Parameters and
Robots

Sessi1on03 ParametersAndRobots

m CSSE 120 - Introduction to Software Development




Checkout today’s project:
Sessi1on03 ParametersAndRobots

Are you in the Pydev perspective? If not:

Window ~ Open Perspective ~ Other then Pydev
Messed up views? If so: Troubles getting
Window ~ Reset Perspective today’s project? If so:

No SVN repositories view (tab)? Ifitis not there:

Window ~ Show View ~ Other
then SVN ~ SVN Repositories

1. Inyour SVN repositories view (tab), expand your repository
(the top-level item) if not already expanded.

* If no repository, perhaps you are in the wrong Workspace. Get help.

2. Right-click on today’s project, then select Checkout.
Press OK as needed. The project shows up in the

Pydev Package Explorer

to the right. Expand and browse the modules under src as desired.




Pcur Progrcnmmmg

Working in pairs on a single computer

One person, the , uses the keyboard
The other person, the , watches, thinks, and takes
notes

For hard (or new) problems, this technique
Reduces number of errors

Saves time in the long run
Works best when partners have similar skill level

If not, then student with most experience should
navigate, while the other student drives.



Why functions?

A function allows us to group together several
statements and give them a name by which they may

be invoked.
(easier to remember the name than the
code)
(avoids duplicate code)
(parameters allow variation)
Example:

def complain(complaint):
print(*'Customer:", complaint)



Review: Parts of a Function Definition

/ Defining a function
called “hello™

def hello():
print("'"Hello™)
print("1°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




Review: Defining vs. Invoking
I

-1 Defining a function says what the function should do

o Calling (invoking) a function makes that happen

o1 Parentheses tell interpreter to invoke the function

hello()

Hello
1"d like to complain about this parrot



Review: Function with a Parameter

I Parameter, information that comes INTO the function.
Use the parameter in the body of the function.

01 Definition:
def complain(complaint):
print("'Customer: 1 purchased this parrot not half "
+ "an hour ago from this very boutique™)
print("'Owner: Oh yes, the Norwegian Blue. "
+ "What"s wrong with 1t?")

print(*'Customer:', complai nt)(\ Parameter being used in
the body of the function.

o Invocation: complain('lt"s dead!™)

\ Actual argument: the
0 Prints: parameter is set to this
value when this invocation

Customer: 1 purchased this parrot not .
of the function executes

half an hour ago from this very boutique

Owner: Oh yes, the Norwegian Blue. What"s wrong with 1t?
Customer: It’s dead!



When a function is invoked (called),

Python follows a four-step process:

1. Calling program pauses at the
point of the call.

». Formal parameters get assigned
the values supplied by the
actual arguments.

3. Body of the function is executed.

The function may return a value.

4. Control returns to the point in
calling program just after where
the function was called.

If the function returned a value, we

capture it in a variable or use it
directly.

Trom math import pi

Py 2: deg = 45

def deg to rads(deg):

rad = deg * pi / 180} 3

return rad

degrees = 45

radians = deg_to rads(degrees)

priWeeS , radians) /

1 4




Functions can (and often should) return

values
We've functions that just do things
hello()
complain(complaint)
We've functions that values
abs(-1)

fn_root_1 = math.sqrt(b®*b — 4*a*c)

Define a function that returns a value

def square(x):

*

retfurn X * X

Why might it be better to than when a function
performs a calculation?



Parameters and actual arguments
I I ——

01 Do the exercises in m1_parameters_and_parrots.py



Wireless Bluetooth using the BAM!

]
4 ) 2
Bluetooth Hardware
Inside Laptop Using gD LIE100Th |
Bluetooth Driver s e

7]

BAM = Bluetooth Access Module



How to connect

ONE partner, go to:

Follow the directions there when your instructor tells you to do so.

Once you have connected, shut down your robot

Meanwhile, let’s talk about how Python can control the robot, then
the PyCreate module that it uses to do so

Q12



Finding your Bluetooth device (pre-2009
laptops only)

7 If you installed the )
- Nl T 11
Bluetooth driver from S D 11:41PM

() Sund
HW1 you should have Uos e
a Bluetooth icon...

File Edt View Blye Tool
) 5 u ? ) Search | Folders \-

1 Double click on that e B e e
icon to bring up “My E’ %:"“ N ..Qfomﬂ‘.f?ﬁi“ﬁ'?"ifiim‘..

Bluetooth Places”
1 Turn on Robot

1 Double click on “Find
Bluetooth Devices"




Finding YOUR iRobot Create BAM

11 Let your computer find all devices

1 Hover your mouse over an “Element Serial”

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

Blueto

&My Bluetooth Places\Entire

File Edt View Bluetooth Favorites Took

oth Neighborhood

Help

=10jx|
Gl Edt Vew Buetooth Favortes Took Heb | &
Qs - F | s o | () -

8

Qe - O~ | e | o |-

Address m My Bluetooth Places\Entire Bluetooth Neighborhood

r(31), Minor(0) $ Unknow

Element Serial
: Ma

in: Major(31), Minor(0]

mﬁmﬂ, tooth Placesh Eluetooth Neighborh
Element Serial
Lickoou: ™ 0
Element Serial (00:0a:3a:26:48:bd)
Double-click to see the services offered by this device.
Right-click for more options.

E Element Serial
o Lk Major(31), Minar

(0)

Searching for nearby Bluetaoth devices




Connect to Element Serial
I

1 Double click on the

;,:.f'1y'ﬁlJEl00llPaLt'§'tFlFl uetoot Dewcesg lement Seri.
Fle Edt Vew Blustooth Favortes Took Help | A

‘6 o @m-e-lj|pmﬁ:m|-
E I emen"‘ se rl q I on Address [ 2 ty Bluetooth Places|Find Buustooth DevicesiElement Serial B

T
9 Element Serial on Element Serial
§¥ Not Connected

Element Serial” to start
the Bluetooth pairing

process

Device : Element Serial v




Entering the Bluetooth security code
—

71 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

o1 (if you are too slow and the window goes away, click
on the, now green, Bluetooth symbol directly)

x|

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

1) Bluetooth Security Code Required

ces| W 9:44PM

@%%% Monday




This slide is Top Secret
-

Bluetooth Security Code Request B

B

Device Name: |Element Serial

Before a connection can be established, this computer and the device
listed above must be "'paired."

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

To pair with this device, enter the device’s security code and click OK.

Bluetoath security code: Ioooo

ok | Cancel | Help

71 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)

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

¥ my Bluetooth Places\Find Bluetooth Devices\MaceWindul5
Fle Edt Yiew Bluetooth Favorites Tools Help

[T
| 4 |

Qoo - © - [F| Psomeh | s | [ -

Address [5F My Bluetocth ind Bluetooth Devi

EGEN

A
\ \5 Element Serial on MaceWindulS
Connected

¥ My Bluetooth Places\Find Bluetooth Devices\MaceWindul5

File Edit WView Bletooth Favorites Tos i

ols  Help
Qe - () - (B | Dsearh | Folders [ -

=101 x|

v
‘ ll'

Address | G My Bluetooth Places\Find Bluetooth DevicesiaceWinduls

B

A
\ Sy Element Serial on Macetindu15
E; Connected

luetooth Properties

F S C
COM Port: [COME  ~
0K I Cancel Apply

@tommmsm Wirtual COM port 6 >

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#”

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

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

7'!7\ My Bluetooth Places'Entire Bluetooth Neighborhood i
Fle Edt WView Bluetooth Favorites Tools Help I”

&, My Bluetooth Places\Entire Bluetooth Neighborhood

)
| Fle Edk vew Buetooth Favortes Toos rep
Qo - © - (F| Lot o [ - O 0" |[Peime |
Address [, My Blustooth Flaces\Entire Blustooth Neighborhood = Bee address |3, my Blustooth PlacesiEntire Bustooth Neighborhoad B> E
indu; @ EBobaFett12 g Element Serial @ MaceWindulS
Unknown: Major(31), Minor(0) Unknown: Major(31), Minor(0) Unknown: Major(31), Minor(0)
¥ o Stari.

BobaFett12 34 Element Serial Macetinduls
Unknown: Major(31), Minor(0) Unknown: Major(31), Minor(D) Unknown: Major(31), Minor(0)
StarWar: ars#
Unknows Unknown: Major(31), Minor(0)

s#
n: Major(31), Minor(0)

Device : Element Serial



What did we just do?

]
4 ) ?
Bluetooth Hardware
Inside Laptop Using gD LIE100Th |
Bluetooth Driver gl e g

// We connected the Rx and Tx

- wires... wirelessly!

( = ]

Now we’re ready to send data!

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



RealTerm demo

Open RealTerm

=10 %]

Port tab

Set Port to your COM
port #

Display Port ICaplute] Pins | Send | EchoPort] 12C | 12C2 | I12CMisc | Misc | An| Clear| Freeze| _ |

Status

Set Baud Rate to s 5 Sleu e = o 5a (L Gl

Software Flow Control RXD (2)

?rigme %‘al;iB;:s %.. ﬁi  2bits [~ Receive Xon Char:lT g’:g ([g]]
. f . I
57600 bits/second | fE Ci s el o
| . Bbits & None C RTS/CTS _ DSR §)
¢ Space | © 5bits|| ¢ DT A/DSR ¢~ RSigits s Ring (9)
(= Te BREAK

Error

|
[ ]
C I I C k th e C h q n g e Char Count:0000000  |CPS:0 Port: 3 57600 8N1 None /7

button to make it
actually happen



Send an LED command

Turn on the Play LED with an amber Power LED
Type 128 132 1392 2100 100

Click
“Send

numbers”

Watchl!

4

Display | Port | Capture | Pins

»
Serd |EchoPot] 12C | 12c2 | 12cMischn| Clear| Freeze| _ |

EOL— o e

[1281321332100 100 |[5end Numbers]  send ascil |r- +CA| | | | Disconnect
[~ +LF RXD (2)
[ =] SendNumbers| Send ASCl |F 8 I o)
[_ _D] EL_FI Repeats |1 :I: I Literal [ Stip Spaces ([ +cic |_ - gg)lgl]
Dump File to Port [ DSF: (6)
I:'\Temp\caplure,txl _j _J Send File X Stop | Delays |U—. | Ring (9)
= BREAK

Repeats !1 :] | Entor
\Char Count:0000000  |CPS:0 Pa

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. O = off, 1 = on

Bit T 6 5 4 3 2 1 0

LED n/a| nf/a | nfa | nfa | Advance | n/a | Play | n/a

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

Digital
Version

Here

Bumps and Wheed Drops  Packet ID: 7 Data Bytes: 1

unsigned

The state of the bumper (0 = no bump, 1 = bump) and wheal
drop sensors (0 = wheel raised, 1 = wheel dropped) are sent
as individual bits.

821889

16 4

Let’s request bumper and cliff sensor data

P .|

Range: 0- 31
Bt |7 |6 |5 |s 3 2 1 o
Whesldrop | Wneeldrcp | Whesldrop | Bump | Bump
Sensor|n/a|n/aIN/8| o cer | Len Right Lent | Rignt
Wall Packet 1D: 8 Data BY‘;" ’: Displayl Port I Capturel Pins  Send IEcho Portl 12C
uns

The state of the wall sensor is sent as a 1 bit value
(0 = no wall, 1 = wall seen).

Range: 0 -1

Cliff Left Packet ID: 9 Data Bytes: 1

/ umlgﬂ'd
e state of the cliff sensor on the left side of Create is

sent as a 1 bit value (0 = no cliff, 1 = cliff).

Range: 0 -1

1281427

j Send Numl

|1281429

L] Send Numl

,_ l‘ ﬂ L_FI Repeats I1 ]'t I~ Literal

‘Dump File to Port

Ic: \temphcapture. txt

<

»

ZI _I Sen“

v

/




Analog Sensor Readings

-1 Request an analog value

RealTerm: Serial Captu

54 18084 1880 1112

9 @ 244 32

36

Display | Port | Capture | Pins ~ Send |Echo Port | 12C

Wall Signal Packet ID: 27 Data Bytes: 2

unsigned

The strergth of the wall sensor's signal is retumed as an
unsigned 16-bit value, high byte first.

Range: 04005

Cliff Left Signal Packet ID: 28 Data Bytes: 2

unsigned

The strength of the left cliff sensor's signal is returned as an
unsignad 16-bit value, high byte first.

Range: 04005

Cliff Front Left Signal Packet ID: 29 Data Bytes: 2

4 |

128132133 2100100 | Send Numt
12814228 | Send Numt—
0] | LF| Repeats [ = I Literal
~—Dump File to Port
~Atemn\ranhre et

vl IQjﬂ
d 7

unsigned

The strength of the front left cliff sensor's signal is retumed as
an unsigned 16-bit value, high byte first.

Range: 04005



Sending commands in Python

]
1 Open IDLE

71 Import the serial Python library
1 Make sure you are connected via Bluetooth

1 Open a Serial port Object called tty

>>> from serial importc ¥

>>> dir ()

['EIGHTBITS', 'FIVEBITS', 'FileLike', 'M5_CTS5 _ON', 'MN5 DSR ON', 'M5 RING ON', 'M5 RLSD ON', 'PARITY
EVEN', 'PARITY MARK', 'PARITY NAMES', 'PAR NQNE', 'PARITY ODD', 'PARITY SPACE', 'SEVENBITS', 'SIX
BITS', 'STOPBITS_ONE', 'STOPBITS_TUWO', 'SerialBase', 'SerialException', 'SerialTimeoutExce
ption', 'VERSION', 'XOFF', 'XON', ' _builtins ', ' doc_ ', ' name_ ', 'device', 'os', 'portNotOpe

nError', 'serial', 'serialutil', 'serialwin32', 'sys', 'win32con', 'win3Zevent', 'win32file', 'write
TimeoutError']
>>> tty = Serial (port=5,baudrate=57600, timeout=0.01)

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



Sending commands in Python
-

1 Send commands one by one in Python instead of
RealTerm (kind of a brute force method)

>>> from serial import *

>>> tty = Serial (port=5, baudrate=57600, timeout=0.01)
>>> tty.write(chr (128))

>>> tty.write(chr (132))

>>> tty.write(chr (139))

>>> tty.write(chr(2))

>>> tty.write (chr (100))

>>> tty.write (chr (100))

>>>

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



Make a function to setPlayLED
I

1 We could make an LED function

>>> from serial import *

>>> tty = Serial (port=5, baudrate=57600, timeout=0.01)

>>> def setPlayLED(serialObject):
serialObject.write(chr (128))
serialObject.write(chr(132))
serialObject.write(chr(139))
serialObject.write(chr(2))
serialObject.write(chr (100))
serialObject.write(chr (100))

>>> setPlayLED(tty)
>>> tty.close()

When you are finished, close the COM port connection.



Using create.py
I

1 So much better! So much easier!

>>> from create import *

>>> robot = Create(0)

pycreate version 2.0

PORT is 6

Serial port did open on iRobot Create...
Putting the robot into safe mode...

>>> robot.setLEDs (200,255,1,1)

>>> robot.shutdown/()

>>> |




A PyCreate example

from create import * # Go forward 20 cm

robot.go(10)

# Initiate a connection to the robot.

robot.waitDistance(20)
# Use the port for YOUR robot.

t.st
robot = Create(9) robot.stop!()

for k in range(31, 128, 10): # Spin 180 degrees
print "Note ", k robot.go(0, 30)
robot.playNote(k, 16) robot.waitAngle(180)
time.sleep(0.5) # To give the note robot.stop()

# time to play

# Disconnect

# Go forward for a couple of seconds robot.shutdown()

robot.go(10)



Rest of Session

Work on today’s homework

Ask questions as needed!

Sources of help after class: Moench F-217
/7 to 9 p.m.

Assistants in the CSSE lab | Sundays thru Thursdays

And other times as well (see link on the course home page)

Email | cssel20-staff@rose-hulman.edu

You get faster response from the above than from just your instructor



