS

S // Unless required by

limitations under the License.

S #ifndef FSDRD

Uploading the firmware in IDE 1.8.19.

8. Open Tools — Serial Monitor and set the baud rate to 115200.
9. Press the ESP32's EN (reset) button.

Press the ESP32 reset (EN) button.
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10. Confirm the ESP32 boots the new firmware and asks for sketch data:

Kaia.ai firmware version 0.8.0-iron

ESP IDF version v4.4.7-dirty

SPIFFS mounted successfully

Sketch data not found. Please upload sketch data.

@ Ccom3 = 0 X

Send

ets Jun 8 2016 00:22:57

rst:0x1l (POWERON_RESET),boot:0x13 (SPI_FAST FLASH BOOT)

configsip: 0, SPIWP:(xee

clk drv:0x00,g drv:0x00,d drv:0x00,cs0_drv:0x00,hd drv:0x00,wp_drv:0=z00
mode:DIO, clock div:1l (
load:0x3f££f0030,1en:1344
load: 0x40078000,1en:139%964
load:0x40080400,1en:3600
entry 0x400805£0

Faia.ai firmware version 0.8.0-iron

ESP IDF version v4.4.7-dirty %

SPIFFS mounted successfully L
Sketch data not found. Please upload sketch data. h
B Autoscroll [ ] Show timestamp Newline ~| (115200 baud ~ Clear output

The ESP32 boots the new firmware.

Upload the sketch data
1. Close the Serial Monitor. While it's open, it holds the COM port and the sketch data upload fails.
2. Open Sketch — Show Sketch Folder and go into the data folder.
3. Delete every .yaml file except config_mini_bdc_30p.yaml.Keep favicon.png and index.html.

4, Rename config_mini_bdc_30p.yaml to config.yaml.
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) New ~

v [ kaiaai-esp3
> [ data

> I libraries

> [ tools
Bl Audacity
W Blackmagic [
I® Custom Offic
Bl Desktop

W FasyEDA-Pro

X +

<> OneDrive

n config_mini_bdc_30p.yaml|

a favicon.png

@ indexhtml

Arduino > kaiaai-esp32 > data

View
Date modified
2/16/2025 11:03 PM

M

Build, Program a Self-Driving Robot

Search data

Yaml Source File

Microsoft Edge HT...

Rename it to config.yaml.

5. Run Tools — ESP32 Sketch Data Upload.

6. When the output shows Connecting. ..., press and hold BOOT for 3 to 5 seconds.

kaiaai-esp32
1 // cop}
2 |
3 |/ Dy
4 [/ you
5 |// You
B: [
T
B |/
/r
10 //
L [
12 (/7
A A

@ kaiaai-esp32 | Arduino 1.8.19
File Edit Sketch Tools Help

Auto Format

Archive Sketch

Fix Encoding & Reload
Manage Libraries...
Serial Monitor

Serial Plotter

WIiFi101 / WIiFiNINA Firmware Updater
ESP32 Sketch Datg Upload

Board: "ESP32 Dev Module”

Upload Speed: "921600"

CPU Freguency: "240MHz (WiFi/BT)"

Flash Freguency: "80MHz"

Flash Mode: "QIO"

Flash Size: "4MB (32Mb)"

Partition Scheme: "Default 4MB with spiffs (1.2MB APP/1.5MB SPIFFS)”
Core Debug Level: "None"

PSRAM: "Disabled”

Arduino Runs On: “Core 1"

Events Run On: "Core 1"

Erase All Flash Before Sketch Upload: "Disabled"”
JTAG Adapter: "Disabled”

Port: "COM3"

Get Board Info

Programmer
Burn Bootloader

Cirl+T

Ctrl+Shift+I
Cirl+Shift+M
Ctrl+Shift+L

Tools — ESP32 Sketch Data Upload.
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File Edit Sketch Tools Help

...press BOOT for 3-5 seconds now.

The output shows Connecting....

7. Confirm the upload succeeded: the status bar shows SPIFFS Image Uploaded and the output
ends with Hash of data verified. and Hard resetting via RTS pin... .

File Edit Sketch Toqls Help

"License");

the License.

S // You may cbtain a copy

/7

1|1/ http:// pache.org/licenses/LICENSE=-2.0
7
// unless

12 // See the License for the s ic language governing per

13 // limitations under the License.

Sketch data upload succeeded.
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IF THE SKETCH DATA UPLOAD FAILS
® Could not open COM3, the port doesn't exist : close the Serial Monitor, check the USB
cable, retry.
e SPIFFS_write error(-10010): unknown / error adding file! : a file name in data is over 30
characters.

® This chip is ESP32-S3 not ESP32. Wrong --chip argument? : wrong board selected in the
IDE.

See Appendix B for more.

8. Reopen Tools — Serial Monitor.
9. Press the ESP32's EN (reset) button.

10. Confirm the ESP32 loads config.yaml and enters WiFi configuration mode:

SPIFFS mounted successfully

/config.yaml found; loaded OK

WiFi SSID unknown

dest_ip unknown

To enter web config push-and-release EN, then push-and-hold BOOT within 1 sec
Setting up WiFi KAIA.AI; browse to http://192.168.4.1

© com3 = a X

send

ets Jun 8 2016 00:22:57

rst:0xl (POWERON_RESET),boot:0x13 (SPI_FAST FLASH BOOT)

configsip: 0, SPIWP:Oxee

clk_drv:0x00, gq_drv:0x00,d drv:0x00,cs0_drv:0x00,hd_drv:0x00,wp_drv:0x00
mode :DIO, clock diw:1l

load:0x3fff0030,1en:1344

load:0x40078000,1en:13964

load: 0x40080400, len:3600

entry 0x400805£0

Kaia.ai firmware version 0.8.0-iron

ESP IDF version v4.4.7-dirty

SPIFFS mounted successfully

It

WiFi SSID unknown

dest_ip unknown

To enter web config push-and-release EN, then push-and-hold BOOT within 1 sec
Setting up WiFi RAIA.AI; browse to http://192.168.4.1

&

8 Autoscroll [ Show timestamp Newline ~| 115200 baud | Clear output

The ESP32 boots and loads config.yaml.
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Configure the robot's WiFi

In configuration (AP) mode the ESP32 creates its own hotspot, KAIA.AI . Connect to it and use a web
page to give the robot your WiFi name and password and your PC's IP address, where the ROS2
software runs.

1. The ESP32's blue activity LED is solid on in AP mode.

TR
ﬁ' =)

ERY(Elue)ERlid,ON in AP mode

Activity LED solid on: AP mode.

Activity LED What the robot is doing

Solid on AP mode, waiting for WiFi configuration

Slow blinking, once per second Connecting to your WiFi

Very slow blinking, once per 20 seconds Connected to WiFi, connecting to the ROS2 PC
Fast blinking Connected to the ROS2 PC

2. On your PC, in PowerShell or cmd.exe , run:

ipconfig

3. Note the IPv4 Address under Wireless LAN adapter Wi-Fi ( 192.168.1.113 in the video), not a
VMware or other virtual adapter.
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| Command Prompt

Subnet Maske . . .. . . . . . . . . & 255.255.255.0
Default Gateway 7

Ethernet adapter VMware Network Adapter VMnet8:
Connection-specific DNS Suffix
Link-local IPv6 Address . . . . . : feB0::79b9:b936:a7e6:724a%19
IPvll Address. . . . « . « « « . .« i 192,168.93.1
Subnet Masle . . . . v . ... .. 4 ¢ 255.256.265.0
Default Gateway 2

Wireless LAN adapter Wi-Fi:

Connection-specific DNS Suffix
Link-local IPv6 Address . . . 75:6fbl:dudf%10

IPv4 Address. . . . . . . . . . . : IS i&?
Subnet Mask . . . . . . . . . . . : 2565.255.255.0
Default Gateway . . . . . . . . . : 192.168.1.1

Ethernet adapter Bluetooth Network Connection:

Media State . . . . . . . . . . . : Media disconnected
Connection—-specific DNS Suffix

Ethernet adapter Ethernet:

Media State . . . . . . . . . . . : Media disconnected
Connection—-specific DNS Suffix

C:\Users\ilya>|

Note the Wi-Fi adapter's IPv4 Address.

4. Connect your PC to the open KAIA.AI network.

Regycle Bin

(oo

Arduino IDE

=

File Edit Sketch Tools Help
| ¢ DOITESP32 DEVKITV1 ~
tl SKETCHBOOK kaiaai-esp32.ino
2 o
CONFIG cfg;
kaiaai-esp32 kaiaai_msgs__msg_ JointPosVel joint[MOTOR_COUNT];
2 joint prev_pos[MOTOR COUNT] = {e};
2aads uf[cfg.LIDAR BUF_LEN] = {e};
telem_prev_pub time us = @; & WiFi
ping_prev_pub_time_us = @;

ros_params_update prev time us = @; —
’r,::‘a NETGEAR48 5G

ramp_duration us = o; Connected

ramp_start_time us = @;

julpul  Serial Monitor X @ NETGEAR48

SPIFFS mounted successfully
fcontig.yoml found: loaded OX Other people might be able to see info you

WiFi SSID unknown :
send over this network
dest_ip unknown

To enter web config push-and-release EN, then push-and-hold BOOT within 1 sec (7] Connect automatically
NEW SKETCH Setting up WiFi KATA.AT; browse to http://192.168.4.1
Ln 37, Col SO DOIT ESP32 DEVKIT \ m

Connect PC to KAIA. Al WiFi

5. Browse to http://192.168.4.1 to open the Kaia.ai Robot Configurator.
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v = Kaia.al Robot Configurator x o+
& C @  ANotseawre 19216841 | . . 3
Kaia.ai Robot Configurator
Network
SSID 2.4GHz
WiFi Password
Local PC IPv4 »

The Kaia.ai Robot Configurator.

6. Enter your WiFi name in SSID 2.4GHz and its password in WiFi Password.
7. Enter your PC's IPv4 address from step 3 in Local PC IPv4 and click Connect.

S w Kaia.ai Robot Configurator x +

< G @ A Notsecure 192.168.4.1 e T a o
Kaia.ai Robot Configurator

Network

SSID 2.4GHz NETGEAR48
r

WiFi Password

Local PC IPv4 » 192.168.1.113

o m

Click Connect —__§

B Autoscran () how tenestornp

Fill in WiFi and PC IP, then click Connect.

2.4 GHZ WIFI ONLY
The ESP32 can't use 5 GHz. If your router has separate network names, enter the 2.4 GHz one

( NETGEAR48 , not NETGEAR48_56G , in the video).

8. The page shows Connecting to WiFi... with the saved settings ( dest_port 8888 isthe port the
robot uses to reach your PC). The robot saves them to /network.yaml, restarts and joins your

WiFi:
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/network.yaml found; loaded OK

/config.yaml found; loaded OK

Board model MINI-BDC30P-BODY with BDC-30P, version v1.1.1, manufacturer makerspet.com
LIDAR model LDROBOT LD14P

Motor driver type IN1_IN2; motor encoder type AB_QUAD

Connecting to WiFi NETGEAR48 ... connected, IP 192.168.93.127

ets Jul 29 2019 12:21:46

rst:0xc (SW_CPU_RESET),boot:0x13 (SPI_FAST FLASH BOOT)

configsip: 0, SPIWP:Oxee

clk _drv:0x00,q drv:0x00,d_drv:0x00,cs0_drv:0x00,hd drv:0x00,wp_drv:0x00
mode:DIO, clock div:1

load:0x3£f££f0030,1en:1164

load:0x40078000,1len:13260

load:0x40080400,1en:3028

entry 0x400805e4

Kaia.al firmware version 0.8.0-iron

ESP IDF version v4.4.7-dirty

SPIFFS mounted successfully

/network.yaml found; loaded OK

/config.yaml found; loaded OK

To enter web config push-and-release EN, then push-and-hold BOOT within 1 sec
Board model MINI-BDC30P-BODY with BDC-30P, version v1l.1.1, manufacturer makerspet.com
LIDAR model LDROBOT LD14P

LIDAR RX buffer size 1024, baud rate 230400

Battery ADC attenuation 7.00, voltage 2.60V

Motor driver type INl_IN2; motor encoder type AB_QUAD

Motor Max RPM 180.00; encoder PPR 1035.00 TPR 4140.00

Connecting to WiFi NETGEAR48 ... connected, IP 192.168.93.127
Connecting to Micro-ROS agent 192.168.1.113

Autoscroll [_] Show timestamp Newline ~| 115200 baud Clear output
S

The robot restarted and joined your WiFi.

9. Make sure your PC has reconnected to your WiFi before proceeding.

IF YOUR PC'S IP ADDRESS CHANGES
For example after a router restart, the robot joins WiFi but can't find the PC. Reset the robot's
WiFi settings (end of this chapter) and enter the new address.

Launch the robot software on your PC

1. Make sure Docker Desktop is running.
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k) @ £ @ 5 40

@ docker desktop remsons Q search

Starting the Docker Engine...

>_ Terminal

. ..Make sure Docker is rufiining

Docker Desktop must be running.

2. Make sure your X server is running; it shows the robot software's windows (RViz) on your
desktop. In the video it's VcXsrv, started with XLaunch: set Display number to 0, then click

Next through to Finish.
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Display settings

Select display settings
Choose how VicXsrv display programs

(¢ Muttiple windows " Fullscreen

" One large window " One window
without titlebar

"

Display number 0

(Specify -1to let vexsrv automatically choose one)

I [Nt > | Cancel |

In XLaunch, set Display number to 0.
3. Open Windows PowerShell and start the robot software container:

docker run --name makerspet -it --rm -p 8888:8888/udp -p 4430:4430/tcp -e DISPLAY=host.doc
ker.internal:0.0 -e LIBGL_ALWAYS_INDIRECT=0 kaiaai/kaiaai:iron
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B Windows PowerShell

PowerShell .0
PS C:\Users\ily makerspet
tep DISPI ho r ternal:0.0 LIBGL_ALWAYS_

e Y AL Eet ~it -—rm —p 8888:8888/udp -p
4430:4430/tcp -e DISPLAY=host.docker.internal:0.0 -e
LIBGL_ALWAYS_INDIRECT=0 kaiaai/kaiaai:iron

Start the kaiaai/kaiaai:iron container.

The prompt changes to something like root@6028bbeel9de:/ros_ws# : a Linux shell inside the
container. The robot talks to the PC on port 8888/udp, hence dest_port 8888.

IF DOCKER RUN FAILS

® error during connect: ... dockerDesktopLinuxEngine ... :launch Docker Desktop.

e Conflict. The container name "/makerspet" is already in use:your last session's
container is still running. Run docker container stop makerspet and retry. Next time, leave
each shell with exit instead of closing the window.

® Ports are not available: exposing port TCP 0.0.0.0:4430 : reboot your PC.

Bring up the robot and test the motors

1. Open the Arduino Serial Monitor to watch the robot's messages.

2. Put the robot on a pedestal, such as a small box, so the wheels spin freely.
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Wheels in the air.

3. Turn the power switch on and press EN. The robot joins your WiFi and tries to reach your PC
(Connecting to Micro-ROS agent 192.168.1.113 ... ). If WiFi fails, press EN again.

4. In the container shell, run:

ros2 launch kaiaai_bringup physical.launch.py
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e

Telem avg 50 max 50ms, LiDAR RPM 0.00, wheels REM 0.00 0.00, battery 0.39V, RSSI -56dBm HockeriTun makerspet

ets Jun 8 2016 00:22:57 docker.internal:0.e LIBGL_AL

rst:0xl (POWERON_RESET),boot:0x13 (SPI_FAST_FLASH_BOOT) [} 8 ys## ros2 launch I-f31.1.31_m'1nqu|:| p cal.launch Py

configsip: 0, SPIWP:Oxee

load: 0x4007 .
load:0x40080400,
entry 0x400805£0

firmware version 0.8.0-irom
ESP IDE sion v4.4.7-dirty
SPIFFS mounted successfully
/network.yaml found; loaded OK
/config.yaml found; loaded OK

To enter web config push-and-release EN, then push-and-hold BOOT withi
Board model BDC-30P, version vi.1.0, manufacturser makerspet.com
LIDAR model LDROBOT LD14F

LIDAR RX buffer size 1024, baud rate 230400

Battery ADC attenuation 7.00, voltage 8.30V

Motor driver type IN1_IN2; motor encoder Type AB_QUAD

Motor Max RFM 180.00; encoder FPPR 1035.00 TPR 4140.00

Connecting to WiFi NETGEAR4E ... connected, IP 182.168.1.226
Connecting to Micro-ROS agent 192.168.1.113 ...

Run the physical robot launch.
5. The robot connects, and the Serial Monitor prints periodic status:

Connecting to Micro-R0OS agent 192.168.1.113 ... success

Syncing time ... OK

micro-R0OS client key Ox8B6C9A69; R0S2 node /pet

Micro-R0S initialized

LiDAR info Model: LDROBOT LD14P

startLIDAR() result: OK

Telem avg 24 max 27ms, LiDAR RPM 5.01, wheels RPM 0.00 0.00, battery 8.14V, RSSI -62dBm
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client_|

info

, da

\=micro

\ client_| x , topi
“ticipan
®nicro_ros_agent-1] info
e | client_key: Bx8B6CIAGY,
B | participant_id: @xeee(
infe
client_| @xBB6CIAGY,

client_key:

Bk o | pant_i ¢
ltags; 830 s_agent- info | | create_dat
client_key: 6 datawriter_id: @

Motor driw
Motor Max REM 180.00; e

ncodser type AB_QUAD

Battery ADC
cder PPR 1035.00 TER 4140.00

infe | | create_replie
Icomeg—,mrj to i NETGEAR48 ... connected, IP 192.168.1.226 client_key: 0xBB6 6 requester_id: ee(7)
Connecting to Micro-ROS agent 192.168.1.113 ... success , participant_id: oxeee(1)
Syncing time ... OK

[micro_ros_agent-1] | create_replie
r I ient_key: BxBB6CIAGY, req r_i 91(7)
key Ox8BECYREY; ROS2 nede /pet , participant_id: @x008(1)
Micro-ROS ized [micro_ros_agent-1]

LiDAR info Mo : LDROBOT LD14P r ‘

startLIDAR() result: OK participant_id: @xeee(1)

UTC time Sun
micro-ROS

16 06:41:41 2025

create_replie
id:

tery 8.20V, RSSI -6ldBm 2 client_ke
y 8.16V, RSSI -63dBm : ¢
info 1 eate_replie
client_key: 0x A69, re i 84 (7)

| client_key: @8xBB6CIA69, requ

r ent-1] info eate_replie
& _id: ©xe85(7)
! , participant_id: @ 3)
‘ @ = M@ elem-2] [INFO] [1 01.499 18] [kaiaai_telemetry_node]: LDS model LDROBOT-LD
| ©
a it -

(] show timestamp Mewlne | 115200baud ~

L

The robot reports its status in the Serial Monitor.

6. The activity LED now blinks rapidly.

READ THE STATUS LINE

Telem shows LiDAR speed, wheel speeds, battery voltage and WiFi signal (RSSI). LIDAR RPM
must not be zero. If it stays 0.00, check the LiDAR wires and that config.yaml matches your
LiDAR (LD14P by default).

SINCE THE VIDEO WAS RECORDED: ANTIVIRUS

Antivirus software can block the robot's connection to your PC. My Avast started blocking these

ports in December 2025. If the robot joins WiFi but never connects to the PC, try disabling your
antivirus.
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CONNECTED TO WIFI, BUT NOT TO THE PC?
If Connecting to Micro-ROS agent ... repeats without success:

® Check that physical.launch.py isrunning in the container.

® Check the robot and PC are on the same network, and it doesn't block devices from talking
to each other ("client isolation"), as café, restaurant and university networks often do.

® Check your PC's IP address hasn't changed.

® Make sure your PC accepts incoming local connections and your antivirus isn't blocking
them (see the box above).

See Appendix B for more.

7. In Windows Terminal, press Alt+Shift+- to split the window horizontally into a second
PowerShell pane.

8. Click inside it and open another shell in the running container:

docker exec -it makerspet bash

9. Run the teleoperation app:

ros2 run kaiaai_teleop teleop_keyboard

PowerShell 7.5.0

PS C:\Users\ilya> docker exec t makerspet bash

root@6028bbeel9de: /ros_ws# ros2 run kaiaai_teleop teleop_keyboard

YAML file name : /ros_ws/install/makerspet_mini/share/makerspet_mini/config/teleop_ke
yboard.yaml

Max linear velocity 0.400 Max angular velocity 7.720

Control Kaia.ai-compatible Robot

Moving around:
w
a s d
X
w/x : increase/decrease linear velocity
a/d : increase/decrease angular velocity
s : keep straight
CAPS : large step
Space : force stop
CTRL-C to quit

A second shell in the container runs teleop_keyboard.

ADVANCED: COMMAND HISTORY
In a container shell, press the up and down arrow keys to step through common robot
commands. They were preloaded into the bash history when the Docker image was built.

10. With the teleop pane selected, drive the wheels:
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© Press w repeatedly to speed up forward to maximum. Watch the wheel RPM rise in the
Serial Monitor.

o Press x several times to slow down and reverse.
o Press space to stop, then d to spin right.
© Press space to stop, then a to spin left.

© Press space to stop.

atawriter_id: ©
| creat
requester_id:

469, reques

2A69, requ

JA69, reque

AG9, reques

AG9, requeste

— - H )
- a ‘ | node] : LDS model LDROBOT-LD
-t

——
- ¥
\

BRe

SHIFT
e @

CAFPS
“-acw

 —

@\~ \=\®
D ——— |

/
[Telem avg 24 max 27ms, LiDAR RPM 5.01, wheels REM -44.44 44.11, batte:
Telem avg 24 max 27ms, LiDAR RPM 5.02, wheels REM -66. 66.67, batter
avg 24 max 27ms, LiDAR REM 5.01, wheels REM v, RSSI -60dBm
avg 24 max 27ms, LiDAR RPM 5.01, wheels REM -110 78V, RSSI -€4dBm
avg 24 max 27ms, LiDAR RPM 4.99, wheels REM -133 132.78, battery 7.64V, RSSI -€0dBm e
Telem avg 24 max 27ms, LiDAR REPM 5.03, wheels REM -155.55 155.34, battery 7.60V, RSSI -S5SdEm.

v, RSSI -60dBm
.85V, RSSI -éldEm

89.05, battery 7

110.97, battery

Angular v

8 autoscroll (] Show timestamp Hewine | [115200 baud

The wheels at maximum speed.

If both wheels turn the right way, the motors work. If a wheel doesn't turn, turns the wrong way or
only runs at full speed, see Appendix B.

Check the LiDAR

1. Turn the power off and unplug the USB cable.
2. Reattach the LiDAR to the LiDAR posts with hex button M3 screws.
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IRe'attach

Reattach the LiDAR.

3. Click inside a PowerShell pane and press Alt+Shift+- to split it. If a pane opens in the wrong
place, type exit in it and retry.

4. Open another container shell and start the LiDAR visualization:

docker exec -it makerspet bash

ros2 launch kaiaai_bringup monitor_robot.launch.py
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1)
[

Arduino IDE

B root@405247810c64: /ros_ws

[telen-2]
ROR
[telem-2]
lost
[telem-2]
lost
[telem-2]
lost
[telem-2]
ROR
[telem-2]
lost
[telem-2]
ROR
[telen-2]
lost
[telem-2]
ROR
[telem-2]
lost
[telem-2]
ROR

Linear velocity 6.088
Linear velocity 0.000
Linear velocity ©.080
Linear velocity
Linear velocity

[INFO] [17399

[InFO] [17399

PowerShell 7.5.8

PS C:\Users\ilya> docker exec

root@4e52478f0c6y: /ros

[INFO] [1739962580

[INFO] [1739962581.

[InFO] [1739962581
[INFO] [1739962581

[INFO] [1739962581

[InFO] [1739962582
[INFO] [1739962582

[INFO] [1739962583.

Build, Program a Self-Driving Robot

+ o~
460681355]
871903857]
2581.072566282]
.275513449]
2758965771

995112186]

[InFO] [1739962581.

199612965]
200003096]
017297076]

017779024]

Angular
Angular
Angular
Angular
Angular

velocity
velocity
velocity
velocity
velocity

maker:

[kaiaai_telemetry_node]:

i_telemetry_node

i_telemetry_node]:
[kaiaai_telemetry_node]:
[kaiaai_telemetry_node]:
[kaiaai_telemetry_node]:
[kaiaai_telemetry_node]:
[kaiaai_telemetry_node]:

[kaiaai_telemetry_nede]:

RESULT_CRC_ER
ge(s)
1 message(s)
1 message(s)
RESULT_CRC_ER
1 message(s)
RESULT_CRC_ER

1 message(s)

[kaiaai_telemetry_node]: 3

[kaiaai_telemetry_node]:

pet bash

RESULT_CRC_ER

it run kaiaai_teleop teleop_keyboard|

ros2 launch kaiaai_bringup
monitor_robot.launch.py

A third shell opens RViz.

An empty RViz window opens.

5. Turn the robot on. The white dots in RViz are what the LiDAR sees; the red arrow shows which

way the robot faces.
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B root@405247810c64: fros ws X v [3

lost

[telem-2]

ROR

[INFO]

[INFO]

1 [INFO]

[telem-2]

RO

[telem-2]

lost

[telem-2]

[telem—

lost

‘ Linear
Linear

2]

1]
1]

1]
1]
ne

i

[INFO]
[InFO]
[INFO]

[InFO]

[INFO]
[INFO]

[INFO]

[InFol [
'base_s

1i

Live LiDAR scan in RViz.

RVIZ DOESN'T OPEN?

Start it (display number 0) and rerun the command.

NOTE

Shut down

1. Turn the robot off.
2. Press Ctrl+C in each shell.

[kaiaai_telemetry_nodel:
[kaiaai try_nod
[kaia. try_node]:
[kaiaai_telemetry_nodel:
5] [kaiaai_t
017297076] [kaiaai
017779024] [kaiaai_telemetry_node]

info |
| elient_key:

[kaia try_nod

[kaiaai_telemetry_nod

XDG_RUNTIP , defaulting to '

at time 1
than all ]

mp/Tuntime

could not connect to display host.docker.internal:0.0 means your X server isn't running.

Occasional message(s) lost and RESULT_CRC_ERROR lines are normal over WiFi. To keep them
rare, give the robot a strong WiFi signal and keep the network quiet while the robot runs: for
example, don't stream video on another PC or phone on the same WiFi.

3. Type exit in each shell. Exiting the docker run shell stops the container, and --rm removes it

so the name is free next time.

Next, you'll map your place and make the robot self-drive around obstacles.

Reset the robot's WiFi settings

To change the WiFi network or your PC's IP address:
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1. Power up the ESP32 (USB or battery).

2. Press EN, then within 1 second press and hold BOOT. The LED blinks very fast.
3. Keep holding until the LED turns solid on.

4. Release BOOT. The ESP32 reboots into AP mode; configure WiFi again as above.

Press EN, then hold BOOT. Release BOOT: WiFi configuration mode.

Full documentation and troubleshooting: makerspet.com/blog/bld-120mm-pack/ and Appendix B.
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4. Map Your Place by Driving the Robot

Video: Map your room Step by Step using Arduino/ROS2 self-driving robot

In this chapter you drive the robot around your home from the PC keyboard while ROS2 builds a
map from its LiDAR scans, then save the map to your PC. In the next chapter the robot uses this map
to drive itself.

You need the robot assembled, flashed and connected (chapters 1-3), plus Docker Desktop, VcXsrv

and PowerShell on your Windows PC. Mapping one or two rooms takes about 15-30 minutes.

The robot maps rooms with its LiDAR, then drives itself using that map.

Prepare your place

A LiDAR sees one thin horizontal slice at the height of its laser, so some things are invisible to it.
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* Block off objects the LiDAR cannot detect, for example with cardboard: black (non-
reflective), transparent, too low to reach the laser plane, very thin or sparse (fine mesh), lit
brightly by near-infrared light (sunlight, incandescent bulbs), and mirrors or highly
reflective objects.

* The robot can't drive over thick carpet or thresholds higher than about 5 mm (1/5").
* Keep the scene static while mapping; for example, don't open or close doors.
® Declutter and leave plenty of space between obstacles.

* Block off angled ramps. A ramp tilts the laser plane and spoils the map.

Launch the robotics software
1. Make sure Docker Desktop is running.

2. Start the X server, which RViz needs to open its window: run XLaunch, keep Multiple windows,
set Display number to 0, click Next through the rest and Finish. Its icon appears in the system
tray.

Set Display number to zero

Display settings X

Select display settings
Choose how VcXsrv display programs

" One window
without titlebar

One large window

e E o -

Display rumber [o
(Specify -1to let vexsry automaticaly choose one)

Next Cancel

In XLaunch, set the Display number to zero.

3. Launch Windows PowerShell.

4. Click in the PowerShell window and press Alt+Shift+- to split it horizontally. Repeat until you
have three panes: top, middle and bottom.

5. In the top window, launch the robotics software:

docker run --name makerspet -it --rm -v c:\maps:/root/maps -p 8888:8888/udp -p 4430:4430/t
cp -e DISPLAY=host.docker.internal:0.0 -e LIBGL_ALWAYS_INDIRECT=0 kaiaai/kaiaai:iron
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Compared with Chapter 3, this adds -v c:\maps:/root/maps , which shares C:\maps on Windows
with /root/maps (~/maps) in the container. Without it, --rm would delete your map when the
container exits.

docker run --name makerspet -it --rm
-v c:\maps:/root/maps -p 8888:8888/udp
-p 4430:4430/tcp -e DISPLAY=host.docker.internal:0.0
-e LIBGL_ALWAYS INDIRECT=0 kaiaai/kaiaai:iron

Start the Docker image with the maps folder shared.
6. In the middle and bottom windows, open shells in the same container:

docker exec -it makerspet bash

Each shows a root@...:/ros_ws# prompt.
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makerspet
t.docker.internal: 0.8
ole

PowerShell 7.4.5
S Users\ilya> docker exec makerspet bash
root@a0c8b93df160: /ros_wst

17.4.5
:\Users\ilya> docker exe makerspet bash|

Open two more shells with docker exec.

7. Click https://github.com/kaiaai/kaiaai in the startup message and scroll to Command cheat
sheets > Operate a physical robot to copy and paste commands.

W o GitHub - kaiaai/kaiaai: ROS2 p2 X +
C m 25 github.com

| README Apache-2.0 license

"~ Windows PowerShell window and typing:
docker exec it makerspet bash

if you installed ROS2/Kaia.ai without Docker directly on a Ubuntu PC/VM, just boot your
Ubuntu PC to a bash prompt.

Command cheat sheets

makerspet_mini is the default robot model. When using another robot model, change
the defautt model using Kaia.ai CLI. For example, the conimand below sets the default
robat model to makerspet_loki .

kaia contig robot.model makerspet_loki

Operate a physical robot

Manual operation

# Launch the physical robot
ros2 launch kaiasi_bringup physical.launch.py

# Drive robot manuaily

ros2 run kainai_teleop teleop_keyboard

# Monitor robot sensors

ros2 launch kaiaai_bringup monitor_robot.launch.py

# Create a map while driviog manually
ros2 launch kaiaai_bringup cartographer.launch.py

# Save the newly created map

ros2 run nav)_map_server map_saver_cli -f ~/map --ros-args -p save_map_time

The cheat sheet for a physical robot.
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Bring up the robot

1. In the top window, start ROS2 and the micro-ROS agent the robot connects to:

ros2 launch kaiaai_bringup physical.launch.py

makerspet
docker.internal:@.8

makerspet bash

makerspet bash

Manual operation

# Launch the physical robot
ros2 launch kaiaai_bringup physical.launch.py

board

s2 launch kaiaai_bringup

launch kaiaai_bringup cartographer.launch.py

map

~—physical.launch.py

Launch ROS2 and micro-ROS in the top window.

2. Turn the robot on and place it on the floor.

rn:power switch on lace:robot on the floor

Turn the power switch on. Place the robot on the floor.

3. Once the robot connects, the top window prints its messages, including the LiDAR model.
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5 root@a0c8b93dfI60: /ros ws X O X

| create_replier | client_key
0xDD9181CC, requester_id: 0x003(7), participant_id: @xeee(l)
[micro_ros_agent-1] info |
| create_replier | | client_key

@xDD9181CC, requester_id: 0x004(7), participant_id: oxeee(l)
[micro_ros_agent-1] info |
| create_replier | | client_key
@xDD9181CC, requester_id: 0x005(7), participant_id: exeee(1)
[telem-2] [INFO] [1728264635.736122979] [kaiaai_telemetry_node]: LD
S model LDROBOT-LD14P

The robot has connected.

NOTE

Occasional message(s) lost and RESULT_CRC_ERROR lines are normal over WiFi. To keep them
rare, give the robot a strong WiFi signal and keep the network quiet while the robot runs: for
example, don't stream video on another PC or phone on the same WiFi.

Start teleoperation and mapping

1. In the bottom window, launch keyboard teleoperation:

ros2 run kaiaai_teleop teleop_keyboard
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o X

P | client_key
1181CC, requester_ 0x003(7), participant_id: exeee(1)
. ros_agent-1] info
| client_key
participant_id: @xeee(1)
info |

| elient_key
id: @xee5(7), participant_id: 8xe8e(1)
64635.736122979] [kaiaai_telemetry_node]:

LDROBOT-LD14P

> docker exec makerspet bash
/ros_ws#

rspet bash

# Launch the phys:
ros? launch kaiaai_bringup physical.launcl

# Drive robot manually
ros2 run kaiaai_teleop teleop keyboard

# Monitor robot sensors
ros? launch kaiaai_bringup monitor_robot.launch.py

e a map while driving manual
launch kaiaai bringup cartographer.launch.py

the newly-created map

ros2riin-kaiaai_teleop teleop_keyboard

Launch teleoperation in the bottom window.

2. In the middle window, launch Nav2 with SLAM (simultaneous localization and mapping) and
RViz:

ros2 launch kaiaai_bringup navigation.launch.py slam:=True

B root@a0c8b93driG0: /ros ws = Ea
| create_replier | client_key
0x0D9181CC, e id: 0 , participant_id: 0x008(1)
79] [kaiaai_telemetry_node]: LD
S model LDROBOT-LD14P
[telem-2] [INFO] [1728264645. 27584] [kaiaai_telemetry_node]: 5
message(s) lost
[ -2] [INFO] [1728264645.200493131] [kaiaai_telemetry_node]:
SULT_CRC_ERROR
[telem-2] [INFO] [1 2.499479887] [kaiaai_telemetry_node]:
message(s) lost

PowerShell 7.4.5
P! \Users\ilya>

PowerShell 7.4.5
ilya> docker exec makerspet bash
8b93df160: /ros_ws# ros2 run ai_teleop teleop_keyboard
flnsta'll,’makﬂr‘pgt mini/share/makerspet_min
ifconfig/teleop_keyboard.yaml
Max linear velocity 0.20€ Max angular velocity 3.860
Control Kaia.ai-compatible Robot

ros2 launch kaiaai_bringup physical.launch.py

# Specify target location;; robot self-drives using an existing map

launch kaiaai_bringup navigation.launch.py map:=$HOME/map

# Launch SLAM (simultaneous localization and mapping) - navigate and map si
ros2 launch kaisai_bringup navigation.launch.py slam:=True

# Robot automatically seeks out, self-drives to unknown locatio x  : increase/decrease linear velocity
ros2 launch explore lite explore.launch.py incre ecrease angular velocity

--~=:r0s2 launch kaiaaiz.bringup

uit

~-~navigation.launch.py slam:=True

Launch mapping in the middle window.
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3. RViz opens after a few seconds and shows the map starting to form.

Waypoint { Nav Through Poses Mode

(28 camera

The map starts to form around the robot.

NOTE

The command reference also lists ros2 launch kaiaai_bringup cartographer.launch.py under
"Create a map while driving manually". The video uses navigation.launch.py slam:=True.

Drive around and map your place

1. Click in the bottom window so it receives your key presses.
2. Drive the robot:

Key Action

w/ X increase / decrease linear (forward) velocity
a/d increase / decrease angular (turning) velocity
s keep straight

CAPS large step

Space force stop

CTRL-C quit

Keys change speed in steps; the robot keeps moving until you change it or press Space .
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PowerShell 7.4.5

PS C:\Users\ilya> docker exec makerspet bash

root@a@c8b93df160: /ros_ws# ros2 run kaiaai_teleop teleop_keyboard
YAML file name : /ros_ws/install/makerspet_mini/share/makerspet_min
i/config/teleop_keyboard.yaml

Max linear velocity 0.200 Max angular velocity 3.860

Control Kaia.ai-compatible Robot

Moving around:
W
a s d
%
w/x : increase/decrease linear velocity
a/d : increase/decrease angular velocity
s : keep straight
CAPS : large step
Space : force stop
CTRL-C to quit

The teleoperation keys.

3. Drive as slowly as possible. The video uses 0.05 m/s and 0.2 rad/s, one or two key presses from a
standstill.

% root@alc8b93dM60: /ros ws X

| client_key
), participant_id: 8x808(1)
979] [kaiaai_telemetry_node]l: LD
LDROBOT-LD14P
2] [INFO] [172826u4645 584] [kaiaai_telemetry_node]: 5

0049313 2 _telemetry : RE

£

: Trying to create a
2]: Trying to create a
age Filter dro
13 for reason

e e E
tamp on the mi e is earlier than all the data in the t
ransform cache'

PowerShell 7.4.5

Max angular velocity 3.860

ecrease Linear velocity
e/decrease angular velocity
st
C

Sp
CTRL-C to qu

I Linear wt)t 0. 050 annlax uelotltf ©.000

27 fos

Drive slowly for a better map.

4. Visit every room, following walls and circling furniture, until the map has no gaps.
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file Panels Help

¥ Move Camera | [lSelect

L3

'16x video speed

27 fos

The map grows as the robot explores (16x speed).

SINCE THE VIDEO WAS RECORDED

Map skewed or distorted? Drive and turn slowly; fast motion skews SLAM badly. Check the
sensors with ros2 launch kaiaai_bringup monitor_robot.launch.py, and start with a simple
room (one central obstacle).

Map distorts or the robot drifts off it? The wheel speed probably doesn't match the command,
usually due to a wrong encoder PPR (pulses per revolution) in config.yaml. Read it with ros2
param get /pet motor.encoder.ppr.To measure it, count encoder ticks over one wheel
revolution and divide by 4 (the firmware multiplies PPR by 4 for quadrature edges). Set the
correct PPR and a reachable Max RPM, then re-upload the sketch data.

Scan slides sideways when driving straight? If rotation looks right and odometry is calibrated,
the LiDAR is mounted rotated relative to its URDF frame. Add the yaw offset to the laser joint's
rpy; for a LiDAR mounted 180° around, add 3.14 rad.

Save your map and shut down

1. Click in the bottom window and press Ctrl+C to stop teleoperation.

2. In the same window, save the map:

ros2 run nav2_map_server map_saver_cli -f ~/maps/map --ros-args -p save_map_timeout:=60.0
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This writes map.pgm (the image) and map.yaml (resolution and origin) to C:\maps . Wait for Map

saved successfully.

r-map..

ROR
[InFol [

-f ~Imapslmap .-ros args

LINF\ 1 [kaiaai_telemetry_nodel: 3

[kaiaai_telemetry_nodel:

[kaiaai_telemetry_node]l: R

[kaiaai_telemetry_nodel:

344 at 0.050000

[INFO] [rviz2]: Trying to create a

Trying to create a

0.381442078] [glo
t:u-l_a;ex ng costmap to 324 X

280.471826013] [rviz2]: Trying to create a

Angular veloc
Angular ve
iti

ysical.launch.py

rget location;; robot self-drive:
kaiaai_bringup navigation.launch

g an existing map

map: ~SHOME /map ver map_saver_cli -

£
[INFO]

9. _s
er lifecycle node launched.
Waiting on external lifecycle transitiens to te

M (simultaneous locali navigate and map simultaneously

kaiaai_bringup navigation.launch
.html fo

n.res2.org/ les/node_li

matically seeks out, self-drives to unknown locations r more

[INFO] 5] [map.
[InFO] [map.
.278721890] [map.
£

explore_lite explore.launch.py Creating

Configuring

[INFO] ving map from 'map' to

pic to

t 1
: Image format unspecified.

[WARN] [map_ g
[[INFO] [map_iol: Received a 3 4 map @ 0.05 m/pix

Save the map.

root@a@c8b93df160: /ros_ws# ros2 run nav2_map_server map_saver_cli -
~/map —--ros-args -p save_map_timeout:=60.0

[INFO] [1728265829.272387240] [map_saver]:

map_saver Llifecycle node launched.

Waiting on external lifecycle transitions to activate

See https://design.ros2.org/articles/node_lifecycle.html fo
r more information.
[InFO] [1728265829.
[INFO] [1728265829.
[InFO] [1728265829.
plc to '/rootfmap

272823845]
273689230]
278721890]

[map_saver]:
[map_saver]:
[map_saver]:

Creating
Configuring
Saving map from 'map' to

tl | uns

old

L

[WARN] [map_lo]:
[INFO] [map_iol:
[INFO] [map_iol:
[INFO] [map_iol]:
[INFO] [map_iol]:
[INFO] [1728265829.575721424] [map_saver]:
[INFO] [1728265829.580739829] [map_saver]:

Image $ormat unspac1¥1@d. Setting it to:
Received a 324 X 344 map @ 0.05 m/pix
Writing map occupancy data to /root/map.pgm
Writing map metadata to /root/map.yaml

Map saved

pgm

Map saved successfully
Destroying

root@a®@c8b93df160: /ros_wsi

Map saved successfully.

3. Press Ctrl+C in the middle and top windows and wait for the processes to finish.
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@a0cBbO3dFI60: /ros. ws X

from 'map' to

[WARN]
[INFO]
[IN
[INFO

15 fos

Terminate all tasks with Ctrl+C.

4. Type exit in each shell and close PowerShell.

5. Turn off the robot.

SINCE THE VIDEO WAS RECORDED

--rm discards changes made inside the container (your map is safe in C:\maps ). To keep other
changes, such as edited config files, commit the running container from another PowerShell
window before exiting it:

docker container commit makerspet kaiaai/kaiaai:iron

Don't commit or publish an image that contains secrets such as your WiFi credentials.

View your map

1. Open File Explorer and type C:\maps into the address bar.
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x b 2
T c c\mapd X Search Home Q
Ci\maps.

(0} Details

& Home ' Quick access

& Gallery

v llia - Personal i

' Favorites

> [ TurboTax

o to C:\maps

Go to C:\maps in File Explorer.

X +

i ) > ThisPC > Local Disk(C) > maps Search maps Q

T Sort w - (0 Details

map.pgm and map.yaml.

2. Open map.pgm in a PGM-capable viewer: GIMP for Windows
(https://www.gimp.org/downloads/), as in the video, or the lighter XnView. White is free space,
black is obstacles, gray is unexplored.
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Clickin any im

The map in GIMP.

3. If the map appears rotated, use View > Flip & Rotate > Rotate 90° counter-clockwise (or
whichever fits) in GIMP. This rotates the view, not the file.

Shifte)

Ctri+)
(2}

Other rotation angle...

Shift+Ctri+ T

ShiftsCtri+R

Rotate the view in GIMP.
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TIP
Don't edit and re-save map.pgm . The robot uses it, with map.yaml, in the next chapter.

A clean map has straight walls, closed outlines and few stray specks. If yours is much messier,
declutter, drive slower and map again.

* - g Pee¥in 1TV 22

# F) Pone (1t [ Sl L ng®

A clean map.

Next: let the robot drive itself using this map.
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5. Let the Robot Explore and Self-Drive

Video: Arduino/ROS2 robot self-drives - operation instructions

Now your robot drives itself. First it explores your place and builds a map. Then you save the map
and click any spot in RViz; the robot plans a path, drives there and steers around obstacles.

Your robot should be assembled, brought up and connected to WiFi and your PC. Chapter 4 helps: it
uses the same Docker image, terminals and RViz. Allow about 30 minutes, mostly watching the
robot explore.

* - RViz@ee9581375122

# 20 Pose Estimate  § Publish Point . Nav2 Goal

The robot self-drives under a chair; RViz shows the map and planned path.

Prepare your place

The LiDAR sees obstacles only in one horizontal plane, at sensor height; anything lower is invisible.
The robot also gets stuck on thick carpet and high thresholds.

1. Remove low objects, or block them with cardboard so the LiDAR can see them.
2. Remove or block off thick carpet and high thresholds.
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—

Blockior remove low!ob:

Block low obstacles with cardboard, or remove them.

LN
B+

¥
XK T
3

Remove thick carpes

Remove thick carpet.
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SINCE THE VIDEO WAS RECORDED
Also prepare the following:

* Block (for example, with cardboard) objects the LiDAR cannot detect: black (non-
reflective), transparent, too low for the laser plane, too small (such as fine sparse mesh),
mirrors and highly reflective objects, and objects under bright near-infrared light
(sunlight, incandescent bulbs).

® The robot cannot drive over thick carpet or thresholds higher than about 5 mm (1/5").

* Keep the scene static while mapping; for example, don't open or close doors.

* Declutter and leave plenty of space between obstacles.

* Block off angled ramps: they tilt the LiDAR's laser plane and mess up the map.

Launch the robotics software

You will use three command windows: one for the Docker container and the robot link, one for
mapping and navigation, and one for exploration and saving the map.

1. Open Windows PowerShell, click in its window and press Alt+Shift+- to split it horizontally.
Repeat until you have three panes: top, middle and bottom.

2. In the top window, launch the Docker image:

docker run --name makerspet -it --rm -v c:\maps:/root/maps -p 8888:8888/udp -p 4430:4430/t
cp -e DISPLAY=host.docker.internal:0.0 -e LIBGL_ALWAYS_INDIRECT=0 kaiaai/kaiaai:iron

-v c:\maps:/root/maps shares c:\maps on your PC with the container, so your saved map survives
when the container stops.
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ocker run makerspet c:\ma
88:8888/udp 4430:4438/tcp DISPLAY=host
/S_INDIRECT=@ kaiaai/kaiaai:i

docker run --name makerspet -it --rm -v c:\maps:/
root/maps -p 8888:8888/udp -p 4430:4430/tcp
-e DISPLAY=host.docker.internal:0.0
-e LIBGL_ALWAYS _INDIRECT=0 kaiaai/kaiaai:iron

Launch the Docker image in the top window.

TIP
Start the X server first: launch XLaunch from your desktop with display number 0 (Chapter 2).
Without it, RViz can't open its window.

A ROS 2 Jazzy image, kaiaai/kaiaai:jazzy, is also available nextto kaiaai/kaiaai:iron.To use
it, change the tag at the end of the command.

3. Ctrl-click the help link https://github.com/kaiaai/kaiaai that the container prints. Every
command in this chapter is under Command cheat sheets there, ready to copy and paste.
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Let the Robot Explore and Self-Drive

i © reissiskainai: ROS? packagefor kx| B root@ee9sa1375122: ros.ws
‘github.com, k PS C:\U \ilya> docker run makerspet

ps:/root/maj :8888/udp -p 4438:4uU38/tcp -e DISPLAY=ho.
docker. internal: LIBGL_ALWAYS_INDIRECT=@ kaiaai/kaiaai:i

ron

O kaiaai / kaiaai C s 8| - 3
" - Z £ T = 5 3 root@ee9581375122: fros_wst
> Code L Pull requests *) Actions Projects (1) Wik Y Security |~

(@) kaiaai > Unpin - & Stmed T

kaiaaifkaiaai is a sp epository.
e Its ReEaDME. md will appear on your public
(g) kaiaai pro
W kaiaai Edit README Visit profile
B resource
About
S C:\U s\ilya
ROS2 pa e for Kaia.ai robots R AR

& kaia

1) README  4J* Apache-2.0 license

Kaia.ai Arduino/ROS2 home robots

is a software platform for intelligent robots. ead our blog for

Ctrl-click the help link to open the command reference.
4. In each of the other two windows, open a Bash shell inside the container:

docker exec -it makerspet bash
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lya> docker run
8888:8888/udp
LIBGL_A =0 kaiaai/kai.

£ - 5 : : root@ee9581375122: /ros_wst
1 Projects [ Wiki Y Security | Insights

(@) kaiaai ru =| Y - W samd T

PS C:\Users\ilya> docker exec -it makerspet bash
kaiaai/kaiaai is a

Its README. md will appear o public
profile.

[Edit README Visit profile
B resource
B test

PS C:\Users\ilya>

T gitignore ts, giti t age for Kaia.ai robots

1 LICENSE

[ READMEmd

3 setuppy

1) README

Open a Bash shell in the middle and bottom windows.

Connect to your robot

1. In the top window, launch communication with your robot:

ros2 launch kaiaai_bringup physical.launch.py
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A

‘github.com/kaia:
(] README Apache-2.0 license

4 »

Getana bash prompt by opening another Windows command shell or
Window:

If you installed ROS2/Kaia ¢ directly on a Ubuntu PC/VM, j
boot your Ubuntu PC to a bash prompt

Command cheat sheets

_mini is the default robot model. When us nother robot mod
change the default model using Kaia.ai CLI. For example, the command bel
sets the default robot model to makerspet _1oki .

kaia config robot.model makerspet_loki
Operate a physical robot

Manual operation

Build, Program a Self-Driving Robot

B root@ee9581375122:

PS C:\Users\ilya> docker run
ps:/root/maps 8888:8888/udp
docker. internal:8.@ LIBGL_ALWAYS_
ron

%

makerspet bash

PS Users\ilya> docker makerspet bash
root@ee9581375122: /ros_ws#

=ros2-launch kaiaai_bringup

p te

—physical.launch.py

pher [lunch . py

Launch robot communication in the top window.

2. Turn your robot on and place it on the floor. Once it connects to WiFi and your PC, the top

window prints its messages.

Operate a physical robot

Manual operation

ard

eleop.
0 r !
b 10

grapher.

B root@eed581375122: /ros_ws

[micro_ro nt-1] info
| create_replier | | el
ient_key: Ox19FDSDFA, requester_id: @x004(7), participant_id: @
x000(1)
[micro_ros_agent-1] info
| create_replier | | el
ient_key: @x19FDSDFA, requester_id: @x@e5(7), participant_id: @
0(1)
[telem-2] [INFO] [1740809756.354994373] [kaiaai_telemetry_node]
LDS model LDROBOT-LD14P ‘

docker exec makerspet
root@ee9581375122: /ros_wsi

PS C:\Users\ilya> docker exec makerspet bash
root@ee9581375122: /ros_us#

The robot is connected: the top window shows its messages.
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Let the robot explore and create a map

1. In the middle window, launch mapping, navigation and visualization. slam:=True builds a new
map while navigating (SLAM: simultaneous localization and mapping):

ros2 launch kaiaai_bringup navigation.launch.py slam:=True

B root@ee9581375122: fros_ws
[micro_ros_ag |
|l | el
ient_key: 19FDSDFA, requester_id: @x@e4(7), participant_id: @
x000(1)
[micro_ros_agent-1] info |
| create_replier | | <l
: @x19FDSDFA, requ d: 8x005(7), participant_id: @

1 [INFO] [1748809756 994373] [kaiaai_telemetry_node]
del LDROBOT-LD14P |

makerspet bash

PS C:\Users\ilya> docker c makerspet bash
root@ee9581375122: /ros_w

existing map
E /maps /map.

[ 3
SLAM (simultaneous localization and mapping) - navigate and
ich kaiaai bringup navigation.launch.py slam:=True

====ros2-1aunch kaiaai_bringup

¥s - eated map
map_saver@li -f ~/m

—navigation.launch.py slam:=True

Launch mapping and navigation in the middle window.

2. RViz opens with the start of the map and the Navigation 2 panel on the left.
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5 Jros_wsfi pet s pet_mi rviz* - RVi 375122
File Panels Help

#%Move Camera | [ iSelect  <@-FocusCamera = Measure ., 2D Pose Estimate @ Publish Point . Nav2 Goal & > .

I pisplays o]
» @ Global Options e
» ¥ Global Status: Ok

» @ Grid

» iy RobotModel

v T

» . LaserScan

r @ map

b & Amcl Particle Swarm

Add

<

&l < [« (<]

<> Navigation 2 (o]
Navigation:  active

Localization: inactive

Feedback: unknown " |
Poses remaining: 0
ETA: 0s
Distance remaining: 0.00m
Time taken: 0s . f
Recoveries: 0

Pause

Reset

Waypoint / Nb Throu gh Poses Mode

Tools for WP-Following

Num of loops

[%# camera (0]

95 fne

RViz with the start of the map and the Navigation 2 panel.
3. In the bottom window, launch exploration:

ros2 launch explore_lite explore.launch.py
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B root@ee9ss1375122)f

4 2D Pose Estimate ¥ Publish Point . Nav2 Goal

113 at 0.

Fo]
p of size
1 [INFO]

lya> docker
5122:/

explore.latinch.py

21 fos

Launch exploration in the bottom window.

4. Watch your robot explore. The software keeps sending it to frontiers, the edges between mapped
and unknown areas, until nothing is left to explore.

o - RViz@eed5a1375122 i
- o X B root@ee9581375122
[micro_r

2D Pose Estimate @ Publish Point  # Nav2 Goal & = | er

[INFO]
del LDROE |

_node]

i
[ExploreNode]

] [ExploreNode]:

06] [ExploreNode]

Tanm Ehifts Mars antiane 24 fos

The map grows as the robot explores.
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5. When no frontiers are left, the robot returns to its start and the bottom window reports All
frontiers traversed/tried out, stopping.

* - RViz@ee9581375122

# 20 Pose Estimate '@ Publish Point . Nav2 Goal & -

explore.lau

oreNode]: Waitin

Exploration finished: the map is complete.

Save the map
1. Press Ctrl-C in the bottom window to stop exploration.

2. In the same window, save the map:

ros2 run nav2_map_server map_saver_cli -f ~/maps/map --ros-args -p save_map_timeout:=60.0

3. Look for Map saved successfully.The map is two files, /root/maps/map.pgm (the image) and
/root/maps/map.yaml (its settings), also in c:\maps on your PC.
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[INFO] [1740809921.200240199] [map_saver]:
map_saver lifecycle node launched.
Waiting on external lifecycle transitions to activate
See https://design.ros2.org/articles/node_lifecycle.htm
1 for more information.
[INFO] [1740809921.200652576] [map_saver]: Creating
[INFO] [1740809921.201289187] [map_saver]: Configuring
[INFO] [1740809921.210868831] [map_saver]: Saving map from 'map
! toplc to Ly act/maps/map file

s i g il t C
[WARN] [map 10] Image ¥crmat unspec1Fled Settlng it to: pgm
[INFO] [map_io]l: Received a 181 X 126 map @ ©0.05 m/pix
[INFO] [map_iol: Writing map occupancy data to /root/maps/map.
gm
[INFO] [map_iol: Writing map metadata to /root/maps/map.yaml
[INFO] [map_io]l: Map saved
[INFO] [1740809921.523376457] [map_saver]: Map saved successful
ly
[INFO] [1740809921.529159589] [map_saver]: Destroying
rcot@e29581375122:/ros_ws#|

The map saver reports success.

Send the robot to a destination
Navigation is still running with your new map, so you can send the robot places right away.

1. Click Nav2 Goal in the RViz toolbar.
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B root@ee9581375122f

sl ClickdNav2 Goallblitton

X

[telem-: [InFO]

: model LDROH
[INFO]

lc

[InFO] [1
map.
Waiting on
See htt

from 'map

[InFO]
gn
[InFO] [
[INFO]
[INFO]

1

21 fos

Click Nav2 Goal.

2. Click and hold on the map where you want the robot to go.
3. Drag to set the direction it should face on arrival (the green arrow).

4. Release and watch your robot self-drive.

Click and hold on the destination. Drag to set the orientation, then release.
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£ - R¥iz@eed581375122
B root@ee9581375122f

# 2D Pose Estimate ) Publish Point . Nav2 Goal % =

_navigato
4) to (2

[controller_:

[InFO] [1

riting map metadata to /root/

The robot follows the planned path (the thin line) to the goal.

5. Try a few more destinations.

Self-drive using the saved map

Next time, skip exploring and load the saved map.
1. Press Ctrl-C in the middle window to stop mapping and navigation.

2. In the middle window, launch navigation with your saved map:

ros2 launch kaiaai_bringup navigation.launch.py map:=$HOME/maps/map.yaml
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cro_ros_agent:
| create_:

=
e

J
[telem-2] [INFO]
Arduino IDE : LDS model LDRCH
[telem-2] [INFO]
: 1 message(s) 19

, escalating to |
[INFO] [sync_slam
process[sync

[ERROR] [sync_sl.
exit code -15, ¢
olbox_node --ros
s_ws/install/make

[InFo] [1740809921 48199] [map_saver]:
map_saver ycle node launched.
Waiting on external lifecycle transitions to activate
See https://design.ros2.org/ farticles/node_lifecycle.htm

for more
INFO] [17

ros2 launch kaiaai. bringup: - -
navigation. Iaur;;\g

Launch navigation with the saved map.

3. RViz shows the saved map. The robot doesn't know where it is yet, so the Navigation 2 panel

shows unknown .

4. Click 2D Pose Estimate in the toolbar.
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fros.y h pet_mini/rviz/navigation.rviz* - RViz@ee9581375122

Displays [-] i
Global Options =

@ Global Statu
@ Grid v <
i, RobatMadel S
W TF v y
. LaserScan v -
v
@ amrl Particls Swarm o =
Add
Navigation 2 (-]
avigation:  unknown
ocalization: unknown
eedback: unknown
’5€5 remaining: 0
A 0s
istance remaining: 0.00m
me taken: 0s . E
ecoveries: ] launched
e transitions to activate
/node_Llifecycle.htn
reating
: Configurii
Saving map from 'map
ols for WP-Following
Num of loops
nc
Camera -]

adata to /root/maps/map.yaml
: Map saved successful

r]: Destroying

Click 2D Pose Estimate.

5. Click and hold at the robot's current location on the map, drag in the direction it faces, and

release.

fros. mini/share/makerspet_mini/rviz/navigation.viz* - RViz@ee9581375122
le Panels Help

2

¥ Move Camera Focus Camera  ©=Measure 2D Pose Estimate @ Publish Point . Nav2 Goal 4 =

Displays []
@ Global Options A
| Status: Error

@ Grid v
i, RobotModel

2 TP

. LaserScan

Fa Map

& Amrl Particls Swarm

HElid<

Add
Navigation 2
avigation:  unknown

ocalization: unknown

eedback: unknown

»5es remaining: 0

TA: Os
istance remaining: 0.00m
me taken: 0s
ecoveries: 0

tions to activate
rticles/node_lifecycl

ver]: Creati

ols for WP-Following

Num of loops e ting it to: pgm
5 x

Camera

Click at the robot's location and drag to match its orientation.
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6. A cloud of green arrows appears: the robot's guesses of its position. It tightens as the robot
drives and matches LiDAR readings to the map. The robot is ready.

h pet_mini/nviz/navigation.rviz: - RViz@ee9sa1375122

/o5
le Panels Help x

FMove Camera [ ISelect Focus Camera  CMeasure . 2D Pose Estimate ¥ Pubiish Point # Nav2 Goal b =

Displays -]}
& Global Options -
¥ Global Status: Ok

< Grid

#h, RobotModel

»TF

~ LaserScan

F2 Map

& amcl Particls Swarm

<

R K<

Add
Navigation 2 (-]
avigation: unknown
ocalization: unknown
eedback: unknown

J5es remaining: o

TA: 0s

istance remaining 0.00 m

me taken: 0s ‘
ecoveries: 0

ols for WP-Following
Num of loops &

Camera
/map.yaml

N0 seli-drive

The green particle cloud shows the estimated position.

7. Set a destination with Nav2 Goal, as before.

8. The Navigation 2 panel shows whether navigation and localization are active, the ETA,
remaining distance, time taken and number of recoveries.
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["§FTMove Lamera | L..d>€iect SEF roCus Lamera == measure 7 LD

# Global Options =}

| 3
» v Global Status: Ok
» € Grid V|
' s RobotModel ]
» ) TF v/
» ~,. LaserScan v/
v 2 mMap v/ ||
b Amcl Particle Swarm /| _ b=
| add || ¢ s - enams .

Navigation:  active
Localization: active

Feedback: active

ETA: 31s

Distance remaining: 3.10m

Time taken: 8s ‘
Recoveries: 0

The Navigation 2 panel shows navigation status.
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Shut down

1. Press Ctrl-C in each window.

2. Type exit in the top window to stop the Docker container. It was started with --rm, so it is
removed; your map is safe in c:\maps.

3. Close PowerShell.

If navigation fails: "Goal Failed" errors

Goal Failed means the robot found no safe path to your goal. Usually obstacles are too close
together. The robot wants plenty of space around itself: if the path passes too close to an obstacle,
even without touching it, the robot refuses to drive.

To fix it:

* Make a clean map. If it is skewed or messy, map again, driving slowly.
* Remove obstacles.
* Leave plenty of space between the remaining ones.

* - EeaPeet I

# 20 Pome Ditemate () Pt St T T -

A nice, clean map.
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WARNING

Navigation also fails if your PC is too slow. Watch for errors like Transform data too old when
converting from odom to map : processing odometry took too long. Close other heavy programs,
or use a faster PC.

Tuning navigation

To tune mapping and navigation, edit navigation.yaml. Inside the container it is here:

/ros_ws/src/makerspet_mini/config/navigation.yaml

Tuning takes experimentation; search for "ROS2 Nav2 tuning" for tutorials. The settings you will
most likely change:

® Speed. The Nav2 controller, not teleop, sets autonomous speed. In controller_server , under
FollowPath:

e max_vel_x: top forward speed in m/s (default 0.22). Raise it gradually, for example to 0.30, and
set max_speed_xy to the same value.

* max_vel_theta:top turning speed in rad/s (default 1.0).

® acc_lim_x and acc_lim_theta : optionally reach target speed quicker.

Inflation radius. How far the robot keeps from obstacles. Larger is safer but causes more "Goal
Failed" errors in tight spaces.

WARNING

Keep max_vel_x comfortably below 0.4 m/s, the drivetrain's mechanical limit (200 RPM motor,
derated 90%). Higher speed also gives the planner less time to react, so raise values in small
steps and test each change.

Restart the navigation launch (Ctrl-C, then launch again) to apply changes. The --rm container
loses your edits when it stops; to keep them, commit it to your image from a Windows command
window before you exit:

docker container commit makerspet kaiaai/kaiaai:iron
# or, if you run the Jazzy image:

docker container commit makerspet kaiaai/kaiaai:jazzy
TIP

Found better values than the navigation.yaml defaults? Please share them in the Maker's Pet
support forum.
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RUNNING MORE THAN ONE ROBOT
Start one Docker container per robot, each with a unique --name and host UDP port, and point
each robot's WiFi configuration at its port. For example (other options as above):

docker run --name makerspetl ... -p 8888:8888/udp ... kaiaai/kaiaai:iron

docker run --name makerspet2 ... -p 8889:8888/udp ... kaiaai/kaiaai:iron

Then open a shell with docker exec -it makerspetl bash or docker exec -it makerspet2 bash.
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6. Practice in Simulation (No Robot Needed)

Video: Simulate Arduino/ROS2 LiDAR robot using ROS2 Gazebo

Companion article: Tutorial: Map, Navigate ROS2 Robot in Simulation

You can do this chapter any time after installing the PC software, even before your kit arrives. A
simulated Maker's Pet Mini robot drives around a simulated living room in Gazebo, a 3D robot
simulator. It "sees" with a simulated LiDAR and runs the same ROS2 mapping (SLAM) and
navigation (Nav2) software as the real robot. You will:

1. start the Docker container and the Gazebo simulation,

2. drive the robot from the keyboard,

3.launch SLAM and Nav2 and watch the map build up in RViz,
4. send the robot to goals on the map until the room is explored,

5. save the map to your PC.

It takes about 15 minutes once the software is installed. The video is recorded on Windows; the
Ubuntu commands from the companion article are included too.

WHAT YOU NEED FIRST
e Windows PC: WSL2, Docker Desktop, the VcXsrv X server (XLaunch), Windows PowerShell
and the kaiaai/kaiaai:iron Docker image, installed as in Chapter 2.

® Ubuntu PC: Docker Engine, Terminator and the kaiaai/kaiaai:iron image, as in Chapter 8.
* Either way, skip the Arduino and firmware steps.

® Optional: XnView (or any .pgm viewer) to look at the saved map.

Start Docker, the X server and PowerShell (Windows)

1. Start Docker Desktop and wait until it finishes "Starting the Docker Engine...".

2. On the Images tab, check that kaiaai/kaiaai with the tag iron is listed. If not, pull it as in
Chapter 2.
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@ docker:desktop person

@ Containers
Images
Volumes
Kubernetes

Builds

¥ Models

% MCP Toolkit

) Docker Hub

% Docker Scout

>  Extensions

Images

Local My Hub

0Bytes /7.82 GB inuse | images

Q

Name

kaiaai/kaiaai

Q Search

Image ID

6faca3aldof7

Build, Program a Self-Driving Robot

Last refresh: 3 days ago

Created Size Actions

1 year ago 7.82GB

You're now signed in as iliao@remake.ai

>~ Terminal

Docker Desktop is running with the kaiaai/kaiaai:iron image.

3. Start XLaunch. Keep Multiple windows, set Display number to 8 (not the default -1) and

finish the wizard as in Chapter 2. Gazebo and RViz windows show up on this X server.

¢ Display settings

Select display settings

Choose how VicXsrv display programs

' Multiple windows

" One lange window

Display number

In XLaunch, set the display number to 0.

0

(Specify -1 to let vexsrv automatically choose one)

" One window
without titlebar
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4. Start Windows PowerShell.

TIP
The docker run command below shares C:\maps with the container as /root/maps, so maps
you save in Docker land on your PC.

Launch the Docker container
1. In PowerShell, start the container (copy the command from the companion article to avoid

typos):

docker run --name makerspet -it --rm -v c:\maps:/root/maps -p 8888:8888/udp -e DISPLAY=hos
t.docker.internal:0.0 -e LIBGL_ALWAYS_INDIRECT=0 kaiaai/kaiaai:iron

The prompt changes to something like root@65546lab2cde:/ros_ws# . --name makerspet lets you
open more terminals in the same container later.

B root@655461ab2cde: fros.ws X

b

+
L3

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka
.ms/PSWindows

PS C:\Users\ASUS> docker run makerspet c:\maps:/root/maps
8888:8888/udp DISPLAY=host.docker.internal:0.0 LIBGL_ALWAYS_INDIRE
CT=0 kaiaai/kaiaai:iron

root@655U461ab2cde: /ros_wsi

The container is running; the prompt starts with root@.

2. Open two more terminals. I split the window into panes (in Windows Terminal, press
Alt+Shift+-); tabs or windows work too.

3. In each new one, enter the running container:

docker exec -it makerspet bash
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B root@655461ab2cde: fros ws X + v

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka
.ms/PSWindows

PS C:\Users\ASUS> docker run wme makerspet c:\maps:/root/maps
8888:8888/udp DISPLAY=host.docker.internal:0.0 LIBGL_ALWAYS_INDIRE
CT=0 kaiaai/kaiaai:iron

root@65546lab2cde: /ros_ws# ros2 launch kaiaai_gazebo world.launch.py

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka
.ms/PSWindows

PS C:\Users\ASUS> docker exec makerspet bash
root@655461ab2cde: /ros_wsi

A second pane opened in the same container with docker exec.

WARNING

A new pane or tab starts in plain PowerShell (PS C:\Users\...>), where ROS2 commands don't
work. Run docker exec -it makerspet bash first and check that the prompt starts with root@.I
made this mistake in the video.

Windows PowerShell
Copyright (C) Microsoft Corporation. All rights reserved.

Install the latest PowerShell for new features and improvements! https://aka
.ms/PSWindows

PS C:\Users\ASUS> ros2 run kaia@i_teleop teleop_keyboard

Oops: this ros2 command is typed into PowerShell. Run docker exec first.

On an Ubuntu PC

Use these commands from the companion article instead (split Terminator into three terminals):
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sudo docker run --name makerspet -it --rm -v ~/maps:/root/maps -p 8888:8888/udp -e DISPLAY -e
QT_X11_NO_MITSHM=1 --volume="/tmp/.X11-unix:/tmp/.X11-unix:rw" --volume="${XAUTHORITY}:/root/.

Xauthority" kaiaai/kaiaai:iron

sudo docker exec -it makerspet bash

Maps are saved to ~/maps .

Launch the Gazebo simulation

1. In the first container terminal, start the simulated world:

ros2 launch kaiaai_gazebo world.launch.py

2. Wait for the Gazebo window; the first start takes a while. The terminal prints Successfully
spawned entity [makerspet_mini] .

X +OHN -~ OB [%%Z(|RAROIE &

~FoHSTET

Step 4 - Create Map, Navigate
S1AM

Gazebo is starting up. The simulated living room; the robot is the small red
disc near the bottom.

NOTE

Ignore the ALSA / Could not open playback device errors: there is no sound card in Docker.

MOVING AROUND IN GAZEBO

Mouse wheel zooms, dragging pans. The big red ball is just an object; the robot is the small red
disc with the black LiDAR on top.

Drive the robot by hand

1. In the second container terminal, start keyboard teleop:
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ros2 run kaiaai_teleop teleop_keyboard

2. It lists its keys:

Build, Program a Self-Driving Robot

w / x:increase / decrease linear (forward) speed

a / d:increase / decrease angular (turning) speed

s : keep straight (stop turning)
Space : force stop

CAPS : large steps

Ctrl-C: quit

Help

*»$OUS -~ - | BOB|ESZ|RERNE B

B root@65546lab2ede: frosws X+ v

[gzserver-2] ALSA lib pcm.c:2664:(snd_pcm_open_noupdate) Unknown PCHM default
[gzserver-2] AL lib: (EE) ALC
ce 'default': No such file y
ity.py-u] [INFO] [1780635U86.7379120"
ntity
py-u4] [INFO] [1780635406.955819201] [spawn_entity]: Spawn stat
entity [make: _mini]
: 2357] [differential_drive_plugin]:
pair 1 separation set t 105043m]
[gzserver-2] [INFO] [1786H 7.085887532] [differential_drive_plugin]:
1 pair 1 diameter set to C} m]
rver-2] [INFO] [1780635u87.086775395] [differential_drive_plugin]:
cribed to [/cmd_vell
[gzserver-2] [INFO] [1780635u87.097753939] [differential_drive_plugin]: Adve
S on Cfosiom]
[INFO] n_entity.py-4]: process has finished cleanly [pid 158]
[gzserver-2] [INFO] [1780635407.100977868] [differential_drive_plugin]: Publ
ishi transforms between [odom] and [base_footprint]
[INFO] [1780635u07.114278153] [joint_state_pluginl: Going to pu
joint [wheel_left_joint]
er-2] [INFO] [1780635487.114326334] [joint_state_plugin]: Going to pu
blish joint [wheel_right_joint]

Copyright (C) Microsoft Corporation. ALl rights reserved.

Install the latest PowerShell for new features and improvemen
ms/PSWindows

PS C:\Users\ASUS> docker e makerspet bash

ol Kai

Moving around:

: increase/decrease linear velocity
: increase/decrease angular velocity
: keep straight
: large step
force stop
CTRL-C to quit
|

teleop_keyboard next to Gazebo; key help at the bottom right.

3. Click into the teleop terminal and drive. Each key press changes the speed a little. The robot

keeps that speed until you change it; press Space to stop.

125



Practice in Simulation (No Robot Needed) Build, Program a Self-Driving Robot

B root@655461ab2cde: frosws X+ v

Help [gzserver-2] ALSA lib pcm.c:266M:(snd_pcm_open_noupdate) Unknown PCM default
; . f‘" . “7” . .*. = . [gzserver-2] AL lib: (EE) ALCplaybackA open: Could not open playback devi
-, - L ce 'default': No such file or dir ry
.” = EI . -. I ﬁ L ! D Ih n [spawn_entity.py-4] [INFO] [1786635u4086.737912098] [spawn_entity]: Calling se
rvice /spawn_entity
[spawn_entity.py-4] [INFO] [1780635406.955819201] [spawn_entity]: Spawn stat
us: SpawnEntity: Succ a entity [makerspet_mini]
[gzserver-2] [INFO] [17¢ 357] [differential_drive_plugin]: Whee
1 pair 1 separation set to [0.105043m]
[gzserver-2] [INFO] [1780635407.085887532] [differential_drive_plugin]: Whee
ir 1 diameter set to [©.643068m]
rver-2] [INFO] [1780635407.086775395] [differential_drive_plugin]): Subs
cribed to [/cmd_vel]
[gzserver-2] [INFO] [1780635407.897753939] [differential_drive_plugin]: Adve
rtise odometry on [/odom]
[INFO] [spawn_entity.py-U]: process has finished cleanly [pid 150]
[gzserver-2] [INFO] [ 5U07.100977868] [differential_drive_plugin]: Publ
ishing odom transforms between [odom] and [base_footprint]
[gzserver-2] [INFO] [1780635u07.114278153] [joint_state_pluginl: Going to pu
blish joint [wheel_left_joint]
[gzserver-2] [INFO] [178 7.1143 4] [joint_state_plugin]: Going to pu

er
blish joint [wheel_right_joint]

.ms/PSWindows

PS C:\Users\ASUS> docker exec terspet bash

root@655461ab2cde: /ros_ws# ros2 run kaiaai_teleop teleop_keyboard

YAML file name : /ros_ws/install/makerspet_mini/share/makerspet_mini/config/
teleop_keyboard .yaml

Max linear velocity ©.480 Max angular velocity 7.720

w/x : increase/decrease linear velocity

a/d | ase/decrease angular velocity

s . keep straight

CAPS large step

Space : force stop

CTRL-C to quit

Linear velocity 0.050 Angular velocity ©.800
Linear velocity 0.000 Angular velocity ©.000
Linear velocity 8.800 Angular velocity ©.200

Driving the robot; each key press prints a new velocity.

Launch SLAM and Nav2
Leave Gazebo and teleop running.

1. In the third container terminal, run:

ros2 launch kaiaai_bringup navigation.launch.py use_sim_time:=true slam:=True

use_sim_time:=true uses the simulator's clock; slam:=True builds a new map instead of loading a
saved one.

Install the latest PowerShell for new features and improvements! https://aka
.ms/PSWindows

PS C:\Users\ASUS> docker exec t makerspet bash

navigation.launch

The navigation launch command.

2. RViz opens. With SLAM, Localization shows inactive ; that's expected. On the map, white is free
floor, dark outlines are walls and furniture, gray-green is unexplored.
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File Ppanels Help
57 Mave Camera Iselect
I Displays
» @ Global Options
+ v Global Status: Ok
» @ Grid
* i, RobotModel
» W TF
LaserScan

@ Al Particla Swarm
Add

<» Navigation 2

Navigation:  active

Localization: inactive

Feedback:  unknown

Poses remaining: )
8 ETA: 0s
Distance remaining 0.00m
Time taken: 0s
Recoveries: 0

Pause

Reset

Tools for WP-Fallowing

Num of loops

'L!‘-J Camera

Sim Time:

M) root®655461ab2cde: /rosws X+ v

erver-2] [INFO] [1780635487.100977868] [differential_drive_plugin]: Publ
[ e I L i<hing odom transforms between [odom] and [base_footprint]
0 erver-2] [INFO] [1780635407.114278153] [joint_state_plugin]: Going to pu
> blish joint [wheel_left_joint]
[gzserver-2] [INFO] [1780635u07.114326334] [joint_state_plugin]: Going to pu
blish joint [wheel_right_joint]

5] [INFO] [1 3 viz2]: Trying to create a map of s
x 97 using 1
5] [INFO] [178@6 L z2]: Trying to create a map of s

age Filter dropping mes
'base_scan t : For ‘the timestamp on the mes
is earlier than all the data i 2 nsform cache'
2-5] [INFO] [1780635552.180918829]) [rviz2]: Message Filter dropping mes
e: frame 'base_s time 135.8085 for reason 'the amp on the mes
is earlier than all the data in the tra orm cache'

Waypoint / Nav Through Poses Mode

ase/decrease linear velocity
increase/de a velocity
: keep straight
: large step
Space : fo stop
CTRL-C to quit
Linear velocity 0.850 Angular velocity ©O.
Linear velocity 8.800 Angular velocity
Linear velocity 8.600 Angular velocity 8.
Linear velocity 0.0 Angular velocity
Linear velocity Angular velocity @
Linear velocity 0. Angular velocity
Linear velocity 0 Angular velocity
Linear velocity 8.0 Angular velocity ©
Linear velecity 8.0 Angular velocity
iterations: Linear velocity 0. Angular velocity
Linear velocity 0. Angular

RViz with the Displays and Navigation 2 panels.

ARRANGING THE WINDOWS

right, terminals below. If RViz is
toolbar; widen the window.

I hide the RViz side panels with the small arrow on the map's left edge and put Gazebo left, RViz

too narrow, the Nav2 Goal button hides behind a » on the

3. Drive around a little with teleop and watch the map grow.
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File Panels Help

Help
1 "Move Camera | E=iMeasure . 2D Pose Estimate ¥ Publish Point

B B root@655461ab2cde: fros ws X

nt [wheel_lef

e Filter dropping mes
timestamp on the mes

Il RealTime Factor:

Linear ve )
Linear velocity 0 Angular

Driving with teleop while SLAM builds the map.

4. Before letting the robot drive itself, stop teleop with Ctrl-C, or teleop and Nav2 will fight over
speed commands.

Linear velocity 0.150 Angular velocity 0.000
Linear velocity 0.000 Angular velocity 0.000
Linear velocity 0.000 Angular velocity -0.200
Linear velocity 0.000 Angular velocity —-0.400
Linear velocity 0.000 Angular velocity 0.000

Linear velocity 0.050 Angular velocity 0.000
Linear velocity 0.000 Angular velocity ©.000
Stopping the robot and exiting on CTRL-C press
root@655461lab2cde: /ros_ws#

Teleop stopped with Ctrl-C.

Send the robot to goals

1. Click Nav2 Goal on the RViz toolbar.
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r A% fros_ws/install/makerspet_mini/share/makerspet_mini/rviz/navigation.rviz* - RViz@655461ab2cde —. a X
File Panels Help

HMove Camera [ JSelect  <#»FocusCamera CTMeasure . 2D Pose Estimate  § Publish Point | Nav2 c;c.a;k | & =

2] b
=11

The Nav2 Goal button.

2. Left-click and hold where you want the robot to go.
3. Drag toward the direction it should face on arrival. A green arrow shows the goal.

4., Release.

f‘_ fros.\ pet_ pet_ i rviz* - RViz@655461ab2cde = {e ] X

File Panels Help

#¥Move Camera [ JSelect  <f:Focus Camera tMeasure 7 2D Pose Estimate  § Publish Point | Nav2 Goal | ¥ =

Reset 19fps

Click, hold and drag; the green arrow is the goal.

5. Nav2 plans a path (thin pink line) and the robot follows it. On arrival the navigation terminal
prints Reached the goal! / Goal succeeded .
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Jros

Eile Panels Help

“¥Move Camera

ﬁ

Il Real Time Factor Sim Time: Real Time

[Cselect

&-Focus Camera T Measure . 2D Pose Estimate  § Publish Point

# Nav2Goal % -

Nav2 plans a path and the robot follows it.

6. Keep setting goals, preferably at the edge of the explored (white) area, so the LiDAR sees new

parts of the room.

r

/ros 3 - d = o X

File Panels Help

¥Move Camera  [_JSelect £-FocusCamera =@ Measure 2D Pose Estimate  § PublishPoint | Nav2Goal | & -

15 fps

Reset

Jros_ws/i
Eile Panels Help

*Move Camera

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click: Zoom. Shift: More options.

[CIselect  4bFocus Camera  =IMeasure 2D Pose Estimate  § PublishPoint .~ Nav2Goal 4 =

121ps

A long goal into an unexplored corner.
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IF THE ROBOT GETS STUCK

Build, Program a Self-Driving Robot

If the Recoveries counter in the Navigation 2 panel climbs, show the side panel, click Cancel

and give a closer goal.

r

 fros.y D

File Panels Help

¥ Move Camera [ JSelect

& Global Options

v’ Global Status: Ok

@ Grid

#h, RobotModel

2 TF

. LaserScan

P2 map

& Amrl Particle Swarm

Add
< Navigation 2.

Navigation:  active

Localization: inactive
Feedback: active

ETA: 0s
Distance remaining: 5.69m

Time taken: 27s
Recoveries: 1

kcaIw cel

Tools for WP-Following

Num of loops

Reset

< Focus Camera

<

g<llee

viz* - 1ab2cde

= Measure

o]

# 2D Pose Estimate

# Nav2Goal & -

10 fps.

Canceling a goal.

7. Repeat until the walls form a closed outline with no gray-green left inside.
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fros L s * - RVizi Tab2cde = o X

File Panels Help

Help

<k OWe -~ - | mOB|E%Z|REIROE

#"Move Camera Tsetect FocusCamera  =JMeasure 7 20 Pose Estimate @ Publish Point . Nav2Goal & =

Reset 16 fps

Il Real Time Factor: fterations ity 0.8
Stopping the robot and exiting on CTRL-C press
root@65546lab2cde: /ros_ws#

The finished map.

NOTE
You can also map the whole room by hand with teleop_keyboard ; SLAM works either way.

Save the map

1. In a free container terminal, run:

ros2 run nav2_map_server map_saver_cli -f ~/maps/map --ros-args -p save_map_timeout:=60.0

Linear velocity 0.000 Angular velocity -0.200
Linear velocity 0.000 Angular velocity -0.400
Linear velocity 0.000 Angular velocity ©.000
Linear velocity 0.050 Angular velocity 0.000
Linear velocity ©.000 Angular velocity 0.000

Stopping the robot and exiting on CTRL-C press
root@655U46lab2cde: /ros_ws# ros2 run nav2_map_server map_saver_cli —f ~/maps/
map —-ros—args -p save_map_timeout:=60.0

The map saver command.

2. Wait for Map saved successfully. map.pgm (the map image) and map.yaml (size, resolution,
origin) go to /root/maps, which is C:\maps on Windows or ~/maps on Ubuntu.
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[WARN] [map_ic]: Image format unspecified. Setting it to: pgm
[INFO] [map_iol: Received a 100 X 97 map @ 0.05 m/pix

[INFO] [map_io]l: Writing map occupancy data to /root/maps/map.pgm
[INFO] [map_io]: Writing map metadata to /root/maps/map.yaml

[INFO] [map_io]l: Map saved

[INFO] [1780635867.767172691] [map_saver]: NI INAL
[INFO] [1780635867.768260831] [map_saver]: Destroying
root@65546lab2cde: /ros_wsit |

Map saved: /root/maps/map.pgm and map.yaml.

3. Open map.pgm in XnView to view it.

@ XnView Classic - [* living_room.pgm] = (m] X
@’ File Edit View Image Filter Tools Window Info - |5 %
@R EIOFEG-E-RIAQA-A @9 EEIAT

2/2 living_room.pgm 9.49 KB 98x99x8, 0.99 600% X:70,Y:0

The saved map in XnView.

Shut everything down

1. Close RViz. When asked to save navigation.rviz, click Discard unless you meant to change the
layout.
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nviz2@655461ab2cde

There are unsaved changes.

Save changes to jfros_ws/install/
makerspet_mini/share/

makerspet_mini/rviz/navigation.rviz?

h
Wi Save ® Discard X Cancel

Closing RViz: click Discard.

2. Press Ctrl-C in the navigation and Gazebo terminals and wait for them to exit.

3. Type exit in each container terminal. Leaving the docker run one stops the container, and --
rm deletes it. Your map is safe in C:\maps (or ~/maps) on your PC.

&' Windows PowerShell

dler(signum=2)

[INFO] [robot_state_publisher—-3]: process has finished cleanly [pid 148]

[INFO] [gzserver-2]: process has finished cleanly [pid 1u46]
root@655U46lab2cde: /ros_ws#

lower]: Destroying

[component_container_iscolated-1] [INFO] [1780635883.715310721] [bt_navigator
]1: Destroying

[INFO] [map_io]l: Received a 100 X 97 map @ ©0.05 m/pix

[INFO] [map_io]: Writing map occupancy data to /root/maps/map.pgm
[INFO] [map_io]l: Writing map metadata to /root/maps/map.yaml
[INFO] [map_io]l: Map saved

[INFO] [1780635867.767172691] [map_saver]: Map saved successfully
[INFO] [1780635867.768260831] [map_sager]
root@655461lab2cde: /ros_ws# exit

exit

PS C:\Users\ASUS>

: Destroying

Leaving the container with exit.
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7. Program Your Robot

In this chapter you write and run two short Python programs:

® Face the closest object. The robot turns in place toward anything within 25 cm. It's small
enough to try on your desk.

* Follow me. The robot follows the closest object in front of it, staying 40 cm away. Walk slowly
and it follows your feet.

You try each program in the simulation first (Chapter 6), then on the real robot. No robotics theory
is needed: you copy the code, run it and watch the robot. A short explanation follows each program.

How a robot program talks to the robot

The robot software is built on ROS 2, where programs exchange messages on named topics. Your
programs use just two:

* /scan:the LiDAR's distance readings, one full circle about five times a second.

* /cmd_vel: drive commands, a forward speed and a turning speed. The keyboard teleop app
from Chapter 3 sends its commands here too.

Each program reads /scan, decides how to move, and sends a command to /cmd_vel.The same
program works in the simulation and on the real robot.

Set up a folder for your code

The robot software runs in a Docker container, and everything you save inside it is lost when the
container exits. Keep your programs on your PC instead and share the folder with the container.

1. Create the folder C:\robot_code .

2. Start the container for the simulation as in Chapter 6, with one more -v option for the code
folder:

docker run --name makerspet -it --rm -v c:\maps:/root/maps -v c:\robot_code:/root/code -p
8888:8888/udp -e DISPLAY=host.docker.internal:0.0 -e LIBGL_ALWAYS_INDIRECT=0 kaiaai/kaiaa

i:ziron

Inside the container, C:\robot_code appearsas /root/code .
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3. Download both programs into it:

cd /root/code

curl -0 https://raw.githubusercontent.com/makerspet/ebook/main/self-driving/v1/book/code/f
ace_closest.py

curl -0 https://raw.githubusercontent.com/makerspet/ebook/main/self-driving/v1/book/code/f
ollow_me.py

You can also type them in from this chapter: save each one in C:\robot_code with any text
editor, for example Notepad, choosing All files as the file type.

UBUNTU PC
Use the Ubuntu docker run command from Chapter 8 with -v ~/robot_code:/root/code added,
and keep your programs in ~/robot_code .

Program 1: face the closest object

Try it in the simulation

1. In the first container terminal, start the simulated world:

ros2 launch kaiaai_gazebo world.launch.py

2.In a second container terminal, place the red ball 30 cm to the robot's right:

ros2 run gazebo_ros spawn_entity.py -entity ball -database red_ball_10in -x -2.0 -y -0.8

The robot startsat x = -2.0, y = -0.5, facing along x . Always place objects so they don't
overlap the robot; a ball spawned on top of it knocks the robot away.

3. Run the program:

cd /root/code
python3 face_closest.py

4. Watch the robot turn right until it faces the ball. The terminal shows what the robot sees, with
0 meaning straight ahead:

closest: 0.17 m at -1 degrees

5. In the Gazebo window, press T (translate mode), drag the ball to another spot near the robot,
and watch it turn again. Anything further than 25 cm away is ignored.

6. Press Ctrl+C to stop the program. It stops the wheels before it exits.
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The program

"""Tyrn in place to face the closest object within 25 cm.

Run inside the robot software's container: python3 face_closest.py
Stop with Ctrl+C.

import math

import rclpy

from rclpy.node import Node

from rclpy.qos import gos_profile_sensor_data
from rclpy.signals import SignalHandlerOptions
from geometry_msgs.msg import Twist

from sensor_msgs.msg import LaserScan

MAX_DISTANCE = 0.25 # meters: ignore anything further away
TURN_SPEED = 1.0 # radians per second, at most
ON_TARGET = math.radians(5) # close enough: stop turning

def robot_angle(scan, 1i):

"""Angle of scan point i as seen by the robot: 0 = straight ahead, + = left, - = right.

The robot's LiDAR is mounted upside down, so its angles run the other way around,
starting from the back. 180 degrees minus the scan angle fixes both.
a = math.pi - (scan.angle_min + i * scan.angle_increment)

return math.atan2(math.sin(a), math.cos(a)) # wrap to -180..180 degrees

class FaceClosest(Node):
def __init__ (self):
super().__init__('face_closest')
self.cmd = self.create_publisher(Twist, 'cmd_vel', 10)

self.create_subscription(LaserScan, 'scan', self.on_scan, qos_profile_sensor_data)
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def on_scan(self, scan):
# Find the closest valid point within MAX_DISTANCE.
closest, angle = MAX_DISTANCE, None
for i, r in enumerate(scan.ranges):
if scan.range_min < r < closest:
closest, angle = r, robot_angle(scan, i)
twist = Twist()
if angle is not None:
print(f'closest: {closest:.2f} m at {math.degrees(angle):4.0f} degrees')
if abs(angle) > ON_TARGET:
# Turn toward it: left for positive angles, right for negative ones.
twist.angular.z = max(-TURN_SPEED, min(TURN_SPEED, 2.0 * angle))
self.cmd.publish(twist) # an empty Twist means "stop"

def main():
rclpy.init(signal_handler_options=SignalHandlerOptions.NO) # we handle Ctrl+C ourselves
node = FaceClosest()
try:
rclpy.spin(node)
except KeyboardInterrupt:
pass
node.cmd.publish(Twist()) # stop the wheels before exiting
node.destroy_node()

rclpy.try_shutdown()

if __name_ = '_main__"':

main()

How it works

on_scan runs every time a new LiDAR scan arrives on /scan .
The loop goes through all the distance readings and keeps the closest one under 25 cm.

robot_angle turns the reading's position in the scan into an angle around the robot: @ straight
ahead, positive to the left, negative to the right.

If the object is more than 5 degrees off, the robot turns toward it. The turning speed grows with
the angle, so it slows down as it lines up. twist.angular.z isthe turning speed.

Publishing an empty Twist to /cmd_vel stops the robot.

Try it on the robot

1. Bring up the robot as in Chapter 3, starting the container with the code folder added:
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docker run --name makerspet -it --rm -v c:\maps:/root/maps -v c:\robot_code:/root/code -p
8888:8888/udp -p 4430:4430/tcp -e DISPLAY=host.docker.internal:0.0 -e LIBGL_ALWAYS_INDIREC

T=0 kaiaai/kaiaai:iron

Then run ros2 launch kaiaai_bringup physical.launch.py and turn the robot on.
2. Place the robot on your desk, away from walls and other objects.

3. In a second container terminal, run python3 /root/code/face_closest.py.

4. Hold your hand or a small object, such as a cup, about 15-20 cm from the robot and move it
around. The robot turns to face it. With a cup placed to the robot's front left, the output looks
like this:

closest: 0.14 m at 52 degrees
closest: 0.14 m at 52 degrees

closest: 0.14 m at -2 degrees

The cup starts 52 degrees to the left; once the robot faces it, the angle drops to about 0 and the
robot stops.

The robot has turned to face the cup. The laptop shows the live LiDAR scan in RViz.
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WHICH WAY IS FRONT?
Before relying on the robot's moves, check the printout: hold an object in front of the robot and
it should read about 0 degrees ; to its left, about 90 ; to its right, about -90.

Program 2: follow me

Try it in the simulation

1. Start a fresh simulation ( ctr1+C and relaunch world.launch.py ) so the robot is back at its
starting spot, facing along x .
2. Place the ball 70 cm in front of the robot:

ros2 run gazebo_ros spawn_entity.py -entity ball -database red_ball_10in -x -1.3 -y -0.5

3. Run the program:

python3 /root/code/follow_me.py

4. The robot drives toward the ball and stops about 40 cm from it:

following: 0.40 m at 3 degrees

5. In Gazebo, drag the ball (T) a little further away or to the side. The robot follows. Drag it closer
and the robot backs up.

6. Press Ctrl+C to stop.
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The program

"""Follow the closest object in front of the robot, staying 40 cm away.

Run inside the robot software's container: python3 follow_me.py
Stop with Ctrl+C.

import math

import rclpy

from rclpy.node import Node

from rclpy.qos import gos_profile_sensor_data
from rclpy.signals import SignalHandlerOptions
from geometry_msgs.msg import Twist

from sensor_msgs.msg import LaserScan

KEEP_DISTANCE = 0.40 # meters: how far behind to stay
SEE_DISTANCE = 1.00 # meters: ignore anything further away

SEE_ANGLE = math.radians(30) # look 30 degrees to each side of straight ahead
MAX_SPEED = 0.15 # meters per second
MAX_TURN = 1.0 # radians per second

def robot_angle(scan, 1i):

"""Angle of scan point i as seen by the robot: 0 = straight ahead, + = left, - = right.

The robot's LiDAR is mounted upside down, so its angles run the other way around,
starting from the back. 180 degrees minus the scan angle fixes both.
a = math.pi - (scan.angle_min + i * scan.angle_increment)

return math.atan2(math.sin(a), math.cos(a)) # wrap to -180..180 degrees

class FollowMe(Node):
def __init_ (self):
super().__init__('follow_me"')
self.cmd = self.create_publisher(Twist, 'cmd_vel', 10)

self.create_subscription(LaserScan, 'scan', self.on_scan, qos_profile_sensor_data)
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def on_scan(self, scan):

# Find the closest point in the cone in front of the robot.

closest, angle = SEE_DISTANCE, None

for i, r in enumerate(scan.ranges):
a = robot_angle(scan, i)
if abs(a) < SEE_ANGLE and scan.range_min < r < closest:

closest, angle = r, a

twist = Twist()

if angle is not None:
print(f'following: {closest:.2f} m at {math.degrees(angle):4.0f} degrees')
# Drive to close the gap (back up if too close) and steer toward the target.
twist.linear.x = max(-MAX_SPEED, min(MAX_SPEED, 0.8 * (closest - KEEP_DISTANCE)))
twist.angular.z = max(-MAX_TURN, min(MAX_TURN, 2.0 * angle))

self.cmd.publish(twist) # nothing in sight: stop

def main():
rclpy.init(signal_handler_options=SignalHandlerOptions.NO) # we handle Ctrl+C ourselves
node = FollowMe()
try:
rclpy.spin(node)
except KeyboardInterrupt:
pass
node.cmd.publish(Twist()) # stop the wheels before exiting
node.destroy_node()

rclpy.try_shutdown()

if __name_ = '_main__"':

main()

How it works

¢ The robot only looks at a 60-degree cone straight ahead ( SEE_ANGLE , 30 degrees to each side) and
up to 1 m away ( SEE_DISTANCE ). Whatever is closest in that cone is what it follows.

® The forward speed depends on the gap: too far, drive forward; too close, back up; at 40 cm
( KEEP_DISTANCE ), stand still. twist.linear.x isthe forward speed.

® The turning speed steers toward the object, as in Program 1.

e If nothing is in the cone, the robot stops.

Try it on the robot

1. Bring up the robot as in Program 1 and put it on the floor in an open space.
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2. Stand about 60 cm in front of it and run python3 /root/code/follow_me.py .

3. Step back slowly. The robot follows your feet. Step toward it and it backs up. Here's the output
with my foot in front of the robot, moving it around:

following: 0.66 m at 25 degrees
following: 0.55 m at -2 degrees
following: 0.57 m at 30 degrees
following: 0.37 m at -4 degrees
following: 0.29 m at 0 degrees

The robot following my foot.

4. Press Ctrl+C to stop.

WARNING
Keep the area clear, start slowly and keep a hand near Ctrl+C. The robot follows whatever is
closest in front of it, which may be a chair leg rather than you.

Make it yours

Every setting is a named value at the top of each program. Change one, save the file and run the
program again:

® Face the closest object: set MAX_DISTANCE = 0.5 to react to objects up to 50 cm away.
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* Follow me: set KEEP_DISTANCE = 0.6 to stay further back, or SEE_ANGLE = math.radians(15) for
a narrower view that's less likely to pick up a chair leg.

® Speed: lower TURN_SPEED, MAX_SPEED or MAX_TURN for gentler moves.

Keep MAX_SPEED well below the robot's top speed of about 0.4 m/s.

Let an Al assistant drive your robot

An Al coding assistant that can run commands on your PC, such as Claude Code, can control the
robot through the same container: look at the LiDAR scan, run your programs and send drive
commands, all from plain-English requests. That's how the programs in this chapter were tested on
areal robot.

1. Install an AI coding assistant that can run terminal commands on your PC.

2. Bring up the robot as in Chapter 3, so the makerspet container is running and the robot is
connected.

3. Give the assistant the facts it needs and your safety rules in your first message:

My robot's software runs in a Docker container named makerspet, and the robot is connecte
d.

Run commands in it with: docker exec makerspet bash -1c "<command>"

The LiDAR scan is on /scan; drive commands go to /cmd_vel (geometry_msgs/Twist).

Scan angles are mirrored: the angle around the robot is 180 degrees minus the scan angle.
Rules: look before you move, keep speed under 0.15 m/s, limit every motion to 15 seconds,
and always finish by publishing a zero Twist to /cmd_vel.

First, tell me what the robot sees within 50 cm.

4. Then ask for what you want, for example:

o "I placed a cup next to the robot. Where is it?"
o "Copy face_closest.py into the container and run it for 15 seconds."

o "I put my foot in front of the robot. Make it follow my foot for 10 seconds."

WARNING
AT assistants make mistakes. Review each command before you approve it, keep the robot on
the floor and away from edges, and keep a hand near the power switch.
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8. Using an Ubuntu PC Instead

Video: Arduino/ROS2 self driving robot - Ubuntu software setup and robot bring up

This chapter repeats Chapters 2 and 3 on a PC running Ubuntu 22.04. The differences: you give your
user access to serial ports, install two Python pieces the ESP32 uploader needs, use Docker Engine
instead of Docker Desktop, and share your X11 display with the container instead of running an X
server. Steps that match Windows are kept short and point back to Chapter 3.

Allow about an hour, plus download time for the Docker image. You need the assembled robot, a
USB cable for the ESP32 and a 2.4 GHz WiFi network.

This video - software install,
bring-up on Ubuntu 22.04 -

Home

Software install and bring-up on Ubuntu 22.04.

Install the Arduino IDE 1.8.19

1. On arduino.cc, click Software, scroll to Legacy IDE (1.8.X) and download Arduino IDE 1.8.19 for
Linux 64 bits. (Just download skips the donation.)
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ww.arduino.cc,

HARDWARE ~ SOFTWARE  CLOUD  DOCUMENTATION  COMMUNITY =  BLOG  ABOUT

Legacy IDE (1.8.X)

DOWNLOAD OPTIONS
Arduino IDE 1.8.19 Windows Wi 7 and newer
Windows 27 file

The open-source Arduino Software {IDE) makes it easy to write code Windows app win
and upload it to the board. This software can be used with any

Linux
Arduino board.

Refer to the Arduino IDE 1.x documentation for installation [
instructions. * Linux ARM 64 brs

Mac 0S5 X
SOURCE CODE

Active development of the Arduino software is hosted by GitHub.
See the instructions for building the code. Latest release source
code archives are available here. The archives are PGP-signed so
they can be verified using this gpg key.

Previous Releases
Download the previous version of the current release, the classic 1.0.x, or old beta releases.

DOWNLOAD OFTIONS

Previous Release 1.8.18

=R inux

riom=

Download the Legacy IDE 1.8.19 for 64-bit Linux.

2. Open a terminal: click the Apps grid, type terminal, right-click the Terminal icon and choose
Add to Favorites.

3. Unpack the archive (press Tab to complete file names):

cd ~/Downloads
1s

tar -xvf arduino-1.8.19-linuxé4.tar.xz

illa@ryzen: ~/Downloads

-5 cd ~/Downl

S

H $ tar -xvf arduino-1.8.19-1inux64.tar.xz
arduino- 219/
arduino-1.8.19/arduino-1linux-setup.sh
arduino- 9/1ib/

arduino- ib/version.t
arduino-1.8.19/1ib/commons

arduino- .19/1ib/public.gpg.
arduino-1.8.19/1ib/arduino-core. jar

Unpacking the Arduino archive.

4. Run the install script. It asks for your password because it installs system-wide:
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cd arduino-1.8.19/
sudo ./install.sh

= ilia@ryzen: ~/Downloads/arduinc-1.8.19

-1.8.19/tools/WiFil1e1/tool/firmwares/NINA/1.4.6/
arduin .19/tools/WiFi101/tool/firmwares/NINA/1.4.6/NINA_W182-Nano_RP2040_Connect.bin
arduino- .19/tools/WiFile1/tool/firmwares/NINA/1.4.6/NINA_W162.bin
arduino-1.8.19/tools/WiF1101/tool/firmwares/NINA/1.4.6/NINA_W102-Uno_WiFi_Rev2.bin
arduino-1.8.19/tools/WiFil01/tool/firmwares/NINA/1.2.1/
arduino-1.8.19/tools/WiFi101/tool/firnwares/NINA/1.2.1/NINA_W182.bin
arduin .8.19/tool iFi101/tool/firmwares/NINA/1 1/NINA_W102-Uno_WiFi_Rev2.bin
arduino-1.8.19/tools /WiFi101/tool/firnwares/NINA/1.4.5/
arduino-1.8.19/tools/WiFi101/tool/firmwares/NINA/1.4.5/NINA_W182-Nano_RP2046_Connect.bin
arduino-1 19/tools /WiFi101/tool/firmwares/NINA/1.4.5/NINA_W102.bin

-8.
arduino-1.8.19/tools/WiFi101/tool/firmwares/NINA/1.4.5/NINA_W102-Uno_WiFi_Rev2.bin
.8.

arduin 19/tools /WiF1101/tool/firmwares/NINA/1.4.4/
arduino-1.8.19/tools/WiFile1/tool/firmwares/NINAf1.4.4/NINA_W162.bin
arduino-1.8.19/tools/WiFi101/tool/firmwares/NINA/1.4.4/NINA W102-Uno WiFi_Re:
arduino- .19/tools/howto. txt
i11a@ $ cd arduino-1.8.19/

z $ sudo ./install.sh
[sudo] password for ilia:
Adding desktop shortcut, menu item and file associations for Arduino IDE...

done!
E $ sudo usermod -a -G dialout ilia
S

The install script finishes with "done!".

5. In Apps, add Arduino IDE to Favorites and launch it.

Add the ESP32 toolchain

Same as Chapter 3.

1. In File — Preferences, paste this into Additional Boards Manager URLs:

https://espressif.github.io/arduino-esp32/package_esp32_index.json
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Preferences

Editor language:
Editor Font size.
Interface scale & Automatic *% (requiresrestart of Arduino)

Theme Defeulttheme | = | (requiresrestart of Arduino)

a
ardui

ard . Sh
ardutno

ardutno-1.5. NS EENEIERE
arduino-1.8

verbose output during compilation  upload

Display ine numbers Enable Code Folding
Verffy code after upload rnal editor
k for updates on startup nverifying or uploading
essibility fe

Additional Boards Manager URLs:  hittps//est github.jo/arduine 32_indexjsor| | (I
fhomefilia/.arduino1 5/

[ 1

[sudo OK| |Cancel
Addina de 3 >

https://espressif.github.io/arduino-
esp32/package_esp32_index.json °

Adding the Espressif boards URL.

2. In Tools — Board — Boards Manager, set Type to Contributed, find esp32 by Espressif Systems,
select 2.0.17 and click Install.

P S

Boards Manager
Type

espaz

by Espressif Systems.

Boards included in this package:

ESP32 Dev Board, ESP32-52 Dev Board, ESP32-53 Dev Board, ESP32-C3 Dev Board, Arduino Nano ESP32,
More lnfo

Install
Industrulno SAMD Boards (32-bits ARM Cortex-Mo+)
by Industruino
Boards Included in this package:
Industruino DZ1G.
online Help
More Info.

RL78/G22 Fast Prototyping Board
by Renesas Electronics Corporation
Boards included in this package:
RL78/G22 Fast Protatyping Board.

More info.
1 781773.2.4n Eack Brataruning Based

1

Select 2.0.17

Install esp32 version 2.0.17.
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3. Select Tools — Board — ESP32 Arduino — ESP32 Dev Module.

& Arduino IDE

Manage Libraries
S Serlal Monitor
Serial Plotter
WIFHD1 /WIFININA Firmware Updater
Board: "Arduino Uno"

¥ Arduino AVRBoards  » Ul

ESP32 Arduine i S UM Feathers3

ord for ilia:
op shortcut, menu item and file asso Arduino IDE...

ESP32 Arduino -> ESP32 Dev )Y [oYe [¥] (=}

Choose ESP32 Dev Module.

SINCE THE VIDEO WAS RECORDED

Stay on ESP32 board package 2.0.17. In 2.0.15 HardwareSerial is broken: the firmware compiles
but the LiDAR returns no data. 3.x removed ledcAttachPin/ledcSetup, which the firmware
needs.

Give yourself access to serial ports and install pyserial

On Ubuntu, only members of the dialout group can open serial ports, and the ESP32 uploader
(esptool.py ) needs two Python fixes.

1. Add your user to dialout (in the video, YOUR_USERNAME is ilia):

sudo usermod -a -G dialout YOUR_USERNAME

2. Reboot your PC so the group membership takes effect.

3. Install pip and the Python serial library:

sudo apt install -y python3-pip
pip3 install pyserial

149



Using an Ubuntu PC Instead Build, Program a Self-Driving Robot

[+1 ilia@ryzen: ~

up libstdc++-11-dev:amd64 (11.4.8-1ubuntul~22.04) ...
Setting up zliblg-dev:amd64 (1:1.2.11.dfsg-2ubuntu9.2) ...
Setting up gcc-11 (11.4.0-1ubuntul~22.04) ...
Setting up g++-11 (11.4.0-1ubuntu1-~22.04) ...
Setting up gcc (4:11.2.0-1lubuntul) ...
Setting up libpython3.10-dev:amd64 (3.10.12-1~22.04.9) ...
Setting up python3.10-dev (3.10.12-1~22.04.9) ...
Setting up g++ (4:11.2.0-1lubuntul) ...
update-alternatives: using fusr/bin/g++ to provide /fusr/bin/c++ (c++) in auto mode
Setting up build-essential (12.9%ubuntu3) ...
Setting up libpython3-dev:amd64 (3.10.6-1~22.04.1) ...
Setting up python3-dev (3.10.6-1~22.04.1) ...
Processing triggers for man-db (2.10.2-1) ...
Processing triggers for libc-bin (2.35-8ubuntu3.9) ...
: § pip3 install pyserial
pefaulting to user installation because normal site-packages is not writeable
Collecting pyserial
Downloading pyserial-3.5-py2.py3-none-any.whl (90 kB)

Installing collected packages: pyserial

Successfully iistalled pyserial-3.5
=5

pyserial installed.

Ignore the warning that pyserial-miniterm and pyserial-ports are not on your PATH; the Arduino
IDE doesn't use them.

UPLOAD FAILS WITH \"NO MODULE NAMED 'SERIAL'\"

Without pyserial, the upload ends with ModuleNotFoundError: No module named 'serial' and
Error compiling for board ESP32 Dev Module. Run the two commands above and upload
again.

Download the firmware and copy it into the sketchbook

1. On github.com/kaiaai/firmware, click Releases, expand Assets under the latest release and
download Source code (tar.gz).
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Releases - kaiaal/firmwar | +

o8 ‘github.com,

O Product Solutions Resources Open Source Enterprise Pricing

3 kaiaai/ firmware ruic

<> Code (O Issues 1 Pulrequess () Actons [ Projects () Secury | Insights

18 hoixrs g Builds on Ubuntu ===
® kajaai

© vo84

< defecss @ « bugfix: builds in Arduino for Ubuniu

v Assets 2

[DSource code (zip)

[ Soureq code (targz

last ek Delta LiDARs bugfix (o)
) kaiaai

«» bugfix: Delta, Delta-2G LIDAR decoding
+ LDS library v0.6.3

-> Source code (tar.gz):

Compase

gEcitags,/v0.8.4.tar.gz

Bhub.romfkammjrvrm\varejarchwc/r |

Home

Download the latest firmware release.

2. Unpack it and copy its contents into your sketchbook, ~/Arduino . The video uses release 0.8.4;
use your file's version number:

cd ~/Downloads

1s

tar -xvf firmware-0.8.4.tar.gz
cd firmware-0.8.4/

cp -r * ~/Arduino/

cd ~/Arduino/

1s

1s should list kaiaai-esp32 (the sketch), libraries, LICENSE, README.md and tools. tools
contains the ESP32FS plugin for ESP32 Sketch Data Upload, so unlike on Windows you don't install
a separate SPIFFS plugin.

3. The ESP32 upload tools call python, but Ubuntu 22.04 only has python3 . Link them:

sudo 1n -s /usr/bin/python3 /usr/bin/python
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@

.4f/libraries/micro_ros_kaia/src/visualization_msgs/srv/get_interactive_markers.h
.4/libraries/micro_ros _kaia/src/wifi_transport.cpp
.4/libraries/motor_ctl_kaia/
.4/libraries/motor_ctl kaia/LICENSE
.4flibraries/motor_ctl kaia/README.md
.4/libraries/motor_ctl kaia/examples/
ies/motor_ctl_kaia/examples/motor_esp32/
.4/1libraries/motor_ctl kaia/examples/motor_esp32/motor_esp32.ino
.4/libraries/motor_ctl_kaia/keywords.txt
.4/libraries/motor_ctl kaia/library.properties
.4flibraries/motor_ctl_kaia/fsrc/
.4/libraries/motor_ctl kaia/src/motor_ctl kaia.cpp
.4/libraries/motor_ctl_kaia/src/motor_ctl_kaia.h
.4/tools/
.4/tools/ESP32FS/
.4/tools/ESP32F5/tool/
.4/tools/ESP32FS/toolfesp32fs. jar
$ cd firmware-0.8.4/
S cp -r *¥ ~J/Arduino/
$ cd ~/Arduino/

firmware
firmware-0.
firmware-o.
firmware-0.
firmware
firmware

M 0w oM

@

W o o

W oo o

@

firmware-@
firmware-0.

-

S 1s
LICENSE README.md
sude ln -s fusr/bin/pythen3 fusr/bin/pythen

Firmware copied and the python link created.

TIP
1n: failed to create symbolic link '/usr/bin/python': File exists means the link is already
there (for example, from python-is-python3 ); skip this step.

Upload the firmware

1. Restart the Arduino IDE so it picks up the new libraries and ESP32FS.
2. Open ~/Arduino/kaiaai-esp32/kaiaai-esp32.ino (File — Open).

3. Before plugging in the robot, note the ports in Tools — Port. On my PC there is only
/dev/ttyS0 , a built-in serial port.
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kalaal-esp32 | Arduino 1.8.19

Auto Format

ive Sketch

FixEncoding & Reload

kalaai-esp32
C CtrleShiftsl

ight 28 Manage Librari
Serial Monicor CtrlsShiftsM

4/lbrarted Ctrleshiftel

4 L \WIF101 / WIFININA Firmware Updater

ESP32 Sketch Data Upload

Board: "ESP3.

Upload Sp

/1.5MB SPIFFS)"

rduino Runs O

E 5 Ru

Erase All Flash Before Sketch Upload: "Disabled
d JTAG Adapter: "Disabled"

Port L]

Cet Board Info

Programmer

otloader,

Before plugging in, only /dev/ttySO0 is listed.

4. Plug in the ESP32 with the robot's power switch OFF.
5. In Tools — Port, select the new port, usually /dev/ttyUSBO.

kalaal-esp32 | Arduino 1.8.19

h Tools Help
Auto F E
Sketch

FixEncoding & Rel
CtrieShiftsl

CtrlsShift+M

CerlsShiftel

Arduino Runs On; "C

Events Rui
Disabled

fde
[deyftiyJsBo

Select Arduino 'dev/ttyUsSBO" £

Select /dev/ttyUSBO.
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Mtip Or run s /dev/ttyUSB* before and after plugging in; the new entry is your robot.
6. Click Upload. When the output shows Connecting...., hold BOOT for 3-5 seconds.

y/

|| =O
PressiBOOT for 3-5 seconds

Hold BOOT for 3-5 seconds while the IDE connects.

Upload the configuration data

The sketch's data folder holds YAML files describing the board's ESP32 pins and the robot's
properties (base and wheel diameter, wheel spacing, motor type, encoder pulses and more).

1. Press Ctrl+K (Sketch — Show Sketch Folder) and open the data folder.

2. Keep the YAML file for your board and robot and delete the other config*.yaml files. For the
BLD-120MM-PACK (Mini body, BDC-30P board), keep config_mini_bdc_30p.yaml.
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it Home |/ Arduino | kalaal-esp3z / data

) Recent
* Starred confiaaml

i Home config_mini_32e.yam|

) Desktop cenfig_mini_Arduino_Nano.ym|

[® Documents

config_mini_bdc_30p.yaml
L)

& Downloads
config_mini_bdc_38cd.yaml 1.4k Yesterday 1sp32 | Arduino 1.8.18
71 Music |

(=] Pictures config_mini_esp32s3.yaml Help
B Videos config_mini_s3m.yaml

@ Trash 4 faviconpng

+ Other Locations index.html

-30P board
yaml| -

Home

Keep config_mini_bdc_30p.yaml.

3. Rename it to config.yaml.

< st Home Arduino kalaal-esp3z
D Recent el

config_mini bdc_30p.ya
* starred [ e

4} Home
Rename File

jconfig mini bdc 3008E0]
Documents.

S ==

71 Music

) Desktop

(=) Pictures
B videos
1 Trash
+ Other Locations
s ¥
Jpy of the License at

“config_mini_bdc_30p.yaml" selected (1.akg) 12

Rename to config.y

Rename it to config.yaml.

4. Unplug the ESP32 and plug it back in.
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5. Choose Tools — ESP32 Sketch Data Upload and hold BOOT for 3-5 seconds as it connects.

FixEncoding & Reload
Manage Libraries

1.2MB APP/1.5MB SPIFFS)"

Home

_Tools -> ESP32 SketchData Upload

Tools — ESP32 Sketch Data Upload.

6. When it finishes, unplug and replug the ESP32.

SPIFFS UPLOAD FAILS ON UBUNTU

The Ubuntu SPIFFS plugin sometimes builds the image ( [SPIFFS] upload : /tmp/.../kaiaai-
esp32.spiffs.bin ) and then prints SPIFFS Upload failed! without trying the upload. If so,
upload the data once from a Windows PC (Chapter 3), then keep using Ubuntu.

Configure the robot's WiFi

1. Open Tools — Serial Monitor at 115200 baud. You should see the firmware version, SPIFFS
mounted successfully, /config.yaml found; loaded OK and Setting up WiFi KAIA.AI; browse
to http://192.168.4.1.

2. Copy your PC's IP address (note the capital I):

hostname -I
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JdevpttyusBo

E$TASSS$0P0; TSK$BDS ' _SOOTOD#$SOBOTS TS’ ' SO$; 99357 DSOS

llia@ryzen: ~fArduino

WiFi setup ready (top); the PC's IP address (bottom).
I note If it prints several addresses (one may be Docker's), use your home network's, such as
192.168.1.x.

3. Connect your PC to the KAIA.AI WiFi network.

4. Browse to http://192.168.4.1, enter your 2.4 GHz SSID 2.4GHz and WiFi Password, paste your
PC's IP into Local PC IPv4, and click Connect.
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) | ™ Kaia.ai Robot Configurat: x = +

c O & 19216851

#] Kaia.ai Robot Configurator

Network

SSID 2.4GHz

WiFi Password

Local PC IPv4 #

The Kaia.ai Robot Configurator page.

5. Reconnect your PC to your local WiFi.

6. In the Serial Monitor, the robot prints Connecting to WiFi ... ;ifit stays stuck, press EN (reset).
Once connected, it loads /network.yaml, prints the board and LiDAR model, and repeats
Connecting to Micro-ROS agent 192.168.1.139 ... with your PC's IP. That's expected: ROS2 isn't

running yet.
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llia@ryzen: ~/Arduino Q

% WiFi connection succeeds!

The robot joins your WiFi network.

Install Docker Engine

1. Open Docker's Install Docker Engine on Ubuntu page.

2. Under Install using the apt repository, copy step 1 (Set up Docker's apt repository) and run it in
your terminal. Copy it from Docker's page, since they update it.
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Mar 19 16:07

JdevfetyusBo
@ Ubuntu| Docker Docs % | +

08 docker.com

@& dockerdocs  Getstarted  Guides  Monuals  Reference @ search

environments.
B Manuals

e Install using the apt repository

Docker Englne Before you install Docker Engine for the first time on a new host machine, you need to
setup the Docker apt repository. Afterward, you can install and update Docker from
the repository.

install
Ubuntu

Dabian 1. Setup Docker's apt repository.
RHEL

Fedora sudo apt-get update

sudo apt-get install ca-certificates curl

sudo install -m 8755 -d /etc/apt/keyrings

centos sudo curl -fsSL https://download.docker.com/linux/ubuntu/gpg -o /et
sudo chmod a+r /etc/apt/keyrings/docker.asc

Raspberry PI OS (32:b11)

SLES (3350x)
Binaries

atha \ arade Docker after using the convenicn... | NTNTRUNESRTRNIRININ
Postinilnon apk deb [ar dpkg --print-architecture) signed-by=/etc/apt/keyrini ninstall Docker Engine

storage $(. fetc/os-release & echo "§{UBUNTU_CODENAME : - SYERSION_CODENAHE
sudo tee /etc/apt/sources.list.d/docker.list » /dev/null

sudo apt-get update

ps
Networking

Containers

cu 2. Install the Docker packages.
Dagmon Latest  Specific version

MofSn peaumes To install the latest version, run:

Logs and metrics

Security

Copy step 1 from Docker's page.
3. Run step 2 (Install the Docker packages). At the time of the video it was:

sudo apt-get install docker-ce docker-ce-cli containerd.io docker-buildx-plugin docker-com
pose-plugin

ilia@ryzen: ~/Arduino

ca-certificates set to manually installed.
The following NEW packages will be installed:
curl
upgraded, 1 newly installed, ® to remove and ® not upgraded.
eed to get 194 kB of archives.
After this operation, 455 kB of additional disk space will be used.
Do you want to continue? [Y/n]
Get:1 http://us.archive.ubuntu.com/ubuntu jammy-updates/main amd64 curl amd64 7.81.0-1ubuntul.2® [194
Fetched 194 kB in 1s (256 kB/s)
Selecting previously unselected package curl.
(Reading database ... 187500 files and directories currently installed.)
Preparing to unpack .../curl 7.81.8-1ubuntuil.2®_amd64.deb ...
BUnpacking curl (7.81.0-1ubuntul.28) .
Setting up curl (7.81.0-1ubuntul.20)
Processing triggers for man-db (2.10.2-1) ...
Get 1 https: /fdownlodd dccker cum/ltnus}ubuntu ]ammy InReleake [4b 8 LB]

5 kB]

Hit:4 http:,f,'us.archi.ve.ubuntu.com,“ubuntu jai‘nmy InRelease
Hit:5 http://us.archive.ubuntu.com/ubuntu jammy-updates InRe

Reading packagc lists.

S sudo apt-get install docker-ce docker-ce-cli containerd.io docker-buildx-plugin docker-compose-plugin
wriing it nrints a eanfirmatinn mes=ane and eyxite

Installing the Docker packages.

4. Test it; you should see Hello from Docker!:
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sudo docker run hello-world

M~ illa@ryzen: ~/Arduino

Status: Downloaded newer image for hello-world:latest

Hello from Docker!
This message shows that your installation appears to be working correctly.

To generate this message, Docker took the following steps:
. The Docker client contacted the Docker daemon.

Bl 2. The Docker daemon pulled the "hello-world" image from the Docker Hub.
(amd64)

. The Docker daemon created a new container from that image which runs the
executable that produces the output you are currently reading.

. The Docker daemon streamed that output to the Docker client, which sent it
to your terminal.

To try something more ambitious, you can run an Ubuntu container with:
$ docker run -it ubuntu bash

Share images, automate workflows, and more with a free Docker ID:
https://hub.docker.com/

For more examples and ideas, visit:
https://docs.docker.com/get-started/

s

yuse sudo to run Docker commands. Continue to Linux postinstall to

Docker installed.

NOTE
Every docker command here starts with sudo . To drop it, see Docker's Linux post-installation
steps.

Download the robot software image

1. Keep github.com/kaiaai/kaiaai open at Launch ROS2/Kaia.ai (Docker only); its # Ubuntu lines
are the commands below.

2. Pull the image (several gigabytes):

sudo docker pull kaiaai/kaiaai:iron
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github.com,

[ README s Apache-2.0 licanse
« LDROBOT LD14P

» Camsense X1

The entire up-lo-date list of supported LIDAR is here.
Installation Instructions

There are two ways to install ROS2 and Kaia.ai on
(physical PC of virtual machine). Follow the installaiii ia@ryzen: ~fArduino

Watch build, setup and bringup videos

+ Note: these videos are ouldated; updated vide

Launch ROS2/Kaia.ai (Docker only)
The Kaia.ai Docker image contains ROS2 and micry

Open a Windows command shell or Windows Pol
you a bash prompt. Note that your c:\maps will be|
change c:\maps path to a more suilable location,
ore anbitious, you can run an Ubuntu cor

ubuntu bash
# Windows WSL2

docker pull kaiaai/kaiaai:iron
docker run --name makerspet -it -

# Ubuntu

sudo docker run --name makerspet

Get an aditional bash prompt by opening another Windows command shell ol
typing

alaai:iron:

Pulling kaiaai/kaiaai:iron.

Install Terminator
Terminator splits one window into the three or four shells you'll need.

1. Install it:

sudo apt install terminator
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Activities Terminal Mar 19 16:14

Jdevpttyuseo

08 github.com
(I README &3 Apache-2 0 license

« LDROBOT LD14P

» Camsense X1

The entire up-to-date list of supported LIDAR is

Installation Instructions

There are two ways to install ROS2 and Kaia.ai on

(physical PC of virtual machine). Follow the installaiiiia ilia@ryzen: ~fArduino

Watch build, setup and bringup videos souplets

+ Note: these videos are ouldated; updated vid
conplete
omplete

# Windows WSL2
docker pull kaiaaiskaiaai:iron complete
docker run --nas e - 7975 1 comple
omplete
ha256:3dc 44f2e5ba28b60467cabobsdeazcazssdbfdbf

# Ubuntu
Downloaded i kataaifkataat:iron

sudo docker run --name makerspet

Get an aditional bash prompt by opening another Windows command shell ol
typing

inator -

Home

Installing Terminator.

2. Add Terminator to Favorites and launch it.
3. Press Ctrl+Shift+0 (or right-click, Split Horizontally) to split it into two panes.

[ Terminator Mar 19 16:14

JdevpttyusBo

c 08 github.com
(I README &3 Apache-2 0 license

« LDROBOT LD14P

« Camsense X1

The entire up-to-date list of supported LIDAR is here.

Installation Instructions

There are two ways to install ROS2 and Kala.ai on
(physical PC of virtual machine). Follow the installal
Watch build, setup and bringup vic

following NEW packag
terminator

8 upgraded, 1 newly instal

Need to get 372 kB of archi

The Kaia.ai Ds

Open a Windows command shell or Windows Pol slecting pi ously unsel
(Reading databa: . 18852

Preparing to un

change c:\naps path to a more suitable location. IS EESS R ENRSYS

you abash prompt. Note that your c:\maps Wwill be|

# Windows WSL2
docker pull kaiaai/kaiaai:iron
docker run --name makerspet -it

# Ubuntu
sudo docker run

Get an aditional bash prompt by opening another Windows command shell or Windoy
typing

Ctrl+Shift+0 splits the window.
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Launch the robot software

1. In the top pane, start the container (the Ubuntu version of Chapter 3's docker run):

sudo docker run --name makerspet -it --rm -v ~/maps:/root/maps -p 8888:8888/udp -p 4430:44
30/tcp -e DISPLAY -e QT_X11_NO_MITSHM=1 --volume="/tmp/.X11l-unix:/tmp/.X11l-unix:rw" --volu
me="${XAUTHORITY}:/root/.Xauthority" kaiaai/kaiaai:iron

Compared with Windows:

® -v ~/maps:/root/maps stores mapsin ~/maps instead of c:\maps .

®* -p 8888:8888/udp isthe robot's micro-ROS agent port; -p 4430:4430/tcp is the same extra port
as on Windows.

® _e DISPLAY, -e QT_X11_NO_MITSHM=1 andthe /tmp/.X11-unix and ${XAUTHORITY} volumes let
RViz draw on your desktop, so no X server is needed.

2. In the bottom pane, open a second shell in the container:

sudo docker exec -it makerspet bash

root@e61ale7197ec: /ros_ws o =& &

T root@e61aler197ec: /ros ws 126x21

root@e61at1e7197ec: fros_ws 126x21

Both panes at the container prompt, root@...:/ros_ws#.

Bring up the robot

From here on, everything works as in Chapter 3.

1. In the top pane, start the bring-up:
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ros2 launch kaiaai_bringup physical.launch.py

root@eb1ale7197ec: /ros_ws - o ¥

root@e61a1e7197ec: fros_ws 126x21
» INF

root@e61ale7197ec: fros ws 126x21

The micro-ROS agent starts on port 8888.

2. Unplug the USB cable, mount the LiDAR if you removed it, and turn the robot ON.

3. The robot connects, the top pane prints telemetry and the LiDAR spins.

oo o e B
“~ LiDAR starts spinning

The LiDAR spins once the robot connects.

' note Occasional 1 message(s) lost and RESULT_CRC_ERROR lines are lost WiFi packets and
harmless. If they scroll constantly or RViz stalls, see "Frequent CRC errors" in Appendix B.
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4. In the bottom pane, start keyboard teleoperation:

ros2 run kaiaai_teleop teleop_keyboard

w drives forward, x backs up, a and d turn left and right, space stops.

root@eé1ale7197ec: /ros_ws = & o

a2 root@et61ale7197ec: fros ws 126x21

root@e6iale7197ec: fros_ws 126x21

rd

Teleop in the bottom pane.

Visualize the robot

1. Right-click the top pane, choose Split Horizontally, and open another container shell:

sudo docker exec -it makerspet bash

2. Launch the visualization:

ros2 launch kaiaai_bringup monitor_robot.launch.py
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root@e61ale7197ec: fros_ws
rookt@e61ale7197ec: /ros ws 126x9

root@e61ale7197ec: fros_ws 126x9

Three panes: bring-up, monitor and teleop.

3. RViz shows the LiDAR scan and a red heading arrow. Drive from the teleop pane and watch the
scan move.

Activities [l Terminator Mar 19 16:19

fros_ws/instal/maker| }t_mini/share/makgd pet_mini/rviz/monitor_robok.rviz - RVIZ (on e61ale7197ec
o

- 0 oisplays
lobal Options

& Grid

ctell(gizhit), space (stop

BeessKal(lEft), space (stop)

root@e61a1e7197ec: fros_ws

root@e61ale7197ec: fros_ws 126x8

RViz while driving with d, a and space.
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Shut down
1. Close RViz.

2. Press Ctrl+C in each pane.
3. Type exit in the top pane. --rm removes the container and ends the other shells. Close

Terminator.

kaiaai-esp32 | Arduino 1.8.19

Eile Edit Sketch Tools Help

rook@e61ate7197ec: /ros ws 126x6

root@e61ale7197ec: /ros ws 126x13

top shell window |

Ctrl+C in each pane, then exit in the top pane.

Next time, just start the container, run physical.launch.py and turn the robot on. In the following
chapters, use this chapter's sudo docker run wherever they show the Windows one.

MAPPING ON UBUNTU
Maps saved to /root/maps in the container land in ~/maps on your PC. For simulation, drop -p
4430:4430/tcp :

sudo docker run --name makerspet -it --rm -v ~/maps:/root/maps -p 8888:8888/udp -e DISPLAY
-e QT_X11_NO_MITSHM=1 --volume="/tmp/.X11-unix:/tmp/.X11-unix:rw" --volume="${XAUTHORIT

Y}:/root/.Xauthority" kaiaai/kaiaai:iron
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Alternatives

ROS2 without Docker. On Ubuntu 22.04, install ROS2 Iron and the Kaia.ai packages with two scripts
from github.com/kaiaai/install. Run them as your normal user; they ask for your password when
they need sudo:

wget https://raw.githubusercontent.com/kaiaai/install/iron/ubuntu/install_ros2_iron_ubuntu_22_
04.sh

bash install_ros2_iron_ubuntu_22_04.sh
wget https://raw.githubusercontent.com/kaiaai/install/iron/ubuntu/install_kaiaai_iron.sh

bash install_kaiaai_iron.sh

Wherever this chapter runs sudo docker exec -it makerspet bash, open an ordinary terminal
instead.

ROS2 Jazzy. The Jazzy image, kaiaai/kaiaai:jazzy, starts on Linux with start_jazzy.sh:

wget https://raw.githubusercontent.com/kaiaai/install/jazzy/docker/utils/start_jazzy.sh
bash start_jazzy.sh

Without Docker, on Ubuntu 24.04:

wget https://raw.githubusercontent.com/kaiaai/install/jazzy/ubuntu/install_ros2_jazzy_ubuntu_2
4_04.sh

bash install_ros2_jazzy_ubuntu_24_04.sh

wget https://raw.githubusercontent.com/kaiaai/install/jazzy/ubuntu/install_kaiaai_jazzy.sh

bash install_kaiaai_jazzy.sh

JAZZY IMAGE: ADD --IPC=HOST WHENEVER YOU USE --NET=HOST

The Jazzy image passes ROS2 messages through shared memory, and start_jazzy.sh uses --
net=host . In your own docker run with --net=host,add --ipc=host.Without it, ROS2 nodes
outside the container (on your PC or in another --net=host container) see its topics but receive
no messages. Nodes inside the container, and the robot, work either way.

Raspberry Pi and other ARM64 boards. The Docker image is x86-64 only. Install Ubuntu 22.04 on
the Pi and run the two Iron scripts above (or follow the official ROS2 Iron Ubuntu .deb instructions).
For Jazzy, use Ubuntu 24.04 and the two Jazzy scripts.

Ubuntu in a virtual machine on Windows. If WSL2 doesn't work, you can follow this chapter in an
Ubuntu 22.04 VM. I don't recommend it: in my experience the VM makes ROS2 laggy. You can also
upload the firmware from Windows (Chapter 3) and run only ROS2 in the VM.
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Appendix A. Run Ubuntu in a Virtual Machine
on Windows

Video: How to set up Ubuntu 22.04 on a Windows PC - using a virtual machine

USE THIS ONLY IF WSL2 WON'T INSTALL

I don't recommend this approach: in my experience, a virtual machine makes ROS2 laggy. Use
WSL2 if you can.

Here you will create a virtual machine (VM) with VMware Workstation Player, free for personal use,
and install Ubuntu 22.04 in it. Then continue with Chapter 8, running every command inside the
VM. You can keep Arduino IDE on Windows (Chapter 2) instead of installing it in the VM.

You need about 50 GB of free disk space and enough RAM to give the VM at least 4 GB; 16 GB in the
PC is comfortable.

Install VMware Workstation Player

1. Download the VMware Workstation installer for Windows. It's now free for personal,
educational and commercial use, with no license key. The video uses VMware Player 17.6.3.

WHERE TO DOWNLOAD

I've had a good experience downloading it from TechSpot (search for "VMware Workstation
TechSpot"). You can also download it directly from Broadcom, but that needs a Broadcom
account and, in my experience, is a hassle.

2. Run the installer, accept the license agreement and click Next.

3. On Custom Setup, keep the default folder ( C:\Program Files (x86)\VMware\VMware Player\)and
the Add VMware Workstation console tools into system PATH checkbox. Click Next.
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"M VMware Workstation 17 Player Setup

Custom Setup

Select the installation destination and any additional features,

Install to:
C:\Program Files (x86)\WMware\VMware Player)

Add VYMware Workstation console tools into system PATH

Back [ Nett ] Cancel

Custom Setup page.

4. On User Experience Settings, choose your update and Customer Experience options and click
Next.

5. Keep the shortcuts, click Next, then Install.

Download Ubuntu 22.04

1. While VMware installs, search for "Ubuntu 22.04 download" to reach
releases.ubuntu.com/jammy/ (22.04.5 LTS at the time of recording).

2. Under Desktop image, click 64-bit PC (AMD64) desktop image. The .iso is several gigabytes.

171



Run Ubuntu in a Virtual Machine on Windows Build, Program a Self-Driving Robot

ubuntu® releases

Ubuntu 22.04.5 LTS Jammy Jellyfish)

Select an image

Ubuntu is distributed on three types of images described below. By

Desktop image €4-bit PC (AMDS4) desktop image

Choose this if you have a computer based on the AMD&4 or
EMB4T architecture {e.g., Athlon&d, Opteron, EM&4T Xeon, Core

The desktop image allows you to try Ubuntu without changing 2). Choese this iF you are at all unsure

your computer at all, and at your option to install it
permanently later. This type of image is what most people will
want to use. You will need at least 1024MiB of RAM to install
from this image.

SEFVEF install image 64-bit PC (AMD6&4) server install image

Downlege:e4=bitBreskiop fmage

icaTUseT interfac
v

Download the 64-bit desktop image.

TIP
Download 22.04, not the newest release. The robot's ROS2 software is set up for 22.04.

Create the virtual machine

1. Launch VMware Workstation Player and click Create a New Virtual Machine.

2. Select Installer disc image file (iso), click Browse... and pick the Ubuntu .iso.VMware detects
"Ubuntu 64-bit 22.04.5" and will use Easy Install. Click Next.
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New Virtual Machine Wizard

Welcome to the New Virtual Machine Wizard

A virtual machine is like a physical computer; it needs an operating
system. How will you install the guest operating SBtem?

Install from:
Installer disc:

No drives available

© mstaller disc image file (iso):

! C:\Users\ilya\ﬁownluads\uhuntu—22.D4.5—deskt0p-arr v Browse...

[T] Ubuntu 64-bit 22.04.5 detected.
This operating system will use Easy Install. (What's this?)

(T)Twill install the operating system later.

The virtual machine will be created with a blank hard disk.

[ Next = Cancel

Select the downloaded Ubuntu image.

3. Enter your full name, Ubuntu user name and password. Click Next.

New Virtual Machine Wizard

Easy Install Information
This is used to install Ubuntu 64-bit.

Personalize Linux

Full name:  Tia

User name: jlia

Password: eesseees

Confirm:

Help < Back Next > Cancel

Easy Install Information.
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4. Name the VM, for example Ubuntu 22.04, and set Location outside OneDrive, for example
C:\Users\<you>\VM\Ubuntu 22.04 . Click Next.

New Virtual Machine Wizard

Name the Virtual Machine
What name would you like to use for this virtual machine?

Virtual machine name:

Ubuntu 22.04

Location:

CriUsers\ilya\vM\Ubuntu 22.04 Browse...

Name the VM and store it outside OneDrive.

KEEP VM FILES OFF ONEDRIVE
The default location is ...\OneDrive\Documents\Virtual Machines\ . OneDrive would keep
backing up the huge, constantly changing VM files, slowing your PC and network.

5. On Specify Disk Capacity, I set Maximum disk size to 50 GB instead of the recommended 20 GB
and choose Store virtual disk as a single file. The file grows as needed. Click Next.
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New Virtual Machine Wizard

Specify Disk Capacity
How large do you want this disk to be?

The virtual machine's hard disk is stored as one or more files on the host
computer's physical disk. These file(s) start small and become larger as you add
applications, files, and data to your virtual machine.

Maximum disk size (GB): 50.0 =2

Recommended size for Ubuntu 64-bit: 20 GB

o@store virtual disk as a single file
() split virtual disk into multiple files

Splitting the disk makes it easier to move the virtual machine to another
computer but may reduce performance with very large disks.

Cancel

50 GB disk, single file.

6. On Ready to Create Virtual Machine, click Customize Hardware....

7. Set Memory and Processors. My PC has 16 GB and 8 cores, so I give the VM 8 GB (8192 MB) and 4
cores. Use at least 4 GB. Click Close.
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Hardware X
Device Summary Rffosedts il e
[E=2] Memory 8GB Humber of processor cores: | 4 v
B Processors 4
(=) New CD/OVD (SATA)  Using file C:\Users\ilya\Dow... Virtualization engine
7: Network Adapter NAT (T virtualize Intel VT-X/EFT or AMD-V/RV
| 5B Contipller Present [virtualize CPU performance counters
) Sound Card Auto detect
[Ipisplay Auto detect
Add... Remove

8 GB memory and 4 processor cores.

8. Leave Power on this virtual machine after creation checked and click Finish.

New Virtual Machine Wizard

Ready to Create Virtual Machine

Click Finish to create the virtual machine and start installing Ubuntu
64-bit and then VMware Tools.

The virtual machine will be created with the following settings:

Name: Ubuntu 22.04
Location: C:\Usersilya\WM\Ubuntu 22.04
Version: Workstation 17.5 or later

Operating System: Ubuntu &4-bit

Hard Disk: 50 GB

Memuory: 8192 MB

Metwork Adapter:  NAT

Other Devices: 4 CPU cores, CD/DVD, USB Controller, Sound Card

| Customize Hardware... |

B rower on this virtual machine after creation

Summary: 50 GB disk, 8192 MB memory, 4 CPU cores.
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Install Ubuntu in the VM
The VM boots into the Ubuntu installer.

1. Choose your keyboard layout and click Continue.

2. Follow the installer's prompts. Its defaults work; the disk it erases is the VM's virtual disk, not
your Windows drive.

3. When Installation Complete appears, click Restart Now, then log in.

WARNING
If Ubuntu offers to upgrade to 24.04, decline. The robot software in this book needs 22.04.

Remove unneeded hardware and set up networking

1. Shut down the VM: system menu (top right) > Power Off / Log Out > Power Off....

2. If VMware shows a Removable Devices hint, click OK. Each USB device connects either to
Windows or to the VM, not both.

3. In VMware Workstation Player, right-click your Ubuntu 22.84 VM and choose Settings....

'r'ﬂ VMware Workstation 17 Player

Player =

m Power On

Settings...

Rename...

Remove from the Library
Delete from Disk

Virtual Machine Name:

r virtual machine

Open the VM settings.

4. Select and Remove the leftovers from Easy Install: both CD/DVD (SATA) drives (the Ubuntu
.iso and autoinst.iso ) and the Floppy (autoinst.flp).
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Virtual Machine Settings X
Hardware Options
— — Device status
= Memory 868 Connected
“JProcessors 4 (8 connect at power on
[ Hard Disk (SCST) 50 GB
Flnpp Using file autoinst.flp chnpartion
52 Network Adapter NAT () Use physical drive:
=
=] use controlier Fresent i
<) Sound Card Auto detect
[oisplay Auto detect © use fioppy image file:
autoinst.fip
Create... Browse...
[JRead-only
Add... Remove
[ ok Cancel

Remove the CD/DVD drives and the floppy.

5. To make the VM reachable from your local network, select Network Adapter and change
Network connection from NAT to Bridged: Connected directly to the physical network. Keep
Replicate physical network connection state checked.
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Virtual Machine Settings X
Hardware Options
Device Summary Device status
== Memory sce Connected
("} Processars 4 Connect at power on
[\ Hard Disk (SCSI) 50 GB
2 Network Adapter NAT Network connection
[ usB Controller Present © Bridged: Connected directly to the physical netwark
9 Sound Card Auto detect B\ eplcate physical netwrork connection stfe
[Ipisplay Auto detect
', configure Adapters

(C)NAT: Used to share the host's TP address

() Host-only: A private network shared with the host

() custom: Specific virtual network

VMnet0
(O LAN segment:
LAN Segments...  Advanced...
Add... Remove
oK Cancel

Set the network connection to Bridged.

WHY BRIDGED?
With NAT the VM hides behind your PC's IP address. Bridged gives it its own address on

your network, like a separate computer.

6. Click Configure Adapters and check only the physical adapter you use. My PC is on Wi-Fi, so I
keep only Realtek 8822CE Wireless LAN 802.11ac PCI-E NIC. Your names will differ. Click OK.
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Automatic Bridging Settings X

Select the host network adapter(s) you want to
automatically bridge:

[ ] Realtek PCIe GbE Family Controller

[ ] TunnelBear Adapter Vo

B Realtek 8822CE Wireless LAN 802.11ac PCIE NIC
[ ] Microsoft Wi-Fi Direct Virtual Adapter #2

[ Microsoft wi-Fi Direct Virtual Adapter

[ | Bluetooth Device (Personal Area Network)

m Cancel Help

1  ———

Bridge to the Wi-Fi adapter only.

7. Click OK and launch the VM.

Install the robot software and connect USB devices

Continue with Chapter 8 to install Arduino, Docker and ROS2, running every command inside the
VM.

When you plug in a USB device, such as the robot's ESP32 board, VMware asks whether to connect it
to Windows (the host) or to the VM.

= - e - L

New USB Device Detected X

Choose where you would like to connect Silicon CF2102 USB to UART Bridge Controller

© Connect to the host %

f;} Connect to a virtual machine

Virtual Machine Mame
Ubuntu 22.04

[ |Remember my choice and do not ask again

Connect the ESP32's CP2102 USB-to-UART bridge to the host or the VM.

180



Run Ubuntu in a Virtual Machine on Windows Build, Program a Self-Driving Robot

e Connect to the host if Arduino IDE runs on Windows.

® Connect to a virtual machine (Ubuntu 22.04) if Arduino IDE runs in the VM.

Don't check Remember my choice and do not ask again until you're sure.
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Appendix B. Troubleshooting and FAQ

The most common problems, by symptom. The latest version is at makerspet.com/blog/bld-120mm-
pack.

Look for clues in two places:
® The ESP32. Connect it over USB, open the Arduino Serial Monitor at 115200 baud and press EN

(reset). The firmware prints its configuration, connection progress and telemetry (see B.9).
® ROS2. Read the output in the shell where you launched it.

B.1 Where to get help
If this appendix doesn't cover your problem, ask:

® On the support forum: github.com/makerspet/support/discussions.

® On the Maker's Pet Discord server.

Include your Serial Monitor output, full ROS2 output, exact docker run command, system
(Windows with WSL, Ubuntu, a virtual machine) and wiring photos. For navigation problems, add a
screen recording of RViz and the terminal plus a phone video of the robot.

B.2 Power and batteries

Battery connected, but no power
¢ Check the board's ON/OFF switch.

® Check the battery wires are in the correct screw terminals and make good contact. Measure the
voltage at the board's power terminals.

® Check the polarity. Reversed polarity will burn the board.

e Wiggle the batteries in the holder. Measure each battery, and the voltage at the holder
terminals.

® Check the ESP32 power LED lights up with the switch ON.

Can I use 18650 Li-Ion batteries instead of 6xAA?

The BDC-30P board is designed for alkaline batteries and has no on-board protection for
rechargeable cells. If you still use them, the 120 mm base fits a 2-cell 18650 holder:

® Use protected cells in series (short circuit, overcurrent, overcharge, overdischarge and so on).
® Take the cells out to charge them in your own charger.

® The robot draws up to around 3 A continuous and around 5 A peak; typical consumption is
much lower (see Power consumption).
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Mount the rear posts in the outer spare holes of the base, fit the battery-holder backstop behind the
battery with two M3 countersunk screws, and use the wider LiDAR skirt that matches the rear post
positions.

WARNING

Using rechargeable batteries is at your own risk.

TIP
If the 18650 holder hits the LiDAR posts, check the assembly against the 18650 mod photo in
Chapter 1: the rear posts go in the base's outer spare holes.

What battery voltage drives the motors? (Vbat, Vmot, JP2)
The board steps the battery voltage (Vbat) up to the motor voltage (Vmot), with about 2 V of

headroom:

* For 12 VVmot (JP2 closed, the default), Vbat must be about 6-10 V. A 3S LiPo (11.1 V) will not
work reliably; use a 2S pack (about 7.4 V).
* For 24V Vmot (JP2 open), Vbat may be about 6-21 V.

JP2 selects the Vmot output; it does not pass raw battery voltage to the motors.

Power consumption

Measured with a 9 V battery, the ESP32 connected to the ROS2 PC over WiFi (USB unplugged), an
LDROBOT LD14P LiDAR running and two 12 V N20 motors, firmware 0.8.0-iron:

Condition Battery current
Both motors off about 240 mA
Both motors full on, spinning freely about 430-450 mA

B.3 Motors and encoders

A motor doesn't turn, or behaves strangely

Start with the mechanics and wiring:

® Make sure the board's post tab doesn't touch a motor (see the figure). A blocked motor can burn
out.

e Check the switch is ON and the batteries are connected and fresh.

* Double-check the motor connections, the most common issue:
o The motor's connector housing can slide up, off its pins. Press it back down fully.

© Make sure the motor wires go to the correct screw terminals.
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© A screw terminal wire can break off or fail to make contact. Follow Chapter 1 for reliable
connections.

® Check the green LED on each motor. Off means the encoder has no power: check the battery,
switch and cable connections at both ends.

® Keep debris out of the gearbox; it can seize the gears and burn out the motor.

* Don't overtighten the motor screws. Bent plastic (including the base) can catch the gears or the
encoder disk and burn out the motor.

* Gently spin the magnet to turn the motor's core shaft. It should turn freely; if it doesn't, the
motor or its gearbox may be jammed.

* Bent encoder sensors can touch the encoder wheel. Bend them back and check the magnet
spins freely.

The post tab must not touch the motor, as it does here.

Then test: start teleop in ROS2 and press W to turn the motors forward.

A motor does not move at all
® Check for cables blocking the encoder magnet.
® Check that neither motor is mechanically stalled.
® Check that the M1 and M2 wires are firmly connected to the board.
® Check that the batteries are fresh.
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One motor works, the other doesn't

Swap the two motors (see Chapter 1). If the problem follows the motor, the motor or its cable is at
fault; if it stays on the same side, check that side's board connections.

A motor spins at full speed in one direction no matter what you command
Forward, backward and stop all give the same result.

¢ Swap the motor's ENCA and ENCB encoder wires.

® Check that both encoder wires are connected reliably.

A motor spins only at full speed, but does change direction

An encoder wire probably has a bad connection, at the board or at the motor.

Both motors turn at one fixed speed and pressing a key repeatedly doesn't change it

Usually motor wiring. Try swapping M+ and M-, and/or ENCA and ENCB (forum #63).

A motor turns the wrong way but otherwise responds correctly

Swap the motor's ENCA and ENCB wires, then swap its M1 and M2 wires.

A motor turns unevenly
® Check for flaky wire connections.

* With third-party motors (not from Maker's Pet), you may need to tune the motor PID
coefficients in config.yaml.

Motor changes speed abruptly

Check the soldering on the motor's encoder board and resolder any loose components.
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A poorly soldered Hall sensor on the N20 encoder board.

A motor runs at full speed at power-up, before WiFi connects

Some ESP32 motor-driver GPIOs float or go HIGH during boot or reset, spinning a motor at full
speed until the firmware takes control. It's not a wiring fault. Drive those pins LOW with
digitalWrite(pin, LOW); atthe very startof setup() .

My motor won't spin, change speed or stop (external motor driver)

With a separate motor driver board, the firmware PWMs the driver's IN1/IN2 inputs. TB6612FNG,
DRV8871, DRV8833, DRV8835 and L298N all work. Two things are required:

1. Hold the driver's enable pins HIGH, or the motor won't move. On a TB6612FNG, tie PWMA,
PWMB and STBY high; on an L298N, ENA and ENB (with the on-board jumpers or to 5V). Either
wire them high, or add digitalWrite(PWMA, HIGH); (and so on) at the top of setup() .

2. Set the driver type in config.yaml ( IN1_IN2 for these drivers) and map each motor's GPIOs. If a
wheel spins the wrong way or won't stop, swap that motor's inl/in2, or its encoder a/b.

See the TB6612FNG worked example, the schematic below (forum #24) and the configuration file
reference. Pick any GPIOs within the ESP32's limitations (ESP32, ESP32-S3). An L298N wired this
way works with the unmodified firmware and config.yaml (forum #77).
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3 esp32_comboh — Schematic Editor = -] x
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TB6612FNG wiring to a 30-pin ESP32; the GPIO numbers are an example. From forum #24.

Using a BLDC motor with a built-in controller (ESC-type, FG output)

Five-wire "ESC-type" BLDC motors have a built-in driver, so no external ESC is needed. In
config.yaml, set motor.driver.type: PWM_CW and motor.encoder.type: FG,then map each side's FG,
PWM and CW GPIOs.

® FG reports speed only, not direction; direction follows the CW/CCW input.

e The PID needs roughly 1000 PPR. A low-PPR FG signal makes low-speed control twitchy.

WARNING

A BLDC motor's PWM and CW inputs may be pulled up internally to 12 V or 24 V, which will
damage the ESP32. Use a logic-level converter.

Can I use an IMU (BNOO055, MPU6050) instead of wheel encoders?

No. There's no built-in IMU support, and the motor PID needs encoders to control RPM. You can
map and navigate without odometry (an option in navigation.yaml), but not without encoders. IMU
streaming is possible but not trivial: the WiFi/UDP link drops some high-rate IMU packets.

B.4 Arduino IDE: compile and upload
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Compilation fails with "This code runs on ESP32"

aiaai-esp32:16:4: error: #error This code runs on ESP32

#terror This code runs on ESP32

Ao

In file included from /home/ilia/Arduino/kaiaai-esp32/kaiaai-esp32.ino:19:0:
robot_config.h:16:10: fatal error: SPIFFS.h: No such file or directory
#include <SPIFFS.h>

compilation terminated.
exit status 1

#terror This code runs on ESP32

Select your board under Tools — Board — ESP32 Arduino (usually ESP32 Dev Module). If ESP32
Arduino isn't listed, add the Espressif ESP32 board package (Chapters 2 and 8).

Which ESP32 board package version should I use?
Use 2.0.17.

® Not 2.0.15: its HardwareSerial is broken, so the LiDAR returns no data. Use 2.0.16 or newer.

* Not 3.x: it removed ledcAttachPin and ledcSetup, so the firmware won't compile.

"use of deleted function MotorController()" or "ledcAttachPin was not declared"

The Arduino IDE 2.x Library Manager can silently replace the firmware's MotorController and PID
libraries with same-named ones. Copy the firmware's libraries back into your Arduino libraries
folder and rename them (for example MotorController_kaia ).

The sketch's #include lines don't need to change: Arduino finds libraries by their header files, not
their folder names. Alternatively, reinstall the Arduino IDE from scratch and don't install any third-
party libraries; use only the ones bundled with the firmware.

Upload fails with "Failed to connect to ESP32: No serial data received"

The upload stops at Connecting...... :

esptool.py v4.5.3
Serial port COM3
[0 T =T e ot o S

A fatal error occurred: Failed to connect to ESP32: No serial data received.

Retry, and as soon as Connecting... appears, hold the ESP32's BOOT button for 3-5 seconds, then
release it. The same applies to sketch data (SPIFFS) uploads. Some boards don't need BOOT at all.
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Upload fails on Ubuntu: "No module named 'serial™

Traceback (most recent call last):
File "/home/ilia/.arduinol5/packages/esp32/tools/esptool_py/4.5.1/esptool.py", line 31, in <
module>

import esptool

File "/home/ilia/.arduinol5/packages/esp32/tools/esptool_py/4.5.1/esptool/loader.py"”, line 3
0, in <module>
import serial
ModuleNotFoundError: No module named 'serial'
exit status 1

Error compiling for board ESP32 Dev Module.

Install pyserial (Chapter 8):

sudo apt install -y python3-pip
pip3 install pyserial

Arduino IDE doesn't detect the ESP32 COM port
® Make sure the ESP32 is powered and its power LED is on.
® Try another USB cable. Some are charge-only, with no data wires.

* The ESP32's USB-to-serial chip can fail. Try the ESP32 on another PC, and another ESP32 on
yours.

SPIFFS upload fails: "No port specified" or "Could not open COM3"

SPIFFS Filesystem Uploader

Using partition: default
ERROR: No port specified, check IDE menus

Restart the Arduino IDE and retry.
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Uploading SPIFFS filesystem
C:\Users\ilya\AppData\Local\Arduinol5\packages\esp32\tools\esptool_py\4.5.1/esptool.exe --chip
esp32 --port COM3 --baud 921600 --before default_reset --after hard_reset write_flash -z --fla
sh_mode dio --flash_freq 80m --flash_size detect 2686976 C:\Users\ilya\AppData\Local\Temp\tmp-
16336-VVuaX0VTskId-.spiffs.bin

esptool.py v4.5.1

Serial port COM3

A fatal error occurred: Could not open COM3, the port doesn't exist
ERROR: Upload failed, error code: 2

® Close the Serial Monitor, the most common cause; it holds the port.
® Make sure the ESP32 is connected and its USB serial port works.
* Try another PC, or another ESP32.

SPIFFS upload fails: "SPIFFS_write error(-10010)"

SPIFFS_write error(-10010): unknown

error adding file!

A file name in the sketch's data folder is too long. Keep names to 30 characters or less.

SPIFFS upload fails: "This chip is ESP32-S3 not ESP32"

A fatal error occurred: This chip is ESP32-S3 not ESP32. Wrong --chip argument?
SPIFFS Upload failed!

Select the correct board in the Arduino IDE.

The SPIFFS upload command doesn't appear in Arduino IDE 2.x

Arduino IDE 2.x needs a separate SPIFFS upload plugin (Chapter 2): copy everything inside the
plugin's .arduinoIDE folder into C:\Users\<your user name>\.arduinoIDE\plugins\ and restart the
IDE. If the command still doesn't show up, install Arduino IDE 1.8.19 with its SPIFFS plugin
alongside 2.x (forum #87).

SPIFFS upload fails on Ubuntu without a reason

The plugin builds the image, doesn't seem to try uploading, and fails:
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[SPIFFS] upload :
[SPIFFS] address:
[SPIFFS] port
[SPIFFS] speed
[SPIFFS] mode
[SPIFFS] freq

/tmp/arduino_build_928471/kaiaai-esp32.spiffs.bin
2686976

: /dev/ttyUSBO
: 921600

: dio

: 80m

SPIFFS Upload failed!

Upload the sketch data from a Windows PC instead. One builder saw this every time with Arduino
IDE 1.8.19 on Ubuntu 24.04; Arduino IDE 2.x on Windows worked (forum #70).

The Serial Monitor prints garbage
® Set the Serial Monitor to 115200 baud.

® Press the ESP32's EN (reset) button. Garbage often appears right after a firmware upload.

Which ESP32 boards are supported?

ESP32, ESP32-S3 and ESP32-E. Each has a matching config file in the firmware's data folder. The kit's
board uses the default config.yaml.

WARNING

An ESP32-S3 config on a plain ESP32 (or the other way round) can make the board keep booting
into WiFi setup (AP) mode: the configs use a different reset-button GPIO, so the button looks
permanently pressed.

B.5 WiFi and connecting to the ROS2 PC

What the ESP32 activity LED tells you

LED Meaning

Solid on AP mode: the ESP32 runs its own KAIA.AI WiFihotspot for
setup

Slow blinking, once per second Connecting to your WiFi

Very slow blinking, once every 20 Connected to WiFi, connecting to the ROS2 PC

seconds

Fast blinking Connected to the ROS2 PC

How to reset the WiFi configuration

To re-enter your WiFi name and password or your PC's IP address:
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. Power up the ESP32 (USB or bhattery).

. Press the ESP32 reset (EN) button.

. Within one second, press and hold BOOT. The LED blinks very fast.
. Keep holding BOOT until the LED turns solid on.

. Release BOOT. The ESP32 restarts in AP (WiFi configuration) mode.

N U~ W N R

. Connect your phone or PC to the KAIA.AI WiFi, open http://192.168.4.1, enter your settings
and click Connect. Connect saves the settings and restarts the ESP32; there's no Save button.

TIP

While connected to KAIA.AI, you can check what the ESP32 stored at
http://192.168.4.1/network.yaml (WiFi settings) and http://192.168.4.1/config.yaml (board
configuration) (forum #93).

The ESP32 doesn't connect to WiFi
® Check the WiFi name and password you entered.
® Your WiFi must be 2.4 GHz; the ESP32 doesn't support 5 GHz.
® Press the ESP32 reset (EN) button. This often helps if the WiFi is configured correctly.

* Make sure you uploaded the correct config.yaml for your board (see "Which ESP32 boards are
supported?" above).

* Reset the WiFi configuration (above) and enter your settings again.

The ESP32 connects to WiFi, but not to the ROS2 PC
The Serial Monitor keeps printing Connecting to Micro-R0S agent ... without success.
® Make sure the kaiaai/kaiaai:iron container is running and that inside it you launched ros2
launch kaiaai_bringup physical.launch.py.
® Make sure the robot and the PC are on the same local WiFi network.
* Cafe, restaurant and university WiFi often blocks devices from talking to each other ("client
isolation"). Test with a phone hotspot (forum #69).
* Make sure your PC's firewall accepts incoming local connections.
e Try disabling your antivirus. (Avast started blocking these ports in December 2025.)

® Check whether your PC's IP address has changed. If so, reset the WiFi configuration and enter
the new address.

® As alast resort, bind the published ports to your PC's IPv4 address in the docker run command.
This fixed it for a Windows user who could ping the robot (forum #93):

docker run ... -p <PC IPv4 address>:8888:8888/udp -p <PC IPv4 address>:4430:4430/tcp ...
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Frequent CRC errors or "message(s) lost"
Frequent RESULT_CRC_ERROR and N message(s) lost lines in the ROS2 output (and "queue full" stalls
in RViz) almost always mean dropped WiFi packets, not a LiDAR fault.

® Keep the robot and the PC close to the WiFi router.

® Use a dedicated 2.4 GHz network, and avoid heavy WiFi use while the robot runs: video
streaming, large downloads, cloud sync (OneDrive, for example).

® Check that the PC isn't short of CPU or memory, and that the battery isn't low.

* Keep the ESP32's PCB antenna a few centimetres clear of copper and other boards, above and
below, with the antenna/USB end facing outward. Don't sandwich the ESP32 between the LiDAR
and the main board. Prefer a module whose antenna sticks out past the board edge.

e Ifit happens on one robot only, try a known-good ESP32. Some modules transmit poorly (forum
#47).

Micro-ROS errors in the Serial Monitor

rmw_uros_sync_session() error 1

0K

UTC time Thu Jan 1 00:00:06 1970
rclc_node_init_default(pet) error 1
addROSParams() error 1

rclc_executor_spin_some() error 1

rcl_publish(telem_msg) error 300

rclc_executor_spin_some() error 1

Press the ESP32 reset (EN) button.

B.6 Docker and ROS2 on the PC

docker run or docker pull fails: "error during connect"

docker: error during connect: Head "http://%2F%2F.%2Fpipe%2FdockerDesktoplLinuxEngine/_ping": o

pen //./pipe/dockerDesktopLinuxEngine: The system cannot find the file specified.

The Docker engine isn't running. Start Docker Desktop and try again.
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docker run fails: "Ports are not available"

docker: Error response from daemon: Ports are not available: exposing port TCP 0.0.0.0:4430 —
0.0.0.0:0: listen tcp 0.0.0.0:4430: bind: An attempt was made to access a socket in a way forb

idden by its access permissions.
Reboot your Windows PC.

docker run fails: container name "/makerspet" is already in use

docker: Error response from daemon: Conflict. The container name "/makerspet" is already in us
e by container "e86601354246...". You have to remove (or rename) that container to be able to

reuse that name.

A makerspet container is still running from last time. Stop it and run docker run again:

docker container stop makerspet

To avoid this, exit all the container's shells when you finish instead of just closing the PowerShell
window.

RViz or another GUI fails to start: "could not connect to display"

[rviz2-1] gt.gpa.xcb: could not connect to display host.docker.internal:0.0
[rviz2-1] gt.gpa.plugin: Could not load the Qt platform plugin "xcb" in "" even though it was

found.
[ERROR] [rviz2-1]: process has died [pid 76, exit code -6, ...]

On Windows, start the X server before launching any GUI. On Ubuntu, check that you used the
Ubuntu docker run command (Chapter 8), not the Windows one.

I can't get X11 working: view the GUIs over VNC instead

Use VNC (for example, instead of XQuartz on a Mac); TigerVNC and Xfce are in the image. Start the
container and the VNC server, then point a VNC viewer at localhost:5901:

docker run --name makerspet -it --rm -p 8888:8888/udp -p 4430:4430/tcp -p 5901:5901 -e DISPLAY
=:1 kaiaai/kaiaai:iron
# then, inside the container:

vncserver :1 -geometry 1920x1080 -depth 24 -localhost no
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A ROS2 command doesn't exit even after Ctrl-C

From another Bash window in the container, list processes with ps -al and kill the stuck ros2
and python3 processes by PID (here 334 and 272):

root@8ec422ch4258:/ros_ws# ps -al

FS UID PID PPID C PRI NI ADDR SZ WCHAN TTY TIME CMD

4 S 0 272 1 0 89 0 - 107559 - pts/0 00:00:00 ros2

4 S 0 334 1 0 80 0 - 210129 x64_sy pts/2 00:00:01 python3
4 R 0 713 66 0 80 0 - 1871 - pts/1 00:00:00 ps

root@8ec422ch4258:/ros_ws# kill 334
root@8ec422ch4258:/ros_ws# kill 272

Windows WSL2 install fails

Follow Microsoft's WSL installation instructions and WSL troubleshooting page. As a last resort, run
Ubuntu in a virtual machine (Appendix A); ROS2 will be laggy.

How do I keep my changes when I restart the container?

A fresh container from the image loses changes made inside the old one. Commit the running
container to the image; to back it up off your PC, push it to your own Docker Hub repository:

docker container commit makerspet kaiaai/kaiaai:iron
# optional backup to your own Docker Hub repo:
docker tag kaiaai/kaiaai:iron <your-docker-hub-user>/kaiaai:iron

docker push <your-docker-hub-user>/kaiaai:iron

For the Jazzy image, use kaiaai/kaiaai:jazzy.

WARNING
Don't commit or publish an image that contains secrets, such as your WiFi credentials.

Running more than one robot from one PC

Simplest: one Docker container per robot, each with its own --name and host UDP port. Point each
robot's WiFi configuration at its port:

docker run --name makerspetl ... -p 8888:8888/udp ... kaiaai/kaiaai:iron

docker run --name makerspet2 ... -p 8889:8888/udp ... kaiaai/kaiaai:iron
For true topic namespacing, edit the YAML files in /ros_ws/src/makerspet_mini/config (for example

telem.yaml ), Turtlebot3 style. With the Jazzy image, each container gets its own network, sono --
ipc=host is needed.
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Running the ROS2 side on a Raspberry Pi (ARM64)

The Docker image is x86-64 only, so on an ARM64 board such as a Raspberry Pi, install ROS2
natively:

1. Install Ubuntu 22.04 on the Pi.

2. Install ROS2 Iron with install_ros2_iron_ubuntu_22_04.sh (or the official ROS2 Iron Ubuntu
instructions).

3. Install the Kaia.ai add-ons with install_kaiaai_iron.sh.

For ROS2 Jazzy, use Ubuntu 24.04 with install_ros2_jazzy_ubuntu_24_084.sh and
install_kaiaai_jazzy.sh.

NOTE
The kit's robot has no Raspberry Pi on board; the Pi only replaces the PC.

B.7 LiDAR

Check in order: the LiDAR spins, the ESP32 captures its data, the data reaches ROS2.

The LiDAR doesn't spin

The LiDAR should start spinning once the robot connects to the ROS2 PC. If it doesn't:
® Check the LiDAR wiring.
® Check that your model is on the list of supported LiDAR models.

® Make sure the firmware and ROS2 are both configured for your model (see below). Both default
to the LDROBOT LD14P.

Check that the ESP32 captures LiDAR data
With the LiDAR spinning, watch the Serial Monitor telemetry. LIDAR RPM must not be zero:

Telem avg 46 max 52ms, LiDAR RPM 4.75, wheels RPM 0.00 0.00, battery 8.00V, RSSI -61dBm
Telem avg 46 max 52ms, LiDAR RPM 4.75, wheels RPM 0.00 0.00, battery 8.00V, RSSI -62dBm

LiDAR RPM 0.60 means the ESP32 gets no LiDAR data. Check the wiring and the model
configuration.

Telem avg 50 max 51ms, LiDAR RPM 0.00, wheels RPM 0.00 0.00, battery 0.99V, RSSI -59dBm

NOTE
Look-alike models aren't necessarily compatible. A builder with an LDROBOT LD14 (not LD14P)
saw LiDAR RPM 0.00 and no scan in RViz; an LD14P fixed it (forum #62).
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Check that LiDAR data reaches ROS2
Launch RViz:

ros2 launch kaiaai_bringup monitor_robot.launch.py

You should see live LiDAR points. If not, read the ROS2 terminal output:

® Check the printed LiDAR model ( LDS model ... ). Ifitisn't yours, the ROS2 side is misconfigured
(see below).

® Look for CRC errors and "message(s) lost" lines. Unreliable WiFi causes them (B.5), and so can a
wrong LiDAR model in the ROS2 configuration.

® root@ead0b621b9af: fros_ws X + v

| elient_key: @xD7@9E9B1l, publisher_id: 8x081(3), participant_id: @x@ee(1)
[micro_ros_agent-1] info | | create_datawriter

| client_key: OxD7@9E9B1l, datawriter_id: ©x001(5), publisher_id: 0x001(3)
[micro_ros_agent-1] info | | create_replier

| client_key: @xD7@9E9B1l, requester_id: 0x000(7), participant_id: 0x060(1)
[micro_ros_agent-1] info | | ereate_replier

| elient_key: OxD769E9B1l, requester_id: 0x001(7), participant_id: oxee0(1)
[micro_ros_agent-1] info | | ereate_replier

| client_key: ©xD7@9E9Bl, requester_id: ©x082(7), participant_id: @xeee(1)
[micro_ros_agent-1] info | | create_replier

| elient_key: OxD769E9B1l, requester_id: 0x003(7), participant_id: 0x000(1)
[micro_ros_agent-1] info | | ereate_replier

| client_key: OxD709E9Bl, requester_id: ©Ox004(7), participant_id: 0x000(1)
[micro_ros_agent-1] info | | create_replier

| elient_key: @xD7@9E9B1l, requester_id: @x085(7), participant_id: @x0e8(1)
[telem—2] [INFO] [1741511198.835528687] [kaiaai_telemetry_node]: LDS model 3IROBOTIX-DELTA-2G
[telem—2] [INFO] [1741511237.513583037] [kaiaai_telemetry_node]l: 6 message(s) lost
[telem-2] [INFO] [1741511275.624060304] [kaiaai_telemetry_node]l: 1 message(s) lost
[telem—2] [INFO] [1741511361.024667567] [kaiaai_telemetry_node]: 7 message(s) lost
[telem—2] [INFO] [1741511420.627388104] [kaiaai_telemetry_node]: 9 message(s) lost
[telem—2] [INFO] [1741511420.628082250] [kaiaai_telemetry_node]: 14 message(s) lost
[telem—2] [INFO] [1741511420.629325274] [kaiaai_telemetry_node]l: 3 message(s) lost

The expected LiDAR model is printed; "message(s) lost" means dropped WiFi packets. From forum #25.

Using a LiDAR other than the LD14P
Change the model in two places:
1. The firmware. In config.yaml's lidar: section, comment out every model: line except yours,

then upload the sketch data again. At boot, the Serial Monitor should print LIDAR model and
your model.

2. ROS2. In the container, set lidar_model in /ros_ws/src/makerspet_mini/config/telem.yaml (for
example 3IROBOTIX-DELTA-26 ). Commit the container to keep the change (B.6).

(forum #25.) Wiring guides:

® How to Connect YDLIDAR X3, X3PRO, X2, X2L, X4 and SCL to Maker's Pet ESP32 Boards
¢ How to Connect Delta-2A, 2B and 2G LiDAR to Maker's Pet ESP32 Boards
e How-to: Connect Xiaomi $15 LDS02RR LiDAR to ESP32, Arduino
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Delta-2G wired to the BDC-30P LiDAR port. From forum
#25. LDSO2RR LiDAR Pinout

makerspet.com

av s

LDS02RR connector pinout. From forum #45.

TIP
The Delta-2G's TX outputs 5V, not 3.3 V. You can put a resistor (100 Q to 10 kQ) in series with TX
(forum #25).

Cheaper DIY adapter for the LDS02RR

If shipping the official LDS02RR adapter is too expensive, drive the LiDAR motor with a TB6612FNG
wired per the LDS02RR-ADPT-V030 schematic. The connector location is in the product photos (and
the pinout above, from forum #45), so you don't need to open the housing. The adapter's
manufacturing (CAM/CPL) files are no longer released.

Which ESP32 pins for the LiDAR UART? (ESP32-S3, WROVER)
® ESP32-S3: hardware serial port 1 on GPIO17 (TX) and GPIO18 (RX).
e ESP32-WROVER: GPIO16 and GPIO17 are reserved for PSRAM. Move the LiDAR TX/RX to
GPIO32/33.

If the LiDAR shuts off before reaching speed (a motor RPM error), raise scan_rpm_err_thresh to give
it time to spin up.

B.8 Mapping and navigation

Prepare your place first

* Block (with cardboard, for example) objects the LiDAR can't detect: black (non-reflective) and
transparent objects, objects below the laser plane, very thin objects such as fine sparse mesh,
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mirrors and highly reflective objects, and objects lit by near-infrared-rich light (sunlight,
incandescent bulbs).

* The robot can't drive over thick carpet or thresholds higher than about 5 mm (1/5").
® Keep the scene still while mapping; don't open or close doors.
* Declutter, and leave plenty of space between obstacles.

* Block off ramps. Sloped flooring tilts the LiDAR's laser plane and messes up the map.

"Goal Failed" errors
The robot can't find a safe path, usually because obstacles are too close together. It refuses a path
that passes too close to an obstacle, even without touching it.

® Make sure you have a clean map.

* Remove obstacles, and leave plenty of room between the rest.

o B Pee VN 1T )

P Y Ty — [ O —— LT -

A clean map.

A slow PC can also fail navigation. Errors like Transform data too old when converting from odom
to map mean odometry processing took too long. Close heavy programs, or use a faster PC.

Speed, inflation radius (how far the robot keeps from obstacles) and other settings are in
/ros_ws/src/makerspet_mini/config/navigation.yaml in the container (on GitHub). For tuning,
search "ROS2 Nav2 tuning"; if you find better values, please share them on the forum.
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NOTE
If you've changed the robot's size (your own build), update it in the firmware config.yaml, the
URDF and possibly navigation.yaml (forum #60).

The map is skewed or distorted

Map slowly, both driving straight and turning; fast motion makes SLAM skew the map badly. Check
the sensors first with ros2 launch kaiaai_bringup monitor_robot.launch.py, then map by driving
with teleop. Start with a simple room (one central obstacle).

If the map distorts specifically while the robot moves, also check encoder calibration (next).

The map distorts, or the robot drives off the map (encoder calibration)
The real wheel speed probably doesn't match the commanded speed, usually because the encoder

PPR (pulses per revolution) in config.yaml is wrong.

1. Read the live values:

ros2 param get /pet motor.encoder.ppr

Also useful: motor.left.encoder.now, motor.right.encoder.now, motor.left.rpm.now,
motor.right.rpm.now, base.wheel.diameter and base.wheel.track.

2. Count the encoder ticks over one full wheel revolution and divide by 4. The firmware multiplies
the configured PPR by 4 for the quadrature edges, so enter the 1x value.

3. Set the correct PPR and a Max RPM the motor can actually reach, then upload the sketch data
again.

The scan or map slides sideways when the robot drives straight

If the scan or map slides with the robot when driving straight, but turning looks right (and
odometry is calibrated), the LiDAR is mounted rotated relative to its URDF frame. Add the matching
yaw offset to the laser joint's rpy ; for a LiDAR mounted 180 degrees round, add 3.14 rad.

The robot moves too slowly during navigation

The Nav2 controller, not teleop, sets navigation speed. In navigation.yaml, controller_server
section, under FollowPath :

e max_vel_x: top forward speed in m/s (default 0.22), the main one. Raise it gradually, for example
to0 0.30, and set max_speed_xy to the same value.

* max_vel_theta: top turning speed in rad/s (default 1.0).

® acc_lim_x and acc_lim_theta : optionally raise these to reach target speed sooner.
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config/teleop_keyboard.yaml lists the drivetrain limit as max_lin_vel: 0.4 m/s and max_ang_vel:
7.72 rad/s (for the 200 RPM motor, derated to 90%), so keep max_vel_x comfortably below 0.4.
Higher speed leaves the planner less time to react, so raise values in small steps and test.

Restart the navigation launch after editing. To keep the change, commit the container with the tag

of the image you run:

docker container commit makerspet kaiaai/kaiaai:iron
# or, if you run the Jazzy image:

docker container commit makerspet kaiaai/kaiaai:jazzy

The robot makes a knocking sound

If you 3D-printed the parts, set Seam Position to Random in your slicer for the caster wheel, or the
seam can make it knock. Do the same for the wheels, or the robot may wobble slightly (Appendix D).

B.9 Reference Serial Monitor output

Healthy boot: connected to WiFi and the ROS2 PC
A working robot after a reset (boot ROM lines left out):
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Kaia.ai firmware version 0.8.0-iron

ESP IDF version v4.4.7-dirty

SPIFFS mounted successfully

/network.yaml found; loaded OK

/config.yaml found; loaded OK

To enter web config push-and-release EN, then push-and-hold BOOT within 1 sec
Board model BDC-30P, version v1.1.0, manufacturer makerspet.com
LIDAR model LDROBOT LD14P

LIDAR RX buffer size 1024, baud rate 230400

Battery ADC attenuation 7.00, voltage 0.99V

Motor driver type IN1_IN2; motor encoder type AB_QUAD

Motor Max RPM 180.00; encoder PPR 1035.00 TPR 4140.00

Connecting to WiFi NETGEAR48 ... connected, IP 192.168.1.5
Connecting to Micro-ROS agent 192.168.1.113 ... success
Syncing time ... OK

UTC time Tue Feb 11 23:02:53 2025

micro-R0OS client key 0xDD9181CC; RO0S2 node /pet
Micro-R0S initialized

LiDAR info Model: LDROBOT LD14P

startLIDAR() result: OK

Telem avg 106 max 5667ms, LiDAR RPM 0.00, wheels RPM 0.00 0.00, battery 0.99V, RSSI -59dBm
Telem avg 50 max 51ms, LiDAR RPM 0.00, wheels RPM 0.00 0.00, battery 0.99V, RSSI -59dBm

This was captured on USB power with the battery off, hence about 1 V and zero LiDAR RPM. With
the battery on, expect your battery voltage and a non-zero LiDAR RPM (B.7).

Where it stops tells you where to look:

® Stopsat Setting up WiFi KAIA.AI; browse to http://192.168.4.1:WiFisetup mode. Connectto
KAIA.AI and configure it (B.5).
® Repeats Connecting to WiFi ... :see "The ESP32 doesn't connect to WiFi" (B.5).

® Repeats Connecting to Micro-ROS agent ... :see"The ESP32 connects to WiFi, but not to the
ROS2 PC" (B.5).

Firmware uploaded, but no sketch data
The kit's ESP32-E prints:
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Kaia.ai firmware version 0.8.0-iron

ESP IDF version v4.4.7-dirty

SPIFFS mounted successfully

Sketch data not found. Please upload sketch data.

Upload the sketch data (Chapter 3).
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Appendix C. Quick Reference

Start the robot software
Windows (PowerShell). Start Docker Desktop and the X server (XLaunch, display number 0) first.

docker run --name makerspet -it --rm -v c:\maps:/root/maps -p 8888:8888/udp -p 4430:4430/tcp -
e DISPLAY=host.docker.internal:0.0 -e LIBGL_ALWAYS_INDIRECT=0 kaiaai/kaiaai:iron

Ubuntu (terminal).

sudo docker run --name makerspet -it --rm -v ~/maps:/root/maps -p 8888:8888/udp -p 4430:4430/t
cp -e DISPLAY -e QT_X11_NO_MITSHM=1 --volume="/tmp/.X11l-unix:/tmp/.X11l-unix:rw" --volume="${XA
UTHORITY}:/root/.Xauthority" kaiaai/kaiaai:iron

Open another shell in the running container (on Ubuntu, prefix with sudo ):

docker exec -it makerspet bash

Stop a container that is still running (e.g. after closing a window without exit):

docker container stop makerspet

Keep changes you made inside the container:

docker container commit makerspet kaiaai/kaiaai:iron

204



Quick Reference

ROS 2 commands (inside the container)

Build, Program a Self-Driving Robot

Task Command

Connect to the physical ros2 launch kaiaai_bringup physical.launch.py
robot

Drive with the keyboard ros2 run kaiaai_teleop teleop_keyboard

View the LiDAR scan in
RViz

Map while driving (SLAM
+ Nav2)

Explore automatically

Save the map

Navigate on a saved map
Start the simulation
(Gazebo)

Map in simulation

Read a robot parameter

ros2 launch kaiaai_bringup monitor_robot.launch.py

ros2 launch kaiaai_bringup navigation.launch.py slam:=True

ros2 launch explore_lite explore.launch.py

ros2 run nav2_map_server map_saver_cli -f ~/maps/map --ros-args -p

save_map_timeout:=60.0

ros2 launch kaiaai_bringup navigation.launch.py

map:=$HOME/maps/map.yaml

ros2 launch kaiaai_gazebo world.launch.py

ros2 launch kaiaai_bringup navigation.launch.py use_sim_time:=true

slam:=True

ros2 param get /pet motor.encoder.ppr

More commands are in the command cheat sheets at github.com/kaiaai/kaiaai; the container prints

this link when it starts.

Teleop keys
Key Action
w/ x Increase / decrease forward speed (keep pressing x to reverse)
a/d Turn left / right faster
s Stop turning, keep going straight
Space Stop
Ctri-C Quit
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ESP32 activity LED
LED Meaning
Solid on WiFi configuration (AP) mode: connect to the KAIA.AI network and

browse to http://192.168.4.1
Slow blink, once per second  Connecting to WiFi

Very slow blink, once per 20  Connected to WiFi, connecting to the ROS 2 PC
seconds

Fast blink Connected to the ROS 2 PC
Reset the WiFi settings: press and release the ESP32 reset (EN) button, then within one second press

and hold BOOT until the LED turns solid on. Release BOOT; the ESP32 restarts in WiFi configuration
mode.

Versions used in this book

Item Version

Arduino IDE 1.8.19 (recommended) or 2.x

ESP32 board package (esp32 by 2.0.17; avoid 2.0.15 and 3.x

Espressif)

Robot firmware Kaia.ai 0.8.x ( -iron)

ROS 2 Iron, Docker image kaiaai/kaiaai:iron (Jazzy:

kaiaai/kaiaai:jazzy)

PC operating system Windows 10/11 with WSL2, or Ubuntu 22.04

Links

Instructions and help

® Video course playlist: youtube.com/playlist?list=PLOSXKDW70aR8uA1IFahSKVuk50DDfjTZV
® Up-to-date build guide and FAQ: makerspet.com/blog/bld-120mm-pack

¢ Simulation tutorial: makerspet.com/blog/tutorial-map-navigate-ros2-robot-in-simulation

e Support forum: github.com/makerspet/support/discussions

® Discord: discord.gg/3y2JKz5T25

Software and configuration

® Robot firmware: github.com/kaiaai/firmware

® ROS 2 packages and command cheat sheets: github.com/kaiaai/kaiaai
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* Robot model, navigation and teleop settings: github.com/makerspet/makerspet_mini
¢ Default config.yaml (BDC-30P): github.com/kaiaai/firmware/.../data/config.yaml
® Configuration file reference: blog.kaia.ai/kaiaai-configuration-file

® Native install scripts (no Docker): github.com/kaiaai/install
Other LiDARs

e YDLIDAR X3, X3PRO, X2, X2L, X4 and SCL
® Delta-2A, 2B and 2G
® Xiaomi LDS02RR

3D printing

Print files and the Fusion 360 model: the "Download Files for 3D Printing" section of
makerspet.com/blog/bld-120mm-pack. See Appendix D.
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Appendix D. 3D Print the Robot Parts

The robot's plastic parts are open source. If you have a 3D printer, you can print them instead of
buying them. The electronics, motors and hardware still come from the build pack or your own
sources.

Get the files

Download the files from the "Download Files for 3D Printing" section of the build guide at
makerspet.com/blog/bld-120mm-pack. That page always has the latest versions:

* 3MF files for the base, LiDAR skirts, LiDAR posts, board posts, caster roller, caster mounts and
the 2S battery holder backstop

* 3MF files for the wheels

® 3MTF files for the motor clamps

¢ The full Autodesk Fusion 360 model ( .f3d ), if you want to modify the design

The base takes the Maker's Pet ESP32-E dev kit module.

Filament

Print the parts in PETG. PLA works too, but it softens at a much lower temperature: a PLA robot left
in the sun, or in a hot car, can warp or melt.

Slicer settings

Set Seam Position to Random in your slicer for the caster roller and the wheels. With an aligned
seam, the caster roller knocks rhythmically as it rolls and the wheels make the robot wobble
slightly.

Parts you don't print

From the build pack list in Chapter 1, these aren't printed:

* BDC-30P driver board and Maker's Pet ESP32-E 30-pin dev kit module
e LDROBOT LD14P LiDAR and its breakout cable

* Two N20 gear motors with encoders, and two motor cables

e Two tires and the roller's metal shaft

® Battery case for 6 AA batteries

e M3 screws: countersunk and hex button
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Optional: 18650 battery holder mod

The 2x18650 mod uses two printed parts from the same file set: the battery holder backstop and the
wider LiDAR skirt. Chapter 1 shows how to assemble it, with the safety warnings for rechargeable

cells.
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