Chapter 1: Getting Started with the
BeagleBone Blue
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BeagleBoneBlack




General |Hardware

BeagleBoneBlack

Device Information

Manufacturer: Unavailable

Model: BeagleBoneBlack

Model number: Unavailable
Categories: Storage device, Network infrastructure device

Description: Unavailable

Device Tasks

To view tasks for this device, right-click the icon for the device in Devices
and Printers.




" BeagleBoneBlack =

Hardware

BeagleBoneBlack

—

Device Functions:

Name Type

W/ BEAGLEBONE Portable Devic...
" Gadget Serial (COM112) Ports (COM& L.
(—yLinux File-Stor Gadget USB Device Disk drives

'-_TI" Linux USE Ethermnet/RNDIS Gadget #4 Metwork adapt..
H USB Composite Device Universal Seri...

i USE Mass Storage Davice Universal Seri...

Device Function Summary
Manufacturer: Linux
Location: on UMBus Enumerator

Device status:  This device is working properly.

Apply




Category:

=-Session
--Logging

[=- Terminal

- Keyboard

. Beall

- Features

=-Window

- Appearance

- Behaviour

- Translation

- Selection

- Colours

[=-Connection

- Data

- Proxy

- Telnet

- Rlogin

+H-55H

- Serial

Basic options for your PuTTY session

Specify the destination youwant to connectto
Host Name (or IP address) Port
| 2
Connection type:

(JRaw () Telnet ( !Rlogin @ SSH () Serial

Load, save or delete a stored session

Saved Sessions

Close window on exit

() Always (I Never (@) Only on clean exit

Open ] l Cancel




Category:

|?_|--S_ession

¢ Logging
= Terminal

- Keyboard
. Bell

- Features
= Window

- Appearance
- Behaviour
- Translation
- Selection
- Colours

= Connection
..Data

- Proxy

- Telnet

- Rlogin
H-SSH

- Serial

Basic options for your PuT TY session

Specify the destination you wantto connectto
Serial line Speed
com12 9600

Connection type: ) ) .
[ JRaw ( )Telnet ( JRlogin ( JSSH (@) Serial

Load, save or delete a stored session

Saved Sessions

Default Settings

Close window on exit
(") Always () Never
















1nmarn . vpn




&Il . VPN




1Nman . vpn




EP COM112 - PuTTY

BeagleBone-8770
Secured




£P COM112 - PuTTY




Category:

[=I-Session Basic options for your PuTTY session
¢ ~Logging
= Terminal
.- Keyboard Host Mame (or IP address) Port
- Bell 10.35.164.187 22
[—j|--‘u'\..f"i-aneoa\:rures Connection type: . B B

[ JRaw [ )Telnet ( JRlogin @ 5SH () Sernal
-- Appearance
-- Behaviour
-- Translation
- Selection
- Colours
= Connection
--Data
- Proxy
- Telnet
- Rlogin
H-SSH
- Serial

Specify the destination you want to connect to

Load, save or delete a stored session

Saved Sessions

Close window on exit

) Always (") Never I.é.- Only on clean exit

l l Cancel

New Tight¥NC Connection — *
Connection
Remote Host: | MEERTENEIA] v| [ connect ]

Enter a name or an IP address. To specify a port number, -
append it after two colons (for example, mypc::5902). Options...

Reverse Connections

Listening mode allows people to attach your viewer to

their desktops. Viewer will wait for incoming connections. ==

TightVMC Viewer
Tight¥NC is cross-platform remote control software.

w‘ Its source code is available to everyone, either freely
C {GMU GPL license) or commercially (with no GPL restrictions).

Version info. .. Licensing Configure...




Connected to: | 10.35.164.187:1 |

Password: | |

OK Cancel

debian's X desktop (blue-8770:1) - TightVNC Viewer - o x

BEHED N G| oA | @ w e

Welcome to the first start of the panel

Choose ¥ fr the first startup.

Gefault config ||  One empty panel




debian's X desktop (blue-8770:1) - TightVNC Viewer - Box

BEER N S| B & Q& H

‘*Apph:iﬂnns Menu




Local Mark Files Commands Session Options Remote Help

[Pl 55 3 synchronize | Bl P [ S48 S Queue - Transfer Settings Default -
[ 10.35.164.187 ¥ New Session
@ My documents © @ m 1%' ey debian < E + m % [£}, Find Files .
&5 (& =g
C\Users\redd\Documents /home/debian
Name Size Type Changed Name Size Changed Rights Owner
fth - Parent directory 1/31/2017 12:28:39 PM e - 11772017 6:46:22 AM AP -3T -3 root
Arduino File folder 2/1/2017 3:4&35 PM bin 171772017 6:46:22 AM PWET =T -3 debian
Desktop 2/18/2017 10:28:46 AM PWXT-XT =X debian
Documents 2/19/2017 10:28:46 AM W3 =X debian
Downloads 2/19/2017 10:28:46 AM AT =3T3 debian
Music 2/18/2017 10:28:46 AM PWET-XT -3 debian
Pictures 2/19/2017 10:28:46 AM PWBEr-3T =X debian
Public 2/18/2017 10:28:46 AM VKT -XT-X debian
Templates 2/18/2017 10:28:46 AM PWET-XT -3 debian
Videos 2/19/2017 10:28:46 AM PWBEr-3T =X debian




Chapter 2: Programming the BeagleBone
Blue

debian@blue-8770: ~ - | X
debian@blue-8770:~%

debian@blue-8770: - | X
de
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EF debian@hblue-8770: ~/Videos - O X
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E# debian@blue-8770; -
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debian@blue-8770: ~ - O x
File Edit Option=s Buffers Tools Python Help

211 11 T i ———




debian@blue-8770; ~ - m| *

File Edit Options Buffers Tools Python Help

—-0U:———-F1 example.py All L4 B e e




debian@blue-8770; ~ - m| *

File Edit Options Buffers Tools Python Help

—=——:————F1 example.py All L2 {EYCRACA) ————————————————————————————————




EP debian@blue-B770: ~ - | ¥




debian@blue-8770: ~ - ] x

File Edit Options Buffers Tools Python Help

—=——:1————F1 example.py All L8 {PYThAON) ————————————————————————————————




E® debian@blue-8770: ~ - O ®




debian@blue-8770; ~ - ] *

File Edit Options Buffers Tools Python Help

—=——!———F1 example.py 211 L2 (BEEHIE] S==============================x




EP debian@blue-8770: ~ - ] X




debian@blue-8770; ~ - O *

File Edit Options Buffers Tools Pycthon Help

—=——it**——F1 example.py All L14 {BEYERON) ———————————————




2P debian@blue-3770: ~ - O ®




debian@blue-8770: ~ - O *

File Edit Options Buffers Tools Python Help

—=——:———-F1 example.py All LS {Python} --——————""————————————————————————




debian@blue-8770; ~ - O x




debian@blue-8770: ~ - | *®

File Edit Options Buffers Tools C++ Help

—=—-—:————F1 example.cpp All L1 {C++/1 BAbbrev) -———-——— e

debian@blue-2770: ~ - | X




EP debian@blue-8770: ~ - | X

EP debian@blue-8770: - - O x




Chapter 3: Making the Unit Mobile -
Controlling Wheeled Movement
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E® debian@blue-8770: ~ - O *®




EP debian@blue-8770: ~ - O *




EP debian@blue-8770: ~ - O X




debian@blue-8770: ~ - O X

10.35.164.158 - PUTTY - m| *




Chapter 4: Avoiding Obstacles Using
Sensors
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2 Blink | Arduino 1.6.8 (1)

File Edit Sketch Help
Auto Format Ctrl+T

Archive Sketch
Fix Encoding & Reload
f * Serial Monitor Ctrl+Shift+M
Serial Plotter Ctrl+Shift+L
Blin

Board: "Arduino Nano” 4

Port: "COM42" Serial ports

CcomM1
Programmer: "AVRISP mkIl"

v Ccom4z
Leonardo, it is attached to digital pin 13.

the documentation at http://www.arduino.cc

This example code is in the public domain.

T1r1n|  Processor: "ATmega32s’ ' one second, then off for one

MO St|  BumBootioader Ms |4 LED you can control.
If you':

pin the on-board LED is connected to on your Arduin




-
& Blink | Arduino 1.6.8 —

Edit Sketch Tools Help
Mew Ctrl+N
Open... Ctrl+0
Open Recent 4
Sketchbook 4
Examples ' 4
Close Ctrl+W Examples from Libraries
Save Ctrl+S Bridge »
Save As... Ctrl+Shift+S EEPROM 3
Page Setup  Ctrl+Shift+P Esplora '
Print Ctrl+P Bl ’
Firmata 4
Preferences Ctrl+Comma Robot Contral »
Quit Ctrl+Q Robot Motor 4
sD 4
SoftwareSerial 4
SPL 4
Temboo 4
Wire 4
RETIRED 4
Examples from Custom Libraries
Adafruit_NeoPixel-master 4
. AdafruitPWMServoDriver 4
AHRobot
Arduino-MemoryFree-master 4
FreeRTOS 4
Invalid 1libr e f\Users\ric
FreeRTOS_AVR 4
INAVL-RINRe I NeNak  GrovelCDRGBBacklight Q\Uscrs
. . GSM ' MewPingl55ensors
Inva l 1 [j. l l}:) T4 LCD4884 [ NewPingEventTimer
LiquidCrystal ' NewPingExample

NewPing ¥ TimerExample




& NewPingExample | Arduino 1.6.8 - L

File Edit Sketch Tools Help

MewPingExample

ff
// Emample NewPing library sketch that does a ping about 20 times per second.

/

#include <NewPing.h>
#define TRIGGER PIN 12 // Arduino pin tied to trigger pin on the ultrasonic sensor.
#define ECHC PIN 11 // Arduino pin tied to echo pin on the ultrasonic sensor.

#define MAX DISTANCE 200 // Maximum distance we want to ping for (in centimeters). Maximum sensor distance is rated at 4

I NewPing sonar (TRIGGER PIN, ECHC PIN, MAX DISTANCE); // NewPing setup of pins and maximum distance.

id setup() {
Serial.begin{115200); // Open serial monitor at 115200 baud to see ping results.

id loop() {
7 f/ wWait 50ms between pings (about 20 pings/sec). 29m= should be the shortest delay bet

unsigned int wS = somar.ping{(); // Send ping, get ping time in microseconds (uS).
nt{"Ping: ");
nt{us / US _ROUNDTRIP CM); // Convert ping time to distance in cm and print result (0 = ocutside set distance

ntln{"cm");




& COM42

| g s Yt i e s e st e < | O S

[[send |

Ping: &cm
Ping: &cm
Ping: 6cm
Ping: &cm
Ping: &cm
Ping: &cm
Ping: &cm
Ping: &cm
Ping: &cm
Ping: écm
Ping: &cm
Ping: &cm
Ping: 6cm
Ping: &cm
Ping: &cm
Ping: 6cm
Ping: &cm
Ping: &cm
Ping: &cm
Ping: &cm
Ping: &cm

Ping: &cm

s

[v] Autoscroll




B 10.35.164.158 - PUTTY — m] x
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Point 6, 4

Robot
3.1

Reference
Point 0. 0

d = vV ((Xgoal — Xgoal)® + (Y goal — ¥Yrobot)?)

d = V({(Xgoal — Xgoal)® + (Y goal — Yrobot)?)

6 — arcta (Ygoai — ¥robot
- arctan Xgoal — Xrobo

5 — arcta (Ygaai — Yrobot
- arctan Xgoal — Xrobo
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Chapter 5: Allowing Our BeagleBone Blue to
See

P 10.35.164.158 - PuTTY - | ®
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Settings  Phote  Video

Cap. Image (1) Cap, Video (V) 1 Quit ‘

Video Controls 'Au:ﬁn Cantrols

Image Controls
. P
Saturation: () | &4 |
. P
e Lo |
White Balance Temperature, Auto: I_Z
Gamma: —\ / | 100 - | i
W
Gain: () | o |
Power Line Fregquency: | 60 Hz - J J
Wh » Balz . N N 500 I
White Bals rature: \_/I 8500 |
. T
Sharpness: k) | 32 | I
Backlight Compensation: i ) | 1 -_ |
Exposure, Aute: | Aperture Friority Mode - | |
cure (Absolute): EC_; 300 | |
Exposure, Auto Priority: I_z
Pan (Absolute]: ) | 0 - |
Tilt (Abselute): ® [ o = |




ﬂhpplications Menu [T camera x debian@beaglebone: ~jexample...

debian@beaglebone: ~/examples/python

r dri
REMIEE:




vransian CREHMIRE S w1 s mn o disnl a7

Threshold Color Tracking




Chapter 6: Providing Speech Input and
Output







debian@beaglebone: ~ - O X







B debian@beaglebone: ~ — O *
=& g

File Edit Options Buffers Tools Help

-I00:————F1 .asoundrc 211 L1 (Fundamental) ————————————————————————




ER debian@beaglebone: ~/Music - O x




Audio Mixer- USE Audio Device (Alsa mixer)

Audio Mixer - USB Audio Device (Alsa mixer)
Configure sound card(s) and control the volume of selected tracks

Sound card:  USB Audio Device (Alsa mixer)

Playback | capture |

Speaker Microphone

| b

*7 Select Controls...

) Quit




File Edit View Transport

Tracks Generate

Audacity
Effect  Analyze Help

T

Neaee e

S ,O‘H k|| 4w 3 24 12 0 |36 34 .12 0
W B e % [m@ ] o] & 2[p[2]4]

Ss [P |

10 do 10 7.0

5.0

x| Audio Track w [ 1.0
Stereo, 44100Hz
32-hit float 0.5-
Mute | Solo
_ + | 0.0 4
TR = T
L@ N |05
T - T
-1.0
1.0
0.5-
0.0 4
-0.5-
X -1.0

Selection Start:

- |Project Rate [Hz):

Snap To:

@: End O Length

Audio Position:

EI«uwn v |

‘ot [+|[00n00 m00.000 57 [00 h00 m 00.000 s¥  [00 h0O m 00.000 s~

Actual Rate: 44100

A




debian@beaglebone: ~ - O ot

debian@beaglebone: ~/pocketsphinx-Sprealpha - O X

File Edit Options Buffers Tools Conf Help ~

—UU-—:**——-F1 1d.so.conf A1l L2 {Conf[5pace]) —m—————————————-—————————
L4




E® debian@beaglebone: - — O X




debian@beaglebone: ~ - O X
File Edit Options Buffers Tools Text Help A
-00-:--—-F1 grammar.txt All L1 (Text) -———————————"———————————————————— |
[¥]
& > C | O www.speechcs.cmuedu *

Sphinx Knowledge Base Tool -- VERSION 3

This is the new version of the Imtool! FA

Changes should be transparent (unless you automate, see note below).
Problems? Please help by sending a report to the maintainer.

New! Follow us on @cMuspeechGroup for announcements and status updates

‘What it does: Builds a consistent set of lexical and language modeling files for Sphinx (and compatible) decoders
Note: If you just need pronunciations, use the Jextool instead.

To use: Create a sentence corpus file. consisting of all sentences you would like the decoder to recognize. The sentences should be one to a line (but do not need to have standard punctuation). You may
not need to exhastively list all possible sentences: the decoder will allow fragments to recombine into new sentences.

Upload a sentence corpus file:
Choose File | grammar txt

COMPILE KNOWLEDGE BASE

The new version of Imtool has been reorganized internally to make use of the Logios package. This will make Imtool easier to maintain in the future and will allow it to take advantage of ongoing
development in Logios. These changes should be transparent to regular users. Please give it a try. If you have any problems, or discover bugs, let the maintainer know. If things look good (i.c.. I stop
getting bug reports) this will become the standard version.

NOTE: If you have automated the use of this tool you will need to update your code. The main difference is that the name of the target script has changed. The old script will still be available so nothing
will break immediately. but it's unlikely to continue to be maintained. Also. file links are no longer tagged in the html. Please let me know if you make use of this feature and I'll find a fix.




& C | ® wwwspeechcs.cmu.edu/t /1490030 49 %
Sphinx knowledge base generator [Imtool.3a]

Your Sphinx knowledge base compilation has been successfully processed!

The base name for this set is 4807. TAR4807 tgz is the compressed version.
Note that this set of files is internally consistent and is best used together.

IMPORTANT: Please download these files as soon as possible: they will be deleted in approximately a half hour.

SESSION 149003@888_13949

[_INFO_] Found corpus: 7 sentences, 9 unique words
Found ds in extr
Language model complete
Pronounce completed
Elapsed time: 0.856 sec

Please include these messages in bug reports.

Name. Size Description

4807.dic 156 Pronunciation Dictionary
4807.1m 1.4K  Language Model
4807.10g_pronounce 114 Log File
4807.sent 117 Corpus (processed)
4807.vocab 49 Word List

ﬁ‘ TARA807 . tgz 1.6K  COMPRESSED TARBALL




@ debian@beaglebone: ~/pocketsphinx-3prealpha/src/programs — O *

INFO: ngram h dtree.: 1): 118




debian@beaglebone: ~/pocketsphinx-5prealpha/src/programs

File Edit Options Buffers Tools C Help

—O0—:**__F1 continuous.c T6% L2770

(C/1 Lbbrev)




debian@beaglebone: ~/pocketsphinx-5prealpha/src/programs - d x

File Edit Options Buffers Tools C Help

-U0-:--—-F1 continuous.c T74% LZe5 (C/1 Bbbrev) —-——————————————————————————~|




debian@beaglebone: ~/pocketsphinx-5prealpha/src/programs — O *

File Edit Options Buffers Tools C Help

-U0-:**—-F1 continuous.c 75% L278 {C/1l BAbbrev) ———————— e e




Chapter 7: Making the Unit Very Mobile -
Controlling Legged Movement










Chapter 8: Using a GPS Receiver to Locate
Your Robot




Tl

GPS Device

T1 = distance to edge

of circle




T1 = distance !

to e_dge of T2 = distance
circle to edge of
circle

USB
Receiver




=i » Control Panel » Hardware and Sound » Devices and Printers »

Add a device Add a printer

L
GRIMMETR HP Basic USB HP Compag USB Receiver USB2.0 1.3MP
Keyboard LA2205 Wide UVC Camera

LCD Monitor

4 Printers and Faxes (3)

AUS 216 HP 4345 AUS 216 HP CutePDF Writer
mfp CP3525 COLOR

4 Unspecified (1)

Prolific
USB-to-Serial
Comm Port
(COME)

Prolific USB-to-Serial Commm Port (COM...  Model: USB-Serial Controller D
Category: Unknown




| File Tools Help

ND-100 #= Connect REC

Time and Date

mme: 00:00:00

oate: 2000-Jan-01

Fix Mode
Fix Invalid Mede: Invalid

DOP
HDOF: (.0 VDOF: ().

Position
Latitude: N (°0'0.00
Longitude: E (°0'0.00

Satellite & Channel Status

veloitykmity: ) ()
Heading(den): (.0
Altitude (i 0

ComPort: | COM6

Save Filesto:  C:\temp|

~
~| [Q Scan C¢
S -

n

< 1

| 3

Setup | Terminal




| File Tools Help

D-100 {D'Disconnect || REG |
Time and Date
Time: 17:31:31 oa= 2009-Feb-14
Fix Mode DOP

Fix. No Fixediode: Invalid | HDOF: 0.0 YDER @)

Position
Latitude: |y 0°0"0.00 Velocitylkmity: () )
Longitude: E 0°0"0.00 Heading(deo): 0.0

Altitude(my: () 0

Satellite & Channel Status

-
ComPort: | COME - Qscan Cq|
— -

Save Filesto: | Ci\temp
i

< 1 I 3

Setup I Terminal |




| File Tools Help

D-100 |-O I:)iwannet:tHOE REC

Time and Date

Time: 17:28:32

ot 2009-Feb-14

Fix Mode
Fix No Fixediede: Invalid

DOP
HDOP: .0 WDOP: (.0

Position
Latitude: 7 0*0'0.00
Longitude: E 0°0'0.00

Satellite & Channel Status

$GPVTG, T M, N, K N2C

Velocity(kmih): (), ()
Headingtdeg): 0.0
Altitudem): )0

$GPGGA,002831.075,,,,,0,00,,,M,0.0,M, 0000*5C
$GPGLL,,,,,002831.075 V,N*70

$GPGSAA,,...rvsrr. " 1E
$GPRMC,002831.075,V,
$GPVTG, T M, N, K.N*2C

150209,, N*48

$GPGGA,002832.075,.,,,0,00,, M,0.0,M,,0000*5F
$GPGLL,,,,,002832.075 V,N*73

$GPGSAAT,, e 1E

B

Setup | Terminal




Time and Date

ime: 19:00:10 oate: 2013-Sep-30

Fix Mode DOP
Fic Fixed  Mode: 3D HDOP: 1.8 YDOP: 3.0
Position

Latitude: N 43°49'9.17 Welocity(kmih) 0
Longitude: W -111°-46"6.63  Headingideg): 0.0
Alliude(my 1561 6

10 21 18 29 14 15 22 06 27 03 26 16

ComPort: | coM3 v | | & Scan Cc*‘

Lol

7:00 PM i | ] 8;;“””

| ogle
REVEN| setup | Terminal 3
!

Save Files to:  C\Users\Richard\Documents

all ¥

any a0iad 73N

2y BUOYSOYS
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zee
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z
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E4ths 4 Map data €2013 Google - Tef

I+ Disconnect

Time and Date

Time: 19:02:32 nate: 2013-Sep-30

Fix Mode DaP
Fix Fixed Mode: 3D HDOP: 0.9 VDOF: 1.6

Position

Latitude: | 43°49°9,17 welatiykminy: ).
Longitude: W -111°-46"6.63  Headingideay 0.0
Allitude(my. 1561.6

00
2118 14 15 22 06 27 03 29 26 16 09

|$GPGSA A 3,15,06,18,21,22 26,03 29,27, 16,09

$GPGSV;3,1,12,21,81,059 30, 18,77,274,37 14 62,1
|$GPGSV.3,2,12,22 40 251,23 06,37,300,23,27 29,
$GPGSV;3,3,12,29,16,164,23,26,16,039,22,16, 14
|$GPRMC,010231.000,A,4349 1523 N, 11146 1104,y
$GPVTG, T, M,0.00,N.0.0.K A13

| $GPGGA,010232 000,4349.1529 N, 11146 1104, W,
{$GPGLL 4349 1520 N,11146 1104 W,010232 000,2
$GPGSAA3,15,06,18,21,22.26,0328.27, 16,09

Setup | Terminal

any aniad 23N
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@ ubuntu@ubuntu-armhf: ~




e O OO T=a T










|
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ubuntu@ubuntu-armhf: ~/gps




ubuntu@ubuntu-armhf: ~/gps




Chapter 9: By Land, By Sea, By Air










Wind Sensor Calibration and the Wind Tunnel

5.00

4.50 ——

]

4.00 =

3.50 s

et

> / i * V-raw 21°C
A | * V-out 21°C

2.50
g “V-raw 23°C
2.00 #

i V-out 23°C

1.50

Sensor Voltage Output

1.00 W

0.50

0.00
0.00 10.00 20.00 30.00 40.00 50.00 60.00

Windspeed in MPH




Changing Thrust equally
on all Four Motors —
Altitude changes

Changing Thrust on one
motor - Roll/Pitch
changes

Changing Thrust on two

" motor - Yaw changes




Applying Thrust to all
motors, but more on
one motor - Roll/Pitch
changes and the
platform moves forward

—>

Desired Altitude Change in
Motor Control

Actual Altitude

In a feedback system, the desired altitude is compared to the
actual altitude and the amount of difference then drives the
control signals to the motors to change the actual altitude.




Mission Planner 1.2.83 build 1.1.5036.12264
FLIGHT DATA FLIGHT PLAN INITIAL SETUP CONFIG)

Altitude (m) GroundSpeed (m

0.00

Dist to WP (m] Yaw (deq)

UNING

hdop: 0.0
Sats: 0

%

SIMULATION

TERMINAL

HELP













Chapter 10: System Dynamics







File Edit Options Buffers Tocols Conf Hel L]




C 10.35.164.158:8081 X

< X | @ 10.35.164.158:3081 o
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