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Introduction

This project has been designed to help students get started with a Robot on the Raspberry PI. The
principalhardware required to build the Robot Arm consists of the following components:

1 A Raspberry Pl computer

1 An ExMaplin Robotic Arnor the Rapid Robotic Arm with USBinterfcace
1 Optional Joystick (Logitech or similar)

1 Optional twelve button interface (Self build)

Raspberry Pl computer

TheRaspberry Pis a creditcardsized singldoard computer developed in thanited Kingdonby

the Raspberry Pi Foundatiamith the intention of promoting the teaching of basic computer science
in schools

,"‘ Raspbercy Pi 4 Model B
"1 @ Kaspberry Pi 2018
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Figurel Raspberry Pinodel 88 Computer

Any model oRaspberry Pi can be used for this projastit only uses the first 26 pins on the GPIO
header. More information on the Raspberry Pl computer may be found here:
http://en.wikipedia.org/wiki/Raspbely Pi

If you are new to thd&Raspberry Ptry the following beginners guide.
http://elinux.org/RPi_Beginners

” Note: This projectriginally usedhe Maplin Robotic Arm with USB interface. Sadly,
y Maplin ceasd high street trading in 2018 and at the last check no longer supply this
product. It is however possible to purchase the same Robotic arm with its own butta

interface. The button interface can be replaced with an optional USB interface mad
Rapid.

The optional Rapid USB interface is availétalen.
https://www.rapidonline.com/Catalogue/Product?Id=8850
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" Note: The Rapid USB interface has not been tested witlsdfftevare described here ant
y there is a small risk thatoftware may require further modificatiotsee technical

support on page

Features

The Robot Arm interface providesul separate ways of driving a Maplin Robot Arm. These are:
A USB Joystick (Logiteor similar)

Atwelve-pushbutton interface(Self built)

A keyboard interface
Using an input file containing the required robot commands

PN PE

Figure2 Maplin Robotic Armwith USB interface

" Note: The above figure shows the original; Maplin Robotic Arm with USB interface

y Sadly, Maplin ceased high street trading in 2018 and at the last check no longer s
this productin their online store Fortunately an equivalenproduct is available from
Rapid atvww.rapidonline.com

Limitations

The Maplin Robot Arm does not have any positional feedback that the program can make use of. The
program has no idea of the current positiontbé robot arm or gripper. This means that you must
observe the Robot Arm position whilst moving it around to position it to say pick up an object. This
means that the robot arm can never be programmed to carry out a repetitive task with any accuracy.
Thisis purely a fun project with very limited applicat®n
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Parts list

The following table shows the parts list for the Raspberry Pl Robot interface.

Tablel Parts List

Quantity Item Description Supplier
1 Raspberry PI Raspberry PI credit card computer PiHut
1 Logitech ATK Joystick Two axis joystick with at least 8 Any computer store
buttons
1 Maplin Robot Arm ExMaplin Robotic Arm with USB  No longer available
interfaceas used with this project ~See next two items
1 Rapid Robotic Arm  Rapid Robotic Arm with wired Rapid on-line
control Part number06-9349
1 RapidUSB interface  Rapid USB Interface Kit for Robotic Rapid on-line
Armp/n 06-9349
1 16 Gigabyte SD card For theRaspberry Pi OS Bullseye Any computer or
operating system photographic store
1 Prototype board Button interface board Tandyor Farnell
Element 14
10 Push to make PCB  Button interface board push button: Tandyor Farnell
mount button (Robot movement buttons) Element 14
2 Push to make Button interface board push button: Tandyor Farnell
miniature PCB mount (light on/off) Element 14
button
1 26-way PCB mount  To take the ribbon cable connectior Tandyor Farnell
male connector to the button interface board Element 14
1 26-way ribbon cable  Ribbon cable connection to the Tandyor Farnell
button interface board Element 14
n/a Wiring Thin wire for PCB wiring prototype  Any electronics shoy

board

o
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Figure3 Rapid Robotic Arm with wired control

As the Maplin Robotic arm is no long
available, theRapid Robotic Arm with wired
control can be usedhstead This comes with
its own control unit and does not come wit
a USB interface.

For this project it is necessary to purcha
the Rapid USB Interface Kit ftite Robotic
Armas shown irFigure4 on page’.

Once theUSB interface has been fitted tr
origind control unit supplied with the Robc
arm can no longer used and it is necessan
use either a keyboard, joystick or buttc
interface as shown later in this project.
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TheRapid USB Interface Kit for Robotic A
06-9349comesas a with PC test software or
a CD for PC and instruction booklet.

This replaces the original control unit suppli
with the Robot arm. Thisontrol unitcan then
no longer be used.

Figure4 Rapid USB Interface Kit for Robotic Arm
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Construction

Robot Arm

The Robot Arm comes in kit form with full instructions how to builtf itsing theRapid Robot Arm
with its own controller, first build and test the unit cof-the-box before attempting to fit the USB
Interface adapter.

Button Interface Wiring

Wire 3.3v on pin 1 to one side of all of the switches. Wire the other side to the GPIO pin shown in
the following table.

Table2 Button Interface Wiring

GPIO pin  Switch Description
1 All switches Common +3.3 volt
7 Base clockwise
8 Base antclockwise

11 Shoulder Up
10 Shoulder Down
13 Elbow Up

12 Elbow Down
18 Wrist Up

16 Wrist Down

21 Gripper Open
19 Gripper Close
22 Light On

23 Light

" Note: If using the origindlodel ARaspberrnyPi, itis necessary to wire a 10K pdthwn
y resistor between each connected GPIO pin and the GND (0V) rail as sheyuargl5
Pushbutton Wiring version 1 boardm page24.

Later versions of the Raspberry Pi do not need these resistors.
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Figure6 The underside of the twelvéoutton interface

The picture on the left shows the completec
twelve button interface board. The larger re
buttons are the Up or Open (grip) functions
The larger black buttons are the Down or
Close (gripper) functions. The two smaller
buttons on the top left are the LEQht on
and off respectively.

The actual wiring as shown by this view of t
underside of the board is relatively simple. |
consists of wiring one side of all of the
switches to the 3.3v on pin 1. Use a volt
meter to test between pin 6 (GND) of the
GPIO header and the switches voltage sup
is 3.3 volts and not 5 volts. The other side ¢
each switch is wired to the appropriate GPI
pin shown in Table 1 above.

Caution:Do not wire the switches to the +5
volt supply on pin 2 by mistake or you will
irreparably damage the raspberry Pl. Checl
for the correct voltage before continuing to
wire the switches.
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GPIO Hardware Notes
The following shows the pin outs for the GPIO pindfith 26-pin and 40pin Raspberry Pld-or
more information seehttp://elinux.org/RPi_Lowlevel peripherals

GPIO Numbers

Raspberry Pi B Raspberry Pi AIB Raspberry Pi B+
Rev 1 P1 GPIO Header Rev 2 P1 GPIO Header B+ J8 GPIO Header
Pin No. Pin No. Pin No.
3.3V PRV 1 2 12
GPIO0 3 4 Y GPIO2 3 4 41 GPIO2 3 4
GPIO1 5 6 [¢]\]s] GPIO3 5 6 [e]\]) GPIO3 5 6
GPIO4 7 8 GPIO14 GPIO4 7 8 GPIO14 GPIO4 7 8 GPIO14
9 10 GPIO15 ) 9 10 GPIO15 9 10 GPIO15
GPIO17 11 12 GPIO18 GPIO17 11 12 GPIO18 GPIO17 11 12 GPIO18
Grio21 13 14 [I GP1027 13 14 [ GPIO27 13 14
GPIO22 15 16 GPI023 GPIO22 15 16 GPIO23 GPIO22 15 16 GPIO23
17 18 GPI024 KL 17 18 GPIO24 17 18 GPI024
GPIO10 19 20 GP1010 19 20 [N GPIO10 19 20
GPIO9 21 22 GPIO25 GPIO9 21 22 GPIO25 GPIO9 21 22 GPIO25
GPIO11 23 24 GPIO8 GPIO11 23 24 GPIO8 GPIO11 23 24 GPIO8
G 25 26 GPIO7 B0 25 26 GPIO7 ) 25 26 GPIO7
DNC 27 28 DNC
GPIO5 29 30
Key GPIO6 31 32 GPIO12
T4 UART crio13 33 34 [N
GND 1Y GPIO19 35 36 GPIO16

I*)C GPIO GPIO26 37 38 GPIO20

) 39 40 GPIO21

Bob RathbongRaspberry PRobot Arm Congruction


http://elinux.org/RPi_Low-level_peripherals

Software installation

Conventions used in this tutorial
Installation of the radio program requires you to enter lines at the command line prompt. This
requires you to log into the RaspberrylPE  dqi®®NJ $KS RS Traspeny LJ 8462 NR A &

@ Note: 52y Qi OF NNB 2dzi lyeé 2F (GKS F2fft26Ay3a O2YY!
»

Raspberrypi login: pi
Password: raspberry
Last login: Mon Apr 11 09:43:53 2022 from fe80::44d4:59al:cel:e5e 1%wlan0

pi@raspberrypi:~$

The prompt line is displayed ending witl$aign. Thei@raspberrypi:~a 4 NAy 3 YSI|F ya dza SNJ
K2zald YIOKAyYyS Ol f~0XKR NPNIGESING SINNBY/LEA GidK Shdah@ips. Nth WLIA Q K
this tutorial if you areequired to do something as usprthen only the $ sign will be shown

followed by the command as shown in the example below:

$ cd pirobot
$ sudo ./robotd start

(s}
(s}
T¢

yziu y

Q)¢

{2YS O2YYlIYRA LINRPRdzOS 2dziLJzi 6KAOK R2S
indicate that some output has been omitted.

$ Linux raspberry pi 5.15.32 -v7I+ #1538 SMP Thu Mar 31 19:39:41 BST 2022

armv7I

. {Output ommitted}
Last login: Mon Apr 11 09:43:53 2022 from fe80::44d4:59al:cel:e5e1%wlan0

END OF EXAMPLE COMMANDS.

Bob RathbongRaspberry PRobot Arm- Software installation



Installing the OS on an SD card

Seehttps://www.raspberrypi.com/documentation/computers/gettingtarted.html

The Raspberri usuallypoots from a SD car@his safivare uses the 32 bit desktdRaspberry Pi
OS Use a 16Byte SD carérirst download and instaRaspberry Pi OS imagento aPCor Mac
from: https://www.raspberrypi.com/software

Run the imager software and select Raspberry FD€&top(Bullseye)lsing theOperating System
button. Then select your SD card using Steragebutton.

' Raspberry Pi Imager v1.7.2 = O X

Raspberry Pi

Operating System Storage

RASPBERRY PI OS (32-BIT) GEMERIC MASSST...

Figure7 Raspberry Pi imager saftare

Click on the settings (Options) icon in the bottom righthef above imager dialogue. Set the
hostname and enable SSH.
& Raspberry PiImager v1.7.2 = m} X

Advanced options X

Image customization options  to always use -

Sethostname: raspberrypi Jocal

Enable SSH

@ Use password authentication

(O Allow public-key authentication only

Figure8 Imager advanced settings (1)
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Scroll down to set the user name to pi with a password of yoaiceh If using a Wi network set
GKS {{L5 2F @2dzNJ NRdzGiSNJ I yR

LI A3a62NR® CAylLffe

' Raspberry Pi Imager v1.7.2

Username: pi

Advanced options

Set username and password

Password: 909000000000 000000000

Configure wireless LAN

SsD: EE-Hub-4qM4

[[] Hidden ssID

Password:

Figure9 Imager advanced options (2)

b2¢g LINBaa d2NAGSE D

— O

X

x

' Raspberry Pi Imager v1.7.2

Operating System

Raspberry Pi

Storage

Writing... 2%

CANCEL WRITE

Once finished remove the SD card from the P@ the SD card int@aspberry Pi and switch it on.
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Logging into the Raspberry Pi for the first time

There are two choice® access the Raspberry. Pi
1. Connect a keyboard, mouse and HDMI screen and access the RPi via the desktop interface

2. Use eitherPutty or Bitvisesoftwareinstalled on the PC to log intbe Raspberry Pi:

Bitvise

Bitvise can be downloaded frohttps://www.bitvise.com Once installed and opened the following
screen will be displayed:

& Bitvise S5H Client 8.53

Profile: raspberrypi.tip

(@)

Login  Options Terminal RDP  SFTP

Server

- m} X

Closing and minimization

Services €25 52C SSH  Notes About™

Load prorie Host | raspberrypi.local

L Fort [CJEnable obfuscation

Authentication
| permame
Initial method | passward =

Store encrypted password in profile

Save profile
N
i Kerberos
- | | Enable password over kbdi fallback
Save profile as
[[] GssKerberos key exchange Elevaton Default =
Request delegation
gssapi-keyex authentication
MNew profile
" Proxy settings Host key manager Client key manager Help
Closeprofle (7)12:23:45.580 Current date: 2022-04-12

i)12:23:45.580 Bitvise 55H Client 8.53, a fully featured S5H dient for Windows.
Copyright (C) 2000-2022 by Bitvise Limited.

i)12:23:45.580 Visit www.bitvise.com for latest information about our 55H software.

i)12:23:45.580 Run 'BvSsh -help' to learn about supported commandine parameters,

i)12:23:45.580 Cryptographic provider: Windows CNG (x86) with additions

i

i)12:23:46.048 Version status: Current

This is the latest 8.xx release, A 9.xx release is also available.

12:23:46.048 Optional update available.

12:23:46.126 Loading last used profile 'D:'\pob_r\Documents'bitvise\pizen. tip".

12:23:46.158 Last used profile loaded successfully.
12:24:04,927 Loading profile 'D:\pob_r\Documents'bitviseraspberrypi. tp',
12:24:04,974 Profile loaded successfully,

i Login

Raspberry Pi OS Desktop

FigurelOBitvise SSH client

]t AO1AY3

2y G[23 AYE

gAtt X AT T

The alternative is to access the RPi using the Raspberry Pi OS desktop.

Figurell Raspberry Pi OS Desktop
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