A Quantitative Low-Light Imaging Module for MBARI's AUV

User Requirements Document
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Perspective & Background

The MBARI ROV supported midwater transecting time series study has resulted in an incomparable video based data set.  It provides a high-resolution assessment of abundance, vertical distribution and seasonal variability of midwater animals that has led to significant new insights into the structure and dynamics of mesopelagic ecology in Monterey Bay and beyond.  Bioluminescence transecting to detect and categorize stimulated bioluminescence using a low-light video camera is another method of video survey that has been gradually been implemented on MBARI’s ROVs.   The purpose of this project is to develop a payload for a Dorado class AUV that will allow it to expand the scope of these types of scientific missions while maintaining the quality of observations that we currently enjoy using Ventana and Tiburon.  

	Midwater Quantitative Transecting Surveys (Illuminated)
	Midwater Bioluminescence Imaging Surveys

	Science Questions
	Science Questions

	· What are the seasonal abundances and vertical distributions of mesopelagic animals in Monterey Bay?

· How do cyclic oceanic events affect the biota and community structure of this region?

· Are there long-term changes in biota and/or community structure that can be correlated long-term environmental changes?
	· What is the potential bioluminescence and relative abundance of bioluminescent organisms throughout the water column?

· How does this vary seasonally?

· Who are the organisms responsible for producing this light?

· How do cyclic oceanic events affect potential bioluminescence?

	State of the science
	State of the science

	· On a monthly basis, horizontal video transects are made at 100 meter depth increments from 100-1000 meter, plus one transect each at 25 and 50 meter depths

· Each transect is run for 10 minutes at ~ 55 cm/second for and average total distance of 330 meters.  Speed through water is determined using an acoustic current meter.

· Video data is stored on Digital BetaCam and HDTV tapes for annotation and analysis back at the lab.

· Concurrent hydrographic data is collect using a CTDO with additional light transmission and chlorophyll sensors.
	· Using HOVs and ROVs, measurements of this type have been taken sporadically since 1985.

· Profiles for these missions include horizontal transects and yo-yo patterns over varying distances

· Through-water speed is determined by some sort of vehicle mounted current meter and is used, along with the viewing area, to calculate the volume of water transected

· Images are collected using intensified cameras (ISIT and ICCD) that are sensitive enough to detect the light emitted by most bioluminescent organisms that is focused on a “stimulation” screen mounted in front of the vehicle.  No other lighting is used for this type of work other than that produced by the organisms.

· The images are recorded to varying types of magnetic tape for categorization and quantification at a later time in the lab.

· Concurrent hydrographic data is collect using a CTDO with additional light transmission and chlorophyll sensors.


General Capabilities

The module must be capable of imaging and recording both non-bioluminescent and bioluminescent creatures.  In addition, the module must be capable of collecting and recording other scientific data as described in the specific user requirements section.  

The module will be part of an AUV that will be operated primarily in the Monterey Bay and it's submarine canyon.  Therefore the module must be capable of operating in this environment.  

The module should allow nighttime operations, which are limited under existing ROV operations.  

Looking for a solution that is easy to configure, robust and reliable.  

General Constraints

The module must be compatible with MBARI's AUV, a Dorado class AUV.  At this point, there is no reason to design a completely new vehicle for this purpose, and the AUV is MBARI's only vehicle, other than the ROVs, capable of carrying out these transecting missions.  Therefore, the module must be compatible with the existing MBARI AUV infrastructure, including launch and recovery mechanisms, data/telemetry transfer, and maintenance protocols.  

User Characteristics

AUV Operations, Drew Gashler and Robert Fuhrmann, will be the primary users of the module, and scientists, Bruce Robison, Steve Haddock and Christy Herren, and research technicians, Rob Sherlock and Kim Reisenbichler, will be the primary users of the module's data.  

Operational Environment

As stated previously, the module must be compatible with MBARI's untethered AUV and AUV infrastructure.  The module should also be compatible with future AUV docking designs, although they haven't been designed yet.  MBARI uses a Dorado class AUV that is launched and recovered by the R/V Zephyr.  New developments for the AUV are integrated and verified in the AUV lab next to the test tank, and the vehicle is configured and maintained in the AUV lab next to the machine shop.  

Here are summary characteristics of the MBARI AUV system:

	· Used in conjunction with R/V Zephyr at a day rate of $8,890 and a launch/recovery range of 3500nm @ 12knots

· May be launched/recovered in sea states equivalent to Ventana (state 4)

· 4500m maximum depth

· 6kWhr Typical Available Power (12kWhr possible)

· 1.9-3.9knots forward speed

· Currently no lighting or camera 


The data recovered by the existing ROV non-bioluminescent missions is recorded in the MBARI video annotation system by research technicians.  Once the video recording is back on shore, essentially the technician watches the video looking for identifiable animals and notes that the animal was seen in the video annotation reference system (VARS).  The non-video data recorded by the module is transferred from the vehicle to MBARI's network where it is uploaded into the SSDS data repository.  

For bioluminescent missions using SPLAT (Spatial Plankton Analysis Technique), the spatial intensity of each image is combined with the image size and speed through the water to produce a 3-dimensional data record in units of photons/liter.   Due to the temporal nature of the video stream, both the size and temporal persistence of the intensity is used to identify different creatures.  Currently this is done with an old DOS program provided by HBOI, and a separate effort is underway to convert the program to MATLAB.  

MBARI's only systems competing with the proposed development are Ventana and Tiburon.  While both Ventana and Tiburon are capable of the missions described in this proposal, issues of tether dynamics, human endurance, and available ship time limit the scope and duration of ROV based surveys of these types.  

Here are summary characteristics of the MBARI ROV systems:

	Ventana
	Tiburon

	· Used in conjunction with R/V Point Lobos at a day rate of $8,413 and a range of 9000nm @ 11knots

· May be launched/recovered in sea state 4

· 2100m maximum depth

· 8kW Total Available Hotel 

· Four or six 400W HID lights

· Sony HDC750 HDTV color camera 

· Min Illum: 16lux @ f1.4 & +12dB

· 1080 TVL/PH max


	· Used in conjunction with R/V Western Flyer at a day rate of $23,860 and a range of 4000m @ 8 knots

· May be launched/recovered in sea state 5

· Depends on wind/current directions

· 200m minimum operating depth

· 4000m maximum operating depth

· 0 to 1.5knots forward speed

· 50m/s descent rate max

· 25m/s ascent rate max

· 15kW Total Available Hotel

· Four 500W HMI lights

· Panasonic WVE550 color camera

· Min Illum: 7 lux @ f1.4 & +18dB

· 800 TVL/PW max


Assumptions and dependencies

In order to completely utilize the increased data load that will result when this system is fielded, we anticipate utilizing the technology developed by the Visual Image Event Detection Technology Exploration project as well as further enhancements of the Shore-Side Data System.

For bioluminescent missions, we anticipate utilizing an updated version of Dr. Edie Widder's SPLAT program to process the video stream.  

It is assumed that a volume of water in front of the vehicle is undisturbed by the vehicle's movement through the water at some point in front of the vehicle.  

It is assumed that the module will not process the video stream on-board for any other purpose than compressing the video stream.  

Specific Requirements

	Absolute Reference: 0001
	Source: Kim Reisenbichler

	Requirement: Vehicle speed through water must be recorded.  

	Priority:High
	Performance: 
	Urgency:

	Stability:  Solid
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0002
	Source: Kim Reisenbichler

	Requirement: Vehicle speed through water will be dictated by the capability of the imaging system to collect sharp images of the biota of interest 

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs further clarification
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0003
	Source: Kim Reisenbichler

	Requirement: Along with speed, distance traveled through water must be recorded during a transect in order to calculate volume of water observed

	Priority:High
	Performance: 
	Urgency:

	Stability:  solid
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0004
	Source: Kim Reisenbichler

	Requirement: The viewing area must be undisturbed by the vehicle prior to recording the images.

	Priority:High
	Performance: 
	Urgency:

	Stability:  solid
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0005
	Source: Kim Reisenbichler

	Requirement: Video camera resolution and sensitivity must be high enough to identify the size range of animals currently identified from ROV transects. 

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs further clarification
	Verifiability:  Needs further clarification
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0006
	Source: Kim Reisenbichler

	Requirement: Images will need to be collected at a frame rate that allows for complete sampling of the water volume transected.

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs further clarification
	Verifiability:  Needs further clarification
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0007
	Source: Kim Reisenbichler

	Requirement: Stored video must maintain the image integrity of the original video.

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs further clarification
	Verifiability:  Needs further clarification
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0008
	Source: Kim Reisenbichler

	Requirement: Concurrent hydrographic data shall be collected using a CTDO with additional light transmission and chlorophyll sensors

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs further clarification
	Verifiability:  Needs further clarification
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0009
	Source: Kim Reisenbichler

	Requirement: For non-bioluminescense, on a monthly basis, 1 km horizontal imaging transects will be made at 25 meter depth increments from 25-1000 meters during the day.  The vehicle will hold station at depth until a reverse, nighttime profile of transects can be initiated.

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs a reality check
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0010
	Source: Steve Haddock

	Requirement: For bioluminescense, on a monthly basis, Yo-Yo profiles will be run from the surface to 100m in a grid pattern over a 12 hr period at night

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs a reality check
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0011
	Source: Steve Haddock

	Requirement: For bioluminescense, periodical horizontal transects at varying depths in the upper water column over a continuous 12 hour nighttime period.

	Priority:High
	Performance: 
	Urgency:

	Stability:  Needs a reality check
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0012
	Source: Kim Reisenbichler

	Requirement: The vehicle's depth must be maintained to within +/- 5m or less.  

	Priority:
	Performance: 
	Urgency:

	Stability:  Needs a reality check
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0013
	Source: Kim Reisenbichler

	Requirement: The vehicle's Latitudinal and Longitudinal position must be accurate to (100m, but there must be no canyon wall interaction (obstacle/collision avoidance required)

	Priority:
	Performance: 
	Urgency:

	Stability:  Needs a reality check
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0014
	Source: Steve Haddock

	Requirement: The module must stimulate microscopic bioluminescent organisms and temporarily retain bioluminescent organisms no smaller than 5mm diameter, in front of the camera for at least 100ms and up to 500ms.  

	Priority: High
	Performance: 
	Urgency:

	Stability:  Stable
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0015
	Source: Steve Haddock & Kim Reisenbichler

	Requirement: There will be no joint bioluminescent and non-bioluminescent missions

	Priority: High
	Performance: 
	Urgency:

	Stability:  Stable
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0016
	Source: Steve Haddock & Christy Herren

	Requirement: The module must be sensitive enough to image animals that generate between 104 and 109 quanta/s/cell at wavelengths between 440-505nm FWHM 

	Priority: High
	Performance: 
	Urgency:

	Stability:  
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0017
	Source: Steve Haddock & Kim Reisenbichler

	Requirement: The module must not generate light that the intended targets can see.  Since most targets can't see red and near-infrared light, the module should use red or near-infrared light for illumination when necessary.  For fish, the peak sensitivity range is between 470-490nm, so illumination wavelengths must not fall within that range.

	Priority: High
	Performance: 
	Urgency:

	Stability:  Stable
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0018
	Source: Steve Haddock 

	Requirement: The module must provide enough temporal resolution to measure the bioluminescent flash decay time, somewhere between 100ms for smaller animals and 250-500ms for larger animals.    

	Priority: High
	Performance: 
	Urgency:

	Stability:  
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0019
	Source: Christy Herren & Steve Haddock 

	Requirement: For bioluminescense, the module will be used to identify individual larger organisms (i.e. copepods), but only a scene intensity for smaller organisms (i.e. dinoflagellates)

	Priority: High
	Performance: 
	Urgency:

	Stability:  
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0020
	Source: Christy Herren & Steve Haddock 

	Requirement: For bioluminescense, the module will be used 1 to 2 times per month until the data mining processes have been developed.  Then the module will be used up to once per week.  

	Priority: High
	Performance: 
	Urgency:

	Stability:  
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0021
	Source: Christy Herren & Steve Haddock 

	Requirement: For bioluminescense, the signal-to-noise ratio needs to be maximized.  

	Priority: High
	Performance: 
	Urgency:

	Stability:  
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0022
	Source: Rob Sherlock 

	Requirement: For human annotation, resultant viewing system must have jog/shuttle capability with a non-interlaced stable image.  (HDTV vs. DigiBeta)

	Priority: High
	Performance: 
	Urgency:

	Stability:  
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0023
	Source: Rob Sherlock 

	Requirement: Resultant video must be stored in an archive for future reference.  

	Priority: High
	Performance: 
	Urgency:

	Stability:  
	Verifiability:  Yes
	Ownership:  End science users

	Acceptance Criteria:


	Absolute Reference: 0024
	Source: Jim Bellingham 

	Requirement: Must maximize scanned volume of water

	Priority: High
	Performance: 
	Urgency:

	Stability: High
	Verifiability:  
	Ownership:  Systems Engr.

	Acceptance Criteria:


Acronyms

AUV

Autonomous Underwater Vehicle

CTD

Current, Temperature, Density

FWHM

Full Width Half Maximum

HDTV

High-Definition Television

HID

High Intensity Discharge

HMI

Hydrargyrum Medium-arc Iodide

HOV

Human Occupied Vehicle

ICCD

Intensified Charge-Coupled Device

ISIT

Intensified Silicon Intensified Target

ROV

Remotely Operated Vehicle

TVL/PH

Television Lines per Picture Height

TVL/PW
Television Lines per Picture Width

