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3 L ecture Qutline

= Internet of Thingsand Robot asa Service
= DeviceasaService
= Robot as a Service (RaaS)
Cloud Computing ‘
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15B |oT Devices arethe main Source of Big Data
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Definition of RaaS

By Yinong Chen

Robot as a Service

From Wikipedia, the free encyclopedia WIKIPEDIA
The Free Encyclopedia

Robot as a Service (or RaaS) is a cloud computing unit that facilities the seamless integration of robot and
embedded devices into Web and cloud computing environment. In terms of Service-Oriented Architecture
(SOA), a Raas unit includes services for performing functionality, a service directory for discovery and
publishing. and service clients for user's direct access.["2] The current RaaS implementation facilitates SOAP
and RESTful communications between RaaS units and the other cloud computing units. Hardware support
and standards are available to support RaaS implementation. Devices Profile for Web Services (DPWS)
defines implementation constraints to enable secure Web Service messaging. discovery, description, and
eventing on resource-constrained devices between Web services and devices. RaaS can be considered a unit
of Internet of Things (loT), Internet of Intelligent Things (lolT) that deal with intelligent devices that have
adequate computing capacity,®! Cyber-physical system (CPS) that is a combination of a large computational
and communication core and physical elements that can interact with the physical world.[*! and Autonomous
decentralized System (ADS) whose components are designed to operate in a loosely coupled manner and
data are shared through a content-oriented protocol 15! 6]
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i What isRaaSin Simple Words

RaaS (Robot as a Service) is

an Embedded Intelligent System

an Internet of Intelligent Thing

a Cyber-Physical System

an Autonomous Decentralized System

a Service in Web and in Cloud Computing
a Mobile Computing System

a Real-Time System
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iSpiral Model of Computing System Development
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i My RaaS Platforms and | mplementations

RaaS (Robot as a Service) isacloud and Internet of Thing unit,
consisting of Web Accessing I nterface and Web-enabled mobile
hardware

» Version 1, 2012 RaaS uses Intel Atom-based processor , with
Parallax Hex Crawler Hardware

» Version 2, 2013, Cornell Cup, Using Web Programmable
Interface

» Version 3, 2014 Intel Cup Shanghai, using Galileo and BayTrail,

» Version 4, 2015, Using Edison boards to build multiple robots.
We are developing a new ASU Visua Programming Language,
similar to Microsoft VPL, which can control RaaS over Internet

9
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Before ASU |IoT and RaaS

; ' Erb
/ SetDrivePower 9| o rP
Data
v‘ 1@ AnalogSensorUpdate

J’
SetDriveP. > \ g
= Web Apps

06 Phone Apps

M icrosoft VPL

AlertDialog P

If

RawMeasurement > 20

Computer Science
Concepts

Visual
Programming

Robotic
Experiments




ASU IoT and RaaSVersion 1, 2012

o Itisbased on Intel Atom processor and Parallax Hex
Crawler robot framework

e Thefirst robot that isa full RaaS unit and is controllable
over the Web:
http://venus.eas.asu.edu/\W SRepository/RaaS/main/
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Fre

SU 10T and RaaS Version 2, 2013 s

e Cornéll Cup Participant 2013

 The RaaSunit that can be programmed
and controllable over the Web:

Web
Simulation &
Programming
Environment

| Execute |

| Default: Forward = | | Add New Line |

Physical Robot
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tif sensor.right > ) | 100 j el
| delayed right 90 v | |nte|
| else if sensor.forward < ) |50 j
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2013 Intel SINO-US
Intelliggni Embedded System I nt el B a.sed R Ob Ot
Academic Workshop
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i ASU lIoT and RaaSVersion 31n 2014

» RaaS Hardware

= Small robot better suitable for being used in large
class.
It IS based on Quark and Atom;

= Therobot isan loT unit;

» Software

= The programming language is no longer Microsoft
VPL. It isaWeb-based graphic language — Made In
ASU!

= Program can control both ssimulated robot and

physical robot.
T4hen



ASU IoT and RaaSVersion 3 2014 Hardware

Galileo-based Version Bay-Trail-based Version



ASU loT and RaaS Version 2014 System

ROBOT FUNCTIONS Main VARIABLES
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i ASU loT and RaaSVersion 4 1n 2015

» RaaSHardware

= Therobot will be even smaller.
It ISbased on Edison or Curie

= Multiplerobotswork together

» Software
= A new software ASU-VPL
= |t doeswhat Microsoft VPL does
= |t Isa RaaS unit and connect to I nternet
= |t connectsour Intel-based robots




New ASU RaaS Software -- ASU VPL

LN Visual Programming Environment = =
Admin

File Run Options

Data
Variable
If
While
Break
End While
Calculate
Key Press Event
Switch

Data Activity Block Simple Dialog
¥ P AlertDialog B >

Calcu!ate Text To Speech TattTD Speech
Counter is " + state.Counter /’

Data

- P || state.Counter == state N JIF—P> AII Done
Else Calculate
ounte .

Web services can
be added

WOCF Service
Text To Speech




ASU loT and RaaSVersion 4 Hardware

» RaaS Hardware
= Multiplerobots collaboration

= Ad hoc local communication i ' /
= |nfrastructure-based communication
= Interoperability and standards o ucure

= Web Service Standard communication
= Other standards . <
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ASU loT and RaaS Seriesin 2012 - 2015

Microsoft VPL
Discontinued
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_l ThisisASU-VPL: Key-Controlled Drive

Main Diagram

Key Press Event

Join

leftPower

Calculate

“Left: * + leftPower + " Right: " + rightPower




Configuration

My EV3 Brick 0

Properties
Change Connection Type

® Wi-Fi
() Bluetooth
O uss

Lego EV3 Dnive

& Copy
X Delete Activity
Flip Connections

Data Connections

Properties

Y. Chen



Right-Wall-Following Algorithm
Using a Distance and a Touch Sensor

Main | Init | Left1 | Right90 | Left90 | Right1 | Backward | Resetstate | Forward |

Main Diagram

My EV3 Brick 0 Comment

The init block will initialize variables
and start the robot moving forward.

Variable
¥ Tumingleftl =P »

Lego EV3 Ultrasonic
: String

state.Status == "Forward” AND value < state.BaseDistance - 5

Data Variable

TurningRight90

String String ﬂ

state.Status == "Forward” AND value > state.BaseDistance + 50

state.Status == "Forward” AND value > state.BaseDistance + 5

Data Variable

String

While End While Data Variable

b | rumingert

String String

state.Status != "Forward”




5:";“;3 . Main | Forward | Right90 | Stop | Left180 | Right180 | Programming Edison Robot

Lego EV3 Drive
Lego EV3 Drive For Time -
Lego EV3 Gyro 5
Lego EV3 Motor

Lego EV3 Motor By Degrees
Lego EV3 Motor For Time _
Lego EV3 Touch -1
Lego EV3 Ultrasonic - -

-
-
-

Main Diagram

Vanable

String D

My Robot 0

state.Status == "Forward” && value < 25

PrintLine .- state.Status == "TurnedRight”

Robot ~~ :
Robot Distance Sensor state.Status == "Turnedleft” && value >= state.RightDistance

Robot Color Sensor
state.Status == "TurnedLleft”

Robot Distance Sensor
Robot Drive

Robot Light Sensor
Robot Motor

Robot Motor Encoder

Robot Sound Sensor

Robot Touch Sensor . components. A

Simple Dialog stalled in front.

Text To Speech

Partner:

Sensor Port:

Partner:

Left Wheel: 3

Right Wheel: 5

IP Address: My Robot 0 Robot Drive

104312117 [confiem,.) (L Cancel. ]




ASU-VPL Download for EV3 and Edison Robots

e Download Link:

http://venus.eas.asu.edu/W SRepository/ASU-VPL/

Open the zip file:
1. Samples

2. Release: Open thefolder, start the application from the
file: VisualProgrammingEnvironment

%) Lego.Ev3.Desktop.dll 5/8/201510:25 AM  Application extens... 78 KB
., Lego.Ev3.Desktop 5/8/201510:25AM XML File 79KB
¢D StateFileSchema 5/8/2015 10:25 AM XML Schema File 5KB
7] SvcUtil 5/8/2015 10:25AM  Application 193 KB
%, System.Windows.Controls.Input.Toolk... 5/8/201510:25 AM  Application extens... 107 KB
%/ System.Windows.Controls.Layout.Too... 5/8/201510:25AM  Application extens... 93 KB
- = VisualProgrammingEnvironment 5/9/2015 9:26 PM Application 5431 KB
¢.) VisualProgrammingEnvironment.exe /8/201510:25 AM XML Configuratio... 1KB
&3 VisualProgrammingEnvironment /9/2015 9:26 PM Program Debug D... 708 KB
%, WPFToolkit.dll /8/201510:25 AM  Application extens... 457 KB

Y. g



Main | Forward | Right0 | Stop | Left180 | Right180 |

Main Diagram

My Robot 0

Variable

- ASU-VPL

PE state Status == "Forward” && value < 25 I r Ogr a
state.Status == "TurnedRight” On PC
Robot Distance Sensor
| state.Status == "TurnedLeft” _
mi =
v

ROBOT OUTPUT

name: string (touch, distance, sound, light, color, motorEncoder)

id: int

value: For touch sensor, value will be an int (0 = not pressed and 1 = pressed).
For other sensors, value will be a double

{"sensors": [{"name":"touch", "id":0, "value":0},{"name":"distance", "id":0, "value":12.8}]1}

ROBOT INPUT JSON Object isaWeb

service data standard for
servoSpeed: double between -1 and 1 : :
- negative values represent a backwards motion communication

servoId: int

{"servos": [{"servoId”:3, “servoSpeed”:0.5},{"servoId”:5, “servoSpeed”:-0.5}]}

.. ArduinoFiles
. node_modules Code
main Running

L | run.sh on EdISOn Y Chen
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