

                



15 June 2020
HQ U.S. Coast Guard and USCG Stakeholder Questions regarding ADAC Program Year 7 Workplan for LRAUV	Comment by Randy Kee: ADAC Respectfully recommends HQ USCG and USCG Stakeholders review the ADAC, MBARI and WHOI Propeller Driven LRAUV Concept of Application, dated 3 April 2020 as a complement to the below questions and answers. V/r, Church	Comment by Trego, Kirsten R CAPT: Concur.  The draft Concept of Ops was supplied to numerous stakeholders in April for review & comment.  Document not finalized due to COVID related delays.   
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Abstract. 
The Propeller Driven LRAUV System is designed as a helicopter-portable platform, with corresponding communications buoys and which functions as a multi-mission capable system.  Through designing, fabricating and testing two platforms, two sets of sensing capabilities and three communication and navigation buoys, the LRAUV project team will provide  vehicle operators a suitable deployment package to support USCG-led Arctic oil spill response.  In sum, the ADAC LRAUV project, led by WHOI and MBARI, creates a rapid response solution to incidents occurring in the maritime environment, and increases situational awareness by characterizing the undersea and under ice conditions of  ocean surroundings, autonomously, and capable at great distances. This includes a maximum radius of action exceeding 500km, depending upon sensor loadout and other mission parameters, allowing for a significant reach beyond initial deployment for from first responders in an Arctic maritime crisis response.  	Comment by Lewandowski, Marion J CIV: To whom	Comment by Randy Kee: That is a question to be decided by HQ USCG Project Champion.  ADAC is prepared to support discussions an provide any/all assistance possible to support USCG decision-making.  V/r Church	Comment by Lewandowski, Marion J CIV: What’s a “great distance?”	Comment by Randy Kee: This is dependent on which battery type installed and what sensors are also installed.  Planning numbers are 600 KM deployment and then characterizing a spill for a period of time to then return (nominally programmed for 2 week cycle).  At the end of the day…battery life and mission tasking affect range and endurance.  V/r, Church
Increasing level of commercial marine activity in high latitudes creates an ever-growing risk of oil spills in ice laden waters.  Characterizing oil spills in remote and austere Arctic locations is a daunting challenge to the U.S. Coast Guard. Through 6 years of focused research and engineering, the LRAUV team at WHOI and MBARI have taken the original baseline Tethys Autonomous Underwater Vehicle (AUV), created by LRAUV Project Investigator Dr. Jim Bellingham, through a significant re-design effort, and have developed and fabricated a specialized easily portable long-range Arctic-capable Tethys platform equipped with oil sensors, new software and navigation systems.  
Through six years of investigations, in addition to creating (1) LRAUV, the project team has (2) provided demonstrations of the LRAUV survey capability, (3) created a simulator for establishing Standard Operating Procedures (SOP) related to AUV oil spill deployments, (4) designed and created three communications and navigation agnostic Arctic buoys, (5) designed and fabricated exchangeable nose sections with communications and homing capabilities and a mechanical retrieval and docking capability for ease of shipborne handling and recovery, (6) completed a review of a reduced cost design for USCG leveraging additive manufacturing; (7) demonstrated LRAUV system in extensive open water tests in real world oil seeps in Santa Barbara Channel California and (8) tested LRAUV in fresh water under ice in north New England.  
In ADAC Program Year 7, the LRAUV System team’s research agenda is focused on fabrication tasks associated with completing the second platform, develop additional software for improved operator-system interface, conduct investigations of fine detail testing to ensure the platform and communication systems perform in accordance with technical specifications, develop and prosecute expanded under-ice tests to evaluate LRAUV System’s performance in the full range of envisioned spill response missions in an ice-laden environment as well as high latitude tests to evaluate critical navigation systems that can only be practically evaluated in an Arctic setting.  The research agenda also includes advancing low cost production studies, producing testing documentation and all documentation required to facilitate transition, to include instruction manuals, projected preventative maintenance schedules and tactics, techniques and procedures (TTP).  The research team with facilitate familiarization of USCG personnel in LRAUV System operations in accordance Project ChampionCG transition team direction.  The skill and complexity of LRAUV operation will be largely dependent upon the complexity of specific mission parameters and sensor operations.  	Comment by Jason Roe: It may be helpful to have USCG LRAUV transition team evaluate proposed LRAUV Concepts of Application and prioritize potential mission areas. This will help further focus and drive transition priorities.	Comment by Trego, Kirsten R CAPT: Concur.  The draft Concept of Ops was supplied to several stakeholders for review & comment.  Document not finalized due to COVID related delays.   	Comment by Trego, Kirsten R CAPT: Small CG transition team stood up to guide ADAC.  Depending on transition pathway will determine level of knowledge transfer to CG.  What is not clear at this point in this research project, is the level of expertise/competency and skills the LRAUV system operator would require to be proficient.   	Comment by Randy Kee: CAPT Trego, basic system operations are suitable for USCG operations.  Complex/dynamic would warrant consideration would of supplemental support from WHOI.  V/r, Church	Comment by Trego, Kirsten R CAPT: Agreed, but understand CG has not had an underwater autonomous vehicle program, and therefore baseline knowledge of the proposed operators could be quite rudimentary. 
Specifically, in the coming program year, the LRAUV System team plans to conduct planned high latitude testing at Point Barrow or Prudhoe Bay Alaska, complete the fabrication of a second vehicle, procure, design and complete integration of a multi beam sonar sensing capability and conduct extensive testing, to include under ice evaluations as a follow-up to tests conducted in Program Year 6.  Additionally, the team will procure and integrate a Simrad EK80 echosounder for acoustic detection of oil and gas droplets in an open water and under-ice environment.  The team will work to develop user friendly software interfaces as well as a ‘backseat’ capability for autonomy software development needed for new mission behaviors and sensor integration.  The team will also develop a software simulator in order to be able to ‘simulate’ missions of LRAUV using the entirety of the system payload as well as real world environmental models.  	Comment by Trego, Kirsten R CAPT: Will this second vehicle be part of the under ice testing?
	Comment by Jason Roe: All planned year 7 under ice testing will utilize the first vehicle, “POLARIS”, as it is further along in operational readiness. Second vehicle under-ice tests could be incorporated into year 8.	Comment by Randy Kee: 2nd platform should be completed to join High Latitude tests late in Program Yr 7/early Yr 8.  	Comment by Trego, Kirsten R CAPT: Roger, thanks!
In follow-up to the successful design and engineering accomplishments of the project, in the coming project year, ADAC and LRAUV project team continue an additional research and engineering program to (1) advance collaboration and partnering with the HQ USCG Project Champion designated USCG designated POCs in operating and testing the platform, (2) seek to further reduced cost fabrication by constructing an additional LRAUV (spanned over Program Year 6 and 7), (3) conduct Arctic tests, (4) design and fabricate an additional sensor capability to LRAUV in order to create a multi-mission capable LRAUV.   	Comment by Lewandowski, Marion J CIV: In addition to the SIMRAD EK80 echosounder?	Comment by Trego, Kirsten R CAPT: What sensor?  Is this “plug and Play” capability to make multi-mission.  What CG mission is being targeted besides MEP?	Comment by Randy Kee: Sensor #1 is SeaOWL, sensor #2 is Multi-beam sonar (MB Sonar can characterize oil underneath the ice pack).  V/r, Church	Comment by Trego, Kirsten R CAPT: Thanks.  Not sure that MB Sonar gives us multi-mission capability, but rather enhances the MEP missions.  It was the multi-mission comment that led me to ask about the sensors.  
By project conclusion, ADAC and LRAUV project team will have developed a state-of-the-art capability in long range Arctic oil spill detection and characterization via an easily deployable package, advanced Project Champion designated USCG POC AUV competency, created additional LRAUV mission capability to add multiple facets of marine environmental characterization, and conducted sufficient platform testing under-ice and in high-latitude conditions to ensure USCG is provided a suitably evaluated LRAUV System.  	Comment by Lewandowski, Marion J CIV: Is this a stand-alone capability?	Comment by Randy Kee: Yes, the package of 2 platforms, 3 arctic buoys is a capable stand-alone package.  V/r Church	Comment by Trego, Kirsten R CAPT: Small CG transition team stood up to guide ADAC.  Depending on transition pathway will determine level of knowledge transfer to CG.  What is not clear at this point in this research project, is the level of expertise/competency and skills the LRAUV system operator would require to be proficient.   	Comment by Randy Kee: As discussed.  ADAC is ready to serve and support this transition pathways as desired by HQ USCG Project Champion,  V/r, Church	Comment by Trego, Kirsten R CAPT: Much appreciated.  The level of complexity for use and maintenance of the systems may influence transition strategy for the CG.	Comment by Jason Roe: LRAUV operator technical proficiency requirements largely driven by 3 factors, all of which are dependent upon CONOPS
1) complexity of mission
		Complexity of “flight” path
		Required proximity to ice/structures
		Required precision of navigation and docking
2) complexity of sensor operation
		Simultaneous use/monitoring of multiple sensors
3) Sensor Data evaluation
		Technical proficiency required to understand if LRAUV is gathering “good data”, or is there a malfunction
		Technical proficiency required to evaluate raw data in real time	Comment by Trego, Kirsten R CAPT: Thank you.  Exactly my point. 
In parallel to technical development to deliver the LRAUV System to support USCG, ADAC and research team will conduct investigations for commercialization of the System with industry.
Objective/Purpose.  
Complete a seventh year of investigations in research and engineering on the LRAUV System to provide DHS S&T and USCG a world class system for high latitude spill response and marine environment characterization. Accordingly, the WHOI and MBARI team will advance LRAUV capability for DHS S&T OUP and USCG through additional research and technical development program to (1) advance HQ USCG Project Champion designated USCG technical abilities in operating and testing the platform, (2) seek to further reduced cost fabrication by constructing an additional LRAUV (spanned over Program Year 6 and 7), (3) conduct Arctic tests (4) design and fabricate an additional sensor capability to LRAUV in order to create a multi-mission capable LRAUV, and (5) create a knowledge product outlining various scenarios and approaches to conduct an LRAUV deployment, and (6) further mature software capabilities including autonomy and simulation devices. In parallel to technical development to deliver the LRAUV System to support USCG, ADAC and research team will conduct investigations for commercialization of the System with industry, this includes specific showcasing ADAC’s planned event to host Alaskan and Arctic maritime industry leaders, response organizations, Oil Spill Removal Organizations (OSROs), maritime shippers, Arctic cruise industries, first responders, Arctic oriented non-profit groups, State of Alaska and U.S. Federal departments and agencies and National Laboratories in a two day Symposium designed to increase visibility of a variety of Arctic Domain Awareness technologies, to include ADAC research endeavors, seeking to strengthen connections, collaboration and partnering between these communities, and to explore or initiate commercial transition pathways for ADAC completed/completing research. 	Comment by Balsley, Alexander CIV: Would they be willing to test all oil detecting equipment they have at CRREL with oil and ice in FY21 Q1 (ADCP, SeaOWL fluorometer, Norbit WBMS, Chelsea UviLux) with RDC and NOAA (RDC Project 4711). I also invite them to join us for our field tests in FY21 Q2 or Q3 somewhere in USCG D1, D9, or D17.	Comment by Jason Roe: LRAUV team has also expressed interest in sensor evaluation at CRREL.  It is important to note that LRAUV sensors are selected for balance of accuracy and (low) power requirements	Comment by Randy Kee: Note, these are all COTS sensors…putting in oil is a good measure of performance, but not a fundamental sensor research need. V/r, Church	Comment by Lewandowski, Marion J CIV: Is this limited to the echosounder?	Comment by Trego, Kirsten R CAPT: Same comment as above… will this be plug and play? What CG mission is being targeted?  	Comment by Randy Kee: Sensor #1 is SeaOWL, sensor #2 is Multi-beam sonar (MB Sonar can characterize oil underneath the ice pack).  V/r, Church
	Comment by Trego, Kirsten R CAPT: Thanks, same comment as above.  Not sure that MB Sonar gives us multi-mission capability, but rather enhances the MEP missions.  It was the multi-mission comment that led me to ask about the sensors.  
	Comment by Trego, Kirsten R CAPT: Any insight into when/where this will occur??	Comment by Randy Kee: We are planning late Jan 2021.  V/r, Church	Comment by Trego, Kirsten R CAPT: Thank you.

Baseline. 
PI Dr. Bellingham’s prior laboratories at MBARI originally created the Tethys platform specifically to carry biological and chemical payloads for long distances and extended durations. The vehicle is small, about 30 cm (12 inches) in diameter, and typically requires no special handling equipment. Prior deployments ranged from a few days to over three weeks, and were conducted without the direct supervision of surface escort vehicles. The longest-range mission to date was over 1,800 km at a speed of 1 meter/second (m/s) off the coast of Moss Landing, California. The vehicle operated as far as 500 km from shore independent of any escort. However, achieving ranges two to three times greater is possible. Maximizing the vehicle range is achievable by operating at a speed of 0.5 m/s, using the buoyancy engine, shifting internal weight, trimming the vehicle to neutral buoyancy, and drifting at zero propeller speed while using minimal sensors.

The vehicle is suitable to shore-launch (whether on land or on ice pack) and recovery. A small boat can be used to tow the vehicle between a harbor entrances or the vehicle can swim itself from shore without the need of a vessel as shown during the Santa Barbara field trials in 2019. LRAUV is also deemed helicopter transportable to remote areas and the team will pursue options to test all launch and recovery methods available to of the platform in YR7.  The fabricated vehicle is approximately 230 lbs. and is possible to be carried by 2-3 4-5 personnel for short distances.  LRAUV can operate in shallow (2 meters) to continental shelf range depths (300 Meters).	Comment by Jason Roe: Test deployment from Helo in Yr 7?	Comment by Randy Kee: Under ice in New England and Lake Superior and high latitudes in Late Yr 7 or early Yr 8 (June or Julu 2021).	Comment by Trego, Kirsten R CAPT: Is this related to helicopter in first part of sentence?  Or are you referring to other modes of testing that will be done in Yr 7 (potentiall GL, Barrow…)	Comment by Randy Kee: What we want to do is test all launch methods at Point Barrow, to include Helo Launch from NSB Sikorski.  V/r, Church	Comment by Trego, Kirsten R CAPT: Thank you.  Helo ops could provide good lessons learned, although definitely caution that a robust safety plan should be put into place.   	Comment by Lewandowski, Marion J CIV: OSHA standard is 50# per person
The baseline Tethys system occupies the design space intermediate between underwater ocean gliders and the current generation of propeller-driven AUVs such as the commercialized REMUS family of AUVs developed at WHOI. Existing ocean gliders (propeller-less) such as the Teledyne Webb Slocum, the Scripps Spray, and Kongsberg Sea glider have a sufficient operational range to achieve the desired range goals needed by USCG. However, they do not have the payload capacity or power to carry the chemical and biological and mapping sensors that are required, and cannot operate at higher speeds without redesign. Typical gliders operate at speeds of about 0.3 m/s, and utilize a power source equivalent to 1W of energy with minimal power consumption.  
In contrast, existing propeller-driven AUVs such as those manufactured by Hydroid, Bluefin, OceanServer, and Teledyne Gavia consume more power, resulting in a shorter endurance. These commercial propeller-driven systems can operate for a period typically up to 24 hours at speed of 1.5 m/s, and providing ranges of less than 130 km.   These AUV’s, such as the REMUS-600, can extend their 24 hour range by greatly increasing the size and weight by adding additional battery packs and achieving 3-4 day ranges.  As a result, LRAUV is uniquely capable in its combination of payload capacity, range, and endurance for remote under-ice oil detection.  
Mission-level control of the LRAUV is achieved by using an architecture called ‘state-configured layered-control'. This is an improved variant of the layered control architecture developed by Dr. Bellingham (1991) and implemented on vehicles ranging from Webb gliders to the Dorado AUVs (the first asset deployed during Deep Water Horizon). State-configured layered control supports autonomous adaptive operations for long periods. The software building blocks of the system are behaviors, or control laws, that can be combined to accomplish tasks. These control laws are conditionally connected to the AUV to complete missions that are more complex or respond to certain contingencies. For example, vehicle software is able to detect faults in critical components and respond appropriately, greatly improving the reliability of the AUV. In some cases, through configuration changes, the Tethys may continue a mission after a component failure. For example, depth control of the submersible is a redundant system. If the elevator actuator fails, the vehicle can continue to control depth by shifting internal weight.  
Operators interact with the vehicle via an Iridium satellite link in remote areas or via Wi-Fi or cellular in near shore zones by recovering data snippets in near real-time and sending new mission commands to the vehicle as desired. Communication with the vehicle is possible when it surfaces, and interpreted at operator-determined intervals. As part of the LRAUV ADAC program, LRAUV can now remain submersed and communicate acoustically to a network of gateway buoys.  The radio relay is similar to what exists on LRAUV and consists of RF, Iridium, WIFI and cellular.
More than ten years of development of a web-based operator portal for the LRAUV has been developed[footnoteRef:2], which includes a display of science and engineering data. This portal, known as the Dash, is available via MBARI’s networked infrastructure and is now also available within WHOI enabling reliable backup from either portal to command control.  On a secure portion of the site[footnoteRef:3] users can access a command interface and a variety of utilities, such as an alert page that operators can configure to send mission data via email or mobile phones based upon certain criteria.  Prior research has established a design, created operating and navigation software, investigated the range of capabilities associated with critical components, implemented a systems integration plan, and conducted successful field-tests to validate research. The Dash also contains a map for easy tracking of where the vehicle has surveyed.  Forward-facing data is publicly available on the web. [2: 
]  [3: 
] 

Completed research to date provided a suitable design for platform fabricators to construct an LRAUV platform to meet stated parameters in navigation, mission performance, and operator ease of use.   Subsequent activities resulted in full fabrication of the LRAUV engineered design with a second platform underway.
In addition to a completed fabrication and integration of the Arctic/oil science payload, project team has provided a completed augmented AUV simulator and test scenarios addressing high-risk elements, including navigation and sensing systems, demonstrating oil-spill following capabilities in Alaskan waters.  The completed LRAUV operator simulator (with sea ice geographically situated in Alaska’s Cook Inlet), integrates software-modelling code from ADAC’s Arctic Oil Spill model (to include oil plume modeling).  This simulator is a baseline tool for research and development task to support orientation, training and mission rehearsal for LRAUV operators.
LRAUV has undergone ocean field trials to verify that top-level systems, as well as science sensors contained in the platform nose section: (Seaowl Ecopuck, CTD (Conductivity, Temperature & Depth), PAR (Photosynthetic Active Radiation (Light)), Optode (optical measurement), and ADCP’s (Acoustic Doppler Current Profiler)), and have been found fully functioning in accordance within planned parameters.  LRAUV now has two nose sections.  The small nose contains all of the sensors listed above.  The second ‘large’ nose contains the same sensors but with the added DUSBL (homing array) and dynamic docking (whisker box) system.  	Comment by Balsley, Alexander CIV: Ties back to my previous comment.  Would be nice for the team to verify these technologies (and other planned technologies for Year 7) with actual oil and ice at CRREL with RDC and NOAA.	Comment by Randy Kee: These are already proven sensors, lab work supplements are only useful to put through paces of actual oil.  V/r, Church	Comment by Trego, Kirsten R CAPT: Correct, the sensors are proven in oil (but not testing in oil under ice) which is why RDC is inviting you to participate in the oil in ice testing they are doing.  
AUV navigation is crucial for the system’s usefulness crucial system usefulness to USCG led decisions.  LRAUV has multiple modes of navigation to mitigate complex environmental conditions and changing scenarios to include:	Comment by Balsley, Alexander CIV: Incomplete sentence.
1. A GPS system built into the Tethys antenna will routinely obtain GPS fixes when the vehicle surfaces.  If surfacing is not possible Arctic buoys can provide ground-truthing via acoustics;
2. The vehicle will dead-reckon using a Doppler sonar to measure velocity relative to the bottom, and a compass for heading;  
3. An Ultra-Short-Base-Line (USBL) acoustic system will measure range and direction to a transponder/buoy acoustically, marking interesting sites for revisit by the vehicle.  
4. LBL navigation with two or more buoy transponder systems for aided navigation allowing for triangulated fixes.
In order to complete an Arctic capable oil spill deployment package, project team designed and constructed Arctic Communication buoys, oriented to an “agnostic” communications design allowing for other industry AUV’s such as REMUS to be able to share this capability.   These communication buoys include long baseline (LBL) and ultrashort baseline (USBL) systems, ACOMMS, Wi-Fi, RF, Iridium, and thermistor capability.  LBL allows for long range (up to 10 Km per buoy using traditional low frequency acoustics at 10 kHz), while USBL allows for short range (<500 meters) homing and docking for recovery under ice or in open water. The project team is currently working on improving the USBL by leveraging Navy program development in 360 degree hydrophone array technology.  This technology as enabled ranges in excess of 1 km.  The buoy system will also allow for data transfer from the LRAUV back to Command Control Center via Iridium for over the horizon communications.  In order to transfer data in a format that can be visualized by the receiving party, a software compression is included in the buoy development. These buoys are critical to enable LRAUV to operate as a “system” to effect characterization and communication of an Arctic oil spill, under sea ice, to USCG led unified command.     	Comment by Balsley, Alexander CIV: This is why them developing use-case scenarios during Year 7 will be very helpful for USCG. Those scenarios will help USCG determine how far those “remote areas” can realistically be.	Comment by Randy Kee: Yes, and this links to the Concepts of Application.  V/r, Church	Comment by Trego, Kirsten R CAPT: Where is this?  Is this a tool/capability included as part of the LRAUV System (is it viewed through Dash, and can that be accessed from anywhere that has internet connectivity?) 	Comment by Randy Kee: We envision this to be USCG Led FOSC.  In the Arctic, this could be “forward” such as a North Slope location (either Utqiargvik or Prudhoe) or USCG D17 Sector Anchorage (just examples).  V/r, Church	Comment by Trego, Kirsten R CAPT: The person with authority is the FOSC, supported by a cadre of people in a Unified Command.  My question is what is the interface that the FOSC (or the Environmental Unit in the Unified Command) will look to see the data/capture the data that is being sent from the LRAUV.  Really asking is this accessible to the Command Post, regardless of its physical location, via web based portal or is there a specific piece of equipment that is needed at the Command Post to receive the data).	Comment by Trego, Kirsten R CAPT: This could be set up anywhere, so is the data interface web based?	Comment by Randy Kee: Absolutely.  V/r, Church	Comment by Trego, Kirsten R CAPT: Ok, this is the answer to the question above.  
Advancing LRAUV further, project team designed, implemented and conducted initial testing of a platform WHOI micromodem known as “Umodem” to include advanced navigation capabilities inclusive of LBL and USBL systems.
The Umodem team at WHOI developed new firmware to allow the buoys to be used as transponders.  In sum, Umodem, USBL and whisker box are new hardware and software capabilities provided to LRAUV to assist with under ice navigation and docking, but also provide a useful capability for launch and recovery in high seas when it is not possible to approach the vehicle in close ranges. 
Additionally, when Autonomous Underwater Vehicles (AUVs) are strategically equipped with multiple sensor technologies, including cameras and sonar, they are capable of remote detection and analysis of oil under sea ice. This approach is known as search, map and classification.
Test data illustrates that AUV's remain the most mature tool for the search, map, and classification procedures routinely performed in seafloor analysis and similar methodology can be effectively applied to under-ice anomaly detection. Beyond the need for rapid detection of oil and gas in the Arctic, based on discussions and conclusions from several Center-led workshops, ADAC and the LRAUV project team notes the important utility for small AUV platforms with a variable endurance range of hours to weeks capable of mapping the seafloor for the purpose of bathymetric surveys and anomaly detection to include leaking pipelines and infrastructure. 
The project team’s investigations have determined, multibeam sonars are capable of providing a high-resolution swath map with precise readings of hard structure as well as water column oil and gas detections (see figures below). Multibeam sonars are well suited as systems for mapping the seafloor or underside of ice. Accordingly, in order to create a multi-mission capability to LRAUV, the project team PI's, will research, procure and integrate a multibeam sonar system for use on portable AUV platforms as well as a complimentary echosounder sonar.  	Comment by Balsley, Alexander CIV: Can refer to RDC report about use of Norbit’s WBMS in detecting oil within the water column for more information.	Comment by Randy Kee: Thank you.	Comment by Lewandowski, Marion J CIV: “a” multibeam sonar system…”a” complimentary echosounder. Will they outfit only one LRAUV for the multi-mission capability??	Comment by Randy Kee: At this point, we will have 2 platforms with three sensors.  2 x Sea Owl and 1 X Norbit MB Sonar.  V/r, Church
The WHOI and MBARI team conducted extensive oil seeps experiments in the Santa Barbara channel in Southern California over two phases in the summer of 2019.  The first effort was LRAUV System researchers worked with NOAA and EPA (for science verification, calibration and overall science expertise) on an array of tests conducted over a 13 day period to work in naturally occurring oil seeps in Open Ocean to evaluate LRAUV in oiled and non-oiled areas in order to test detection, mapping and fouling questions.  
Prior to these open water tests, LRAUV System’s SeaOWL sensor was successfully calibrated in the lab and baseline signals which determined needed parameters for anomaly spikes (of suspended oil droplets) to trigger an 'autonomy mapping' mission.   These initial tests of mission for sensing actual oil in open water included different mission scenarios such as:  a.) finding the source, b.) mapping out the extent of the plume and, c.) finding out where there is no signal of oil in the entire water column for 0 to 300 meters (or max depth of operating area up to 300 meters).    Additionally, following the fabrication of an Arctic buoy communication system, the new buoys were deployed in local Cape Cod waters where researchers conducted a successful dye tracking mission, which included deployment in a pattern to maximize vehicle navigation, vehicle docking and vehicle communication back to command control.  Researchers successfully tested acoustic communication ranges, data transfer and percentage of vehicle docking tries via USBL (using Remus-100 as a surrogate, as LRAUV was retained in California for testing as described previously).  Researchers successfully received navigation fixes from each buoy back to the LRAUV at approximately 10 Km away (noting that environmental conditions fluctuate and can impact sound range).
Subsequent tests were conducted in August 2019 in Santa Barbara on the LRAUV platform as collaborative exercises to simulate rapid response to an oil spill and included a team from EPA, NOAA, USCG participating aboard the USCG buoy tender, USCGC George Cobb.  LRAUV’s role in the collaborative exercise was to use its long-term operational capability to map the seeps area to quickly and efficiently detect areas of high and low oil concentrations using its onboard mapping software and SeaOwl sensor.  The LRAUV platform was deployed from a pier and conducted around the clock surveys for six days operating around the clock informing the team aboard the USCGC George Cobb and shore side where to survey each day during their response exercise.  
During these tests, researchers deployed LRAUV from shore, without a vessel using a pier-side fish crane.  Using an IPAD, researchers sent the vehicle on a preliminary search mission to map out areas known to be near source points.  The goal was to do a broad search of the area by conducting platform yo-yo’s from 1 meter to 35 meters looking for elevated detections from the SeaOwl while creating an apriority map.  Meanwhile, the team readied the two REMUS AUV’s and loaded out the USCGC George Cobb each day for field operations.  LRAUV was monitored from shore and data was passed via either a web-based portal or via cellphone. The team aboard the USCGC George Cobb, deployed the Arctic Gateway Buoy which was to be used as the data relay for LRAUV back to command control (shore-side).  LRAUV was able to reliably test its systems while informing mission planners command and on-scene first responders of where oil was and was not therefore saving people, ship and vehicle time while deploying other oil spill response kit and freeing the ship up.  The researcher team has conducted a full system evaluation, inclusive of auxiliary gear and buoys, in order to review low cost manufacturing and design improvements for Build-2 and future builds. 	Comment by Trego, Kirsten R CAPT: Were these different than command?   Two different places? 	Comment by Randy Kee: These were two locations.  LRAUV is able to dispatch under autonomous mission tasking separate from spill area focus.  V/r, Church	Comment by Trego, Kirsten R CAPT: Thanks.
LRAUV System researchers have implemented PDM tools consisting of Autodesk Vault and WHOI Roundabout for tracking current and future inventory and allowing time and cost savings for Build-2 ordering and manufacturing.  Autodesk Vault enables revision control on drawings and documentation related to the build.  With these tools in place, WHOI researchers have all mechanical drawings as well as ordering information for the entire LRAUV platform.  Build instructions will be created to augment what MBARI currently has available.  The LRAUV team has conducted initial testing under ice in a fresh water lake near Northfield Maine in the winter of 2020, where the system performed in accordance with design parameters.  However, key lessons in tactical operations where learned, such as docking and undocking to the Arctic communications buoys that are driving software modifications to the LRAUV operational controls for the platform and the under ice cable hardware of the Arctic Buoy that will be completed in subsequent research.
Methodology.  
The research team employ a task-oriented team of expert oceanographic mechanical, software and electrical engineers and operators to advance further capability in the creation of a readily deployable, easily handled, variable speed, and long range AUV capable of detecting and mapping oil spills under ice and in open water. The team leverages prior investments in AUV research and oil sensor technology, and under-ice operations.  The research method planned for Program Year 7 includes five pillars of coordinated activities.  1) Technical development, 2) advanced testing, 3) completion of low cost manufacturing studies) 4) documentation of engineering designs and tests, 5) Systems familiarization for the HQ USCG Program Champion designated USCG POCs.  	Comment by Trego, Kirsten R CAPT: Small CG transition team stood up to guide ADAC.  Depending on transition pathway will determine level of knowledge transfer to CG.  What is not clear at this point in this research project, is the level of expertise/competency and skills the LRAUV system operator would require to be proficient.   	Comment by Randy Kee: As discussed.  V/r, Church	Comment by Trego, Kirsten R CAPT: As discussed. v/r Kirsten

A critical component of ADAC Program Year 7 LRAUV System research method is to leverage mechanical and electrical engineering advances made over the past 6 years to complete technical development of the second LRAUV platform, synchronize development specifications in platform hardware and software, incorporating testing data from open water and under ice to finalize the development of two platforms and three Arctic communication buoys.  In addition to these advances of engineering and technical development, LRAUV System team will conduct advanced tests under ice and at high latitudes to evaluate and validate LRAUV System capabilities in sensors, navigation, and chemical mapping, while advancing reduced cost manufacture and working with the HQ USCG Project Champion/CG  transition team to refine an ADAC, MBARI, & WHOI developed LRAUV Systems Use Case scenarios/concept of operations document developed in Program Year 6.  This document will help inform transition pathway, as well as determine/catalogue CG actions required to implement concept of operations.  	Comment by Lewandowski, Marion J CIV: Does CG have this deliverable?	Comment by Trego, Kirsten R CAPT: Yes, USCG has draft document.  
The ADAC LRAUV project is entering the critical push to Arctic demonstration of the full suite of capabilities required for oil spill response.  Since this project has a series of ‘Arctic firsts,’ the effort is structured in a “test-evaluate-fix” cycle.  Field programs are intended to push the envelope of discrete capabilities (logistics, homing, docking, navigation, sensing, software etc.) to identify strategies for improving system performance and reliability.  In parallel with this evolution, the hand-off of LRAUV operations from MBARI to WHOI is laying the groundwork for the goal in providing USCG an available technical support entity capable to provide USCG on-call support as USCG determines suitable for LRAUV as an operational system.  	Comment by Trego, Kirsten R CAPT: This will be dependent on transition pathway…  but yes, determining relationship between DHS S&T, USCG and WHOI/MBARI after Year 7 will be a critical element of Year 7.   	Comment by Randy Kee: Respectfully agree.  V/r, Church	Comment by Lewandowski, Marion J CIV: USCG will determine suitable “on call support?”
In ADAC Program Year 6, researchers conducted the first under-ice operations at Bog Lake, Maine.  Follow-up activity to the tests falls roughly into two categories – basic functionality that needs improvement, and system-level lessons that could generate significant rework.  Examples of the former from the most recent tests include improving performance of the docking latch and undocking behavior.  An example of the latter is improving ice-buoy endurance as well as a reverse thrust capability for undocking.  Research philosophy is to learn all the lessons associated with Arctic tests, making only essential fixes, before making significant system level modifications.  Investigative team expectation is that these accumulated lessons, including many not learned yet, will be addressed in a round of transition engineering activity later in the program year.  The alternative, making significant upgrades while researchers are still working though Arctic capabilities introduces significant additional testing costs (to test the systems that have been upgraded) and schedule risk.
Early efforts in Program Year 7 will focus on fabrication of the second platform and fine detail tests in follow-up from Year 6 open water and under ice tests.  LRAUV high latitude tests originally planned for Point Barrow Alaska in July 2020 have been delayed until later in the program year due to Coronavirus/COVID-19 related travel restrictions to North Slope Alaska.  However, these high latitude test serve a number of purposes, including building good working relationships with the local community, working out logistics for Arctic deployment, and testing aspects of vehicle operations which thus far have been only carried out at moderate latitudes.  For example, tests of navigation off of Point Barrow will stress the compass due to closer proximity to the magnetic north pole.  During ADAC Program Year 7, expand under ice operations in Freshwater Lakes in New England and Lake Superior will build from what was conducted in Program Year 6, to include an opportunity for USCG familiarization activities with the system.	Comment by Balsley, Alexander CIV: Again ties back with my previous comment- hopefully RDC/NOAA can find an opportunity with ADAC team to conduct field tests together if timing works out. At the very least, RDC will send representatives to observe field tests but again, verifying oil detection equipment at CRREL with oil/ice will be helpful for both parties.	Comment by Randy Kee: Thank you.  V/r, Church	Comment by Trego, Kirsten R CAPT: Is this all realistically achievable in Year 7?  	Comment by Randy Kee: Yes, we are set for New England in Feb, Lk Superior in Mar.  High Lat in Jun/July.  V/r Church	Comment by Trego, Kirsten R CAPT: Roger, the AK test (which is the culminating research typing all pieces together)is at end of Year 7, so we will have analysis/results in Year 8. That will also be important for the transition discussion.   
The one exception to the ‘no major upgrades’ philosophy of LRAUV System research and development is a series of investments needed to make the software more supportable and usable.  The current code is very ‘tight’ in the sense that the combination of complex code running on a power efficient, minimalist processor, make code modification an expert only activity.  MBARI has made a major step forward in opening the code by introducing an additional processor to the platform known as “backstreet driver.”  This is a strategy used at WHOI, as a similar strategy was successfully used to make the REMUS vehicles more readily adaptable to new capabilities as part of aquaculture and oil detection surveys.  In Program Year 7, the research team has programmed code activities to introduce the necessary software “hooks” (dedicated points of integration) in order to make the “back-seat driver” functional, and to create a simulator that will allow testing of vehicle software on shore.  Investigators believes the simulation activity will ultimately be extremely useful for the USCG, and consequently have budgeted some experimentation with the use of video game development environments (Unity or Unreal Engine) to support non-programmer interaction with the simulator.  
In order to facilitate DHS S&T and USCG familiarization and participation in LRAUV System tests in Program Year 7, LRAUV System team will provide a test plan that aligns to USCG test protocols in advance of planned major systems and environmental tests for USCG review and feedback prior to commencing tests. The test plan will identify and outline permit and notification requirements and provide a suitable timeline. As part of transition activities, research team will provide a compilation of LRAUV System test reports which includes data, data analysis, and results separate from Year 7 program reporting.  Unless otherwise specified, ADAC and LRAUV System team will plan on HQ USCG Project Team as the overall Test Plan approval authority.	Comment by Trego, Kirsten R CAPT: If any federal, state or local permits are required for any of the testing, it is the responsibility of the COE (or designees) to apply for and obtain any such permits.   	Comment by Randy Kee: ADAC and Project team are responsible for all testing permits and other permissions.  V/r, Church
In accordance with the planned research method for technical development and testing for LRAUV System in ADAC Program Year 7 includes:
· Completing Long-BaseLine (LBL) navigation software and test in Woods Hole waters on Polaris, (LRAUV-platform #1) with two gateway buoys and the third used as a USBL dock.  
· LBL can be configured to be HF (25 kHz) or LF (10 kHz) prior to deployment.
· LBL navigation will allow LRAUV to improve its navigation capability to help ‘pinpoint’ targets in the water column as well as under-ice and on the seafloor.  For example, LBL capability will allow the new sonar payload to create accurate ‘maps’.  This type of navigation is known as triangulation.
· Conduct further Intuaware software development for vehicle-side LBL.
· Establish WHOI software engineer support (through familiarization in source code with MBARI) for developing new behaviors, integrating new sensors and creating the on-shore simulation. 
· Conducting open water test sonar payload and mapping tool capability using LBL and off-the-shelf mapping tools.
· Procuring primary lithium batteries for three buoys which will triple their current endurance as compared to the existing batteries which are listed at 4-5 days duration.
· Fabricating second docking nose and DUSBL system with long nose configuration to match Polaris.
· Procuring remaining science and navigational sensors.
· Evaluating low cost IMU for backup to onboard magnetic compass (expect high-latitude interference, therefore a low-cost, low-power IMU allows or risk mitigation.
· Evaluating alternative power sources (solar, turbines, etc.) for Arctic buoys in order to extend battery life.
· Redesigning vehicle antenna for under-ice environment and build lot.
· Finishing LRAUV Platform #2 fabrication, configure and bench test.
· Procuring auxiliary gear to support for build of second platform (tracking gear, carts).
· Conducting the following tests and systems evaluations.  Note, this activity will be conducted via Prior coordinated/reviewed Test Plan with USCG as discussed above.  	Comment by Lewandowski, Marion J CIV: See previous comments about transition 	Comment by Randy Kee: Thank you.  V/r, Church
· 		Conduct open water testing and training of systems (ADAC, MBARI, WHOI & USCG).
· Conduct New England ice tests winter of 2020-2021.	Comment by Balsley, Alexander CIV: Please make sure RDC is aware of them well in advance! Very likely we will send observers.	Comment by Randy Kee: Wil do/ V/r, Church
· Conduct Great Lakes ice test winter of 2021.	Comment by Balsley, Alexander CIV: One possible location for field tests for RDC Project 4711 too (similar timeframe as well).	Comment by Randy Kee: We are planning Great Lakes Research Center.  V/r, Church
· Conduct Oil sensor evaluation and testing at the Oil and Hazardous Materials Simulated Environmental Test Tank (Ohmsett), the National Oil Spill Response & Renewable Energy Test Facility, located in Leonardo, New Jersey.	Comment by Balsley, Alexander CIV: Or CRREL with RDC/NOAA in FY21 Q1.	Comment by Randy Kee: We will look at that.  V/r, Church	Comment by Trego, Kirsten R CAPT: DO you mean testing in ice environments in lab situations? Otherwise, not sure value since team purchased COTS sensors based on their capabilities that are proven/should be proven already (in non-ice environs).	Comment by Randy Kee: We can 	Comment by Trego, Kirsten R CAPT: I am confused by the response. What is the purpose of testing at Ohmsett?  Are you putting oil in ice to test sensor?  I feel like there is contradictory statements… no, we don’t need to test in tank as its COTS when invited to participate at CRREL w/ CG, but doing it here.  
· Conduct Point Barrow or Prudhoe Bay Alaska High Latitude location Tests, dates to be determined based access to North Slope Alaska due to COVID-19.	Comment by Trego, Kirsten R CAPT: Conducting LRAUV System tests in High Latitudes will be critical to test buoy system in low comms/ice environment.  
· Participating in project meetings and project management, oversight, training.
· Developing ROS and simulator interface.	Comment by Trego, Kirsten R CAPT: ROS = ??
In order to achieve the above planned research methods for technical development and testing for LRAUV System in ADAC Program Year 7, the investigation team will organize activities between the following task frameworks:
Task 1:  Familiarization and Fabrication.  Project team will advance the USCG familiarization designated POCs (as determined by the HQ USCG Project Champion in operating and testing the platform.  In parallel with USCG familiarization, Project team, led by WHOI investigators at Woods Hole, MA, will complete vehicle design modifications and fabrication of a second LRAUV platform.  Details include:	Comment by Lewandowski, Marion J CIV: Here it is again (no more comment mark-ups)	Comment by Trego, Kirsten R CAPT: Unclear on why fabricating a second platform and providing familiarization/training on the system are lumped into the same task.  Seems like two distinct Tasks.   
· Completing AUV technical design and assembly documentation;
· Fabricating second docking nose assembly for LRAUV-2;
· Developing simulator and backseat software;
Task 2:  Planning and conducting platform and system tests that include under-ice and high latitude testing and evaluation.  The Project team (in coordination with ADAC leadership and HQ USCG Project Champion and designate POCs) will investigate further systems tests, particularly focused in testing the platform under ice for two test deployments.  One test will be deployed in New England ice, then another in the Great Lakes (planning for the Great Lakes Research Center near the south shore of Lake Superior).  In addition to the under ice tests, planning and conducting high latitude tests will be investigated.  A challenge in conducting the high latitude tests rests with the ability to get the research team and system to North Slope Alaska (approximately 70-71 Degrees North) due to unknown ability to gain access due to COVID-19 restrictions that have so far prevented gaining access as previously planned for July 2020.  The current component of Task 2 includes:
· Open water testing and validation of systems sensors, to include the following:  
· Ability to map in 3D;  
· Detecting and quantifying dissolved particles in the water column;  
· Determining specific characterize the physical ocean environment (and determine acute/critical variables, such as assessing hypoxia of the water column in/near spill area);  
· Taking Conductivity, Temperature, and Depth (CTD) measurements; 
· Calibrating LRAUV’s SeaOWL sensors in the lab for baseline signals to determine/ allow for anomaly spikes to trigger an 'autonomy mapping' mission.  Different mission scenarios will be outlined and tested including:  a.) finding the source, b.) mapping out the extent of the plume and, c.) broad-scale surveys to find where there is no signal of oil in the entire water column for 0 to 300 meters (or max depth of operating area up to 300 meters).    
· Creating mission macros once testing missions are complete, so the operator can quickly decide the type of mission to run prior to launch.  The vehicle simulator will be a valuable tool for running planned missions with simulated currents, etc. based on available environmental data from the test area.
· Conducting additional Arctic buoy tests in local Cape Cod waters for follow-on to Program Year 6 plume tracking mission to establish buoy communications ranges, data transfer rates, and long-range docking procedures.  The 3 buoys will be deployed in a pattern to maximize vehicle navigation, vehicle docking and vehicle communication back to command control simulating tests in the Arctic.  Investigators will further test acoustic communication range, data transfer success and percentage of vehicle docking tries via USBL.  Researchers expect to receive navigation fixes from each buoy back to the LRAUV up to 10 Km away using low frequency (environmental conditions fluctuate and can impact sound range.	Comment by Trego, Kirsten R CAPT: Two pages prior touted success of buoys in Cape Cod waters.  Is this further refinement, repeat, or did it mean to be written for waters other than Cape Cod??? 	Comment by Jason Roe: Successive tests that establish effective ranges and data transfer rates 	Comment by Trego, Kirsten R CAPT: Understood.  Recommend edits for clarity.  
· Replicating oil sensor tests from open water evaluations in a graduated approach to testing LRAUV System under-ice.  Advancing from February 2020 initial under ice tests to include platform and system handling tests in easy to recover scenarios (such in lake ice conditions) will be the initial steps, followed by more advanced testing dynamics in longer range scenarios.  The LRAUV System team will proceed to an ice covered lake in New England, to evaluate changes made following the February 2020 tests at Bog Lake Maine, followed by a travel to Great Lakes Research Center at Houghton Michigan (see: https://www.mtu.edu/greatlakes/
· Conducting LRAUV System Testing in high latitudes.  Originally planned for July 2020 at the Barrow Arctic Research Center, near Point Barrow Alaska (at just over 71 Degrees North), this plan had to be slipped due to State of Alaska and North Slope Borough travel restrictions to prevent spread of Coronavirus/COVID-19 pandemic to potentially vulnerable populations in rural Alaska, particularly Alaska Native villages which suffered incredible losses from the Spanish Flu pandemic of 1918-1919.  An alternative to Point Barrow testing could be the petroleum-related commercial enterprise at Prudhoe Bay, which may grant access sooner than the large population center at Utqiagvik (near Point Barrow).  The principal aspects of these tests are to evaluate LRAUV in the high latitudes, in particular, the ability of LRAUV to conduct operational navigation with onboard compass systems, and to communicate through buoy system & Iridium back to capability operators. .	Comment by Trego, Kirsten R CAPT: Testing buoy system in high lat, with use of Iridium or other comms package also as critical.  	Comment by Trego, Kirsten R CAPT: No comment added, so I provided suggested language in text of plan.
· Task 3 Sensor testing and integration:    The research team will advance Sonar sensor capability development to LRAUV started in Program Year 6 in order to create a multi-mission capable LRAUV, completing the task in Program Year 7.   This includes conducting additional fabrication to support integration of new sensor to existing LRAUV as well as provide additional fabrication/technical support to complement a separate supplemental workplan which will create a second LRAUV platform.  In order to advance the sophistication of LRAUV System’s environmental characterization, a second echosounder will be added to the payload for the second vehicle.  The following details these planned investigative activities:
· Conducting tests with Sonic 2020 multibeam sonar and Simrad Ek80 echosounder at the National Oil Spill Response Research & Renewable Energy Test Facility (Ohmsett) in Leonardo, New Jersey to distinguish heavy oil on the seabed from sand or other bottom material, and to identify other objects on the bottom, e.g. pipe sections, concrete blocks, anchors, etc (Hansen et al., 2009).  If Ohmsett is unavailable on the timeframe needed, the Cold Regions Research and Engineering Laboratories (CRREL) may prove equally as useful.  Previous tests concluded that it is possible for upward looking sonar to distinguish oil from ice.  The sonar planned for LRAUV System is newer, less expensive and less power-hungry and offer a valuable solution for integration Multibeam sonars are versatile, allowing for a multitude of underwater applications, including pipeline inspection, creating high resolution bathymetric maps as well as detection capabilities of oil and gas. However, to date no group has demonstrated operational viability in an under-ice setting of an AUV system equipped with these or any other sensors.  In order to demonstrate operational viability, researchers contend that an AUV system, the logistics of deploying it, and the accompanying data processing and visualization pipeline must be sufficiently mature and rapid to permit integration with existing, community standard oil-response tools.  To this end, researchers plan to integrate and implement an onboard 'back seat' autonomy computer for autonomous data processing capabilities as previously discussed.   	Comment by Lewandowski, Marion J CIV: Recommend change “other bottom material” to “other objects on the bottom, e.g. pipe sections, concrete blocks, anchors, etc.” for a better “multimission” test.	Comment by Trego, Kirsten R CAPT: Concur… detecting oil isn’t multi-mission… (although a great capability!)	Comment by Jason Roe: Changed, thank you.	Comment by Balsley, Alexander CIV: Great!

· New technology multibeam sonar systems are more compact and energy efficient, making it possible to integrate on small vehicles like the LRAUV.  In addition to the vehicle platform and sensor technology, advancements have been made in onboard image processing and anomaly detection.  In the early 2000’s REMUS vehicles were capable of detecting man-made targets of interest and sending 32-byte image snapshots acoustically through the water column to be displayed on a laptop saving hours to days of time in data processing and vital decision making (Freitag, et al. 2006).  Today, it is possible to take more complex data sets, like multibeam data, and achieve similar near real-time snapshots.   Software development is required to achieve this on the LRAUV platform.

This activity leverages advances in marine robotics to provide an AUV capability with 3D mapping of seafloor anomalies capable of operating with minimal human oversight.  The sonar has the capability to detect oil and gas in oceanic environments, however our goals here are limited to providing a vehicle and sensor capability for collecting 3D sonar data for making maps. Advancing marine robotics to provide an AUV capability with 3D mapping of seafloor anomalies capable of operating with minimal human oversight the sonar system integration provides a significant advance in understanding and characterizing the undersea environs.  Accordingly, project team goals here are focused to providing a vehicle and sensor capability for collecting 3D sonar data for making maps. 

· Project team efforts will also include a hands-on demonstration of a reconnaissance mission showing the vehicle’s capability to detect and map an anomaly on the seafloor.	Comment by Lewandowski, Marion J CIV: Acknowledges multimission need, but since these are all sub-bullets of the opening, recommend keep the adds to the solid-bullet “conducting tests…” above.
· Accordingly, the project objectives for integrating a sonar system to LRAUV are broken into the following actions:  (1) integration of a R2 Sonic 2020 multibeam system on LRAUV, (2) tank and open water testing sensor integrated to LRAUV. Within the scope of this project, project team will conduct suitable evaluation of the new sensor on to LRAUV and can build the mechanical framework for integration, (3) demonstrate bottom imaging capability for small area surveys with sufficient navigation accuracy to enable habitat change detection, and (4) evaluate applicability of above systems to characterize oil and gas leaks/pools.
Task 4: Advance USCG LRAUV System “Concept of Operations/Use Case Scenarios” as a transition related activity in support of USCG mission needs.    Project team will continue to advance a scenario-based concept of operations for the LRAUV System as a principal transition activity. Specifically, given realistic risks in the Arctic, the research team in coordination with ADAC Center leadership, Project Champion and USCG stakeholders will continue to develop employment concepts provided in Principalin how LRAUV, navigation and communications buoys and multiple sensors would be employed as a system, which would inform additional development needs (such as launch/recovery cradles, slings, USCG infrastructure that needs amending etc.) as well as potentially inform transition/future use of capability.	Comment by Lewandowski, Marion J CIV: This task totally requires transition manager involvement.	Comment by Trego, Kirsten R CAPT: ?	Comment by Jason Roe: Changed, thank you	Comment by Trego, Kirsten R CAPT: Principal or principle?   
Task 5: Developing and delivering documentation of research, engineering and testing:   Project team will provide testing and test-focused expedition reports and any engineering schematics related to designs developed under DHS S&T OUP funding for this project.  	Comment by Trego, Kirsten R CAPT: Depending on transition, need instruction manuals for each of the elements, preventative maintenance schedules, and potentially Tactics, Techniques and Procedures (TTP) for operating the LRAUV system.	Comment by Trego, Kirsten R CAPT: Can we write this in somehow?  Might be a Year 8 task as part of the transition, but don’t want it to get lost.  
Key Milestones: 
For Program Year 7, the research and development goals for LRAUV are:
· Test and demonstrate the LRAUV System‘s ability to navigate relative to a three-buoy/transponder gateway system using both USBL and LBL.  The vehicle will be able to reliable dock and undock itself
· Finish fabrication and test of the second platform. 
· Operate under-ice and in high latitude environments. 
· Deliver completed products and support materials to HQ USCG Project Champion designated office. 
Specific schedule and associated milestones are as follows:	Comment by Trego, Kirsten R CAPT: Please further refine proposed schedule/milestones…may need to re-evaluate sequencing for clarity, and realistic completion.  	Comment by Trego, Kirsten R CAPT: Comment not addressed.   Should still be, and in alignment with dates provided by ADAC in comments above.    
1. Collect navigation performance data, Buzzards Bay, MA, 15 October 2020;
2. Complete water testing and documentation of LRAUV vehicle and systems,  30 Nov 2020;
3. Process the data and tune navigation algorithms from the LBL testing missions, 30 Dec 2020;
4. Plan for observation mission under-ice, 30 Dec 2020;
5. Plan adaptive mapping mission using sonar  15 Feb 2021;
6. Complete fabrication of second LRAUV platform, 1 May 2021;
7. Design and initiate fabrication of an additional sensor capability to LRAUV in order to create a multi-mission capable LRAUV, completing the task in Program Year 7.  
8. Complete software development and compression of LRAUV data for near real-time visualization 15 Jun 2020;
9. Perform the planned under-ice missions, New England and Great Lakes, 15 March 2021;
10. Evaluate Data, make software and hardware adjustments. Perform training to USCG; 30 Jun 2021.
11. Procure and integrate Simrad EK80 echosounder system
12. Build second capture/USBL docking nose system
13. Test and evaluate sensors in CRREELL tank with NOAA, EPA	Comment by Balsley, Alexander CIV: Thought Ohmsett was team’s first choice? Hopefully can join RDC/NOAA for planned CRREL tests in FY21 Q1 (October-December 2020).	Comment by Trego, Kirsten R CAPT: Deconflict this and other OHMSETT testing noted above	Comment by Balsley, Alexander CIV: CRREL
14. Develop backseat autonomy and SIM capability, 30 June 30, 2021;
15. Project team will advance the technical competency of HQ USCG Project Champion USCG designated follow-on recipient of LRAUV System.    Project team, led by WHOI investigators at Woods Hole, MA, will conduct up to two training sessions.  Project team will complete this task via two sessions, the first by 1 Feb 2021 and the second by 30 June 2021.
16. Plan LRAUV and Arctic Ice Buoy in Arctic conditions.  Project team, working with ADAC leadership and the ADAC Summer Intern Project will develop a plan for Arctic testing based from the Barrow Arctic Research Center for spring 2021 as a result of slip in prior plans due to COVID-19.
17. Create and provide the comprehensive report not later than 30 June 2021
Key Stakeholder Engagement:  
The Project team will continue to engage HQ USCG Project Champion CAPT Trego and a newly designated CG transition team  on at least monthly basis, or more frequent as required.    ADAC & USCG coordinated video/telecons will facilitate transition discussion. Critical coordination is planned with all team members, the PI, and project champion. Key USCG project stakeholders include HQ USCG CG-5PW, CG-MER, CG-926, CG-721, USCG PACAREA and LANTAREA, and USCG D17, D17 Sector Anchorage and USCG R&D Center.   Non-USCG stakeholders include NOAA Office of Response and Restoration, U.S. Department of the Interior, Bureau of Ocean Energy Management and Bureau of Safety and Environmental Enforcement, U.S. Environmental Protection Agency, Oil industry (Exxon Mobil, Shell Oil and American Petroleum Institute).	Comment by Lewandowski, Marion J CIV: Recommend project champion nominate/designate a “transition manager.”	Comment by Connor Keesecker: Accepted Track Changes accordingly

Project team will participate and be featured in the planned ADAC “Customers and Partners” Roundtable, in order to inform and receive feedback on project progress. 
Project team will also participate in maritime oil-spill peer venues as much as practical, while also ensuring close collaboration with USCG Interagency Coordinating Committee on Oil Pollution (ICCOPR) leadership and members, as well as USCG R&D Center and other USCG POCs as designated by the HQ USCG Project Champion to discuss the testing and evaluation reports and technical design documentation.  
Investigators plan for the representation of our team at the following ADAC events:
1. Meetings with Project Champion.
2. Weekly All Hands meeting (Normally Thursdays, 1130-1230 Alaska Time via teleconference).
3. Quarterly Reviews and Quarterly Customer’s and Partner’s Roundtable.
4. Annual meeting at HQ USCG, Washington D.C.

Student Participation.
Currently, there is not a student associated with LRAUV System research and development.  In Program Year 5 an ADAC Fellow from Massachusetts Maritime Academy gained hands-on experience with the project.  In Program Year 7, ADAC EAM will work with the Project Team to align at least one student Fellow to support program development, even if only via remote means.  Research tasks of student work would include drafting technical notes and data analysis from current and prior testing.

Performance Metrics:  
Fabricate 2nd LRAUV platform and water test platform to achieve the following parameters in navigation, performance, and operator ease of use with aided navigation from the LBL Arctic Buoy system:  
· Navigation performance: 
· Conduct design improvements for Tethys platform to achieve the following drift rate:  percentage of distance traveled. Target: < 1.0% with LBL aided navigation. 
· Conduct design improvements for Tethys platform to achieve the following error bounding of navigation drift by ranging from a fixed beacon. 
· Performance-specific measures: 
· Modification of Tethys platform in mechanical and electrical engineering to integrate separate oil sensor package to accomplish detection level of oil:  measured in terms of minimum sensitivity Target: < 80 ppb.   
· Modification and design improvements for Tethys platform to meet specified AUV range and endurance: Target: 300 km on secondary batteries, twice that on primary. 
· Modification and design improvements for Tethys platform to integrate mapping algorithm for adaptive sampling performance- mapping of spill extent: Target: Area coverage 1000 km2 per vehicle deployment. 
· Each Arctic buoy will be able to communicate position data via acoustics up </= 5 Km distance per buoy to undersea vehicle (please note two buoys navigation solutions are needed for a valid fix).  
· Position updates from the LRAUV will be pushed to the Arctic buoys and then relayed back to command control (topside laptop anywhere in the world).
· LRAUV will be able to line capture or dock to a fixed beacon with its USBL and capture nose assembly.  Target=50% success.
· Integration of a R2 Sonic 2020 multibeam system on LRAUV 3D multibeam system to LRAUV and ability to conduct sonar soundings of sea floor and under ice mapping in accordance with manufacturer specifications.
· Integration of Simrad Ek80 echosounder to conduct marine environmental characterization in accordance with manufacturer specifications.
· Modification and design improvements for Tethys platform to integrate mapping algorithm for adaptive sampling performance- mapping of spill extent: Target: Area coverage 1000 km2 per vehicle deployment. 
· Operator ease of use: 
· Logistical footprint: number of operators required on site, number of kilograms to transport. Target: 2-3 adult operators and < 600kg. 
· Ease of mission configuration: design time to specify grid survey: Target: < 1 hr.  
· Ease of remote interaction: design modifications to allow training time required for operators: Training: < 1 week.
· Metrics for reduced cost design: We understand what makes the current design expensive to build, and what parts introduce long lead times.  Based on investigations in Program Year 5,, research team will further exploring additive manufacturing technologies to realize improvements in the following dimensions, with the LRAUV as a reference:
· End bell of PV complex and long lead:  Can additive manufacturing be used to build integrated end bells rapidly?
· Wet volume for sensors:  This space is inefficiently used.  Can additive manufacturing allow more efficient integration of actuators/propulsion system/sensors?
· BoM = 1000 parts for LRAUV:  How much does 3d printing allow us to reduce this?
· Wiring harness:  How much can the wiring harness complexity (wire number, connector count) be reduced?
· Connectors:  Can connector count be reduced?
· Customization:  Can 3d printing be used to enable faster turnaround on custom sensor suites?
· Software reliability:  Can integration of mechanical/electrical/software system engineering documentation be used to enable auto-configuration of I/O software?
· Cumulatively how much cost can be extracted from the build, and how much lead-time is removed?  In addition, does this enable smaller, low cost vehicles (e.g. could they be expendable)?
Outcomes/Outputs. 
The goal of this project is to create an operational system that the USCG can use for characterizing spills in ice-covered ocean environments.   Accordingly, while the ADAC, MBARI and WHOI are designing, fabricating, testing and documenting the LRAUV System, consisting of two platforms, three Arctic communications buoys, associated sensors, firmware and software, HQ USCG Project Champion & CG transition team, with cooperation of ADAC/WHOI, will facilitate the transition pathway discussions associated activities and parameters in order to meet USCG envisioned applications.
While ADAC, WHOI and MBARI  focus on creating, testing and documenting an LRAUV with multiple sensors and supporting navigation and communications buoys. The goal is to provide and demonstrate a prototype system that is feasible and suitable for production.  Included in these outcomes is the Project team will focus on creating an AUV sensor capability to provide and demonstrate a mature platform that is feasible and suitable for production and use by a non-expert. System engineering will emphasize the ability to transition capabilities from one AUV platform to the next depending on mission needs.  Accordingly, efforts to (1) to integrate R2 Sonic 2020 multibeam sonar system and a Simrad EK80 echosounder onto the LRAUV, (2) Design and build a new payload nose for Tethys to incorporate the sonar payloads, (3) develop sensor modularity, (4) Plan and perform water tests of man-made targets, (5)Advance autonomous underwater capability to survey oil spills and produce high resolution maps with a modular payload at short and long ranges with multiple AUVs, at high and low latitudes and, to this end, LRAUV under ice answers an unmet need for DHS and the USCG.	Comment by Trego, Kirsten R CAPT: Incomplete/run-on sentence	Comment by Randy Kee: Corrected in the new plan.  V/r, Church
During Program Year 7, the project team plans the following outcomes/output:
· Advance the technical competency of USCG designed POCs in operating and testing the LRAUV and Arctic buoys and provide the results of the test in a report;   
· A reduced cost design, planning to incorporate suitable and acceptable measures to support the design for follow-on fabrication of LRAUV and provide the technical design document;
· Fabrication of second LRAUV and its subsystems;
· LRAUV and Arctic Ice Buoy under ice and high latitude tests;
· Complete fabrication of an additional sensor capability to LRAUV in order to create a multi-mission capable LRAUV platform;
· Integrate a multi-beam and echosounder sonar system onto the LRAUV platform;

· Design and build a new payload nose for Tethys to incorporate the imaging payload;

· Collaborate with MBARI to develop sensor modularity and vehicle improvements and operations;

· Plan and perform water tests of man-made targets including oil surrogates;

· Plan and perform under-ice tests of completed systems.

Outcomes of effort will provide a commercially available off-the-shelf sensor package that is AUV ready, and turnkey for Arctic seafloor and under-ice mapping. This turnkey system will be designed ease of integration onto the LRAUV vehicle. Predicting and monitoring environmental hazards in the Arctic remains an outstanding challenge for under-ice surveys, and accordingly, the research team’s approach builds on proven AUV technology and expands its capability by adding the latest COTS sensor technology for creating 3D maps. The power of this technology for investigation of oil spills in open water or under ice remains largely unexplored, but sample data shows strong potential for oil mapping and detection capabilities in the future.	Comment by Balsley, Alexander CIV: Good progress so far with this project, but my general concern is that we are doing lots of “Arctic firsts” in Year 6/7 and expect to transition technology to USCG after Year 7. We might have to address potential issues that may come up during Year 7 testing before equipment is fully ready to be transitioned to USCG.	Comment by Trego, Kirsten R CAPT: Indeed, aggressive Year 7 that may not be ready for transition yet…  	Comment by Randy Kee: We can leverage Year 8…as a carry forward of what we can’t do in Year 7.  V/r, Church	Comment by Trego, Kirsten R CAPT: Excellent!
Transition Plan.  
ADAC and LRAUV project team seek an integrated approach as desired by HQ USCG Project Champion to determine appropriate pathway for LRAUV transition commensurate with USCG mission needs, and system operating capabilities and technical readiness level. In accordance with DHS S&T UP-ADAC Grant Terms and Conditions, LRAUV Intellectual Property (IP) rights developed under this project remain jointly held between ADAC, WHOI and MBARI. According to the DHS S&T Terms and Conditions, DHS and USCG may leverage this IP royalty free to acquire and construct additional LRAUVs to USCG and other DHS maritime mission needs.   During LRAUV testing, ADAC, WHOI and MBARI recommend HQ USCG Project Champion, HQ USCG CG5R, CG7, CG9  as well as USCG RDC participation. Project team notes that NOAA is interested in LRAUV capabilities. 
ADAC proposes a research transition specifically focused with HQ USCG CG-7 and CG-9 at the Flag Officer level to determine suitable destination for LRAUV.  Presently ADAC is coordinating withplanning USCG RDC as the transition destination.  ADAC will continue to co-develop CONOPS and requirements Program Year 6 workplan is developed to create competency for USCG RDC to advance in Program Year 6, iin order for USCG  to become a full mission partner in Program Year 87, capable to conduct LRAUV operations in response to USCG mission tasks.  Through the course of Program Year 76, ADAC and Project team will plan to conduct at least 2 conferences/conference calls, with at least one of these meetings to be an in-person meeting (such as following the ADAC Annual Meeting in Washington D.C.) in order to discuss and mature the transition destination to be completed by the end of Program Year 87.	Comment by Trego, Kirsten R CAPT: This is cut and paste from Year 6 plan… need to adapt for Year 7, as some year 6 plans did not come to fruition.	Comment by Randy Kee: Adjusted.  V/r, Church	Comment by Trego, Kirsten R CAPT: Not yet determined.  	Comment by Randy Kee: We are here to help!  V/r, Church
LRAUV System likely represents the most commercially marketable investigation conducted under the ADAC cooperative agreement.  In parallel to technical development to deliver the LRAUV System to support USCG, ADAC and research team will conduct investigations for commercialization of the System with industry as the Center’s flagship development to commercial engagements over the course of Program Year 7 as outlined in the management section of this workplan.  Accordingly, Center management and Project investigation team will seek to showcase LRAUV system, to include ADAC’s planned event to host Alaskan and Arctic maritime industry leaders, response organizations, Oil Spill Removal Organizations (OSROs), maritime shippers, Arctic cruise industries, first responders, Arctic oriented non-profit groups, State of Alaska and U.S. Federal departments and agencies and National Laboratories in a two day Symposium designed to increase visibility of a variety of Arctic Domain Awareness technologies, to include ADAC research endeavors, seeking to strengthen connections, collaboration and partnering between these communities, and to explore or initiate commercial transition pathways for ADAC completed/completing research. 	Comment by Trego, Kirsten R CAPT: Timeframe?  	Comment by Randy Kee: Jan 2021
Following the LRAUV’s testing plan, and completion of data relay devices, the overall system will be TRL 7/8 and ready for production.   Depending on DHS S&T and USCG acquisition desires, project team relays WHOI and MBARI have around-the clock technical expertise available if any such need arises. This technical support covers hardware, software, design, fabrication, specialty application, and operations expertise.   	Comment by Balsley, Alexander CIV: Probably 6/7.	Comment by Randy Kee: 7/8 is from Dr. Bellingham, and we respectfully support his rating as the PI.  V/r, Church	Comment by Trego, Kirsten R CAPT: Coast Guard uses BSEE TRL definitions.  Concur that TRL 7 (possibly 8) is the likely landing point.  

7
Integrated technology
tested on a large scale or
in open water
Full scale prototype integrated into intended operating system and tested on
a simulated spill, in a relevant environment, in open water, or in a real spill
environment. Intended operator is identified and system has been beta
tested by others. Data analysis or interpretation becomes automated.
8
Final integrated system
tested in real or relevant
environment
The final integrated system has been proven to function in real or relevant
environment with performance and operational specifications and
limitations defined. Reproducible data to support claims has been
documented in publically available publications. The technology is ready for
spills of opportunity and field use.
[bookmark: _Toc448159964][bookmark: _Toc448243245][bookmark: _Toc448299165][bookmark: _Toc448299439][bookmark: _Toc450123920][bookmark: _Toc450770711][bookmark: _Toc450856743][bookmark: _Toc450907955][bookmark: _Toc452718609][bookmark: _Toc452719843][bookmark: _Toc456709188][bookmark: _Toc482880614][bookmark: _Toc484435114][bookmark: _Toc484439350][bookmark: _Toc484455261]WHOI has a history transitioning technology to operational use, especially with the U.S. Navy. WHOI uses a variety of transition methods tailored to the nature of the challenges associated with the transition. Factors influencing the nature of transition include technological maturity, complexity of operations, availability of investment for ‘hardening’ of systems, market prospects, and more.  
Potential programmatic risks to completion.    	Comment by Trego, Kirsten R CAPT: Other risks…  what if (elements of ) LRAUV System under ice testing in Northern latitudes are not successful… the buoys/comms/navigation.   The testing is very close to end of Year 7… how do build in capability to address, potentially after Year 7.  	Comment by Randy Kee: We have a Year 8 to carry forward what is not able to be achieved in Year 7.  V/r, Church	Comment by Trego, Kirsten R CAPT: Thanks.
Design and fabrication of LRAUV on two coasts is demanding and logistically expensive.  While an equal partner in LRAUV success, MBARI’s capability to surge to meet a myriad of urgent tasks is limited.  As a risk mitigation measure, Project team will continue to seek to shift more of the fabrication tasks to WHOI to reduce construction load at MBARI.
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