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1) PROPOSAL
a) Continuing Projects

If the proposed project includes multiple individual projects, please list each of these projects as a subheading in the proposal. For each subheading, please address the following:

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 in 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 result in reducing the underestimation of organism abundance. Testing will continue this year and in early 2014.  New approaches will 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.
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 2).

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)
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).
As would be expected, these test revealed differences in control ability between configurations, as can be seen in Figure 2.  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.  The initial descent to 30 meters depth was made at a higher vehicle speed. 
The results of these tests suggest three possibilities for how to proceed for this project:  1) Proceed with normal ballasting and wings.  The tests so far have shown that this will work.  The next step is to adjust the software control gains and limits to further improve performance; 2) We work to find a camera solution that will enable us to perform the transects at higher speed (≥0.75 m/s) which may enable the transects to be conducted with static ballasting and no body wings or; 3) Perform precision ballasting before each mission with the vehicle 2 to 3 lbs positive.  This may eliminate the need for body and possibly duct wings, but would likely lead to the need for some sort of active buoyancy control.  Further testing would need to be performed before proceeding on this path.
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 (see 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)
The project task of conducting a camera evaluation and calculating the associated required light field has had a delayed start due to Mark Chaffey being unavailable for the first half of the year. This work has now started and is planned to be completed this year. A 1500 m housing design will be required to house the camera system including the camera, the digital video recorder and the interface micro-controller.
Significant changes from previous project proposal 

In our 2012 proposal timeline, in addition to the stability testing that we conducted this year, we had proposed to field a functioning midwater imaging AUV utilizing an ROV video camera by the end of 2013.  At the Management Team’s urging, we scaled back our 2013 objectives and are now planning to field test the Dorado Midwater Imaging Module, including our final video system, by the end of 2014.  Further field testing and imaging/data comparisons with those collected with Ventana are now planned for 2015.
We had initially proposed to mount the imaging module on the CTD vehicle using the core CTD sensors from that vehicle to provide the physical data required to set the background for our video observations.  Unfortunately the configuration of the sensor module of the CTD vehicle is very tightly coupled with the plankton imaging payloads and would either require laboriously rebuilding the existing nose cone payload with each deployment or a complete re-design of the existing CTD nosecone to increase the sensor modularity. Neither of these options is considered feasible by the AUV group due to space and plumbing constraints. We therefore propose to duplicate a subset of the current CTD AUV nose cone instrumentation on the imaging payload.  The interface to the AUV will be identical to the current standard.
Publications based on the results of this project only
None yet in the works.

b) New and Continuing Projects: Plans for 2014
Research Activities
The project is focused chiefly on the engineering and technology developments outlined in the

next section. The AUV imaging test dives conducted at the end of 2014 will serve to test the system. Quantitative analysis of the video in comparison to that obtained with Ventana, will be performed to validate the new methodology in late-2013 to early-2014.  Also, we will continue deployments of the proof-of-concept midwater moored camera system to test different configurations and make more unobtrusive animal observations.
Engineering/technology development

Dorado Midwater Imaging Nosecone Development
[image: image4.jpg]



Figure 4.  Concept model of AUV midwater imaging nosecone assembly with yet to be specified HD video camera and 4 ea., 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.
Dorado Low-Speed Stability Testing (continued from 2013)
To produce video data comparable to the existing transect records generated by ROV, we believe that with 30 frame per second video the Dorado AUV must fly at 0.5 meters per second. Achieving stable low-speed flight depends on the magnitude of the destabilizing moment induced by the added lights and bars not being greater than the stabilizing moment generated by lifting surfaces aft of the center of mass, and also that the AUV static buoyancy does not exceed the downward “lift” generated by the control surfaces and the fuselage when underway.

The destabilizing effect of the light and bars themselves depends on the shape, as these present a significant surface area perpendicular to the direction of water flow.  Round bars induce the smallest destabilizing force because they do not generate lift. Even with no lift, the drag of the bars coupled with the vehicle pitch angle does try to drag the nose down and consequently has a destabilizing effect.

While the current energy budget has a large margin, there may be a desire to reduce the drag of the light bars if the vehicle range becomes a limitation.  The drag may be reduced by approximately a factor of 2 or 3 by replacing round bars with streamlined ones.  Unfortunately, the foil shape now generates lift when the vehicle pitches, and since the lift points down and is at the nose, it adds to the destabilizing moment.  Thus there is a trade-off between vehicle range and flight stability.
It is possible that the degradation of control (pitch oscillations) caused by the bar-induced destabilizing force is small enough to be negligible.  If not, pitch stability can be restored by adding small, rigid control surfaces near the rear of the fuselage, likely attached either just in front of the duct, or on the duct as was tested.  Further analysis and testing is required to determine the final design.
In regards to static buoyancy, the effect on AUV stability is a strong function of both speed and buoyancy. In straight-and-level flight the control system must pitch the vehicle 2-6 degrees down so that the fuselage downward lift counteracts the static buoyancy. Since lift increases as the square of speed, at higher speeds more lift is available to counteract the buoyancy. Above .75 m/s, the lift generated by the fuselage and duct may be sufficient for meeting the depth accuracy requirements.  At slower speeds, we need to either increase the lift by adding body wings, or decrease the buoyancy with a buoyancy control system.  Testing to date has shown that body wings and duct winglets can control the vehicle down to .5 m/s with the current methods of setting vehicle buoyancy.  Further analysis and testing is required to more precisely determine the size and location of the wings.  
Another possibility for controlling stability is to ballast the vehicle such that it has less static buoyancy.   This carries the risk that the vehicle may not be able to surface if it has moved into less dense water, or snagged some kelp, etc.   Also, precision ballasting is more time consuming and then places requirements on the compressibility of the vehicle components.  For example, precision ballasting of the 2013 testing vehicle was nearly impossible because the Bluefin batteries are spongy.  More likely, we would need to develop either an active or passive buoyancy control system, so that the buoyancy can be adjusted in flight. Precision ballasting or active ballast control are not currently being considered for resolving the stability issue.
Outstanding stability related issues to be addressed in 2014 are :

1. How fast can the vehicle go without adversely affecting the video?
2. Do we need streamlined light bars?
3. If the stable AUV transect speed is too low to meet the video requirements, what wing size and locations are necessary?  We already have a good idea of this from previous tests.
Controller/Recorder Module and Camera Interface Development

This effort consists of developing the hardware and software for a controller board that will interface to the Dorado AUV system and process the commands to control the on/off functions of the camera, lights, and digital video recorder. The mission scripting to provide high level control to the camera system, i.e. when to start and stop recording, will take place on the Dorado AUV MVC computer. The design requirements and the detailed applications interface to the Dorado mission script have been completed as a draft and will be updated when the camera and recording system are selected. 
Optimized Camera and Lighting Design
The challenge for the camera and lighting system is to generate transect video of equal or superior quality to the current product from ROV surveys on the more constrained AUV platform. An advantage is that this camera system will be dedicated to the transect/survey application and therefore does not require a zoom lens and therefore the optical path can be optimized for the best possible performance in transecting. Two separate camera families are being evaluated for the project. One is the family of high quality RGB 3 channel CCD (Charge Coupled Device, the image sensor) box cameras similar to the Ikigami ROV cameras currently in use. The second family is the rapidly evolving “professional” cameras that use a single large CCD and a Bayer mask. The selection criteria are based on the design requirements, including the ability to output video in the 1080p/30f or 1080p/60f formats. We believe that moving to a progressively scanned video format will make a significant improvement in the ability to quantify organisms in the transect images during annotation by minimizing the motion artifacts generated by interlaced scanning, especially away from the center of the viewing frame. If we are also able to move to the higher frame rate of 60 frames per second then we gain the ability to allow AUV transecting at speeds of  0.75 meters per second or greater, thereby eliminating the requirement for augmenting the AUV stability with wings. However, the ability to source and record full resolution video in the 1080p/60f format requires continuously generating, processing and recording a 3gigabit per second data stream, placing stringent requirements on the camera and recording system and is on the forefront of currently available COTS technology.

To resolve the final camera selection side by side testing with representative images will be conducted in late 2013 and early 2014 using demonstration cameras and recording hardware.
Video Annotation and Archival Workflow
An important design requirement is that the video acquired by the AUV midwater imaging system be compatible with the existing video lab annotation and archival system. We propose to acquire video at 1080p/60 (1080x1920 pixels progressively scanned at 60 frames per second), or 1080p/30 and record at either full resolution or more likely compressed with Apple ProRes 422 (HQ) or Apple ProRes 4444 intermediate compression standards onto solid state drives (spinning disks are not recommended for moving platforms). See Digital Video Compression Evaluation section above. The video records would be removed from the AUV by downloading through sealed housings to portable drives. In the video lab, the video files (separate record for each transect) would be batch converted to "conform" the 1080p/60 files to 1080p/25 for transfer to D5 tape for video annotation and archival using the current methods.
This method allows reuse of the very expensive solid state drives and is consistent with the current archival system. We would also preserve the full 1080p/60 video resolution through archival. When the video lab migrates to the next generation of media then the archival footage and acquisition would seamlessly migrate also.
Sensor Integration

Along with a video data, continuation of current transect experiments requires addition environmental data sets to be available. Design of the new nose section will include a small suite of sensors defined by the midwater group. As much as possible selected sensors will be 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 reduces demand for data archival, Sensors already identified include those detecting conductivity, temperature, oxygen from Seabird Electronics. A transmissometer has also been requested. Integration of these sensors will require electronics to centralize data acquisition, and will likely share a subsea housing with other systems previously defined. These sensors are expected to be mounted inside the same section as other equipment for this payload. 

Field programs (detail ship requirements/deployments/diver requirements)
We will require five Carson/Dorado ship days in 2014 - the first two in the first half of the year to further test low-speed stability of two vehicle configurations (one day with body and duct wings, and one without wings, but with reduced buoyancy). Three more days will be required in the last quarter of 2014 at two to four week intervals for testing of Dorado with the completed imaging nosecone.  In addition, if we are able to readily interface the AUV camera system with Ventana, we will plan on conducting transects during which we concurrently record the images from both the ROV and imaging AUV cameras during Midwater Time-Series project ROV dives.  Such comparisons will set the groundwork for Dorado-Ventana based comparisons of the camera systems on in 2015.
Specific deliverables
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.
Milestones (see personnel classification list)
   [Click here to enter text]   
	2014 Project Start Date: 
01/01/14
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources
 for each resource category for all milestones listed here

	Milestone Date
	2/15/2014
	3/25/2014
	5/21/2014
	9/17/2014
	12/15/2014
	

	Milestone Description
	Camera and recording evaluation complete
	Preliminary design review
	Critical design review
	Final assembly complete
	Sea trials complete
	

	EE
	120
	80
	96
	40
	80
	416

	SE
	4 – Risi


	20 – Risi
230 - McEwen
	24 – Risi
230 - McEwen
	120 – Risi

	48- Risi
20 - McEwen
	696

	ME
	
	24
	80
	80
	24
	208

	EE Tech
	
	
	
	80
	 
	80

	SE Tech
	
	
	
	
	
	

	ME Tech
	16
	
	
	16
	
	32

	Machine Shop
	
	
	
	120
	
	120

	Video Lab
	16
	 1
	1
	
	16
	34


Budget justification
Funds are requested to purchase an HDTV box camera ($25k) and prime lens ($27k). This type of camera is similar to the style currently used on the ROV’s Ventana and Ricketts and easily integrates with an underwater housing. We plan on reusing the optical dome from the Sony HDTV camera but will still need materials to construct a new camera and recorder pressure housing ($9k). Funds are also requested for a recording deck that utilizes solid state media ($2.4k) and two sets of the media itself ($3.2k). Funds are also requested for including CTD instrumentation ($8.5k). We also will need syntactic foam to counteract the camera and recorder housings weight ($9k) and a Dorado nose cone fairing ($3.9k). We also request funds for interconnect cabling ($2.4k) and misc. electronics hardware ($1.7k). Funds are requested for sales tax on capital and expense purchases ($7.6k) and shipping ($350).
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 (416 hrs. requested)

Mark will oversee project engineering, as well as,development of the engineering requirements and be responsible for the electrical design of the controller/recorder module and camera interface.
Francois Cazenave, Mechanical Engineer (208 hrs. requested)

Francois will be responsible for the mechanical engineering for the project, including: pressure/camera housing design and light frame design and build,
Dave French, Marine Operations Technician (24 hrs. requested)

Dave has been working on a number of earlier in situ camera projects, including the NOAA Autonomous Tissue Sampler and will be responsible for integrating the Midwater teams ATT 880 image intensified camera onto the Moored Midwater Observation. 

Rob McEwen, Software Engineer (480 hrs. requested)

Rob will work with Hans and Eric to modify the Dorado control software for low-speed operations.  

Mike Risi, Software Engineer (216 hrs. requested)

Mike has developed the software to control the functions of the In Situ Tissue Sampler and will be modifying that software, as required to incorporate other devices into the 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 (40 hrs. requested)

Todd will aid in researching potential camera solutions and in setting up camera testing.
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.
Project lab space
   [Click here to enter text]   
Data availability outside project team, uniqueness

The data extracted from video produced by the imaging module will be adding to MBARI’s unique 19 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.
Appendix 2

901209 Imaging for Mid-water Autonomous Platforms Camera System Design Requirements

22JUL13 – rev. 0 mrc

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.

� This date and number should remain the same for the duration of the project. If your project start date for 2014 is not January 1, please indicate the start date in the first cell of the milestone chart.


� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


� Not all projects will require all four titles to be filled in. Please indicate individuals only for those titles that are appropriate for your project. 


� This number should be the same number you entered on the resource requests for this particular resource.
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