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Investigations of Imaging for Midwater Autonomous Platforms (i2MAP)
1) PROPOSAL
a) Continuing Projects

The i2MAP project was conceived as an effort to develop a suite of imaging component that can be configured and modified for autonomous deployment on a variety of midwater platforms.  It quickly became apparent during the feasibility study phase of the project that our greatest immediate impact on midwater research could be reached by primarily focusing on developing an AUV imaging system capable of taking over the task of midwater time series surveys currently conducted with ROVs.  Results to date show that we can not only achieve that goal, but also do so in a way that will improve the quality of the recorded imagery, as well as, improve our data set by conducting the surveys less intrusively and at higher speeds than with the ROVs
Midwater Moored Camera System 

Current status of project and results to date
Scientific Requirements (2012)
The scientific requirements have been defined for the stationary moored midwater camera system  (See Appendix 1).

Proof-of-Concept Midwater Moored Camera System Testing (2012 & 2013)
A modified camera system from the NOAA Autonomous Tissue Sampler (Project 800910) camera system with a 480 line, low-light camera and far-red LED lighting was deployed with bait on the shallow MRS mooring and from ship trawl wire in both Monterey Bay and the Gulf of California.  Review of the video showed that various taxa of gelatinous zooplankton, marine aggregates and larger predators could be seen in the video with sizes ranging from the small siphonophore, Nanomia bijuga to the large Humbolt squid.  None of the species appeared to be attracted by the bait, but rather seemed to be just passing through the light field. 

Detailed annotation of one mooring deployment (July 2012; 236 m) resulted in a ~230 visible annotated organisms that passed the system over a course of 13 hours. Observed organisms included siphonophores, fish, medusae, squid, crustaceans and appendicularians). The dominant organisms present in the midwater ROV time series at this depth were also recorded by the stationary camera platform (Nanomia, sinkers, larvaceans, Solmissus, Mitrocoma). However, Because of the low resolution of the monochrome video, small organisms like Poeobius, amphipods and chaetognaths are largely missed. This may explain the relatively low number of organisms that were annotated in this video, compared to annotated ROV transect video (~2600-2800 organisms annotated in 2 hours of ROV video).  Another reason for the lower number of annotated organisms from the stationary camera platform is that less water volume is sampled per minute. 
The results to date indicate that the primary value of images collected with this camera, light and bait configuration would be for the temporal analysis of the occurrence and abundance of certain species.  A higher resolution camera would be expected to improve the identification of the organisms and would likely reduce the underestimation of organism abundance. New approaches could include using a simulated bioluminescent display to attract animals and the integration of the Midwater Lab’s night vision camera (ATT 880) with IR LED illumination. However, further testing has been put on hold..

Dorado Midwater Imaging Camera System 
Current status of project and results to date
Scientific Requirements (2012)
The scientific functional and preliminary engineering requirements have been defined for the AUV midwater time-series transecting application  (See Appendix 1).

Evaluation of Current MBARI Imaging Systems (2012)
The imaging systems currently being used at MBARI, as well as those being considered for use in other projects at MBARI were evaluated to determine if there are any in-house systems available that would make good candidates for incorporation into the midwater imaging system.  We found that none of the video cameras being considered for use in other MBARI video development projects provide the video quality required to produce imagery comparable to that provided by current ROV science HD video cameras.  

Light Field Evaluation (2012)
The light fields currently produced by the Ricketts and Ventana for midwater transecting have been evaluated. We found that we could produce a similar light field with more purposefully directed, COTS LED lights (four DeepSea Power and Light SeaLite Spheres, 5000 lumen each) and stay within the power budget available from the Dorado vehicle.  Initial lighting configuration tests were conducted in the test tank using 4 LED lights arranged in a 21”x 46” (H x W) pattern, with the Zeus HD camera located in the center of the rectangular layout.  Further testing of this lighting configuration on our July ’12 Western Flyer/Ricketts Midwater Ecology cruise showed that we were getting as good, or better video with LED illumination as that illuminated by the vehicle HID lights.  An additional benefit of using LED lights was found to be the ability to increase the camera shutter speed.  Increasing the shutter speed minimizes streaking (caused by motion) on the image periphery, thus enabling a higher quality video image to be recorded.

Digital Video Compression Evaluation (2012) 

Recording video images on an AUV for more than an hour (the typical length of an HD tape) requires that it be done digitally onto hi-data-rate hard drives or flash memory.  Various compression schemes are typically employed to maximize the amount of video that can record onto these media.  However, there is image quality loss associated with each compression mode and it is necessary to determine how much compression can be applied before it affects the ability of the annotators to correctly identify the animals.

High-definition footage, unaltered from the HD D5 tape was compared to the same footage digitized to Apple ProRes 422 (HQ), a common intermediate level video compression codec (coder/decoder). Apple ProRes 422 (HQ) results in a video record that is about 20% of the file size of the original 1080i/60 HD footage and would allow an entire transect series (100 – 1000 m) to be recorded on a single 512 GB solid-state drive. At full HD quality we would currently require two solid-state drives. The ability to compress the data is important if we are to record progressive video at 60 frames per second.

Using the two video formats, we compared the top 20 animal taxa from 12 transects made at our Midwater 1 study site in 2011 (Fig. 1). The transects were run from 100 – 400 m (most populous depths) over the course of 3 dives and subsequently annotated in the video lab. About 7% fewer organisms (n=2582) were annotated from the HD D5 tape footage than in the Apple ProRes 422 (HQ) (n=2798). This discrepancy was felt to be due to human variation as opposed to resolution differences, and we conclude that the Apple ProRes 422 (HQ) compression scheme provides us with sufficient video quality to record our time-series transects on an AUV platform without compromising the integrity of the long-term data set.
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Figure 1.  A comparison of numbers of animals identified from transect video recorded on High Definition D5 tape (HD) vs. the same video compressed to Apple ProRes 422 (HQ) standard and recorded on a digital hard drive.

 Dorado Low-Speed Stability Testing (2013-14)
Low-speed stability testing of the Dorado CTD vehicle was undertaken during two day-cruises on the Rachel Carson in early April and late June.  During these cruises, the vehicle was tested at low-speed (~0.5 – 0.75 m/sec) in a variety of configurations including: basic vehicle only, adding 12” or 24” mid-body wings, the addition of light bars with LED lights on the bow and, on the second cruise, the addition of horizontal planes to the thruster duct.  All of these configurations were tested under normal ballasting (7-10 lbf).

These tests revealed differences in control ability between configurations, as can be seen in Figure 2a and b.  However, it is interesting to note that in both configurations the vehicle was able to maintain the initial commanded depth until a stepped depth change was commanded, at which point the vehicle without wings was unable to maintain depth.  The winged vehicle responds to both steps, although with some delay.  GoPro Hero 3 video taken during the winged test run showed forward speed and directional stability to be quite impressive as shown in this video: \\atlas\projectlibrary\901209 i2MAP\videos\GoPro_H3_AUV_Trans.mov.  It is expected that control gain adjustments can improve the response of the winged vehicle.  
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Figure 2.  The Dorado AUV’s response to depth step commands when traveling at low speed (0.5-0.6 m/s); a) without wings; b) with both body and duct wings. There were two depth steps; a 1 meter step followed by a 10 meter step.  The red trace is the commanded depth, and the blue is the actual.  The vehicle has lights and light-bars in both cases, and was ballasted normally, at 7-10 lbf.  c) a 2014 test with the same configuration, but with round light bars and only 4 lbf shows much improved performance, although it has a different time scale and depth. The initial descent for all three traces was made at a higher vehicle speed. 

Low speed stability testing of the Dorado vehicle continued during the first half of 2014. New for these tests were round light bars and control gains designed specifically for low speed. The round bars were chosen to increase low-speed stability, and also for mechanical simplicity.  Streamlined bars were incorporated into the 2013 design because they have significantly less drag, and thus will extend the overall vehicle range. However, they are more destabilizing because the streamlined cross-section inherently generates lift and is located at the nose.

Another difference this year is that the vehicle was ballasted to 4 lbf, much less than the previous tests which had 7-10 lbf.  4lbf is achievable with the routine ballasting procedure in the test tank, but is on the low end of what is practical without an active ballast system.

All of these changes contributed to improved low-speed performance.  Figure 2c shows a depth-step test at sea that illustrates the improvements due to the gain design, light bars, and low buoyancy.

The recent camera evaluation has shown that video at a vehicle speed of 1.0 m/s, twice as fast as previously tested, is possible.  At this speed we may not need wings, because the fuselage alone may have sufficient downward lift to counteract the buoyancy.  The vehicle will need to have buoyancy near 4 lbf, which is achievable in the test tank with routine procedure. The winglets may still be necessary to compensate for the destabilizing light bars on the nose.  Further sea trials this year will be necessary to fully evaluate the flight performance at 1.0 m/s, and to determine whether the wings and/or winglets are still needed. Alternately, pneumatic soft ballast that can reduce the buoyancy further may eliminate the need for wing entirely.  The analysis will likely carry over into 2015.

Dorado Midwater Imaging Module Power Budget (2013)

A preliminary power budget for the Dorado Midwater Imaging Module has been completed and shows a large margin on available energy. When all of the required power for the camera system is summed with the AUV propulsion and CTD instrumentation power requirements, there is enough energy in one AUV battery sphere (new LiPo type) to operate at two knots for 500 minutes, or 8 hours (figure 3). This is well above the minimum transecting requirement of 120 minutes of camera and recording system operation. If the AUV transects at the slower rate of 0.5 meters per second (1 knot), the energy budget gains additional margin.
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Figure 3. Energy use by the Dorado AUV, CTD instrumentation and the midwater imaging system.

Optimized Camera and Lighting Design Evaluations (2013-2014)
Camera selection: The project down-selected from the many possible camera options to four finalists that would likely meet our requirements. Two of the cameras, the Sony HDCP1 and the Ikegami HDL50/HS are 2/3” format 3 CCD prism cameras similar to the current ROV HD cameras. Two of the cameras, the Sony F-5 and the Sony NEX-FS700U are the increasingly popular large format (super 35) image video cameras. For each camera type several lenses were also evaluated that produce the appropriate field of view.
[image: image6.jpg]


The test setup shown in figure 4 was constructed, which facilitated easily repeatable testing of the various camera and lens combinations. A unique feature of the testing is that we have the ability to test the temporal resolution, or ability to capture motion, as well as the spatial resolution of the camera and recorder combination. This allowed us to explore one of the fundamental questions of the project – can the camera system capture high quality images at the minimum AUV maneuvering speed of about 1 meter per second? The answer is yes, providing that we shutter the camera at 1/125 second or faster.   
The camera selected is the Sony F-5 and the lens is the Sony SCL-P11X15. This camera performed equally to the Ikegami HDL-50/HS in the (project required) 1080 60p format, but also provides a ready upgrade path to 4k (4096 X 2160) video image capture, which is demonstrably superior.

In addition to the camera testing, we evaluated the proposed solid state video recorder, the AJA Ki Pro Quad, and were very pleased with the results. This recorder will store 261 minutes of 1080 P60 video on one terabyte of internal memory, more than meeting our minimum requirements of 120 minutes of recording.

The test setup also allowed measuring the target illumination provided by the lighting system (four DeepSea Power and Light SeaLite Spheres, 5000 lumens each) and the consistency of the light pattern.

Sensor Integration

Along with a video data, continuation of current transect experiments requires addition environmental data sets to be available. The design of the new nose section includes a small suite of environmental sensors. As much as possible selected sensors are those already included in Dorado class AUVs to reduce costs associated with asset sparing and to reduce needs for extensive software integration on the AUV. Using previously integrated sensors also allows us to utilize the existing AUV CTD data architecture. Sensors identified include: conductivity (SBE 4C), temperature (SBE 3F), oxygen (2x SBE-43) from Sea-Bird Electronics. A 25 cm WET Labs C-Star transmissometer will also be installed. Integration of these sensors will require electronics to centralize data acquisition (SBE 25 plus), and will likely share a subsea housing with other systems previously defined. These sensors will be mounted inside the same section as other equipment for this payload. 

Does it relate to the Technology Roadmap? If so, please describe how. 

(See http://www.mbari.org/about/TechnologyRoadmap.pdf.)
The i2MAP Midwater Imaging Module development effort clearly relates to MBARI’s Technical Roadmap as a tool to address the themes of Ecosystem processes and Ocean visualization.  As the eventual primary video acquisition tool for the Midwater Time-Series project, it will be used to monitor long-term ecosystem trends within the mesopelagic community.  The enhance stealth, speed and image quality it will provide promises a more complete picture of that community than what we have seen before.  In addition, the relatively reduced cost of an AUV based imaging system will make it attractive to other institutions which might otherwise not be able to afford these types of operations.
Significant changes from previous project proposal 
There are no significant changes to what we propose in our 2014 proposal
Publications based on the results of this project only
We are planning on submitting a paper describing the imaging module and the results of the quantitative video comparisons with that collected by ROV in Limnology and Oceanography Methods in early 2016.

b) New and Continuing Projects: Plans for 2015
Research Activities
The project is progressing to the point where the focus in 2015 is changing from engineering development to scientific evaluation of the engineering product. Evaluation of the AUV imagery will take place via two different methods.
Quantitative analysis of the AUV-obtained video in comparison to that taken with Ventana, will be conducted to validate this new methodology in 2015. Concurrent AUV and ROV transects will be run at similar depths and at similar times within a close, but safe, proximity to each other for video transecting comparisons.  Additional, AUV transects will also be conducted to determine if we can reduce vehicle avoidance by altering our transecting procedure.  For example, we will conducting ten, one minute illuminated transects intermingled with one minute dark periods vs. one continuous 10 minute transect at a given depth to determine how that effects the number and types of animals observe.
To evaluate the improvements of the new camera 1080p/60 video resolution, lighting and optics has over the existing ROV camera on species detection and identification. Automated analysis using the AVEDac software shall be applied to transects of equal length from the same body of water.  Human annotations shall be compared to machine annotations for classification accuracy and missed detections.  In particular, we expect with progressive scan and improved lighting, to see improvements in the detection of Poeobius, amphipods and chaetognaths as well as less false detections in the outside edges of the frame where images are blurred from scanning artifacts.
Engineering/technology development

Dorado Midwater Imaging Nosecone Development
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Figure 4.  A cut-away concept model of AUV midwater imaging nosecone assembly on a Dorado AUV equipped with mid-body wings and DeepSea Power & Light SeaLite Sphere LED lights mounted on a frame engineered to optimized hydrodynamics, shed obstructions and to be easily repaired in case of impact.
Video Annotation and Archival Workflow
An important design requirement described in the 2014 proposal is that the video acquired by the AUV midwater imaging system be compatible with the existing video lab annotation and archival system. In order to accomplish this, we proposed to convert the projects 1080 P60 video to 1080 P25 video and annotate and archive on Panasonic D-5 tape. However, it is increasingly clear that D-5 tape is an expensive and rapidly disappearing media for video storage.

We now propose to acquire video at 1080 P60 (1080x1920 pixels progressively scanned at 60 frames per second) and record on a one terabyte solid state field recorder, the AJA Ki Pro Quad. The data will be compressed at the time of recording using the Apple ProRes 422(HQ) standard. See Digital Video Compression Evaluation section above. The video files will then be uploaded directly to the MBARI Atlas server. The maximum data anticipated for 2015 is 6 terabytes and this allocation has been requested from IT. Post mission, the video records will be moved from the AUV by downloading using Gigabit Ethernet to a portable drive and transferred immediately to the MBARI Atlas server. Initially, for 2015, for annotation in the video lab, the .mov files will be batch converted to H.264 format files and annotated using existing VARS capabilities. In the future, the workflow will use the file based video format selected as the standard by the video lab. 
Vehicle and Camera Controls 
The i2MAP imaging AUV test dives conducted at the end of 2014 will have served to test the system and refine vehicle control algorithms and optimize camera settings.  However, there will undoubtedly be further control refinements to be made at whatever vehicle speed video analysis determines as the best combination of image quality and forward movement.  In addition, if wings or variable ballast are required to maintain stability at the optimum imaging speed, any changes to the wing design needed to reduce the chances of entanglement (see Streamlining, below) will require further control refinements, as would operating at neutral buoyancy.

Video camera control will initially be very primitive and consist primarily of turning the camera, lights and recorder off and on via the AUV computer.  As the camera sees different lighting conditions throughout the water column based upon down welling light and, density and reflectance of organisms in the water, a more intelligent control of the camera is desirable to minimize the negative affects of these variables.  We propose to install a controller inside of the camera can that can be programmed to change exposure and other settings, as needed.
Streamlining
At this time, it is still uncertain how much we will be able to increase the speed of the imaging AUV over 1 kt during transecting operations.  If it is determined that we must operate at low speeds we will either need to use wings or reduce buoyancy to maintain stable control of the vehicle.  The current prototype wings have served well as a proof of concept for Dorado low-speed control and would most likely be adequate for our purposes if we plan to remain an exclusively ship-based operation.  However, with an eye to increasing the efficiency of future operations by eliminating the need for a ship to transport the AUV to the survey site, more consideration needs to be made to reducing the chances that the vehicle could become entangled in drifting kelp, crab pot lines or other unforeseen obstacles while transiting to and from the survey site.  Therefore, we are asking for the resources to design and build either swept wings that can shed entangling lines or debris or, a small, compressed air soft ballast system that can be filled with air for floatation at the surface, or flooded to achieve near-neutral buoyancy while conducting transects, thus removing the need to have mid-body wings entirely.  Both options require approximately the same financial and labor resources.

Data Management
The project anticipates collecting a maximum of 1500 minutes of 1080 P60 video in 2015 in the Apple ProRes 422(HQ) format. This is approximately 6 terabytes of file space and the allocation of this space has been requested from IT for 2015. For video annotation with VARS in 2015 the files will be batch converted to H.264 format and annotated with a current version of VARS that supports this format of file-based video. Unfortunately when the .mov files are converted to H.264 the embedded time code information is lost. This creates two tasks that must be completed to allow for video annotation and connection to the expedition database for retrieving the associated environmental records. Task one is to provide an application that re-creates the time records from the original file information and task two is to provide the interface to the data look up function. This work requires a software engineer familiar with the current video workflow and VARS interface.
In the longer term (post 2015) it is anticipated that VARS will be extended to include compatibility with file based records in the Apple ProRes 422(HQ) format. The reasoning behind this is that this format is currently the lead candidate in the video labs selection of a file based video standard. Regardless of the video standard chosen, the i2MAP project is committed to be compatible with the official methods for annotation, storage and archival of the video records. 
Dorado CTD mid-body Modification
The current AUV CTD mid-body is to be retired later in 2014 and will be replaced with a longer section that is inappropriate for our needs.  The AUV group has offered to modify the retired segment to carry an additional battery and to serve as the mounting point for the i2MAP imaging module, as well as other payloads.  This modification will be performed with DMO resources and will not impact the i2MAP project with additional costs.

Field programs (detail ship requirements/deployments/diver requirements)
We will require six Carson/Dorado/Ventana ship days in 2015. The first day will be scheduled in January, prior to the GOC expedition, followed by five more days distributed throughout the latter half of the year. While we are requesting six ship/vehicle days specifically for these purposes, given 12 hour operating days, we could readily achieve our goals by piggy backing our latter five dives with those proposed for the Midwater Time-Series project (901221), thus reducing total ship time requests by five days and reducing video annotation time by a number of days.
Specific deliverables
1) A transecting camera and recording system for the AUV Dorado capable of completing the midwater transects currently conducted by MBARI’s ROVs. The system will also be compatible with the current annotation process and image archival systems at MBARI.
2) A paper describing the i2MAP Imaging Module and the results of the video comparisons will be submitted to the Limnology and Oceanography Methods for publication in late 2015 or early 2016.
Milestones (see personnel classification list)
	2015 Project Start Date: 

01/05/2015
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Milestone 6
	Milestone 7
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	February 2015
	February 2015
	March 2015
	June 2014
	July 2014
	November 2015
	December 2015
	

	Milestone Description
	Scripts for timecode and data retrieval
	Compare results of H.264 conversion with orginal
	“Streamlining” solution implemented
	Operational trials and final system testing
	Data Management Solution is implemented
	Final Modifications and Fixes
	Quantitative analysis and AVED qualitative comparisons completed
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	8
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	Henthor 65
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	Schlining-80
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	Cline 80


	Henthorne-160
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McEwen-200

Schlining-80

	ME
	
	
	Cazenave-80
	
	
	Cazenave-20
	
	Cazenave-100

	EE Tech
	
	
	
	
	
	16
	
	16

	SE Tech
	
	
	
	
	
	
	
	

	ME Tech
	
	
	
	
	
	16
	
	16

	Machine Shop
	
	
	20
	
	
	
	
	20

	Divers
	
	
	
	
	
	
	
	


Budget justification

	Line Item
	Price
	 Justification

	1 TB Monster Digital Overdrive Thunderbolt external SSD
	$1,080
	 Required to download transect video recordings in a reasonable amount of time

	Video conversion software
	$300
	 Required to convert ProRes 422(HQ) format to H.264 for VARS annotation of initial video.

	Spare Sealite Sphere
	$2,300
	 Spare light in case one is damage during launch or recovery.

	SBE 43 Dissolved O2 sensor (redundant)
	$5,362
	 Redundant O2 sensors are required to be assured of O2 data quality.  Only able to purchase one in 2014. 

	SBE 5T submersible pump (for redundant O2 sensor)
	$2,421
	 Required for above O2 sensor.

	Spare cables and connectors
	$1,000
	 Spare cables and connectors for imaging module

	Materials/components for swept wings or buoyancy device
	$1,500
	 Required materials for doing swept wing or soft ballast modification to vehicle

	Microcontroller and electronic components for enhanced camera control
	$500
	 Required for upgrading camera control capabilies



Project team
Bruce Robison, Principal Investigator (80 hrs. requested)

Will oversee the development of scientific requirements and review the capabilities of the systems to meet those requirements.

Kim Reisenbichler, Project Manager and Lead Scientist (160 hrs. requested)

Will manage project time and resources, providing scientific guidance to the engineering team, participate in developing the lab testing procedure and helping evaluate the test results.

Mark Chaffey, Lead Engineer and Electrical Engineer (120 hrs. requested) 
Mark will oversee project engineering, as well as, development of the engineering requirements, evaluation of camera systems and electrical design of the controller/recorder module and camera interface. In 2015 he will participate in the final checkout and operational trials and any modifications that are required. 
Francois Cazenave, Mechanical Engineer (100 hrs. requested)

Francois has been responsible for the mechanical engineering for the project, including: pressure/camera housing design and light frame design and build.  His main efforts for 2015 will be to resolve any mechanical issues which become apparent during testing and to work on designing the swept wings or soft ballast mechanism. 

Danelle Cline, Software Engineer (80 hrs. requested) 

Danelle will utilize her experience and existing scripts to processing time series video from Apple ProRes 422 format. She will work with the Rob Sherlock or Kris Walz appropriate to annotate the automated detections and output data for comparative analysis.  All of this will be done with the AVEDac software, which has the capabilities needed for this effort.
Rich Henthorn, Software Engineer (160 hrs. requested)

Rich will be developing the camera/recorder control software.

Rob McEwen, Software Engineer (200 hrs. requested)

Rob is responsible for stability testing and control software for low-speed operations.  

Brian Schlining, Software Engineer (80 hrs. requested)
Brian will be responsible for charting and building a path for bringing full resolution digital imagery into the VARS annotation system.
Rob Sherlock, Science Technician (80 hrs. requested)

Rob will utilize his wealth of experience processing time series video to help develop the protocol for testing candidate systems to ensure that they are capable of delivering video survey records comparable to what we can currently extract from the ROV video.

Todd Walsh, Audio Visual Specialist (24 hrs. requested)

Todd will aid in evaluating video imagery and making adjustments to the camera, as needed.
Kris Walz, Research Assistant (48 hrs. requested)

Kris has been annotating the Midwater Time Series video for a number of year and is an expert at identifying midwater animals on the fly.  She will be working with Rob Sherlock to do the video comparison analysis.

DMO AUV Group 

Participation in this project by the AUV group is greatly valued.  While we have budgeted engineering resources to accomplish all project goals, their continued participation in project planning, as well as work on system integration are necessary to produce the best results possible for the project.  In addition, they will be modifying the retired AUV CTD mid-body to host the i2MAP imaging module.
Project lab space
None required
Data availability outside project team, uniqueness

The data extracted from video produced by the imaging module will be adding to MBARI’s unique 20 year midwater time-series and will be available to MBARI researchers and collaborators.  The resulting publications will be available to all.  Engineering information produced by this project will be shared via publications and, we hope, used at other institutions to facilitate the initiation of long-term midwater surveys elsewhere.  

Export Regulation
Does the project team anticipate any foreign collaborations or international travel? If so, please identify collaborators by name, institution, and country.

Not at this time.

Does the project team plan or anticipate export controlled purchases, shipments, or transfers of items (e.g., research instruments, proprietary data, hand-carried tools or samples) outside the U.S. temporarily or permanently? If yes, please identify country or countries and indicate whether these items will remain under MBARI control while abroad or controlled by others. Will the items be exported to more than one country? Please include foreign collaborator information as described above.

Not at this time.
Monterey Bay National Marine Sanctuary SESAs (General map)
Projects will need to indicate whether or not work will be conducted within one of the Monterey Bay National Marine Sanctuary's Ecologically Significant Areas (SESAs). An interactive map can be found on the Sanctuary's SIMoN webpages at http://sanctuarysimon.org/maps/sesa/. (Note: It may take a moment for the page to load, so please be patient.) To determine if your work will occur in a SESA, specific coordinates can be entered using the locator function (click on the red "target" button in the toolbar at the top of the map). If your work will be conducted in one of these areas, please indicate which area, by number. 

   [Click here to enter SESA number, if applicable, or enter "None"]   
Risk matrix (development and infrastructure projects only)
	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	X
	X
	X

	Low
	
	
	
	


Appendix 1.  i2MAP Scientific Requirements

The purpose of the i2MAP project is to investigate currently available video technology and identify the optimum combination components for three modes of autonomously operating midwater camera systems. Each of the three system modes has their own unique scientific strengths: the AUV mode will enable the midwater researchers to perform midwater transects that are comparable to current transects done with the ROV, and ultimately will replace the ROV-based time-series transecting; the stationary observation platform mode will allow researchers observe animals at a fixed depth on a midwater mooring for relatively short periods of time (~6 - 48 hrs) and; the vertically mobile mode will enable direct streaming of video and data to shore, allowing for an instant “midwater view” into the Monterey Canyon over a longer period of time (on the order of months)
The development of this camera system for deployment on these platforms serves four goals:

· Migrating midwater time-series operations to an AUV will ultimately reduce the ship time costs to continue this invaluable series of long-term midwater time-series observations.

· MRS mooring and MARS based midwater camera platforms will enable researchers to set up unattended observations/experiments that do not require a support ship to be concurrently on station. 

· The design of less intrusive camera platforms may reveal organisms that are not seen using ROVs.
· By adapting survey methods to platforms other than MBARI’s ROVs, we optimize the potential for these techniques to be adopted by other institutions that do not operate ROVs.
The ultimate goal is to identify the components for a small video system consisting of a controller/recorder module, that can be configured with different video cameras and light sources to accomplish the missions described below in order of priority.
AUV Midwater Time-Series Transecting
MBARI’s midwater time-series transects have been conducted in Monterey Bay for over 18 years and are currently run on a monthly basis using MBARI’s ROVs.  The vehicles are equipped with a high definition color camera equipped with zoom lens and illumination is provided 6 HMI lights.  Horizontal transects are conducted at a speed of ~1 knt (55 cm/sec) with the camera and lights aimed forward and at 11 depths: 50 m and from 100 to 1000 m depth at 100 m increments.  The duration of each transect is 10 minutes resulting in an average distance travelled of 330 m and average total volume viewed of ~1270 m3.  Detailed information for ROV based transecting is as follows:

· Camera: Ikegami HDL 40

· Resolution: 1920 x 1080 lines

· Light sensitivity: F8 at 2000 lux
· Lens: Fujinon HA 10X5.2
· Zoom range: 10X
· Zooms setting during transects: wide (~86o wide FOV)
· Field of view and area at 1.5 m from the dome: 

· Illumination: 6 ea., 400 watt HMI or HID lights

· Total light output: 2400 watts 
· Recording media: digital HD tapes

· 4:1 compression

The benchmark requirement for an autonomous camera system developed to replace ROV-based midwater time series transecting is that it provides video quality comparable to, or better then that produced by the current ROV–based system.
Moored Midwater Observation Platform

Scientific goal: 

The stationary midwater observation platform is for making short-term observation (hours to days) of pelagic fauna at specific depths in and outside the Monterey Canyon.  We aim to develop an autonomous system that may be deployed on the MRS Mooring via ROV or deployed off ships of opportunity from trawling or hydro wire. Test deployments with a low-light camera and red illumination in the Monterey Canyon and in the Gulf of California have shown that this system allows for identification of nekton (squid and fish), gelatinous organisms (siphonophores and ctenophores) and marine aggregates (sinkers).

Requirements: 

· Platform that allows deployment via ROV on mooring, but also via wire off ships of opportunity

· Battery powered
· Data storage in situ via recorder

· White and red illumination

· Color HD video and/or monochrome, low-light HD (an HD color camera sensitive enough to capture good images with red LED illumination could serve both purposes)

While developing the autonomous video system for time-series use on an AUV is one of our higher level ultimate goal, deploying the system, or system components, on the SMOP for testing will be the early proof of concept.
Vertically Profiling Midwater Observation Platform

Scientific goal: 

For the long term, non-intrusive observation of pelagic fauna in the Monterey Bay we aim at developing a system with real time control and the ability for direct streaming of data and video to shore.  Such long-term data will compliment the midwater time-series data set by allowing us to have a continual presence on station and conduct vertical surveys through the water column on a daily (or diurnal) basis.
Requirements: 

· Powered and controls through the MARS node

· Remote control of vertical positioning (depth in the water column)
· Ability to switch between time-lapse, continuous, and triggered recording modes
· Ability to switch on luminescent lures in various modes

· Platform capable of carrying an integrated acoustic profiling system

· Color HD video and/or monochrome, low-light HD (an HD color camera sensitive enough to capture good images with red LED illumination could serve both purpose.
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1. Image Capture.

1.1. The AUV transecting imaging system must replicate the existing ROV based quantitative mid-water transects such that the results of transects can be compared in a scientifically valid way.

1.1.1. At a minimum, the system must maintain the current ROV based system imaging and recording quality. The current system uses an Ikegami HDL 40 high definition television camera and high quality Fujinon HA 10X5.2 lens coupled with two corrector elements and a six inch equal radius borosilicate glass dome. The video standard is 1920x1080 interlace recording at a frame rate of 29.97 (or 30) frames per second. The current recording media is HD D5 format on using Panasonic AJ-HD3700 tape recorders recording at 300 mbit per second with a 4:1 intra-frame compression.  

2. Image Recording and Annotation.

1.2. The AUV transecting system must maintain the current image data processing and video annotation chain OR create a new processing chain that can be executed with a similar degree of complexity and effort. The current system uses the standard video data load path into MBARI’s video annotation and archival operation. Tapes are moved to the video lab and played back using the VARS annotation system. Instrument data and screen captures are automatically transferred back to the shoreside expedition database. Video tape annotation data is combined into the data base with the CTD and ACM (Acoustic Current Meter) distance traveled data. Deck control is from VARS using the tape players remote interface (RS-422 or RS-232).

1.3. The video records must include SMPTE timecode data that is synchronous with the environmental instrumentation data.

1.4. The recording format and recording method must record for a minimum of 11 transects of 330 meters at one knot or about 120 minutes. Note that if the AUV speed and the frame rate increases then the minimum required recording time goes down (the amount of data remains the same).

2. Environmental Instrumentation.

2.1. The Dorado camera payload shall provide for simultaneous operation with the standard CTD, oxygen (x2?), and fluorometer instruments of the CTD AUV OR duplicate these instruments on the camera payload. The data must be available as part of the standard AUV data load path and be accessible to VARS. The data must be time-stamped synchronously with the ADVL and recorded video data.

2.2. ADVL (acoustic Doppler velocity log) data is required for knowing the total distance traveled through the water column. This data must be part of the standard AUV data load path and be accessible to VARS.

3. Physical Requirements.

3.1. Operate at specific depths from 50 meters to 1500 meters and maintain depth accuracy +/- one meter for a distance of 330 meters.

4. Control and Operation.

4.1. Meet the weight, balance, interface and configuration requirements of a Dorado AUV payload such that extraordinary measures are not required for routine AUV operation.

4.2. Be installed and removed from the AUV Dorado with a minimum of effort, consistent with similar nose cone payloads. The payload will be exchanged at least once per month.

4.3. Dorado must maintain a constant speed of about one knot relative to the water column. It’s possible this speed can be increased to two knots if the image capture rate is increased to 60 frames per second.

5. Software Interface.

5.1. The software interface must allow the following commands to be sent from the AUV control computer:

5.1.1. Power on/off to lights.

5.1.2. Power on/off to camera.

5.1.3. Power on/off to recorder.

5.1.4. Start/stop recording.

5.1.5. Start/stop playback

5.1.6. Return system status consisting of:

5.1.6.1. Remaining recording time

6. Hardware Interface.

6.1. The electrical interface to the Dorado AUV must be compatible with:

6.1.1.  18 to 36 Volts DC.

6.1.2.  15 Amperes maximum continuous current.

6.2. The data interface is 10/100BaseT Ethernet.

Figure 4. The camera and light test facility.
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