Chapter 1: Introduction to Robotics
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Chapter 2: Exploring Robot Building Blocks — Code and
Electronics




1. The Chassis

This is the robot's I 2. Castor Wheel

body.

Used for balance.
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g
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6. The Controller

The Raspberry Pi, the
brain of this robot.

Az

8. Sensors (such as the
camera)

9. Debug
Measure distance, speech,
and so on to help the robot
react to stimuli.

Lights to indicate
specific problems.
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Exploring the Raspberry Pi

Chapter 3
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Download for macOS

Download for Windows

Download for Ubuntu for x86

To install on Raspberry Pi 0S, type
sudo apt install rpi-imager
in a Terminal window.

Operating System

CHOOSE OS

Raspberry Pi OS (other)
Other Raspberry Pi OS based images
I , : LibreELEC

Raspberry Pi OS Lite (32-bit)

A port of Debian with no desktop environment
Released: 2020-08-20
Online - 0.4 GB download

| Raspberry Pi OS Full (32-bit)

SD Card

CHOOSE SD CARD




‘P Generic STORAGE DEVICE Media-7.9 GB

Mounted as /Volumes/boot




Chapter 4: Preparing a Headless Raspberry Pi for a Robot
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(-fi sl

Keyboard, mouse
and monitor

Dmactly attached to

Using WiFi to instruct
the Raspberry Pi from l
laptop or phone

£,

No tether, suitable
for mobile robots




Category:

~ISession Basic options for your PuTTY session
~ Logging : i
2 Terminal Specify the destination you want to connect to
Keyboard Host Name (or IP address) Port
Bell ‘raspbenypuoca” H22 ‘
-Features )
S\Window Connection type:
- Appearance O Raw OTelnet O Rlogin (® SsH O serial
Behawo.ur Load, save or delete a stored session
-~ Translation
Selection Saved Sessions
~Colours ‘
-IConnection :
Data Default Settings ~ Load
armbot
Proxy
Telnet esp-mode Save
N ; orionrobots-ap
~Riogin orionrobots_host
+SSH orionscrollpi e
-Serial skittlebot N

Close window on exit:
O Always (O Never ® Only on clean exit

f) pi@raspberrypi: ~

rd:
8:51 BST 2 armv’/l

an GNU/Linux s em are free software;

)rogram are
right.

with ABSOLUTELY NO WARRANTY, to the extent
:37 2018 from £
efault d for the

- plea as the '

berrypi:




ﬁ pi@raspberrypi: ~ - O X
Raspberry Pi 3 Model B Plus Rev 1.3

Raspberry Pi Software Configuration Tool (raspi-config)

1 Change User Password Change password for the current u
2 Network Options Configure network settings
3 Boot Options Configure options for start-up
4 Localisation Options Set up language and regional sett
5 Interfacing Options Configure connections to peripher
6 Overclock Configure overclocking for your P
1 Advanced Options Configure advanced settings
8 Update Update this tool to the latest ve
9 About raspi-config Information about this configurat
<Select> <Finish>
% pi@raspberrypi: ~ - O X

Raspberry Pi 3 Model B Plus Rev 1.3

Raspberry Pi Software Configuration Tool (raspi-config)
1 Change User Password Change password for the current u
2 Network Options Configure network settings
3 Boot Options Configure options for start-up
4 Localisation Options Set up language and regional sett
5 Interfacing Options Configure connections to peripher
6 Overclock Configure overclocking for your P
7 Advanced Options Configure advanced settings
8 Update Update this tool to the latest wve
9 About raspi-config Information about this configurat

<Select> <Finish>




f pi@raspberrypi: ~ - a X

Raspberry Pi Software Configuration Tool (raspi-config)

Set the visible name for tt

N2 Wi-fi Enter SSID and passphrase
N3 Network interface names Enable/Disable predictable networ
<Select> <Back>

f pi@raspberrypi: ~ — a X

Raspberry Pi Software Configuration Tool (raspi-config)

1 Change User - Change ¢ yrd for the current u
2 Network Options Configure network settings

3 Boot Options Configure options for start-up

4 Localisation Options Set up language and regional sett
5 Interfacing Options Configure connections to peripher
6 Overclock Configure overclocking for your P
7 Advanced Options Configure advanced settings

8 Update Update this tool to the latest wve
9 About raspi-config Information about this configurat

<Select> <Finish>




f pi@raspberrypi: ~ - | X
Raspberry Pi 3 Model B Plus Rev 1.3 ~

Raspberry Pi Software Configuration Tool (raspi-config)

1 Chang - Chang urrent u
2 Network Options Configure network settings

3 Boot Options Configure options for start-up

4 Localisation Options Set up language and regional sett
5 Interfacing Options Configure connections to peripher
6 Overclock Configure overclocking for your P
7 Advanced Options Configure advanced settings

8 Update Update this tool to the latest ve
9 About raspi-config Information about this configurat

<Select>

@ pi@raspberrypi: ~ — O X

Would you like to reboot now?

PuTTY Fatal Error X

@ Server unexpectedly closed network connection

OK




Specify the destination you want to connect to

Host Name (or IP address) Port
22

myrobot.local\

Connection type:
ORaw OTelnet ORIlogin @ssSH O Serial

g’ pi@myrobot: ~

login pi

$ ~d:
34-v7+ #1110 SMP Mon Apr 16

with the Debic software;

an GNU/Linux
.
from fe80::28

Mounted on
dev/shm

/run
/run/lock

/run/user/1000

pilmyrobot:



Chapter 5: Backing Up the Code with Git and SD Card Copies

[Hrilezilla - O X ‘
File Edit View Transfer Server Bookmarks Help

T e ORO KL, FAas

Host: @://myrobot.loca USername: Password: 0@0 Port: @ckconnect Eﬂ

g e 4o U o
Status: irectory listing of "/home/pi’ successful |
Status: isconnected from server

el V¥

\Dropbo
chapter3
+ chapter4
chapter5 v
< >
Filename File... Filet  Lastm... Filename Fil... File... Last ... Per... Ow...

. Not connected to any server
4 hello.py 29 Pyth... 14/06...

file. Total size: 29rytes ’onnected.
Find your hello.py
lﬂ%Fﬂ?ﬁ..’?er&.. emote file  Size Pr... Status ) o

This shows FileZilla

is not connected
yet.

VQueued files Failed transfers Successful transfers
@ Queue: empty oo

sftp://pi@myrobot.local - FileZilla - a X
File Edit View Transfer Server Bookmarks Help

T TeORO KL TA2e

Host: Username: Password: Port: Quickconnect B

A v
praary

Status:  Listing directory /home/pi
Status:  Directory listing of "/home/pi" successful

Local site:lnny\D(opbox\2018-robotics-foundation\chapterS\my_robot _project\ ~ |Remote site: /home/pi v
= chapter5 SERZ
my_robot_project = ? home
chapter6 pi
robot book x "4
Filename File... Filetype Last modlified Filename Filesize Filetype Last modified Permis... Ow...
{
4 hello.py 32 Python Soysce File..15/06/2018.08:51:33 .bash_history 408 BASH_... 14/06/2018... -rw---.. pipi
The Remote site panel 4 hello.py 29 Python... 14/06/2018 ... -rw-r-- pipi
W profile 675 PROFIL... 18/04/2018 ... -rw-r—- pi pi
4 bashrc 3,523 Bash R... 18/04/2018 .. -rw-r-- pipi
4 .bash_logout 220 Bash L.. 18/04/2018.. -rw-r-- pipi
1 file. Total size: 32 bytes 5 files. Total size: 4,855 bytes

Server/Loc... D... Remote file  Size Pr... Status

Queued files Failed transfers Successful transfers
DO queue: empty o5




Filename File... Filet Lastm... I

Remote site: /home/pi

. =8/
9 heII 29 Pyth... 14/06.. = ? home |2' g e |

) to here.
1. Click hello.py. I P! |
Selected 1 file. Total size: 29 bytes e v —
Filename Fil... File... Last... Per... Ow...
Server/Loc... D.. Remote file  Size Pr.}queued 3
! sftp://pi... i e T helld.py 29 Pyt... 14/0.. -rw...
J— S . e
____C\Use.. -- /home/pi/.. 29 N... Connect B profile 675 PR... 18/0.. -rw... pi pi
Queued files (1) Failed transfers Successful transfers Selected 1 file. Total size: 29 bytes
%2 Win32 Disk Imager - 1.0 — O X
Image File Device
| e -
Hash [
Click here to Select the
CR select where to device to
5 th L image from.
Progress
Cancel Read Write Verify Only Exit
Done.
%2 Select a disk image
e v N « Downloads > robot_backups v O Search robot_backups
Organize ~ New folder B«
B6P5 n Name Date modified
i";aggéktop
lick Open to confirm o search.
1“2 Docume

his target.

# Downloads

A Miicir ¥ <

File name: (my):bot.img ™ l Disk Inlages (*.img *.IMG) v

Ope Cancel

p—




Image File Device sh

b/Downloads/robot_backupé/myrobot.img| &3 [[D:\]  ~ J1
Image progress
r

— bPSead Only Allocaied potitions | Estimated time

Selected image I Progress remaining

should show here
[ e () | 51%
Click read to start
making the image. Cancel Read Write Verify Only Exit

Cancel Read Write Verify Only Exit 16.5531MB/s 07;46'” 512

® Disk Utility
M v a9 2 9 S

View First Aid Erase Restore Unmount

Internal

\=) Macintos...

boot 45 MB

External

Q boot

Mount Point: /Volumes/boot Type: USB External Physical Volume
Capacity: 45 MB Owners: Disabled
Available: 21.7 MB (Zero KB purgeable) Connection: uUsSB

Used: 23.3 MB Device: disk2s1

v
Hide Sidebar

Show Only Volumes
'« Show All Devices




Internal

B Generic STORAGE DEVICE M...

External

w [ Generic STORAGE DEVICE Media

Q boot A

boot

Location: External
Connection: USB

Partition Map: Master Boot Record

SMART status: Not Supported

File Edit

New Image
Open Disk Image...
Close

Images

Window Help
Blank Image...

Image from Folder...

Image from “Generic STORAGE DEVICE Media"

disk2s2

Capacity:
Child count:
Type:

Device:

View
>
AW {0)
BW

15.93 GB

2




Save As: Generic STORAGE DEVICE Media
Tags:

Where: = Documents

Format: = DVD/CD master

Encryption: = none

Cancel

Generic
STORA...edia.cdr

sd_backup.iso

Are you sure you want to change the
extension from “.cdr” to ".iso"?

If you make this change, your document may open in a
different application.

Keep .cdr Use .iso




Chapter 6: Building Robot Basics — Wheels, Power, and Wiring







An L298N PiZ Moto PiCon Zero Full Function
Stepper Hat
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Product details

Colour Name: Black

Product Dimensions: 9.7 x8x2.2cm ; 240 g

Boxed-product Weight: 281 g

Delivery information: We cannot deliver certain products outside mainland UK
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Chapter 7: Drive and Turn — Moving Motors with Python

Software Configuration Toc r g 3 “onfiguration Tool (raspi-config)
Change User Password Change password for the current u Pl Camera Enable/Disable connection to the
Network Options Configurs network settings P2 SSH Enable/Disable remote command lin

-

Boot Options Configure options for P3 WNC Enable/Disable graphical remote a
Set up language and P4 SPI Enable/Disable automatic loadi i
6 Overclock Configure overclocking for your P P6 Serial Enable/Disable shell and kernel m
7 Advanced Configure advanced settings P7 1-Wire Enable/Disable one-wire interface
8 Update Update this tool te the latest ve P8 Remote GPIO Enable/Disable remote access to G
9 About raspi-config Information about this configurat
<select> <Finish> <Select> <Back>

Raspberry Pi Software Configuration Tool (raspi-config)
wWould you like the ARM I2C interface to be enabled?
Pl Camera Enable/Disable connection to the
P2 SSH Enable/Disable remote command lin
B3 VNC Enable/Disable graphical remote a
paser  Enable/Disable autcmatic loading |
PS 12C Enable/Disable automatic loading
P6 Serial Enable/Disable shell and kernel m
P7 1-Wire Enable/Disable one-wire interface
P8 Remote GPIO Enable/Disable remote access to G
<select> <Back>

The SPI interface is enabled Would you like to reboot now?

[®)

Rack and Pinion

~

Wagon Steering

S
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Chapter 8: Programming Distance Sensors with Python

1. Pulse Fired - "Ping" 2. Pulse Reflected - "Pong"
A pulse of light or sound is A pulse of light or sound is
fired from the sensor. reflected.

* I

—]
—]

3. Time Calculated 4. Distance Calculated

The time for the pulse to go Using the speed of light, or
out and return will vary sound with the return time,
based on the distance. gives a distance.




5.0

Logie high for Sv deviess.
Logic threshold for Sv

_________________ === === = === m========= === GOk
i ’ ] | Will damage 3.3v devices.
33
____________________________________________ - Loglec high for 3.3v. May be
ﬁ, 3 33 | | l:::hw%nr :: dev Inﬂ.'
=
- ) D . A .| Logic threshold For 3.3w.
2 18
1 { |3
................. D= = = o = s m m mm mw w o=== Evierything below i low.
0
0
Lagie 0 Cloar logie 1 Ursziar Vague lagie 1 This will destroy the Pi
Raspberry Pi
GPIO
(©
ONCHONONCHONCHONONCHONONONONCHONONONG)
| @OOOO ONONONONONONS) (ONONON)
< 17)27) (5)(6)
m o
< [%]
3.3V Line
5Vline
. ™ T Iu\ . Iu\
/gnd / )
O - G
distance Zecho ( '— Level T~
sensor O /g Z L shifter |
oL
7 vee [ I
7/ gnd / 9 |
Right e [
distance 7echo/ ( '— Level
sensor :/ trig Z r L shifter
7 vee y:
Ground Line




1. Forward Single Sensor 2. Two Sensors

Robot can avoid the wall in Robot can avoid front and
front. left wall.

-
-~

Left Right
Wheel <——=  Motor Hat =——=> Wheel
Motor Motor

/ Raspberry Pi N

Left Right
Ultrasonic Ultrasonic
Sensor Sensor




(=




}

-
-
-
-
L]
=
-
-
-
=
=
-
-
a
=
2
=
=
=
=
=
"
-
-
-
-

A EsaEEEEsIEEEEEIEEEEREEAEREEEENES D

a0




(Neoes sesee vsod

—0 g,

\\\A
_
HEe
23 ,
Hoi 1

= +

(w)

(v

Nl

iz Cano

oz oz

91 Del
nzo@,.\,._u_mp

y

a@ Qo
ano © s
1O Do
L© COano
8 OuN1s
sz 6 0SIN
ano © oL ISOW
vz O Oagg
g O
ano & ¢z
8L L
xy© ) ano
x1O O
ano © ©1s
As O vas

r -
§

A €€




Raspberry Pi
GPIO

‘©

CO0O@O00O00O0OO0O0OO0OO0OO0OO0OOOOOO0O0

p

@OOOO%&OOOOOOO OOOO
7)27

(516
& o)
@ =
= o

3.3V Line

F
/'gnd 4 9
Left
Distance
Sensor

. 1
"J

/echo 4 L

/ tiig /4 I T

Right
Distance
Sensor

1]
o
=
o
. ¥
"J

QOO

Ground Line

Raspberry Pi GPIO
/©“§=.~z=3na§n“.!=5=“

Y iy 1A I
& IR\

|oo---o.----c-o-- l
R R R
. |oan--.--a---o--- l I

R N A A
R I I N A

D
N I

I I I I A Y
D I I I I I I AR
R I A A
s se s sesee . . “ s e s s eae




Time
in microseconds

Time

in microseconds p

Signal on the trigger pin

Pulse should be
at least 10
microseconds

10 20 30 40 50 60 70 &0 a0 100 110

Response on the echo pin

The length of the
return pulse
signals the sound
travel time

120

130

140
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Get distances. [+

l

Left closer
than 20 cm?

Left motor Left motor
forward. back.

Right closer
than 20cm?

Right motor Right motor
forward. back.

Wait a short time.




Chapter 9: Programming RGB Strips in Python

2. Strips and Tapes

Great for decorating, s
the meter. A little b
) 4 robot, and pricy
1. An LED 8 Stick 5 C i only need a fe

These usually have WS2812,
APA102C, or sk9822 LEDs. They will
need some supporting circuits.

4. 8x8 Matrix

Fun, but too big for
our robot. Will need
extra electronics.

This is easy to u a
for a Raspberry Pi.

It does not require any addtiona
parts to link to the Pi.

1/5
3/5
4/5
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Chapter 10: Using Python to Control Servo Motors

with 3 joints.

6 legs, each
18 Servos!

TankBot
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4 Period ————»
_Oﬁ >
time
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Chapter 11: Programming Encoders with Python
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Chapter 12: IMU Programming with Python
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Chapter 13: Robot Vision — Using a Pi Camera and OpenCV
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convert to OpenCV

process a frame

Y

Y

join with original
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browser
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Chapter 14: Line-Following with a Camera in Python
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Chapter 15: Voice Communication with a Robot Using Mycroft
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Chapter 16: Diving Deeper with the IMU
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Chapter 17: Controlling the Robot with a Phone and Python
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Chapter 18: Taking Your Robot Programming Skills Further
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Chapter 19: Planning Your Next Robot Project — Putting It All
Together
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