Chapter 1: Understanding the Basics of
Differential Robots
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ICC

w(R+1/2)=Vr (2)
w(R-1/2)=VI (3)
R=1/2(Vi+Vr)!(Vr=VI) 4)
w=(Vr-VI)/1 (5)
0'=wot+6 (6)
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wot =(nr—nl)*step /1 (14)
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Chapter 2: Modeling the Differential Drive
Robot

Wheels
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X Application Preferences
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Defaults for new drawings

Unit: ‘ Centimeter : I

Program Defaults

Auto save time: | 5 -

& Auto backup

GKR | Cancel

[10]



Base Flate

1.4

Base Plafe Pole Hollow Tube




Gear ratio

L

19:1 22 mm [0.87 in]
30:1 22 mm [0.87 in]
50:1 24 mm [0.94 in]
70:1 24 mm [0.94 in]
100:1 26.5 mm [1.04 in]
131:1 26.5 mm [1.04 in]

15.4
[0.61]
22.0 30.7
[0.87] L [1.21]
54 ik o
[0.21]
T 6.0 4 _—
? [0.24] E
5 12.0 6.0
[0.47] [0.24]

?» 34.0

[1.34]

[12]




? 86.5mm

v

10mm R

11.8mm |

[13]




»|
»

37.6

[1.48]
\4
49.2
P [1.94]
8.4 6.4
[0.33] [0.25]
@oooo@?mj
[0.19]

31.2
[1.23]

37.6
[1.48]

[14]




Middle Plate




User Fersp

M)

No Sync

1116

Mitcheil- ¥

[16]




Render Prese

@ ObjectMode 3| @ 3

11 16 || MitchellNetra®

5|23 Blender Render % | A

User Persp

& ol

o]
o]

o

All Scener

P

Image Editor

Render Presats

(1) Cylinder014

® CbiectMode ¢ @ % % $[& L

11 16 || MitchellNetra®




[18]




chefbot_description

base_plate.dae
wheel.dae

chefbot_circles_kinect.urdf.xacro

view_robot.launch

Sensors

chefbot_base.urdf.xacro

chefbot_base_gazebo.urdf.xacro
chefbot_gazebo.urdf xacro
chefbot_library.urdf.xacro
chefbot_properties.urdf xacro
common_properties.urdf.xacro

#n Move Camera | (Myinteract [ JSelect 7 2DPoseEstimate 7 2DNavGoal

I0 Displays

* @ clobal Options
Fixed Frame base_link
Background Color [l 48; 48; 48
Frame Rate 30
Default Light =

» v Global Status: Ok

» © Grid

* ik, RobotModel =

RobotModel
Displays a visual representation of a robot in the
correct pose (as defined by the current TF
transForms). More Information.

Add Duplicate

Remove Rename

Reset  Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.
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Chapter 3: Simulating a Differential Drive
Robot Using ROS
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World Layers

+ /home/robot/.gazebo/mod...
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[ Play/pause sim } [ Ratio (Sim to Real Time) }

eal Time Factor:

Sim Time:

[ Time passed in real life }

Frames per second

( step forward ][ Steps to skip ] ( Time passed in simulation |

[

# of internal updates

[ Reset sim
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robot@robot-VirtualBox:~5 rostopic list
{camera/depth/camera_info
{camera/depth/image raw
{camera/depth/points
{camera/parameter_descriptions
{camera/parameter updates
fcamera/rgb/camera_1info
{camera/rgb/image_raw
fcameraﬁrgbﬁimage:rawfcompressed Camera
fcamera/rgb/image_raw/compressed/parameter_descriptions
{camera/rgb/image_raw/compressed/parameter_updates
{camera/rgb/image raw/compressedDepth
fcamera/rgb/image_raw/compressedDepth/parameter_descriptions
{camera/rgb/image_raw/compressedDepth/parameter_updates
{camera/rgb/image raw/theora
{camera/rgb/image_raw/theora/parameter_descriptions
{camera/rgb/image raw/theora/parameter updates
K
cmd_vel mux/active
cmd_vel_mux/input/navi
cmd_vel mux/input/safety controller
cmd _vel mux/input/switch
cmd _vel mux/input/teleop
cmd_vel mux/parameter_descriptions
cmd vel mux/parameter updates
Jdepthimage to laserscan/parameter descriptions
/depthimage to laserscan/parameter updates
gazebo/Link_states
gazebo/model states
gazebo/parameter descriptions Gazebo
gazebo/parameter_updates
gazebo/set link state
gazebo/set model state
joint states
aserscan nodelet manager/bond
_base/commands /moTor_power
mobile_base/commands/reset_odometry
mobile base/commands/velocity .
mobile base/events/bumper Dr|Ve and
mobile_base/events/cliff
mobile base/sensors/bumper_ pointcloud EBL][T}F)GEr
mobile_base/sensors/core
mobile_base/sensors/imu_data
/mobile base nodelet manager/bond
Jodom
Jrosout
Jrosout_agg
J/scan
Jtf
Jtf _static




% Move Camera | (™ Interact [ JSelect .~ 2DPoseEstimate ¢ 2DNavGoal =

I pisplays x
» & Global Options

» v Global status: Ok

@ Grid

#h, RobotModel

2 TF

#1. Laserscan

== DepthCloud

= Registered Depthcl...
Image

- PointCloud

Registered PointClo... [

& InteractiveMarkers

-4

TYYYTYTYTYVYTYY

LaserScan

Displays the data from a sensor_msgs::Laserscan message
as points in the world, drawn as points, billboards, or
cubes. More Information.

Add Duplicate Remove Rename
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Property

Jopt/ros/kinetic/share/turtlebol
process[turtlebot_teleop_keyboard-1]: started with pid [8159]

any

CTRL-C tc

currently: eed 0 turn 1

Mturtlebot_teleop_keyboard

/cmd_vel_mux/input/teleop
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world | Insert | Layers

*$OP e -~ - 008 |%%Z|REIEOIE
Gul
s
Physics.
» Models
» Lights

Property

World | insert | Layers “$ OIS -~ - 8008 |%%Z BR[O
Gul

Scene
Spherical Coordinates
Physics

» Models

» Lights

Property Value
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World | insert | Layers RO -~ -
Gul

Scene
spherical Coordinates
Physics

» unit_box 3
» unit_box 4
» unit_box 5
» unit_box_6

alue
‘ground_piane
True
self colide | W Faise
» pose
» link ‘ground_piane:iink

robot.rviz* - RViz

% Move Camera | M interact [Select 7 2DPoseEstimate . 2DNavGoal # =
0 pisplays x
» @ Global Options
» v Global status: Ok
> @ Grid

i RobotModel

2 TE

>
>

> - Laserscan

» @8 Depthcloud

» = Registered DepthCloud
=

>

>

>

eeeQ

@ Image

PointCloud
Registered PointCloud
& InteractiveMarkers

Laser Scan

Update Topic
visualization_msgs:interactiveMarkerUpdate topic to subscribe to.

RGB Image

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options.

Robot Model

31fps
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robot.rvi

i

iMove Camera | yinteract  [TJSelect # 2DPoseEstimate .~ 2DNavGoal & =

2 pisplays )
# Global Options

¥ Global status: Ok

* Grid

i RobotModel

2 TE

. Laserscan

== DepthCloud

== Registered DepthCloud

4 InteractiveMarkers [

Update Topic
visualization_msgs:interactiveMarkerUpdate topic to subscribe to.

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shil

: More options. 31fps

navigation.rviz* - RViz

 MowCanea | Mntene Clielet .~ 2DPoseEstimate # DNawGosl moMesswe @ Pblshromt § =

+ =
I Displays. 0

» @ Global Optians.
+ v Global Status: Ok
» ® Grid

» th, RobotModel

b - LaserScan
» % Bumper HIt
» Pl Ma
+ [ Global Map
*+ B Local Map
» % amcl Particle s...
* ~ Full Plan
v 4 PointCloud2
* v Status: Ok
Topic Jcamerajdepth/paints
Unreliable
selectable &
style Flat Squares
size (m) 001
Alpha 1
Decay Time 0
Position Transfor... XYZ
Color Transformer RGBS
Queue Size 10

NEREROEE a8

Topic
sensor_msgs/PointCloud? topic to subscribe to.

Add
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navigation.rviz* - RViz

| Move camera | fyinteract  [Jselect 7 2DPoseEstimate  # 2DNavGoal ==Measure @ PublishPoint =

20 Displays x »e Views. x

> @ Global Options Type: | TopDownOrtho 2| | Zero

» v Global status: Ok
> @ Grid o ~ Current View TopDownOrtho ...,
» #h, RobotModel 3 Near Clip ... 0.01
] Target Fra... <Fixed Frame>
4 Scale 51.0043
4 Angle -7.81504
o X 2.85251
> B Global Map 4 Y 5.00632
v @ Local Map [
» P2 costmap &
v / Planner 4
» v status: Ok
Topic /move_base/DWAPla...
Unreliable ]
Line style Lines
Color Wo;12;255
Alpha 1
BufferLength 1
> Offset 0;0;0
PoseStyle  None
> 4
v . &
» v Status: Ok
Topic Jmove_base/DWAPla...
Unreliable 0
Selectable
style Flat Squares
size (m) 0.04
Alpha 1
DecayTime 0
Position Tran... XYZ
Color Transf... Intensity
Queuesize 10
Channel Name  total_cost
Userainbow [
Invert Rainbow (]
Min Color Wo; 00
Max Color [0255; 255; 255
Autocomput... &
Add Remove || Rename save Remove | | Rename
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click: Zoom. Shift: More options. 31fps
|7 Move Camera | dyinteract  [lselect 7 2DPosefstimate 7 2DNavGoal =mMeasure @ PublishPoint & =
»a views x

T ; m——

» @ Global Options
» v Global status: Ok

Type: [Orbit(viz) 3| zero

» @ Grid ¥ Current View  Orbit (rviz)

» i, RobotModel NearClip... 0.01

» X TE Invert Z Axis )

» . LaserScan Target Fra... <Fixed Frame>

Distance 824413
Focal Shap... 0.05
Focal Shap... &
Yaw 3.49818
pitch 704797
» Focal Point  3.7396; 1.5191; -

Bumper Hit
Map
» B Global Map
v B Local Map
> P2 Costmap
v # Planner
» ¥/ Status: Ok

QAReQEeEoeq

’

Topic Jmove_base/DWAPlan... e
Unreliable 0
Line Style Lines
Color Wo;12;255
Alpha 1
BufferLength 1
» Offset 0.0;0
Pose Style None
» % Cost Cloud 4

Trajectory Cl... &
> ¥ Status: Ok

Topic /move_base/DWAPlan... |

Unreliable 0

selectable

style Flat Squares

Size (m) 0.04

Alpha 1

Decay Time 0 ;/ / = 7 ! N
Position Trans... XYZ 7 i 4 Yo z q
Color Transfor... Intensity /4 /’; 74 A o\
Queue Size 10 4 (s a Z '
Channel Name  total_cost

Userainbow [

Invert Rainbow (]

Min Color Wo;0;0

Max Color [0 255; 255; 255

Autocompute ... &
Minintensity ~ 3.621
Max Intensity  9.621
> % AmclParticles... &
> ~ Full Plan 5]

Add Dup ove

e save Remove || Rename

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 31fp:

[29]



» @ Global Options
» v Global status: Ok
> @ Grid

» iy RobotModel

P
» & Global Map
» @ Local Map [
» Z Amcl Particles... &
» 7 FullPlan [}
v # Pose
» v status: ok
Topic /move_base_simple/goal
Unreliable [m]
shape Arrow
Color W 255,250
Alpha 1
shaft Length 1
shaft Radius 005
Head Length 03
Head Radius 01

moeconen | dumiens Clsdec . orosecimae [ S—

Topic
geometry_msgs/Posestamped topic to subscribe
to.

Add || Duplicate | | Remove | | Rename

Reset | ddl X,

igl p!
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Chapter 4: Designing ChefBot Hardware and
Circuits

Kinect

Ultrasonicsensor
Motor1 + Encoder

Embedded controller

MotorDriver board

Motor2 + Encoder
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EXPEXTRoWER"

Established 1987

[EXP12100 [ 12V10Ah/2

Non-Spillabie Sealed Lead Acid Battery

Constant Voltage Charge(25°C)

¢ Avoid short circuit

% * Donotcharge in sealed container
« Keep away from sparks and flames
Pb () « Rechargeable after use

Made in China « Must be recycled or disposed of properly
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Chapter 5: Interfacing Actuators and
Sensors to the Robot Controller

MOTOR 1

1INA 1DIAGEN i

CEE— 1IN, :
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1 PWM @ 1PWM g
0 1cs

O VIN
O GND

Pololu MDO3A
5 Volt Supply ESDV(‘N) Dual VNH2SP30
O VIN
0 2cs :
2 PWM e 2PWM  E
2INA Eom— 2IN, i
2INB 2IN,

12 TINA
13 ®1INB
35 1 PWM
TO LAUNCHPAD TO MOTOR DRIVER
5 2INA
®2INB
36 2 PWM

Low Voltage High Voltage
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: New USB device found, idVendor=1lche, idProduct=00fd

: New USB device strings: Mfr=1, Product=2, SerialNumber=3
: Product: In-Circuit Debug Interface

: Manufacturer: Texas Instruments

: SerialNumber: OE2258F8

: ttyACMO: USB ACM device
: registered new interface driver cdc_acm
: USB Abstract Control Model driver for USB modems and ISDN adapters
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sketch_may27a | Energia 1.6.10E18
dit Sketch Tools Help

sketch_may27a

vold setup() {
//put your setup code here, to run once:

I

void Tloop() H
/4 put your main code here, to run repeatedly:

H

LaunchP ad (Tiva C) w trm4cl23 (20MHz) on [dewttyACMO
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Boards M

ger

Type |All i I\

Energia MSP430 boards Built-In by Energia version 1.0.1 INSTALLED -
Boards included in this package:

MSP-EXP430F3529, MSP-EXF430FR2433, MSP-EXP430FR4133, MSP-EXP430FR5969, MSP-EXP 430FR6985, MSP-EXP430FR5739, MSP-EXF430G2, MSP-EXP 430FR59594,
Online help

More info

MSP432 EMT RED boards by Energia
Boards includsd in this packags:
MSP_EXP432P401R.

Online help

More info

MSP432 boards by Energia
Boards included in this package:
MSP_EXP432P401R.

rline help

More info

Energia TivaC boards by Energia version 1.0.3 INSTALLED
EBoards included in this package:

EK-TM4C123GXL, EK-TM4C1294XL, ER-LM4F120XL.

Crline help

More info

Energia CC13xx boards by Energia

Boards included in this package:

LAUNCHXL_CC1310, LAUNCHXL_CE1350, CCL3S0STE.
Online help

More info

€C3220 EMT boards by Energia

Close
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sketch_may27a | Energia 1.6.10E18
h [eels! Help

Auto Format
Archive Sketch
void setup() { Fix Encoding & Reload
// put your set Serial Monitor Cerl+Shift+m

3 Serial Plotter Cerl+shift+L
Board: "MSP-EXP430F5525LP" ¢

sketch_may27a

void Tloop() { Boards Manager...

/7 put your mail

: Programmer g LaunchPad (Stellaris) wy Im4F120 (8oMHz)
LaunchPad (Tiva C) w/ tm4c123 (80MHz)

LaunchPad (Tiva C) w/ tm4c129 (120MHz)

* MSP-EXP430F5529LF
MSP-EXP430FR4133LP
MSP-EXP430FR5969LP
MSP-EXP430FR6989LP
MSP-EXP43002553LP
MSP-EXP430FR5739LP
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sketch_may27a | Energia 1.6.10E18

File Edit Sketch O8I Help
Auto Format

Archive Sketch
sketch_may27a

void setup() {
// put your set Serial Monitor Cerl+Shift+m

Fix Encoding & Reload

} Serial Plotter Cerl+Shift+L

void loop() { Board: "LaunchPad (Tiva C) wj tm4c123 (80MHz)"
J/ put your mai

Programmer

LaunchP ad (Tiva CJ wi trmd.
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}

sketch_may27a | Energia 1.6.10E18

sketch_may27a

oid setup() {
A put your setup code here, to run once:
id loop() {

Vo

A4 put your main code here, to run repeatedly:

LaunchPad (Tiva C) wj tmacl23 (8

OMHz) on [dewttyACKMO
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> G0ms

Trig input

Ix
Internal signal ‘ ‘ ‘ ‘ ‘ ‘ ” | ‘ \ ;"‘;f
A0KHz ultrasonic pulses
Echooutput /i
| | I
Width repressnts
distance
Jdev/fttyACMO
| ||5endl
Distance= 2848 =
Distance= 330
Distance= 2830
Distance= 11
Distance= 11
Distance= 11
Distance= 11
Distance= 11
Distance= 12
Distance= 14
Distance= 29
Distance= 14
Distance= 13 |
Distance= 13 i
-1|: 1 ¥
B Autoscroll Mo lineending | = | [115200baud | -
| w—4 | ——y
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lentin@lentin-Aspire-4755: ~

Distance= 12
Distance=
Distance=
Distance=

Distance=

Distance=
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VCC +5v

¢ Angular
i velocity,

B
mIB

Specific
: force,

B
Jis

INS

Attitude, R, , or roll/pitchlyaw

-
i Velocity, Vg

Horizontal . or longitude/
i position, 1 latitude
i Depth, z
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Error state
Kalman
filter

Horizontal
position

3-Axis Compass

MPU-6000/ |
MPU-6050 =

Gyro

Accel D

Application
Processor

I2C or SPI
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Preferences

Sketchbook location:
Jfhome/lentin/sketchbook lBrowse ‘

Editor Font:  Monospaced v | ¥

Editar Font size: |12

Show verbose output during: [ compilation [ upload
Verify code after upload

[ ] Use external editor

Check For updates on startup

Update sketch files to new extension on save (pde -> .ina)

[ Include debug information in the output ELF file

tMaore preferences can be edited directlyin the file
/home/lentin/.energia/preferences.txt
(edit only when Energiais not running)

(014 Cancel
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Jdev/EEyACMO

] Send
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10900
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11004
Autoscroll
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-1a7 -47
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Chapter 6: Interfacing Vision Sensors with
ROS
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} Application

Middleware
Components
(e.g. Hand
gesture
tracking)

— OpenNI

— Interfaces

Hardware
Device
(sensor)
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OpenCV Iplimage

CvBridge

:

ROS Image Message
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'y Interact

I pisplays x

Move Camera

Select  «f- FocusCamera  mm Measure 2D Pose Estimate " 2DNavGoal ~ @ PublishPoint o =

v

»e Views %

Type: | Orbit (rviz) = Zero

¥ current View  Orbit (rviz)
Near Clip ... 0.01
Target Fra... <Fixed Frame>
Distance 238126

Frame Rate 30
v + Global Status: Ok
v Fixed Frame OK

> @ Grid = Yaw 3.1204
> ) Axes & Pitch 0.285398
> - TF & » Focal Point  0;0;0
v % PointCloud2 &
Fel'd
Topic Jcamera/depth/points I
electable =

Style Points

Size (Pixels) 3

Alpha 1

Autocompute Val... &
Use Fixed Frame ¥4 =

TF
Displays the TF transform hierarchy. More Information.

Add Remove Rename Save Remove Rename
(© Time -
ROS Time: | 290.65 ROS Elapsed: |272.81 wall Time: |1413823668.24 | Wall Elapsed: |290.88 [C] Experimental
Reset 4fps

7%

() Interact | " Move Camera

Select  «f- FocusCamera  mm Measure 2D Pose Estimate " 2DNavGoal ~ @ PublishPoint o =

I pisplays x
v & Global Options

v

»e Views %

Type: | Orbit (rviz) = Zero

¥ Current View  Orbit (rviz)
Near Clip ... 0.01
Target Fra... <Fixed Frame>

Frame Rate 30
v + Global Status: Ok

v Fixed Frame OK Distance 4.97189
> @ Grid = Yaw 3.1604
> ) Axes & Pitch 0.675398
v )+ TF & » Focal Point  0;0;0
=

Style Flat Squares
Size (m) 0.01

Alpha 1

Decay Time o

Position Transfor... XYZ

Color Transformer  AxisColor

Queue Size 10

Axis z

Autocompute Val... B E
Color Transformer
Set the transformer to use to set the color of the
points.

Add

save Remove Rename
(© Time -
ROS Time: |359.70 ROS Elapsed: |341.86 wall Time: |1413823741.34 | Wall Elapsed: |364.04 [C] Experimental
Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 30 fps
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Chapter 7: Building ChefBot Hardware and
the Integration of Software

Base Plate

DC Gear Motor

Base plate Support

Wheel Casterwheel Motor Encoder

Top View Bottom View
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Middle plate

Middle plate Female connector

Assembled up to Middle plate
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Semi-assembled body  Top plate

Top plate Female connector

Fully assembled body
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Tiva C
Launchpad

Ultrasenic

Sound Sensar
MPL 6050

12V Supply In

Voltage
Regulator

5V Supply Out

Maotor
Driver

Level shifter M1 M2
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Kinect

Intel NUC

Robot Controller
board
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\ 3.3V sV

Pa_3{12) h_s \
Pa_a[13) IN_E1 & E
= PWIM_ . ] -
PC_§{35) Motor Driver
VNH25P30
PE_4{5) IN_s2
PE_5{5] ::E:‘z R ¢
PC_S{38) - A j
Tiva € Level ( )
PF_4{31 Shifter A
Encoder 1
L oz Launchpad eoom 8
MPU 6050 ~ /
- ™
S04 FD_1(24] PO_6(33) a
PC_7(34) B Encoder 2
\ J
PC_4(3
Battery i P
5ensi!15 &ND Ultrasonic Sensor
Terminals PA_6[3] Echo HC-SR04
P&_7(10} Trigger
\
\ PE_2 RESET / 3.3V 5V
Navigation stack
3
tf
Keyboard_teleop
diff_tf
>
;3
Twist

Serial Data Out

Serial Data In

S

left_wheel_speed lwheel_vearget

o| pid_velocity
>

Launchpad
_hode

Iwheel

right_wheel_speed

&
<

—

rwheel

rwheel_vtarget
o| pid_velocity \_
>

twist_to_motors
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—— Wireless Router (—— Remote PC

e.g. IP:192.168.1.106 e.g. IP:192.168.1.101

.00

66458239

] ]

108

.00 .00

-0.68 -0.47
.00

66511681

3] 3]

18

.00 .00

-0.68 -0.47
.00

66566051

] ]

108

.00 .00

-0.68 -0.47
.00

66620423

3] 3]

18

.00 .00

b
t
S
u
s
i
b
T
e
u
s
i
b
t
S
u
s
i
b
T
e
u
i
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o l.:lt d: lr:' r:' ! :

data: 16268, 1n: s B.00 B.00
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e.g. IP:192.168.1.106 e.g. IP:192.168.1.101

——— WirelessRouter Remote PC

export MY_IP=192.168.1.106

exportROS_IP=$MY_IP exportROS_MASTER_URI="http://192.168.1.106:11311"
exportROS_MASTER_URI="http://”$ROS_IP":11311"

.bashrc .bashrc

robot.rviz* - RViz

% Move Camera | () Interact

Select  # 2DPoseEstimate  2DNavGoal df =

I3 Displays *
v & GlobalO...

Fixed Fra... odom

Backgrou... Il 48;48;48

Frame Rate 30

v

» v Globalst...

» @ Grid =
» 4y, RobotM... &
> b TF m
b~ LaserScan &

v ~. PING Array |

¥ . IR Array

Add

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 30fps
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robot.rviz* - RV

% Move Camera [f*_"*l\nteract Select 2D PoseEstimate 2DNavGoal dp =

I3 Displays x
¥~ IR Array B B

» =& DepthClo...
b =B Register...

13 @ Image

» i Register...

» & Interacti...

v iz PointClo... &

» v Status...
Topic Jcamera/depth...
Selectable
Style Flat Squares
Size (m) 0.01
Alpha 1

Decay Time 0O
Position T... XYZ
Color Tra... RGB8
Queue Size 10

Topic

sensor_msgs/PointCloud2 topic to
subscribe to.

Add

Reset | Left-Click: Rotate. Middle-Click: Move X/Y. Right-Click/Mouse Wheel:: Zoom. Shift: More options. 23 fps
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Chapter 8: Designing a GUI for a Robot
Using Qt and Python

(o

Widget Box 5]

Layouts

= vertical Layout

[ Horizontal Layout

Eﬁ Grid Layout

EE Form Layout
Spacers

[ Horizontal Spacer

E vertical spacer
Buttons

24 Push Button

@ Tool Button

@® Radio Button

[ check Box

@ Command... Button

Button Box

Item View...el-Based)
E List View
* R Tree View
5 Table view
Column View
Item Wid...m-Based)
[&] vist widget
b E Tree Widget
] Table widget
Containers
(=] Group Box

Scroll Area 5

templates/forms.
Dialog with Buttons Bo...
Dialog with Buttons Right
Dialog without Buttons
Main Window
widget

Widgets
Custom Widgets

& Show this Dialog on Startup

o

3

o N

Embedded Design

Device:

Screen Size: | Default size

pen.. Recent v Close

| Create

Object Inspector
Object

Property Editor

Property

Resource Browser
&) )

<resource root>

Signal/slot ... | Action...

Qt 4 Designer 1

5]
Class
5]
- = /-
Value
5]
Resource B...
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Qt Designer

Do EERE-IEWE

Widget Box Object Inspector 3]

Object Class

v B Form [Z] Qwidget
Layouts p...n (= QPushButton

= vertical Layout
[ Horizontal Layout

EE% Grid Layout
4 Form Layout Property Editor =
Spacers 5
[Bed Horizontal Spacer " . " E“}:v =/~
E vertical spacer J S — 3 pushButton : QPushButton
Buttons Property Value
= Push Button - " "
@ Tool Button objectName pushButton
@ Radio Button o —~
[# check Box enable
> geomet 160, 80), 191 ...
6 Command Link Button > ?izePoU(ryy ﬁ/\ini}nui‘n,ﬁx. .
Button Box » minimumsize 0x0
Item Views (Model-Based) » maximumsize  16777215x 1
E List View » ciralncramant e -
:Eg Tree View Resource Browser [E]
Table View
:
Column View
Item Widgets (Iltem-Based) <resource root>

[&] vist widget

b E Tree Widget

] Table widget
Containers

(=] Group Box

croll Area Signal/slot ... = Action... | Resource B...

Qt 4 Designer 1y 4)) 1212AM 2 lentin 1%
E 1 2 (| 3 L 2 (]|
o IEEEEECEEEEELE =
Widget Box 3] Object Inspector ]
v 5 Form [7] Qwidget
[ 1 pushButton (QPushButton) Form (QWidget) PN &) QPus.._tton
i | M—
clicked(bool) Property Editor ]
pressed() .
released() ':1}' = /.
= toggled(bool) = =
Form : QWidget
Property Value
objectName Form
(] show signals and slots inherited from Qwidget enabled =2
cancel | > geometry [(0, 0), <
»_sizePolicv IPreferi |~
signal/slot Editor el
Sender - Signal R

Signal/... | Act...  Resourc...
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S g = W 3 _
Widget Box ®= signals/Slots of Form Object Inspector )
Object g
Slots v % Form
pushButton |2
Property Editor )
o =
el Form : Qwidget
E Property
4 (=]
ﬂ objectName
g‘l Signals
O] enabled
& > geometry
\) » sizePolicy
X — D
Resource Browser @ &
=
g
(] <resour|
o +
=1 Cancel | ESOKES
3

lentin@lentin-VirtualBox:~/Desktop$S python hello_world.py
Hello World
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Battery Level Robot Status

[ 0%

Table No(1-9)

Home

1 Go

Cancel
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Default - rqt

Plugins Running Perspectives Help

=l Container

[l Actions v
i Concert b
i Configuration v
[l Introspection v
& Logging b
il Miscellaneous Tools  »
[l Robot v
il Robot Tools »
[ Rocon v
[ Services b
[l Topics v
ll Visualization ’
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o,
#
#1413
#1412
#1411
#1410
#1409
#1408
#1407

& ...with severities:

|-c/Console

@ || 00 | Displaying 1379 messages

Message
@ hello world 1424446308.5
@ hello world 1424446308.4
© hello world 1424446308.3
@ hello world 14244463082
© hello world 1424446308.1
© hello world 1424446308.0
© hello world 1424446307.9

Exclude Messages...

Highlight Messages...

[ ...containing:

Severity
Info
Info
Info
Info
Info
Info

Info

Debug Info Warn Error Fatal

D@ - 0% Qropic Monitor

@ || Fit Columns Topic ~ Type
Node - | v & /chatter std_msgs/String
data tri
/talkel7357171424446159]_‘ L S

» [ /rosout rosgraph_msgs/Log
Jralker_3571_1424446159] » [ Jrosout_agg rosgraph_msgs/Log
Jralker_3571_1424446159
Jralker_3571_1424446159]
Jtalker_3571_1424446159]
Jtalker_3571_1424446159]

Jtalker_3571_1424446159)

i

3

[7) Regex |=

L]

£3

Bandwidth
281.00B/s

Hz

10.04

DC@ - oX|
Value
*hello world 1424446308,

not monitored
not monitored
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Chapter 9: Getting Started with Robot
Operating System

%? »
q rm-s’i"x L&@

\ V4

Plumbing Tools Capabilities Ecosystem

1l
+

Updating details of Node 2
in ROS Master

- ROS Master -—-

Updating details of Node 1
in ROS Master

Service Name

Client Service

Service Message data

Topic Name

4 Topic Message data .
Subscribe

Publish
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Software & Updates

Ubuntu Software | Other Software Updates Authentication Additional Drivers Developer Options
Downloadable from the Internet
Canonical-supported free and open-source software (main)
Community-maintained free and open-source software (universe)
Proprietary drivers for devices (restricted)
Software restricted by copyright or legal issues (multiverse)

[] source code

Download from: | Main server d

Installable from CD-ROM/DVD

Cdrom with Ubuntu 16.04 LTS 'Xenial Xerus'
Officially supported
Restricted copyright

Revert Close
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ROS Master

/hello_pub

“Hello World”
)
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@ & @ lentin@lentin-Aspire-4755: ~/catkin_ws/src/hello_world/scripts
EE roscore http://lentin-Aspire-4755:11311/ 42x17 i ws/9r¢/NEllo_worlg/scripes Ti2x1/s — |

process[master]: starte
ROS_MASTER_URI=http://

frun_id to 8c8b6244-44c2-11ed-900d
[rosout-1]

ed with pid [6897]

Propert! Value
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