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1.0 PROJECT BACKGROUND

This proposed project will provide intellectual exploration and practical demonstration of a new area we have termed “Second Order Open Source” (SOOS). SOOS can be thought of as the fusion of two revolutionary phenomena that are exploding in popularity and significance: Commons-based peer production (Open Source Software, crowdsourcing, Wikipedia, etc.) and Appropriated technologies (DIY projects such as Maker Fair, Instructables, Arduino, DIY-bio, etc.).  The result of this fusion would be the peer production of hybrid systems which combine proprietary and commons-owned components. This hybrid character would facilitate systems that can be reconfigured to meet the needs of local communities; particularly under-served groups that are most in need of the ability to adapt and appropriate under-utilized or latent resources.  

Our pilot study will be conducted on the SOOS-based creation and deployment of environmental sensors. There is national and international interest in “Citizen Science” projects that allow lay people to measure environmental toxins. Such sensors systems can also be broadly applied to STEM education. In other words there is a large-scale ready-made pool of users, and the development of these sensor systems can make strong contributions to quality of life in both ordinary and under-served communities.  In the first year we will develop and evaluate SOOS-ready prototypes for these environmental sensors, as well as the online infrastructure that will allow a SOOS community to form around these hybrid systems. The MDL team will be primarily responsible for developing the sensor system/hardware and device interface.  This sensor system will operate as a generic platform from which a larger infrastructure can be built.  The key challenge for the MDL team is to develop a platform that is flexible enough so that it can be adapted to many different uses, AND is simple enough so that one does not have to be an engineer to achieve simple “plug and play” operability out of the box.


2.0 PROJECT SCOPE

2.1 Project Team
Our SOOS leadership team draws on the unique talents and resources of RPI. Shayla Sawyer and her ECSE graduate student Chris Shing create innovative sensors utilizing nanoparticles. Their work will serve as a local test site for how the broader SOOS sensor project can work in hybrid collaboration with university driven research on specific/custom sensor technology.  Mukkai Krishnamoorthy is co-director of the Rensselaer Open Source Center and advisor for CS graduate student Louis Gutierrez, who will develop the data analysis and visualization software for the sensors as well as identify crowdsourcing tools for enriching the SOOS community. Ron Eglash is PI on the seed grant funding the MDL project. His anthology “Appropriating Technology” was one of the first texts to focus on user driven modifications of proprietary technologies.  Eglash’s STS graduate student, Kirk Jalbert, will implement the environmental sensor systems in collaboration with STEM educators and “citizen science” groups on the Navajo Nation in the summer of 2010, as well as coordinate resources and evaluate impact data for additional case studies. James Hendler is a Tetherless World Senior Constellation Professor, and will be contributing the infrastructure for the SOOS online community.

Chris Shing, Louis Gutierrez, and Kirk Jalbert will work directly in collaboration with the Multidisciplinary Design Lab (MDL) team in Spring 2011 to design the sensor platform prototype, test its application in local user communities, and develop strategies to link the sensor platform to the broader SOOS community tools under development.
	
2.2 Sensor Systems
Environmental sensor systems generally consist of three components:

Sensors:  devices specialized for the quantization and identification of specific environmental contaminants. Sources could include any material involved with human contact--water, household air, food, textiles, etc—and the contaminants cover a wide range including diesel fumes, Volatile Organic Compounds (VOCs), radioactive elements, heavy metals, and microorganisms. 

Data collection hardware:  devices which convert the analog signal from the sensor into a digital encoding for transmission or storage, as well as providing for other correlation data such as GPS. The hardware would interface with some general-purpose device such as a laptop, cell phone, or graphing calculator; or could itself be an adaptation of such a device.

Data software: The crux of the data software will be built using a multi-purpose Open Sourced platform designed specifically to encourage Collaborative Development and integration with existing technologies and platforms. At its most fundamental level, the platform will host data tools designed for statistical analysis, spectral analysis, and visualizations of data collected from the sensors.  However, this platform will also provide an environment in which other developers can build their own applications.  Additionally, client software will be developed specifically for the data collection hardware.  


3.0 OBJECTIVES

We will create a prototype environmental sensor system, using mixtures of proprietary and non-proprietary components.  This sensor system will operate as a generic platform from which a larger infrastructure can be built.  Designers of custom sensor technology, such as Sawyer/Shing and others will then be able to utilize this infrastructure to deploy their technologies into the SOOS sensor community.  

The MDL team will be primarily responsible for developing the sensor system/hardware and device interface with the end goal of launching a stable prototype by end of Spring semester 2011.  During this time Gutierrez will be developing the software infrastructure for the SOOS online community. While much of the basic online structure will be built on available Open Source technology, some special-purpose utilities will be developed in partnership with the MDL team to support the sensor device.  The MDL team will also work in collaboration with the oversight team to create supporting documents and educational tools for the community of users (e.g. circuit diagrams, instruction modules, physical layouts and other documents not normally part of open source but critical to the SOOS community).

During Summer 2011 we will run field site evaluations with STEM educators and Citizen Science groups on the Navajo Nation. At this time we will also launch the SOOS community website. We are currently in conversation with 4 groups conducting Citizen Science and STEM education projects using environmental sensors: UC-Boulder (Lupita Montoya), UCLA (Jane Margolis), UML (Fred Martin), and Santa Fe Institute (Irene Lee). We expect that they will be the initial collaborators. 


4.0 PARTICIPATORY DESIGN
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As stated, this project is meant to serve as a test for the adaptability of open source technologies to promote community empowerment.  It should be stressed that the planning model we intend to follow will thus adhere to participatory design strategies to the extent that we maintain greater awareness of user needs.  This implies a higher level of input from the users and use sites throughout the process than is typically employed in traditional design.  We anticipate direct user input during planning, prototyping, testing, and implementation stages.  This will likely be accomplished through a series of ‘check-ins’ with use sites to gather input on sequential design strategies.  The MDL team will assist the SOOS leadership team in determining best strategies for integrating user suggestions collected by the SOOS leadership team as the project moves forward.

We therefore intend to follow a methodology more in line with agile software development – where quick turnover stresses a series of iterative designs but also maintaining the more finite initial design established by the SOOS and MDL teams.  In doing so we will allow for ongoing interpretation of the initial function requirements stated below as we continue to be informed from prototypes being tested in actual use cases. 



5.0 HARDWARE REQUREMENTS
It is our intent to have many of our components derived from technologies available in the open source community as deemed appropriate by the design team (such as Arduino and the 3rd party extension modules designed for the Arduino community).  We also intend to investigate proprietary technologies (such as Texas Instruments’ LaunchPad).  Our initial belief is a module can be designed cheaply around the Arduino architecture (ATMega328 chip with bootloader installed) where the MDL team can then expand upon that architecture for our specific needs (ex. http://itp.nyu.edu/physcomp/Tutorials/ArduinoBreadboard) 
(ex. http://www.uchobby.com/index.php/2009/10/04/diy-usb-to-serial-cable-for-3/)

The motivation for this is twofold.  First, adapting open source technologies and integrating proprietary technologies will quicken the pace of development for the MDL team.  Second, just as the MDL team will be able to readily modify and reuse these technology, so too will the end users.  Therefore, the MDL team will be responsible for creating a device that contains their own technology that negotiates the integration these other resources.  
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The sensor device will be scalable so users can customize their installation based on site needs and financial constraints.  The sensor package will therefore be comprised of multiple modules, which can be swapped in and out by the user.

Standard Unit
Sensor package: an enclosed rugged case protecting the internal components
Core device: a microcontroller unit for I/O and data control
Basic sensors: these will include sensors of basic function such as light, temperature, etc.

Optional Items
Network module: an optional component for connecting to remote network hub
Additional sensors: designed specifically for this sensor device but optionally installed
	


External Items
Proprietary and open source devices: capable of expanding functions of the standard unit
3rd Party sensors: designed specifically for the standard unit but by other development teams.


	Functional Requirements

Core Device
Data I/O Ports
Datalogger
Power supply
Ruggedized case

Basic Sensors:
Temp/Humidity sensor
Sound sensor
Light sensor


	

Network Module:
GPS/RF/Bluetooth Feature




Extra Sensors:
Particle sensor 	Carbon Dioxide
Carbon monoxide 	Wind Direction and Speed
Benzene(?) 	Air Pressure
Radiation	PH / Moisture- uranium(?)              

	Nonfunctional Requirements
Lifetime
Ruggedness
Operation Distance
Calibration





5.1 Functional Requirements:

5.1.1 Core Device:

Data I/O Ports:
The key feature for our device is the ability to plug and play a number of sensors into a single control box.  To do this two pieces are required: a standard connector jack to connect the sensors to the control device and software that can decode the information.  These jacks will need to be ruggedized to withstand poor outdoor conditions. USB connection will be required for data uploading as will ports for external proprietary and open source components.
· Two parts, connector to auxiliary components, connect to computer
· Ruggedized, able to withstand mechanical stress
· USB connection to computer
· Plug and Play, ability to attach more sensors to standard unit

Datalogger:
This device must be able to store data until it can be collected by a data collection source, such as a computer, laptop, or other proprietary device.  The amount of data stored is dependant on the size of the information file as well as the power supply’s lifetime.  If this is a remote device the data will need to be stored for days on end.
· Long term data storage, need to save enough information before being collected by user

Power Supply:
Portable/User Operated:
A typical cellphone battery might suffice, given that there are numerous power controls.  Recharge can be done daily or weekly, depending on use.  A power supply cradle design can be considered to recharge the battery easily (dual power supply and outport connector) or a simple cellphone charger might work.  The power supply will need to support up to X number of sensor devices.  Therefore selection of the power control units needs to studied.  Lifetime measurements and stressors need to be considered as well as the connector’s ruggedness against poor outdoor conditions needs to be considered.
· Need to be lightweight
· Need to connect to a large number of devices
· Need to be recharged easily
· Battery and power control circuit must be looked into
· Cellphone battery can be looked into

Stationary/Remote Operating:
Renewable energy sources need to be considered in the remote case.  This will allow for the device to last for a certain amount of time before a user can return to access it.  The device should be able to supply enough power to last for X days.   Therefore, lifetime measurements of the device need to be considered.  It is crucial to understand the power drawn by the sensors at a given time.  A backup battery should be installed to maintain the purity of the data collected.  Damage to the renewable energy generator needs to be considered as well as control circuits for the power supply must be investigated.
· Need to renewable, rechargeable for battery device
· Need to last for several weeks
· Need to connect to a large number of devices
· Need to be recharged easily
· Battery, power control circuit, and inverter circuit must be looked into
· Physical hardiness of power supply

Ruggedized Case:
Portable/User Operated:
The case needs to be ruggedized enough to withstand shock from transportation, dropping, and other effects during mobility.  Also, it should be able to withstand some minor elemental damage (i.e. rain, snow, heat).  The case should be small and light enough to transport as well as allow for access to the interior for device modification (if need be).
· Withstand shock from transportation, dropping, or other mobility effects
· Withstand minor elemental damage (i.e. rain, snow, heat)
· Light weight, small, easy to access interior

Stationary/Remote Operating:
The case needs to be ruggedized to withstand shock from an environment condition.  Also, it should be able to withstand major elemental damage (i.e. rain, snow, heat) for X number of days until the user should be able to return to it.  Therefore, weatherproofing designs need to be considered such the interior of the device is not easy damaged when the case is exposed to the elements.  However, the ability access the interior easily for device modification still needs to be considered.
· Withstand shock from transportation, dropping, or other mobility effects
· Weatherproofing – withstand major elemental damage (i.e. rain, snow, heat)
· Easy to access interior


5.1.2 Basic Sensors:
The core device’s simplicity needs to maintained, however key environmental conditions should be considered at the same time.  Crucial to environmental research is location which can be done with a GPS system or through advancing programming.  Other factors that may be important are temperature and humidity at a particular location. The students will need to explore exactly what parameters are needed by environmental scientists when they perform their studies.  Therefore, basic sensors which will be included will be light, temperature, humidity, and sound. 
· Needs to record time
· Needs to know location
· Records temperature, humidity, sound, and light

5.1.3 Optional Network Module:
The device needs to output data to a data collection source.  The data collection source can be a computer, laptop, or other proprietary device.  For RF/Bluetooth antenna design becomes significant.  The distance for a PAN (personal area network) device will fit well for wireless data collection.  
· Data collection through wireless route.
· RF/Bluetooth antenna design/location important
· Needs to connect to a proprietary device
· Any PAN(personal area network) device will work

5.1.3 Extra Sensors:
(Mansel has requested the following: particle sensor, carbon monoxide, benzene, and radiation.  We should consider developing one or more of these internally or at least finding 3rd party inexpensive options to use)
· Designed from community feedback
· External and or peripheral sensors
· Can be 3rd party inexpensive or research based devices
· See “Use Cases” below




5.2 Nonfunctional Requirements:

5.2.1 Core Device:
Lifetime:
A study into the lifetime of the power supply needs to be conducted.  It is imperative that the lifetime of the device is known such that the maximum rated number of sensors and the maximum rated days without recharging in the environment can be provided.  This study is different depending on the route taken.  For the portable device a simple drain test can be considered.  A device is charged to its maximum and then run at a particular load until the device no longer functions.  Then calculations can be done to understand the maximum load and maximum number of days the device can function.  For the remote device numerous test might need to be performed.  These include the drain test from a full charged battery, but the recharge tests need to be considered as well.  These include studying the effectiveness of the renewable energy source (if used) under several environmental conditions.  
· Measure length can store data
· Measure maximum load power supply can drive
· Measure maximum amount of time power supply will last under maximum load conditions
· Important for remote device in particular

Ruggedness:
The ruggedness of the device needs to be considered.  First and foremost are the connection jacks from the control device to the sensor device.  Strain needs to be considered such that the sensor and control device maintain good contact.  Shock (mechanical or electrical) tests need to be investigated to.  Also, exposure to environmental elements, such as water, heat, and cold, need to be investigated.  Therefore, tests and testing systems for these conditions need to be designed.  It is important to know how effective the battery is under these conditions as well as the ability of the device to collect and transmit data and the calibration of the sensor devices.
· Strain on external connects needs to be tested
· Exposure to environmental tests needs to be conducted

5.2.2 Network Module 
Operational Collection Distance:
The maximum signal strength of the antenna needs to be considered.  It is important to know how far and how fast data is transmitted out of the device.  Therefore, the user can know the maximum distance in the environment the sensor can be placed before it can be used.  Also, the interaction of two devices in close proximity to each other should be considered. 
· Range of PAN device should be tested as important parameter for user to know (in terms of remote case)
· Interaction of two devices in close proximity should be studied

5.2.3 Additional:
Calibration:
Since the device is primarily a sensor it needs to be calibrated against standard equipment.  Therefore it is necessary to investigate and/or purchase calibration equipment.  For the standard device, temperature and a humidity sensor are required to check how it works.  The software will then need to be designed around the sensor.  Tests need to be conducted to be sure of the device’s calibration.  If the calibration becomes askew then further methods of adjustment need to be investigated.  These include an electrical feedback mechanism to recognize when the device outputs the incorrect reading and then corrects it or a manual adjustment system (such as screw) to correct the system.  This factor may be in the additional category, however it is essential that calibration is done to be sure that the basic device works.
· Test against commercial products, determine effectiveness of device
· Need to be able to calibrate sensors (via internal circuitry and programming or external circuitry and programming)
· Absolutely essential test to have this device work as a sensor


Storage Container:
After the device is used it is necessary to store it in such a way it can be used again.  Shock and weatherproof methods might be considered so the device can maintain calibration after not being used for a while.  
· Place to keep device after use
· May be shock and weatherproof
· May be used to supply power to device
· Not immediate


6.0 SOFTWARE REQUIREMENTS

The following software requirements have been included here as a reference for the MDL team so they have a clearer picture of how the sensor device will be used in larger context. These requirements thus refer to the SOOS community site being developed by Mukkai Krishnamoorthy and Louis Gutierrez and should not be confused with the software needed to operate the device itself.  The portion of the software development MDL will be responsible for is detailed below under Sensor: Hardware Interface.

	Functional Requrements

SOOS Community
Web Interface
Mobile Interface
Facebook Interface
Client interface

	

Sensor
Hardware Interface 


	NonFunctional Requrements

SOOS Community
Web Interface
Mobile Interface
Facebook Interface
Client interface

	

Sensor
Hardware Interface 



[bookmark: _GoBack]6.1 Functional Requirements:

Web Interface
· Supports Anonymous and Authenticated Users
· Supports a graphical interface that accurately interprets, analyzes and maps the data
· Supports and multimedia formats such as streaming media, interactive features
· Supports the development of new tools on top of core functionality

Mobile Inteface
· Support for the major mobile phone Operating Systems(iPhone, Android, WebOS, Windows)
· Supports a graphical representation of data similar to the web interface

Facebook Interface
· Supports Facebook User installation as a registered Facebook App
· Supports data representation similar to the Web Interface
· Supports Facebook connect so that users that install the App can also use log into the Web Interface
· Supports functionality with other Facebook Apps

Client Interface
· Supports multi Platform installation (Linux, Mac, Windows, mobile) **possibly browser based
· Supports the transfer of data from the Sensor device into the client Software via Bluetooth or USB
· Supports the transfer of data to the Web Server

Sensor Hardware Interface (Responsibility of the MDL Team)
· Instructs the Hardware
· Manages the onboard memory and supports reading/writing and overwriting of data
· Runs a Cron Job to Client software for the purpose of uploading data
· Sends alerts to client software for the status of battery power


6.2 Nonfunctional Requirements:

Web Interface
· The system will be available 24hrday/7day week
· The system shall have an intuitive interface in alignment with contemporary web trends
· The system shall allow for a secure transfer of personal information
· The system should allow for integration with other comparable systems 

Mobile Inteface
· The system shall have intuitive graphical interfaces compatible with all the major mobile operating systems
· The mobile interface should look and feel similar to the web interface



Facebook Interface
· The App should allow the safe and secure transmission of personal data without divulging it to third parties
· The facebook app should integrate with the web platform in a way that presents the app as an extension of the platform
· The App should allow integration with other related apps
· The App should be upgraded along with changes in the Facebook site

Client Interface
· The system should light and compact requiring very little resources from the hosting device
· The system should run in the background of the operating system
· The system should receive and transfer data via a safe and secure connection

Sensor Hardware Interface (Responsibility of the MDL Team)
· The system should use very little resources




7.0 GENERAL USE CASES

7.1 Use Case 1: Stationary Device / Remote Operating (Network Module Installed) 
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	Process name 
	 Collect Data – Stationary, Remote Operating

	Participating actors 
	User, Stationary Sensor Device, Network Hub

	Entry condition
	User decides to implement the device

	Flow of events 
	1. The User selects a location to place the device
2. The device gathers data and stores it with onboard memory
3. Periodically, the system runs a cron job and sends the data to a hub for transmission to the web server (alternatively, the data can be sent to a mobile device)
4. The memory is cleared and the device begins to gather data
5. The user periodically retrieves the device from the field to replace the batteries and do other maintenance

	Exit condition
	Ideally this process would loop until sufficient data is gathered

	Exceptions
	None

	Special requirements 
	The Process only describes events for stationary devices.





7.2 Use Case 2: Stationary Device / User Operated (No Network Module Installed)
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	Process name 
	 Collect Data – Stationary, User Operated

	Participating actors 
	User, Stationary Sensor Device, Computer Terminal

	Entry condition
	User decides to implement the device

	Flow of events 
	1. The User selects a location to place the device 
2. The device gathers data and stores it with onboard memory
3. The user retrieves the device and downloads the data
4. The user uploads the data to the web server
5. The memory is cleared, basic maintenance is performed and the user replaces the device into the field

	Exit condition
	Ideally this process would loop until sufficient data is gathered.

	Exceptions
	None

	Special requirements 
	The Process only describes events for mobile devices. 





7.3 Use Case 3: Viewing Data via SOOS Community Website

	Process name 
	 Viewing Data – Website

	Participating actors 
	User, Website

	Entry condition
	User navigates to web url

	Flow of events 
	1. The User selects the data to view (geographic and type)
2. The web server generates a graphical representation of the requested query.
3. The user submits another query.

	Exit condition
	User navigates away from the url

	Exceptions
	None

	Special requirements 
	Internet connection 





7.4 Use Case 4: Viewing Data via Social Networking App / Mobile Device

	Process name 
	 Viewing Data – Facebook

	Participating actors 
	User, Facebook App

	Entry condition
	User installs FB app on FB account

	Flow of events 
	1. The User clicks on the tab with the FB app.
2. An interface is generated where the user can submit queries for the data collected 
3. User submits query and the web server generates the reply and transmits it to FB.
4. The information is then generates on the FB app UI.
5. User submits another query.

	Exit condition
	User navigates away from the FB app.

	Exceptions
	None

	Special requirements 
	FB account required






8.0 PLANNED USE SITES SCENARIOS

8.1 Use Site 1: Albany Middle Schools
These are planned education tools for the students.  More can be developed when feedback from schools is obtained.

	Process name 
	 Weather Station (Stationary/Remote)

	Participating actors 
	Teacher, students

	Entry condition
	Actors obtain RPIsensor, Weather Station add-on

	Flow of events 
	1. Actors obtains standard unit RPIsensor, teacher obtains “Weather Station Teaching Module” 
2. Actors obtain “Weather Station add-on” equipment:
a. “Wind vane,” “anemometer,” “barometer”
3. Following teaching module, students and teachers construct and operate “Weather Station”
a. Students will monitor temperature, humidity, wind direction, wind speed, and pressure
4. The information is then generated, stored in standard unit RPI sensor
5. Actors obtain data through GENERAL USE CASE 1 or 2
6. Actors view data following GENERAL USE CASE 3 or 4

	Exit condition
	Actors decide on an end date, device fails

	Exceptions
	None

	Special requirements 
	“Weather station add-on” module and related software required



	Process name 
	 Everyday Pollution (Stationary/Remote)

	Participating actors 
	Teacher, students

	Entry condition
	Actors obtain RPIsensor,  Air Pollution add-on

	Flow of events 
	1. Actors obtains standard unit RPIsensor, teacher obtains “Everyday Pollution Teaching Module” 
2. Actors obtain “Air Pollution add-on” equipment:
a. “Particle Sensor,” “CO Sensor,” “CO2 Sensor”
3. Following teaching module, students and teachers construct and operate “Pollution Monitor”
4. The information is then generated, stored in standard unit RPI sensor
5. Actors obtain data through GENERAL USE CASE 1 or 2
6. Actors view data following GENERAL USE CASE 3 or 4

	Exit condition
	Actors decide on an end date, device fails

	Exceptions
	This case does not involve high amounts of pollution (i.e. trash) nor water based pollutions (i.e. acid rain, contaminated water)

	Special requirements 
	“Air Pollution add-on” module and related software required






	Process name 
	 Knowing My Community (Portable)

	Participating actors 
	Teacher, students

	Entry condition
	Actors obtain RPIsensor, Air Pollution add-on  	Comment by Christopher B. Shing: If you can think of more things they should monitor, please add

	Flow of events 
	1. Actors obtains standard unit RPIsensor, teacher obtains “Knowing My Community Teaching Module” 
2. Actors obtain “Air Pollution add-on” equipment:
a. “Particle Sensor,” “CO Sensor,” “CO2 Sensor”
3. Following teaching module, students and teachers construct and operate “Environmental Monitor”
a. Students are required to travel around community to gather information regarding temperature, light, noise, and air quality
4. The information is then generated, stored in standard unit RPI sensor
5. Actors obtain data through GENERAL USE CASE 1 or 2
6. Actors view data following GENERAL USE CASE 3 or 4

	Exit condition
	Actors decide on an end date, device fails

	Exceptions
	This case does not involve high amounts of pollution (i.e. trash) nor water based pollutions (i.e. acid rain, contaminated water)

	Special requirements 
	“Weather station add-on” module and related software required




	Process name 
	 My Living Environment (Stationary/Remote)

	Participating actors 
	Teacher, students

	Entry condition
	Actors obtain RPIsensor, and other stationary/remote add-ons

	Flow of events 
	1. Actors obtains standard unit RPIsensor, teacher obtains “My Living Environment Teaching Module” 
2. Actors obtain additional add-on modules
3. Following teaching module, students and teachers construct and operate “My Living Environment Monitor”
a. Students place this device in their home, monitor for a set number of days all living conditions in their house (temperature, humidity, etc).
4. The information is then generated, stored in standard unit RPI sensor
5. Actors obtain data through GENERAL USE CASE 1 or 2
6. Actors view data following GENERAL USE CASE 3 or 4

	Exit condition
	Actors decide on an end date, device fails

	Exceptions
	This case does not involve high amounts of pollution (i.e. trash) nor water based pollutions (i.e. acid rain, contaminated water)

	Special requirements 
	None



 

8.2 Use Site 2: Navajo Nation
A second use site will be in working with the Navajo Indian nation at Dine College as part of their Summer 2011 Pathways conference.  Activities will be similar to those identified in Use Site 1 above.

8.3 Use Site 3: Rensselaer Polytechnic Institute

	Process name 
	 Sawyer’s Lab, Water Contamination (Stationary/Remote)

	Participating actors 
	Sawyer’s Lab Group (ECSE Research Group)

	Entry condition
	Actors obtain RPIsensor, and develop 3rd party hardware

	Flow of events 
	1. Actors obtains standard unit RPIsensor 
2. Actors add 3rd party hardware
3. Actors place RPIsensor and 3rd party hardware into water
4. The information is then generated, stored in standard unit RPI sensor
5. Actors obtain data through GENERAL USE CASE 1 or 2
6. Actors view data following GENERAL USE CASE 3

	Exit condition
	Actors decide on an end date, device fails

	Exceptions
	None

	Special requirements 
	Device must be waterproof



NOTE:
All add-on devices will either need to be developed by MDL students or will come from third party or proprietary sources.


9.0 Workable Breakdown Schedule
The following deliverables will be adapted to a Gantt chart in collaboration with the MDL team:

Red = Research, Blue = Construction, Green = Design
Purple = Optimization, Orange = Documentation

Immediate (Term 1):
· Document MDL SOW and Gantt chart for deliverables
· Identify Core Device components
· Identify one power supply option
· Identify what coding is necessary to operate core hardware components
· Identify what coding is necessary to connect with SOOS client GUI
· Construct basic RPI sensor from proprietary and open source components allowing for ease of access for plug-and-play type devices as well as for data logging
· Develop code to run the RPI sensor
· Design portable, ruggedized case, design to withstand shock
· Calibrate sensors
· Document hardware architecture and code, specifications, schematics

Sooner than Later (Term 1 to 2):
· Identify power supplies options for device
· Identify ruggedizing options
· Develop code to connect to the SOOS GUI
· Develop sensor add-on modules
· Develop networking module
· Design power supply options
· Design weather proofing options
· Design easy calibration methods/tools/software for calibration of sensors
· Optimize plug-and-play connectors for maximum stress/shear
· Document networking and data collection processes
· Document operating manuals and tutorials for hardware and software
· Identify mass production options, consider cost analysis for full device

Future (Term 2-3):
· Optimize power supply
· Optimize ruggedized, weatherproof case for portable and remote options
· Optimize sensor calibration as well as for add-on modules
· Optimize networking module
· Identify heavy elemental protection options
· Develop extra sensor add-on modules


10.0 Required MDL Team Skills
(Forthcoming)

11.0 Documentation

10.1 Documentation of all software and hardware specifications, schematics, etc.
10.2 Tutorials for operating hardware
10.3 Tutorials for operating device software/interface
10.4 Tutorials for using SOOS community software
10.5 How-To Guides for Use (example implementations in the field)
10.6 How-To Guides for Appropriation (example modifications of the device/code)
10.7 Toolkits (learning modules designed for classroom or community education)

12.0 Appendix of Terms and Definitions
(Forthcoming)
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