Getting to know the iRobot Create

- CSSE 120—Rose Hulman Institute of Technology




Show Off Some Animations
I

7 Who would like me to show off their work?

1 Otherwise I'll pick some programs at random



Reviewing some concepts you read
I

O Functions
1 Named sequences of statements
1 Can invoke them—make them run

o1 Can take paramefers—changeable parts



Parts of a Function Definition
—

Defining a function
called “hello”
>>> def hello():

print "Hello"
print "I'd like to complain about this parrot"”

Blank line tells interpreter
Indenting tells interpreter that we're done defining

that these lines are part of the hello function

the hello function




Defining vs. Invoking

Defining a function says what the function should do
Invoking a function makes that happen

Parentheses tell interpreter to invoke the function

>>> hello()
Hello
I'd like to complain about this parrot

Later we’ll define functions with parameters

Q1



A simple program that defines and

- invokes a function called mqin“

# A simple program illustrating chaotic behavior.
# From Zelle, 1.6

: /_ Define a function called “main”
def main() :

print "This program shows a chaotic function"
,x = input ("Enter a number: ")}~

[x = 3.9 * x * (1 - x) \\\\

print x

\ IHIIIII
main ( Invoke function main
The loop’s

IIIIIIIIIIIIIIIII Q2

called x




Questions?

Your reading should be enough for you to do the
homework due Friday:

Modifications to chaos program

A program to calculate the distance between 2 points

Questions?

Up next: Robots!



Your iRobot Create

I’'ll give each pair a locker number and combination.

Robots are in the lockers, currently sitting on the
dock (2 green lights on dock) and should be
returned to the dock at the end of the class to keep
them charged.

Please have one person get your robot from your
locker.

We'll get names from the other partner.



Getting to know the iRobot Create

Play
Power Button Button Advance Button

KT@LD éT 6_197)

Power LED Play LED Advance LED




Look at your iRobot Create as we gol
—r




Getting our hands on iRobot Create

iRobot Create hardware overview
Actuators

Sensors

Making a COM port connection over Bluetooth

iRobot Create’s Open Interface Protocol
Sending serial commands via RealTerm

Sending serial commands via Python

Using the create.py module!
Way Easierl Way Better!



iRobot Actuators — Robot Outputs

Left Wheel Motor
Right Wheel Motor

Max speed sets the
wheels to 500 mm/s
forwards or backwards

That’s just over
1 mph so don't
get too excited
about 500 mm/s

Q3-4



iRobot Actuators — Robot Outputs
o

[
[

1 Speaker
Omnidirectional
IR Receiver

Cargo Bay
Connector




iRobot Actuators — Robot Outputs
o

[
[

[

- Bi-color Power LED [ ?@ @? .?)

0 Play LED Power LED Play LED Advante LED

1 Advance LED
Bl

Q4



iRobot Actuators — Robot Outputs

O o O O 0O

O
1 Low-side Drivers on the BAM (LDO-LD2)
o Digital Outputs on the BAM (DOO0-DO2)



iRobot Sensors — Robot Inputs

Omnidirectional IR Sensor

Play and Advance Buttons

Left and Right Bumpers

Three Wheel Drop Sensors

Four Cliff Sensors

Wall Sensor

Encoders

Four Digital Inputs on the BAM (DIO-DI3)
Analog Input on the BAM (A. )

Q5



Omnidirectional IR Receiver
—

B U U uuy U
No IR Light — -
0 a 1 1 0 0 1 1

Omnidirectional IR receive shown here = 0b00110011
IR Receiver = 0x33

= 51

IR transmitters will flash out certain
patterns to send 8-bit numbers

Values 0 to 254 (255 is for no signal)




Play and Advance Buttons
—

Play
Button Advance Button

-1 Digital inputs that you
could really use for

| |
K O @ @ O O ) any function

71 They just have symbols

on them. Nothing
special about that
symbol




Bump Sensors

Two digital signals

Left Bumper

Right Bumper




Wheel Drop Sensors

Three digital inputs

Front Wheel Drop
Left Wheel Drop
Right Wheel Drop




Cliff Sensors

Four analog inputs

Cliff Left Signal

Cliff Front Left Signal
Cliff Front Right Signal
Cliff Right Signal

©
©

irRobolt X

Create
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Cliff Sensor Analog Readings

1]
White Gray Black No Surface
Surface Surface Surface
High value Medium value Low value Low value
Max = 4095 Min=20 Min=20

Common real values:
1800 1000 0 0



Wall Sensor

® © ©

One Analog Sensor

Value relates to the
distance between wall
and Create

O = No wall seen



Wheel Encoders

More complex

Distance since last
request

Angle since last

{ request
iRbot
N / Used internally to

control wheel speed



Inputs on the BAM
o
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o Four Digital Inputs on the BAM (DI0-DI3)
-1 Analog Input on the BAM (A, )



iRobot Create Top View
L

Play
Power Button Button Advance Button
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Power LED Play LED Advance LED

Cargo Bay
Connector




iRobot Create Bottom View
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Getting our hands on iRobot Create

]
1 iRobot Create hardware overview
Actuators

Sensors
11 Sensor signals go to the iRobot microcontroller

-1 Bute The signals need to get to the computer?




How do we get this information to a PC¢




UART Communication
]

< %
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UART Communication

Universal Asynchronous
Receiver / Transmitter




Example UART Basics

]
/ \
e m—
Laptop Tx iRobot Rx
Laptop Rx IRobOT TX




A quick detailed look at UART

RS 232 1/0
+12V A
oV I I I i >
t
12V y — —
logical value 0 1 1 0 1 1 1 0 0 1
Tstart bit data bits b1 ... b8 stop bit
RS 232 idle (0x3B = 0011 1011)
state: -12V

Message at predetermined bit rate (baud rate) iRobot uses 57600 bits/second



How does UART work?

0 Usually (or maybe we should say previously) UART is/was
connected via an RS232 port, also known as a DB? Serial Port,
or just called, more simply, a “Serial Port”

Rx Tx  Ground
Ground \ /

BRO®EEOEEOOEO®
2929 @ @@ ©Www B

Pin | Name Description
1 RXD O — BV Serial input to Create
2 TXD O — 5V Serial output from Create

| 25 | GND | Create battery ground |

Laptop Serial Port Serial Cable iIRobot 25 pin Serial Port

From website — “Let me say this bluntly - no cute girl would ever
date you if you have a robot with a long wire dragging behind it. Just that simple.”



Wireless Bluetooth using the BAM!
]

4 ™\
Bluetooth Hardware
- == Bluetooth

Inside Laptop Using |

Bluetooth Driver L Viruar-wires

‘ //]

/ N,
l; = K|

BAM = Bluetooth Access Module



Communication Protocol

iRobot sets the rules for communication

iRobot store website

Learn and practice the UART commands

Click on Educational... then Manuals
Owner’s Guide

Open Interface Specifications

RealTerm

Let’s start with RealTerm

Sends UART messages over a COM port



Finding your Bluetooth device

o If you installed the
A% W W T 11041 PM
@Eﬂq&, Sunday

Bluetooth driver from
HW1 you should have
a Bluetooth icon...

o [m] 5
Bluetooth | A
) back - E) - ) ‘ -
. Qe - ) - [ X ‘ ) search || Folders lii4]
I:l OU e C IC On -I- OII- ddddddd [8 copregramries I ToMn \Dlustocth software {Fir Chastosth Places B
My Device
— —
° ° ‘ ‘ eeeeeeeeeeeeeeeeeeeeeee ‘.L Wy Device Find Bluetoath Devices
I C O n TO b r I n U M aaaaaaaaaaaaaaaaaaaaaaa X Yiew the services provided by ... search far nearby Blustaoth d
g I y ooooooooooooooooooooooooooo 9 Add a Blustooth Device
oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Bluetooth Places”

7 Turn on Robot

1 Double click on “Find

Bluetooth Devices"




Finding YOUR iRobot Create BAM

71 Let your computer find all devices

1 Hover your mouse over an “Element Serial”

1 Find the number that matches the one printed on your BAM

'g My Bluetooth Places' Entire Bluetooth Neighborhood

Flle Edit Wiew Bluetooth Favorites Toaols  Help

-]

| &

@Backva 1.@ v

)
e Search i Falders

Address I& My Bluetooth PlacesiEntire Bluetooth Keighborhood

jGD

BobaFett12
Unkrown: Major{31), Minar(0}

MaceWinduls
Unknowsn: Major{31), Minor{0}

Elemnent Serial § Element Serial
Unknown: Major{31), Minorid}) Unknawn: Majori31), Minorid)

Searching for nearby Bluetooth devices

=1ojx|

Eile Edit ‘Wew Blustooth Favorites Tools  Help

| &

Qu-O - 3 .

)
) search || Folders

Adress [[3, My Blustooth Places|Entire Bluetooth Neighborhood

EBE

EobaFettl2

Element Serial
Unknown: Major(31), Minor0)

n: Major(31), Minor()

Elernent: Serial

Element Serial {00:0a:3a:26:48:bd)
Double-click ko see the services offered by this device,
Macewinduls Right-click For more options.

Unknowin: Major{31), Minor(0)




Connect to Element Serial

o Double click on the
“Element Serial on
Element Serial” to start
the Bluetooth pairing
process

Device : Element Serial




Entering the Bluetooth security code
—

1 You should have a window pop up that says “You
need to enter a super top secret security code for
this Bluetooth Device

1 Click in that window

o (if you are too slow and the window goes away,
click on the, now green, Bluetooth symbol directly)

x|

Bluetooth device "Element Serial" is atkempting to connect to
this computer, Click here to proceed with the connection,
To deny access, ignore this prompt,

jr} Bluetooth Security Code Required

w—

wiwl T 944 PM

@ % @ % Monday

Ces)




This slide is Top Secret

Bluetooth Security Code Requ

B

Device Mame: Element Serial

Before a connection can be established, this computer and the device
lizted abowve muzt be "paired.”

Paired devices exchange a zecret key each time they connect. This
key iz unique for each pair of devices; it iz used to werify identity and to
enciypt the data that the devices exchange.

To pair with thiz device, enter the device’s securty code and click OF.

Bluetooth zecurity code; | 1L

(] | Cancel | Help

11 The top secret code
for this Bluetooth
device is the number...

0000

Turns out every Bluetooth
device that doesn'’t
care about security is
just four zeroes



Remember the COM port #

1 You should now be connected to the BAMI!

It’s just like two virtual wires Rx and Tx for serial communication to the iRobot Create

1 You need to know the COM port #
It's at the very bottom of the window (mine is COM port 6)

o1 (if you are too slow you can always right-click and open the Bluetooth Properties)

Qe - ) - ¥ | ) search | Folders | -

Adress [ My Blaetooth Places|Find Eluetooth Devices\MaceWindu1S

R
S "33 Element Serial on Macewinduls
§ Connected
bk
Bluetoath Properties

General |

xS
\9 [Bilietont Serial Port

[¥ Secur= Cornestion

CoM Part [C0ME ]

0K I Cancel

Apoly

¥ My Bluetooth Places\Find Bluetooth Devices\MaceWindul5 B[] 3]
Fle Edt Wew Blustooth Favorites Tools Help | "
| »
Qe - ) Lj;|/h Search || Falders ‘
Address IQ My Bluetooth Places!Find Bluetooth DevicesiMacetindu15 j Go
A
W& lement Serislon MacstWindus
¥ Connected
Bk
4

@tu Macewindul5 using Yirkual COM port &

Q6



(optional) Renaming your Element Serial

o If you want you can rename your “Element Serial” to a name that is easier to find
in your Bluetooth Neighborhood. | called this one “StarWars#”

o1 This only effects your computer, it doesn’t change anything on the BAM

o1 Then next time you “Find Devices” it’s easier to spot in the list

'g My Bluetooth Places'Entire Bluetooth Neighborhood o [=] S| 'g My Bluetooth Places'.Entire Bluetooth Neighborhood 10| x|
File Edit Wiew Bluetooth Favorites  Tools  Help | |',' File Edit Wiew Bluetooth Favorites  Tools  Help | |','
Qek - Q) - [T | ) search || Folders ‘ - Qe - ) - (T | ) search || Foders ‘ -

Address [E2;, My Bluetooth Flaces\Entire Blustaath Neighbarhood B> Address |3, My Bluetooth Places|Entire Bluetooth Neighborhood RN

-
L' ‘ MaceWindul5

VTS Bobarett1z &5 Element Serial i
Unknown: Major(3t), Minor(0)

®) Unknown: Major(3L), Minor(0) Fie Unknowin: Major(31), Minar() Fie

A n
i
et
Lt Starars#
Unknowen: Major{31), Minor{0)




What did we just do?
]

4 N\
Bluetooth Hardware

Inside Laptop Using | = Bluetooth ="

Bluetooth Driver |- ' nuaiwires

// We connected the Rx and Tx

|-] wires... wirelessly!
)
£ -

\  Now we're ready to send datal

BAM = Bluetooth Access Module



Open RealTerm
Port tab

Set Port to your
COM port #

Set Baud Rate to
57600 bits/second

Click the Change
button to make it
actually happen

Display Pot | Capture| Pins | Send | EchoPart| 120 | 1202 | 12CMise | Misc

Software Flow Contral

™ Receive xon Char (17
[ Tranzmit <aff Char: ,T

Baud 57600 ~|Port [B

Moz &
G as

0~ 3

o i)

BIe e e o
B

TR/DSR ™ RS485-ts

=101 %]

An| Clear| Freeze| _|

Status

Connec ted

R0 [2)
TxD [3)
CTS (8]
DCD (1)
DSR (8)
Fiing [9)
BREAK
Errar

Char Count:0000000  |CPS:0

Pork: 3 57600 8M1 Mone




end an LED command

Turn on the Play LED with an amber Power LED
Type 128 1321392 100 100

Click
“Send

numbers”

Watchl

A

Displayl Fort I Eapturel Finz

»
Send |EchoPort|12c | 1202 | 12eMiscAn| Clead Freeze| _ |

EOL atatu.
[123 1321332100 100 ~1[5endtumberd sendasci |r' +0R || [ Discornec
[~ 4LF r _IRXD[2)
] Sendumbers| Send ASCI |||: R L} 0@
— +
= [ICTS (8]
ﬂ ﬂ ﬂ Fepaats I‘I 3' [ Literal I Strip Spaces I +oe F |DED (1]
—Dump File ta Port [ DSF (5]
Ic:\temp\capture.txt j .| SendFile | X Stogl DE|5}'S|U_ _ | Ring (9]
........... J _ |BREAK
[ Repeats I‘I vi | Emar
| |char Count;0000000 (CPS:0 Po

LEDs Opcode: 139 Data Bytes: 3

This command controls the LEDs on Create. The state of
the Play and Advance LEDs is specified by two bits in the
first data byte. The power LED is specified by two data
bytes: one for the color and the other for the intensity.

* Serial sequence: [139] [LED Bits] [Power Color]
[Power Intensity]

* Available in modes: Safe or Full
* Changes mode to: No Change
¢ LEDs data byte 1: LED Bits (0 - 10)

Advance and Play use green LEDs. 0 = off, 1 = on

Bit 7 5] 5 4 3 2 1 0
LED n/a | n/a | n/a | n/a

Advance | nfa | Play | nfa

Power uses a bicolor (red/green) LED. The intensity and
color of this LED can be controlled with 8bit resolution.

¢ LEDs data byte 2: Power LED Color (0 — 255)
0 = green, 255 =red. Intermediate values are
intermediate colors (orange, yellow, etc).

* LEDs data byte 3: Power LED Intensity (0 - 255)

0 = off, 255 = full intensity. Intermediate values are
intermediate intensities.

Example:

To turn on the Advance LED and light the Power LED green
at half intensity, send the serial byte sequence [139] [8]
[0] [128].



Digital Sensor Readings

Let’s request bumper and cliff sensor data

-- e e | -
Bumps and Wheal Drops  Pachet ID: 7 Diata Bytes: 1 _I_IEI
A 2 1 8 @ 16 4 -

Tha state of the burmper (0 = no bump, 1= burmp) and whes|
cdrop sensors (0 =wheal raised, 1 = wheal dropped) are sant
as individual bits.

Range: & - 31
Bit 7T |g |E |4 3 2 1 ] 1
Whesidrop | Wheekrop | Whesldrop | Bump | Bump
Sensor| N3 | N/a NE | coger o (Lan RIgNt Left | Rignt
Wall Pachket ID: 8 Data Bytes: 1 Displayl Part I Eapturel Ping  Send |E|:h|:| F'-:urtl [2C
unsigned
The state of the wall sensor is sent as a 1 bit value
(0 =nowall, 1 =wall sean). I-I 281427 j w
Range: 0 -1 |1251429 j Send Numl

CIiff Left Packet ID: 9 Data Bytes: 1 I_ —DI El El Regpeats I1 3"’ [ Literal

olgtal / unsigned  —Durmp File to Port —
Version & state of the cliff sensor on the left side of Create is IE:"aternp"u::apture.th j | Sen

sentas albitvalue D =nocliff,l=cif. o

Here Range: 0 -1 q|| |

-

M




Analog Sensor Readings

Request an analog value

= RealTerm: S

(5 (5 244
1884 18808 1112

Displa_l,ll Fort | Eapturel Finz Send |E|::h|:| F'-:urtl [2C

4 |

|12E=13213921EIEI1EIEI j Send Humk

[128 14228 | Send Mumt—

I _':'| EI El Repeats |1 4 I Literal
Diurnp File to Port

r rtemnh canhire et -l I Cani

rl

Wall Signal Packet ID: 27 Diata Bytes: 2

unsigmned

The strangth of the wall sensor's signal is retumed as an
unsigned 1e-bit value, high byte first,

Range: 04005

Cliff Left Signal Packet ID: 28 Diata Bytes: 2

unsigmned

The strength of the ket cliff sensor's signal is returned a5 an
unsigned 1e-bit valug, high byte first,

Range: 04005

CIliff Front Left Signal Pachet ID: 29 Data Bytes: 2

unsigned

The strength of the front ket cliff sensor's signal is retumed as
an unsigned 1e-bit valug, high byte first.,

Range: 04005



Sending commands in Python

Open IDLE
Import the serial Python library
Make sure you are connected via Bluetooth

Open a Serial port Object called tty

»r> from serial import *

x> dir ()

['EIGHTEITS', 'FIVERITI', 'FilelLike', 'M3 CT3 _ON', 'M3 D3R ON', 'MN3 RING ON', 'M3 RL3D CON', 'PARTTY
EVEN', 'PARITY MARE', 'PARITY NAME3I', 'BARFFYHNQNE', 'FARITY ODD', 'PARITY 3JIPACE', 'SEVENEITS', '3IX
EITZ', 'STOPEITS OMNE', 'STOPEITS TWo', 'SerialBase!', 'SerialException', 'SerialTimecutExce
ption', 'VERZIICN', 'EQFF', '"ZEOIN', ! builtins ', ' doc ', ' mname ', 'device', 'o3', 'portNotOpe

nError', 'sSerial', 'serialucil’', 'sEEialwinSZ'; 'syz!', 'winiZcon', 'windZewvent', 'wind2file', 'write
TimeoutError']
x> tty = Zerial (port=5,baudrate=57600, Cimeout=0,.01]

Note: The serial module is zero based not 1 based so COM 6 is port 5 (sorry)



Sending commands in Python

e
e e
e e
e e
e e
e e
e e
e e
e e

Send commands one by one in Python instead

of RealTerm (kind of a brute force method)

from serial import *
= Zeriall(port=5, baudrate=57600,

Lty

Ly,
Ly,
Ly,
Ly,
Ly,
Ly,

write (chr (128) )
write (chr (132]))
write (chr (139]))
write (chr (2] )

write (chr (100] )
write (chr (100] )

Cimeout=0.01)

Note: The serial module is zero based not 1 based so COM 6 is port 5 (sorry)



Make a function to setPlayLED

1 We could make an LED function

»»> Trom serial 1mport *

»»>» thty = Serial (port=5,

x> del getPlayLED(serialClbiject):

serialOkect.
serialCkject.
serialOkect.
serialCkject.
serialOkect.
serialCkject.

»»> getPlayLED Lty

>>> tty.closel()

write(chr(1lZ28)]
write(chr(1l32)]
write(chr(139) ]
write(chr(2)]

write(chr (100) ]
write (chr (100) ]

baudrate=57600,

Cimeout=0.01)

When you are finished, close the COM port connection.



Using create.py

So much better! So much easier!

S create *
>>> rokot = Create(f)
pvcreate version 2.0
FORT 1z 6

Serial port did open on 1Rokot Create...

Futting the robot into safe mode...
»>>>» robot.zgetlLED=(Z200,2525,1,1)

»>>> robkbot.shutdown()

ey



HANDS-ON PYCREATE




