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Self-contained plankton imager   
1) ABSTRACT (new projects only)

There are many systems, both software and instrumentation, that have been developed in an attempt to automate quantification of plankton from images. We propose to draw upon these existing efforts and add improvements of our own to develop a self-contained plankton imager (SCPI) that can be deployed on platforms of opportunity, including piers, mooring cables, ships, and mobile vehicles. When deployed on a vertical cable, the package would orient into the current so that animals would pass the field of view in a “transect-like” manner. Images would be stored to solid-state media, for subsequent analysis upon retrieval or via periodic download during servicing. Because it would not require external power or data cabling, the instrument could be deployed in remote locations, thus providing a cornerstone for a distributed observing network. This system could be combined with a vertically profiling mooring or launched from a simple non-conducting wire to give a picture of the vertical distribution of plankton. Since the camera system requirements of this project align with those proposed on the LST/Vertical Profiler for Ken Smith, and may also serve the needs of the Vrijenhoek lab for evaluating planktonic larvae, the plankton imager will also be adapted for the LST and control systems will be able to accommodate interfacing with other hardware packages like autonomous, cabled, or moored platforms. 
2) PROPOSAL

a) New Projects

Statement of the problem, why it is important

The chemical state of the ocean is relatively easy to measure with existing sensors and technology. In many respects, however, the biological components of the ecosystem are responsible for determining the chemical state—interconverting between CO2, biomass, and oxygen, and generating flux of material to the sediment. These important constituents of the ocean—its living inhabitants—are difficult to quantify over large time and space scales, and the most common approach is merely using chlorophyll fluorescence as a proxy. 

  

In order to count and survey plankton, and especially zooplankton, a variety of imaging platforms have been developed. However most of these, if not all, require dedicated ships, winches, and cables, and they are expensive to acquire and operate. The result is that zooplankton are not quantified to the extent that they should. We lack time series data to indicate how zooplankton are changing over time, and have insufficient spatial coverage to see how they are distributed. 

  

The system we propose is small, lightweight plankton imaging system, which is self-contained and which can be easily deployed on a range of platforms. 
  

Developing such technology is important for many reasons. From a scientific perspective, the more opportunities there are to quantify animals, the better our chance of understanding ocean ecosystem dynamics and change. Through technical advances, we can increase the speed and extent of our data-gathering with regard to ocean health. Are jellyfish blooms increasing? Are larval fish or crabs recruiting at a lower rate? What happens with sediment flux following a eutrophication event? All of these things are very difficult to assess given the infrequent sampling that we are able to conduct at a few discrete points. 

 

As we mentioned, the promise of imaging techniques is borne out by the multitude of platforms that have been developed to measure plankton in this way. These have been reviewed by Benfield et al. (2007), and some of the most prominent systems are listed below. The technological pushes, though, have been toward adding capabilities and sophistication to the systems, often at the expense of portability. On the other hand, one of the areas that we can benefit from these other projects is in the image classification and recognition software that has been developed. A list of current systems is summarized below. These references can be consulted for detailed comparisons:

Hardware review: Benfield, MC, Grosjean, P, Culverhouse, PF, Irigoien, X, Sieracki, ME, Lopez-Urrutia, A, Dam, HG, Hu, Q, Davis, CS, Hansen, A. (2007) RAPID: research on automated plankton identification. Oceanography. 20:172-187.

Software review: Irigoien, X., P. Grosjean, and A. Lopez Urrutia (2006) Report of a GLOBEC/SPACC workshop on image analysis to count and identify zooplankton. 21 pp. Available online at: http://www.globec.org/structure/regional/spacc/image_wksp/contents.htm

The main differences between these systems and our proposed camera are out small size, self-contained nature, and adaptable image resolution for focusing on targets of different size.

Table. Comparison of some recent plankton-imaging technologies.
	Name
	Institution
	Imaging tech
	Method of deployment
	Pros
	Cons

	SCPI 
	MBARI 

(Current Proposed)
	Side light, high-res color
	Multiple
	adaptable
	limited lighting configurations, duration of deployment

	Video Plankton Recorder (VPR)
	Woods Hole
	Monochrome
	Towed via conducting cable
	Sophisticated image classification. Good imaging of medium-sized images,
	Large size, dedicated ship and winch needed

	ISIIS
	Univ of Miami
	Bright field scan
	Towed or profiling
	High resolution, well illuminated
	Very large frame organisms pass through scanner, moderate resolution

	UVP
	Villefranche
	Side light, monochrome
	Towed or profiling
	Open source classifier, moderate size
	Not self-contained

	SIPPER
	USF
	Bright field sequential scan, good detail, monochrome, Separate illumination and imaging modules
	Towed or profiling
	detail of organisms
	samples must pass through entrance slot, large cabled package

	LOPC
	Bedford Inst.,  Canada
	Laser silhouette
	Towed or profiling
	High throughput
	Poor resolution of images/blobs


How does it relate/contribute to MBARI’s mission and strategic plan?

Our intent is to build a general purpose instrument that would be of use to a variety of PIs and projects, both within MBARI and in the broader research community. Related MBARI projects include the Zooplankton lab’s interest in jellyfish abundances over time; the Vrijenhoek Lab, represented by Julio Harvey, and their interest in imaging planktonic larvae, and the need to quantify sedimentation rates in relation to Ken Smith’s Lagrangian sediment traps. The prototype version of our intial imager may not meet the requirements of all users, but the system will be designed to be flexible and modular. In this way, modification of the optics, for example, could target a different size-range of organisms, making the basic device usable to another group of scientists. 

Some of the MBARI platforms on which the SCPI could be deployed are the LRAUV, AUVCTD, MARS observatory, LST/VPs, and moorings. Other platforms of opportunity outside MBARI include piers and mooring deployments and attachment to CTD and other vertical and horizontal profiling packages.

Strategic plan themes: This project dovetails primarily with two themes from the Strategic Plan: Ocean Visualization and Characterization and Observing Ecosystem Dynamics. We will be developing technology to substantially increase the extent and coverage of our visualization capabilities. By having an unobtrusive long-term observing presence in the water, we will be able to monitor ecosystem dynamics with the potential to detect trends that are both more ephemeral, as well as more subtle over longer time periods. 

Design goals: 

Our evaluation of components and the system design will be performed with tech transfer in mind from the outset. This is an important aspect of this project that helps distinguish it from existing platforms. 

The project is especially suitable to MBARI because the pool of scientists here can benefit from the device and because we have relevant enginering expertise to carry it out successfully. Our experience in developing payload systems on a variety of platforms with stringent power and payload constraints will be very useful. 
 Potential use cases 

  

Zooplankton monitoring: The camera can be deployed on moorings or AUVs to do a quick assessment of jellyfish and macroplankton populations. Deployment could be in a “camera vane” mode, where the system orients into the current and detects bloom conditions in hotspots. The vehicle differs from the adaptation of the Benthic Imaging Module for Midwater use by virtue of its small self-contained design, making it a general purpose imager but with a more limited field of view and less illumination.

Vrijenhoek lab: By using a macro lens system and onboard image classification mode to be developed later, the SCPI could image larvae and potentially trigger sampling by the Gulper in the presence of target larve. Although the resolution needs of this group are much more stringent, we will try to develop a system in which optics can be reconfigured to focus on smaller targets. 

Smith Lab: Coupled with the LST in an upward-looking mode, the SCPI could help visually quantify particle flux to correlate with the samples obtained by the sediment  traps. It could also be used to gather additional time points in-between when sediment samples are obtained, to increase temporal resolution of the flux signal, which is integrated over longer intervals in the sample cups.

Tethered mode: While the instrument will be designed to stand-alone, it can also be deployed in a tethered mode, whereby the external port provides power and data transfer when available (e.g., as a component of the MARS observatory). External triggering, for example by acoustic or chemical sensors, could also be possible through this tether port. 
Approach to the problem
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We propose a system comprising a camera, lighting, microcontroller, memory, and battery pack. Although this system will be self-contained, our design will allow for operation in a cabled configuration, with unlimited power and real-time access to the data. 

Advances in photographic technology are driven by intense consumer demand, including requirements for compact cameras and for cell-phones. These have stringent requirements for size and low power consumption. Our system will try to leverage these technology developments to meet our user requirements while keeping the device affordable. 

  

The first step will be to refine the user requirements, based on the cases outlined above. The current status of the requirements is presented in the table below. Requirements will focus mainly on the hardware components in the first year, with extension to software and image processing in the second year.

  

Preliminary requirements for the system: 

	IMAGING
	

	Depth of field
	6-10 cm 

	Organism size of interest
	>2cm 

	Image resolution
	5MP 

	Images
	Color 

	Field of view 
	~1x1.5m 

	Depth of field 
	10-20 cm 

	Illumination
	White light

	DEPLOYMENT PACKAGE
	

	Depth
	500 m 

	Power 
	Onboard  storage 

	Triggering
	Time intervals

External sensors

By depth, during profiling 

	Communication
	Wireless?

	Other:
	Adaptable to deployment on many platforms 

	
	Self-orienting into the current 

	
	System to clean lens in shallow water 


b) New and Continuing Projects: Plans for 2011

Research Activities 

  

Research would include imaging of target species under different illumination and resolution options. Participating in design considerations, weighing trade-offs between capabilities, user needs, and technological limits. 

  

Engineering/technology development 

  

Year 1 

1. Develop a complete list of functional requirements. 

2. Develop design concepts, including commercial options 

              a. Housing 

              b. Camera 

              c. Lighting 

              d. Power 

              e. Controller - potential to reuse Time-lapse camera controller 

3. Concept design review 

4. Benchtop testing of components under consideration 

5. Prototyping design, integration 

6. Preliminary design review

7. Evaluate best path for annotation and image processing

Year 2  

1. Critical design review 

2. Begin fabrication of Gen 1 SCPI 

3. Integration and testing 

4. Sea trials 

5. Development of image post-processing pathway

6. Integration on other platforms
Field programs (detail ship requirements/deployments)

Testing will be in the test tank and with ship time from other projects. 

  

Specific deliverables 

  

a. Documentation of use cases, and complete system requirements 

b. Lab test of lighting configurations 

c. Evaluation of consumer options for quality of image and ease of integration 

d. Completed system designs 

Milestones (see last page for personnel classification list)

	
	Milestone 1
	Milestone 2
	Milestone 3
	Milestone 4
	Milestone 5
	Total Resources for each resource category for all milestones listed here

	Milestone Date
	 3/2011 
	5/2011  
	8/2011  
	 10/2011 
	 11/2011 
	

	Milestone Description
	Functional Reqs Complete 
	Concept Review 
	Component bench testing  
	 Component integration 
	PDR  
	

	EE
	80
	80
	80
	80
	80
	400

	SE
	20
	20
	80
	100
	20
	240

	ME
	50
	80
	60
	50
	80
	320

	EE Tech
	
	20
	40
	40
	
	100

	SE Tech
	
	
	
	
	
	

	ME Tech
	
	20
	40
	40
	
	100

	Machine Shop
	
	
	
	
	
	


Budget justification

Budget

	Component
	Cost
	Notes

	Cameras
	$5000.00
	Will include more than one camera for comparison

	Housing
	$3000.00
	Shallow- rated  for prototype

	Lighting
	$3000.00
	Strobe or LED lights

	Batteries
	$1500.00
	Lithium?

	Controller and electronics
	$4000.00
	Micro/PC104 controller and possibly custom board set

	Cables and connectors
	$2000.00
	For set-up, off-loading images, etc.

	Engineering lab supplies
	$2000.00
	Materials for building test-bench and prototypes

	Total
	$20,500.00
	


Project team

   Alana Sherman, Steven Haddock, Mike Risi, Brett Hobson, Ken Smith, Julio Harvey  

Project lab space 

  

   The project will use existing lab space and not require any dedicated new space. 

  

Data availability outside project team, uniqueness 

  

The design will be made available within MBARI's practices. 

Risk matrix (development and infrastructure projects only)

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	  
	  
	  
	 X 

	Medium
	 X 
	  
	  
	  

	Low
	  
	 X 
	 XX 
	  


� 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. 
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