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In this project you will create a simple mashup in ThingWorx, PTC’s industry leading loT platform. The
project introduces basic skills in modeling an IoT solution and how to visualize data in an application
using the ThingWorx mashup tool.
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This project is intended for anyone who is interested in an introductory experience with ThingWorx. To
complete this project successfully, you must have basic coding skills.

Setup the project (2HR)

Model ThingWorx architecture (1HR)

Connect hardware with ThingWorx Composer (3HR)
Build a Monitoring Mashup (2HR)

HwnN e

* No prior ThingWorx training is required

* Basic computer programming skills are required

* Access to ThingWorx Composer (Need access? Learn about your options on page 2)
*  WinSCP or similar SFTP client

* ThingWorx Raspberry Pi files folder ( you can download it here) or go to

http://apps.ptc.com/schools/references/TWX_Academic_RaspberryPi.zip to download files

* Raspberry Pi Model B+ with its respective 5V power source
* Female to female jump wires (3)

¢ AM2302 temperature and humidity sensor

*  Wi-Fi USB adapter for Raspberry Pi

* USB Keyboard

* USB Mouse

e HDMI monitor

e A computer with internet connection
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How can | get access to the ThingWorx
Composer?

This project is built to be used in any ThingWorx Composer version. According to your role you may have
different options to access ThingWorx. Please read below:

For the individual developer
If you are using this project to get you started with loT and ThingWorx on your own you have the

following options:

1. Hosted 30-day instance: Get a free temporary ThingWorx hosted instance through the
Developer Portal.
2. Downloadable 120-day instance: Get free temporary access to a local instance of ThingWorx.

For information on both options please visit the ThingWorx Developer Dashboard.

For the classroom
If you would like to use this project in the classroom, you can obtain access to our platform using the
ThingWorx Academic Edition. For more information the ThingWorx Academic edition, contacts us at

university@ptc.com.

For commercial customers

If you are using this project to learn how to use the ThingWorx composer in a commercial environment
you can build this project using your commercial instance. Interested on ThingWorx for your company?
Visit https://www.thingworx.com for more information.
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ThingWorx Academic Edition has special features that allow optimization in the classroom.
Therefore, you will experience a few changes when building this project. Please read below:

* Entity Naming: All entities created by a user of the system will have their username
automatically filled in after the entity name. This feature is added to avoid conflict when
using similar names on different entities by multiple users. You will notice that once you
start typing the name of your entity an underscore followed by your username will
appear (i.e. entityname_username).

*Affects every entity created in this project.

e Value Streams: If you are using the ThingWorx Academic Edition you have been
provided with a personal value stream (i.e. VS_username) for data storage and will be
restricted from creating other forms of data storage. However, you can use this Value
Stream in multiple entities as needed. Note that ALL data stored is wiped every three
days.

*Affects the Create Value Stream segment under the Model section of this project.

* Configuration of Java project: Entity naming must be consistent throughout the project
in order to guarantee effective communication between ThingWorx and the Raspberry
Pi. Therefore, it is necessary to modify the Main class according to the entity naming
modification in the ThingWorx Academic Edition.
*Affect the Configure your Java Project on the Computer segment under the Connect

section of this project.
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IN THIS SECTION YOU WILL:

Install and update Raspbian on the Raspberry Pi.

Connect the Raspberry Pi to the internet.

Install the Python library to allow the Raspberry Pi to read temperature and humidity.

Wire the Raspberry Pi with the Am2302 sensor to obtain temperature and humidity reading from the
sensor.

Download Java project from the ThingWorx website and pin them down in a known location.
Install Maven and Java in the computer.

Before using the Raspberry Pi, it is necessary to install the Raspbian image to the SD card. Raspbian is

basically a flavor of the Linux operating system which has been developed for the Raspberry Pi. In order

to obtain Raspbian you can download NOOBS or Raspbian from the Raspberry Pi website and write the

image onto the micro SD card. This tutorial will be done using a Windows Operating System. Follow this

tutorial if you need to set up your Raspberry Pi. For proper functionality, make sure that you do the

following:

1. Type and run the following commands on the Terminal window in the Raspberry Pi:
[sudo apt-get update]: A complete software update for the Raspberry Pi
[sudo apt-get install oracle-java7-jdk]: Java JDK is required by ThingWorx to run the JVM and

other components to enable the Raspberry Pi to run applets and applications written in Java
code.

E@ pi@raspberrypi: ~ =
pE———
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2. Enable SSH communication.

a. Go tothe Raspbian user interface
Click Menu
Go to Preferences
Click Raspberry Pi Configuration
Select the Interfaces tab
Click Enabled on SSH

B -=50 SEO

v |

S oo o0 T

W/

In this section you will perform the wiring for the AM2302 sensor to the Raspberry Pi and install the
necessary software and Python libraries that will allow you to read data from the sensor.

On the Raspberry Pi Terminal

3. Onthe home directory, create a directory called projects to hold the project on the Raspberry Pi
home directory (command: mkdr, i.e. mkdr projects).

gn? pi@raspberrypi: ~
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4. Navigate to the new directory you just created (command: cd, i.e. cd projects).
5. Perform wiring and install the python library to allow the Raspberry Pi to read data from the
AM2302 temperature and humidity sensor.
a. Wire your Raspberry Pi using the pictures below as a guide (we use GPIO 4 for this
project).

b. Run the following command to obtain the Python project and to read temperature and
humidity from the Am2302 sensor:

git clone https://qgithub.com/PTC-Academic/Adafruit_Python DHT

£ pi@raspberrypi: ~/projects — | [E) |-

1
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c. If you have not yet done so, install the build-essential, python-dev and python-open ssl
libraries. To do so, run the following command lines:

sudo apt-get install build-essential python-dev python-openssl/
sudo python setup.py install

d. On the “Adafruit_DHT” folder, open the “examples” folder and run the following
command to get temperature and humidity readings

sudo ./AdafruitDHT.py 2302 4

where, 2302 is the type of sensor and 4 is the GPIO pin.

@ pi@raspberrypi: ~/projects/Adafruit_Python_DHT/examples e 5 e S
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On the Computer

6. Go to the ThingWorx folder for this project (TWX_Academic_RaspberryPi.zip) and extract the
folder (temperature-thing) with the Java project that will serve to push data from the AM2302

sensor into ThingWorx to your home directory.

L€ 1)
File Edit View Tools Help
Organize > Include in library ~
4 Downloads

¥ Dropbox (PTC Academic)

<» Recent Places

¥ Dropbox (Personal)

4 Libearies
Documents
4. Music
S, Pictures

K vigeos
4N Computer

& System (C)
w» Data (D)

10 items

» Computer » Data (D) » Users »

e L) S
» tempersture-thing v Y E emperature- e
Sharewith v New folder = (7]

git
idea
bin
L. conf
sre
target
DS Store
gitignore
£ pomxml

README.md

NOTE: To view your home directory, open cmd.exe and type “echo %USERPROFILE%”, press Enter and then type

“dir” and press Enter.

7. Download and install the latest version of Java JDK. This is needed for the JVM and other

components.

Download and install Apache Maven. It is needed to manage the building process of the project.

It also handles all the downloading, installing, and version updating of project dependencies.

Add Maven to the PATH environment variable so it can be used from the command line.

a. Go to start, then find and click Computer.

b. Right click Computer and select Properties.

@sa, or Busi
Arduino

s

H Calculator

P AulPrograms

Manage

Map network drive...
Disconnect network drive...

Show on Desktop
Rename

Properties
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Select Advanced System Settings on the right side of the window.
On the Advanced tab, click Environment Variables...

Scroll down under System Variables, find and select Path.

Click Edit

- o o o

EXITITCNT

SystemN pX4
Computer Name I HardWare Advanced Sysleml’luecnon' Remote bX4 g

Environment Variables Edit System Vanable
| IR

You must be logged on a3 an Administrator to make most of these changes

ser vanables for cderas
Performance

Variable Volue

HOME SHOMEDRIVE % %HOMEPATHY
JAVA_HOME C:\Program Fes\Java\jdk1.8.0_40
TEMP S:USERPROFI E%\AppDatalLocal\Temp
™ SUSERPROFILE%\AppData\Local\Temp

Visual effects. processor scheduling. memary usage. and virtual memory

Settings

User Profiles

Desktop sefings related to your logon
New... Edit... Delete,

Setlings.
— System vanables
|
Startup and Recovery 7| Variable value
System startup, system failure, and debugging information | NUMBER_OF_PR... 8
05 Windows NT
Settings Path C:\Pragram Fies\Common Files\Mfros..
E [kt COM;.EXE; .BAT ;.OMD; VBS;.VBIf;.JS;....
Environment Vaniables.. ew. Edit. pelete |

ok || Concel |

g. Select all the text and copy it
h. Paste the selected text into a text editor such as Notepad or Word for easier visibility
i. Gotothe bin folder in the Maven folder and copy the location address
j. Add the bin folder from Maven address to the text (notice the address has to be
between semicolons):
C:\Program Files (x86)\apache-maven-3.2.1\bin

C:\Program Files\Common Files\Microsoft Shared\Windows Live;C:\Program Files (x86)\Common

SecurlDTokenCommon;%SystemRoot%\system32;%SystemRoot%;%SystemRoot%\System32\Wbem; %S
YSTEMROOT%\System32\WindowsPowerShell\v1.0\;%windir%\cde\tools;C:\apache-maven-

(x86)\WebEx\PTools020000000;C:\Program Files (x86)\Windows Live\Shared;C:\Program Files
(x86)\Skype\Phone\;C:\Program Files (x86)\GtkSharp\2.12\bin;C:\Program Files\ServiceNow;C:\Program
Files (x86)\QuickTime\QTSystem\

10. Select and copy the text you edited using Notepad or Word and paste it again in the Variable
Value field in the Edit System Variable window.

11. Click OK on the Edit System Variable window to save it.

12. Click OK on the Environmental Variables window.

13. Click OK on the System Properties window.

14. Add Java to User Variables to utilize Java from the command line as well.
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Go to start, then find and click Computer.

Right click Computer and select Properties.

Select Advanced System Settings.

On the Advanced tab, click Environment Variables...
Under User variables for... select New

Type JAVA_HOME in the Variable name: field

Type the address of the Java JDK in the Variable value: field. (C:\Program
Files\Java\jdk1.7.0_60)

m 0 o0 T

System Properties ‘,

. . '
N ————
| Computer Name Hardw311 Advanced liystem P ion | Remote | Efivicontent Variables K

You mustbe logged on as an Administrator to make most ofthese changes.

[23

User variables for cderas
Performance
Visual effects, processor scheduling. memory usage. and virtual memory Variable Value
HOME %HOMEDRIVE%%HOMEPATH%

T ——T
Edit User Variable

5

User Profiles

Desktop settings related to your logon Variable name: JAVA_HOME

Variable value: C:\Program Files\Java\jdk1.8.0_40|

o ) o )

Startup and Recovery

System startup, system failure, and debugging information

oA New.. |[ Edt. |[ Delete |

OK H Cancel ] Apply

h. Click OK on the New User Variable window.
i. Click OK on the Environmental Variables window.
j.  Click OK on the System Properties window.

*This concludes the Set Up section of this Project*
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IN THIS SECTION YOU WILL:

e Create Model Tag that will help categorize and group entities in this project.

* Create a Thing Shape to allocate properties to the Am2302 Thing.

* Create a Thing Template to provide connectivity capabilities to the Am2302 Thing.

* Create a Thing that will represent the physical assets of the Am2302 sensor.

* Create an Application Key to allow communication between ThingWorx and the Raspberry Pi.

* Create a Value Stream fo store data obtained from the Am2302 sensor.

e Create a Media Entity and Style Definition to add a background picture to the final user interface.

In this part, we will model the project on ThingWorx creating the necessary entities to define different
properties and house the data that will be collected from the sensor.

1. Open your ThingWorx Composer
2. Onthe Home tab, Modeling section, select Model Tag and click New.

® A i del Tagg ? ¢  |n/Advanced | Clear

= New £ View / Edit L™ Duplicate X Delete £ Permissions

Filtering by: Exclude System Objects
& Thing Templates

(&) Thing Shapes ["] View Name Description
Data Shapes m |2 Q) FormulaStudent
% Networks
& Model Tags uhre Q} Applications Applications vocabulary for taggin
¥ VISUALIZATION 0 O @

o
111

3. Enter the Name (AcademicProjects) and Description for the new model tag in the General
Information section and save it.

Note: If you already worked on the “Build a Basic ThingWorx Mashup” project, you can just add the
Model Tag term following steps 3 to 5.
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4. Click the Edit button to get back to editing mode. Select the Manage Terms option.

.
Thlng ¥ s § New Entity ~ &' Import/
APTC Business
/_.'} New ModelTagVocabulary - 1 g #
@ New Vocabulary M- delTagVocabulary Manage Terms Save W@ Cancel Edit
-
ENTITY INFORMATION o General Information
i General Information
PERMISSIONS Name 2 Academicprojects[
@ Visibility
& Design Time
3 Description | 7
& Run Time
Tags (2 ® £
Dynamic (2. [[]

5. Add a new term by typing it in the box (RaspberryPi) and click the Add Term button. Then click

Done.

Manage Terms

6. Click Save again to save the model tag with the new term.
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Create a Thing Shape

7. Onthe Home tab, Modeling section, select Thing Shapes and click New.

Thing

A PTC Busk
A\
i 3
= .
@ Al ] hing Shapes 'z
¥ MODELING o= New L View Z Edit [ Duplicate R Deletd
Things

Filtering by: Exclude System Objects
|& Thing Templates

A Thing Shapes [[] View Name De
Lo 1] |

| Data Shapes [ 0 bu GlobalSessionProperties D4
% Networks
Model Tags [ 0 h» FormulaStudent-MedicalParametersShape
¥ VISUALIZATION P = h FormulaStudent-TirePressureShape
| Mashups =
| Masters [ llF =) ki Session

8. Enter the name (Am2302Shape) in the Name section.

9. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the Search Results dialog box.

4> (& New ThingShape - 1kl %
& New Thing Shape - cncercar [T
MFORMA o General Information :
|+ General Information
S INdrHe 1 | Am2302Shape I Home Mashup 2
Avatar
| Description
Last Modified Date ? No
oy Tags 2 || 7
A Design
R Search Results @ ciear
R sta
- Actions: + ' Tem
fov e —— P
Documentation ¥ Rece o -

10. Select Properties from the Entity Information section.
11. Click Add My Property.
12. Complete the property fields as follows:

a. Name: Prop_Temperature

b. Base Type: Number

c. Select the Logged checkbox
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13. Click Done and Add.

14. Complete the property fields as follows:
a. Name: Prop_Humidity
b. Base Type: Number
c. Select the Logged checkbox

15. Click Done.
Q AcademicProjects % A Am2302Shape wx %
Propenies 3 & Add My Propety v S Edi 2 Delete Duplicate
v My Properties
&2 Serv Bt Nome Type Alerts Additional Info Default Value DataChange i o E
# Prop_Temperature 0 Alerts VALUE: 0
= ; ] | Prop_ Humidity 0 Aterts VALUE: D =y
S Prop_Humidity wy propeny~
a : \m«mnwxnm 2 \uﬂ’mmh ? Aspects 7
Nam, Pr

@ Run Time Int ame 1 0p_Hurmidity Base Type 1 # NUMBER Persistent 1

Description 1 Read-only 1
Units 1

& Change History
Logged 1
Min Valoe

i Data Change Info 7

Oata Change Type 1 Vakie™

Alerts 2 & Manage Alerts Has Defavlt Value 7
Change Threshold

Enabled? Type  Config Name  Desc

O con -

16. Click Save on the top of the screen.

NOTE: The Logged box specifies if the property value should be automatically logged to a Value Stream
whenever the data changes.

Create a Thing Template

17. On the Home tab, Modeling section, select Thing Templates and click New.

18. Enter the name (Am2302Template) in the Name section.

19. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the Search Results dialog box.

20. On the Base Thing Template field allocate a Remote Thing Template by typing RemoteThing
and selecting the template from the dialog box.

21. On the Implemented Shapes field allocate the already created Am2302Shape by typing
Am2302Shape and selecting the shape from the dialog box.

NOTE: Using a RemoteThing Template gives a Thing Template the necessary properties to send or
receive data remotely. Adding an Implemented Shape makes a Thing Template inherit all the properties

on that Thing Shape.
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22. Click Save on the top of the screen.

BEEEE :

ing Template (EEETIED

o General Information :

Cancel

Eait

[ 000 -] s

I.‘Mmf ?

I Home Mashup '

Deseription 1

Tags 1

et
Last Modified Date 1. No date and time selected

Value Stream 1 7

lp.m Thing Template 1 d RemoteThing 3¢

& Am

2Shape B
Impiemented Shapes 1

B L

Documentation .1

F m === R OO0 AN = 53 —

23. Click Properties on the left side of the screen and notice all the properties inherited from the
Base Thing Template and the Implemented Shape.

ENTITY INFORMATION

@ General Information

&7 Services
Events

& Subscriptions

PERMISSIONS

@ Visibility

@ Visibility Instance

& Design Time

¢{& Design Time Instance
& Run Time

& Run Time Instance
CHANGE HISTORY
44 Change History
DEPENDENCIES

2 Entity Depends On
®15 Uses This Entity

i Properties :

¥ My Properties
Name Type

No Properties

Alerts Additional Info Default Value  DataChange |~

P
(i

# L Connectable &%
Name
«+ isConnected

[ lastConnection

w Base ThingTemplate - Properties

Type Alerts Additional Info Defd

0 Alerts falsq

0 Alerts

w ThingShapes - Properti
¥ b Am2302Shape &)
Name
# Prop_Temperature

# Prop_Humidity

I3 Generic ProErties

es

Type Alerts Additional Info Defd

0 Alerts

0 Alerts
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Create a Thing

It is necessary to create a Thing to later bind the data that will be received from the Am2302 sensor.

24. On the Home tab, Modeling section, select Things and click New.

25. Enter the name (Am2302Thing) in the Name section.

26. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the Search Results dialog box.

27. On the Thing Template field allocate the already created Am2302Template by typing
“Am2302Template” and selecting the template from the dialog box.

28. Click Save on the top of the screen.

@ | & AcademicProjects % | [&] Am2302Shape ¥ | &) Am2302Template %X | d Am2302Thing X

Cancel Edit

@ Am2302Thing :

ENTITY INFORMATION

i General Information

Properties
& Services
7 Events
§ Subscriptions

[C] Home Mashup

PERMISSIONS

@ Visibility

i Design Time
5 Run Time
CHANGE HISTORY
44 Change History

DEDEMNDENCTE

o General Information :

IName 2 Am2302Thing I Adt
Home Mas
Description | 2
Aval
RaspberryPi | % PublisH
Tags 2
L Identi
Thing Template |2 |&) Am2302Template Last Modified D
Implemented Shapes ' 2 7/ Value Stre:

29. Click Properties on the left side of the screen and notice all the properties inherited from the

Am2302Template.

ENTITY IN

AATION

@ General Information

B properties

@7 Services
Events
| Subscriptions

] Home Mashup
PERMISSIONS
@ visibility
& Design Time
&5 Run Time
CHANGE HISTORY
44 Change History
DEPENDENCIES

o Entity Depends On

®15 Uses This Entity

{88 220711 g -
femeea

» roperties 2 <= Add My Property = ~ &3 Manage Bindings / Edit K Delete L Duy

¥ My Properties

[ Edit Name Type Alerts Additional Info Default Value

No Properties

v B8 Am2302Template ¥ (ThingTempl - Properties
¥ L. Connectable &3
Name Type Alerts AMditional Info Default Value
-+ isConnected 0 Alerts _~__ false l
[ lastConnection 0 Alerts | &
L. Am2302Shape
Name Type Alerts Aditional Info Default Value
# Prop_Temperature £ 0Alerts | &
# Prop_Humidity Z 0 Alerts | &

—
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Create an Application Key

In order for ThingWorx to later identify the calling program and the user that are connecting to the
website (ThingWorx Composer) it is necessary to generate an Application Key for the Raspberry Pi to
access the Composer.

NOTE: Application Keys are security tokens that can be used to login to ThingWorx instead of using
standard credentials.

30. On the Home tab, Security section, select Application Keys and click New.

31. Enter the name (Am2302Key) in the Name section.

32. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the Search Results dialog box.

33. Enter your ThingWorx username by typing it in the User Name Reference field and selecting it
from the dialog box.

34. Click Save on the top of the screen.

NOTE: A new field keyld will appear under User Name Reference field with multiple characters, which is
your Application Key.

&8 Am2302Key

o
ENTITY INFORMATION @ General Information

i General Information

PERMISSIONS I Name igl|| Am202Key I

@ visibility Description |2

& Design Time

_ERun Time ags |7 Ptelelplleaollacll RaspberryPi E

Last
CHANGE HISTORY IP Whitelist | 7

44 Change History
Client Name | 7

User Name Reference |2 &cderas I
I keyld 7  e90edd22-b4cl-4467-8b0f-fbb86624c52a I

NOTE: Make sure you use the same user to log into ThingWorx and to generate the Application Key in
this tutorial. Otherwise, the data sent from the ThingWorx Java SDK program will not be received by
ThingWorx. The remote thing will appear online and connected but no data will be received and no
message or error will appear informing you what is causing this situation.
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Create a Value Stream

In this step you will create a Value Stream to store the Temperature and Humidity values obtained by
the sensor. The Value Stream will allow you to have history data, which can later be displayed in a

Mashup using a Label Chart widget.

NOTE: If you are using ThingWorx Academic Edition, skip steps 35 to 40.

35. On the Home tab, Data Storage section, select Value Streams and click New.

Thing

APTC Business

® Al
P MODELING
P VISUALIZATION

¥ DATA STORAGE
Data Tables
i Streame
Value Streams
# Data Tags

il Persistence Providers

Value Streams

|
o= New £ view / Edit [ Duplicate % Delete % Permi
Filtering by: Exclude System Objects
View Name Description

O

0 VSTesting123
FormulaStudent-LoggedHistoryValueStream

FormulaStudent-HistoryValueStream

teststream

36. Select the ValueStream option.
37. Click Choose.

Choose ValueStream Template

There are multiple options for ThingTemplates that satisfy being a ValueStream.

Name

RemoteValueStream

Description

Remote Value Stream

ValueStream Value Stream

38. Enter the name (Am2302ProcessValueStream) in the Name section.
39. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the Search Results dialog box.
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40. Click Save.

4 4l New ValueStream - 2l %

o General Information :

T General Information

@ visiviity N Search Results
Thing Template 7

41. Go to your Am2302Thing and open it in Edit mode.

42. Start typing Am2302ProcessValueStream (VM_username if you are using ThingWorx Academic

Edition) in the Value Stream field and selecting the value stream you just created from the

Search Results dialog box.

& Am2302Thing % I

o General Information :

43, Click Save.

Create a Media Entity and Style Definitions

In this section we will create a Style Definition and add a Media Entity to it to customize the look of the

Mashup where the data will be displayed.

44. On the Home tab, Visualization section, select Media and click New.
45. Enter the name (Am2302Background) in the Name section.
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46. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the Search Results dialog box.
47. On the Image field, click Change.

4% [E] New MediaEntity - 3 g %

i h
B 1w edia vy ooz -
.
ENTITY INFORMATION i ] General Informatlon
i General Information
PERMISSIONS Name 2 Am2302Background
@ Visibility
& Design Time
Description 2

&5 Run Time

AcademicProjects [IEEEIsEalIR 4

Tags 2

48. Click Browse... and select the image provided in the project files folder
(“TWX_Background.png") to use as the background of your Mashup.
49. Click Change. You will be able to see your image in the Image field.

Change Image

I TWX_Background.png I

50. Click Save.

51. On the Home tab, Visualization section, select Style Definition and click New.

52. Enter the name (Am2302Style) in the Name section.

53. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the Search Results dialog box.

54. On the left side of the screen click Style Information.

55. On the Image field, start typing Am2302Background and select the entity from the Search Result
dialog box.
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56.

57.
58.
59.

60.
61.
62.
63.
64.

Click Save.

302Style

5 Am2302Style

Display String

/%
/%

/S %

Back on the Home tab, Visualization section, select Style Definition and click New.

Enter the name (LabelStyle) in the Name section.

Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and

selecting the tag from the Search Results dialog box.

On the left side of the screen click Style Information.

On the Foreground Color field click the color square next to the x.

On the pop up window, select black or any color you would like to use for your Mashup text.

Click Select.
Click Save.

Thing

APTC B

oV
& Design Time

& Run Time

{ 4 | D LabelStyleml X

B Lobelsy D

ENTITY INFORMATION

© General Information

“& Style Information Display String 2

44 Change History

&% LabelStyle

Background Color 2 /| %

Secondary Background Color ' ? / %
I Foreground Color | 2 H x

Font Bold 7 (]

*This concludes the Model section of this Project*
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Connect

IN THIS SECTION YOU WILL:

* Incorporate connectivity information to the Java project to provide dual communication capabilities
between the Raspberry Pi and ThingWorx.

* Create a jar file using Maven.

* Move the |ar file fo the Raspberry Pi to execute and connect it to ThingWorx.

* Bind ThingWorx properties to temperature and humidity sensor readings.

In this section we will connect the Raspberry Pi with ThingWorx in order to transfer, receive and display
data. To accomplish a successful connection we will need to configure not only ThingWorx but the
Raspberry Pi and the Java SDK project, which is the main facilitator in this project when connecting to

ThingWorx.

Configure your Java Project on the Computer
These steps will allow you to run an example of the java project on the computer and deliver it to the

Raspberry Pi for testing.

1. Open the “temperature-thing” folder saved in your home directory during the “Set Up” part of

this project.

Open the “pom.xml” file using a source code editor like Notepad++.

Look for the <properties> section of the script in the “pom.xml” file and edit as follows:
a. Update the URL where you want the JAR file to be copied to with the respective IP
address (command line 18).

Update the ThingWorx Application Key created on part A of the Connect section

(command line 21).
c. Update the Raspberry Pi IP address (command line 24).

10uld be ptcmanaged.com
1Class>com.ptcomanaged. tempthing.Main</mainClass>

<main
I- thingworxServer>wss://academic.cloud., thingwoxrx.com:443/Thingworx/WS</thingworxServer>
I-' applicationKey>499aad5£-3387-4bee-990a-c3£fb196£fcc00</applicationKey> I
J<pi.deploynent.url>scp://pi8l0.0.96.164/home/pi</pi.deploynent . url> |

ated>simulated</simulated>

.........
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4. Save the changes and close the “pom.xml” file.

NOTE: If you are working in ThingWorx Academic Edition, you need to update your “Main.java” file

[temperature-thing\src\main\java\com\ptcmanaged\tempthing\Main.java]. This file contains the

information of the Thing created on ThingWorx. To assure successful connection between the

Raspberry Pi and ThingWorx the name of the Thing has to be the same on ThingWorx and the

“Main.java” file.

5. Open the Command Prompt on your computer and go to the directory where the ThingWorx
files were extracted (It should be your home directory). The command line is cd.

6. Once in the directory, run the command [mvn package] to create the release JAR file that
enables Java to communicate with ThingWorx.

= C\WINDOWS\system32\cmd.exe

Microsoft Windows [Uersion 6.1.7601]
Copyright (c) 2009 Microsoft Corporation. All rights reserved.

D:\Users\cderas>cd temperature-thing

D:\Users\cderas\temperature-thing>mun package

7. Run the command [mvn clean install] to later move the .jar files to a specific location in the
Raspberry Pi.

LINFU] m=rto=1m MRS
[INFO]

[INFO]

L e
[INFo] .. M =

[ IO --

[IIFO] BUILD SUCCESS

[Inio]

[INFO] Total time: 13.777 s

[INFO] Finished at: 2017-03-07T15:23:39-05:00
[INFO] Final Memory: 19M/289M

[INFO]

):\Users\cderas\temperature-thing>mun clean install
“TNFN1_Seannina far nraiacte

| |
Il Il Il B BN B BN N EEm
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NOTE: Once the JAR package is built, you can deliver it to the Pi for testing.

8. Next, turn on the Raspberry Pi and manually, using WinSCP or similar terminal emulator,
transfer the created JAR file by copying from your PC from the [temperature-thing\target] folder
and paste it to the “projects” folder in the Raspberry Pi.

=B X | projects - 100101131 - WinscP ==
l—
@@ <« temperature.. » target » v}o,H Search target Je) File Commands Mark Session View Help
Fnlé \Edit View Tools Help Address &/home/ i/projects =
Organize £|Open ~ Share with ¥ New folder == v = 0 @ @ & [ FindFiles | g Download ~ | [ Edit » ”
- e B éﬁ’ v & Queue ~ > - Transfer Settings = c v
Bl i 2 100101131 | G New Session
I Desktop archive-tmp P / <root> |
¢ Downloads classes 4 | home : =
¥ Dropbox (PTC Acade generated-sources 4| pi Adafruit_Py... itemperature—
<» Recent Places generated-test-sources Desktop fthmg-jar-wit ||
L2 Documents ih-dependenc
¥-Dropbox@ersonan mavenzarchiver Downloads [ jesjar
3 maven-status Music
.| Libraries surefire-reports
Documents festiclasses projects
& Music 4 temperature-thing-1.0-SNAPSHOT jar /" Pug:icafrwt_Pytho
S Pictures | temperature-thing-jar-with-dependenciesjar python_games
B videos Templates ’l
i Videos
& Computer
& System (C)
 Data (D:) 2| U’ My
temperature-thing-jar-with-dependencies.jar 7 o s
g Dooubledarfile 4,549 KB 0 4,549 KB in 1 of 2 SFTP-3 001:25
S — -

The following steps will start the java agent from the target directory.

9. Open the Terminal window on your Raspberry Pi
10. Navigate to the “projects” folder
11. Run the following command line:

java —jar ./<jar_project_name.jar> wss://<ThingWorx Server URL or ThingWorx Server IP
Address>:443/Thingworx/WS <Application Key> <Optional Simulated or sensor and GPIO

number>

1‘ pI@raspberTypE: ~/projects
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NOTE: When the Optional Simulated parameter is provided then no hardware will be required to run this

example. It will use randomly generated temperature and humidity values.

NOTE: For better connectivity, it is recommendable to use the IP address instead of the URL for the
ThingWorx server. Also, if the server uses http then the URL/IP should start with [ws:], otherwise if using
https the URL/IP should start with [wss:]

Here are two command examples:

* java -jar ./temperature-thing-jar-with-dependencies.jar
wss://maker01.ptcmanaged.com:443/Thingworx/WS 7c¢73215e-ff40-47ee-9¢18-d29a0c5310e0
simulated

* java -jar ./temperature-thing-jar-with-dependencies.jar wss://54.173.81.52:443 /Thingworx/WS
7¢73215e-ff40-47ee-9¢18-d29a0c5310e0 2302 4

FrameEn

Fram
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In this section, you will create the necessary bindings to send data to ThingWorx. With the Raspberry Pi

connected and sending data go to your ThingWorx server.

12.
13.
14.

15.
16.

17.

18.

In the composer, open your Am2302Thing on “Edit” mode.
On the left side of the screen, go to Properties.
At the top of the page, there will be a series of buttons, click Manage Bindings.

Properties :  +admypoperty | -

v My Properties
e7 S¢ Edit Name Type Alerts Additional Info g

0 Properties

v @ Am2302Template {3 (ThingTemplate) - Properties

¥ L Connectable 3

@ Visibility Name Type Alerts Additional Info Defay
"" ; isConnected 7 0Alens & false
. [ lastConnection 7 0Alerts M
¢ inge H Y » L. Am2302Shape )
Name Type Alerts Additional Info Defay
# Prop Temperature V4 0Alerts &

Click the Remote tab on the top left side of the pop-up window.

Drag the Prop_Temperature button under Available Properties and drop it next to the
Prop_Temperature field on the table to the right under the Source/Remote Name field.
Drag the Prop_Temperature button under Available Properties and drop it next to the
Prop_Temperature field on the table to the right under the Source/Remote Name field.
Click Done on the bottom of the screen

Manage Property Bindings

Available Properties:

Connect Raspberry Pi to ThingWorx |26



19. Click the Refresh Properties button on the bottom part of the screen next the Value field on the
Am2302Shape property table and see the values update

Rl A T e —

Name Type lerts Additional Info Default Value
# Prop_Temperature @\ ? Prop_Temperature Alerts L Y. ? Read Cache, Push: VALUE +/...
# Prop_Humidity &= |/ Prop_Humidity Alerts | & | /7 Read Cache, Push: VALUE +/...

20. Click Save

NOTE: In order to receive data from the sensor connected to the Raspberry Pi, it is necessary to use the
same name given to the thing and properties created in the Model section in the temperature-thing
source code.

*This concludes the Connect section of this Project*
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Build

IN THIS SECTION YOU WILL:

* Create a Mashup to display the data obtained from the Am2302 sensor.
* Add widgets to the Mashup.

* Bind widgets and services to make the Mashup functional.

In this final section of the project, we will build the user interface called a Mashup using the ThingWorx
Composer.

Create a Mashup

1. Onthe Home tab, Visualization section, select Mashups and click New.

2. Leave predetermined settings (Mashup Type: Page, Layout Options: Responsive) and click Done.
3. Click the Info button on the top of the screen.

4. Enter the name (Am2302Mashup) in the Name section.

New Mashup

Mashup Type

Page Thing Template

(.2
[

g

Layout Options

™|
&
4

Responsive Static

5. Tag the entity by typing the name in the Model Tag section (AcademicProjects: RaspberryPi) and
selecting the tag from the dialog box.
Click Save on the top of the screen.

7. Click Edit on top of the screen, then click Design.

2 New Mashup - 1kl %

o General Information

I Neme 1/ | Am2302Mashug I

T General Information
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8. On the Widgets tab (left side of the screen), filter and/or find the Layout widget.
9. Drag the Layout widget from the Widgets tab and drop it in the white working area in the center of

the screen.
Am2302Mashup X
I P C
Category - .
— o g
yout = 22| |
|

10. On the pop up window, configure as follows:

a. Vertical Layout

b. 3 Rows
11. Click Done.

Configure Widget

Select A Layout

Layout Options

12. Back on the Widgets tab, filter and/or find the Layout widget.
13. Drag the Layout widget from the Widgets tab and drop it on the top section of white working area.

14. On the pop up window, configure as follows:

a. Horizontal

Layout

b. 2 Columns

15. Click Done.
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16. Repeat the same process for the middle and bottom rows, resulting in a 3 rows by 2 columns

section.
i Am2302Mashup s %
, oA " C : L OB Lt Prevew |awia o = efault La 5
Facegory -
x l
- =
- . d v—l"r
+ v
aroas o008
2 t
- o Qoo =
Nam. Val Il -

17. On the Widgets tab, filter and/or find the LED Display widget.

18. Drag the LED Display widget from the Widgets tab and drop it on the top left cell.

19. On the “Add a Panel” popup window click Yes.

20. Repeat the previous three steps to add another LED Display widget on the top right cell.

Add a Panel

LED Display cannot be inserted directly into a
responsive container. Would you like to add a
panel here?

Cancel Yes

21. On the Widgets tab, filter and/or find the Label widget.

22. Drag the Label widget from the Widgets tab and drop it on the top left cell below the LED Display
widget.

23. While the Label widget is still selected, go to the bottom left of the screen and search for Text in the
Properties list.

24. Type Real Time Temperature on the Text field and hit Enter.

25. Go back to the Properties list and search for Style.

26. Click on the x next to the color palette on the Style field.
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27.

28.

29.

30.
31.
32.
33.

34.
35.
36.
37.
38.
39.
40.
41.

42.

In the now open field next to Style, start typing LabelStyle and select it from the Search Results
dialog box.

Drag another Label widget from the Widgets tab and drop it in the top right cell below the LED
Display.

While the Label widget is still selected, go to the bottom left part of the screen, search for Text in
the Properties list.

Type Real Time Humidity on the empty textbox and hit enter.

Go back to the Properties list and search for Style.

Click on the x next to the color palette on the Style field.

In the now open field next to Style, start typing LabelStyle and select it from the Search Results
dialog box.
! Am23 Mashup [ View Mashup Cancel Edit
P | wll % | ] = iy © H L £ Preview | Available Space L% Default Lanauaae -

8 Label Chart

Search Results nj Advanced  Clear ‘_l_,
-
Actions: + &5 Custom
ET— T o -
=T - - i
o z y -V

A .;_.u, _4]’

Back on the Widgets tab, filter and/or find the Gauge widget.

Drag the Gauge widget from the Widgets tab and drop it on middle left cell.

Drag another Gauge widget from the Widgets list and drop it on the middle right cell.

On the Widgets tab, filter and/or find the Label Chart widget.

Drag the Label Chart widget from the Widgets tab and drop it on the bottom left cell.

Drag another Label Chart widget from the Widgets tab and drop it on the bottom right cell.

On the Widgets tab (left side of the screen), filter and/or find the Auto Refresh widget.

Drag the Auto Refresh widget from the Widgets tab and drop it on the top left cell to the left of the
LED Display.

While the Auto Refresh widget is still selected, go to the bottom left part of the screen, search for
Visible in the Properties list.
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43. Uncheck the Visible field.

¢ Am2302Mashup X 2 LabelStyle X
B 2 0302M8shup e - T .. - ERTTI
~ Bk B i S OB D | preview [Avsitsblesosce 2] | | Defoult Lanqusce =)
Category A v‘
x UDU Real Time UUU Real Time
& Auto Refresh . - '-"“pvrﬂ'-u»iﬁﬁ Refresh o Humidity
Now
Gauge Gauge
AutsRefresh-26 x|
— x I ‘ I
e - 1 Label Chart Label Chart
Visibie

44. To customize your Mashup, go to the top left of your screen and select the Workspace tab.

45. Click and select Mashup from the Workspace.

46. On the bottom left part of the screen, search for Style in the Properties list.

47. Click on the x next to the color palette.

48. In the now open field next to Style, start typing Am2302Style and select it from the Search Results
dialog box.

49. Search for BGImageSize in the Properties list and select Cover from the drop-down menu.

50. Click Save on the top of your screen to save your work.

! ;\q’,_"‘-;.")_i';,[ar,[w“p View Mashup Save @ Cancel Edit
- | IR i = QB L B Preview | avaiiabie Space [= Yefault Lanquage
x {
Ag
@‘ D D D Real Time D D [] Real Time
= ayout-1 -1 L Temperature ¢ % Refresh . Humidity
S Row 1 H O
i | Now
Layout-5 i
= Column 1
Panel-14 i
B¢ search Results « 1 comnces  cew &
L Gouge
&4 Actions: + ¢ Custom
m Q@ 249 //./Emmpln LabeiStyle o -
Bnecent @) /7770 o i)
Name //7M/sa o Label Chart
-1 [=§=] o
T DisplayName . Sample (1]
1~ Description L | B Sample | o .
= ShowDataloading v 4
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Bind Widgets and Services

51.

52.

53.
54.
55.
56.

57.
58.

On the Data tab (right side of the screen), click the green “plus” sign to the right of the tab.

Default Language |7 Data ession | User (‘

[<]x]

Name Value &=

On the pop-up window, Select Entity section, start typing the name of the thing you created
(Am2302Thing) and select it from the Search Results box.

On the Select Services section, type GetProperties to filter the Get Properties service.

Click the blue arrow pointing right to select the Get Properties service.

Select the Mashup Loaded? checkbox.

On the Select Services section, type QueryPropertyHistory to filter the Query Property History
service.

Click the blue arrow pointing right to select the Query Property History service.

Select the Mashup Loaded? checkbox.

Add Data

Immmmy & Am2302Tming % I Dynamic Selected Services

Entity Type Entity Name Service Mashup Loaded? Remove

E Things Am2302Thing GetProperties 2 x

Things AAm2302Thing QueryPropertyHistory v x
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59. Expand both red service bars on the right side of the screen by clicking on the + icon next to the

name of each service.
60. Bind the LED Display widgets:

a.
b.

Select the LED Display on the left.

Drag the Prop_Temperature property under the GetProperties service red bar and drop it on
the LED Display on the left side of the working area.

Select Data as the Binding Target in the pop-up window.

Select the LED Display on the right.

Next, drag the Prop_Humidity property under the GetProperties service red bar and drop it on
the LED Display on the left side of the working area.

Select Data as the Binding Target in the pop-up window.

By | Refresh [ Binding Target

==
=F- 100l TIpField

Gauge Gauge
@ Parameters
1 n | & Returned Data
& @ Al Data
Label Chart Label Chart
& @ Selected Row(s)

61. Bind the Gauge widgets:

a.

Drag the Prop_Temperature property under the GetProperties service red bar and drop it on
the Gauge on the left side of the working area.

Select Data as the Binding Target in the pop-up window.

Next, drag the Prop_Humidity property under the GetProperties service red bar and drop it on
the Gauge on the left side of the working area.

Select Data as the Binding Target in the pop-up window.

KD DB & & 0 W Sl HE L H Preiw auiblespace [ | [ DefautLanquace =)

- Refresh
ol
Now
Select Binding Target
|
# MinValue ers
# Mawalue m & Retumed Data
2 @ Al Data
“T- Legend Label Chart =
» @ Selected Row(s)
=T ToolTipField
o

onnections | [¥] To-Do ;
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62. Bind the Label Chart widgets:

a. Under the expanded Query Property History service red bar expand Returned Data.
b. Drag the All Data feature under the Returned Data grey bar and drop it on the Label Chart on

the left side of the working area.

c. Select Data as the Binding Target in the pop-up window.

Repeat the same process for the Label Chart on the right side

Select Binding Target

8

£ DataSour
[ Daasour
[ Darasource3
[ Datasour

[ patasources

[ Datasources

XDb B2 @ W 2 © B L Preview |Availablespace [¥] | Defauit Lanquage 7]

I PN [ DataSource?
RS [ Datasources
8l DataSourced

[ patasource10

[ patasource11
Fune aney oo

Label Chart

D2z 1

e. Click to select the Label Chart on the left side of the screen and configure the properties as

follows:
* Chart Type: Line/Marker
* XAxisField: TimeStamp
¢ XAxisFormat: hh:mm:ss

* XAxisLabelType: Date/Time
¢ DataField1: Prop_Temperature

* Datalabell: Temperature

f.  Click to select the Label Chart on the right side of the screen and configure the properties as

follows:
* Chart Type: Line/Marker
* XAxisField: TimeStamp
e XAxisFormat: hh:mm:ss

* XAxisLabelType: Date/Time
¢ DataField2: Prop_Humidity

¢ Datalabel2: Humidity

LabelChart-24

IT| XAxisField

e~ ShowXAxis

B XAxisStyle

-T- XAxisFormat

LabelChart-24 .'%3 ‘:,
data x
Name Value B2
«r SingleDataSource ]
[ Data ¢= 3

|| DataField1 Prop_TemperatuE‘ E

@ -T- Datalabell = Temperature

=T~ XAxisLabelType
# XAxisLabelRotation
v+ ShowXAxisLabels
v+ ShowXAxisTicks

-T- XAxisTitle

L4 SeriesDataStylel
|'lf| DataField2

tate Formatting

__ =)

@ -T- Datalabel2 =

- SeriesDataStyle2 State Formatting

[T DataField3 (=]
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63. Bind the Auto Refresh widget:
a.
the dropdown list.

Click the Auto Refresh button, hover over the left arrow of the widget and select Refresh from

Drag the Refresh option and drop it over the GetProperties service red bar.
Drag the Refresh option and drop it over the QueryPropertyHistory service red bar.

Select the Button widget, once selected go to the bottom left part of the screen to the list of
properties of the selected widget (Button).

Filter and/or search for the Refresh Interval property. Type 3 in the text box and hit “Tab” or

“Enter”, this gives a refresh interval of 5 seconds.

View Mashup Cancel Edit © More +
KDL E & S W% d S0 O H I Pevew |aailablespace [2] | [DefaurtLanquace  [x] Session ¢+ x
%
ected
Configure -
2 ustConnection
¥ Refresh =
T name
®« # Prop Humidity
. « # Prop Temperature
Gauge b 2d
n hingTemolate
% \.i] i & Retumed Data
- 4 @ AlData
Label Chart Label Chart
& @ Selected Rowls)

[¥}To-00

[<]x]

Name Value

64. Click Save on top of the screen

®

. Am2302Mashup %

Widgets  Mushups

3 ] Mashup L

. Layoutl

Row 1

E l Layout-5

& (L Column 1

B Am2302Mashup -

BB

"o

Srcats

Preview  Available Space [z

Default Language

& [ Panci-14
B LE0Display-15 (Y [
T Label-21 Gauge Gauge
® AutoRetresh-26
x ’i -i 1
Nowe Valse - Label Chart Label Chart

e Label-21

- Type Label

“T- DsplayName e 3

“T- Description cio ] Te-00

@ T T Reai Tine Temperatur

e 7 7%
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65. Click View Mashup

Show/Hide Log Show/Hide Debug Info & Reload Default ¥ Fullscreen hd

Real Time Real Time
Temperature Humidity

W Temperature W Humidity

200
| | | | | I | 1
02:57:37 02:56:00 02:54:20 02:51:34 02:48:35 02:46:23 02:44:24 02:42:55 02:41:18 02:57:37 02:56:00 02:54:20 02:51:34 02:48:35 02:46:23 02:44:24 02:42:55 02:41:18

*This concludes the Project*
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Additional Resources

Other Projects:
Build a Basic ThingWorx Mashup

Do you want to learn more about ThingWorx?
Visit our webpage for more information about the Academic Program at PTC.

Other Resources:
Learn the Fundamentals of 1oT Development with ThingWorx on Udemy

Questions?
Join us in the ThingWorx Community Site
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