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[bookmark: _Toc446436295]Overview
QualityLogic developed a prototype OpenADR A profile VEN in a Samsung SmartThings Hub to demonstrate the feasibility of using consumer IoT platforms for Demand Response (DR). This prototype was used as a demo at the 2016 Distributech show and was featured in subsequent Webinar conducted for the OpenADR Alliance.
The software developed as part of this demonstration is being released as open source software under the BSD 3-Clause license. It is important to note the VEN is NOT production code, has not been thoroughly tested, is not certified, and has the following limitations:
· HTTP Pull only, no support for secure communication
· One event limit in payload
· Maximum of 3 intervals in an event
· No support for randomization of events
· Accepts any marketContext (i.e. DR Program name)
· Event targeting limited to venID
· Default polling interval reset to 30 seconds after power cycle
The VEN executes as a SmartThings Device Handler. Polling of the VTN is controlled by periodic wake up ZigBee events sent to the SmartThings Hub from an Arduino SmartThings Shield. Load shed is accomplished by transforming the OpenADR SIMPLE event signal into “door” events (open, close, etc.) sent to the SmartThings cloud. These “door” events trigger load shed rules (dim the lights, etc.) defined using the SmartThings “Rules Machine” available on the SmartThings community site.
Configuration, monitoring, and control of the SmartThings VEN is done through the SmartThings Mobile application (Android or IOS). Users can also get more detailed information on event execution and problem reporting using the SmartThings develop portal “Live Logging” capabilities.



[bookmark: _Toc446436296]Prerequisites
This documents assumes users are familiar with the both the SmartThings and Arduino development platforms. The following hardware and software are prerequisites to installing the SmartThings VEN:

· Hardware
· SmartThings Hub
· Arduino Uno
· SmartThings Shield
· Any devices that can be controlled by SmartThings
· Software
· Arduino IDE
· Arduino SmartThings Shield Library
· “SmartThings” Mobile Application (Play Store or App Store)
· SmartThings “Rule Machine” Application 
· http://pastebin.com/kJp0QXh7
· http://pastebin.com/ejNGwZa2
· Accounts
· SmartThings Developer Portal

Before starting the SmartThings VEN installation process, you should have the following fully functional:

1) Install the SmartThings cell phone application
2) Create an account on the SmartThings App and follow on-screen instructions to connect the SmartThings Hub to your account
3) Use SmartThings App to connect other IoT devices
4) Use SmartThings provided SmartApps to test your SmartThings setup
5) [bookmark: _GoBack]Install SmartThings “Rule Machine” SmartApp and confirm you can create a rule and control devices with it. Note that this application is no longer supported on the Smart things community site or by the author. The links at the top of this page provide code that can by pasted into a smart app that is created from the SmartThings on-line IDE.
6) Install the Arduino IDE
7) Add the SmartThing’s Shield Library in the Arduino IDE environment
8) Attach the SmartThings Shield to the Arduino Uno, on the SmartThings Shield board select the “2/3” switch setting, and pair the Shield to the hub.
9) Run the “stlLED.ino” example program that comes with the SmartThings Shield library to confirm all is working correctly. The light on the SmartThings Shield board should blink up successful download of the example.
10) Log onto the SmartThings developer portal and become familiar with the environment.



[bookmark: _Toc446436297]SmartThings VEN Installation	
The following software is provided as part of the SmartThings VEN distribution:
· Ven_Device_Handler.groovy – This file contains the device handler for the SmartThings VEN
· Arduino_VEN_Poller – This folder contains the identically named “.ino” program file for the Arduino.
The first step in the installation process is to install the SmartThings VEN Device Handler in the SmartThings development environment. Follow these steps:
1) From the SmartThings developer portal IDE, select “My Device Handlers”,
2) Click the green button labeled “Create New Device Handler
3) Click the “From Code” tab
4) Cut and paste the code from the QualityLogic provided “Ven_Device_Handler.groovy” file and click the “Create” button at the bottom of the screen. You now have a Device Handler by the name of “VEN Device Handler” installed

The next step is to associate the “VEN Device Handler” with the SmartThings Arduino Shield.

1) From the SmartThings developer portal IDE, select “My Devices”
2) Click on “Arduino ThingShield” from the list of devices
3) At the bottom of the page, click on “Edit”
4) Enter “OpenADR VEN” in the “Label” field
5) Use the drop down menu in the “Type” field to select “VEN Device Handler” at the bottom of the list. 
6) Click Update at the bottom of the page. The VEN is now installed with one final step left to go

The last step in the installation process is to download the “Arduino_VEN_Poller” code to the Arduino board. This software causes the Arduino via the SmartThings Shield to periodically “wake up” the VEN so that it polls the VTN for events. Do the following:

1) Copy the QualityLogic provided “Arduino_VEN_Poller” folder into the root of you Arduino directory tree (where other projects are stored).
2) Load the “Arduino_VEN_Poller.ino” file contained in the folder and click the upload button on the Arduino IDE. The console window will show the file being compiled and downloaded to the Arduino Uno board.
3) The light on the SmartThings Shield should now blink every 30 seconds.
4) The Arduino board can be powered from an adapter or simply plugged into the back of the SmartThings Hub via a USB cable to provide power. 
5) You can go to the SmartThings Developer Portal IDE and select “Live Logging” to see the VENs attempt to connect to a VTN using the default localhost URL. This will show an error as there is no VTN at that address, but at least you will know that the VEN is alive and working!
[bookmark: _Toc446436298]Using the SmartThings VEN
Please become familiar with the SmartThings cell phone application before proceeding with this section. 
To configure and use the VEN from the SmartThings App Dashboard, select “My Home” from the bottom of the screen, then from the tabs the top of the screen and select “Things”. You should see the OpenADR VEN in your list of Things as shown below.
[image: ]
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Select the “OpenADR VEN” from the list of Things and you will see the screen below. From left to right, the first block shows the current state of an event, the middle block is an Opt Out button to exit an event before it is complete, and the right most block is a button to send the currently configured polling interval to the Arduino board. 
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Select the gear icon at the top tight of the page and you will see the VEN configuration options as show below. The venID and vtnID values much match the configuration of the VTN or events will be rejected. Enter the URL of the VTN, making sure not to modify portion of the URL starting with “/OpenADR2”. Click “Done” when changes are complete. 

If you change the polling frequency, you will need to click the Set_Poll button shown on the previous page to send the new settings to the Arduino board.  If the power is cycled on the Arduino board, the polling frequency will reset to 30 seconds, so you will need to click Set_Poll again to reset it to your desired polling frequency. Note that if the polling interval in configuration differs from the polling interval being used by the Arduino board, the fallback resume normal operations handler may not perform as expected.

[image: ]Note that on my Android phone, for some reason spaces were added to the first section of the IP address following “http://” as I typed the VTN URL. I had to go back and delete the spaces. Just a heads up. 

[image: ]Your VEN is now configured and running, polling the VTN. The next step is to use the “Rule Machine” SartApp to define rules for when load shed occurs. From the Smartthings App Dashboard, select “Marketplace” at the bottom of the screen, then click the “SmartApps” tab at the top of the screen. Scroll to the bottom of the list of topics and select “My Apps” and you will see something similar to the screen below. Select “Rule Machine” from this list to define load shed rules.






Select “Create New Rule” from this list as shown below. You will need to define 4 rules corresponding to the 4 levels of load shed possible in a SIMPLE signal contained in an OpenADR event as shown in the screen shot below. Select “Create New Rule” to define your first rule.  
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First, give your rule a name, such as “Moderate Load Shed”. Each rule requires that you select the conditions that trigger the rule and the actions to take if the rule evaluates as true. Click on “Select Conditions” and answer the questions as follows:

Select Capability – Check the “Door” checkbox
Doors – Select “OpenADR VEN
Door State – As shown in the table below to define rule for specific event signal levels

	Level of Load Shed
	Payload Signal Value
	Door State to Select

	Normal
	0
	closed

	Moderate
	1
	open

	High
	2
	opening

	Special
	3
	closing



Click “Done” when you have defined the conditions.
[image: ]
The final step the rule definition process is to define the actions that occur when the rule evaluates as true. Select “Select Action for True” from the menu shown on the previous page. The screen below will appear. Use the menu options on this screen to modify the behavior of the “Things” associated with your hub. For instance, turn down the lights or modify the temperature of a thermostat.

[image: ]

Once the rules are defined, you should have a fully function VEN that will shed load on receipt of an event!



[bookmark: _Toc446436299]Development Comments
We ran out of time to add storing the polling interval to nonvolatile EEPROM storage in the Arduino. This is a simple task that users familiar with Arduino programming may want to do. You can use the EEPROM Arduino library and simply tweak the code to store pollInterval long integer value in EEPROM storage, then retrieve the value  on power up.  
SmartApps can schedule periodic tasks, which was our original plan for waking up the VEN Device Handler periodical. If a device handler defines a capability of “polling” the SmartTHings infrastructure will call a device handler method called poll() about every 10 minutes. There is also a SmartApp called “Pollster” that allows you to schedule up to 4 periodic Things at whatever intervals you want. This sounds great, but it just wasn’t reliable, thus our fallback to using the Arduino and SmartThings Shield to wake up the VEN Device Handler periodically
The VEN does not store the current state of “Things” prior to the execution of an event. This means that when an event ends, the “Things” will return to a well-defined state defined by the “Normal Operations” rule, which may not necessarily represent the state prior to the execution of the event.




[bookmark: _Toc446436300]Support
QualityLogic is interested in your feedback on the SmartThings VEN, but we have no plans to maintain, enhance, or support this demonstration software on an ongoing basis. Feedback can be sent to jimzuber@qualitylogic.com. QualityLogic does provide paid support if necessary via our techsupport@qualitylogic.com email address. Support hours can be purchased here.
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