Chapter 1: Planning a Robot with Raspberry Pi Pico
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Raspberry Pi Pico, L°USZ;‘:” H'%hs:;:’er Raspberry Pi,
Arduino 10-100ma 00 mA 34 Beaglebone black
Simple Software Complex Software I
Tiny Memory & Your code + Your code + interpreter + OS Large Memory &
Storage interpreter Storage
RAM: 2- 320 Kb RAM: 512Mb - 8Gb
Flash: 32 Kb - 4 Mb SD: 4-64 Gb

Low Cost High Cost
£3.60 - £20 £5-£200

Direct IO Control
Few software layers

Indirect 1O Control
Many software layers

Low Speed High Speed
4-200 Mhz 7-1.5Ghz
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Chapter 2: Preparing Raspberry Pi Pico

® 0 Select Mode
Please select the desired mode then click "OK".Otherwise,click "Cancel".

BBC micro:bit
Write MicroP ython for the BBC micro:bit.

CircuitPython

Write code for boards running CircuitPython.
ESP MicroPython

Write MicroP ython on ESP8266/ESP32 boards.

Lego MicroPython
Write MicroP ython directly on Lego Spike devices.

m Pyboard MicroPython
Use MicroP ython on the Pyboard line of boards Av4

Change mode at any time by clicking the "Mode" button containing Mu's logo.

Cancel  OK

0

r + L&) (=
Mode New Load Save Serial

\

Auto-reload is on. Simply save files over USB to run them or enter REPL to disable.

CircuitPython REPL

Press any key to enter the REPL. Use CTRL-D to reload.

v

Adafruit CircuitPython 6.3.0 on 2021-06-01; Raspberry Pi Pico with rp2040
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Chapter 3: Designing a Robot Chassis in FreeCAD

FreeCAD 0.20
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Combo View
[ Model JRETY
Labels & Attributes | Description
Application
| Property | Value
View
[x15] Report view

)

Python console

ype 'help’, ‘copyright’, ‘credits’ or 'license’ for more inforr
»=> Gui runCommand *Std_Waorkbench', 21)

>>> ru‘ runCommand ‘Std_ViewStatusBar’, 1) @
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g The following warkbenches are available in your installation:
k Warkbench Autoload
B8 Assembiy 3 Load now
@ Assembly 4 Load now
o oratt Load now
| Drawing Load now
iy FEM Load now
& ciicer

Click here to load workbenches

@ Raytraciog
£ Reverse Engineering Load now
=, Robot Load now
[ Skatcher Load now
E= Spreadshest Load now
o Start Loaded
W Surface Load now
[E2) Techbraw Load now
7 Test framawork Load now
@ wep Load now
Help Reset Apply cancel  (IECHD
L ] Preferences
K 30 View
A | )
General =
™ Sepsbywm  8C Navigation cube Comer | Topright 8
= 2 Rotata fo nescest Should be enabled
Displa Cube size 132/
L) it
=
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m Orbit style Trackball 2]
import-Export Rotsslon micde Oragatcursor @)
» Default camera orientation Trimetric ]
Stant e dooument sowe. N 10000mm %
mode
@ 9 Zoom at cursor Should be Gesture Zoom step 020 &
Part design @ invert zoom
@ )
Sketcher

TechDraw

coce T

Help

To preserve resources, FreeCAD does not load workbenches until they are used. Leading them may
praferances functionality.

provide access to additional

The following workbenches are available in your installation:
‘Workbench

S Arch

8 Assembly 3

@ Assombly 4

& Drant

| Drawing

iy FEM

& clider

@ image Tick and apply to ensure

A inspection

@ Mesh Design

@ OpenscaD

1B Part Design

W part

related to their

Additional workbench

Settings present
Raytracing

X4

(7 Reverse Enginesring
=, Rabot

(9 sketcher

= spreadsheet

o Start

o Surface

P Test framewark

Reset  pply

they automatically load next time

Load naw
Load now
Load now
Load naw
Load now
Load now
Load naw
Load naw
Load now
Load now
Load now
Loaded
Laad naw
Load now
Load naw
Load now
Load now
Load now

Load naw

Load now

Load naw

cance (EHD

Reset

Preferences

EZEEN oisplay | Colors

Grid size: 10.00 mm

Sketcher solver

‘Show section ‘Advanced solver control' in task dialog
Dragging performance
8 improve solving while dragging

Enable auto remove redundants

Apply
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New Document Save Document Active workbench: Part Design
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| XY_Piane (Base plane)

| XZ_Plane (Base plane)
| YZ_Plane (Base plane)

Choose
by name

Allow used features

Aliow external features
 From other bodies of the same part
_ From different parts or free features

* Mok copy
Make dependent copy
Create cross-reference

|

Tasks view:
Choosing a Sketch Plane

Choose in
3D View

XY Plane highlight
when hovered

Navigation Cube
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Drag handles to rearrange toolbar Toolbar continues off-window

Sketcher Geometry Toolbar Sketcher Cons;raints Toolbar

All tools now fit in the toolbar Rectangle Symmetry Dimension
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Close
Solver messages

Fully constrained sketch
Solved in 0 sec
Auto remove redundants

Auto update Update

Edit controls

Constraints

Filter: All

Hide internal alignment
Extended information

Labels & Attributes Description
Application
@ robot
# SketchMain
}

ChassisQutline

o, constraint4

== Constraint5

== Constraint6
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| Constraint8

' Constraint9 (150 mm)
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Equal constraint

Constraining diameter

gl
p— / Line tool @-' Toggle construction
DI<+
@ Constrain radius @v Circle tool == Equal constraint
[_Q Constrain diameter |

7} Constrain auto radius/diameter

Circles symmetric across All four circles marked equal
construction line

Construction line held C"-CIFS syrr.lmetrlc across
Vertical axis
by symmetry







Support XY_Plane

Map Mode FlatFace

Map Rev... false

Attachme... [(0.00 0.00 1.00); 0.00 °; (0.00 mm 0.00 mm 3.00 mm)]
Angle 0.00°
Axis [0.00 0.00 1.00]
Position [0.00 mm 0.00 mm 3.00 mm]

X 0.00 mm
y 0.00 mm
z 3.00 mm

2.5 mm diameter
15.5 mm horizontal

20 mm vertical
Symmetrical and equal §
2, Caster outline,
hole L .
) 23 mm diameter




#& SketchMain .
> Q- ' . Shape binder Object | Sketch

[ ChassisOutline
[9 UpperParts @ Pad tool ‘ Add Geometry ‘ ‘ Remove Geometry
9 LowerParts

~ @ ChassisPlate Edged
) Edge3

" Edge2
& Pad Edge1

Cancel OK

3 Pad parameters

Length at 3mm

Type imension

Length 3.00 mm @[3
Direction

Directionjedge: Face normal

Show direction
Length along sketch normal

Symmetric to plane
Reversed

Taper angle 0.00° @2

No face selected

Update view

' l Shape binder

Cancel m

W Datum shape parameters

Object | Sketch001

Add Geometry Remove Geometry

Edge17
Edge18
Edge19
Edge20

[ EhassisPIate
>

[~>]

&

& ShapeBinder001

' Pocket tool

_Cancel i Type set to
Through all
P Pocket parameters.
Type Through all 8
Offset S
Symmetric to plane
Reversed

No face selected

% Update view




New body

%
. Shape Binder
2

Battery Box edges selected Pad
Cance
3 Pad parameters
Type Dimension e
Length 20 mm ClS
Direction
Directionfedge: Face normal [2]]
~ Show direction
Length along sketch normal
Symmetric to plane
Reversed
Taper angle 0.00° ® &
Face No face selected
Update view

v |@ robot
v @ SketchMain
> = Origin

[9 ChassisOutline
(9 UpperParts
(9 LowerParts

> @ ChassisPlate

> @& BatteryBox

> @& Breadboard

> @& LeftMotor

~ @& RightMotor

> J~ Origin005

& ShapeBinder005
& Pad004




Cancel ® SketchMain

}
@ Pocket parameters @
&
e Through al - (@ LowerParts
Offset to face i & ChassisPlate
Direction g )
Direction/edge: Face normal & ShapeBinder
® Pad
Show directi
W direction & ShapeBinder001
~ Symmetric to plane P
Reversed & ShapeBinder006
Select face | No face selected P
ShapeBinder007
# Update view ' .

Pocket002




TechDraw Enter the TechDraw workbench

By Create drawing from template

Application
@ robot

@& SketchMain
& ChassisPlate
& BatteryBox
& Breadboard
& LeftMotor
& RightMotor
& Castor

> M CuttingDimensions New drawing

Select Chassis Plate @ Bottom View

Application

|@ robot

& SkegjchMain
ChassisPlate

#& BatteryBox

& Breadboard

& LeftMotor

& RightMotor

& Castor

[[] cuttingDimensions

Drawing Tab

X robot:1

Insert projection group

View in TechDraw

Front




Toggle view frames Insert diameter dimension

@ Draw circle centerlines

Centerline added
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Chapter 4: Building a Robot around Pico













Upper securing nut

2 mm nylon screw




Hook and loop Battery box
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Ball castor assembly
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The batteries — 8 x AA.
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| |
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: Power : with encoder
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! - <]—||"'||ﬁ+12\’ +12ve—fvin . sVF—E}—> +5v ! FZoggg
| |
I GND < GND  GND [—> GND |
: UBEC :
' 5V 3A ' -
e = Z
O
Raspberry Pi Pico +
GPO/SDAO vBUS [&
GP1,/5CLO VsYs BL > 5y
GND GND P& GND
GP2/SDAL 3v3_EN BS
GP3/5CLL 3V3 2?+3V3 TB6612FNG Mator Driver
GP4 ADC_VREF
GP5 cP28 B —{ 6o 6D (2
GND AGND % +3v3 <10 pwms BO1 |2
GP6,/SDAL GP27 11 6
GP7,/5CL1 6p26 BL BINT 802
GP8 RUN % 12 1 ginz A02 |2
gﬁg GESS bs +3v3 <13d stBY Aot |4
GP10 GP21 ;Z s GND 3> oND
GP11/SPI1_TX GP20 15 5
GP12,/5PI1_RX GP19 22 A R > +3V3
GP13 GP18 |24 +3v3 <161 pywma vM L 10v
GND GND [£3
GP14/SPI1_SCK GP17 22
GP15 GP16 2L
s | Q O
=
' Symbol Key y 2119
| |
) M?
: > 6N A Ground connection : T Ar
’ l EEEE
| . I > G}
! => 133 A power supply voltage connection ! N20 Motor
| IN5817 | with encoder
1 . 1
| g A Schottky Diode !
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| |
| |
| |
|




e o [ ]
e o L I
e o [ ]
o o e o
¢ e —_—
e o
e o ® o
e @ e @
e o [ ] N
L N
e o e o
L I e o
L I L I
e o e o
e o e o
e o e o
e o L I
L I ® o
e o e @
L I e o
* o L}
. o e o
e o e o
e o e o
* o e @
e o e o
L 9 €
e o
. o L]
L
* o ]
L L]
e o [ ]
L I ) [ ]
L]
* o [ ]
L]
* o L]
L]
* o PWMA
L}
. AL2
L]
L]
L]
L ]
L] BO1 BI2
L BO2 PWMEB
TBELL2FNG
L GND Breakout GND
L ]




ad®

mmom© 021d Id >:mgammm°

DEBUG

PWMB
TBEEL2FNG

GND Breakout GND

B02







Chapter 5: Driving Motors with Raspberry Pi Pico
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Chapter 6: Measuring Movement with Encoders on

Raspberry Pi Pico
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Extracting a bit
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in x, 30
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Chapter 7: Planning and Shopping for More Devices

Encoder [=== Encoder
/N /N
Left  Motor Controller Right
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& SketchMain
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DaughterCardOutline
Property Value

Support XY_Plane
Map Mode FlatFace
Map Rev... false
Attachme... [(0.00 0.00 1.00); 0.00 °; (0.00 mm 0.00 mm 30.00 mm)]
Angle 0.00°
Axis [0.00 0.00 1.00]
Position [0.00 mm 0.00 mm 30.00 mm]
X 0.00 mm
y 0.00 mm
Z 30.00 mm
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Chapter 8: Sensing Distances to Detect Objects with Pico
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Raspberry Pi Pico
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scL 2 =21 GND
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&l gpy
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3-8V >4 3V3 =81 GND
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L3 GND

| 14
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Chapter 9: Teleoperating a Raspberry Pi Pico Robot with
Bluetooth LE
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Raspberry Pi Pico

VL53L1X
3-8V H—>43v3 11 GPo/sDAO veus B9
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scL (2 =31 GND oND P D 6
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Select Device

v Filter: with UART @

Q
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L @
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» Multiple UART mode

s

Adafruit Bluefruit LE
" Uart capable

\ /
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Chapter 10: Using the PID Algorithm to Follow Walls

Output
Control uipd
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Input :
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Chapter 11: Controlling Motion with Encoders on Raspberry
Pi Pico
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Chapter 12: Detecting Orientation with an IMU on
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Chapter 13: Determining Position using Monte Carlo
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Chapter 14: Continuing Your Journey — Your Next Robot
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