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2	Revision History
	Date	
	Author
	Revisions Made

	12/02/16
	Karthick Shankar
	New Design Document started



[bookmark: _Toc175038718]
3	Design Status Summary
	Phase 6: Service / Maintenance 
	Status:

	Gate 6: Project Partner and Advisor approve continued fielding of project.  If not, retire or redesign.

	Date of Advisor approval:
	

	
	

	Phase 5:  Delivery 
	Status:

	Gate 5: Continue if Project Partner, Advisor and EPICS Admin agree that project is ready for delivery! 

	Date of Advisor approval:
	

	
	

	Phase 4:  Detailed Design 
	Status: 

	Gate 4:  Continue if can demonstrate feasibility of solution (is there a working prototype?).  Project Partner and advisor approval required. 

	Date of Advisor approval:
	

	
	

	Phase 3:  Conceptual Design 
	Status:  Currently in this phase

	Gate 3:  Continue if project partner and advisor agree that solution space has been appropriately explored and the best solution has been chosen. 

	Date of Advisor approval:
	

	
	

	Phase 2:  Specification Development
	Status: Completed 10/28

	Gate 2: Continue if project partner and advisor agree that you have identified the “right” need, specification document is completed and no existing commercial products meet design specifications.

	Date of Advisor approval:
	

	
	

	Phase 1: Project Identification 
	Status: Completed 9/23/16

	Gate 1: Continue if have identified appropriate EPICS project that meets a compelling need for the project partner. 

	Date of Advisor approval:
	


[bookmark: _Toc175038719]
4	Project Charter
[bookmark: _Toc175038720]4.1	Description of the Community Partner
This project is being completed in partnership with students at Vellore Institute of Technology and the EPICS program that they are part of at VIT. The HFIC team is working together with VIT students in order to benefit farmers in Vellore. The mission of both teams is to work together to create a solution to the problems that the farmers in Vellore are facing and to create solutions that can be implemented in many farms across the area. The farmers and the surrounding community would greatly benefit from solutions that could help with water storage, irrigation, and more efficient harvesting. 
[bookmark: _Toc168990404][bookmark: _Toc174501141][bookmark: _Toc175038721]4.2	Stakeholders
The farms and famers in Vellore that we are working with are a significant part of their community. The stakeholders in this project are the farmers, the farmer’s family, the surrounding community, other farmers throughout the area and India as a whole, students at VIT, as well as all of the people who are invested in EPICS. 
[bookmark: _Toc168990405][bookmark: _Toc174501142][bookmark: _Toc175038722]4.3	Project Objectives
The problem is that the famers in Vellore do not have appropriate and effective water storage and crop irrigation. So, our team is working specifically on the irrigation side of things. Our first objective is to give the other teams detailed information on how much water is required per season and our second objective is to come up with an efficient and useful irrigation system.
[bookmark: _Toc168990406][bookmark: _Toc174501143][bookmark: _Toc175038723]4.4	Outcomes/Deliverables
The deliverables of this project are complex as they need to be implemented in India so it needs to be something that can be build, assembled, and implemented in the farms in India, this requires that whatever prototypes and solutions are build that the materials are materials that are accessible to the VIT team and the farmers. The deliverables for this project will be an effective irrigation system that makes the best use of the water that the farms receive. 
	The outcome of this project is to hopefully be able to work with VIT to implement real solutions into the farms that will last and can create positive impacts for the farmers and community as a whole. After these solutions have been created and implemented the goal for this team is to work with VIT on other projects to continue to work together on EPICS projects and continue to build a stronger relationship with VIT. 
[bookmark: _Toc168990407][bookmark: _Toc174501144][bookmark: _Toc175038724]4.5	Overall Project Timeline
	This project is new as of Fall 2016, however a very detail conceptual design as well as prototypes need to be ready and available for presentation as of Spring 2017. The EPICS team and advisors are planning a trip to Vellore to meet with the students and the farmers so it is vital that this time has something to present to the VIT EPICS team and the farmers when we go to Vellore. 
[bookmark: _Toc175038725]
5	Overall Project Design 
[bookmark: _Toc175038726]5.1	Phase Six
	[bookmark: _Toc252188110]Phase 6: Service / Maintenance 
	Status: 
	Evidence can be found: 

	· Evaluate performance of fielded project
	
	

	· Determine what resources are necessary to support and maintain the project 
	
	

	Gate 6: Project Partner and Advisor approve continued fielding of project.  If not, retire or redesign.
	Decision:
	Rationale summary:

	Advisor approval:
	Yes / No
	Date: 



[bookmark: _Toc168990413][bookmark: _Toc174501147][bookmark: _Toc175038727]Narrative of Service/Maintenance phase of design….
5.2	Phase Five
	[bookmark: _Toc252188106]Phase 5:  Delivery 
	Status: 
	Evidence can be found:

	Goal is to refine detailed design so as to produce a product that is ready to be delivered!  In addition, the goal is to develop user manuals and training materials. 

	· Complete deliverable version of project including Bill of Materials 
	
	

	· Complete usability and reliability testing 
	
	

	· Complete user manuals/training material
	
	

	· Complete delivery review
	
	

	· Project Partner, Advisor, and EPICS Admin Approval
	
	

	Gate 5: Continue if Project Partner, Advisor and EPICS Admin agree that project is ready for delivery! 
	Decision:
	Rationale summary:

	Advisor approval:
	Yes / No
	Date: 



[bookmark: _Toc175038728]Narrative of Delivery phase of design….
5.3	Phase Four
	[bookmark: _Toc252188101]Phase 4:  Detailed Design 
	Status: 
	Evidence can be found:

	Goal is to design working prototype which meets functional specifications. 

	· Bottom-Up Development of component designs 
	
	

	· Develop Design Specification for components 
	
	

	· Design/analysis/evaluation of project, sub-modules and/or components (freeze interfaces) 
	
	

	· Design for Failure Mode Analysis (DFMEA)
	
	

	· Prototyping of project, sub-modules and/or components 
	
	

	· Field test prototype/usability testing 
	
	

	Gate 4:  Continue if can demonstrate feasibility of solution (is there a working prototype?).  Project Partner and advisor approval required.
	Decision:
	Rationale summary:

	Advisor approval:
	Yes / No
	Date: 



[bookmark: _Toc175038729]Narrative of Detailed Design phase of design….
5.4	Phase Three
	[bookmark: _Toc252188096]Phase 3:  Conceptual Design 
	Status: 
	Evidence can be found:

	Goal is to expand the design space to include as many solutions as possible.  Evaluate different approaches and selecting “best” one to move forward.  Exploring “how”.

	· Complete functional decomposition 
	Complete
	Specification Document

	· Brainstorm several possible solutions 
	Complete
	Specification Document

	· Prior Artifacts Research
	Complete
	Specification Document

	· Create prototypes of multiple concepts, get feedback from users, refine specifications
	In Progress
	

	· Evaluate feasibility of potential solutions (proof-of-concept prototypes) 
	In Progress
	

	· Choose "best" solution
	In Progress
	

	Gate 3:  Continue if project partner and advisor agree that solution space has been appropriately explored and the best solution has been chosen. 
	Decision:
	Rationale summary:

	Advisor approval:
	Yes / No
	Date: 



Narrative of Conceptual Design phase of design
[bookmark: _Toc175038730]We are currently in the Conceptual Design Phase.   We considered numerous irrigation systems, the research of which can be found in the specification document. We finalized drip irrigation as our first consideration after the result of a decision matrix. Our main innovation and research at this point of time involves different emitters in the drip irrigation system. We have made 2 3D models so far and hope to 3D print these in the upcoming semester. We are also waiting on some soil tests that VIT will send us in the first week of the next semester after which we will proceed to see the effectiveness of our current solution. We hope to have multiple revisions of our system and move on to the Detailed Design phase atleast by the mid-semester point in Spring 2017.




5.5	Phase Two
	[bookmark: _Toc252188091]Phase 2:  Specification Development
	Status: 
	Evidence can be found:

	Goal is to understand “what” is needed by understanding the context, stakeholders, requirements of the project, and why current solutions don’t meet need, and to develop measurable criteria in which design concepts can be evaluated.

	· Understand and describe context (current situation and environment) 
	Complete
	Sharepoint

	· Create stakeholder profiles
	Complete
	Sharepoint  Irrigation

	· Identify other solutions to similar needs and identify benchmark products (prior art)
	Complete
	Sharepoint

	· Define customer requirements in more detail; get project partner approval 
	Complete
	Sharepoint 

	· Develop specifications document
	Complete
	Sharepoint  Irrigation 

	· Establish evaluation criteria
	Complete
	Sharepoint

	· Establish a number for the amount of water required
	Complete
	Specification Document 

	Gate 2: Continue if project partner and advisor agree that you have identified the “right” need, specification document is completed and no existing commercial products meet design specifications. [This includes their agreeing that you have captured and documented the critical requirements and specifications for this project]
	Decision:
	Rationale summary:

	Advisor approval:
	Yes / No
	Date: 



Narrative of Specification Development phase of design:
This is the phase where we spent half the semester for research. Before we started with a solution, we needed to fully understand all aspects of the situation. Since all the other teams required a number as to how much water was required by the farmer, we did in depth research on this topic. We used the software CROPWAT to estimate how much water the crops need per season. This provided a good baseline for the other teams to move on with their own specifications. We also conducted research on crop types, soil types and rainfall – all of which can be found in the specification document. Our in-depth research also included persona development so that we can understand the effects of our solution in aspects we may not have considered before. The completion of this phase signified that we had enough data to move on to the conceptual design phase where we really got into the depth of irrigation research.
[bookmark: _Toc175038731]
5.6	Phase One
	[bookmark: _Toc252188086]Phase 1: Project Identification 
	Status: 
	Evidence can be found:

	Goal is to identify a specific, compelling need to be addressed

	· Conduct needs assessment (if need not already defined)
	Complete
	

	· Identify stakeholders (customer, users, person maintaining project, etc.)
	Complete
	Sharepoint

	· Understand the Social Context
	Complete
	Sharepoint

	· Define basic stakeholder requirements (objectives or goals of projects and constraints)
	Complete
	Sharepoint

	· Determine time constraints of the project
	In Progress
	

	Gate 1: Continue if have identified appropriate EPICS project that meets a compelling need for the project partner [This includes a Project Charter]
	Decision:

	Rationale summary:

	Advisor approval:
	Yes / No
	Date: 


Narrative of Project Identification phase of design:
This semester we were faced with the challenge with incorporating an entirely new team, mainly composed of students who were new to EPICS, and two returning students to the HFIC team. We had our Skype calls with the VIT team to learn about the new project, but in the first few weeks, our goals for working with the farmers changed multiple times. As we left this phase, we had established two main teams, one focused on water for the crops and another focused on mechanizing the harvesting methods for the crop. Being the irrigation team, we had no specific difference from the general project identification as this phase concerned all teams together. We ensured that we understood what the problem was and who would be affected by any of our solutions.
[bookmark: _Toc175038732]
6.	Semester Documentation (Fall 2016 Semester)
[bookmark: _Toc175038733]6.1	Team Members
Karthick Shankar – Design Lead
Prerena Prahlad
Abhijith Anil
Rahul Maheswaran
[bookmark: _Toc175038734]6.2	Current Status and Location on Overall Project Timeline
We are currently in the conceptual design phase. We have been meeting with our partners VIT and discussing what issues related to the irrigation techniques are most important and making design decisions based on this. The VIT team also did a site visit, which gave us more information about the region we are working with, which allowed us to move further in our phase. We currently finalized one irrigation system to start off with and will complete a prototype of this design soon. This is expected to be a project that moves into next semester due to the study abroad trip in India in Spring 2017. 
[bookmark: _Toc174501155][bookmark: _Toc175038735]6.3	Goals for the Semester
Our primary goal is to create solutions that will be of service to our farmers and their stakeholders. Harvesting cannot be completed without a proper irrigation plan, and there will be nothing to irrigate without a proper pump system set up. We hope to use our resources at Purdue with the professors in the agricultural department as well as our corporate sponsors such as Caterpillar and John Deere. By the time the Spring 2017 trip comes, we hope to have adequate solutions and deliverables. 
[bookmark: _Toc174501156][bookmark: _Toc175038736]6.4	Semester Timeline
[image: ]
[bookmark: _Toc174501157][bookmark: _Toc175038737][image: ]
6.5	Semester Budget
We have started our budget off with $1000 (for the whole team), however we have not decided on the specific parts that we will need for our deliverables, so this estimate is subject to change. We have not used any part of this budget yet.
[bookmark: _Toc174501158][bookmark: _Toc175038738]6.6	Transition Report- Fall 2016 to Spring 2017
[bookmark: _Toc174501161][bookmark: _Toc174501159][bookmark: _Toc175038739]6.6.1	Summary of Semester Progress / Comparison of Actual Semester Timeline to Proposed Semester Timeline
[bookmark: _Toc174501162][bookmark: _Toc175038740][bookmark: _GoBack]The Irrigation Team started the semester off with working closely with EPICS team at VIT to get specific details about the farms and the lives of the farmers. We found that the farmers were people who were educated till 8th grade and had deep knowledge of the current system involved in irrigating the fields. These were methods that they inherited from their forefathers and have practiced these methods for years. But, they were ready to learn new techniques to better improve the irrigation practices from what they follow now.
The progress that the Irrigation Team has made so far is about researching about the different soil types and calculating the amount of water that is required to irrigate the fields for each planting season. This helped the source/storage team to start designing and looking at specifications for the type of storage system that they would have to install on the fields. Also, we researched on ways to decrease weeding on the fields, i.e decrease the impact of external factors that can lead to decrease or failure of crop. But, this aspect has not been incorporated into any of the solutions that we have proposed so far. We were also successful in being able to decide on the type of Irrigation system that we would be installing in the fields - Drip Irrigation. We were able to decide in a sufficiently less amount of time by creating a decision matrix as soon as we finished researching the different types of irrigation systems prevalent in India and other parts of the world. We were also able to pick out the part of the drip irrigation system to which we can have the maximum innovation, if required.
Communication in this team was very good because we were able to find common ground and so the work needed to be done did not seem tedious. We distributed the work evenly, so that each team member can work on it during the week and then met once before the lab session to comprehend each other’s work and make the PIGS Presentation.
Things that did not go as we wanted are site visits to local farms and data on soil samples of the farms from the VIT Team.
Any technical specifications or data needed to understand what has been done so far can be accessed in the OneNote Notebook or the Irrigation Team Design and Specification Document.
If assistance is required on comprehending anything mentioned in the above sources, we can be contacted. The details of the members of this team have been given below:
	Name
	Email Address

	Karthick Shankar
	shankak@purdue.edu

	Prerena Prahlad
	pkottapp@purdue.edu

	Rahul Maheswaran
	rmaheswa@purdue.edu

	Abhijith Vamadev
	avamadev@purdue.edu


6.6.2	Draft Timeline for (next semester) and Relationship to Overall Project Timeline
So far in this semester, we have reached conceptual design and we’re working on our first prototype of the drip irrigation system. Hence, the timeline for the next semester should roughly be as follows:
Weeks 1-2: 3D Print the emitter models and finalize on emitter type
Weeks 2-4: Acquire soil data from VIT and run tests to estimate how effective the solution will be
Weeks 4-8: Make full specifications of the drip irrigation system to the point where it can immediately be implemented if need be.
Weeks 8-10: Consider the next type of solution and make a prototype if need be. Finalize on a solution
Weeks 10-12: Transition into detailed design phase
Weeks 12-15: Work on finishing an actual irrigation system so that it can be tested on the farms during the study abroad planned after the semester. 
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