The RobotBASIC

Robot Operating System
(RROS)

User 6s Guil de

Simply the EASIEST way to build a robot!

John Blankenship



Copyright © 2012 by
John Blankenship

All rights reserved. No part of this document may be reproduced or transmitted in any form or by any means,
electronic or mechanical, including photocopying, recording, or by any information storage or retrieval system
without the prior written permissiaof the copyright owner.

Trademarked names may appear in this book. Rather than use a trademark symbol with every occurrence of a
trademarked name, we use the names only in an editorial fashion and to the benefit of the trademark owner, with

no intention éinfringement of the trademark.
Images of proprietary devices and sensors are reproduced with the permission of the manufacturing companies.

The information and projects in this book, including the RROS chip itself are provided for hobby and educational
purposes without warranty. Although care has been taken in the preparation of this book and all associated
software, neither the authors or publishers shall have any liability to any person or entity with respect to any
special, incidental or consequenti@s of profit, downtime, goodwill, or damage to or replacement of equipment
or property, or damage to persons, health or life, or any costs of recovering, reprogramming, or reproducing any
data, caused or alleged to be caused directly or indirectlyebpfbrmation contained in this book or its

associated web site.



TaABLE OF CONTENTS

Chapters

1- Why a RROS? 1
2 - Communicating with the RROS 9
3 - Small DC Drive Motors 19
4 - Servomotors 25
5 - Large Drive Motors 31
6 - Additional Motion Control Commands 35
7 - Steerable Robots 39
8 - Wheel Encoders 47
9 - Perimeter Sensor, Turret Ranger, Bat. Monitoring 53
10- Line Sensors 67
11- The Compass 69
12 - Beacon Detector 73
13- Arm Controller Expansion 91
14 - Custom Expansions 103
15- The RROS Robot Prototypes 109
16 - RROS Programming Examples 131
Appendices
A - Quick Reference: rCommand Parameters 151
B - Quick Reference: Hardware Configurations 163
C - The RROS with Arduino and Other Processors 169
D - Assembling the RB°CB 173
E - Assembling the RBD Rolot Chassis 187

F - Example with Practical Considerations 199







Preface

In order to intelligently handle a wide variety ofgen¢rie s ks, a robot 6s har
must include a diverse selection of sensors and I/O capabilities. In the past, building such a robo
has been a daunting task reserved for only those with significant knowledge and skill of both
electronics and lovievel microcontroller programming.

Now, for the price of an interface board alone, hobbyists can have a complete
hardware/software solution in the form of aj@4 IC preprogrammed with the RobotBASIC
Robot Operating System (RROS).

The RROS will ot only provide the physical interface needed for many motors and sensors, it
will also provide the software required to seamlessly interface with all supported devices using th
high-level RobotBASIC simulatebased commands and functions. This mearigiibaRROS not
only makes it easier than ever before to build a robot, it makes it easier to program one too.

Imagine being able to simply connect a compass to the RROS chip and then immediately
determine your robot 6s mimgicenmand suchasyle=wi t h a s
rCompass() . Imagine connecting infrared or ultrasonic sensors directly to the RROS chip and
being able to determine where obst @sombeg)s ar e
andrFeel().

Controlling your robbis just as easy as acquiring its sensory information. When commands
like rForward andrfun ar e used, your robot wondét just |
automatically ramping up and down when speeds are changed and using compass readings and
wheel encoder counts when possible and appropriate.

And these examples dondt begin to descri be
power é. of simplicity.






Chapter 1

Why a RROS?

Since the very beginning, we have had a vision for RobotBASIC that promoted programming as
well as building a robot. Whileuilding a robot is certainly a big part of hobby robotics, it is the
programmingof a robot that creates personality, intelligence, and the ability to create usable

applications. This distinction is similar
Historical Similarities

Il n the mid 7006s, i f vy oyou hadeorbeild your bwe coenputee elther n
on your own or from one of the several kits

time was spent soldering and troubleshooting that very little application programming was done.
Only after Appleand Radio Shack (among others) introduced fully assembled computers did the
emphasis move from building computers to programming thaftowing the development of

usable applications.

While fully assembled hardware was critical for this transitibare is another factor that
pl ayed a huge r o/dueouldbuyacompates,it @was the facsthat niaty geople
also had theamecomputer. This meant other people used the same video mapping hardware, th
same joystick, the same soundhgration hardware, etcetera, making it easy to share programming
creations with others. Perhaps more importantly, it created a growing market for selling practical
applications which further fueled the desire to create.

Games were certainly among tb&rly applications, but simple programs to balance your
checkbook soon found enough popularity to encourage the development of truly useful products
like word processors and spreadsheets. In the years that followed, computing moved from an
eccentric hobbyo the massive, indispensable industry that it is today.

Hobby robotics may or may not follow the same course, but if such a path is to have any
chance of happening, it is essential that building a robot become much easier. It is also crucial
thatthose developing robotic behaviors and applications be able to share their work with other
enthusiasts.

RobotBASIC, along with the RobotBASIC Robot Operating System (RROS) described in this
manu al all ows both of t hestatRobtBASICgtself. ftsa happe
powerful, fultfeatured, generglurpose language that has the ability to communicate with, and
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Chapter 1: Why a RROS

control, external motors and sensors in a variety of ways. More importantly though, from a robot
hobbyi st 0s ptBASKhas art integrated Rébot ISimulator.

The RobotBASIC Simulator

The s i mu ldmmensionél appeararee and edsyse interface can sometimes mask its

true power from potential users because they do not expect something so simple to be effective.
An abundance of eagg-use sensors though, creates a platform faittmore capabilities than

most hobby robots. The plain truth is that you cannot give a robot any significant amount of
intelligence unless that robot has the ability to gather infoomabout its environmeiitand that
means it must not only have the right types of sensors, but also an appropriate number of each

type.
The RobotBASIC simulated robot has the following sensory capabilities:
T The ability to r egesoitknoves wieewarechaage s equiyed.s v ol t

1 An electronic compass so that it can determine its current orientation.

1 The ability to move and turn with a reasonable amount of accuracy (the simulator allows

you to set a level of random error so that it actiare realistic).

A GPS system that allows it to determine its location within a specific area.

A simple camera that allows it to identify objects of a ts@cified color.

A beacon detector that allows the robot to find and identify up to fifteen beacons

strategically placed within its environment.

1 Line sensors that allow the detection of dadfs as well as the ability to follow a path
defined by a line on the floor.

1 A turret mounted ranging sensor that allows the robot to identify the distance tamdhlls
other objects that might block its movement.

1 Two types of perimeter proximity sensors that provide the information needed to avoid
obstacles while navigating through an unknown environment.

= =4 =

It is important to know that the types of sensors availabléthe simulator, as well as the number
and placement of the sensors, were chosen very carefully. OuRbedkot Pr ogr ammer 0 ¢
BonanzaMcGraw-Hill), demonstrates that the chosen sensors as well as their number and
placement are adequate to implementréetsaof basic behaviors and goes on to show that the
basic behaviors can be combined to create significant applications.
Since the simulatordéds sensor configuration i
RobotBASIC, it is easy to create esawork for students and contests for robot clubs. As
power ful as the simulator is though, it canno

Real Robots

Our Bonanzabook also outlines the requirements for creating aweald robot that can be

controlled directly from RobotBASIC using the same programs used to control the simulator. The
availability of such a robot would allow dedicated hobbyists to share progranaigiorithms,

libraries of basic robotic behaviors, and even full blown applications that run on either the
simulation or a real robot.

The design specification for a RobotBASIC interface with a real robot is very unique in that it
allows for the usef nearly any type of sensors on the real robot as long as the information
acquired is mapped into the simulatords senso
navigating the simulated robot through a cluttered environment can also comneahdodot
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Chapter 1: Why a RROS

over a wireless link to do the same thing. This greatly simplifieswedtl robot programming
because all of the intelligence can be programmed in-BalB€d higHevellanguage while all of

the lowlevel details of driving motors and readisgnsors are handled in a processor embedded in
the robot itself. Because of the wireless link, there are no programs to compile and no files to
downloadi when you make a change to your program you simply rerun it and watch the robot
react.

The praessor embedded in the real robot must provide the all the same sensory data to
RobotBASIC that the simulated robot does, and it must do so, no matter what type of sensors ar
used on the real robot. Letds exammuoué at boir §
perimeter sensing system. The simulated robot uses four bumper sensors spaced around the ro
that can detect when an obstacle is very close. There are also five sensors spaced around the fr
half of the robot that detect objects thag alightly further away. Finally, a turret mounted
ranging sensor measures distances to objects outside the range of the proximity sensors. Prope
utilization of these ten sensors along with a compass and a GPS provides more than enough
information for arobot to navigate an unknown environment.

A real robot has many options for obtaining the sensory information available on the simulator
It could, for example, use snagtion switches or IR sensors or even ultrasonic sensors to
determine whenobjgcs ar e near the robotds perimeter.
one or more cameras to determine if nearby obstacles exist and how close tbeaii@rebot
itself. Our objectivavas for a sensory system could gather the data for you nermdtat type of
sensors were available on the real robot. After the data was gathered, we wanted the system to
analyze it, organize it, and translate it i
Imagine the power of such a systémot anly would it make it easier to program a robot, it would
promote creativity and collaboration because it would make it easy to share programming
concepts and designs with others.

Creating such a system i s nothavamanyrséensoryal t &
options available to them. Some sensors are digital while others are analog and both types can
sometimes require specific timing or pulsing sequences for accurate readings. More sophisticate
sensors often have a complicated sefilimterface in order to handle the communication
necessary to both control the sensor and gather information from it.

Fortunately, the manufacturers and/or the retailers of sensors usually make detailed informatic
available on how to use their prodsictOften there is even example code provided for specific
processors. This means that anyone with a reasonable, sometimes even a modest, background
electronics and lovievel programming can handle the interfacing one specific type of sensor.
Unforturately, the task of interfacing numerous sensors so that they can all work together withou
conflict can be daunting. If you further consider that most of the sensory interactions must occur
while the robotés dri ve mobeoomssewnr reorelc@mplexy ¢ o

|l f such a system was availabl e, it would s
think that is enough. We feel that a complete solution should also have the ability to communicat
with external processore shat advanced hobbyists or even manufacturers of robotic parts can
create their own subsystems and seamlessly integrate them to work with all the other features. |
should be possible, for example, for an advanced user to create an external visrarthgtste
extracts meaningful sensory information from the images it collects and then make that
information available through the standard simulator commands and functions.
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Chapter 1: Why a RROS

The RobotBASIC Robot Operating System

Such a system may seem impossible to achimueafter thousands of hours of work, we have
implemented a solution in the form of a RobotBASIC Robot Operating System (RROS). Just as
the Windowbés operating system manages the wvar
your r ob ot Theprogranssahatiruo ensaur PC do not care what video card you use or
what brand or size of hard drive you have. They do not care if you have a standard mouse or a
touch pad. The Windowdés OS will autoamaticall
video monitor, or an LCD screen or even a video projector even though each has a different
physical interface. Applications will receive identical signals whether you use a touch pad, a

mouse or even a touch screen. Our RROS will provide the sameftgpevice for your robot. It

will extract data from your robot dsomstemsor s,
what type of compatible sensors and motors you use.

Build Your Robot YOUR Way
This means you can build your rohmturway. twon o6t matter i f you wuse D
continuous rotation servomotors to drive your robot, because the RROS will automatically
generate the signay®ur motors need. The commands used to control the simulator can be used
to control a real robot powered bither DC motors or servomotors. Small DC motors (up to 1
amp) can be driven directly from the RROIEp without additional hardware. If larger motors are
needed, the RROS can control standardized external hardware so that even 30 amp motors can be
used.
Your robot can utilize an electronic compass and a beacon detector as well as numerous types
of IR sensors and ultrasonic sensors to handle object detection, distance ranging, line sensing,
even wheel encodingall without the need for any loveved programmingii n fact, you w
have to worry about the operation of the sensors at all.
The RROS is distributed as a 24 pin IC that allows many sensors and motosrectye
connected to the chipwithout any other parts. When additionaltgaare required, care has been
taken to minimize what is needed. This means that using the RROS is VERY economical because
most of the time you DO NOT have to purchase separate I/O botrddRROS handles
everything

Beginners
The end result is that ndsaanyone can now build a robot with all of the sensory and drive
capabilities of the RobotBASIC simulator and control that robot directly from the RobotBASIC
environment over a wired or wireless link. You can build anything from a small inexpensite robo
with only a few fundamatal capabilities to a large |fszed robot (complete with one or two
armg with wheel encoders, speech, vision, a positioning system (GPS or LPS), and more.

Building a robot has never been so easy. Early chapters in tihswilb discuss thenany
options available to you, explain what motors and sensors you can use and how to connect them to
the RROS chip. Programming a robot is easier now too. Algorithms can be tested and debugged
using the simulator, then immediatelgted on a real robot. As long as your programs control the
robot éds behavior usi ngloopentrslpboth thelsamulator and the réak r t
robot should respond in very similar manners. As the applications to be handled get more
compkx, programs developed on the simulator can require modification to makecthey for
realworld situations, but the overall development process can still be far shorter than developing
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Chapter 1: Why a RROS

reatworld behavios from scratch. fie time to deglop applicationgan be even furtheeduced

if you prepare a library of basic behaviors, as discussed in Chapter 16.

Robot Building Simplified

Letds |l ook at an example just to show how
five proximity sensors arourttie front of the robot as shown in Figure 1.1.

.

Figure 1.1: The simulated robot has five proximity sensors.

Assume we wanted to build a real robot that uses five of the digital infrared sensors shown in
Figure 1.2. These units are inexpensive and egoubchased from cgmanies such as
Pololu.com. Pololalso sell lowcost motors and wheels making it easy to build your base
platform.

Once built, you could mount the infrared sensors (Figure 1.2) around the front of the robot as
shown in Figure 1.1.

Figure 1.2 This small IR sensor detects objects up to four inches away.

Once everything is physically constructed, the wiring necessary is shown in Figure 1.3. Notice
that you also need a Bluetodthnsceiver for the robgas well as a Bluetooth&B dongle for

your PCi unless your PC has built Bluetooth) and a 5V regulator. The extra items for the robot
are shown in Figures 1.4 through 1.6.
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1 24 Power
+5V 2 23 (+7 to 13 volts)
RROCS
L vee XD 3 G 22
GND RXD 4 -
| 5 20
— 6 1%
BLUETCOTH 7 18
TRANSCEIVER
& 47 7805
9 16
10 15
11 14 I
12 55 13 sV
To To To To To
Pin Pin Pin Pin Pin
12 18 17 16 15
Left-most
IR Sensor
5V

Figure 1.4:This Bluetooth transceiver is available from agbpagd and others are available from many vendors.

Figure 1.5 This regulator reduces the battery voltage to 5V to power
sensors and various other components needed togbrolabt.
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Figure 1.6 When you plug a Bluetooth adapterintoyfuc6s USB port , Robot BASI C
wirelesslywith the transceiver in Figure 1.4. There are no wirg®tw robot and no programs
to download. Just run yolobotBASIC progranon the PC and the robot responds.

Building a robot with the RROS chip really is this easy. And programming a robot is easier too.
You can read thproximity sensors using the commariekel and move the robot witlForward
andrTurn. The following stagment, for example, would move the robot forward only if none of
the sensors are triggered.

if NOT rFeel() then rForward 10

Just an Example

Remember, this is just an example configuration. The RROS chip supports both ultrasonic and |
ranging sensors, digital compass, beacon detection, wheel encoders, line sensors and much,
much more. It can handle both small and large DC motors and servomotors. The RROS provide
the physical interface for most of these devices as well as a software interfacekédmitraasy to

read the sensors and control the motors. It is important to realize that all sensors have advantag
and disadvantages for different situations. Read this entire manual to help you determine what
sensors might be best for your situation.

The RROS can seem a little complicated when you first start using it because there are so ma
options. Different kinds of sensors have to be connected to different pins because some sensors
are analog and others are digital. This manual compriseyg paaes because it address how to
wire so many different types of sensors with various optional configurations. Once you decide
what sensors (and motors) you wish to use though, the wiring is usually as simple as that shown
Figure 1.3.

And perhag more importantly, if you have learned to program a robot using our simulator,
nearly all of the simulator commands will work with your real robot.

This manual also spends many pages explaining how to calibrate motors and sensors so they
are much easr to use. Again, reading about such calibrations can seem overwhelming at times
but know that it is usually far easier than it seems. Plus, in most cases calibrations have to be dc
only once. Let 6s |l ook at an exampl e.

The commandrorward 40 makes the simulated robot move a distance equal to its diameter.
You will want to calibrate the RROS so that it can automatically move the REAL robot a distance
equal to | Tés diameter when you issue the s
specific robot, you never have to do them again unless you make physical changes.
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Chapter 1: Why a RROS

The important thing to remember is that the RROS has been designed to allow you to utilize a
wide variety of motors and sensors, and yet do so with minimal effort.

Advanced Users

Even though everything is easier, donodot think
The RROS has been designed to interface with subsystems that advanced users can design (such
as the camera interface mentioned earlier). This nte@iRROS can grow with you when you

need it to. Later chapters in this book will supply information on how to create custom interfaces

for nearly any type of sensor and you will see details of how RobotBASIC can utilize the RROS to
control a robot arm.

Our next step is to connect the RROS chip to your PC and ensure that it can communicate
properly. Once that is accomplished we will move on to interfacing motors and sensors with the
RROS chip and learning how to best utilize them from the RobotBASI@onment. Finally, we
will see how the RROS can communicate with external expansions (such as an arm controller)
giving you the ability to not only expand t he
customized capabilities to handle trsnidpat perhaps only your robot needs.



Chapter 2

Communicating with the RROS

T he purpose of this chapter is to interface the RROS chip to your PC and confirm that it can
communicate with RobotBASIC. The RROS chip comes without the pins soldered to it, as showi
in Figure 2.1. This allows you to eliminate the pins and solder directly to the connecting points
enabling ultra small robot projects. For most situations thoyminwill probably want to solder

the pin strips to the chip, also as shown in Figure 2.1. This allows the chip to plug into a standar
socket or even a solderless prototyping breadboard. The RROS chip itself is a Baby Orangutan
processor, but it has ée modified for our use.

Figure 2.1 First, solder th pin headers to the RROS chip.

It is important to get the pins aligned correctly before soldering. An easy way to do this is to plac
the pins in the breadboard (see Figure 2.2), then placeitherdo the pins, then solder.
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Figure 2.2 Use the breadboard to align the pins for soldering.

Although the RROS chip assumes the standargi24ootprint, the RROS actually needs 2B9i
to handle all its functionsT he fA e xt r a 0 Ipeside Pio B3nYowcan séeat easily in the
upper right corner of the chip in Figure 2.1. We will refer to this pin as Pin 25. Notice also in
Figure 2.1 that a short wire (complete with breaatidaconnector pin) has been provided to make
connections easy when using a solderless breadboard. This wire comes with your RROS chip and
should be soldered to Pin 25

The RROS chip you receive is designed so that it cannot be read or reprograntheeddsy
but it can be upgraded by RobotBASIC with any future enhancements for a small handling charge.
The six pins next to Pin 25 are used for updating the chip, so do not solder anything to them.

The Communication Link
The typical communication between the RROS and RobotBASIC is usually handled over a 9600
baud wireless link, characteristically Bluetooth or Zigbee (but any serial wireless devices with
similar capabilities should work).

A wireless link is very corenient and certainly fast enough for many applications. It is also
worth mentioning that you can usevaed serial link (perhaps from a USB Serial EGngle). A
wired link isfaster than a wireless link and canprove performance for advanced applioas.
If you use a wired link, then the PC (laptop, netbook, etc.) running RobotBASIC must reside in the
robot itself. While this usually means the robot must be relatively large, there are many
advantages to this approach. For example, RobotBASIC weatlgihandle voice recognition,
voice synthesis, and vision as described in our bfaikdware Interfacing with RobotBASkKhd
Arlo: The Robot Yo u o (awilae Swmamers201%/ annAmazadn.com).
IMPORTANT : Wired links MUST be 5 volt, TTL level®OT the standard RS232 +12 volt
levels.

We will use Bluetooth communication with the robots in this book, with the PC end being
handled by an Abe USB dongle as shown in Figure 2.3. The RROS end of the communication can
be handled by any compatibleugtooth transceiver. We have had no problems with transceivers
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on the RROS end, but have found some incompatibilities with theid®JSB transceivers,
especially those that wuse their own fAenhanc
The Abe dongle has always performed flawlessly no matter what transceiver we connected it to, :
it is our adapter of choice. You should not have problem with other adapters in most cases, but i
is important we mention the possibility. We will discuss & teatest your interface shortly.

Figure 2.3 We have found no incompatibilities
with the Abe Bluetooth USB transceiver.

Testing the Interface

Before we try to communicate with the RROS,
data cartransfer without error. There are only four connections to a typical Bluetooth transceiver
(refer to the documentation for your particular device).

Two pins are generally used to supply 5 volts (VCC) and ground (GND) to the transceiver.
Two additioral pins receive data (RXD) and transmit data (TXD). For testing purposes, we will
just connect RXD to TXD so that anything received by the device (from RobotBASIC) to be
transmitted back (to RobotBASIC). Figure 2.4 shows how to apply these connectimna us
solderless breadboard. Remember, the power terminals must connect to a 5 volt supply. If you
not have such a supply, three standarck batteries in series should be close enough, especially
for testing. Later chapters will discuss betteysvaf producing 5 volts fathe circuitsthat require
it.

Figure2.4:Ti e t he wireless transceiverds tr
and receive pins together for testing.
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The Testing Software
The program in Figure 2.5 shows a simple RobotBASIC program for testing the odcatimn
interface.
SetCommPort 49 // use YOUR port address here
tot=0
for i=0 to 255
SerialOut char(i)
repeat
SerBytesIn 1,x,n
until n=1
print i;ascii(x);
if i=ascii(x)
print "GOOD"
else
print "BAD"
tot = tot+1
endif
next
print "Total errors = ",tot
end
Figure 2.5 This program tests the communication interface.

When you insert your USB Bluetooth transceiver for the first time, it should automatically install
the appropriate Wi ndowbs dmote Bleetooth trangaeiver usiege d t o
the instructions that came with it (typically through the Bluetooth icon in your system tray or on
the Windowbés Contr ol Panel ) . Generally, you
specified i n (ewcation. @neevhe pagridgss campletey time devices will connect
automatically each time the two devices see each other.

Once paired, ask Windowdéds to show you the BI
Bluetooth Icon) and you should see a windgimilar to Figure 2.6 which provides you with the
actual Port Address Windows assigned to YOUR device. You will need this address to establish
communication between the two transceivers.

The test program in Figure 2.5 starts by initializing théaspport assigned to your Bluetooth
connection. Aor-loop is used to send all possible byte combinations over the serial connection.
Since the transmit and receive pins on the remote device are tied together, the data sent out will be
immediately transitted back. When this byte is received by RobotBASIC, it is printed and
compared to the original transmission. If communication is working, you will have no errors.

linvor Properties 2] x|
General Services |

This Bluetooth device offers the following services. To use a
service, select the check box.

Serial port (SPP) ‘Dev B’ COM4S

Figure26. Wi ndowd6s can provide the Port Addr
used for your Bluetooth communtan link.
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Connecting to the RROS
As mentioned earlier, using a solderless breadboard is one of the easiest ways to wire your
circuits. We have created numerous robots for testing the RROS using this simple technique (se
Chapter 15). Even if you evemtily wish to permanently solder all the connections for your robot,
it is certainly suggested you utilize the breadboard approach until you have everything working
exactly the way you want it. We were always swapping sensors and trying different
configuraions with our prototypes so, to make rewiring of circuits easier, we generally used wires
that were longer than necessary which often caused our circuits to appear messy and disorganiz
Since most people will not need to use a variety of sensorgutdshe easier to create a
professional look even with a breadboard.

Figure 2.7 shows a schematic diagram showing how to connect your transceiver to the RROS
chip. Notice that our recommended power requirement$i@RROS chip is between 6 and 12
volts. Figure 2.8 shows the actual connection between the RROS chip and the transceiver using
breadboard.

1 24— Main Power (+6 to 13 volts)
+5V 2 23 =
| RROS -

vCcce TXD 3 — 22

GND RXD 2 ok

| S 20
= 6 1S
BLUETOOTH 7 18
TRANSCEIVER 8 17

S 16

10 15

11 14

12 55 13

Figure 2.7: This schematic diagram shows how to
connect a transceiver to the RROS chip.
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w d
Figure 2.8 When implemented, the schematic shown in Figure 2.7
will look like this. Note: No power is shown to the RROS chip.

Testing the RROS

Now that we have the communication aspect of our circuit implemented, we can move on to
confirm the RROS is operatiolnalo make using the RROS as easy as possible, we have provided
an include file calleckROScommands.bagavailable from the RROS TAB at RobotBASIC.org).

You should include this file in your programs as shown in Figure 2.9.

#include "RROScommands.bas"
main:

gosub InitMyRobot

/I 'your programs will be written here
end

InitMyRobot:
rCommport 49 // Use your Port address
rlocate 0,0
gosub InitCommands //found in the Include file
/I statements will be added here
// throughout the book
return
Figure 2.9 This is a template for programs that
you write for controlling a RRO®ased robot.

The program shown in Figure 2.9 is incomplete. It is only a basic template that you should use

when writingany program to control a RROGBased robot. Therpgram starts by including the

RROS command file that sets up many constants that will make RROS programming easier.
You should also see that there are two major sections to the template. Theaaigragram

that normally will control your robotThere is also a subroutine, that in this case is called

14
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InitMyRobot. As we proceed through this book we will show how to customize this subroutine to
initialize all the parameters appropriateyaurr o b ot . Letds discuss t hi

Your Initialization Subroutine

Remember, the RROS can handle many different types of motors and sensors. This means that
before you start using it to control your robot, yausttell it what motors and sensors you are

using. The commands to do this vgénerally reside in younitMyRobot subroutine. The

subroutine will also contain commands that can calibrate your particular hardware so that your
robot will operate as expected. All of these commands will be explained in detail as we proceed
through tle book.

Naming Your Routine
The name of your initialization subroutine is entirely up to you. If you have several robots using
different types of motors and/or sensors, then you will want to have several initializing
subroutines, one for each of your odd This will make it very easy to use the same program to
control any of your robots (or even the robots of others at a club meeting, for example). If you
create separate include files for each of your robots then any program you write can comtfol any
your robot by changing only a single line of code that calls the appropriate initialization
subroutine. This may seem complicated, but it will become clear as we proceed through the text
Often, in this text, we will make references to statemténaisshould be added to yousin
program or to younitialization subroutine. Early on, we will show these changes in detail, but as
we proceed we will assume that you know to add the commands properly. This will allow us to
minimize the space needear program listings because we will not be repeating code that has
already been shown and explained.
Now t hat you understand how RROS progr ams
demonstrate that the RROS is functional. The test progiiiralso serve to show you a simple
example of commanding the RROS to perform tasks for us.

Making Sounds
Sometimes it is valuable for your robot to be able to make some simple sound effects. For
example, it might issue some beeps to let someone Kmware in its way or it might want to
play a little tune to celebrate when it has accomplished some goal.

Because of this, we gave the RROS the ability to make soundsratrtbterobot. This ability
was never intended to produce high quality mosiany significant audio response such as a
voice. That can be done from the PC directly, and advanced robots needing such capabilities ar
probably be better served with an embedded PC anyway.

That said, we felt it would be nice to have some lichdeund generation capabilities built into
the RROS and we can use them now to confirm that the RROS is working.

Of course we will have to connect a sound transducer to the RROS chip as shown in Figure
2.10. We will actually alter this interface ancoming chapter, but for now, this will work fine.
You may use most any piezo buzzer. Be careful to match the positive/negative mirkings
on your buzzer to those in the schematic.

Try turning on the power to the RROS chip with the buzzechéd. You should hear a short
tone indicating that the RROS chip has become operational. If you do not hear this tone, turn off
the power and check your wiring carefully.
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Figure 2.1Q Adding a piezo buzzer lets your robot make sounds.

N o w Imeke thesremote robot produce a simple tone. Add the following line taatie
program shown in Figure 2.9 (add the new line just beforenbestatement).

rCommand(PlaySound,LowTone)

When you run the modified program you will hear two sounds. fif$tewill be the same sound
generated when the RROS powers up. This sound also occurs when the RROS s initialized with
an rLocatcommand. The second sound heard will be a lower tone producedrbyrtineand You
can verify this by placing the commaaelay 200before yourCommandYou will then hear the
power up tone, followed by the low tone about two seconds later.

We will use theCommanextensively throughout this book to issue special commands to the
RROS. TheCommanwill always havewo 8-bit parameters. The first is the command code and
the second is used to qualify what is to be done. In this example, the first parameter is telling the
RROS to play a sound, and the second parameter specifies what sound to play. Try changing the
parametei.owTonto one of the options shown in Figure 2.10.

Parameter Description
Blipl drip/blip sound
Blip2 drip/blip
InitTone startup RROS tone
LowTone low tone
BeepBeep two quick beeps
BeepBeepBeep three quick beeps
Phasor a phasor sound
Sirenl a type of siren
Siren2 another siren
Siren3 still another siren

Figure 2.1Q These are the standard sounds for the RROS.
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Chapter 2: Communicating with the RROS

All of the parameters in Figure 2.10 are simply numeric values. You can see the actual numbers
that they represent by examining the assignments statements in #rO8eommands.bls fact,

all of the numeric codes usedr@ommandare summarized ia quickreference format in

Appendix A.

Playing Music

You can also play a particular note (C, D, E, F, G, A, or B) in one of three octaves using a
specifying parameter such ®g&iG HighA or LowG You can determine the length of each note by
ORing (]) it or ADDing it (+) with a length designatobgubleWhole Half or Quarte). This means
you can us e DRadmnanB # Sréate the notes for a song as shown in Figure 2.11.
This song is actually included RROScommands, s you can tryt without having to type it in.

Data Birthday; MidC|Quarter, MidC|Quarter

Data Birthday; MidD|Half, MidC+Whole, MidF+Half

Data Birthday; MidE+Half, Pause+Half

Data Birthday; MidC+Quarter, MidC+Quarter, MidD+Half Data Birthday; MidC+Whole, Mid&+Hailf,

Data Birthday; Pause+Half

Data Birthday; MidC+Quarter, MidC+Quarter, HighC+Half Data Birthday; MidA+Half, MidF+Half, MidE+Half
Data Birthday; MidD+Whole, Pause+Half

Data Birthday; MidB+Quarter,MidB+Quarter,MidA+Half

Data Birthday; MidF+Half,Midéatf, MidF+Whole

Data Birthday; 0 // each song must end with a zero

Figure 2.11 These notes play Happy Birthday. Notice that
you can use either the + or | symbol to combine terms.

The subroutine needed to play a song is also includeH@$commands.b¥Ou can play th@irthday
song by adding the following commands to ymai program.
mcopy Birthday,CurrentSong
gosub PlayMySong
The subroutine@layMySonwill play the song stored in the arravrrentSongThemcopyline (above)
copies the notes stored in the arBathdayinto CurrentSongThe second line calls the subroutine
PlayCurrentSobg actually play the notes.
Remember, the sound abilities of the RROS are not intended to be of high quality, matrthey
provide your robot with some basic sound effects to quickly and easily give it some personality.
Play with the sound commands to get comfortable with usiagmandswith the RROS.
When you are ready, move on to the next chapter where we wilkstac ont r ol | i ng vy
motors to produce movement.
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Chapter 3

Small DC Drive Motors

No robot is complete without some movement capabilities, and that generally means motors. Tt
RROS has &en designed to handle the requirements of almost any application. Small robots can
be made that are powered by either DC motors or servomotors. Large robots can be powered b
| arge DC motors that require uplDComotd @ptioa.mp s

Small DC Motors
Figure 3.1 shows the robot we used for prototyping the RROS DC motors routines. It also
demonstrates several sensor options, but that will be the subject of a later chapter.

Figure 3.1 The drive system for thi®bot is two small DC motors.

The motors used are shown in Figure 3.2, which is a bottom view of the robot. The motors have
200:1 ratio gearbox with a 90° output shaft. They can be purchased from Pololu.com (item #112:
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Chapter 3: Small D@rive Motor

which also offers wheels thatate directly to the motors. These motors are ideal because their
low current requirements allow the RROS chip to drive them directly. More on this shortly.

Figure 3.2 Small DC motors provide motion for the robot in Figure 3.1.

Figure 3.2 also showane of two 3gang battery holders used to provide power for this robot. The
six batteries in series provides power for the RROS chip itself (Pins 23 and 24 as shown in Figure
2.7 in Chapter 2). Figure 3.2 also shows a haade encoder disk on the whéiéle encoder

itself is mounted to the right of the wheel). The encode system will be discussed in Chapter 7.
The motors are driven from the main voltage applied to the RROS chip.

The robotdés main body parts aroaganudigheweightyo m f o
available from most craft stores. The motors are attached to balsa wood blocks (which are glued
to the foam board) with small screws.

It is possible that you do not have your robot assembled at this time but that is noemprobl
You can test your motors by simply connecting them to the RROS chip. Connect the two wires
for your robotés LEFT motor to the RROS pins
and 22. Motors connected directly to the RROS chip like thig beismall (drawing less than 1
amp each). Larger motors will be discussed in a later chapter.

You may need to reverse the connections to either or both of your motors based on how it is
mounted etc. Reverse the connections if the motor runs batkwaen you expect it to run
forward.

Any motor (large DC, small DC, or servo) will not receive power unless the RROS has been
properly told of its existence. This is done withraemmand as shown below.Note: This
command should be placed in theMyRobot subroutine discussed back in Figure 2§DTE:
TheMotorSetup should be done FIRST before sensors are setup.

rCommand(MotorSetup, Param)
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Chapter 3: Small DOrive Motor

The value of the lowest three bits in the paramedesm tells the RROS which motors are being
used. When we are using small DC motors as in this example, the parameter should be zero; the
are other codes for other motor types.

To make the RROS easier to use, the include file mentioned earlier sets up variables that
represent various RROS optiorisor example, instead of using a fixed numeric value#oam,
you can just useMALLDdine this.

rCommand(MotorSetup, SMALLDC)

If your robot does not use wheel encoders (these will be discussed in Chapter 7) then this one
parameter is all you needf your robot has encoders, then you can OR or ADD another parameter
(ENCODERsas shown in the two examples below.

rCommand(MotorSetup,SMALLDC+ENCODERS)
rCommand(MotorSetup, SMALLDC|ENCODERS)

Either the + sign or the OR symbol (|) may be used. Since we have not discussed wheel
encoders yet, we will proceed assuming your motors do not have encoding capabilities.
Controlling the Simulator

For those readers that might not be familiar withRh@e b ot BASI1 C si mul at or ,
simple program that controls the simulated robot. Enter the program shown in Figure 3.3 into
RobotBASIC.

main:

rLocate 400,300 // initializes the robot

rForward 120

rTurn 90

rForward 120

end
Figure 3.3 This program moves the simulated robot.

If you run the program in Figure 3.3, the simulated robot will be initialized near the center of the
screen and then move forward a distance equal to three times its diameter (the default simulated
robot is approxirately 40 pixels in diameter). The robot will then turn right 90° and move

forward another 120 pixels before stoppidote: Chapter 16 provides detailed RROS
programming examples.

Controlling the Real Robot
Ideally, the program in Figure 3.3 can be usedontrol the real robot and have it respond in a
very similar manner to the simulated robot. In the long run, this is certainly an achievable goal,

especially when the robotds movements are b
(closedloop control). For example, we could program the simulated robot to move forward until
it finds a wall, then use its sensors to #df

control a real robot, then the results will be very similar ag fmthe sensors used on both robots
have similar placements etc.

We can modify the program in Figure 3.3 so that it controls a real robot by using the technique
discuss in Chapter 2, Figure 2.9. An example modification is shown in Figure 3.4.

#Include "RROScommands.bas"
Main:
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Chapter 3: Small DOrive Motor

gosub InitMyRobot
rForward 120
rTurn 90
rForward 120
end
Figure 3.4 This modified version of Figure 3.3 will
control the real robot instead of the simulator.

For the most part, the change made in Figure 3.4 compared to Figure 3.3 is that the robot is being
initialized by theinitMyRobot subroutine instead of just arbcate statement. Of course you must
have thanitMyRobot subroutine (as discussed in Chagteand include theROScommands.bafile.

Since programs like the one in Figure 3.4 do not use sensory information to affect the robots
movements (opeloop control) the actions of the real robot will not necessarily mimic the
simulator accurately.For example, the real robot might not move in a perfectly straight line when
looking for a wall. While it is not essential that the real robot and the simulated robot track each
ot her s mo v e me n t-lsop eortralestuded; it isvaleable tbt@nesame level of
similarity in order to increase the value of developing programs with the simulator. This can be
accomplished in two ways.

First, the simulator can be made to react much more like a real robot. The corampand
forexamplewi ' | add up to 10% random error to the s
use the simulator to create algorithms and behaviors that better deal witlorkebs$ituations.

Second, we can fineine the real robot so that its movements havitleserror as possible. In
Chapter 7, we will examine how wheel encoders can provide feedback so that we have a closed
loop system that can help keep the robot moving a straight line and make turns more accurately.

In many cases though, the addit@b expense and work of adding wheel encoders is not

necessary. As | o nlgop maemert is reasanably clasetdtbat adbtbe o p e n
simulator, then sensoityased behaviors should operate properly. Because of this, we added
commands to theROS to allow theusertofilreune t he robot dés open | oo

first at how we can ensure that the robot moves in a relatively straight line when asked to do so.

Improving Open-Loop Control

The reason a robot might not move in a straliglet is that the two drive motors are not evenly
matched. If one motor is more efficient electrically or if that motor has less friction, then that
motor will turn slightly faster than the other motor (even when they are told to move at the same
speed) casing the robot to drift to one side when it is commanded to move forward (or
backward). If, for example, your robot drifts to the left when it moves forward, you can use the
following command to slow down the right wheel by 5%.

rCommand(SetReducForwRigh5)

Similarly, if the robot was drifting hard to the right, we could slow the left wheel by 10% with this
command.

rCommand(SetReducForwLeft,10)

Two other rCommand parametegetReducBackRighandSetReducBackLejt can be used to slow
down a designatewheel when the robot is going backward. The ability to establish different
percentages of slowdown for forward and backward movements is important because many
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Chapter 3: Small DOrive Motor

motors have slightly different physical characteristics depending on their direction @fmotat
Notice that these commands only let you slow down one of the nmiot@ger speed one up.

You should experiment with your robot and determine exactly whatdinieg is needed to
make your robot move in a relatively straight line. The commgod determine to be necessary
should be placed in theitMyRobot subroutine discussed in Figure 2.9, Chapter 2. This will force
your robotdos mowvementvyery be mei meprogram i s
you should have separatetializing routines for each of them (each aptly named for the
corresponding robot). The ability #include the appropriate initializadn routine in your
programamakes it easy to use any program you write with any of your robots.

Evenifyourrobt uses wheel encoders, the RROSOSs
enhanced if the normal operation of the motors has been balanced as discussed above.

Fine-Tuning Turns

You can al so ¢ o n-toopaurning/nmvements.olftyautusieshonomaraurnm

90, for example, the simulator turns 90° to the right. If your real robot does not turn the proper
amount you can vary two parameters to make this happen as shown below.

rCommand(SetRotationTime, 10)
rCommand(SetSlowDownSpeed, 30)

If your robot is turning too much (more than 90°, for example) you can decrease the rotation time
or slow down the speedNote: The RROS allows control over three speeds (the naspesEd a
slowdownspeed and aslowdown2-speedl to fine-tune movementsThe slowdownspeed is
used when a robot without wheel encoders is asked to move a specific distance or to turn a spec
amount. Both speeds are set as a percentage of maximum, with 100 being the fastest possible
speed using the following commands.

rCommand(SetSpeed, 80)

rCommand(SetSlowDownSpeed, 60)
In general, to calibrate turns, you should set the slownspeed to some modest speed, then
adjust the time to get a 90° turn. Once you get close to the proper movement by setting the
rotation time,you should expect to have to make minor adjustments to thedsloarspeed in
order to make the turn accurate. This is true because you have more control over the speed thai
you do the time (this will make more sense when you actually try tefime yaur robot).

Fine-Tuning Linear Movements

Next you should calibrate your r obraward4s, fof i ne
exampl e, it owi || move a distance equal to t
robot shoud move a distance equal to its diameter when given the same command. You-can fine
tune the linear motion using this command.

rCommand(SetMoveTime,10)

Just adjust the value used until the robot m@amsoximatelythe right distance. This should
generdly be doneafteradjusting for turns as it is not as important to have accurate forward
movements as it is accurate turns. Just as with turns, robots without wheel encoders will
automatically make specifi€orward movements using theow-down-speed

If you have read any of our other books, you know that the vast majority of the time, your robo
is only commanded to move forward one pixel at a time or turn one degree at a time. These
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movement uses thepeedparameter (rather than thiew-down-speed). Normally, the speed should
be set to something a little larger than the sttown-speed.

For most situations, you want the main speed to be as fast as possible, but not so fast that the
robot moves a significant amount before sensorscanberead t he r obot 6s behav
example, if your robot is following a line on the floor (as described in some of our books) but it is
moving so fast that it looses the line before the line sensors can be read, then you would need to
reduce the maispeed parameter. There are more sophisticated ways of handling this using a
TurnStyle parameter.TurnStyles will be addressed in a later chapter.

Additional Fine-Tuning

It is important to realize that the real robot will normally usestie=d parametewhen executing

an rForward 1 or rTurn 1 command. Typically, you should set the value of speed so that the robot

moves only a very small amount for either of these commands. Let's look at a general example to

see why this is important. Suppose you waagramming the robot to follow a line and that the

robot reads the line sensors and either moves forward or turns left or right based on the readings.
If the robot moves too far before reading the sesmagain, then it can easilysle the line.

When your robot is performing an activity of this nature, it is vital to set the speed parameter to an

appropriate value. Of course, a smart robot can use alternative measures to allow it to reliably

follow a line at a faster pacéNote: Line following examples will be discussed later in this book.

Easier Than You Think

All of the above can sound very complicated but it is important to remember that you only have to
perform finetuning one time (for each of your robots). Once you have experimenteduamt fo

the appropriate values, just place all the necessanymandsinto your initialization subroutine

and forget about them unless you change things about your robot that might alter its movement
characteristics. This could include installing new motors, changing the wheel size, etc.

There will be many other finuning options available to you throughout this text. All
appropriate commands should be added to your initialization subroutine. When you have
everything exactly how you want it, you can copy and paste the subroutine into a program file of
its own and ave it. This will allow you to easily merge it (see the FILE menu}jmnalude it in
any of your programs.

Including the file is often the best overall solution because it allows you to simply include the
initialization file for the robot you aresing at the time. This makes it very easy to use the same
program with different robots you own, or even with other RobotBASIC compatible robots at a
school or club meeting.

Ramping
The RROS will automatical l y c goarrapa wiltnathdve mot o r

jerky starts and stops. You can make the robot start and stop quicker by increasing the parameter
above 1 (which is the default for small DC motors) in the following command.

rCommand(SetMotorRamp, parameter)

This command is available no matter what type of motors are used to power your robot. You
should experiment with different parameters to find what works best for your robot. In general, it
is preferred to use therfgest parameter that does not cause your robot to jerk or rock when
starting and stopping.
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Chapter 4

Servomotors

| n the previous chapter we interfaced small DC madoestly to the RROS chip. For those that
might prefer to use continuous rotation servomotors to power your robot, we added appropriate
RROS support. Figure 4.1 shows an early version of the prototype robot we used to test the

servomotor routines.

Figure 4.1 This robot was used to teébie RROS servomotor routines.

The robot in Figure 4.1 is a heavily modified Boe Bot from Parallax. It was chosen primarily
because it uses servomotors and we had it
25
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Chapter 4: Servomotors

aluminum chassis is small and square, so we topped it with a round piece of foam board to make it
look more like our simulated robot. More details on the construction of this project are provided
inourbookRobot Programmer 6s Bonanza

Figure 4.2 Servonotors attach to the aluminum Boe Bot
chassis which is topped with a round foam board cutout.

Standard Servomotors

The angular position of the output shaft of standard servomotors is controlled by the width of a
pulse sent to them. The pulse width nofgnednges from 1ms to 2ms in order to position the

output shaft over a 180° range. A pulse width of 1500 microseconds should position the shaft near
the center of its travel range. The frequency of the controlling pulse may vary, but in order to
achievesmooth movement with a reasonable torque, the servo should be pulsed approximately 50
times per second.

Continuous Rotation Servomotors
Special continuous rotation servos can be purchased from many sources and used to power your
robot. The speed of thes®tors (rather than their position) is controlled by the width of the
pulses sent to them. A 1500 microsecond pulse should stop the motor. As the width of the pulse
increases the motor will increase its speed in one directitatreases in the pulsedth will
increase the motorés speed in the opposite di
The RROS will handle all the details associated with servomotor control so that all the
commands we used in Chapter 3 to control and initialize DC motors will work equally well with
servonotors. There are some additional complications associated witinsators, so our RROS
hasa few special commands to fitene how they operate. Any new commands needed should be
placed in the initialization subroutine just as we did with DC motors.
Servomotors have three connections to them. Often the wires from the servomotor are red,
black and yellow. In that case, the black wire is ground, the red wire should be connected to +4.5
to 5 volts and the yellow wire is for the control signal. Sames the black wire is brown or grey
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and the red wire is orange. If your servo has a standard connector, the center wire should alway
be for power with the darker of the two remaining wires being ground. If you have any doubt
which pins are which, reféo the vendor that sold you the device. As with most electronics,
improper connections can cause damage.

Most servomotors can operate on-8.%olts without problems, but you should check the
specifications for your devices. Our test robot is p@ddyy six rechargeable AA cells in series to
get an appropriate voltage for the RROS chip. Since this voltage is too high for most servomotor
you could tap into the supply at 3 or 4 cells to get a reduced voltage for the servomotors, or you
could use & volt regulator. This later approach is necessary if your robot is powered from a
single 12 volt battery rather than a group of individual cells.

Figure 4.3 shows a 7805, 5V regulator that makes it easy to generate a regulated voltage
capable of diezering an amp of current. In order to operate properly, the input voltage to the
regulator must generally be at least 7 volts, sometimes higher. If lower voltages are used, the
output voltage may only be 4.5 volts or so. Often the 5V devices discunsggs document will
work fine at this voltage, but there is no guarantee that erroneous problems will not occur if, for
example, you power your robot with a 6V -gell battery.

Figure 4.3 Regulators such as this 7805 gmoduce 5 volts for drivingervomotors.

The center terminal of the regulator is ground (connect to the black servomotor wires and to the
ground pin on the RROS chip itself). The higher voltage (your 12V battery for example) is
applied to the lefhand terminal as pictured in kigg 4.3. The righhand terminal becomes the

5V source and should be connected to the red leads on your servomotors. This should leave on
control [yellow] lead free on each of your servomotors. The control wire for the left motor should
connecttoth®ROS chi p, Pin 1. Connect the right
also connect a resistor (approximately 5K) between each of the above pins and the 5V supply as
shown in Figure 4.4.

It is worth mentioning here that companies like Parallagrdérge DC motors that can be
controlled with pulses just like standard continuous rotation servomotors. We used these motors
on our lifesized Arlo robot that is discussed later in this book.

Motor Setup for Servomotors
Of course, we must tell the RR@Isat we are using servomotors. We can do that with the
statement below.

rCommand(MotorSetup, SERVOMOTORS)
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You can also USsSERVOMOTORS+ENCODER8Ncoders are present (see Chapter 7), just as we did
with DC motors.
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Figure 4.4 The RROS chip cadrive servomotors just as easily as DC motors.

You should set thepeed SlowDownSpeed RotationTimes, ReducForwLeft etcetera just as described
in Chapter 3 for DC motorgut before you do sgyou should make sure the control pulses for
your servomotorare calibrated properly.

Cali brating t hd&esStatev omot or 6s At

When your servomotegpowered robot is at rest, the RROS chip will send normally a 1500

microsecond pulse to each motor about 50 times per second. Unfortunately, all servomotors are

notexactly alike, and you are I|likely to find th

width to make the motors stop moving completely. This is such a common problem with

servomotors that the RROS has the option to just quit pulsing a motortvigienppose to be

OFF (this is the default condition). While this does ensure the motors do not turn, even slightly,

when they are suppose to be OFF, it is important that we find the true center position for the

control pulse if the RROS is to conttbke motors accurately. This is a very important concept. |If

the atrest pulses are not truly causing the servomotors to stop, then there will be a slight bias for

one wheel over the other when the robot is asked to move. Calibratingrést pilse ca make

ot her commands work better. Letds see how we
We can tell the RROS to continue to pulse the servomotors even when they are in an off state

by placing the following command in the initialization subroutine. NSending a zero for the

second parameter will cause the RROS to return to the normal default state of not pulsing the

motors when they supposed to be stopped.

rCommand(CalibServoDrive,1)

This command allows you to calibrate the servomotors that drivergbat. After issuing this
command you should expect your robot to drift slightly even when no movement commands are
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sent to it. In order to correct this situation, watch your robot and determine if either or both of the
motors are moving. If they argou can alter the width of the-egst pulse being sent to them with
these commands.

rCommand(SetLeftStopOffset,128)
rCommand(SetRightStopOffset,128)

Notice there is a command for each wheel. The parameter 128 is the default. Making that numb
largerasmaller (62 55) wi |l | al t er t hrestspeed (anel svpnbuallgthen g n
direction of that motor when slowing it down). Once you find the values that make your robot
remain stationary (or at least as stationary as possible) when not cdathtarmove, you can

remove thecalibServoDrivecommand to ensure that the motors remain perfectly still when the

robot is at rest.

Calibrating the Servomotors Speed
Most standard servomotors move their output shaft to nearly the same position far Sirsill
pulses. Of course, the position is negeactlythe same. The same inconsistency exists with
continuousrotation servomotors, that is, the same pulse width does NOT produce the exactly the
same speeds for both motors. Theoretically, forexampl a ser vomot or 6s mo\
direction should be as described below.

1500 microseconds stopped

1750 microseconds half speed
2000 microseconds full speed

While most servos will probably function somewhat appropriately at the 1500 and 2000 limits, the
speed does not usually change linearly. For example, a particular brand of motor might reach 9C
of its full speed at 1700 microseconds. If the pulse is increased above 1700, the motor will
continue to increase, but the change will be small. In swelse, it would be better for the RROS

to assume that the controlling pulse should only vary from 1500 to 1700 so that changes made tc
t he motor 6s sSpEaandSlowhaviSpesd &itl cause reaSonable changes to the
robot 6s act ubowingro@rmmand allows yot to alterfthe maximum (and minimum)
pulse width used to control your motors.

rCommand(SetDriveServoWidth,50)

The parameter 50 represents the default pulse width (50% of normal maximum), and was chosel
because it seemed to wdrkst with the motors we tested. You can shorten the pulse with smaller
numbers or lengthen it with larger ones. It is not expected that this command will be needed for
most motors, but we wanted to provide ways to ensure RROS compatibility regardhess of
characteristics of your chosen motof3ne nice thing about this command is that it increases or
decreaseboththe Speed and the SlowDownSpeed simultaneously (as well as otherelpéedi
parameters to be discussed later in the text).

Dependig on how you mount your motors, they may move in the opposite direction from what
you expect (. You can reverse the directions of both of your servomotors using:

rCommand(SetDriveServoDir, 0)

A parameter of 1 will return the motor directions to their default conditiddaote: This command
is necessary for servomotors because you cannot reverse their direction by just reverse their lea
as you can with DC motors.
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After you determine the @popriate calibration parameters for your servomotors, place the
proper commands in an initialization subroutine aptly named for your servomotor powered robot
so that you camerge it with or #include it in your programs. Utilizing the appropriate
initialization subroutine should allow the standard motor commands to work properly whether you
are using small DC motors or servomotors. In the next chapter we will examine how to extend
this compatibility to much larger DC motors.
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Chapter 5

Large Drive Motors

Previous chapters have demonstrated how the RROS can handle all the details associated with
small DC or servomotors. In fact, the RROS chip has the hardwaréntalpower both of these
small motortypes. We wanted the RROS to be able to control nargied motors though, when

the need arises. We could have built a much larger RROS chip, but that would have added
significantly to the price and would not have been needed for many applications. Because of tha
we chose to provide the ability to conttalger motors by allowing the RROS to interface with

any of the RoboClaw motor controllers from BASIC MICRO as pictured in Figure 5.1.

Figure 5.1 RoboClaw controllers allothe RROS to control large motors.

RoboClaw controllers were selected becaudgdbeir high quality and the variety of products.
RoboClaw controllers are currently available that can handle 5, 15, even 30 amps of current for
each of two motors. Any of these, or even older models of their controllers, should work find with
the RROS.Some models might have slightly different connectors or DIP switch settings, so refer
to your RoboClaw documentation to ensure you interface everything properly.

One of the great things about the RoboClaw controllers is that they can be controlleght
several modes including analog, RC, and serial. The most efficient method for our RROS is to u
i's serial so we must set up the RoboCl awbs
properly. To make this discussion easier to follow, refex drawing of a RoboClaw in Figure 5.2
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Figure 5.2 This drawing can make interfacing
to the RROS easier to understand.

Setting the DIP Switches

Notice in Figure 5.2, a DIP switch in the upper center of the board. The settings on this switch
allow you to configure how the board operates. We need to move switches 2 and 4 to the left,
making them ON. This selecBmple Serialat 9600baud. If you are using special batteries
(such as Lithium) refer to the RoboClaw documentation as there are aaldsiiatth setting to
monitor and protect special batteries.

Connecting the Motors
The top of the board (Figure 5.2) has several screw terminals for connecting your motors and the
power for them. You should connect the leads from your robots RIGHT roattee terminals
|l abeled M1A and M1B (upper |l eft corner of the
connect to M2A and M2B. As with small DC motors, if the motors rotate in reverse compared to
what is expected, just reverse the leads.

The main powr for your motors (probably the battery powering the RROS) should connect to
B+ andB- (at the top of the board in Figure 5.Rote: If you use a separate battery for your
motors, you must tie thB- terminal to the ground terminal on the RROS chip (refer to the
RoboClaw documentation).

Connecting the Control Lines

The serial data used to control the RoboClaw must connect teténmi®al connector called S1

as shown in the lower middle of Figur&5.0nly two of the three terminals are actually used for

our configuration. The upper terminal (as viewed in Figure 5.2) is the ground terminal and should
connect to the RROS chip ground. The lower of the three pins (again, as viewed in Figure 5.2) is
the control signal and should be connected to Pin 21 of the RROS chip.
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To avoid confusion about this connection, it is worth mentioning that the RROS uses special
programming to turn the motor control pins on the RROS chip into a serial port. Bet#use
you MUST connect a 5K puup resistor between the RROS Pin 21 and +5 volts. The exact value
is not critical so any values from 4.7 to 10K should work fine.

Motor Setup
As with all other motor options, you must tell the RROS you are uditgpaClaw. This can be
done with the following statement.

rCommand(MotorSetup, ROBOCLAW)

As with other motor setups, you can ADD (+) or OR (| ) the pararBstBdDDER®vith ROBOCLAW
if encoders are available. Wheel encoders are discussed in Chapter 8.

Calibrating the Motors

The speed and drift of a RoboClaw powered robot should be calibrated the same as small DC
motors as described in Chapter 3. Place all appropdatenandsin an aptly named initialization
subroutine so it will be available for furiuse.

As mentioned in the last chapter, some special DC motors (like those from Parallax, for example
can be controlled by servo pulsesny servacompatible motor controller should work with the
RROS chip.
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Chapter 6

Additional Motion Control Commands

Previous chapters have demonstrated how to connect servomotors and both large and small DC
motors to the RROS chip. They have also provided details on how to setup each motor type and
perform any necessary calibrations and store them in an initializd&dahdt can benerged or

#included into your application programs.

Normal Motion Commands

Typically, a real robot is moved using the same commands as the simuHat@#rd andrTurn).

We have seen how to firtene the RROS so that the real robot resisovery much like the

simulator. It was also pointed out that the real robot does not need to mimic the simgtainss a
perfectlybecause normally an application program will use sensory data to determine how the
robot should move. This closéddobpfe ed back will cause a real r
to be very similar to that of the simulation. There are some differences though and the RROS ha
commands that help your real robots act more like the simulation. Chapter 16 provides more
insight into this topic.

Turn Styles

The simulated robdtas a unique method of turning. It rotates around its center when making a
turn by turning one of itBwheel® forward and one backward. This method of turning (compared
to a steering system like ar} gives your robot MUCH greater mobility and is usually better for
home or officebased robots.

This rotational style of turning works great on the simulator, because the simulated robot does
not have any mass or inertia.

A real robot thoughdoes have mass and inertia. Imagine the robot following a line on the
floor. When the robot is on the line it simply moves forward. When the robot is slightly off the
line though, it would have to turn back toward the line. Since a normal turn femawiated
robot is actually a rotation, it means that one of the robots wheels must actually reverse direction
and move part of the robot backward in order to make the turn. This backward motion intermixec
with the normal forward motion of the robot Ighuse a jerky motion. This is even seen on the
simulation if you lookveryclosely, but it almost unnoticeable.

When it happens on a real robot though, the jerkiness is always annoying and usually
unacceptable. Eliminating the jerky motion is actually very easy to fix.
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Eliminating Jerky Movement
The easiest way to prevent the jerky motion seadrobot isto alter the way it turns. As said,
normally the robot executes turns by rotating around its center by turning one wheel forward while
turning the other backward. If turns arade by simply stopping one whee thoug@hstead of
reversing it) the jerksra eliminated.

The RROS is capable of handling the alteration of this motion for us. In fact, we gave the
RROS even more options when it comes to the way your real robot makes turns. Look at this
command.

rCommand(SetTurnStyle, parameter)

The parameter above controls how fast tlowmotor moves when the robot makes a turn. When
making a left turn, for example, the left motor should be slower than the right motor, or perhaps
even stopped as discussed above.

If the parameter is set to zeay, then the slow motor will indeed be stopped when the robots turns.
This lets the motor effectively rotate around its slow wheel rather than rotate around its center. If
the parameter is set to 50 though, the RROS will reduce the speed of the slow ddwerlto 50%
of that of the fast wheel letting the robot make a very slow, loopy style of tuparaseter of 90
will not really make the robot turn much at all. Since the slow motor will be moving at 90% of the
speed of the f as ttiemwil lmeonbre of slight dhfieaway &dmaa tstight limeo
movement.Note: It is because of commands like this that servomotors have to be calibrated so
that their speed changewrelinearly over the entiresablerange (refer to theCommand
SetDriveSevoWidth in Chapter 4).

A parameter of 100 returns the robotds behayv
mentioning, that the RROS handles turning styles very intelligently. If you ask the robot to turn
45°, for example, it wilalways use a rotational style. When titern argument i or -1 though,
the previously selected turn style will be used. As you develop behaviors, you will see that this is
exactly how you would want the robot to behave.

For most types of senseopntrdled movements (following a line or hugging a wall, for
example) setting theurnStyle to a low number (%0) produces an acceptable ferky
movement. An intelligent robot though, can modify paemeter on-the-fly and greatly improve
the performancéor a given task

For example, if the robot is following a line that is only moderately curved, it can do so much
quicker when a slower turning style is used (perhaps 60 or 70). If the line is curvy though, a turn
style of 10 or 20 might be more appr@te. As shown in some of our other books, it is not
difficult to use sensory data to determine how curvy a line is (the ofinea robot has to turn,
the curvier the I|line). An intelligent Iyobot
adjust the turn style parameter to ensure the

Turning to Specific Angles

Once you start programming your robot to perform meaningful tasks, you may find the need to
have it face a given directidgnsuch @& North. Because of that, we have provide a command that
tells the robot to move to a specified angle (assuming your robot has a compass). You could, of
course, perform this action using only RobotBASIC commands, but we think you will find this
special éature fast, efficient, and very useful. Complete details on how to use this movement
command will be covered in Chapter 10 where the RROS compass is discussed.
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RROS Timeout

Normally when the simulator is give the commapaward 1, it moves forward othe screen by a

single pixel. If the real robot tried to mogsacha small distance and stop until it received another

command, it would exhibit a jerky movement. This happens because Bluetooth (and most other

wireless links) must delay each time theyitstv from transmitting to receiving. Because of this

delay, the RROS (when using a Bluetooth connection) can only process about 10 to 15 comman

each second which means the robot could set idle for 200ms while waiting for the next command
To prevent this,whenrForward commands of 1 o1l are used, the RROS will normally keep

the motors moving at the designa®@e@eduntil a new command is received telling it to do

otherwise. This action is handled automatically by the RROS and does not regciam on

your part. Keeping the motors moving has the potential to be a problem though, unless the RRO

is smart enough to turn off the motors when no command is received within a specific amount of

time. Look at the following program fragment whighrss the motors and then eridehich

means the RROS will not receive another command. If the RROS simply kept the motors runnin

in situations like this, the robot would continue to move at its last known speed even after the

program ended.

rForward 1
end

To prevent this from happening, the RROS has a designatadtdefee-out period If no
command is received in that period the RROS automatically stops all drive motors. You can use
the command below to set a different thmat period based on yoneeds.

rCommand(SetRROStimeout,15)

If the time-out period is too low, the robot will have a jerky motion because the motors are
actually turning on and off while the robot moves. If the tmoe is too long the robot may
continue moving too much undeircumstances like that described above. Generally you should
not have to alter the timeut period because if your program is doing something that might take
considerable time, such as waiting for a voice command, it is probably advisable to stop the
robot 6s movements completely. |l f your Robot
before sending the neMtorward command though, you may want to extend the timeout period
slightly to prevent the inevitable jerky motion.

This is just anthersmall example of how the RRQfas designed so it coulsk customized to
meet your needs.

Wired Links

Remember, speed related problems are usually caused by the wireless link itself. The RROS itse
is actually capable of processing coamds somewhdaster. For higfperformance situations,

we suggest that you embed a laptop or netbook running RobotBASIC inside your robot and
connect to the RROS chip usingvaed serid connection. This will improve thepeed

communication and let you obtaindreact to sensory datguicker than a wireless linka most
situations though, a wireless link is fast enough as demonstrated by eizdificArlo robot

(discussed later in the text).

More Commands
There are even a few more commands that alter the way your robot moves, but they deal
specifically with wheel encoders, and will be covered in the Chapter 8.
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Chapter 7

Steerable Robots

| n previous chapters, we examined how the RROS could control a wide variety of motors in a
manner similar to that of the RobotBASIC simulated robot. As you know, the simulator turns left
and right byindependently controlling the speed and direction of the two drive wheels. The robot
rotates around its center, for example, when one wheel moves forward with the other inireverse
an action very different from a steerable vehicle such as a car.

Therotational steering of the simulator allows it to maneuver in a cluttered environment far
easier than a steerable robot and should probably be the choice for any home-taséiteobot.
When robots must operate in a more expansive environment sapkradield though, the
steerable robot can be more stallete: Another option is to use a fouvheel (for stability), aH
wheeldrive (one motor on each wheel), robot that still turns like the simulator. Simply place the
two motors on each side in pdel.

MINDS-i

A company called MINDS (mymindsi.com) sells a wide variety of steerabletairain kits and
construction sets. Figure 7.1 shows a sample robot from their web page. Notice the use of knok
tires and a spring and shock absorber suspeniesigned to improve performance in a rugged
landscape.

The RROS Can Steer

Even though RobotBASIC was not designed to simulate d@eradlin vehicle, we wanted to make
the RROS capable of handling a famheeled robot where one motor drives the relagels in
unison and another motor steers the front wheels. In order to invoke this mode, simply tell the
RROS you are using a steerable system as shown below.

rCommand(MotorSetup, Steerable)

In this mode, theForward command will produce appropriatgsals on Pin 1 of the RROS chip

to control a continuous rotation se+dewanmot or
vehicles will generally require larger motors, MINDSowers their robots with a DC motor
controlled called the 300A ElectricrSpeed Controller or 300A ESC for short. This device,

allows a single DC motor to be controlled using RC (servomotor) pulses.

In this mode a standard servomotor is assumed to be used to move the robots steering
mechanism, so th&urn command willproduce servomotor pulses on Pin 22 of the RROS chip.
Note: Pultup resistors must be used on both Pins 1 and 22 as described in Chapter 4. When
properly calibrated (more on this later)darn 15 will make the servomotor turn the front wheels
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15° to e right while anTurn -30 will turn the wheels 30° to the left. These actions make it easy
to control a real robot, but it would be nice to be able to simulate a steerable robot within the
RobotBASIC environment.

Figure 7.1 Steerable robots, suchthss altterrain vehicle from
MINDS-i offer increased stability in an outdoor environment.

Simulating a Steerable Robot
Even though the RobotBASIC simulator only deals with-tmiteeled robots, we can simulate a
steerable vehicle with a little trickeas shown in Figure 7.2.

Main:
/l draw a line for reference
line 250,300,700,300,3,green
/I the following line replaces rLocate
call InitSteerBot(230,300,90)
call Steer(0) // replaces rTurn
/I note: steer works in 10 degree increments
call Drive(10) // replaces rForward
for i=1 to 130
call Drive(1)
if i=25 then call Steer(-10)
if i=50 then call Steer(0)
if i=75 then call Steer(30)
if i=100 then call Steer(-20)
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delay 50 // to reduce robot's speed
next
end

sub Steer(amount)
rGPS x,y
CD=rCompass()
for i=CD+MI[0] to CD+amount
t=DtoR(i -90) //(CD+MI[0] -90)
rLocate x,y,CD
line x,y,x+13*cos(t),y+13*sin(t),2,RED
next
MI[O]=amount // wheel direction
return

sub Drive(Amount)
for i=1 to Amount
CD=rCompass()+MI[0]/10
rGPS x,y
restorescr
/ICD+=delta
rLocate x,y,CD // face wheel dir
rinvisible Green
if MI[0]=0
rForward 3
else
rForward 5
endif
/ldraw wheel
rGPS x,y
t=DtoR(CD+MI[0] -90)
line x,y,x+13*cos(t),y+13*sin(t),2,RED
next
return

sub InitSteerBot(x,y,d)

SaveScr // preserves environment

/I create a single element global array

data MI;0

rLocate x,y,d

MI[0]=d -90

t=DtoR(MI[0])

line x,y,x+13*cos(t),y+13*sin(t),2,RED
return

Figure 7.2 This example program demonstrates
how to simulate a steerable robot.

The program in Figure 7.2 is provided for illustration as it has some limitations. Commands such
asrSpeedandrPen, for exanple, do not work properly and the robot moves numerous pixels for
anrForward 1 command. All the sensor commands work properly though, allowing the
subroutines to be truly helpful when developing behaviors and prototyping algorithms for a
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steerable robotNote: It is even possible to utilize the standard simulator to help develop
algorithms for a steerable robot. Refer to Chapter 16 for more on this.
If you create some applications with these routines you will see that steerable robots do not
operae well unless their perimeter sensors have a significant range. This is true because they
must make turning decisions far soonerthanawwoe el ed r obot . This mean
Virtual Sensors discussed in Chapter 9 are an ideal solution fortanraih vehicle.
Since aliterrain robots generally work in a rugged, demanding environment, it is often worth
the expense of a commercial kit or construction set that offers improved suspension options. If
you just want to experiment before committo a large investment though, there are-tmst
alternatives.

Modifying Toys
When developing our steerable RROS routines we neededeokvprototype and purchased the
toy truck shown in Figure 7.3 from Radio Shack.

Figure 7.3: This radio conblled toy truck serveds the basis for our steerable prototype.

Toys such as the truck we used are built for speed and would be very hard to control as robots.
Also, the steering system on most laast toys only have three statetull left, straight and full
right. Therefore, our first step was to disassemble the unit and discard all the original electronics,
including the radio receiver, and both the drive and steering motors.

We replaced the original drive motor with a small heavily gearetbr as shown in Figure 7.4.
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Figure 7.4 A small, heavily geared motor was mated to one of the original drive gears.

The new motor must be precisely positioned or the gears will either bind or slip. It might have be
easier to utilize a continuowstation servomotor for our small prototype, but we needed a DC
drive motor to ensure our compatibility with the controller used in the MHN@®ots. To that

end, we interfaced our motor with the Electronic Speed Controller shown in Figure 7.5. The ESC
has two independent wires to connect to the motor and a battery connector often used on RC ca
These will have to be cut off unless you are using standard devices. Before you do any cutting
though, mark each wire to ensure you do not confuse them Telbe ESC also supports an

ON/OFF switch and a standard servomotor connector which we will use to interface with the
RROS.

Figure 7.5 This 300A ESC is used to control
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the drive motor in MINDS robots.

MINDS-i robots utilize a servomotor to control their steering, so we did the same. Our toy truck
had a great steering mechanism that was easily interfaced with a micro servo as shown in Figure
7.6.

")

=7/
)

Figure 7.6. The servo horn moves a rabkr connect to the wheel assemblies.

Calibrating the RROS Commands

As with all our RROS commands, we must have ways of calibrating them to ensure compatibility
with a wide selection of hardware options. This is especially true for the steering command,
rturn.

As mentioned earlier, a commandroér 15s houl d turn t he robotdés wl
When you issue this command, your robotdés whe
probably will turn too much or too little, and, depending on how younted your steering servo,
they might turn left instead of right.

We can adjust the total amount of steer turn (which is controlled by the width of the
servomotor pulse) by issuimGommand(SetSteerServoWidth, parameterjvhere a larger
parameter will move the motor further for any givenurn value. Use small parameters such as
25 to start and increase them slowly until you get the desired action. Large numbers can move the
servo past its limitations, possibly damaging the gears. The steeringotiregsh be controlled
usingrCommand(SetSteerServoDir, parameterysing parameters afor 0.
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The maximum pulse width for the drive motor can be controlled with
rCommand(SetDriveServoWidth, parameter)just as we used in Chapter 4. The direction ef th
drive motor can be reversed witbommand (SetServoDir, parameter)which was also discussed in
Chapter 4.

Our Completed Steering Prototype

Figure 7.7 shows our completed prototype. It uses six rechargeable AA cells, four of which are in
the trucks origial battery compartment. A small breadboard makes it easy to connect the RROS
chip and other electronics. Because our prototype was needed only to test the new motor
commands, we did not permanently add any sensors to this robot. Since an increasedrspgnso

is needed (as mentioned earlier) we highly recommend our Virtual Sensor System discussed in
Chapter 9. As an alternative, MINEISffers a digital sensor with a manually adjustable range

that provides a slightly lower cost, but with far less fhlily.

Figure 7.7 Our steering robot prototype.
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Chapter 8

Wheel Encoders

| n Chapter 3, we discussed how you could specify the timing periods your robot should use whe!
it moves forward or turns a specified amount. We also examined how twfieehe speed of

each wheel so that the robot could track forward and backward mighstine. All ofthese

methods can produ@eceptable redis, especially if your robatlwayshas a fully charged battery

and is operatingn a level surfee

The Need for Encoders
Sometimes though, your robot might need more accurate movementsva@teaccomplish this
is through wheel encoders. Some motors can be purchased with an integrated encoder, and the
are commercial versions of course that can be added to compatible motors. You also have the
option to build your owrencoders

Theprinciple for an encodesisimple. You simply needdevice that can generate a string of
pulsesasyourrabt 6 s wheel s mo comstantly @@unt thefeRWsSs andakeep track
of how far the robot has moved or turned.

Simplified Approach

The aproached used by our RROS is very basic, yet it provides excellent functionality. We
considered using the more robgstadratureencoding but decided against it for two reasons.
First, quadrature encoders require two deteaarsach whedhat must bgrecisely aligned.
Second, we found ways of making simpler technology meet our needs. Since our system is
composed of only a single detector each wheelt requires that the RROS do more work, but
that, after all, is its job.

Types of Detectors

TheRROS does not care what kind of hardware
wheels are moving, so advanced hobbyists can consider any option. You could, for example, us
a standard quadrature encoder if you have one available or & bodtiinto the motors you are
usingi just useoneof the encodéds outputs and leave the other disconnected.

If you want to build your own, a simple reflective sensor is the easiest to implement. Basically
an LED in the sensor emits a small ambof light (usually infrared) and a phototransistor detects
if that Ilight is reflected back or not. Th
in the train) has to be equipped with some form of encoding disk so that pulses areedaserat
the disk spins by the sensor. Figure 8.1 shows a representative disk that can be glued to a whee
(refer back to Figure 3.2 in Chapter 3).
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Figure 8.1 This disk will produce 18 counts for each revolution of the wheel.

Notice that the disk in Gure 8.1 has 18 spokes, 9 white and 9 black. This will produce 18 pulses
each time the disk makes one complete revolution. The more spokes you have, the more
accurately the RROS will be able to track you
sizg of the spokes are limited though, by the size of the sensing element. If, for example the lens
on your sensing element is large enough to cover multiple spokes, then it will not be able to
generate pulses correctly. Commercial encoders will generalyde much better performance.
If you use a commercial quadrature encoder, just use ONE of the two available outputs (either will
work).

The RobotBASIC program in Figure 8.2 was used to draw the disk in Figure 8.1. It allows you
to specify the sizef the disk as well as the number of spokes.

/I alter these parameters for your disk
r =100 // radius
n =18 // number of spokes
X =400 // center of disk
y =300
LinesPerSpoke = 360/n
LineWidth 1+r/50
c=Black
for i=0 to 360
if i#LinesPerSpoke = 0
if c=Black
c=white
else
c=Black
endif
SetColor ¢
endif
line x,y,x+r*cos(DtoR(i)),y+r*sin(DtoR(i))
next
SetColor Black
LineWidth 2
arc xr-2,y-r-2,x+r+2,y+r+2,0,6.28
circle x-3,y-3,x+3,y+3
Figure 8.2 This program can draencoding disks for you.
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The program in Figure 8.2 uses wide lines to ensure that the black areas are totally filled in. This
causes some minor distortion at the center of the disk. This should not be a problem because th
reflective sensor should be mdead as close to the outside edge of the disk as possible (where you
have the widest possible spoked)ote: This program requires that the number of spokes be a
number that can divide evenly into 360, otherwise one of the spokes will differ in sizellitben a
others.

The Sensing Element

As stated earlier, you can use any sensing element you wish. Pololu offers tHEAQURCh is
very inexpensive and pictured in Figure 8N8ote: Pololu also offers a QTRRC that is designed
to be used in an entiretlifferent way. It is NOT compatible with our RROS.

Figure 8.3 The QTR1A from Pololu is an inexpensive reflective sensor.

The large hole in the QTRA is used for mounting. We used a screw to attach the sensor to a
small block of wood, then glued the blYootk t
an inch above the surface of the encoding disk. If the disk is too close or too far away, the sensc
will not operate properly. Ideally you would monitor the sensor output using an oscilloscope
while mounting it. This sensor has a reasonable amduolevance, though, so even monitoring
the change in the output voltage with a meter as you slowly rotate the wheel should allow you to
calibrate its mounting position properly.

It is also very important that the sensor be parallel to the diskis ffilted, the light generated
by the sensor will be reflected off at an angle and never be returned to the receiving element.
Mounting the sensor sounds more complicated that it actually is. Just be happy you do not have
mount and align two sensotogether on each wheel (which would have been required for
guadrature encoding).

There are three holes at one end of the sensor (see Figure 8.3) that provide the connections t
the RROS circuit. You may solder wires directly to the holes, orisplde as shown in Figure
8.4 so you can connect to the sensor to your circuits with a standard servomotor cable.
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Figure 8.4 Soldering pins to the connector can make interfacing easier.

Figure 8.5 shows a schematic of the actual sensor circuit. Then&m elements are an IR LED
to produce the light, and a phototransistor for detecting the reflected light. Vin should be
connected to a 5 volt source on your robot (refer to Figure 4.3, Chapter 4).

VIN

220 47k

OUT

+

Figure 8.5 This is the actual schematic of a QTIR.

When the photo transistor in Figure 8.5 receives light, it conducts and forces the output to zero.
When no light is reflected, the output is high (5V).

Connecting to the RROS Chip

The output from the encoder on the left wheel connects to Pin 3 on (B8 Rip. The right

encoder output connects to Pin 4. When you issue a motor setup command, you can OR or ADD
the parameteENCODERS®S described in Chapter 3 to tell the RROS to start counting the pulses.
You can also useCommand(EnableCounters, parareter) with either arTRUEoOr FALSE(or 1 or 0)

parameter to turn the encoders ON and OFF during normal program operation.
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In most situations, the signal from a circuit such as the one in Figure 8.5 will work just fine,
especially if the sensor is plateroperly in relationship to the encoding disk. If you find the
pulses generated by the sensor arelg@nenough, you can run them through a standard inverter
(such as a 7404 or 74HCTO4) or better still a Schmitt Trigger inverter (such as a 7414 or
74HCT14) before they are connected to the RROS chip.

Using the Encoders
The RROS will handle operations that utilize the encoders automatically. When you tell the robo
to rTurn 90, for example, it will count the pulses and stop the turn at the righigrosit will also
ramp your robot up to speed and slow it down incrementally to prevent jerky starts and stops. In
order for it to do its job though the RROS must be initialized with the appropriate information
using the following commands.

rCommand(SeClicksPerDiam, Param)

rCommand(SetClicksPer90, Param)

rCommand(SetMotorRamp, Param)
In the first statemenBaramshould be the number of clicks your encoder counts when your robot
moves a distance equal to its diameter. The easiest way to find thismisrtiirough
experimentation. Write a program that tells the robot to mear@ard 40 and then ends. Start
with a value around 30 in the first statement above, and if yout i®bmving too far, redude
If the robot does not move far enough, ease it. Do the same thing usingraum 90. If you
have trouble performing this calibration, try adjusting using lower values for the standard speed
and the slondownspeed.

The defaultraramfor the motor ramp is 1. As the numbers get higheryolvot will start and

stop more quickly. You should test different numbers and utilize the largest ramp value that does
not cause your robot to start and stop too abruptly. Using ramp values that are too low will limit
how well the robot perform in sonsuations. Examples are given in Chapter 16.

Advanced Operations
The RROS will try to help you in other ways when the counters are enabled. For example, if you
ask the robot to move with arorward 100 command the robot will ramp up to the norrapédel,
and move until it gets close iis specified destination. At that point the RROS will slow the
robot down to theSlowDownSpeedand continue until the end point is reached. It is important to
realize that the RROS does not have to be told to ddtlsgust part of its job if counters are
enabl ed. You will find that the RROSO6s act
also make it look more intelligent.

You can also specify slowDown2 speed. If set to anything other than zero, the RROS will
automatically reduce the speed again (to this value) when the rofeoy edose to its destination.
This effectively creates a proportional control that allows the robot to move much fastehtran
openloop control is used.

Here is another way the RROS will provide help without needing any input from you.
Anytime your robot is trying to do a movement where the left and right motors should be turning
at the same speed (example: normaidwor moving in a straight line) the RROS will monitor the
counts for each wheel and automatically slow down the faster wheel until the two counts are equ
again.

The speed of the slow wheel will be reduced by its normal speed divideddoyt& arection -
Divisor. If for example, th&ountCorrection-Divisor is 2, the speed of the slow wheel will be
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reduced by %2 of its normal speed. If the divisor is 5, the speed will be reduced by 20%. The
default divisor is 2 but it can be set by changhagm in the following statement.

rCommand(SetCCdivisor, Param)

Commercial Encoders

Homemade encoders like the one described in this chapter are generally limited by the optical
characteristics of the detector used to count pulses. This is not really a problem because the
RROS can do eeasonablgob even if the robot only generates@@lses or so when it moves a
length equal to its diameter. It does a bettetlhmugh,if the encoders can produce three or even
four times that number of pulses.

Some commercial encoders though can produce far more pulses per revolution RRO8e
needs or perhaps can even handle. After all, the RROS is doing a lot of actions in the background.
If you are using a commercial encoder capable of producing more than 255 pulses as the robot
moves a distance equal to its diameter, you have a pndideause when you usetClicksPerDiam
theParamcan only be an-®it number (having a maximum value of 255). In such situations, you
can have the RROS automatically divide the counts it accumulates byrsamavith the
following statement.

rCommand(SetCountDivisor, Param)

If the Paramis 2, for example, only half of the encoder pulses will be counted. Normally you
should never have to utilize this command, but it has been included to handle improbable
situations. In the rare case that you usermo@er that produces pulses faster than the RROS is
capable of counting, you will have to reduce their frequency by using an external counter chip.

Fine-Tune First

When wheel encoders are used, the RR@Sautomatically correct for many situations as
described in this chapter. The RROS may be able to do its job more efficiently though, if the
speed of the drive motors areadyreasonably matched. For that reason, if you have trouble
you should tryinitially turning off the counters and firginingthe motors using the techniques
discussed in Chapter 3. This will ensure that whatever motors you are using are as closely
matched as possible, thus minimizing the corrections needed by the RROS.

Final Thoughts
Wheel encoders certainly can help your robot to turn and move more accurately, but do not
assume perfection. Gears still have slop and backlash and tires still have friction and slip so there
will stildl be err or i nhetwheels moveldhe apprepriatecamaumhe nt e
Sit your robot up on blocks and place a chalk mark on both wheels, then tell the robot to
rForward 100, thenrForward z100. You will see that the wheels return to their original position if
encoders are enabletf.you do the same program with the robot on the ground, it should move a
relatively straight line and return to somewhere near its starting point. If you see it drifting left or
right, make sure the wheels are aligned properly as weighbdistn can significantly affect
movement when the wheels are misaligned. If you continue to have drift, try giving each wheels a
slight toein (angle each wheel slightly to the center).
Remember, your robot should seldom move aggicant distance without using its sensors
to guide its actions. Because of that, the wheel encoders need only to provide reasonably accurate
movements.
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Chapter 9

Perimeter Sensors
Turret Ranger & Battery Monitoring

T his is one of the most complicated chapters in the book because the subject itself is
complicated, but because there are so many options available to you. When it comes to perimet
sensor types, the shear number of choices the RROS gives youahit bgimidating, but the

large number of possibilities gives you enormous flexibility when it comes to designing your
robot. You will see that the choices you make when it comes to perimeter sensors will also affec
the turret ranger and battery maming, which is why they are included in this chapter. We will

do our best to present this material so that it is as easy to use as possible.

Normally, a RobotBASIC robot will have two basic types of perimeter sensors. Figure 9.1
shows the placemenf four bumper sensors which can be read usinggilreper() function and
the placement of five proximity sensors that can be readriati).

Bumper sensors only detect objects very close to the robot and could actually be implementec
with physicalbumpers that detect collisions. The proximity sensors are assumed to be IR or
ultrasonic sensors that can detect objects before any collision has occurred. As depicted in the
figure, proximity sensors generally detect objects within a-chagped areautward from the
robot. When IR sensors are used, the width of the cone can be very narrow, sometimes even
approximating a straight line. Certain brands of ultrasonic sensors (such as Maxbotics) allow yot
to choose the shape of the detection cone by psnaty specific models. Choose your shape

based your application.
U
‘\\h-—”'

Bumper Proximity
Sensors Sensors

Figure 9.1: RobotBASIC robots have two types of perimeter sensors.
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For many behaviors, the proximity sensors provide all the capability you will need. For advanced
behaviors though, it is nice to have both options available té yetting you know when objects
are close (proximity), and when they aeally close (bumgr).

Categorizing the Possibilities
I n order to make it easier to visualize all o
categories based on the type of perimeter sensors used. This makes sense, because all other sensor
types (compassgacon detector, line sensors, etc.) are always available no matter what type of
perimeter sensors are used.

First, |l etds divide t Idigital geometersensoismanhging t wo ma j
perimeter sensors.

The Digital Perimeter SensorMode

Digital sensors are generally cheaper than ranging sensors so this mode usually allows you to
make the cheapest robot possible. This mode does not have bumper sensors though (unless a
sensor expansion chip is ugsedhore on this custom option in &da chapter). This means your
robotdés perimeter sensing wild./l be handled by
Figure 9.1. As mentioned earlier, the proximity sensors are sufficient for many belgwveier

projects. In fact, if the uses totally new to programming then having only one type of perimeter
sensor available can often be less confusing.

With the RROS, you can use any sensor you wish in this mode as long as it provides a LOW
signal when an object is detected and a HKB}thal otherwise. The ShaGP2Y0D810IR sensor
(Pololu #1143, shown in Figure 9.2) is an excellent choice. It can detect objects up to four inches
away. For very small robots, there is alseession of this sensor with a detection range of two
inches.

Figure 9.2 This Sharp digital IR sensor makes it easy to detect objects close to your robot.

There are only three connecting pins on the Sharp sensor. Two are for connecting 5V and ground,
and the third is the output that will be connected to the RROS chip (more on this later in the
chapter).
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If you utilize digital perimeter sensors and want to be able to use4dhge() function (which
returns the distance to objects at a specified aang r el at i ve t o t hevillr obot
have to build a servomot@ontrolled rotating turret on which you mount a ranging sensor. We
mounted a miniature servomotor in a feaoard stand as shown in Figure 9.3. The chosen
ranging sensor canghbehogl ued t o the servods horn. Yo
ranging sensors.

.

Figure 9.3 Raising the turret motor helps ensure ott@nponents will not block the ranging sensor.

We will see later that a turret mounted ranger will only beeasary when the digital mode is

used. When needed, the servomotor for the turret must have 5V and ground connected to it just
described in Chapter 4 for the servomotors
should connect to Pin Idh the RROS chip.

The Ranging Perimeter Sensor Mode
In general, this optionsuallyuses six ranging sensors (either IR or ultrasonic) spaced around the
robot as shown in Figure 9.4.
Since each of the sensors shown in Figure 9.4 is a ranging senaomeasure the distance
to objects in its path. The RROS will use this capability to creaitual sensor systeifyVSS)
that implements the bumper and proximity sensors
You will be able to specify two distance parameters with spemalmands We will call these
two distance8umpDist andProxDist. Let 6s see how these | evel s
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W

5 D b 1

6

Figure 9.4 Ranging sensors placed as shown can produce a virtual sensor system.

A Virtual Sensor System
When the RROS detects objects closer thampDist it will automatically react as if a bumper
sensor at that position was activated. Objects detected clos@&rdkiaist will be seen as a
proximity sensor. This is a very powerful concept that allows our roleftaotivelyhave both
bumpers and proximity sensors even though they do not exist in that form.

When ranging sensor 1 detects objects withirsimepDist it will show up as the right bumper.
In a like manner, ranging sensor 5 translates to the left bumpeaagidg sensor 6 translates to
the back bumper. The front bumper will appear active if ranging sensoor4 8etects an object
within BumpDist. We are not done yet, though.

A Virtual Turret
The simulated robot has a (simulated) ranging sensor mounted on a rotating turret allowing it to
measure distances to objects at any specified angle and report that distandeangi(.
examine an area defined by a 180° arc in front of the robot amd@ierthe distance to objects
found using the functiorRange(). As mentioned earlier, the RROS actually supports using a real
turret in the Digital Perimeter Sensor Mode mentioned earli@te: The real digital turret is
generally confinedtoviewamae a of N 90U f r dumtotinitationsofthet 6 s he a
servo itself

In the Ranging Perimeter Sensor Mode, the RROS will simply report the distance recorded by
the range sensor closest to the desired turret angle requested. This addsre\mwaoto the
VSS concept because the area in front of the robot can be scanned without the expense of having
to build a turret. TheRange() operation will also be faster, because there is no waiting for a turret
to move. Note: As a special added teat if the commaneRange() is used, it will return the
distance measured by the rear sen3diis may seem strange, but is necessary because
RobotBASIC restricts rRange() commands with the real robot to + 90 and since a reqdest of 1
would normally reert to & anyway, this causes no conflict.

In summary, the VSS lets six ranging sensors act as four bumpers, five perimeter, and a turret
mount ranging sensor.

Supported Ranging Sensors
The RROS currently lets you choose from five different rangamgars (or their equivalents) as
listed below. Two are infrared sensors and three are ultrasonic.
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Sharp GP2Y0A21 short range IR (Pololu #136)

Sharp GP2Y0AO2 long range IR (Pololu #1137)

Maxbotics L\-MaxSonafEZ family (Pololu #723 and others)
Parallax hg))) Ultrasonic (Pololu #1605)

SR04Sonic Rangers (available at RobotBASIC.com)

The Pololu item numbers are listed but these items are generally available from other vendors st
as Parallax, Lynxmotion, The RobotShop, RobotMarketPlace, TrossenRobatie=Co, Digi
Key, and many others.

Comparing IR and Ultrasonic Sensors

We feel IR sensors are generally better for small robots beeaussions from one ultrasonic
sensor can be read by another, thus providing unreliable @aiscan be minimized hysing
directional hoods made from rubber tubing (see AppendiXTDge RROS reads the PING sensors
in two groupf alternate sensots minimize this problem. Maxbotics and SR04 sensors must all
be read simultaneously though, so directional shields beusted to prevent false readings from
alternate echo signats small robots.

IR sensors are also not without their problems, as small objects located between the narrow Il
beams can be missed. The wider detection cone of ultrasonic sensgo®@raason to choose
them for larger robots.

There is no right answer when it comes to sensors. IR can only detect objects that will reflect
infrared light, and ultrasonic sensaanhave trouble with soft objects that cannot reflect sound as
well as objects with angular faces that bounce the sound waves away from robot rather than bac
to the sensor. Choosing the correct sensoydar application is very important. We feel that the
needs of most applications can be met by one of the supperisars. We wanted the RROS to
be able to handle almost anything though, so Chapter 13 will discuss methods of using several
types of sensors in unison, and even advanced sensor options such as vision.

= =4 =4 -8 =4

Even More Options

Both the IR and ultrasonic sensmnfigurations have more options. Instead of using six ranging
sensors as described above, you can use a digital sensor on the backside of your robot letting yc
reduce costs as long as you do not need to vary the detection distance on the rear béyour ro

Choosing the Sensor Mode
Just as we used abommandto perform the motor setup back in Chapter 3, the following
command can be used to initialize the sens¢@I.E: Setup motors before sensors .

rCommand(SensorSetup, Param)

The value ofParamwill tell the RROS what sensors you are using. The two most significant bits
indicate the main mode as shown below.
00 All Digital

01 5ranging sensors (rear digital)
10 6 ranging sensors

The lower 3 bits oParamindicate the type of ranging ssor that is being used. In the Digital
Mode, these bits indicate the type of ranging sensor used on the turret. These options refer to th
supported sensors listed earlier and are indicated by the numbers given below.
000 ShortIR (Sharp GP2Y0AR1
001 LonglIR (Sharp GP2Y0AQ2)
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010 Analog Sonar (Maxbotics)

011 Ping (Parallax)

100 Sonic ranger (RobotBASIC.com)
111 No ranging sensor available

Just as with the motor setup, you can use the actual numeric valeesfoas dscribed above,

or you can use the variables predefineBR®Scommands.comFor example, you can set up a robot
with digital perimeter sensors and a turret mounted Ping sensor with this statement.

rCommand(SensorSetup, DIGITAL+PING)
Similarly, the folbwing command tells the RROS you are using six Maxbotics sensors.
rCommand(SensorSetup, SIXRANGE+MAXBOTICS)

This SensorSetupcommand can be used to sptthe compass too, but that will be discussed in
Chapter 10.

General Wiring for the Perimeter Sensors

Since the RROS supports numerous types of perimeter sensors, we will first examine the general
connections that must be made for each of the sensor types before discussing how the sensors
connect to the RROS chip itself. Usually these general cbions are only for power and ground,

but there are exceptions.

The Sharp IR Ranging Sensors

Figure 9.5 shows a Sharp GP2Y0A21 which can detect objettsaljput 30 inches. Its longer
range cousin, the GP2Y0AQBoks very similar, but is slightly lasy. Both devices have 3
connecting terminals, two of which supply 5V and ground. The third terminal for each sensor will
connect to the RROS chip as described later in this chapter. The RROS will read the analog
voltage on this pin and convert it to &tdince reading. The readings for the Sharp IR sensors are
very fast, but its analog a€dings are nonlinear so they are astaccurate as the ultrasonic sensors.
Normally this should not present a problem.

Figure 9.5 The Sharp IR sensors are easydonect to the RROS chip.
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The Ping Ranging Sensor

Figure 9.6 shows the Ping sensor. It too has 3 connecting terminals, two of which supply 5V anc
ground. The third terminal for each sensor will connect to the RROS chip as described later in th
chapter.NOTE: The 5V supply for all of the perimeter/ranging sensors must be well regulated for
best performance. If you have problems with erratic readings, try placing large capacitors (100uf
for example) from the 5V terminal to ground (observe polarity mgel.

Figure 9.6. The Ping ranging sensor can be read with a digital pin.

The Ping sensors are read using a digital pin which, as we will see later, has its advantages. Th
drawback is that the timing loops needed to read the digital output takderady more time

than an analog reading. The RROSsusgecial techniques to read three alterRatg sensors
simultaneously so the longer time required should not be a problem for most applications.

The Maxbotics Ranging Sensors

The Maxbotics rangingensors (see Figure 9.7) have the ability to indicate their measured
distance serially, digitally, or with an analog voltage. The analog voltage method allows the
fastest readings, so that is the only method the RROS will support.

Figure 9.7 The Maxboics ranging sensors have an
analog output mode that the RROS will support.

The left side of Figure 9.7 shows the connecting terminals for the Maxbotics sensors. The top tw
terminals will connect to ground and 5V. TR terminal has to be pulsed to trigger the sensors.
This synchronizes their operation so that sound waves generated by one unit will not interfere wit
the others. Th&X terminal onall your Maxbotics sensors should connect to RROS Pin 12.
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The termnal markedAN is the analog output terminal and should be connected to the RROS
chip as described in the next section.

SR04 Sonic Rangers

The sonic rangers look very much like PING rangers, but have an incompaiiiteinderface.
The power connectiorere 5V and ground. The output pin is labedetdo A pin labeledrig on
all five sensors must be connected together and then to a trigger pin on the RROBheb@
rangers offer a loveost alternative to other ultrasonic ranging sensors. We irtiport and make
them available at RobotBASIC.com.

Connecting the Perimeter Sensors to the RROS
Connecting the perimeter sensors to the RROS chips is more complicated than you might imagine.
This is true because some of the sensor types require digitalrpthe RROS chip while others
require pins capable of AtoD conversions.

In the discussions that follow, we will refer to sensors and their related connections using the
following abbreviations.

Digital Sensor

Short distance Sharp IR sens (analogin required

Long distance Sharp IR sensor (anglagrequiredl

Maxbotics Ultrasonisensor (analogin required

Ping ultrasonisensor

SR04 Sonic Ranger

any Any of the supportednalogsensors mayéused
(but all sensors must be the same type)

tur  Turret connection (to CTL input on servomotor)

trig Generates trigger pulse for Maxbotics sensors

Each abbreviation above will be followed by a number (if appropriate) toatalthe physical
mounting position on the robot where that sensor should be placed. The numbers will correspond
to the positions indicated in Figure 9.2. If the reference is to a turret mounted ramngegea
will be used as the indicator.

You have many options for attaching sensors, because there are many sensor types with
multiple configurations (turret, no turret,
with acceptablecommand parameters.

DT wnWo

Option 1: DIGITAL+IRSHORT
DIGITAL+IRLONG
DIGITAL+MAXBOTICS

In this mode, all the perimeter sensors are digitdlere is no rear sensofhe range type refers to the type
of sensor mounted on the turret. The connections to the RROS chips are as follows.

RROS PIN SENSOR

15 D-1

16 D-2

17 D-3

18 D-4

12 D-5

14 any-ranger
10 tur
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Option 2: DIGITAL+PING
In this mode, all the perimeter sensors are diditaére is no rear sensofhe range sensor is a Ping. The
connections to the RROS chips are as follows.

RROS PIN SENSOR

15 D-1

16 D-2

17 D-3

18 D-4

14 D-5

12 P-ranger
10 tur

Option 3: FIVERANGE+IRSHORT

FIVERANGE+IRLONG
FIVERANGE+MAXBOTICS

In this mode, there are five analog ranging sensors and one digital sensor on the rear of tho riivct
is needed.

RROS PIN SENSOR

15 any-1

16 any-2

17 any-3

18 any4

14 any-5

12 trig (if Maxbotics are used)
10 D-6

Option 4. FIVERANGE+PING

In this mode, there are five Ping sensors and one digital sensor on the reapbbthéNo turret is needed.
RROS PIN SENSOR

15 P-1
16 P-2
17 P-3
18 P-4
12 P-5
10 D-6
Option 5: SIXRANGE+IRSHORT
SIXRANGE+IRLONG

SIXRANGE+MAXBOTICS
In this mode, there are six analog ranging sensors. No turret is nééal@ih available for battery
monitoring (discussed shortly.)

RROS PIN SENSOR

15 any1
16 any-2
17 any-3
18 any4
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14 any-5

25 any-6

12 trig (if Maxbotics are used)
Option 6: SIXRANGE+PING

In this mode, there are six Ping sensors. No turret is needed.
RROS PIN SENSOR

15 P-1
16 P-2
17 P-3
18 P-4
12 P-5
10 P-6
Option 7: FIVERANGE+SONIC

In this mode, five of the loweost sonic ranging sensors (available from our website)sae u
around the front of the robot to form the VSS. No turret is needed, but the rear bumper, if used,
MUST be digital.

RROS PIN SENSOR

15 R-1
16 R-2
17 R-3
18 R-4
12 R-5
10 trig
14 D-6

Reading the Battery Level
It may seem strange thdiscussing the hardware necessary to read the battery level is included in
this chapter, but it has been included here for two reasons. First, the interface is so easy that it
does not warrant a chapter of its own, but the second reason is probabilst tteaben for
discussing it in this chapter.

Reading the battery level requires analogligital (AtoD) conversion, as does all of the
supported perimeter ranging sensors except the BmySR04s The RROS chip has only six
pins available with AtD capability so there are not enough pins to monitor six analog sensors and
the battery voltage.

One solution we provided was to suppa rear digital sensor in somades (thus eliminating
the need for one AtoD pin). Since the robot should notally back up any significant distance,
a digital rear sensor should suffice for most situations. The primary drawback to using a digital
sensor on the rear is that you cannot alter how far away it detects objects. Remember, if your
robot needs a bettgiew of what is behind it, one option is to just rotate 180° and carry out the
necessary navigation using the full array of perimeter sensors on the front half of the robot.

If you want ranging sensors all the way around, one option is to justigitiee ability to
monitor the robot 6 %0téfanctioreypuneed,d s\ery gable I f this
alternative. If you need battery monitoring and an analog rear sensor, we have provided a
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workaround. You can use the relay circuit describést k allow Pin 25 to read either the analog
sensor for position 6, or the battery voltage.

If you think all of these options sound complicated, imagine how much trouble it was to weave
all the possible options into the RROS code. The importarg thithat the RROS can handle
everything for you no matter which option you choose. Just decide what sensors you wish to
use, create an initialization subroutine to set them up properly and you are done.

Battery Monitoring

The battery monitoring funain assumes that the battery voltage (or fraction thereof) will be read
on RROS Pin 25. If you are using a digital perimeter sensor mode or if you are using a digital res
sensor or if you are using Ping sensors, then Pin 25 is available for batteryrmgrta there

are no conflicts.

If you are using six analog sensors though (IRshort, IRlong, or Maxbotics) the rear sensor is
already using Pin 25 so you will need a relay to control which analog signal is actually routed to
Pin 25. RROS will automeally control the relay when needed.

Thenormalposition of the relay should select the rear sensor, so reading the perimeter sensor
will be fast. When a request is made vittle RobotBASIC commanahargeLevel()to determine
the battery level, RROS will energize the relay, wait for it to switch, and then read the battery
level. This should not be a problem, because one, the delay is minimal, and two, application
programs should not need to read the battery l@eeé than once per minute or so at the very
most.

The relay circuit needed for battery monitoring will be discussed shortly.

Lowering the Battery Voltage
The RROS chipds AtoD conversion requirés th
otherwise it could damage the chip. For that reason, we will reduce the main battery source to
approximately 34 volts. If you have 6 volt battery you will need to reduce it to at féast its
max. A 12 volt system will have to be reduced/to This is easily accomplished with a couple of
resistors or with a potentiometelOTE: If you prefer to use a potentiometer take care not to
apply too high a voltage to the RROS input pin, as it can damage the chip. The voltage output
from the dividing esistors will either connect directly to Pin 25 (if the rear sensor is digital or a
Ping) or to a multiplexing relay that will route it to Pin 25, as shown in Figure 9.9.

Notice that the sensor output uses the Norma@lbsed relay contact, so thaethensor is read
when the relay is not energized. RROS Pin 10 will output a l(@VEnergize the relayyhen it
needs to read the battery voltage.

If the Main Battery in Figure 9.8 is 12 volts, for examtéd, could be 20K witHR2 being
around 10K.If the Main Battery is 6 voltsR1 could be 10K witiR2 being 10K to 20K. If your
robotdés battery is diff er edtharge vphage betwedn8and € r
volts. The actual number produced by the RROS chip is 0 to 255 wittegessenting a 5V
reading. The simulator reports the battery voltage as a percentagel adh&IlRROS only
provides a number that your programs have to interfNete: Early versions of the RROS
reported %2 the actual value read, as we were tryingatce it easier to get a value of 100 for a
fully charged battery. Based on feedback from users, we have altered the RROS so that it now
reports exactly what is read for the battery value.
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Vee
Main Battery

R1
SPOT Relay

RROS Pin 25 &
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2
+5V § R2

RROS Pin 10 > -

+5V
Ranging Sensor

Sensor Qutput

Figure 9.8 A relay is used to multiplex two signals to RROS P5.

Reading the Battery

You can use the functiochargeLevel() to read the state of the battery. A fully charged battery

should return a number based on your battery and the actual values used for R1 and R2. Although
it is not really necessary, you could use a potentiometer for one of the resistors mentioned above,
and adjust it to get an exact reading of 100 for a fully charged battery (regardless of the type or
size of battery you are using), making the readings compatible with the simulator readings. As
your battery depletes, the reading will decrease. Yduhaile to experiment to determine what
reading indicates thaour battery should be charged. The number can vary considerably based on
the type of battery you use and its age. How your robot reacts to this information is up to you (and
your robot).

Calibrating the Turret Servomotor

When the RROS is initialized to use a turret, it will automatically attempt to center the servomotor
and make all future movementsate to that center positio®ince all servomotors are slightly
different though, it idikely that your motor will be slightly askew. You can alter the center

position with the command:

rCommand(SetTurretOffset, 128)

The number 128 in the command is the default position. Increasing and decreasing this number
wi |l I c¢change rtpdsiton slightlyyv Ontesthe cueret is @librated, using the command
rRange(angle)will cause the RROS to move the turret and return the reading obtained from the
ranging sensor. Remember, if you are using Virtual Sensors, the RROS will simply return th
reading of the perimeter sensor closest to the requested angle.

Since most standard servomotors move approximately the same angular rotation for various
control pulses, no other calibration should be necessary. In the rare case though, thatyair se
non standard, or has a geared turret, we have provided the following command.
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rCommand(SetTurretServoWidth,param)

Theparam in this statement controls how far the servomotor moves for each degree of turn
requested in theRange() statement. The default value is 16.

Calibrating the Virtual Sensors

If you are using one of the virtual sensor modes you can calibrate the ranging sensors to react to
objects as you see fit. The following commands will set the dist&aeenr(is in ¥2 nch

increments) for the bumpers, readrBymper(), and the proximity sensors, readrbyel(). The
feeldistance on the simulated robot is approximately equal to its radius.

rCommand(SetBumpDist, Param)
rCommand(SetProxDist, Param)

Readings in Pixels
Normadly, all range readings are provided’z inch increments. If you want the readings to
maintain compatibility with the simulated robot, issue the following command:

rCommand(SetRobotDiameter, param)

whereparam is equal to the diameter of your reabot in ¥z inch increments (enter 10 for a 5 inch
robot). Any non zerparam will make the RROS convert the normal ¥z units to a pixel unit that
makes the range readings the same as the simulator (relative to its diameter). For example, a
distancereadingf 80 means t he object detected is t
diameter. A reading of 80 on the real robot will mean the object is twice as far away as the REAI
robot 6s diameter.

In Conclusion

This chapter conveys an enormous amoumfofmation. Remember, it seems very complicated
because there are so many options from which you can choose. Once you decide on the option
that is right for your project though, the wiring necessary to connect the sensors described in this
chapter to tb RROS chip is actually pretty easy. Appendix B provides this information in a
condensed form that may be easier for some readers.

You may be wondering why the pusage in this chapter is depicted in a variety of diagrams
instead of just one simplayout. Unfortuanately, creating one simple layout is not possible.
Letds |l ook at one simple example involving

If you use Maxbotic sensors they must be connected to pins capable of performing A/D
conwersion. Ping sensors on the other hand require digital pins. Since some pins on the RROS
chip are digital only and others are analog only (still others can do both) the pin assignments for
the perimeter sensors can vary considerably depending on thef tygesors you use.

Furthermore, since every pin is used on the RROS chip, whenever you change one pin
assignment, several others may change also.

REMEMBERT all sensors have different characteristics. Ultrasonic sensors can be very accurat
but they can only detect objects that reflect sound back toward the robot. This means that soft
objects and objects with angular faces might be missed. The sound waves from one ultrasonic
sensor might be reflected to another sensor (especially when thessamsorounted close

together, as they would be on a small robot). When this happens you get false and inaccurate
readings. Ways to correct this are discussed in Appendix D.
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Chapter 9: Perimeter Sensors, Turret, and Battery

IR sensors are nonlinear so their readings are generally less accurateaing detect
objects that do not reflect light back toward the robot (a black object, for example, might not be
seen). Since IR beams are very thin, small objects that are between adjacent sensors can easily be
missed. Ultrasonic sensors sometimeshavadvantage here because of their more-sloaeed
detection area.

A big part of building arobotistchooses ensor s t hat are appropriat
environment andnounting the sensors to minimize interference and enhance detection. Many
robot hobbyists have troubleith projectsbecause of all of the above and fail to find solutions
because they do not truly understand the problem.
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Line Sensors

L ine sensors can be used in many ways. Irboak,Ro b ot Pr oBonanzafore r 6 s
example, we showed how the robot could find a short line on the floor that |dzhtteey charger.
Following the line is an easy way to make sure the robot is in exactly the right place and oriented
properly to connect to the charger. Properly calibrated line sensors can also be used to detect
dropof f s so your r orbstairs ovoff antébte. Yow might eeen cbevemsome of
your sensors with a colored film so your robot could determine when it is over a specific color
(maybe your kitchen has a distinctive colored floor, or perhaps you have taped a piece of red pay
infom of the robotds charger. Al ways r ememb
designed use your imaginatian

When line sensing is not needed, ihense() function can be used to collect data for other uses.
In Chapter 12, for example, weall see how it can be used to gather information that can help a
robotic arm find and pickup object®ur book, Ar | o: The Robot Yshow® ve /
how to use the linsensor inputs to detect the presence of people and animals.

Line Sensor Hardware
Obviously, the type of hardware you use for your line sensors depends on exactly how you are
going to use them. When an actual line needs to be detected, you can use-th& fforR
Pololu that was described in Chapter 7. The only requirement iheéhédwor and the line itself
have enough contrast to trigger the sensor
white poster board and the line created with black tape or magic marker.
In most cases, the distance between the semsbthe floor should be maintained as
consistently as possible. In some cases it also helps to ensure that light from external sources
cannot reach the sensor. This is not usually a problem as line sensors are often mounted under
robotés bodgh( éhensi mul atorés sensors are s
Line sensors MUSE produce a digital output, which meahgy must produce a logical 1 or O
(high or lowvoltage depending on their detection state. In order to maintain true compatibility
with the simulated robot, the line sensors should return a 1 when a line is detected.
Normally it will be assumed that you are using dark lines (none reflective) on a light
(reflective) surface, which is perfect for the QIR sensor because it praes a low voltage
when close to a reflective surface.
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Connecting Line Sensors to the RROS Chip

Normally, the RROS chip supports three line sensors (as does the default version of the simulator).
Later chapters will explore methods of increasing the numblne sense inputs, but for now,

there will only be three as shown in Figure 10.1

L2 L1 LO

Figure 10.1 The standard RROS supports three line sensors as shown.

SensoiL0 in Figure 10.1 is reported in the LSB of the data returneddnge(), with L1 andL2
representing the next successive bits. The outputs from each sensor should connect t&the RRO
pins as shown in Figure 10.2.

RROS PIN SENSOR
5 LO
6 L1
7 L2

Figure 10.2 The line sensors connect to the RROS pins shown.

Reversing the Logic

Depending on the type of sensor, and your application, you might prefer that the logic levels for

the line sensors be reversed. This can be especially helpful when you have a white line on a dark

surface, or thesense() function is gathering data assdei with some task other than line

sensing. Because of this need, the RROS will allow you to sevarsion maskhat can let you

reverse the |l ogic of any or all of the bits b
Each bit in the inversiomask will correspond to the same bit position inrgease() data.

When a bit in the mask is a 1, the corresponding bit in the data will be inverted, allowing you to

invert any or all of the bits using this command.

rCommand(SetinvMask, Param)

For example, you would setramto 3 (binary 00000011) to invert the two leagjnificant bits of
the data.
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The Compass

T here are many novidevel projects that dootneed a compass. Often though, the more
advanced the behavior is, the more important a compass will be. When the robot can orient itsel
to face a particular wall in a room, for example, it has the poterit@ddtermining its location in

the room by simply measuring the distance to each of the surroundingpnaligects

A compass also provides the ability to measure the angles to beacons in the room, again
providing the option of deteminingtheo bot 6 s posi ti on. Mor e on

The ability to navigate in a known environment can be greatly enhanced if your robot has a
compass. Perhaps a simple example can demonstrate this point. Imagine the goal is to find you
way to a specifiobject in a room while you are blindfolded. Before the blindfold is applied
though, you get a chance to look around the room and mentally map where things are. During
this period you could work out a path of sorts, where you use other objects initérgive you
feedback concerning your movements.

Once blindfolded you could turn an estimated amount and move toward the first object in your
path list. When you reach it, you turn an appropriate amount and move to the next object in your
mental m@. Such a behavior would not be an easy task, but it is certainly within the realm of a
hobby robot. It would make a great contest.

Suppose though, that after you are blindfolded, you are spun around several times. Without a
compass, you would hawo idea what direction you are facing, making it much harder to find
your way to a specific object in the room.

Supported Compasses

Originally, the RROS only supportéde Honeywell HMC6352 (previously alable from
Parallax,RobotShop, Sparkfun, andreCoand others) The current RROS also supports the
HMC5883. If you need an option not available on your chiu may return your RROS chip to
RobotBASIC and have it updated with the current version for a small handling charge. See the
web page for etails.

Interfacing the Compass
The RROS will communicate with tliwmpassising the iC interface. The good news is that you
do not need to know how thé&d works. The RROS will handle all the details.
The compass chipself is a small surfacenount IC that is difficult ér hobbyists to use. Both
the HMC6352and the HMC5883 are offered in a variety of packdgas various vendorsRefer
to your documentation to determine which pins are which, on your package. A sample HMCG653:
module manufaared by Parallax is shown in Figure 11.1.
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Figure 11.1 This module i®neof the onesve tested, but oth@ompatible compassodules should work fine.

There are only four pins needed to interface withi’@xcbmpass. Thedé or power pin,

generally should connect to 5 volts (but always check the specs for your device). There should
also be a ground pin that connects to the RROS ground. The final two pins are for the CLOCK
and DATA. Connect the compass CLOCK pin to RROS2pirand the DATA pin to RROS pin

19. Both the CLOCK and DATA pins should have a 10K-ppliresistor from the pin to +56r
whatever power supply your compass needs). IMPORTANT: The compadddBip be mount
LEVEL in order to get accurate readingBhe angular direction is not important though, as the
RROS can compensate for that.

Notifying the RROS

You need to notify the RROS that a compass is present. This is done vwBdntoeSetup

command. Just add the paramet®rC63520r HMC5883to the othelsensoiparametes. For

example if your robot uses digital sensors and a PING ranger, you can indicate that plus the fact
that it has &e{MC5883compass with the following command.

rCommand(SensorSetup,DIGITAL+PING+HMC5883

You can alsause anCommand, as shown below, to set the compass type. This new option was
added to make it easier to initialize special robots. RRHO andArlo robots have become

somewhat standardized, so special parameters mdbate statement can automatically initialize
these robots so that you do not have to use many statements setting up speeds, sensors, motors,
etc. This option does not, however, initialize a compass. If it did, and chose the wrong compass
or any compass when none was present, then the RROS woulohlzangndless loop. For that
reason, a separateommand should be used to initialize the compass if one is available. This
information is discussed in more detail in the Arlo book.

rLocate(ARLO,0)
rCommand(SetCompassTypeiMC5883)

The above initializing methodology can be helpful even in you need to change a few parameter to
those set automatically. Just use additio@ammandsto alter the parameters in question.

Windows 8 Tablet Sensors
It is worth mentioning that you have othaptions when it comes to a compass. Most Windows 8
tablets have many sensors, including a compass, btilttiveir hardware RobotBASIC provides
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a utility for access these sensors. RefertothelBood o: The Robot Yomuodve
Amazon.caon, summer 2016if you plan to use an eboard Windows 8 computer to control your
robot. This is something we highly recommeaspecially if you are building a powerful robot
Follow this link to watch a YouTube video showing Arlo in action.

http://youu.be/ohpLRNy2wY

Reading and Using the Compass
You can read thRROScompass angle using a statement like

dir = rCompass()

to find the current direction your robot is heading. You could use the compass to make your robc
face East (90°) using tHellowing code fragment.

while rCompass() <> 90

rmurn 1
wend
If your robot is rotating at even a moderate speed though, it might overshoot the intended
destination, so a better approach might ©be

degrees of the desired angle. The root of this problem is the fact thanthass can only be read
every ®ms or so because of the Bluetooth delays (mentioned in Chapter 2). For these reasons \
added a special commatalthe RROSo0 help you move theobot to a specifiangle. This

command will be discussed in more detail shortly.

Calibrating the Compass
Any compass will be affected by magnetic fields and metal objects in its vicinity so, for best
results, you should calibrate your compass beforgisin a new environment using the
following code fragment.

SetTimeOut(40000)

rCommand(CalibrateCompass,0)
SetTimeOut(5000)

When thecCommandis executed, RROS will rotate the robot slowly for al@to30 seconds
while the compass is calibrated. Normally, RobotBASIC expects to hear back froamibie
robot almost immediately (certainly within 5 seconsis)}he first line above is necessary to
prevent a Timeout Error. The last line resets the timperibd to the default period. You might
offer a calibrate option in your applications through a button or menu item.

Any electronic compass can be affected by magnetic fields (from audio equipment, for
example) and even metal structures like afpsdand. For the best results calibrate your compass
whenever it is used in a new location as well as anytime the accuracy seems to be a problem. Y
might also have to mount the compass above your main electusimgsa short cable

Thecompass al i bration is a good example of the
worry about what compass you are ugirjgst tell the RROS to calibrate it and it will perform the
appropriate actions for whatever compass VYo

Setting the Robot Argle

Normally the compass should be mounted so that its magnetic directionality faces directly
forward. It is certainly possible that you
or more because of how you had to mount a circuit boabdeadboard holding your compass. If
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S0, you could always add an appropriate constant in your application program, but we have
provided a command that lets RROS handle that for you. Just supply a comegitiyieom O to
359) to be added to the actuaading. Due to the-Bit limitation, you must divide the angle by
two as shown below (and as we did withnToHalfAngle). This limits the correction precision, but
only slightly.

rCommand(SetRoomAngle, angle/2)

The command above refers to the reangle because this is probably an even more useful reason
for offsetting the angle read by the compass. This simply means you can create an artificial North
Pole For example, you might want the compass to report Due North when it directly faces a
particular wall in a room it is operating in. This makes it more like the simulation, which assumes
that Due North means that the robot is directly facing the wall at the top of the screen.

Moving to a Specified Angle

The following command will move the robtat a specific angleas discussed earlielThe angle in

the statement can vary frora3B0°. Since the parameter is ahiBbyte, the value must be

divided by 2, thus allowing you to only specified even number degrees. This loss of accuracy is
not geneally a problem, especially since the movement is usually only accurate to + 2° anyway.

rCommand(TurnToHalfAngle, angle/2)

The accuracy of this command is dependent on many factors, one of which is the accuracy of your
compass as described in the nextisa.

Another factor is the speed that your robot moves toward the desired angle. Obviously you
want it to move as fast as possible, but too much speed will make it difficult for the robot to
actually stop on the desired location. For that reaserfollowing commands allow you to
specify the maximum and minimum speed<l.(D) that the robot will use when it moves to its
destination. Note: The actual speed will vary based on distance from the destination. The closer
to the destination the slowthe speed.

rCommand(SetTurnToMax, param)
rCommand(SetTurnToMin, param)

The default values for max and min are 60 and 15. The low speed should generally be the slowest
speed that your robot will move without stalling. Experiment to find the righesdtr your

situation. This is especially important because the speeds actually used will be slightly lower than
the normal speeds because of the time needed to read the compass during the move.

IMPORTANT

There are many commands that utilize compassa d i ng s . The robot bés abi
commands are based on the accuracy of the readings obtained from the compass. For maximum
performance, it is important that your compass be mounted away from motors or anything that has
magnetic fields oanything that can affect magnetic fields (metallic objects, for example).

Your robotdés performance will also be affect
environment that affect theempass readings (metal file cabinets, audio speakers, etc). For this
reason, robust applications must wutilize a va

perception of its environment is reasonably correct.
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The Beacon Detector

A beacon detector can be an extremely useful navigation tool. OuRbodkot Pr ogr am
Bonanzafor example, describes in detail how to navigate through a home or office environment
using strategically placed beacor®obots in the Classrooshowed how a robot could triangulate

on two beacons to find its position in a room, thus creating a Losdtid?ung System (LPS). We

will summarize these concepts later in the chapter.

What is a Beacon

In general, a beacon can be anything a robot can locate and face. Our simulated robot uses colc
to represent its beacons. Such an idea may sound stbamgeyour robot has a camera you

could actually use small disks of unusual colors for your beacons. The RROS, however, interfac
with a special chip capable of detecting infrared light pulsing at 56kh, which means all our
beacons must be oscillatingthait frequency. In order to create 15 different beacons, we will

have each beacon periodically turn off its signal for a short time as shown in Figure 12.1.

Each beacon will generate a 56kh infrared signal for a repeating period of approximatgly 15m
This time is indicated in the Figure as the ON TIME. This time period is not critical, but
something close to 15ms is needed.

Each beacon will have an OFF TIME composed of a fixed initial offset plus a unique time
associated with each Beacon. eTRROS assumes the unigue time for Beacon #1 is 500
mi croseconds, Beacon #206s is 1000 microseco

|

S6kh

I
ore m1UE a‘ }e

Figure 12.1 Each beacon generates this waveform.

Beacons can be built in many ways, the easiest of which involves amsicrallcontroller.

Controllers with reasonable speed can be programmed to generate the complete frequency patte
directly, including the 56kh signal itself. The timing for beacons is VERY sensitive so we offer a
preprogrammed Beacon IC on our webpdge handles all the timing issues, making it easy to
build your own beacons (See Figure 12.2). More on this later in the chapter.
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Figure 12.2 Our preprogrammed chip makiEesy to create your own beacons.

Each beacon will drive one or more IR disdiepending on your application. Multiple diodes

may be required to ensure visibility from a variety of angles. You might want a beacon to be
visible from nearly 360°, for example, if you hang a beacon in a doorway between two room, and
want the robot t@ee it from any position in either room. Now that we know what a beacon is, we
need a way to detect it.

The RROS Beacon Detector
The RROS assumes you are using the Vishay TSOP341 (Pololu #837) as the beacon detector, as

shown in Figure 12.3.

Figure 12.3 This small device serves as a beacon detector.

Connecting to the RROS Chip
We will connect the beacon detector to Pin 11 on the RROS chip through a 100 ohm resistor. This
pin, if you recall from Chapter 2, is also used to drive the sound tramsducE€hapter 2 we
connected the transducer in a quick and dirty way that made it easy to get started (the connection
there did not require an inverter other buffey, but that connectioMUST be modified in order
to connect both the sound transducet e beacon detector to the same pin.

Rewire the transducer to the RROS chip and add the beacon detector as shown in Figure 12.4,
then apply power to the chip and confirm that you still get the initialization tone when power is
applied.
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3. 24 Power (+7 to 13 volts)

+5V 2 23
RROS

I_' vCC TXD 3 A ) 22
GND RXD 2 21
| S 20
= 6 15
BLUETOOTH 7 18
TRANSCEIVER 8 17
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To beacon
detector's

output pin 100 ohms +

Piezo Buzzer

5V Power for beacon, inverter chip, Bluetooth, etc.

Figure 12.4 Rewire the sound transducer this wayrsmbeacon detector can utilize the same I/O pin.

The beacon detector can now be connected as shown in Figure 12.5. Vishay recommends the
resistor and capacitor shown to minimize noise problems.

Beacon Detector

Figure 12.5 The output pin on the Beacon Detector{leihd open pin above)
connects to RROS Pin 12 through a second 100 ohm resistor.

The free pin on the detector (its output pin) should connect to RROS Pin 12 through a 100 ohm
resistor. Make sure the transdubas be wired as shown in Figure 12.4. You can use nearly any
inverter chip (such as one of the many variations of the 7404). Do not forget to apply 5V and
ground to the inverter chip you use (refer to the spec sheet for your device for its piivauts).
can also use a transistor or other buffering device as we do on our RROS PCB (see Appendix D]
Once you have the hardware connected properly, the RROS software takes care of the details
necessary to utilize both units on the same I/O line. In &sctve will see shortly, having both of
these items on the same pin will have an interesting advantage.
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Narrowing the Detection Angle
For most applications, it is better if the detector only sees a beacon if it is directly in front of it.
The reason fothis will be discussed shortly. The easiest way to achieve this is to build a hood of
sotts, that creates a small openih@t prevents light from hitting the detector unless it enters
directly from the front. Figure 12.6 shows the basic idea for the.h&igure 12.7 shows one we
built using black foam. It is important that you use something with minimal reflective properties
as you do not want light to deflect down the channel walls giving you false readings.

Dond6t assume t hsavil noaréflect tihellRalighk in aua éxpenimersd most did.
The RROS tries to account for reflections when it can, but an appropriate hood will generally
make things work better. The di mensions depe
beaons, the distance from which they must be detected, etc), but an inch deep and a ¥ inch wide
is a good place to start.

Detector

R —

Bottom View

Front View

Figure 12.6 These two views help to visualize how to build a detector hood.

Figure 12.7 The hooded beacon detectan plug diectly into a breadboard.
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Detecting a Beacon

You can use theBeacon(param) function to see if a beacon is detected. gdrem specifies the
beacon number (or color number if using the simulator). The allowable rand® ferithe real
robot, G15 forthe simulation For example, the following command

X = rBeacon(3)

will makex a1 (or true) if beacon 3 is seen andr false otherwise. Note: The simulator actually
returns either zero or the distance to the beacon (which can be thought of asheuBROS only
supplies true/false information as it has no way of determining the distance to a beacon. A more
robust (and more expensive) beacon sensor system could have been used, but for now at least,
distance feature is not available.

Therei s anot her di ff er encm®eaconconiparédhodhe BRGSO K Vv
the parameter passed is zero (instead of a beacon number) then the RROS function willereturn
if anybeacon is seen (the simulator would only look for black, wisidolor O, in this case)).

Any beacon, in this case, also means an IR LED flashing at 56kh regardlessfitiite.

As we will see shortly, it is a valuable robotic behavior for the robot to turn to face a beacon.
This could be done using RobotBASIC commands, but it would be excruciatingly slow because
(in order to be precise) the application program would haveatdrBeacon() every time the robot
rotated a degree or so and that generally means the rabohlyaturn at a very slow ratelro
solve this dilemma, we added the following command:

rCommand(FindBeacon, param)

When the above command is executed RROS will rotate the robot until it finds a beacon. At
that point the application program can ueacon() to determinevhichbeacon was found. The
value ofparam will determine which direction the robot rotates. A value ofdicates left whilel
means right. Note: rCcommandsalways return 5 bytes in a string should you wish to use them. The
last byte returned by thendBeaconfunction is the number of the actual beacon found. Using this
byteto determine which beacon was fousdglightly faster than usin@eacon() since the data
already resides within RobotBASIC.

There are two morecommandsthat are useful during standard beacon operations.

Setting the Beacon Time

When you ask the robot to find a beacon, you do not Wé&m continue rotating forever if no

beacon exists. Therefore, a time limit can be set that gives the robot a maximum time to look for
beacon. Generally, you should set the time limit to allow the robot to rotate at least 360° by
changing thewaram in the following statement. The default value is 70.

rCommand(SetBeaconTime, param)

Muting the Beacon

Recall that both the sound transducer and the beacon detector are connected to the same RROS
pin. This provides us the option of having the robotteresbuzzing noise when the detector is
pointing at a beacoinsomething that can be very helpful when troubleshooting beacon related
behaviors. The default condition for this features is muted, but you can mute and unmute the
sound by changingaram to true or false (or 1 ando) in the following statement.

rCommand(MuteBeacon, param)
Even when muted, the sound transducer will produce a small tick each time a beacon is detectec
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Following a Beacon Path

Perhaps the easiest way to use beaconsistahave m pl aced at strategic
environment. The idea is not complicated. The robot simply moves to fixed positions within the
environment by finding and following the appr
simulation diuation as shown in Figure 12.8

Assume we know the robot is currerglymewherén the lower left corner of the room, and
that we want it to move to Position 2 in the upper right corner of the room. Also assume that the
rectangle in the center of theom represents chairs, tables, and other objects that the robot would
have to avoid if it tried to take the shortest path to its destination.

A less complicated solution would be to have the robot move to Position 1 first, then move to
Position 2, hus allowing it to take an uncluttered path. Once we know the destinations that we
want, we can hang beacons on the wallsedithem orcabinetsor tables any appropriate spot
such that when the robot moves toward the beacon, it will pass over enexel@sired
destination.

Figure 12.9 shows how two Beacons can be positioned to allow the movements described
above. The beacons should be mounted high enough in the room that the robot can see them over
other objects of people. The upward viewimgle will change based on the distance from the
beacon, which is whihe vertical slit discussed earlwas recommended

O O

)

Figure 12.8 The robot can reach its desired destination
(Position 2) by passing through Position 1.

Notice the beacons are not necessaiilgctly behind the destination circles, because the robot,
when looking for the beacons may see the outer edge antlistoygwell before the center of the
beacon is reached. This means that thedirection (CWor CCW) of the robot may be
important.

The next step is to write a program that will make the robot look for Beacon 1, and move
toward it until it gets a specified distance from the wall. At that point the robot should stop and
look for Beacon 2. @ce the beacon is found, it moves toward it until it again reaches an
appropriate distance from the wall. As simple as this procedure is, imagine a series of properly
placed beacons throughout your home or work place. A proper data table can alloobygt tw
move to any of the preset destinations by taking an appropriate path from beacon to beacon. This
is a great way for your robot to find its way around your house, having one or more destination
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locations in each room. A detailed discussion of itiéa can be found in our boBlobot
Programmeros Yomawzzsh more information. Fo
simple example.

. Beacon 1

Beacon 2

O o °

0

Figure 12.9 Properly placed beacons allow the robot to pass over
the destination circles when it moves tods the beacons.

The main Program in Figure 12.10 shows how the robot can be commanded to move to Position
and on to Position 2. Notice, that a special commaai) flas been used in this program. Please
read our HELP file whenever you are not familiar with a particular statement used throughout this
manual. Some people like to own a hardcopy of the HELP file so they can read it on a lunch brea
or other situationsvhere a computer is not necessarily available. For that reason we provide a 34
page book on Amazon.cofihe RobotBASIC Help Filat a price cheaper than purchasing a new
ink cartridge for your printer.

As you read the HELP file or manuabywill find RobotBASIC has hundreds of commands
and functions not normally associated with standard BASIC dialectscall seatement is similar
to thegosub statement used in most BASIC languages (including RobotBASIC}abatiows
parameters to be passed\so, the called modules, unlike standard subroutines, have local
(instead of global) variables.

main:
gosub Init
call MoveToBeacon(1,100)
call MoveToBeacon(2,120)
rForward O // halt
end
Figure 12.10 The program demonstrates the togecessary to reach Position 2.
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Letds |l ook at the |l ogic of Figure 12.10. Aft
Beacon 1, then on to Beacon 2. The details of how it accomplishes these tasks are dedicated to the
MoveToBeaconfunction Notice that two parameters are passedd@ToBeacon The first of these,
as you probably guessed, is the number of the beacon to find and follow. The second is the
distance to the wall that controls when the robot should stop its movement toveabagstion.

The details of th&loveToBeaconmodule is shown in Figure 12.11. The first thing you should
notice is how callable modules are defined. Instead of a simple label, they start with the
statement and have a list of the variables beinggab® them in parenthesis. The logic is
straightforward. First, a second routine is called that forces the robot to face the desired beacon.
That routine is also included in Figure 12.11.

Once the robot is facing the beacon, it moves forwardrnignaward the beacon when it does
not see it and away from it when it does. This cleseg feedback allows the robot to stay on
course regardless of friction and wheel slip.

sub MoveToBeacon(BeaconNum,DistToStop)
call FindBeacon(BeaconNum)
while rRange()>DistToStop
rForward 1
if rBeacon(BeaconNum)
rTurn 1
else
rTurn -1
endif
wend
return

Sub FindBeacon(b)
while not rBeacon(b)
/I use the rCommand instead of rTurn
/I for the real robot
rTurn z1 // use for simulator
/I rCommand(FindBeacon,0)
wend
return
Figure 12.11 Following the beacon is easier than you might imagine.

Of course, you still need the initialization module. One that works for the simulator is shown in
Figure 12.12.

Init

[/l create beacons

CircleWH 115,25,20,20,1,1
xyString 150,20,"Beacon 1"
CircleWH 750,105,20,20,2,2
xyString 700,70,"Beacon 2"

/I destination circles

Circle 100,100,150,150,Red
Circle 625,100,675,150,Red

/I simulate clutter in room

rectangle 200,200,500,300,Black
/I setup robot

rLocate 100,400

rinvisible 1,2,Red

/I you may want a slower turn for
/I the real robot (much smoother)
/IrCommand(SetTurnStyle,50)

8C



Chapter 12: The Beacon Detector

return
Figure 1212 Thi s r outi ne penveopmentes t he simul at

If you combine the modules and run the program, you will see the robot always ends up in the
desired destination. Once you understand this principle you will find it to be an easy solution for
controlling your r obboméa offft@engranment s t hr ougho

Creating an LPS

The previous example is a viable solution for many navigation problems. Sometimes though you
will need to know exactly where your robot is. We could use a GPS (Global Positioning System
like you use in youcar, but unfortunately, the accuracy is typically several yards at best. What we
need is an LPS (a Local Positioning System), capable of providing the coordinates of our robot
within inches, not yards. In order to better explain the principles invohtbdowilding our own

LPS, we will create one on the simulator.

For our simulation, we will use two beacons composed of specific colors. Before we start
writing a program to use the beacons though we need to explore some mathematical principles
associged with this project.

Figure 12.13 shows a simulated room containing the robot. Beacons are located in the two lef
corners of the room. We will see later how the robot can determine the angles to each beacon (e
indicated in the Figure).

Think of the room as thequadrant of a graph. The upper wall of the room is the X axis and
the left wall is the Y axis. This makes the upper left corner the origin with the coordinates of
(0,0).

X axis

Angle to RED beacon

Y axis

Angle to
GREEN beacon

Figure 12.13 Two beacons can be seen in the left corners
of this simulated room (Red up, Green down).
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Notice the two |lines in Figure 12.13 that st
If we could find thex,y coordinates of the intersectiontbise line, we would know where the
robot is located.

Math is Essential
If you are going to study robotics, engineering, or programming, you should take as many math
classes as you can, as mathematics is the language of technology. If you find thedollow
discussion difficult, just skim it and concentrate on the final formulas. As with many
mathematical situations, the final formulas derived from a principle are all that is needed to
implement programs based on that principle.
The equation for anstraight line will take on the following form:
y=m*x+Db
In the above equatiom is the slope of the line ardis the point where it intersects with the y
axis. This means that we can write the equations for both of the lines in Figure 10.1m@ms show
below. The lettersandg (for red and green) will identify the parameters for the lines for each
beacon.
yr = mrxr+br
yg = mg*xr+bg
The slope of a line can be defined as the amount of chaggéoinsome change ix. This
principle, is also defied in trigonometry as the tangent of the angle of the line, relative to a
horizontal base, which is how the angles are defined in Figure 12.12 We will define the angle for
the line to the green beaconss and the angle to the red beacorasThis mens the two
slopes can be defined as below.
mr = tan(Ar)
mg = tan(Ag)
The two lines intercept the-¥xis at the corners of the room. Normally, these intersections should
be stated in feet or inches, but in our simulation we will use pixels. This meansandbg = -
599, although, at some point, we will want to think of these numbers in terms of feet and inches.
Our room is 800 by 600 pixels, so if we assumed it was a reasonable size, perhaps 20 feet by 15
feet, we can calculate that a foot is 40gtéxand an inch is 3.3 pixels.
If we substitute all of these new pixel values into the original equations for the lines, we get the
following.
yr = tan(Ar)*xr
yg = tan(Ag)*xg-599

Remember, we want to find the point where these two lines intersect. At thatypeiitequal
yg andxr will equalxg. Because of this, we will just refer to the intersection poimtyas This
means the equations can be rewritten for the inteoseast follows.

y = tan(Ar)*x
y = tan(Ag)*x-599

Since the two equations are both equal,teve can say that:
tan(Ar)*x = tan(Ag)*x -599
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Solving the above equation femives:
x = 599/(tan(Ag) -tan(Ar)
Substituting the value of back into the origina¢quation foryr gives:
y = tan(Ar)*x

When everything is calculated, the above equation will result in a negative number because the
robot is in the # quadrant of the graph. If we are going to use the number calculatgtbfor
locate our robot, though, we will have to multiply itdybecause the distances down the
computer screen are positive. This gives us two final equations for the location of our robot as
shown below.

x = 599/(tan(Ag) -tan(Ar)

y = -tan(Ar)*x

Using the Derived Equations

The equations derived above allow us to find the location of our robot if we know the angles from

the robot to each of the beacons. Our next step is to develop a plan for finding these angles.
Our simulated robot (as well as a wetjuipped RROScontrolled real robot) has a compass

that can be accessed with tl@®mpass() function. The program in Figure 12.14 shows how to

use this function and lets you see what values are provided mxbtiteotates countarlockwise.

rLocate 100,100
fori=1to 10

delay 2000

print rCompass()

rTurn -36

next
end

Figure 12.14 This program can help you
understand the robotés compass.

Il f you run the progr am an ddiscavdr a faw importaet things.l y
First, the robot assumes straight up (perhaps thought of as due North) to be zero degrees. It als
assumes that the angles increase as the robot turns clockwise, which is the opposite of standard
graph notationgbut gopropriate for a compass headinghich were the assumptions made when
we derived our formulas. Fortunately, we can transform these numbers with minimal effort using
mathematics.

If we obtain the angle provided by the compass, we can convert @otanéerclockwise
rotation by simply subtracting it from 360. We can move the direction for zero degrees to the
right by subtracting 270. This means the correct angle can be calculated as shown below.

Angle = 360-rCompass()}270
or just
Angle = 90-rCompass()

If the new angle is negative we can make it positive by adding 360° like this.
if Angle<0 then Angle=Angle+360
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We can put all this into subroutines that allows the robot to calculate the angles, and then the
r o b e\pdssion on the screen (or, in a room if it was a real robot). The subreutir@glesis
shown in Figure 12.15.

FindAngles:
/I find them cclockwise first
for a= 1 to 360
if rBeacon(RED)
Ar=90 -rCompass()
if Ar<0 then Ar=Ar+360
break
endif
rTurn -1
next
for a= 1 to 360
if rBeacon(GREEN)
Ag=90-rCompass()
if Ag<0 then Ag=Ag+360
break
endif
rTurn -1
next
/I save the angles
TempAr=Ar
TempAg=Ag
/Inow find them clockwise
for a= 1 to 360
if rBeacon(RED)
Ar=90 -rCompass()
if Ar<0 then Ar=Ar+360
break
endif
rmurn 1
next
for a= 1 to 360
if rBeacon(GREEN)
Ag=90-rCompass()
if Ag<0 then Ag=Ag+360
break
endif
rmurn 1
next
/I now average the angles
Ar=(Ar+TempAr)/2
Ag=(Ag+TempAg)/2
return

Figure 12.15 This subroutine determines thrgles from the robot to the two beacons.

The code in Figure 12.15 is a bit longer than you might imagine, beeackengle is actually
found twice. Think about the beacons. They are not pinpoints of light so the robot will actually
see theouter edge of thbeacon before it turns directly towards the corner of the oloencenter
of the beacon)which is a sourcef error. If we find two angles to each beacon, approaching it
from both clockwise and countetockwise directions, we can average those angles and get a
more accurate answer.
OnceAr andAg have been determined, the subroutimeXy (see Figure 126) will utilize the
formulas derived above to determine the probable position of the rifabty also draws a
vertical and horizontal line at the calculated position so you can see the accuracy of these routines.

FindXY:
mg=tan(DtoR(Ag))
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mr=tan(DtoR(Ar))
rx=599/(mg -mr)
ry=-mr*rx

line rx,0,rx,600,3,LightBlue
line 0,ry,800,ry,3,LightBlue
return

Figure 12.16 This subroutine uses the angles to
each beacon to find the location of the robot.

If you combine Figures 12.15 and 12.1#hitheMainProgram and thenitialization module shown

in Figure 12.17 you will have a program that moves the robot to 20 random locations and tests ol

equations by calculating where the program thinks the robot is. Furthermore, the program will

comparehe calculated positions to the actual positions and find the average error for the 20 tests
Figure 12.18&hows the final output screen from the prograsoticethat the average error was

about sixpixels, which would2 inchesin a 20 by 15 foot roonThis error can increase

considerablythough,if angle measurements are faullye to environmental conditions, but the

error should still be under a foot even if the angleff by several degree€xperiment with

your robotto determine your results.

MainProgram:

XErr=0

yErr=0

for test=1 to 20
gosub Initialization
gosub FindAngles
gosub FindXY
XErr=xErr+abs(sx -rx)
yErr=yErr+abs(sy -ry)
delay 1000

next

xyString 200,10,"Ave X,y error = " xErr/20,

end

Initialization:
LineWidth 6
rectangle 2,2,797,597,Black,gray
s=15
c=Red\ x=10\y=0
circle x-s,y-s,x+s,y+s,c,c
c=Green\y=590
circle x-s,y-s,x+s,y+s,c,c
sx=100+random(600)
sy=100+random(450)
rLocate sx,sy

return

" YEr/20

Figure 12.17 These two modules complete
the program described in this chapter.
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' Ave x,y error = 6.15288109747301,5.82477865842306

Figure 12.18 The LPS simulation in this chapter produces this final output screen.

Potential Problems

It is important that the light from the two beacons does NOT overlap because the interference
patterns generated will confuse the RROS detection software. Overlapping can happen when
beacons are too closegether, so you should consider having them at the ends of the longest wall
in a rectangular room. It is also possible to have beacons that are too tihghglathis is

generally unlikely If it happens though, the reflections can generate overlapngls and

cause misreads.

Making Your Own Beacons

If you wish to make your own beacons totally from scratch, you should consider using a small but
fast processor programmed in C or Assembly. Creating a proper program is not trivial and may
require sigiificant amounts of effort. For example, when you create the 500 microseconds of
delay for each beacon number you MUST also take into account the time delays created by the
program code itself. For low beacon numbers this should not be a problem, tighéar

numbers, the error accumulates causing your timing to be off.

Depending on your processor and your code design, you may also have an extra delay before
the timing for the pause begins. In a perfect beacon program, the RROS should have to wai
250us (half the 500us beacon time) to start its count. This allows the readings to be taken as close
to the middle of each period as possible, minimizing errors. If your processor takes time to start
the pause period you can alter the delay the RR@Swish the following command.

rCommand(SetBeaconDelay, parameter)

The parameter (@55) allows you to set a delay from 0 to 510us because the parameter you pass is
automatically multiplied by two. If you are using a beacon you built, you will neesktohis

command to create an appropriate delay for your hardvoee: The default RROS beacon

delay is MUCH longer than this because of the way we built our beacon chips.
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RobotBASIC Beacon Chips

The default prgpause beacon delay is designed to weitk a special beacon chip available on

our web page. It is designed to make it easy to create your own beacons because you do not ha
to mess with all the critical timing. The chip is a small, preprogrammed microprocessor that
comes in two varieties, @RED and one BLUE. More on this shortly.

Figure 12.19 shows the basic pin out for the beacon chip. You may use it to drive one or many
IR LEDs. When driving only one or a few LEDs for experimental purposes, you can connect
directly to the chip itdé If you need more LEDs and/or more distance you can use a transistor
and drive multiple groups of LEDs as shown. The lower the current rating of your LEDs, the
more you have to place in series to prevent{mwt) but the chip has been designed tokvas
shown with almost any IR LEDs. The use of transistors and higher current LEDs obviously will
provide the greatest distances.

Figure 12.19 also shows an optional standard visible LED to serve as an ON/OFF iridicator
very handyespecially if youend toforget to turn them dfwhile experimenting

Figure 12.19 showsV for all the power connections. While you can use 5V, the chip allows
you to power it with either 3 standard 1.5V batteries in series, or 4 rechargeable cells. Using
batteriesoften makes sense if you are going to be moving the beacons around.

The number of LEDs you need will depend on your use of the beacon. If your robot will
always be starting from nearly the same position (as you would in the example previously used)
then you might get by with a single LED. If you want your robot to see the beacon from
anywhere in a room, then you need to create a light source composed of several LEDs mounted
different angles. Also, the heigbitthe beacon should be similarttee height of the beacon detector.

For small test robots, this is easy. In other situations you will have to use your ingdmdtigeacon ship

can drive a few LEDOG6s directly. I f you need me
12.19)
+v +v +v +V
SZ2
c 1K
— | | To IR LEDs (Choose one)
RobotBASIC
3 BEACON
CHIP
ON/OFF
1K
+v
A B

Figure 12.19 Our Beacon Chip makes it easy to build your own beacons.
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If you are mounting your beacons at the top of your doorways, for example, and you haveizechan

robot, consider mounting thaetector on a post as high as posgigée the tall robot in Figure 12.20y his

not only puts the detector near the | evel of the
heads.

Figure 12.20 Note the highmounted beacon detector.

Beacon Numbers
As mentioned earliethe RobotBASIC Beacon Chips come in both RED and BLUE varieties.

The pins labeled A,B and C in kigg 12.19 can be used to set a bimargnberindicating which
beacon to createJust ground a pin to make it O and leave it unconnected to make it ase The
pins are constantly monitored and when changed, a new beacon number is implemented
immediately.
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The table in Figure 12.21 shows what beacon number will be created whéBgiae
connected as indicated. Red chips can become any beacon fr@athda Blue chip can assume
beacon identities from 8 to 15.

Most hobby projects will probably use only a few beacons so the limit of 15 different numbers
should not be a problem. If your robot is operating in a largesnagdin environment thoughpy
many need many beacons, but you should be able utilize beacons with the same numbers as lor
as they are in different rooms. Of course, this means your robot will have to keep track of it
current room location.

ABC RED Beacon # | BLUE Beacon #
000 8 8
001 1 9
010 2 10
011 3 11
100 4 12
101 5 13
110 6 14
111 7 15

Figure 12.21 RobotBASIC beacoships allow you to create 15 unique beacons.

Constructing Beacons

Our beacon chips make it easy to construct your own beaconseaathples in Figure 12.21

shows. The beacon on the right uses a solderless breadboard. The one on the left uses a solde
based prototyping board.

......

AR
A

Figuré 12.21 Two methods of constructing beacons.
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The circuits for both beacons are mounted (usingyluat) on Radio Shack battery boxes that hold
4 AA cells. The boxes have integrated switches for turning them on and off.

The 4gang boxes makes it easy to use 4 rechargable cells. If you wish to use standard AA
batteries (of which you should onlyai8 to get an acceptable voltage) just wrap an appropriately
sized wooden dowel with tinfoil and insert it as tiebattery.

In most cases you never need to change the number of the beacons you use (just tell the RROS
what beacons you are using),8hen you make a beacon you can just select its number by wiring
the appropriate pins to ground. Since we were always experimenting, we used small DIP switches
to make it easy to change beacon number for our beacons. Just connect each switch between a
control pin and ground. When the switch is open the pin will act as a 1 and when the switch is
closed (ON) the pin will be a 0.

You only need 3 switches for each beacon, but most DIP switches are generally sold in gangs
of 4 or 8. Since we only had &gang switch handy, we used a hacksaw to cut it into a 3 and a 4
gang, giving us the parts you see in the figure.
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The Arm Controller Expansion

T he main RROS chip handles all of the standard interfacing needs of a mobile robot for both
motors and sensors. We know, however, that advanced hobbyists will always want to add
something we never thought of. Becausthaf we incorporated the ability for the RROS to
interface with custom expansions. Chapter 14 will discuss the details of how you can create you
own expansions. In this chapter we will look at an ARM controller expansion that we built into
the RROS chip The arm controller is a usable tool, but it also serves as an example of how
custom expansions should work.

The RROS has a Dual Personality

In our original design for the RROS system, we envisioned it having the ability to control a
robotic arm. Manyactors influenced us to place the main RROS in a 24 pin chip which meant
the arm subsystem would have to be dedicated to another chip in order to get enough 1/O pins.
The main chip had extra programming space, so we decided on a unique solution ¢dleuan.pr
We programmed the RROS chip to have a dual persoiidtityan act agitherthe main RROS or

as a robot ARM controller.

Giving the RROS this ability provides extra value for the user. If two chips are purchased, the
can either be used inddually as RROS chips for two separate robots, or they can be used
together with the second chip acting as an external arm expansion. Everything needed to make
this happen is built into the RROS chip. In fact, our ARM expansion is just one of many ways
you can expand the RROS. As mentioned earlier, details of how to create custom expansions w
be covered in Chapter 14.

Connecting the Arm Expansion
Figure 13.1 shows how the ARM expansion chip should be connected to the main RROS chip.
Every 1/0 pin o the main RROS chip is used, so we have to give upSerese() inputs in order
to gain two pins (for transmit and receive) to communicate with a second RROS chip acting as al
Arm Controller. The functionality of the lost pins (plus more) will be providgdhe expansion
chip. The pins used for transmit and receive are labeled in the figure. Notice the requitgd pull
resistor (anything from 4-I0K should work fine).

Of course, all the standard power connections apply to both chips and evepy&viogisly
discussed for the RROS chip still applies.
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Sv
1 24 1 24 10K
2 23 2 23
3 RROS 22 3 ARM 22
4 CHIP 21 4 EXPANSICN 21
rec |° 20 S 20 Xmit
6 15 6 15
7 18 7 i8
xmit | g 17 8 17
S 16 rec S 16
10 15 10 153
11 14 5 14
12 25 13 12 25 13

Figure 13.1 A second RROS chip can be conne@sdhown to act as an ARM Expansion.

The ARM expansion has many functions, but one of the primary ones is to drive five servomotors
to power the joits of an arm. In addition, the expansion chip can gatpeosix bits of digital

data and five bytes of analog data to be used as sensory inputs associated with the arm and/or
gripper (or any other needs your robot might have). It can even prngqvidehree digital outputs

for controlling things like, relays, solenoids, etc. The ARM expansion has some additional
functions available but they will be discussed later.

Initializing the Arm Expansion
Once a second RROS chip is wired to the main RROSwhigan set it up as the standard ARM
expansion as follows:

rCommand(ExpansionSetup, ARM)

The command tells the RROS that an arm expansion chip is available and to initialize it according
to the parameter passed (in this case ARdher options will baliscussed later). There are other
type of expansions: they will be discussed in Chapter 13. The actual processe that makes the
remote RROS chip change personalities is very complex, but everything is automatically handled
by the RROS.

Controlling Servomotors

The ARM controller can manipulate the speed and position of five servomotors to power the joints
of a robot arm. Of course, you could use these servos for any application but their intended use is
an arm. The following table lists where the conlire for each servo should connect as well as

the recommended function for each servo.

PIN # FUNCTION Servo #
3 shoulder 0
4 elbow 1
5 hand open/close 2
6 wrist up/down 3
7 wrist rotate 4
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There are several advantages for using servomotors to power your arm. First, each servo can b
independently instructed to move to a specific position within its range of movement, typically to
a repeatable accuracy of a few degrees or less. Hgeaerallyno need to use sensors to
determine where a joint is positioned, because the servomotor will move until the desired positior
is reached, unless of course the arm is blocked oflogded. If such situations are expected, you
canaddsensotso each joint (perhaps a potenti omet
inputs to verify the armdébs actual position.
The second advantage of using servomotors to power the arm joints is that servomotors can t
purchased in a variety of sizégverything from tiny micro servos to very large, higitque
monsterd and they all can be controlled with the same signals from the arm expansion chip.

Establishing a Servobds Parameters

You can specify a position parameter for each servo as well as@ gp@ameter that controls
how fast it moves to the specified position. The following code fragment will set the desired
position for each servo to the values in the adytPos[] Element0 of the array is associated
with servo0, elementl with sero 1, etc. The position parameter can vary from 0 to 255.

rCommand(SetServolndex, 0)
forp=0to4

rCommand(SetServoPosition, JointPos|p])
next

The firstrCommandestablishes a servo index number. The second command uses the specified
array elementa establish a new desired position for the servo currently indexed. The RROS will
automaticallyincrement the index every time it is used. This causeCdremandinside the

loop to control serv@, then servd, etcetera as the index incremeniote: After an operation on
index4, the index will move to back to.

You can of course, independently specify a new position for any specific joint, but in most
cases, you will probably want to change the positions of all joints simultaneously. The ARM
expansion chip will start moving each joint as soon as a new position is indicated, but in general,
if you set all the joints as shown above, they will appear to all move in unison toward their
destinations.

You can establish a speed for each of g#r@@motors with the arrajpintSpeed[Jusing a
similar code fragment as shown below. The speed parameter can vary from 1 to 255 with 255
representing the fastest speed.

rCommand(SetServolndex, 0)
forp=0to 4

rCommand(SetServoSpeed, JointSpeed[p])
next

None of the servomotors are enabled when the expansion chip is first initialized. This was done
so that you can provide the appropriate initial conditions for speed and position parameters befor
the motors become active. If the initial positiomalues you use are where you alwagsk the

arm before turning off your robot, then the arm will not have any spastic movements when it first
becomes activeNote: Fast spastic movements occur wiaery servo controller is started with the
positions of themotors not matching the starting positions assumed by the controller. As stated
earlier, the solution is simple. Always park the arm in the same position before turning off the
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robot, then initialize the park positions before enabling the motors. Thevio§ command
enables the motors on the RROS Arm Expansion.

rCommand(EnableServos, True)

Ideally the actual movement range of each servomotor should match the movement you need.
Generally this will not be true, so you can alter the starting positiogaitit servo by giving it a

parameter as shown below (the current index is used to determine which servo is addressed just as

in the previous examples). The parameter used can vary from 0 to 255 with the default being 50.
rCommand(SetServoMin, param)
option

Youal so have the
following command.

of

adjusting the

rCommand(SetServoMax, param)
The typical values for this parameter are from 0 to 100, allowing you to specify a percentage of

the normal range. The deflt param is 50. Take care to not set either the MIN or MAX values

ma X i

beyond the physical limits of your arm or even the physical limits of the servos themselves. Since

you can control both the minimum and maximum values for the pulse width to eachitssrvo,

possible to util

resolution. When properly initialized, a position parameter of 0 should move a motor to its

Z e

only

a

s ma l

portion

minimum allowed position and 255 should move it to the mawinallowed position. The arm
controller will determine the actual pulses needed to move the arm within the range established

with the rCommands.

As in previous chapters, the command parameters for the R&@$nandsare predefined
variables. The actlvalues can be found in the include file or Appendix A if you prefer to use

the numbers.

of

As mentioned, it is very important to establish and set the limiting parameters for your motors
and arm to prevent potential damage. We suggest you do yoairéxperimenting with a test
servomotor not attached to an arm or anything else in order to ensure you understand how all the
parameters work. Then, connect ONE joint at a time to the expansion chip and establish its

minimum and maximum values, as wadl your desired PARK position. Generally you should

then set the speed, min, max, and park position before enabling your motors. As stated earlier, if
you always park your arm before terminating a program, initializing these parameters will
eliminate thgerky startup motions servomotbased arms have to make to move the arm from
some unknown position to its startup default.

Reading the Analog Inputs

As mentioned earlier, the ARM expansion provides the ability to read five analog ports to be used
any wg you wish. The values are returned front@mmand() function in a 5byte string with
the first byte representing analog portThe five analog signals you wish to monitor should be
connected to the expansion chip pins as shown below.

ANALOG PORT

PIN #

A WNEFLO
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The code fragment in Figure 13.2 demonstrates how to read the analog data and place that data
into an integer array with the index of the array corresponding to the analog port number. The
code fragment assumes that the akaglogData[] already exists.

a = rCommand(ReadArmAnalogs, 0 )
forj=1to 5

AnalogData[}1] = ascii(substring(a, j, 1))

next

Reading the Digital Inputs

In addition to the analog ports, the ARM expansion can have up to six digital bits connected to th
pins shown below. The bit pitions shown are automatically mapped into the corresponding bit
positions of theSense() data. Remember, position 0 (the LSB of thensedata) is already

occupied by the data on Pin 5 on the main RROS chip. This means you can have up to 7 bits of
digital data available to be used for line sensors and/or for arm related sévst@sTherSense
function, by default, can ONLY read three bits of line sensor information (because the simulator
generally has only 3 line sensors). In this modesbesedata received from the RROS chip will

be limited to only 3 bits. The commargknseType 5tells the simulated robot to utilize 5 line
sensors. More importantly for this situation is that this command also prevents the limiting of
rSensedata coming fronthe RROS. This command MUST be issued in order to receive all 7 bits
as described above.

rSense() bit PIN #
10
11
12
15
16
17

The combined bits (one from the main RROS chip and up to six from the expansion chip) are
automatically returned when aBense() command is used in the n@mulator mode.

Notice that the phraagp tosix bits has been used above. The ARM exparssbeen
programmed to provide several options to give you the most flexibility possible. One of these
options is to provide digital outputs so your programs can control any lights, solenoids, relays, ett
that you might wish to use on your robot.

Output Bits

The ARM expansion always has at least one output bit available on Pin INORNMALarm
mode just discussed. You can add two more output bits by givingenpe() bits 5 and 6. You
can instruct the RROS that this is your wish by initializing the ARM expansion chip with the
following command instead of the one used earlier withARIgl parameter.

rCommand(ExpansionSetup, ARMwOUT)

You can establish values for thatput pins by sending the proper parameter with the following
command. A parameter of 6 (binary 110), for example, would set the upper two bits and clear th
lower one. Any output bits not available in the current mode will be ignored.

rCommand(SetArmQutputs, param)
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Chapter 13: The Arm Controller Expansion

The Navigation Assist Mode

The ARM expansion chip has an additional mode that can be valuable for some applications.
Chapter 11 discussed how the robot could use two beacons to triangulate its location in a room.
To do so, the robot had slowly rotate to find the angles to each beacon. The rotation had to be
slow enough to ensure that the beacons would be spotted during the search. This periodic rotation
can be exciting when performed by a small robot demonstrating the principtesgtitation.

A larger robot that has rewlorld tasks to solve, does not enhance its image, by having to stop
and rotate every time it wants to determine its current location. A large robot also has problems
moving in small increments because afrass. In the loAgun, perhaps a complete subsystem
should be built that performs triangulation in the background. For now though, it makes sense to
create an introductory version so that hobbyists can test it and improve upon it. For that reason, we
added a Navigation Assist Mode to the ARM Expansion in order to help with these situations.

Nav-Assist Hardware Requirements

Our solution to the problem is relatively simple, at least in principle. Imagine a servo controlled
rotating base (perhapsmoani above your robotds head) that ¢
detectors. One of the beacon detectors only detects light through a narrow slit as described in
Chapter 11, Figure 11.6. The other detector uses a wider slit allowing the angle of detdmion
greater. Let 6s see why wusing two detectors w

If you only have one detector it must have a narrow field of vision in order to isolate the beacon
angle properly. As mentioned earlier, this preventsiekggearch for the beacon because a fast
rotation speed can easily miss seeing a beacon during the search. The wide slit beacon detector
allows the rotation speed to be much greater until the beacon is detected (by the wide angle
detector). Once a beaca@nseen, the speed can be reduced, letting the rotation continue until the
beacon is spotted with the narrow slit detector. Working together in this manner allows both
navigational beacons to be found iretatively short period of time.

As you midht expect, the software needed to manage this search process can be complicated,
especially since the servomotor controlling the rotation must be precisely calibrated so that its
angular position can be accurately calculated from the pulse width being/hsed beacon is
spotted. This is necessary because the relative angular position of thesdistvbeacons must be
combined with the robotdés compass reading to

All this sounds complex because it is, but tkahe reason the RROS was designed to handle it
for you. Your applications can simply request angular data for two beacons and tAedisv
system will find them and return the data to the application which will perform the calculations
describedinGapter 11 to find the robotdés |l ocation i
properly though, we must establish a few parameters needed by thsBia/system.

Initializing the Nav-Assist
First we must tell the ARM expansion chip that you want git@ up some of its normal
functionality and add NaWssist capability. You do this with the following command.

rCommand(ExpansionSetup, ARMwNAYV)

When the expansion chip is initialized in this way, it will use the 3 pins normally associated with
the arm output bits to read the ouputs of the two beacons and control tAesdistvturret. This
means that in this mode you do not have any outputityyau only have a total ofiSense()
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Chapter 13: The Arm Controller Expansion

input bits (four from the ARM expansion and one from the main RROS chip). You still have
control over the five joint servomotors and the ability to read five analog ports.

Nav-Assist Pin Useage

The control signal fothe servomotor for the Na&ssist should connect to Pin 2 on the expansion
chip. You MUST also run a 4.7K pudip resistor between this pin and 5V. The output from the
wide-slit beacon detector should connect to Pin 16 and the naslibeletector to B 17. All this

may sound complicated, but the power provided by the ARM expansion chip is worth the effort
needed to fully understand your options.

Constructing the NawAssist

The actual size and structure of your Nsasist turret can depend on theestf your robot. The
photodés in Figure 13.2 through 13.5 show th
stimulate your creative thoughts.

Our NavAssist assembly is shown sitting atop a small robot, almost looking like a head with a
single eye. The dark slit in the front actually houses both the narrow and wide slit beacon
detectors. Our construction projects nearly always use standard items you might around the hon
whenever possible. The main housing for our{dasgist assembly, foexample, is a plastic butter
container and the top is a coleslaw dish from aftastl business. The top has no function of
course, but it adds a little flair and would look even nicer with a few flashing lights inside. It
might make a nice place to ot an electronic compass if the entire unit were to be made as a
standalone assembly. The lower skirt is made from a rubbery shelf lining material. Since it turns
with the assembly it provides a finished look.

Figure 13.3 shows the assembly witle rotating portion removed. In this picture it is easy to
see how the skirt hangs down over the stationary wooden base.

The gear on the wooden base is-lied to a servo horn and is capable of about 180° of
movement. Since it mates with the sraaljear (Y2 as many teeth) on the rotating assembly we
get the required 360° of rotation.

Notice there is a hollow spindle in the center of the wooden base (made from the body of a
ball-point pen). It was chosen because it was the perfect sizeds adiearing for the small gear
to rotate on. The spindle is hollow, so the wiring for the beacon detections can pass through to tl
rotating section. It is important that these wires be VERY flexible to avoid binding as the upper
assembly rotates. Aogd choice for wire is individual pieces of ribbon cable.

Figure 13.4 shows the upper assembly without the butter container cover. The slit assembly
was made from balsa wood lined with black atétic foam. Both beacon detectors are given a
wide vertical view but the rear detector has a much narrower horizontal slot as depicted in Figure
13.5. Refer to Figure 13.4 to see how the front detector is mounted lower than the rear one, thus
preventing it from blockidglitmme gshlkaws dteh e ct
view).

97



Chapter 13: The Arm Controller Expansion

Figure 13.2 Our NavAssist assembly supports both narrow and
wide slit beacon detectors that are rotated by a small servomotor.
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Chapter 13: The Arm Controller Expansion

Figure 13.3 The upper assembly sits on a spindle and is rotated
through two gars. The larger gear is attached to a servomotor.

Figure 13.4 With the butter container removed, the-slit
assembly that houses the detectors comes into view.
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/Rear detector mounted here.

Front detector mounted here.

Figure 13.5 This top view of the slit assembly shows how the
two detectors can eattave their own slitontrolled view.

Figure 13.6 shows the rotating assembly mounted on the wooden base with the servomotor clearly
visible at the bottom. When the button container is added you get the finished looking product in
Figure 13.2.

Figure 13.6: The skirt on the rotating assembly hadgs/n over the edge of the stationary base.

Consider It Beta

All of our construction, as well as the NAXssist software should be consider as a Beta Offering
T that is it being offered to encourage testing arperimentation. In our basic tests, it works as
described here, but we have not done testing in anyvadd situations. As we receive feedback
from users, we will pass those ideas along on our webpage and improve the software when we
can.
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Configuring the NAV-Assist

Once you have the beacsaeking assembly built, it needs to be configured to operate properly.
First, we need to tell it the beacon numbers for the two beacons that it should search for. You ca
do this with the following command\ote: the variablggri s t he number of th

andrdi s t he number of the Aredo beacon as des
Agreend number in the upper nibble and the
being passk

rCommand(SetNAVbeacons,(gr<<4) | (rd&15))

Calibrating the Servomotor
It is also imperative that the servomotor in the Masembly know the exact pulse widths needed
at both ends of its 360° rotation. It will divide that range into 360 positionktherange is off,
the reported angle will also be wrong. Since the pulse widths must be as accurate as possible w
need more than-Bit accuracy, so there are two commands used to set each value (one command
for the lower byte and one for the upperdjyt

In general, the lower range should be approximately 1000 and the upper range, 2000. You wi
have to experiment to find the numbers that will set an appropriate starting poiatifddaw-
turret, and move it exactly 360° (it should point aatly the same position at each end of its
travel). The commands below show how to set the two pulse widths (assume the lower pulse
width isLPWand the upper isPW).

rCommand(SetNavMinLow, LPW&255)
rCommand(SetNavMinHigh, LPW>>8)

rCommand(SetNavMaxLowlUPW&255)
rCommand(SetNavMaxHigh, UPW>>8)

Reading the NAV Angle Data
Once everything is configured and calibrated, the comrraadNAVangleswill tell the NawvAssist
system to rotate the NAV turret, find the two specified beacons, and return the puridesindt
used when the turret was pointed at each beacon. The first two bytes@ithendd s r et ur |
data contains the green beacon information (high byte first) and the second two bytes contains tt
red beacon information.

Since we knowtheuppernd | ower | i mits of tUdAMLPW wercanet 0
easily use this information and the angle reported fiampass()to calculate the relative angles
to both beacons. These calculations are easier if we assurgertipass() angle has been
calibrated withrCommand(SetRobotAngle, AngleCorrections 0 t hat t he roomds i
considered North. The following RobotBASIC commands demonstrate how to calculate the
angles from the robot to the green beaapn)(and to the retbeacon (dA).
a = rCompass()
r = rCommand(ReadNAVangles, 0)
gr=ascii(substring(r,1,1))<<8+ascii(substring(r,2,1))
rd=ascii(substring(r,3,1))<<8+ascii(substring(r,4,1))
grA = a+360*ga/(UPW -LPW)
if grA>360 then grA -= 360 //notice the C-style syntax
rdA = a+360*gr(UPW-LPW)
if rdA>360 then rdA -= 360
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Once these beacon angles are obtained, they can be used with the equations in Chapter 11 to
determine the robotds [ ocation in a room.

Potential Problems
As stated earlier, it is essential that the servondotor e nd poi nts are accur at
potential problem is beacon light reflecting down the channel. As mentioned in Chapter 11, this
can be minimized if noneflective materials are used to produce the assembly depicted in Figure
13.5. Unfortuately, just because a material is black does not mean it will not reflect the IR
waves.

We know, from our tests, that some reflections are almost certain to occur so our RROS
automatically records all readings and reports the average of those reathegfth byte
returned from theCommand() used retrieve the angle data will report the total number of readings
recorded for both NAV beacons. This number should typically be less than ten in our tests. Ifitis
much larger than this then your howdterial is probably far more reflective than it should be.

We believe the NAVAssist system has great potential. Please report the successes and failures
you have, as well as your suggestions for improvements.

NAV -assist Programming Example

Figure13.7 shows a SIMPLE program that acquires the parameters associated with beacon angles.
Convert this data to angles as described in t
in a room. Of course, you will have to use initialization noesgiand parameters appropriate for

YOUR robot.

#Include "RROScommands.bas"

#Include "InitializationRoutines.bas"

gosub InitRROScommands

gosub InitRoboClawRobot

Main:
rCommand(ExpansionSetup,ARMwWNAY)
rCommand(SetNAVbeacons, 14+(3<<4))
rSenseType 5
low=600
high=2100
SetTimeOut 50000
rCommand(SetNAVservoMinLow,low&255)
rCommand(SetNAVservoMinHigh,low>>8);
rCommand(SetNAVservoMaxLow,high&255)
rCommand(SetNAVservoMaxHigh,high>>8)
a=rCommand(ReadNAVangles,0)
print (ascii(substring(a,1,1))<<8)+ascii(substring(a,2,1))
print (ascii(substring(a,3,1))<<8)+ascii(substring(a,4,1))
print ascii(substring(a,5))

end

Figure 13.7 This simple program demonstrates

how to access the NA¥ssist data.

10z



Chapter 14

Custom Expansions

| n Chapter 13 we saw how an external ARM controller (made from a second RROS chip) could
be added to the RROS system. In diapter you will see how you can create your own
expansions capable of adding new and enhanced features to the RROS. We have thought of a f¢
types of expansion that many people might want and this chapter will discuss the RROS
commands you can use to deethose expansions. We also added commands to the RROS that
allow you to add totally customized expansions so you can create new features that perhaps only
you will need.

Expansion Communication
All expansions will communicate with the main RROS chigxactly the same way, that is
through a 9600 baud serial link as described in Chapter 13, Figure 13.1. It is important to realize
that the expansion hardware can be anything that can communicate sexiBlyrallax Basic
Stamp, a Pololu Baby Orangutaven a second copy of RobotBASIC running on the same
machine as your application. This last option always surprises people but it is a viable option
because RobotBASIC was designed so that several copies can be run on the same machine eac
having controbver its own serial ports etc.

When the RROS chip wants to communicate with an expansion it will always selnyte 2
command and always expect-dye answer. It is the responsibility of an expansion to watch for
commands sent to it, and to resga@ppropriately when a command is received.

Types of Expansions
There are two basic types of expansions supported by the RR@Se that integrate their data
into the standard simulator sensors and those that simply returns their data toaugiand()
function. Let 6s begin by |l ooking at an exa
Letds assume you have the need for an RFIIL
available on its web page. If you are not familiar with RFID sensors, visit the Paraligpage
and read about them. You also see that Parallax provides code examples that show you how to
their sensor. This situation is exactly what we think our RROS should be able to handle and our
goal is to allow you to cut and paste much of the @dempany like Parallax might supply and
only need to add a few extra lines of interfacing functionality in order to integrate their RFID
sensor into your RROS controlled robot.
You could create any type of Riolulbavesalesed tbem
Parallax code so that your system can identify 20 different types of RFID tags that your robot will
be using. Letdéds assume that you want to in
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x = rCommand(ReadRFIDtag, 0)

In this command, the parameter is zero but it could be anything since a parameter is not needed for
this application. We know that when an expansion receives the two bytes (the code for
ReadRFIDtagand some parameter) that it must return five bytes t®RtReOS c hi p . Let 6s
your code uses the Parallax supplied example code to make the RFID sensor check for the tags
you are using. Let6s assume you write code t
to zero (if none of the desired tagere detected) or to a number between 1 and 20 if a desired tag
is found. That 6s it That i1s all your syste
two byte sequences coming from the RROS, and when the first byte in the sequencerizthe
command code (whatever code you assigRdadRFIDtag then it does whatever is necessary to
read the RFID sensor and determine if an appropriate tag is present and send five bytes serially
back to the RROS chip, of which the first byte contdmsibformation you want. When the
RROS gets these five bytes they will be echoed back to the current RobotBASIC application.

Your application program simply looks at the value of the first byte in the strengd uses
that information as necessaryou can use this basic technique to interface nearly any type of
sensor, returning up to five bytes of data to your RobotBASIC applications.

There is one thing that is VERY important. You must choose an appropriate code to use for
the commandReadRFIDtag The RROS system has set aside codes 220 though 229 for use with
custom expansions. Amgommandthat uses these codes will automatically have its 2byte
sequence echoed over the serial expansion port. The RROS will then wait for five bytes to be
returned, and echo those exact bytes back to RobotBASIC where it can be used by the
RobotBASIC application.

Now that we have seen how custom expansions can return data through the string returned by
anrCommand, | et 6 s exami ne abtamogrdaa frore acodtoen expansioa.y o f

Unsupported Simulator Commands
If you have worked much with the RobotBASIC simulator, you know from reading the earlier
chapters in this book, that there are several simulator commands that are not directly gipyporte
the RROS chip. Since these are the most likely commands that users will want to implement, we
have made provisions for anyone to create custom expansions to handle these situations. This
feature is offered with the advanced hobbyist in mind, buteveinly encourage third party
developers to design and distribute RROS expansions.

The RobotBASIC commands that are not directly supportedParerLook, andrGPS If the
RROS detects one of these commands, and if a PEN, LOOK, or GPS expassimeeh specified
with anExpansionSetupcommand, then the command will simply be echoed over the expansion
serial bus. A custom expansion designed to handle one of these situations must simply watch for
the 2byte command sequence on the serial busifséen, perform the desired operation and
return five bytes containing the appropriate
independently.

A GPS Expansion
If you build a GPS expansion, you must tell the RROS that the expansion exists witlfothiado
command.

rCommand(ExpansionSetup, GPS)
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Notice that this is the same method we used to tell the RROS we had the ARM Expansion. Next
you may want to send some information to the expansioniitpelfhaps some initializing

information such as whaunits to use for reporting coordinates. Your system may not need to do
this at alli but the following command is available to you in case the GPS expamiaiesign

needs any initializing parameter.

rCommand(GPSsetup, parameter)

Both bytes of thickommand will automatically be echoed over the serial linkolar GPS
controller. It is your controllers duty to watch for this command, and any others that it will need
(more on this in a moment) and to respond to them appropriately.

The main comrand that a GPS expansion needs to handle is a request for data. In the case c
the GPS, the command will be 66 followed by an unused parameter (typicallgté) Refer to
Figure A1, Appendix A for a list of simulator command codes. When this commsasgen by
the GPS expansion, it must do whatever is necessary to read the GPS it is using and return that
data in an appropriatey coordinate form. For example, the units could be yards, meters, feet, etc.
all relative to some prestablished position.

Thex coordinate must be the first two bytes of the five returned bytes (MSB first) apd the
coordinate must be in the next two bytes. These numbers will be reported when the command
rGPSis used in an application and are always assumed to bespodior that reason, your robot
shouldusuallybe given a starting position other tha0. For exampl e, I f oy
feet as its unit of measurement and if you wanted it to move in an area 3000 ft by 1000 ft, then yc
could give it an initihcoordinate reflecting where it currently resides. If it starts in the center of
the space, for instance, then its initial position shoulti50€,500. You can use the following
reserved commands to set these initial values.

rCommand(SetGPShighX, 1566-8)
rCommand(SetGPSlowX,1500&255)
rCommand(SetGPShighY,500>>8)
rCommand(SetGPSlowY,500&255)

Of course, your expansion must intercept these parameters and use them to establish the relativ
coordinates for your robot.

A PEN Expansion
Normally the simulator responds to ti'renc o mmand 6s par ameter to de
be raised or lowered. You can create a PEN expansion that watchesrfent@emmand code
(129) and raises and lowers a real pen based on the value oahd parameter (perhaps
performing this action with a solenoid or servomotor).

Even though there is no need for data to be returned, the expansion MUST send by five bytes
(probably all zero) to adhere to the protocol. Remember, the RobotBASIC prativags
requires that commands are composed of two bytes with five bytes of returned data.

The RROS will handle all this for you as long as you tell it you are using a PEN expansion witl
this command.

rCommand(ExpansionSetup, PEN)
There is also @nSetupcommand to perform any initialization, should you need it.
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A LOOK Expansion
The simulator uses ahook command (code 48 for angles to the left, and code 49 for angles to the
right) to extract a color reading based on an angular direction ggkcifiyour robot uses an
embedded PC, perhaps the easiest way to create a LOOK expansion would be to run a second
copy of RobotBASIC to act as the expansion, and have it communicate over a USB serial port
with the main RROS chip as described in Figurel 1@hapter 13. Using RobotBASIC instead of
some simple microcontroller has many advantages. For example, you could use RobotBASIC
commands to take pictures from a Twaompliant webcam (or from any almost any camera
using RoboRealm, as described in baokHardware Interfacing with RobotBAS)COnce the
pictures are obtained, other RobotBASIC commands can be used to analyze the colors in the
pictures making it easytocreatea+v@a r | d ver si on of the simulator
code fran 0-255 in thelast byte of the five bytes returned by the expansion as dictated by the
RobotBASIC protocol (see the RobotBASIC HELP file for more detailed information). You can
use the same color codes as the simulator or create some of your ownarfpleeyou might
have a special code for flesh tone colors.

The RROS will handle all the communication and reporting details as long as you tell it a
LOOK Expansion is available with this command.

rCommand(ExpansionSeup, LOOK)

There is also aocokSetupcommand code reserved so you perform any initialization, should your
LOOK system need it.

External Perimeter and Line Sensors

Even though we have tried to support the types of perimeter and line sensors that we feel a typical
robot needs, thelis always the possibility you want or need to do something different. For
exampl e, |l et 6s assume you have built a specia
objects close to your robot and even monitor the position of lines on the floor.isafierg the

following command the RROS will assume that a special Sensor Expansion is available.

rCommand(ExpansionSetup, EXTSENSORS)

Once this command has been received, the RROS will constantly (nearly every time it receives a
command) request data from your Sensor Expansion using the command code 202. Your External
Sensor Expansion should watch for the code (as the first byte inlaytersequence), and when is
received, the expansion should create simulator compatible cod@sifgrer, rFeel, andrSense

and place them in the first, second, and third bytes of the five bytes it will return to the RROS chip
using the serial communicati link. These codes will automatically be ORed with the sensory

data normally obtained by the RROS chip. This means that objects will be seen by your
application if they are detected bitherthe expansion or by the RROS itself. Note: Any unused
senso data bytes should be set as zeros.

This is a very powerful concept that allows advanced sensory systems to integrate their data
into the RobotBASIC standard format so it can be easily analyzed by any RROS controlled robot
using the same commandsthe RROS or the simulator.

There is also &xtSensorSetupcommand to perform any initialization, should you need it.

Conclusion
The important concept in this chapter is that you can use the expansion principles discussed to
expand and customize thé&kRS in a wide variety of ways.
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As mentioned earlier, we certainly invite third party vendors to create expansions systems anc
make them available to RROS users.

Options and Limitations

Many people may only need one expansion, if they need any &veallvanted to ensure though

that advanced users have the option of utilizing multiple expansions in their projects. The
following statement, for example, would tell the RROS that you have an ARM expansion, a PEN
expansion and a LOOK expansion.

rCommand(ExpansionSetup, ARM+PEN+LOOK)

Having the option to have multiple expansions means there are some limitations that apply. For
example, just as a particular expansion must be designed to recognize and respond to certain
commands, it must also IGNORE all etlcommands. Expansions should not send back any data
unless they are the intended receiver of the command initiating the transfer. This leads to anothe
limitation.

Since there may be multiple expansions, we must insure that the serial commuiiaatieo
conflicts. Since units only respond to their own commands, all units can be attached to the data
line transmitting datéromthe RROS. The serial line sending damtthe RROS however, is a
different matter.

The 9600 baud transmission fr@n expansion to the RROS chip must send zero volts for a
low, and FLOAT for a high, letting a single puwlp resistor ensure that the line is at 5V when
appropriate. Notice the pulip resistor back in Figure 13.1 used for this purpose. Most
processorsdve the ability to float a line (for example, making an I/O PIN an input should
effectively make that line a higimpedance load). If the serial port on your system cannot
support floating the line for a high, then you must implement your own-ogiéator transistor
driver to ensure that your expansion system does not pull the communication line low when it is
not in use. We will not dwell on this point here, as we feel that most hobbyists wanting to create
such advanced features will probably be f&amiith this concept. Just remember that you have
to handle this situation when two or more expansions are connected simultaneously.



10¢€



Chapter 15

The RROS RobotPrototypes

During the design of the RROS, we needed to test each of the sensory configurations under a
variety of situations and conditions. To help us accomplish that goal, we built numerous robot
platforms compatible witbur simulator, each with different motor and sensor configurations. In
some cases the robots used one type of sensor during part of our tests and then later were rebui
with different sensors. Our goal was to test as many configuration options asegpogéibieel

like these prototypes represent only a tiny sampling of what you can do with our RROS chips.

The purpose of this chapter is to discuss each of the robots in a way that might inspire you to
create something similar, yet totally your owRemember, the whole purpose of the RROS is that
it makes it easy for nearly anyone to create a robot using almost any drive system and with a
significant number of meaningful sensors, letting attention turn to programming intelligence
instead of solderingnd troubleshooting hardware. We have also striven to create a system that
can be expanded and exploited by advanced users because we want to provide a system that ce
grow with you instead of becoming obsolete and outdated.

As you build your RRO$ased robots, please let us know what features you enjoy and what
features you think we missed. While we cannot guarantee to provide features desired by only a
few, we certainly will try to provide reasonable capabilities wanted by a significant percehtage
users. Creating RobotBASIC and the RROS chip has taken many years of effort. We hope you
enjoy using it as much as we enjoyed creating it.

Construction Details
This chapter will concentrate on configuration details and software examples. Constiatdita
and part numbers for items used to build the robots discussed in this chapter can be found
throughout this manual, usually where the items are first mentioned.

It is important to realize that all of these robots could have been equippeal fwith
compliment of sensors as supported by the RROS. We certainly tried to test each sensor type w
a variety of motor types and in various sensory configurations. In fact, we often tested various
temporary sensory configurations on several of thets discussed in this chapter before we
settled on the robotés final design.

Using our RROS chip to build your robots means that you have many choices available to you
After you decide what you want your robot to do, you should determineeatsnsator
requirements, and sensory needs. No matter what you decide, we think in most cases that our
RROS can make building your robot easier than any other way.
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A Prebuilt Chassis

Many hobbyists want to build their own robot bases so what they ham@isewor perhaps

satisfies some specific requirements they have in mind. In many cases though, those that want to

build a robot do not have access to the tools or even the space to handle the construction.
Fortunately there are many manufactures offfat prebuilt robot platforms in a wide variety of

sizes. Unfortunately, most prebuilt platforms are very expensive. Figure 15.1 shows one we feel

offers good value. It is the Dagu Rover 5 (the two motor model), available from Pololu. It

provides a rasonable size, decent motors, and even wheel encoders for close to the cost of

building everything from scratch. It comes with a battery holder for 6 AA cells, but more on that

later.

www.polelu.com

Figure 15.1 This Rover 5 (Pololu #1551) providagyreat prébuilt base for your robot.

One of the nice things about the Rover 5 is that the wheel assemblies can be rotated to lower or
raise the distance the body sits from the ground.

We built a balsavood plate that mounts to the top of the Rover 5 as shown in Figure 15.2.
Notice we added small wooden rails that add strength to the plate itself as well as creating a
holding cell for the 6V, 4.5AH gedell battery. The motors are fairly powerful, ey are still
small enough (barely) so they can be driven directly from the RROS chip. Most of our small
prototypes were powered by six rechargeable AA batteries. The larger motors in the Rover 5
require more current, so a gall battery such as thene shown in the figure is recommended.

You might get by with standard AA cells, but rechargeable AA cells will NOT provide enough
power for the motors and the RROS circuitry.

Notice that the balsa wood plate has room for two solderless breadpoaviding the wiring
space you need to begin experimenting with the RobotBASIC RROS. The wires protruding from
the plate provide connections to the motors as well as the wheel encoders.

The new plate also provides appropriate places to mount perigegtsors using either screws
or hotglue.
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Figure 15.2: A custom topplate holds the battery and two breadboards.

A Custom Small DC Motor Powered Robot

The chassis for the robot in Figure 15.3 was created from scratch primarily from foam board. It i
powered with small DC motors driven directly from the RROS chip. Its sensors include short
range IR rangers configured as a VSS, an electronic compass, a beacon detector, battery monitc
and wheel encoders.

The robot in Figure xxx represents anatimexpensive option. DC motors are often cheaper
than servos, and the use of foam board means the only tool needed is an Xacto knife. Circuits ci
be built on a breadboard so you do not even need soldering skills. Notice tbiedhalissembly
in thefigure that supports several of the IR sensors. The assembly rotates out of the way to mak
it easy to wire circuits on the breadboard.
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Figure 15.3:This robot is powered by small DC motors connected directly
to the RROS chip. It has a full complen of sensors.
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Sensors can be expensive, but you dondt nee
with only one, you might choose the center IR ranging sensor. This would allow scanning of the
area by rotating the robot as well as theighib detect objects directly in front of the robot.

Another sensor to be considered for those on a budget is a beacon detector. They are very lo
cost and allow your robot to locate, and move to, a specific goal position in the room. The
behavia for tracking to a beacon is also similar in many ways to following a line.

Remember, each robot you build should have its own initialization routine that establishes whs
motors are being used and what sensors are available. The routine shodlel fvparameters
needed to ensure the robot moves in a straight line and turns the correct amount when asked as
well as setting up any other parameters pertinent to it configuration. Below is a sample
initialization file for this robot. Of course, tlige could be longer or shorter based on your
particular needs.

InitDCrobot:

rCommport 47 // change to YOUR port number
delay 100 // needed by some Bluetooth devices
SetTimeOut 10000

rlocate 0,0

gosub RROScommands

rCommand(MotorSetup, SMALLDC+ENCODERS)
rCommand(SensorSetup,IRSHORT+SIXRANGE+HMC6352)
rCommand(SetMotorRamp,3)
rCommand(SetClicksPerDiam,30)
rCommand(SetClicksPer90,9)
rCommand(SetReducForwRight,0)
rCommand(SetReducForwlLeft,5)
rCommand(SeReducBackRight,0)
rCommand(SetReducBackLeft,10)
rCommand(SetRotationTime,2)
rCommand(SetMoveTime,6)
rCommand(SetSpeed,40)
rCommand(SetSlowDownSpeed,22)
rCommand(SetCCdivisor,3)
rCommand(SetBumpDist,5)
rCommand(SetProxDist,10
return

A Savomotor Powered Robot

Continuousrotation servomotors include their own gdsrxes so they have plenty of torque and

are often quieter than DC motors with external gearboxes. Our test robot, pictured in Figure 15.4
was built on a Parallax Beot base with was chosen because of its servomotor power train. A
round foam board platform was added to provide space for circuits and sensors. The sensors or
this robot include five digital IR sensors (shown below the outer edge), line sensors, wheel
encoders, &d a turretmounted Ping))) ranging sensor.

The initialization file for a servomotor powered robot generally needs to contain all the things
present in one for a DC motor robot, but it must also establish appropriate parameters specific to
the servomtors themselves. For exampleyrast pulse width for the servos needs to be calibrated
to avoid movement. It is also important to choose a maximum pulsewidth for the servomotors th:
produces linear control over the operational range. All of thesestapé discussed in Chapter 4.
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Figure 15.4:This prototype is powered by servomotors.

Below is a sample initialization file for the servomotor robot.

InitServoRobot:

rCommport 44 // change to YOUR port number
delay 100 // needed by some Bluetooth devices
SetTimeOut 6000

rlocate 0,0

gosub RROScommands
rCommand(MotorSetup, SERVOMOTORS+ENCODERS)
rCommand(SensorSetup,DIGITAL+PING)
rCommand(CalibServoDrive,0)
rCommand(EnableCounters, 1)
rCommand(SetSpeed, 50)
rCommand(SetSlowDownSpeed, 25)
rCommand(SetRightStopOffset,135)
rCommand(SetLeftStopOffset,126)
rCommand(SetReducForwRight,5)
rCommand(SetReducForwLeft,0)
rCommand(SetReducBackRight,3)
rCommand(SetReducBackLeft,0)
rCommand(SeMotorRamp,10)
rCommand(SetCCdivisor,30)
rCommand(SetDriveServoDir,1)
rCommand(SetDriveServoWidth,40)

return
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A Steerable Robot
Chapter 7 explains how we modified a toy truck to act as the base for our steerable Robot
prototype as shown in Figulé.5. Even though the RobotBASIC simulated robot does not
directly support conventional steering, we wanted to provide RROS support for this option for
those that prefer or need it.

The entire purpose of this prototype was to test the steering @pedlstor routines unique to
this robot. For that reason, we did not permanently add any sensors to this prototype although it
would certainly be easy to do.

Figure 15.5 Steerable platforms can be expensbug, we built this prototype from a toy trkic

Below is a sample initialization file for the steerable robot. With the steerable robot the left motor
drive commands affect the reaheel drive motors and the right motor commands affect the
steering servo. This means you can just set those gsreanbut if you examine the
RROScommands.bas file, you will see that these commands have retitled commands with
identical codes, making their purpose more evident. For exampleS&atghtStopOffseand
SetSteerStopOffseare both equal to 117.

11c



Chapter 15: The RROS Robot Prototypes

InitSteerableRobot:

rCommport 44 // change to YOUR port number
delay 100 // needed by some Bluetooth devices
rlocate 0,0

gosub RROScommands
rCommand(MotorSetup,STEERABLE)
rCommand(SensorSetup,DIGITAL)
rCommand(SetSpeed, 60)
rCommand(SetSlowDownSpeed, 35)
rCommand(SetSteerStopOffset,135)
rCommand(SetDriveStopOffset,126)
rCommand(SetMotorRamp, 10)
rCommand(SetCCdivisor,20)
rCommand(SetDriveServoDir,1)
rCommand(SetDriveServoWidth,40)

return

The ability to control ateerable robot was added for those that require such a robot, even though
It is important to emphasize that some commands
either make no sense or simply are not compatible with this mode. For examplehg/RROS
calibrates the compass, the robot must rotate for about 30 seconds while the internal calibration
takes place. The steerable robot does not have the ability to rotate so you must handle that
situation yourself (perhaps you could rotate the roteually while executing the command).

it bears little resemblance to the simulator.

A Man-Sized Robot with Arm

We included a masized option as one of our prototypes because we wanted to demonstrate that
our RROS could handle nearly anything a hobbyist might want to build. One of the interesting
features on this robot is its arm which is placed in a very non conventional position as shown in
Figure 15.6. One advantage of this configuration is that the arm folds away inside the body when

not in use. Also, because of the placement of the shgoldérthe gripper is able to obtain

objects from a standard counter top or table and still reach items on the floor.
The need for large drive motors on our rseed robot allowed us to develop the RROS code for

interfacing with the RoboClaw motor contrd e r

as

di

scussed

n

Chapt et

sensors are Maxbotics Ultrasonic rangers organized as a VSS (see Chapter 9), wheel encoders,
battery monitoring, an electronic compass, and a beacon detector. It also utilizes a second RROS
chip that tinctions as an arm controller (see Chapter 13). The second RROS chip also controls a
Navigation Assist System (also discussed in Chapter 13) for implementing a Local Positioning
System as well as additional sensory inputs for the arm itself.

The Robot Arm

A RROS compatible arm, as discussed in Chapter 13, can have five servomotors for powering the
shoulder, elbow, wrist up/down, wrist rotate, and hand open/close. Our robot arm provides all of
these capabilities except for the wrist rotate function.

Commercial Arms

A search of the internet will provide you with numerous arms of various qualities and prices that
are powered with servomotors, so they should work with our RROS. We had several design
criteria that we wanted to utilize, so we decided tddooiuir own arm.
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Figure 15.6: The RROS can handle robots of any size.
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Our Arm

One of the unique features of our arm is that none of thenaabrs are mounted on the arm

itself (although the small motor that opens and closes the gripper is mountee arm). It is rare

to find this arrangement in a commercial arm even though there are some distinct advantages for
it.

One advantage is that the arm does not have to lift the motors themselves, allowing the arm to
handle much greater loads thaould otherwise be possible. Perhaps the biggest advantage
though, especially for a hobbyist, is that this arrangement makes controlling the arm far easier
because once a joint is set to a particular angle, it will stay at that angle no matter howrthe oth
joints are manipulated.

The Belt Drive System

In order to mount the motors off the arm itself, we must have a system of belts and pulleys that
transfers the motion from the motor to the desired joint. A rough approximation of our belt
system is showm Figure 15.7. Notice that there are threga®g pulleys, two on shaft 1 and one

on shaft 2. The nature of the pulleys we used allowed us to attach two together with small bolts,
but a high quality glue might work as well.

3

SHouLDER

Figure 15.7 The motorgpowering thearm joints are mounted off the arm.

Let s examine the wrist joint as it is the mo
to a 2gang pulley which is connected to a secorgh8g with a second belt, which drives a final
pulley (with a third belt) that is screwed to the wrist assembly.

All of the pulleys showmn the shaft8lUST be the same diameter. This forces each joint to
maintain its angular position no matter how the other joints are moved. You may use smaller
pulleys on the motors if you wish, in order to increase the torque. If your arm is of any reasonable
size and weight, you will probably need largleannormal servomotors perhaps much larger
depending on the dimensions of your arm and its intended payWwad. k e pt our ar més
minimum by using balsa wood and foam board when possible.

Our belts had teeth to prevent slippage thabaltor other alternative might allow. You could
use chains and sprockets of course, but metal ones will ad@dfweight and plastic ones might
not be strong enough.

Each joint needs some form of bearing to ensure smooth movements. Unfortunately standard
bearings can add a lot of weight. We solved this problem by creating our own bearings from
concentricbrass tubes (available from most hobby stores) as shown in Figure 15.8.
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Figure 15.8 Concentric brass tubes serve as bearings for the arm joints.

The main axel for the wrist joint is a brass tube as shown in Figure 15.8. A slightly larger tube
insertal into the elbow assembly serves as the bearing and provides minimal friction if it is
lubricated with a small dab of Vaseline. If you cut your brass tubes with a pipe cutter, they will be
slightly smaller at the cut due to the compression of the cutieun. will need to eliminate this on

the larger tubes by filing the end of each tube from the inside with a round file.

The pulley in Figure 15.8 must be secured to the wrist assembly with glue or screws to ensure
that the wrist assembly moves wittetpulley. These rough drawings only show the basic
principles of the armds construction. An
the spring in the bottom left corner of the figure.

The spring in Figure 15.9 helps lift the siaber joint as shown in Figure 15.10, which shows
the back side of the arm where the motors are mounted on thin plywood plates. Notice the string
wrapped around the pulley on the right side of the figure (our pulleys were wider than the belts
allowing roam to wrap the string without interfering with the bielgou could use a-8§ang
pulley). That string extends to the spring mentioned earlier, allowing the spring to help rotate the
pulley. The servomotor we used to power the shoulder joint was capdiftiegit without the
spring, but the spring greatly reduced the strain on the motor. It also allowed the joint to remain i
its last position without slipping even if the servomotors were turned off. Since the other joints
are moving far less weightpne of them needed this type of assistance. We really debated about
using a spring for assistance, but being able to turn off the servomotors after the arm is placed in
desired position, can often be a nice feature.
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Figure 15.9 The arm folds intdhe body when not in use.
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Figure 15.10 All joint motors are mounted behind the arm.

Figure 15.11 shows the elbow joint when viewed from the hand. Notice how the brass tubes
create an axel between the shoulder assembly and the elbow assemblyolekestrto you).
The single pulley on the right side of the figure is attached to the elbow assembly allowing them t
move together.

The 2gang pulley shown on the left side of the figure moves freely on its shaft using a second
tube as a bearing. h€ right half of the pulley is driven by its motor through a secegdrity
pulley at the shoulder joint. The left side of the ganged pulley in the figure drives the wrist pulley
as shown in Figure 15.12.

[

e Zgang pulley (on theekt) in this Ibowjoint.

Figure 15.1% Notice th
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Figure 15.12:The hand uses a standard servomotor to open and close th balsa wood fingers.

Figure 15.13 shows the hand itself. Notice the small gears at the rotating base of each finger.
Since they are connected, when ongédér moves, the other also moves, but in the opposite
direction, so they open, or close, together. One of these gears is driven from a gear on the

A

servomotordés output shaft

Figure 15.13 The fingers have several sensors.

Notice the sensors on thediers. Two digital IR proximity sensors in the ends of each finger can
help your programs to determine when the object to be picked up is centered between the fingers
(neither sensor is triggered). You could then move the arm (or the robot itself) famthitie

third IR sensor (shown on the finger in the right side of the figure) senses that something is
actually in the hand between the fingers.
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Once your program knows an object is within the confines of the hand, the hand can then be
closed untithe long lever of a snagction switch is pressed (then close it a little more to get a
good grip). The lever of this switch can be seen in the figure. There is also a digital IR sensor
located under back of the fingers pointing downward to enable pnsgadetermine when the
hand is near a surface (such as a table). Notice also the rubber band around the two fingers (in t
back). This helps provide a stronger grip much like the spring helped lift the shoulder joint.

Using the Sensors

The hand senssican be connected to the sensory inputs on the Arm Expansion chip (see Chapte
13) allowing them to be read with th&ense() function. In order to use the arm intelligently, you
must write programs that wutilize its senses

I n addition to the hand sensors discussed
webcam mounted on the wrist so it can see objects immediately in front of the fiNgdes We
describe options for obtaining color information from a camera in our Hao#tware Interfacing
with RobotBASIC Of course, this means that the PC to whithwebcam is attached must be
mounted on the robot (see Figure 15.6). There are other advantages to having an integrated PC
can allow your robot to speak and understand voice commands (also discussed in the book abo\
You could even consider usilijo bot BASI C6s graphics to creat
give your robot additional personality.

Let s create a simple goal for the robot t
there are three small objects (each of a diffecefur) sitting on the floor in front of your robot
and you order the robot to pick up the RED object.

Assuming the arm is currently folded away in the body, it could move the wrist joint alone to
point the camera at the general area in front ofabetrand acquire images. The images could be
anal yzed wit isicRoommandd o 8nd té sy position of the desired color within
the image. Using the x coordinate, the robot could rotate left or right until the color is seen in the
center otthe screen (horizontally). It could use the y coordinate to determine how far away the
object is.

The robot could move itself some predetermined position from the object in question, then
move the arm so that the hand is horizontal to the floortiposd only a few inches above it (this
action could use predetermined positions for each joint). The arm could then be lowered until the
bottom sensor on the hand senses the flammfirming that the arm is positioned at an
appropriate height. The de=d color should still be in the center of any captured images, but the
robot could rotate left or right to ensure this.

With the fingers closed, the robot could move forward towards the color (moving left and right

if necessary to keep the color centered in
height as the objects, and since the camera is beingusedtour e t he r obot 6s
toward the desired object, then eventually

prevent collision, the robot could monitor the sensors in the ends of the fingers (now closed) and
stop when an objed detected (which would place it only a few inches in front of the hand.

The robot could then open the hand and confirm that neither of the sensors in the ends of the
fingers are triggered. If one of the finger sensors is triggered, the robot otatlel slightly to that
side, to ensure that the hand is centered in front of the object. Then, the robot could move forwa
until the horizontal IR sensor (mentioned earlier) detects that something is between the fingers.
The hand can then be closed ltité snapaction switch (also mentioned earlier) indicates contact
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has been made with the object, then a little more to ensure a good grip. If desired, a pressure
sensor could be mounted on one of the Ildgi nger s
i nput s. This would allow better control over
At this point the arm can pick up the object and the robot can move to another location
(perhaps bring the object to you, or place it in a basket).
As you can see, usirtge arm can be complicated, but if you break it down, the complete
behavior is composed of many, relatively simple, smaller tasks. If your robot has appropriate
sensors you can create a library of functions, each of which performs one of these sinligle, sma
t asks. One basic behavior, for example, migh
the snapaction switch. Once you have the library of basic behaviors, more complex actions can
be handled by simply combining the basic behaviosgedan input from the sensors.
All this might seem like a lot of work to get your robot to pick up an object but if you think
about it, the scenario just described demonstrates far more intelligence than you typically see
robots doing today. Remembdénere were three objects on the floor. You could havbally
told your robot to pick up the RED one. It identified the object, found its way to it, manipulated
its hand to grasp it, and then picked itiughen it could even ask you what to do with i

Not a Beginnerds Project
Of course, this is not a beginnerds project,
sensory data is available. It also provides a general overview of the type programming necessary
to create an intelligent maclen

We realize that most readers will probably not build a robot arm, so in Chapter 16 we will
examinein detailall the programming needed to fully implement a-lessplicated, goal
oriented, noftrivial, behavior that can be carried out on alnarsgf RROS based robot. It is our
hope that such an example will provide insights into the fundamental principles needed to build
the robot of your dreams

Sample Code
Figure 15.14 shows a simple program that demonstrates some basic techniquesditingdaht arm.

#Include "RROScommands.bas"
#Include "InitializationRoutines.bas"
gosub InitRROScommands

gosub InitRoboClawRobot

Main:
rCommand(ExpansionSetup,ARM)
delay 3000
gosub hitArm
PosData[2]=0
gosub MoveArm
gosub OpenHand
PosData[0]=200
PosData[1]=170
gosub MoveArm
gosub CloseHand
PosData[0]=180
PosData[1]=190
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gosub MoveArm
PosData[0]=40
gosub MoveArm
PosData[0]=60
PosData[1]=150
gosub MoveArm
gosub Drop
gosub ParkArm
end

InitArm:

1 shoulder elbow wrist rotate o/c
data ParkData; 250, 250, 240, 0, O
data MinData; 130, 50, 50, 0O, O
data MaxData; 70, 80, 80, 70, 80
data PosData; 250, 250, 240, O, O
rCommand(SetServolndex,0)

fori=0to 4
rCommand(SetServoMin,MinDatali])
next

rCommand(SetServolndex,0)

fori=0to 4
rCommand(SetServoMax,MaxData[i])
next

rCommand(SetServolndex,0)

fori=0to 4
rCommand(SetServoPosition,ParkData]i])
next

/I assuming default speed of 1 for each joint
rCommand(EnableServos,?2)

return

ParkArm:
rCommand(EnableServos,1)
rCommand(SetServolndex,0)
for i=0 to 4 // no wrist

rCommand(SéServoPosition,ParkData][i])

next
delay 6000
rCommand(EnableServos,0)

return

MoveArm:
rCommand(EnableServos,1)
rCommand(SetServolndex,0)
for i=0 to 2 // just shoulder,elbow,wrist

rCommand(SetServoPosition,PosDatali])

next
delay 4000

return

OpenHand:
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rCommand(EnableServos,1)
rCommand(SetServolndex,4)
rCommand(SetServoPosition,200)
delay 3000

return

CloseHand:
rCommand(EnableServos,1)
rCommand(SetServolndex,4)
rCommand(SetServoPosition,20)
delay 3000

return

Drop:
rCommand(EnableServos,1)
rCommand(SetServolndex,4)
rCommand(SetServoPosition,150)
delay 3000
return
Figure 15.14:This sample code shows sotrasic techniques for controlling the arm.

Even More Prototypes
We have added a couple new prototypes sinedRROS was first introduced. The robot in Figure
15.15 is the steerable robot discussed first in Chapter 7. In its current form it has two digital
perimeter sensors (far left and diagonal left) and a long range IR sensor mounted on the front.
This lds it perform the wall following discussed in Chapter 16.

Figure 15.16 shows the initialization subroutine we used for our steerable robot. You should
adjust the parameters as needed for your robot.
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Figure 15.15: Ousteerable prototype now has two digjiatimeter sensors and a long range IR ranger on its front.

InitSteerableRobot:
rCommport 44
delay 100
SetTimeOut 30000
rlocate 0,0
rCommand(MotorSetup, STEERABLE)
rCommand(SensorSetup,DIGITAL+IRLONG)
rCommand(CalibServoDrive,0)
rCommand(EnableCounters,0)
rCommand(SetSpeed, 60)
rCommand(SetSlowDownSpeed,40)
rCommand(SetMotorRamp, 10)
rCommand(SetDriveServoDir,1)
rCommand(SetDriveServoWidth,50)
rCommand(SetSteerServoDir,0)
return

Figure 15.16: This is the initialization routine for our steerable robot.

Another updated prototype is shown in Figure 15.17. It is built on the Rover 5 platform
mentioned earlier in this chapter. We are now using it to test the SONIC ranging sensors availak
from our web page. Because of their low cost, they offer an alternative to Ping and Maxbotics
sensors. They do require a totally different interface that utilizes one more pin that Pings. For th
reason, if you use a rear bump sensor it must be digital.

Figure 15.17:The Rover 5 has become thtotype for our SONIC ranging sensors.
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Figure 15.18 shows the initialization routine we used for our Rover 5 prototype.

InitRover5:
rCommport 47
SetTimeOut 50000
rlocate 0,0 // 255,0
rCommand(MotorSetup, SMALLDC+ENCODERS)
rCommand (SensorSetup,SR04+FIVERANGE) /[+HMC6352 if you have a compass
rCommand(SetMotorRamp,5)
rCommand(SetClicksPerDiam,200)
rCommand(SetClicksPer90,185)

/I note: tanks do not make accurate turns
rCommand(SetReducForwRight,0)
rCommand(SetReducForwLeft,0)
rCommand(SetReducBackRight,0)
rCommand(SetReducBackLeft,0)
rCommand(SetRotationTime,45)
rCommand(SetMoveTime,14)
rCommand(SetSpeed,65)
rCommand(SetSlowDownSpeed,50)
rCommand(SetSlowDan2,40)
rCommand(SetCCdivisor,1) // need bigger

/lcorrection for treads
rCommand(SetBumpDist,10)
rCommand(SetProxDist,15)
rCommand(EnableCounters, 1)
rCommand(SetRobotAngle,90/2)
rCommand(SetTurnStyle,100)
rCommand(SetRROStimeout,15)

return

Figure 15.18:This initialization routine is for our Roverrdbot which utilizes lowcost SONIC ranging sensors.

As you can see, initially telling the RROS ev
and maors can take many commaridgvhich is why we added special commands for initializing
the RB9 and Arlo platforms as discusseddhapter 11.

Arl o: The Robot Youdbve Al ways Wanted

After building many prototypes and writing many magazine articles on hosetthe RROS to

build powerful robots, we expected someone to create the kind of robot most hobbyists dream of
owning. After waiting awhile, we finally decided to do it ourselves. Figure 15.19 shows a picture

of our Life-Sized Arlo robot featured in aplart series starting with the January 2015 issue of

Servo Magazine. A booktitlelr | o: The Robot YavalablefoomAl ways War
Amazon.cormsummer 201pbgives detailed information on building your own Arlo. You can see a
YouTube video of Arlo in aon with this link.

http://youtu.be/ohpLRN2wY

Arlo has far more sensors than other robots. Héhadisasonic ranging sensors around his base

that implement 9 virtual sensors. There is a compass, battery monitoring, a beacon detector, 3 line

sensos, 3 cameras, and two more ranging sensors (both IR and ultrasonic) on a turret under his

head. He uses Parallax motors with wheel encoders. He has two arms with 4 sensors on each

gripper. He can accept voice commands and respond verbally with an @ahgregibical face.

He really is the robot youbve al ways wanted.
12¢
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Chapter 1 6

RROS Programming Examples

| n the lasthapter we provided an overview of the prototypes used to test the RROS chip during
the development process. That chapter also provided an initialization routine for each of the
prototypes to demonstrate how to configure various options. This chagtassuime that you
have prepared an initialization routine for your robot and saved it under the name InitMyRobot.
In most cases, the example programs in this chapter will run on any RROS based robot. The
exception to this is the steerable robot wh&mherently different from our simulattrased
prototypes. Many motor commands and sensor readings can be used with the steerable robot, &
the nature of its movements will often require alternative algorithms when developing a specific
behavior.

Teding the Sensors

The program in Figure 16.1 can be used to test nearly all the sensors on your robot. Set the valt
of the variableRealto True or Falsedepending on whether you are testing a real robot or the
simulator.

In the simulator mode, mowythe mouse will move a yellow ball around the screen that can be
used to trigger sensors. Move it close to the robot, for example, and you will see hBunther
andrFeel sensors are triggered. Moving the ball in front of the robot will trigger taedresensor
and the ranging sensor. You can even trigger the line semSensd by moving the ball close to
the front of the robot. Use the right and left mouse buttons to rotate the robot, letting you see the
compass readings change.

#include InitMy Robot

Real=False // set to true to use REAL robot
BeaconNum = Yellow // beacon color (or number) to detect
/l'Initialize the simulator OR the real robot
if Real

/I gosub appropriate init routine

/I for YOUR robot

gosub InitMyRobot
else

rLocate 400,300

x=10

y=10

d=0
endif

xyString 1,480,"Bumpers Feel Line"

U3 O0EI ¢C couvhtymnh e 2AT CA £E01 10 #1 1 PAOOS
U3 O0EI ¢ x¢mhtynho" AAAT T ¢

while(1)

xyString 20,500,rBumper();";rFeel();"";rSense();"";\
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rRange(0);";rCompass();" ";rBeacon(BeaconNum)," "

rForward 0
if(lReal)
rLocate 400,300,d
rinvisible BeaconNum
call DrawCircle(x,y,20,white,white)
ReadMouse x,y,b
call DrawCircle(x,y,20,black,BeaconNum)
if b=1
d--
if Real then rTurn 5
endif
if b=2
d++
if Real then rTurn-5
endif
endif
wend

sub DrawCircle(x,y,r,c,cc)
LineWidth 3
Circle xr,y-r,x+r,y+r,c,cc
return

Figure 16.1:Th i s

program

can

test

your

robot 6s

The program irFigure 16.1 does use a little trickery. In order to prevent collisions when the ball
is moved too close to the simulated robot, the program constanblgates the robot within its
environment something you generally would not want or need to do.reTaee also a few other
aspects of the program that deserve mentioning.

First, therForward 0 command is not needed in the program as it is written. If you modified
the program though, to only test the bump, feel, and line sensors, then it woeleldeel.n The

reason for this is that these sensors are so time sensitive that the RobotBASIC does NOT require a

command to acquire this data (see the RobotBASIC HELP file for more details). Instead, the
RROS reads and returns the data when almost anycutimenand (such asorward, rCompass,
rBeacon,etc) is executed. This means that the most recent data from these sensors is typically
Cébs memory whenever the

already in Robot BASI
immediatelywithout having taake the time to interrogate the robot for it.
complicated but it works very well, and in fact is necessary to obtain acceptable response times for

This may sound

these sensors. What is important is that your program cannot simply sit in a loopthestiatye
of one of these sensors without issuing some other robot coninsmdething you would almost
never do unless you were simply testing the sensors as we are in this program.
Notice that the program in Figure 16.1 assumes you have createdwaatlyour own
InitMyRobot routine as described in Chapter 15. If your init routine properly initializes your robot
then the values of its sensors will be displayed instead of those of the simulator. Move your hand
around your r ob octthessensaoe readingeittpreduces iif gou Inaveta ibeacon, set
it to 14 (Yellow) and confirm that it can be detected. Pressing the mouse buttons will even rotate
your robot right and left so that you can view its compass readings. Of course, if youtaedot
not have some of the sensors being displayed, their values will be zero.

Testing Behaviors

The previous program demonstrated how to test the sensors, but it did not examine the process of

using the simulator to develop a robotic behavior. In cx@ldemonstrate such a process we need
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an example application that is complex enough to be meaningful, yet simple enough that we can

concentrate on the principles involved. Our end goal will be to build a library of routines that

allows the robot to movéatough a room to a beacon, even if there are objects blocking its path.
As we build the library of routines, we will examine numerous principles including:

1 developing behavioral algorithms on the simulator
1 converting from simulation to reatorld

1 improving the reaorld performance

1 combining behaviors to create applications

Designing Behaviors
We will start by developing an algorithm (a stepstep plan) for accomplishing our goal. We can
summarize the plan as follows.

The robot should rotatentil it sees the designated beacon, then move toward it until

it either arrives at the destination or is blocked by an obstacle. The robot should then
follow the contour of the blocking object (a whaligging behavior) for a SMALL,

possibly RANDOM, pertbof time These actions are repeated over and over until the
beacon is found. Letds see what this act
behavior.

It is assumed that the beacon is mounted ABOVE obstacles that might be encountered, so the
robot is dways able to see the beacon, making it easy to crdzates8eacorbehavior.
ForwardTillBlocked is also an easily created behavior that terminates whenever perimeter sensors
detect a blocking obstacle. Going around the obstacle is a little more cdegphexause the

robot does NOT know how big the obstacle is and therefore it does not know how long it must
continue to move around the obstacle before starting over (rotating to face the beacon again).

This simply means that the robot should moveauadithe object for a short distance, stop, and
look for the beacon again. If the robot has not moved far enough around the object, then when it
starts to move forward it will again encounter the obstacle and follow around it a little more before
turning © face the beacon again. This means the robot might well stop several times to look for
the beacon as it transverses around the object.

You might ask why we donét simple make t he
of time. Perhaps thebject encountered is small, and the robot moves all the way around the
object (back to its original position). If such a situation occurred, the robot would never be able tc
find its way to the beacon. A reasonable solution is to make the robot mogeauinom
distance (around the object) so that it will (within some reasonable number of tries) stop at some
point on the other side of the object, allowing it to continue toward the beacon unimpeded.

Of course, it might encounter another object beitoaerives at the beacon, but since all of the
actions are being repeated it velitomaticallyhandle the new object just as it did the first.

Pseudocode
When developing a programming algorithm, programmers often use pseudcoeasyto-
follow Englishl i ke short hand description of the prc
programming statements often associated withlewel programming languages). A pseudocode
version of our algorithm might look like this.

Perform any necessary initializati.

Repeat the following until the robot is at the beacon.
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Turn and face the beacon.
Move forward until blocked by an obstacle.
Go around the obstacle for a random distance.

If you study this example, it should be easy to see that if thet oalm perform all the basic actions

in the pseudocode, that it will eventually accomplish its goal no matter what kind or how many
obstacles it encounters. One of the great things about RobotBASIC is that it has a very readable,
Englishlike syntax, thats naturally very much like its own pseudocode. For example, the

following RobotBASIC program fragment describes the same actions as the previous pseudocode.

gosub Initialization

repeat
gosub FaceBeacon
gosub ForwardTillBlocked
gosub GoAround

until Done

You might be thinking that writing a program to find a beacon in a cluttered environment cannot
be this simple, and you are right. We still have to create the code for each of the subroutines that
implement the individual behaviors like facittte beacon. Creating the shbhaviors is much
easier than attacking the larger overall problem though, so it is probably easier than you might
t hink. Let 6s FacdBeacotbehdwipr. cr eat i ng t he
For now, we will develop the behavior solutiamsng the RobotBASIC simulator because it is
far easier than trying to create, test, and debug similar code using a real robot. More on this later.
The following code shows a simple subroutine that will cause the robot to face a yellow beacon
(beacor¥#14).

FaceBeacon:
while not rBeacon(Yellow)
rfurn 1
wend
return

Yes, it is just that easy. As long as the robot does NOT see the yellow beacon, it turns to the right.
Once the beacon is seen, the loop ends and so does the subroutine. tNowsl | ook at son
simplified code foForwardTillBlocked. Note: As mentioned in previous chapters, there is a
speciafCommandto allow real robots to find beacons more efficiently.

ForwardTillBlocked
While not (rFeel()&14)
rForward 1
if rSensd€Yellow) then end
wend
Done = True
return

TherFeel() function reads the five proximity sensors on the simulated robot. By ANDing the
sensor reading (using the & operator) with 14 (binary 01110) we restrict the reading to only the
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middle three sensors, making the robot only detect objects directly in front if it. If an object is
NOT detected, the robot moves forward. When an object is detected, the loop, and thus the
subroutine ends. Notice that tf&ense() sensors (line sensgrare also checked to see if the robot
has reached the beacon so that the program can be terminated that if it has.

Combining the Modules

Below is an Initialization module that places the beacon in the upper right corner of the screen ar
locates the roldcand a blocking obstacle in random positions. It also sets up invisible colors so
that the robot will interpret the beacon color properly, so the robot can leave a trail as it moves.
Comment out thgosubGoAround statement in the main program modulecsi we have not yet
created that subroutine and then combine it with the other modules to create a single program.
Each time you run the program the robot will either move to the beacon and stop, or move towar
the beacon until it is blocked and stopshewn in Figure 16.2.

Initialization:
circle 750,50,790,10,yellow,yellow
rLocate 50+Random(300),50+Random(550)
x=400+Random(250)
y=50+Random(550)
r=50+Random(50)
circle x-r,y-r,x+r,y+r,Red,Red
rinvisible green,yellow
LineWidth 2
rPen dowvn

return

Figure 16.2 The robot will move to the beacon unless it is blocked.

As you can see from Figure 16.2, the robot will face the beacon, move toward it unless it is
stopped. In this program, we have assumed that the robot will move in a straight line, which the
simulator typically does. A real robot should certainly do té@&sonably well if your robot uses
wheel encoders or if you have calibrated its movements. Even so, it is possible for one of the
wheels to slip on the floor (which still registers counts on the encoders) allowing the robot to drift
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from its intended cowe. Since our real robot must contend with problems like this, it would be
nice if the simulation was subject to the same type of errors. If we add this line just affamthe
down statement,

rSlip 20

then the simulated robot will act more like a nedlot by generating up to 20% error (far more
than a real robot), as you can see by Figure 16.3.

Figure 16.3: The simulator can create randemnor in order to better simulate a real robot.

Our program can correct for this drift if we modify thewardTillBlocked routine so that it

monitors the beacons signal and stays on course. The modification is shown in the new module
below. Notice how the robot turns to the right when it sees the beacon and to the left when it does
not. This causes the raito constantly adjust to maintain its course toward the beacon.

ForwardTillBlocked:
While not (rFeel()&14)
rForward 1
if rSense(Yellow) then end
if rBeacon(Yellow)
rTurn 1
else
rTurn -1
endif
wend
Done=true
return

The modified program now performs as it should even with the random slip. It faces the beacon
and moves toward it until it finds the beacon, or until it is blocked by an obstacle. In order to
complete our program, we need a way for the robot to followgalbe contour of the object

blocking its path until it gets to the other side of the obstacle. At that point, the robot can turn to
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face the beacon again and resume moving toward the beacon, thus completing the task. This
means we must develop an algomit to provide our robot with the ability to follow the contour of

an object. Such a behavior can be quite complicated if it must work correctly with objects that
have complex shapes, but to keep things simple we will assume the blocking objects are only
modestly complicated.

Wall Hugging

A robotds ability to stay close to a wall,
example, it can be a basic movement when solving a maze or finding a way around an obstacle
t hat Dbl oc ks. AperéectwaltHuggingbghawpoaprolbably would use multiple types

of sensors (perhapBeel, rBumper, andrRange), but in order to reduce the complexity of this
example (as mentioned earlier), we will not try to make it absolutely perfect.

Becausave are trying to keep things simple, our goal will be to create an algorithm for
following the contours of a wall usingnly therFeel sensors. The basic idea is relatively easy to
conceive. Figure 16.4 shows two orientations of a robot following alevegjla When the robot
is in position A, where only the lefide sensor sees the wall, the robot should turn to its left,
bringing it closer to the wall, as shown in position B of the figure. When both the left sensor and
the left diagonal sensor seég twall, the robot should turn right, away from the wall.

Figure 16.4 Monitoring the two proximity sensors showntlmis
diagram can be the basis for a wall following behavior.

Using the principles of Figure 16.4, we can create a subroutine thitlloana wall as shown

below. Note: Some sensors (such as the top sensor shown in Figure 16.4A) might not be able to
detect the wall properly, especially if the wall is very smooth so that light or sound will angle off
away from the robot instead of rafténg back to the robot. For such situation a different

algorithm needs to be developed. Try to develop a different technique using the simulator or
compare your ideas to various ones examined in some of our books and magazine articles.

FollowWall:
rTurn 60  // turn to align with wall
while 1
d=rFeel() // read proximity sensors
if d=16 // left sensor
rTurn z1 // turn left
elseif d=24 // left and diagonal sensors
rturn 1 // turn right
endif
rForward 1
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wend
return

Testing the Algorithm
All of the above principles can easily be implemented in the RobotBASIC simulator as shown in
Figure 16.5. The program uses three subroutines to perform the major tasks. One draws an object
with both concaved and convexedllsto be hugged. Another moves the robot until it bumps
into the wall.

The final subroutine performs the actions described earlier for following the wall. It starts by
turning to the right 60° as an attempafproximatelyalign itself with the wall to be followed.
The robot is constantly moving forward, and turns left if the side sensors is NOT seen, and right
when the diagonal sensor IS seen. Since the robot has been programmed to leave a trail, its
actions wll look like that of Figure 16.6.

main:
gosub DrawWall
rLocate 400,500
rinvisible green
LineWidth 2
rPen down
gosub FindWall
gosub FollowWall
end

DrawWall:
circle 300,300,600,400,blue,blue
circle 350,250,550,400,blue,blue
circle 350,350,550,450,white,white
return

Findwall:
while not(rFeel()&13)
rForward 1
wend
return

FollowWall:
rTurn 60  // turn to align with wall
while 1
d=rFeel() // read proximity sensors
if d=16  // left sensor
rTurn z1 // turn left
elseif d=24 // left and diagonal sensors
rturn 1 // turn right
endif
rForward 1
wend
return

Figure 16.5 This program shows theasic principles for following a wall.
As you can see from Figure 16.6, filan we formulated for the wafibllowing behavior works
reasonably well, as long as the wall is composed of modest curves. When an abrupt change is
encountered though, the robot fails. The reason for this can be seen in Figure 16.7. As you can
see fronthe figure, we must use the front sensor instead of the twsidkftsensors to detect the
type of obstruction that caused the problem for our simulation.
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ERROR----

[Q'l Robot Has Collided With An Obstacle [in line 34]

OK |

Figure 16.6: This output is produced whehe program in Figure 16.5 is executed.

Figure 16.7: The robot needs to use its center sensor to detect abrupt changes in the objects contour.

When the frontcentersensor (as shown in Figure 16.7) sees an object the robot muist tioen
right. We can modify th€ollowWall subroutine to perform this action as shown in Figure 16.8.

FollowWall:
rTurn 60
while 1

d=rFeel()
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if d&4 /I check for front sensor
rTurn 1 // turn to the right (change to 45)
elseif d=16
rTurn zZ1
elseif d=24
rturn 1
endif
rForward 1
wend
return
Figure 16.8 This modification to th&ollowwall checks the front

sensor and turns the robot to the right when something is detected.

Notice in Figure 16.8, that the sensor readajg@asANDed with 4 (using the & operator). This
allowed the front sensor to be detected no matter what state the other sensors were in. If we had
tested the conditiod=4, for example, all the other sensors would have to be zero for the condition
to be tue. If you are not familiar with this type of programming operation then it is recommended
that you read a book on programming principles suchaBaub ot Pr ogr ammer 6 s Bo
If you alter the program as described above though, it still crasbesking back at Figure
16.6, it is easy to see why. When the robot detects an obstacle directly in front of it, it needs to
turn QUICKLY to the right in order to avoid a collision. If we change the associatedl to
rTurn 45, the robot will indeed ake it though the problem area, but then creates a new problem
as shown in Figure 16.7.
With a little thought it is easy to see why the new problem occurs. If the robot finds itself too
far away from the wall, then NONE of the sensors are triggdfede look back at our program
we see that we have not written any code to handle such a situatahe robot just moves
forward as we can see in the figure.

Figure 16.7 The robot gets a little further along the wall, but still fails.

Figure 16.8 shows a newollowWall that can detect when no sensors are triggered and turn back
to the left.
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FollowWall:
rTurn 60
while 1
d=rFeel()
if d&4
rTurn 45
elseif d=16
rTurn -1
elseif d=24
rturn 1
elseif d=0 // checks for NO sensors
rTurn -1 // change to 15
endif
rForward 1
wend
return
Figure 16.8: This FollowWall routine is still not perfect.

If you run the program with the changes shown in Figure 16.8, yibgetithe output shown in
Figure 16.9.

Figure 16.9: The robot moves better, but it still strays a bit too far from the
wall after rounding the protrusion, and, it still eventually crashes.

With the new changes the robot makes its way around the protrusion, but if you wait long enougt
eventually it still crashes. This problem was a little harder to track down, but the basis for it is
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that, in certain situations, the robot waits too longteturning away from the wall. Figure
16.10 shows how this can happen.

Fd

Figure 16.10:Although it is unusual, it is possibler only the diagonal sensor to be triggered.

As shown in Figure 16.10, it is possible for the robot to be approaching thmavalosely
without the left and front sensors triggering (only the diagonal sensor is triggered). Since our
algorithm only turns to the right based on readings from the left and front sensors, the robot must
wait until one of those sensors is triggebedore turning away. You can see from the figure
though, that the robot can be warned slightly earlier if we check the diagonal sensor. Just
checking it is not enough, though.
Remember, we ALREADY check the diagonal sensor (the conditias) ard turn away
from the wall. This test though, checks to see that BOTH the left and the diagonal sensor are
triggered simultaneously. The situation described by Figure 16.10 has ONLY the diagonal sensor
being triggered. When both the left and diagonassenare triggered we only need a gentle
correction, so we turn away slowly, but when the diagonal sensor is triggered alone, it makes more
sense to turn away at a faster rate (but perhaps not as fast as when no sensors are triggered).
There is actual another time when it also makes sense for the robot to turn a little faster.
Refer back to Figure 16.9 and notice that the robot loops further from the wall than its normal
movement, right after it rounds the protrusion at the top of the obstacle sifitation is occurring
when the robot does not see any sensors so we can correct it by having the robot turn back a little
faster whend=0.
Figure 16.11 shows our final WallFollow routine and Figure 16.12 shows the output when the
program is run.

FollowWall:
rTurn 60
while 1
d=rFeel()
if d&4
rTurn 45 // fast turn
elseif d=16
rTurn -1 // slow turn
elseif d=24
rturn 1 // slow turn
elseif d=0
rTurn -15 // medium turn
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elseif d=8
rTurn 15 // medium turn
endif
rforward 1
wend
return

Figure 16.11:In this version, the robot turras different rates for different situations.

Figure 16.12:The robot now hugs the wall closely without collision.

As a robot programmer it is your responsibility to anticipate every possible problem that the robot
might encounter so that your robot can perform properly no matter what situation it finds itself.
The robot simulator can be a big help with anticipating potential problems because it allows you t
see things that are often difficult to view with a real robot.

Better Algorithms
It is important to remember that this entire behavior was created asly the proximity rfeel)
sensors. If the algorithm also check tBemper andrRangesensors the robot could check for

additional conditions and anticipate much quickeatlowing it to respond more appropriately to
an even more diverse environment.

14¢



