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A. Project Objectives
The project will build upon the existing wave energy converter (WEC) at Monterey Bay Aquarium Research Institute (MBARI) and ROS (Robot Operating System) to create an open wave energy research platform to address the current shortage of real-world testing opportunities available to most researchers.
The proposed project will have a duration of 48 month and will be split into two 24-month budget periods.
· Budget Period 1 (BP1): The objective of the first budget period is to complete the required ROS infrastructure and simulator development, create the required software package documentation, and begin involving external groups as users of the platform. We specifically plan to move a beta group of users through the simulation phase of interacting with the system and operating on the at-sea hardware in this budget period. Also, we plan to support a broader group of users interacting with the simulation component of the system in preparation for on-buoy use in Budget Period 2.
· Budget Period 2 (BP2): The objective of the second budget period is to have the system in routine use and be drawing in new users as we simultaneously move experienced users from the simulation environment to on-buoy operations. 
As a quantitative goal, we aim to be supporting on-buoy testing for 2-3 new users per year as the project progresses, totaling 6-9 unique on-buoy studies through the life of the project. To achieve this, we expect that we will need to involve 5 users in simulation for each user that proceeds to on-buoy operation.

B. Technical Scope Summary
Budget Period 1 will consist of software development needed to integrate ROS with the existing MBARI system, and the integration of existing simulation capabilities into the system in a manner that ensures code commonality between the simulated and deployed environments. Documentation, examples, and other support materials will be developed such that prospective users can obtain all they need to have an example running immediately. Additionally, limited beta use of the products of this period by internal MBARI researchers and trusted external developers will be performed to ensure usability and to identify issues early in the project. 
A Go/No-Go meeting will be held at the conclusion of Budget Period 1 in which the progress and accomplishments of the project will be presented to the Water Power Technologies Office (WPTO).
Budget Period 2 will consist of routine use of the platform in which new users are solicited, moved through simulation activities, and moved onto the buoy platform when appropriate. Any work needed to incorporate additional instrumentation and/or modify the system will also be conducted. Where appropriate, support for data analysis and preparation of publications will be performed. 

C. Tasks to Be Performed
BUDGET PERIOD 1: ROS INTEGRATION AND INITIAL USE 
In Budget Period 1 the project team will perform all integration necessary to use ROS on the existing MBARI WEC and develop the required simulation tools.  Budget Period 1 will also include a pilot application period in which a small subset of selected external users will integrate and test their algorithms on the at-sea buoy after successfully completing simulation activities.
 
Task 1.0.0: ROS integration into buoy controller 
This task will perform the basic integration of ROS into the MBARI WEC and develop the software drivers necessary for the buoy hardware components to publish and subscribe to ROS messages. At the end of this task the basic ROS messages will be defined and data from the existing hardware components will be available in these messages.
Subtask 1.1.0:  Define the system architecture of the reference design for the software.
Subtask 1.2.0: Create a ROS package of at least QL3 (ROS Quality Levels described here: https://www.ros.org/reps/rep-2004.html) defining the message data structures for the input and output of the WEC.
Subtask 1.3.0:  Create a ROS package of at least QL3 which will connect to the buoy CANbus controller and publish and subscribe to the agreed upon messages from Subtask 1.2.0.
Subtask 1.4.0:  Create a ROS package of at least QL3 which will connect to the buoy GPS/AHRS system and publish the messages standardized in 1.2.0.
Subtask 1.5.0: Create a ROS package of at least QL3 which will log all necessary data generated by the CANbus and GPS/AHRS on the buoy.
Subtask 1.6.0: Create a ROS package of at least QL3 which will provide streaming telemetry back from the buoy of the above information down-sampled to fit within bandwidth availability.
Subtask 1.7.0: Validate the software developed in subtasks 1.2.0 through 1.7.0 on the buoy hardware itself at a time the buoy is ashore. This will validate the software and any timing issues without relying on the simulation tools.
· Milestone 1.7.1: ROS is running on the MBARI WEC control computer.


Task 2.0: Integrate wave-energy simulator into ROS environment
This task will develop and integrate a simulation tool into the software that will allow the software developed in Task 1.0, and any user control software, to run independently of the buoy hardware on a typical Linux computer.
Subtask 2.1.0: Planning. This subtask will plan the integration of a simulator into the system and make decisions about the simulation interface points.
Subtask 2.2.0: Evaluate simulation tools. An appropriate simulation tool will be selected among WEC-Sim, TD_xxx, Gazebo, and other options.  Sufficient experience will be gained with that tool to enable subsequent integration.
· Milestone 2.2.1:  Simulator software and approach selected.
Subtask 2.3.0: Create a ROS package of at least QL3 which will integrate the selected simulator and provide the same standard interfaces as was defined in 1.2.0 
Subtask 2.4.0: Power take-off (PTO) and power system simulation. This subtask will develop simulated PTO controller outputs that match the hardware output in the simulated environment.
Subtask 2.5.0:  Heave Cone simulation.  This subtask will developed simulated heave-cone controller outputs that match the hardware output in the simulated environment.
Subtask 2.6.0: Develop simulation inputs. Add parameterization to the simulation to allow for inputting wave-excitation inputs from a mathematically defined spectrum as well as data measured during previous buoy deployments.
Subtask 2.7.0: Create visualization tools for controller developers to be able to understand the state of the system. These will be in a ROS package of QL3 or higher and can operate on live data from the system or interact with logged data.
Subtask 2.8.0: Test code interoperability with buoy hardware. 
· Milestone: 2.8.1: Validate simulator functionality by being able to pass existing pre-deployment functional and performance test suites.

Task 3.0.0: Publish Simulated Environment
This task will develop a complete tutorial that will allow a prospective user to download the ROS environment and all project specific code. The user will be able to independently run an example that clearly demonstrates the system and illustrates exactly the code a prospective controls researcher needs to add to test their algorithms.
Subtask 3.1.0:  Publicly release the software developed in Tasks 1 and 2 into a ROS distribution. 
Subtask 3.2.0: Create tutorials for how to use the software developed in Task 1 and 2 including instantiating a version of the simulation and writing a controller for it, following the ROS practices. 
Subtask 3.3.0: Test the tutorial effectiveness by enlisting an un-involved MBARI engineer to perform the tutorial and review their results. Resolve any issues discovered.
Subtask 3.4.0: Export example tutorial to website/portal. Package the tutorial contents in the web-site format commonly used for ROS tutorials.
· Milestone 3.4.1:  All packages are published publicly.  

Task 4.0.0: Port existing MBARI control features to new ROS system 
This task re-implements various buoy control capabilities in the new ROS based framework as a means of testing the system as well as reducing the amount of code that needs to be maintained.
Subtask 4.1.0: Transfer current telemetry logging features to ROS system.
Subtask 4.2.0: Transfer current system control features to ROS system.
Subtask 4.3.0: Run standard performance/logging tests with the ROS system. We currently execute a standard set of performance and functionality tests prior to any deployment. This task will execute the same tests to ensure that the system is suitable for at-sea use.
· Milestone 4.3.1:  MBARI control running in ROS system.

Task 5.0.0: Develop portal for user access/outreach
Develop a web presence for outreach purposes and user access to code and discussion.
Subtask 5.1.0: Select an open source toolchain for hosting the web portal. There are many open source toolchains out there which can provide the capabilities needed and will have minimal hosting overhead.
Subtask 5.2.0: Setup a communication channel for online community communication to facilitate collaboration. This can be either self-hosted or leveraging existing publicly available resources for open source projects.
Subtask 5.3.0: Create the website will provide an entry point to direct users to the available simulation tools, example controllers, and opportunities for collaborations. As well as either pointers to standard communication channels.
· Milestone 5.3.1:  Portal ready for launch

Task 6.0.0: Launch of simulation capabilities to beta group
Identify an initial group of users and make simulation capabilities of the platform available to that group.
Subtask 6.1.0: Planning and Identification of beta users.
Subtask 6.2.0: Prepare and hold webinar.
· Milestone 6.2.1: Webinar completed
Subtask 6.3.0: User support.
Subtask 6.4.0: Website and data management.
Subtask 6.5.0: Results review.

Task 7.0.0: Buoy deployment, maintenance, and recovery #1
This necessary task will be provided by MBARI as a cost share and includes the labor and expenses needed to prepare, field, and recover the WEC buoy. These deployments and recoveries will be performed in a manner consistent with MBARI’s usual mooring operation techniques, including safety precautions, marine sanctuary permitting, and Coast Guard notifications.
Subtask 7.1.0: Pre-deployment assembly and test.
Subtask 7.2.0: Deployment. 
· Milestone 7.2.1: Buoy deployed
Subtask 7.3.0: At-sea monitoring and maintenance.
Subtask 7.4.0: Recovery, cleaning and refurbishment.

Task 8.0.0: Support of on-buoy operations for beta group 
This task will support the on-buoy operations for researchers who have demonstrated success in the simulation environment.
Subtask 8.1.0: Safety review of controller behaviors in simulation. MBARI staff will evaluate the proposed controller to ensure device safety.
Subtask 8.2.0: User support during on-buoy operations. This includes performing scheduling, setting up user accounts, assisting with logging in and uploading code.
· Milestone 8.2.1: Successful on-buoy operation of code
Subtask 8.3.0: Data management. This task includes transferring appropriate logged data to users, and reviewing the results for safety and performance.
Subtask 8.4.0: Assistance with results analysis and publication.

Task 9.0.0: Marketing and outreach (Budget Period 1)
This task will advertise and develop new users by maintaining an on-line presence of the project, providing documentation and examples, performing on-line trainings, and attendance of appropriate conferences where possible.
Subtask 9.1.0: Documentation and workshop or on-line training preparation. Develop documentation and training materials, informed by needs of beta testing group.	
· Milestone 9.1.1: Workshop or online training completed
Subtask 9.2.0: Advertising.
Subtask 9.3.0: Portal maintenance.
Subtask 9.4.0: Workshop or on-line training.
Subtask 9.5.0: Conference attendance.
Subtask 9.6.0:  Coordination with University Marine Energy Research Coordinator for Rapid Data Dissemination and Technology Transfer Opportunities
This task fulfills the requirement in the FOA 2234 to ensure rapid dissemination of project data and technology transfer opportunities by working collaboratively with the new WPTO University Marine Energy Research Coordinator (UMERC). This includes providing project data and responding to requests from the UMERC in a timely manner (be responsive within five business days to periodic calls and emails from the UMERC) as well as participation in the following activities:
· Periodic in-person meetings – at least one/year at the annual summit – location TBD and will change each year
· Attend up to 3 workshops/seminars per year     
· Summarized research status for the UMERC up to twice a year


Task 10.0.0: Support of simulation capabilities (Budget Period 1)
This task includes the support needed to accommodate new users drawn from the marketing and outreach activities, who will initially be limited to the simulation environment.
Subtask 10.1.0: User support. Question answering and problem solving.
Subtask 10.2.0: Code maintenance.
Subtask 10.3.0: Results review.

Task 11.0.0: Go/No-Go Review; Continuation into Budget Period 2
MBARI will submit a continuation application for DOE to review.  MBARI will present the project status to date and how project performance compares to project objectives outlined in the SOPO.  DOE will provide a “Go” or “No-Go” based on the information provided by MBARI.
Subtask 11.1.0: Continuation application and presentation
MBARI will submit a continuation application detailing project status and readiness for BP2 at least 60 days before the end of BP1, which will include a progress report summarizing the results of the work performed to date.  Continuation into the subsequent budget period will be based on project performance, adherence to project schedule, meeting milestone objectives, compliance with reporting requirements, and overall contribution to the program goals and objectives.
As a result of the Go/No Go Review, DOE may, at its discretion, authorize the following actions: (1) continue to fund the project, contingent upon the availability of funds appropriated by Congress for the purpose of this program and the availability of future-year budget authority; (2) recommend redirection of work under the project; (3) place a hold on federal funding for the project, pending further supporting data or funding; or (4) discontinue funding the project because of insufficient progress, change in strategic direction, or lack of funding.
Go/No-Go criteria will include but are not limited to the following:
· The degree to which BP1 performance metrics were achieved, acceptable limitations, constraints, tolerances, sensitivities, and assumptions.
· Demonstrate how BP1 activities and proposed BP2 activities meet project objectives. 
· Describe relevant end customer, industry, and developer collaborations
· Describe the extent to which the project was successful with sharing data from findings for broad and timely dissemination or the planning of this dissemination.
· Discuss to what extent project management planning was successful. 
· BP1 iEdison invention disclosures and planned BP2 iEdison invention disclosures IAW the FARC.
· Other FARC required reports for BP1 or planned in BP2.
Deliverable 11.1.1: Continuation Application and Presentation.
Milestone 11.1.2: Receipt of GNG decision.

Subtask 11.2.0: Negotiations or Project Closeout
In the case of a provisional “go” decision: complete negotiations with DOE regarding Budget Period 2.  In the case of a “no-go” decision: begin project closeout activities and complete final deliverables.

BUDGET PERIOD 2: ONGOING SUPPORT OF CONTROLS RESEARCH PLATFORM 
In Budget Period 2 the system will be in regular use, moving users through simulation activities and onto the buoy platform where appropriate.

Task 12.0.0: Marketing and outreach (Budget Period 2)
This task will advertise and develop new users by maintaining an on-line presence of the project, providing documentation and examples, performing on-line trainings, and attendance of appropriate conferences or presentation at an academic seminar.  
Subtask 12.1.0: Documentation and workshop or on-line training preparation.
Subtask 12.2.0: Advertising.
Subtask 12.3.0: Portal maintenance.
Subtask 12.4.0: Workshop or on-line training.
Subtask 12.5.0: Conference attendance.
· Milestone 12.5.1: Attend conference or seminar #1



Subtask 12.6.0:  Coordination with University Marine Energy Research Coordinator for Rapid Data Dissemination and Technology Transfer Opportunities
This task fulfills the requirement in the FOA 2234 to ensure rapid dissemination of project data and technology transfer opportunities by working collaboratively with the new WPTO University Marine Energy Research Coordinator (UMERC). This includes providing project data and responding to requests from the UMERC in a timely manner (be responsive within five business days to periodic calls and emails from the UMERC) as well as participation in the following activities:
· Periodic in-person meetings – at least one/year at the annual summit – location TBD and will change each year
· Attend up to 3 workshops/seminars per year     
· Summarized research status for the UMERC up to twice a year

Task 13.0.0: Support of simulation capabilities (Budget Period 2)
This task includes the support needed to accommodate new users drawn from the marketing and outreach activities, who will initially be limited to the simulation environment.
Subtask 13.1.0: User support. Question answering and problem solving.
Subtask 13.2.0: Code maintenance.
Subtask 13.3.0: Results review.


Task 14.0.0: Buoy deployment, maintenance, and recovery #2
This necessary task will be provided by MBARI as a cost share and includes the labor and expenses needed to prepare, field, and recover the WEC buoy. These deployments and recoveries will be performed in a manner consistent with MBARI’s usual mooring operation techniques, including safety precautions, marine sanctuary permitting, and Coast Guard notifications.
Subtask 14.1.0: Pre-deployment assembly and test.
Subtask 14.2.0: Deployment.
· Milestone 14.2.1: Buoy deployed
Subtask 14.3.0: At-sea monitoring and maintenance.
Subtask 14.4.0: Recovery, cleaning and refurbishment.

Task 15.0.0: Support of on-buoy operations for deployment #2
This task will support the on-buoy operations for researchers who have demonstrated success in the simulation environment.
Subtask 15.1.0: Safety review of controller behaviors in simulation. MBARI staff will evaluate the proposed controller to ensure device safety.
Subtask 15.2.0: User support during on-buoy operations. This includes performing scheduling, setting up user accounts, assisting with logging in and uploading code.
· Milestone 15.2.1: Perform on-buoy testing
Subtask 15.3.0: Data management. This task includes transferring appropriate logged data to users, and reviewing the results for safety and performance.
Subtask 15.4.0: Assistance with results analysis and publication.

Task 16.0.0: Addition of specialized buoy capabilities
During this task any changes to the MBARI system, or addition of specialized instrumentation or capabilities that have been identified as required for a user’s needs, will be completed.
Subtask 16.1.0: Identification of practical and effective modifications. Working with users who have performed simulation work, candidate modifications will be selected.
Subtask 16.2.0: Design work to implement modifications. 
Subtask 16.3.0: Mechanical and electrical integration.
Subtask 16.4.0: Software integration and test.


Task 17.0.0: Buoy deployment, maintenance, and recovery #3
This necessary task will be provided by MBARI as a cost share and includes labor and expenses needed to prepare, field, and recover the WEC buoy. These deployments and recoveries will be performed in a manner consistent with MBARI’s usual mooring operation techniques, including safety precautions, marine sanctuary permitting, and Coast Guard notifications.
Subtask 17.1.0: Pre-deployment assembly and test.
Subtask 17.2.0: Deployment.
· Milestone 17.2.1: Buoy deployed
Subtask 17.3.0: At-sea monitoring and maintenance.
Subtask 17.4.0: Recovery, cleaning and refurbishment.

Task 18.0.0: Support of on-buoy operations for deployment #3
This task will support the on-buoy operations for researchers who have demonstrated success in the simulation environment.
Subtask 18.1.0: Safety review of controller behaviors in simulation. MBARI staff will evaluate the proposed controller to ensure device safety.
Subtask 18.2.0: User support during on-buoy operations. This includes performing scheduling, setting up user accounts, assisting with logging in and uploading code.
· Milestone 18.2.1: Perform on-buoy testing
Subtask 18.3.0: Data management. This task includes transferring appropriate logged data to users, and reviewing the results for safety and performance.
Subtask 18.4.0: Assistance with results analysis and publication.
Task 19.0.0: Final Report Preparation
Subtask 19.1.0: Final Report Preparation.
· Deliverable 19.1.1: Final Report

D. Project Management and Reporting
Reports and other deliverables will be provided in accordance with the Federal Assistance Reporting Checklist following the instructions included therein.
The project will be managed in coordination with other MBARI wave-energy buoy development activities. Time is allocated for these activities that will include work coordination between MBARI and Open Robotics (bi-weekly meetings), task list management, budget management, and internal MBARI reporting activities. Time is also allocated for the continuation report preparation, final report preparation, and participation in the Go/No-Go activities and any required WPTO Peer Review participation.
DOE Marine Energy Data Repository Plan
All data collected, as well as key deliverables, should be delivered in accordance with the Federal Assistance Reporting Checklist. Data will be uploaded either to the EERE Project Management Center (PMC), DOE CODE, Interagency Edison (iEdison), USDOE Scientific and Technical Information management system (OSTI elink), to the relevant WPTO-funded PRIMRE Knowledge Hubs (MHKDR, Tethys, Tethys Engineering, and MRE Software). Data should be uploaded as it is generated, but no later than the end of each reporting quarter in which the data is generated. The data will be made publicly available once it has been submitted, curated, and accepted into the appropriate system. Data submitted to MHKDR that have been identified as protected, or subject to a moratorium, will not be made publicly available until the period of protection is over or the moratorium has expired, and will be held in a secure section of the system. Protected Data will be treated according to the Intellectual Property Provisions of the Award.
Products resulting from WPTO financial assistance should be uploaded to the appropriate PRIMRE Knowledge Hub:
· MHKDR
· Data; including any modeling outputs, visualizations, schematics, videos, code,  software, raw data or other digital assets suitable for public release should be uploaded to DOE Marine and Hydrokinetic Data Repository (https://mhkdr.openei.org).  For more information, see the MHK Data Repository Training Video online at https://youtube.com/openei or access tutorials and frequently asked questions (FAQs) under “Help” at https://mhkdr.openei.org.
· Tethys
· Publications (such as journal articles, technical reports, conference papers, white papers, or as well as other public documents) focused on research, monitoring results, or technology development to assess and mitigate environmental effects of marine energy will be contributed to Tethys. (https://tethys.pnnl.gov/contributing-tethys). All uploads are carried out by the Tethys team at PNNL.
· Tethys Engineering
· Publications (such as journal articles, technical reports, conference papers, white papers, or as well as other public documents) focused on technical and engineering information about marine energy will be contributed to Tethys Engineering (https://tethys-engineering.pnnl.gov/contribute-tethys-engineering). All uploads are carried out by the Tethys Engineering team at PNNL.
· MRE Software
· Software developed for marine energy applications should be hosted on the PRIMRE Code Catalog (https://openei.org/wiki/PRIMRE/Code_Catalog). Submit software through the MRE Code Submission Form. Open-source software hosted on a public repository will automatically be forked into the GitHub MRE Code Hub (https://github.com/MRE-Code-Hub).



Work Breakdown Structure (WBS) 
	PROJECT TITLE
	 Open Wave-Energy Control System Development Platform

	Recipient Name
	 MBARI

	Project Start Date
	10/1/2021
	Project End Date
	9/30/2025
	
Budget Period #
	Task Type
	Task #
	Subtask #
	M or D #
	

Milestone/Deliverable Description
	Planned Project Month START
	Planned Project Month END/DUE

	1…10
	Select
	0…50
	0…n
0.0…n
	Title text from SOPO
	1…120
	1…120

	1
	T	1
	0
	0
	ROS integration into buoy controller
	1
	6

	1
	ST	1
	1
	0
	System architecture planning
	1
	2

	1
	ST	1
	2
	0
	Create ROS Package defining message data structures
	3
	5

	1
	ST	1
	3
	0
	Create ROS package that publishes CANbus data
	3
	5

	1
	ST	1
	4
	0
	Create ROS package that publishes AHRS/GPS data
	3
	5

	1
	ST	1
	5
	0
	Create ROS package that logs data on the buoy
	3
	5

	1
	ST	1
	6
	0
	Create ROS package that provides streaming telemetry
	3
	5

	1
	ST	1
	7
	0
	Test on Buoy Computer
	6
	6

	1
	M	1
	7
	1
	ROS Running on MBARI WEC Computer
	6
	6

	1
	T	2
	0
	0
	Integrate wave-energy simulator into ROS environment
	3
	8

	1
	ST	2
	1
	0
	Planning
	3
	4

	1
	ST	2
	2
	0
	Evaluate simulation tools
	4
	4

	1
	M	2
	2
	1
	Simulator selected
	5
	5

	1
	ST	2
	3
	0
	Integrate selected simulation into ROS package
	4
	5

	1
	ST	2
	4
	0
	PTO and power system simulation
	4
	5

	1
	ST	2
	5
	0
	Implement Heave Cone simulation
	4
	4

	1
	ST	2
	6
	0
	Develop Simulation Inputs
	5
	7

	1
	ST	2
	7
	0
	Develop visualization tools
	4
	7

	1
	ST	2
	8
	0
	Test code interoperability with buoy hardware
	7
	8

	1
	M
	2
	8
	1
	Simulator integrated
	8
	8

	1
	T	3
	0
	0
	Publish Simulated Environment
	8
	9

	1
	ST	3
	1
	0
	Publically release software from task 1 and 2
	8
	9

	1
	ST	3
	2
	0
	Create example tutorial
	8
	9

	1
	ST	3
	3
	0
	Test example tutorial
	8
	9

	1
	ST	3
	4
	0
	Export example tutorial to website/portal
	8
	9

	1
	M
	3
	4
	1
	All packages are published publically
	9
	9

	1
	T	4
	0
	0
	Port existing MBARI control to ROS system
	6
	9

	1
	ST	4
	1
	0
	Transfer current logging and control features to ROS system
	6
	8

	1
	ST	4
	2
	0
	Transfer current system control features to ROS system
	6
	8

	1
	ST	4
	3
	0
	Run standard performance/logging tests with ROS system
	8
	9

	1
	M
	4
	3
	1
	MBARI control running in ROS system
	9
	9

	1
	T	5
	0
	0
	Develop website/portal for user access/outreach
	7
	9

	1
	ST	5
	1
	0
	Planning and toolchain selection
	7
	7

	1
	ST	5
	2
	0
	Establish communication channel for online community
	7
	8

	1
	ST	5
	3
	0
	Create website entry-point
	8
	9

	1
	M
	5
	3
	1
	Portal ready to launch
	9
	9

	1
	T	6
	0
	0
	Launch of simulation capabilities to beta group
	9
	15

	1
	ST	6
	1
	0
	Planning and identification of beta users
	9
	9

	1
	ST	6
	2
	0
	Prepare and hold webinar
	9
	10

	1
	M	6
	2
	1
	Webinar completed
	11
	11

	1
	ST	6
	3
	0
	User Support
	10
	15

	1
	ST	6
	4
	0
	Website and data management
	10
	15

	1
	ST	6
	5
	0
	Results review
	12
	15

	1
	T	7
	0
	0
	Buoy deployment, recovery and maintenance #1
	15
	21

	1
	ST	7
	1
	0
	Pre-deployment assembly and test
	15
	16

	1
	ST	7
	2
	0
	Deployment
	15
	16

	1
	M
	7
	2
	1
	Buoy deployed
	16
	16

	1
	ST	7
	3
	0
	At-sea monitoring
	16
	21

	1
	ST	7
	4
	0
	Recovery, cleaning and refurbishment
	21
	21

	1
	T	8
	0
	0
	Support of on-buoy operations for beta group
	17
	21

	1
	ST	8
	1
	0
	Safety review of controller behaviors in simulation
	17
	17

	1
	ST	8
	2
	0
	User support during on-buoy operations
	17
	21

	1
	M	8
	2
	1
	Successful on-buoy use of user code
	21
	21

	1
	ST	8
	3
	0
	Data management
	17
	21

	1
	ST	8
	4
	0
	Assistance with results analysis and publication
	20
	21

	1
	T	9
	0
	0
	Marketing and outreach
	13
	24

	1
	ST	9
	1
	0
	Documentation and workshop or online training preparation
	13
	15

	1
	M	9
	1
	1
	Workshop or online training completed
	16
	16

	1
	ST	9
	2
	0
	Advertising
	13
	24

	1
	ST	9
	3
	0
	Website/portal maintenance
	13
	24

	1
	ST	9
	4
	0
	Workshop or online training
	18
	18

	1
	ST	9
	5
	0
	Conference attendance
	13
	24

	1
	ST	9
	6
	0
	Coordination with MERC
	13
	24

	1
	T	10
	0
	0
	Support of simulation capabilities for all interested parties
	15
	24

	1
	ST	10
	1
	0
	User support
	15
	24

	1
	ST	10
	2
	0
	Code maintenance
	15
	24

	1
	ST	10
	3
	0
	Results review
	15
	24

	1
	T	11
	0
	0
	Go/No-Go Review
	20
	24

	1
	ST	11
	1
	0
	Continuation application and presentation
	20
	22

	1
	D	11
	1
	1
	Continuation Application and Presentation
	22
	22

	1
	M	11
	1
	2
	Receipt of GNG Decision
	23
	23

	1
	ST	11
	2
	0
	Negotiation or Project Closeout
	23
	24

	2
	T	12
	0
	0
	Marketing and outreach
	25
	46

	2
	ST	12
	1
	0
	Documentation and workshop or online training preparation
	25
	28

	2
	ST
	12
	2
	0
	Advertising
	25
	46

	2
	ST
	12
	3
	0
	Website/portal maintenance
	25
	46

	2
	ST
	12
	4
	0
	Workshop or online training
	28
	30

	2
	ST
	12
	5
	0
	Conference attendance
	25
	36

	2
	M
	12
	5
	1
	Attend conference or seminar
	36
	36

	2
	ST
	12
	6
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