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Prequel: Before OpenSource
Lego Mindstorms and RobolLab on Macs







Issues with Mindstorms/NXT

e Not Linux friendly
 lcon-based language

« Script-based languages (gcc
and NQC) lack IDE, not
beginner friendly

« Very limited access to
Internals

2 ports

Limited upgrade path
NXT less (old) Lego-like
Expensive




Why OpenSource?

* Philosophy of School
» Cost

 Freedom

» Software Community
» School Demographics



Why Parallax BoeBot?

* Cost
e Educational Support

 Parallax IDE runs on
WINE

e |[nternals accessible:
pins available &
breadboard

» Script-based
programming




Why Thinkpads?

o Cost: Older a20m $50-$100 on eBay

 Availability: used company Thinkpads showing up on eBay and elsewhere
continuously as companies upgrade

Robust: drop them and they just might not break

Variety: “newer” models start dropping into the affordable range

Multiple Source: available everywhere

Parts available: upgrade ram to 512mB, wireless cards
Reliable
No problem installing Linux

Great keyboard!

Dedicated to programming: don't share, limit wireless access to internet




BoeBot and pBasic
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Programming




pBasic Programs
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ROBOTICS WITH THE BOE-BOT - rectasgle.bs2
Task #1: Navigate a recta rse
{$STAWP B52)
{SPBASIC 2.5}
DEBUG *Program Running!®

CONSTANTS
[ Rightwheel right serve
RightFd right servo clockwise --> forward
RightBk Fight serve counterclockwise --> back
Leftwheel left serve
Leftrd left servo comnterclockwise --> forward
Lettsk right serve clockwise --> back

st stop serve

Seconds approximately 1 second
Pulses spproximately 1/48 second

VARIASLES
word
PROGRAM TRAVERSE RECTANGULAR COURSE
1. GO FORMARD LONG
FOR counter = 1 TO 4*Seconds + 6*Pulses
PULSOUT Rightuheel, RightFd
— : Plain Toxt ~ | Tb Width: 5~ Ln 21, Col 21
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ROBOTICS WITH THE BOL-BOT - rectasgle.bs2
Task #1: Navigate a rectangular course

{$STAWP B52)
{SPBASIC 2.5}
DEBUG *Program Running!®

CONSTANTS

[ Rightumeel serve
RightFd serve clockuise --> forward
RightBk rFight servo cousterclockuise --> back

Leftuheel left serve
left servo cosnterclockwise --> forward
FIGAT servo clockwise --> back
stop serve

Seconds approximately 1 second
Pulses spproximately 1/40 second

VARIASLES
word
PROGRAM TRAVERSE RECTANGULAR COURSE
1. GO FORMARD LONG
FOR counter = 1 TO 4*Seconds + 6*Pulses
PULSOUT Rightuheel, RightFd
— : Plain Toxt ~ | Tb Width: 5~ Ln 21, Col 21
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waOpen v BSwe A

20091113 _edwin_r_Ro...resistordividers b52 3

CON 850 ° left servo PulseCounter-clockwise-->Forward full
(¢ 758 * step left servo motor

N 650 \t servo clockwise-->back full speed
Movecount N 40
ReverseCount CON 48
LeftTurn N 18
RightTurn  CON 10

[ Variadle ]---

counter VAR word
address VAR Byte
instruction VAR Byte

[ Initialization | - - RO »

FREQOUT 4, 2000, 3000

[ Main Rountine ]

IF (ING = @) AND (IN3 = 9) THEN
GOSUB Back Up
GOSUB Turn_Left

ELSEIF (ING = 8) TMEN
GOSUB Back up
GOSUB Turn Right

ELSEIF (IN3 = 0) THEN
GasuB Back
GOSUB Turn Left
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Curriculum




Curriculum




Semester Exam: hard-coded navigation




Final Exam: sensor-based navigation




Issues with BoeBots

« pBasic lacked functions, couldn't pass parameters to subroutines
« Didn't run native on Linux

« Wine added extra level of complexity

« Text not well rendered

« Some problems with IDE under Wine

« Wanted students to have closer exposure to industry-standard
language

« Wanted more open architecture

« Wanted more OpenSource community resources
« Wanted more upgrade paths

- Expense, always!



Why Arduino?

« Open Source Software
o Open Source Hardware
« Cost

Beginner Friendly IDE

Runs on Linux

Online resources

Friendly C++ programming

Example code in IDE

Build on BoeBot experience

Lots of paths of exploration
besides robotics



Arduino

8link | Arduino 0021

‘Beginning = gnozo

Arduino




Arduino

Getting
Started
with

Arduino

Massimo Banzi

Getting -
Started

with
Processing

Casey Reas & Ben Fry
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Issues with Arduino

« Caveat: experience is not classroom tested

 Building a very beginner-friendly IDE has a cost:
problem writing to serial monitor

« Hiding complexity introduces more complexity:
Arduino introduces wrapper around C++; built on top
of Processor, on top of Java to run on multiple
platforms (including Linux)

« Beginner friendliness, OpenSource community,
example code in IDE, open hardware paths,
openness to standard C++ programming...all
outweigh concerns



Pololu 3pi

« Can be programmed with
Arduino IDE

e Need an AVR ISP cable

« Pololu supplies library of
Arduino wrappers

o Great sensors

Next level of sophistication

Serious C++ programming
Line follower/Maze solver

Decks can be added with
additional sensors



Follower

INE

3p




aze Solving
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3pi Maze Solver




RobotBASIC?

. Free software downloaded from website
« IDE runs under WINE

. Spans the gap from elementary school and
no robots to advanced high school with
BoeBots and Pololu 3pi's

. Simulator:

S ALANKY \]
B

-

A - et

. Logo-like, virtual robot on screen
. Clean full-featured language
« Variety of sensors for “turtle” implemented

. Virtual machine implemented on Parallax
BoeBot and Pololu 3pi

. Simulator code runs on targeted hardware
(have to build sensor arrays on hardware
platforms to conform with virtual robots)

. Next area of investigation
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RobotBASIC IDE
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RobotBASIC Projects for Beginners

* Introduction to
programming

e Full toolbox of control
structures

* Modular programming

e No robotic hardware
necessary




Robots in the Classroom

Next Level Up

No Robot hardware
required

Loops, variables,
decisions, modules

Line following, maze
solving, beacon
navigation

e Exercises



Robot Programmers Bonanza

The bible of RobotBASIC
Robotic sensors

RC control algorithms

Random roaming
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Line following
Wall following

_ ‘ « Avoiding drop offs
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« Maze negotiating

. Controlling a modified BoeBot with
’ RoboBASIC



Hardware Interfacing with
RobotBASIC

Parallel port examples

Serial port examples: BoeBot

- .
(Parallax Board of Education) | HARDWARE
| »lﬂNTF}{FA({i\_IRNL(;

Motor control: DC and servo )* WITH ROBOTBAS I

2 EUNDAMEN T/
(Pololu) -

Sensors: digital IR (Pololu),
Ping sonar (Parallax), line
sensor (Pololu), electronic
compass (Parallax)

Intro to sensor-expanded
Pololu 3pi



Enhancing the Pololu 3pi with
RobotBASIC

 Advanced robotics

, ancing the Pololu 3pi

© RobotBAsIC  Expanding sensor
array on 3pi line-
follower/maze-solver

» Some soldering
required!

o Compiling virtual
machine on 3pi using

RobotBASIC code and
Pololu libraries

™ l‘k".
John Blankenship and Samuel Mishal b
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