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Project Manager/PI:

Ken Smith



Project Title:

Benthic Rover

1) ABSTRACT (new projects only)

N/A

2) PROPOSAL

a) The problem addressed (new projects only)

Statement of the problem

N/A

b) Approach to the problem (new and continuing projects)

Status of project

1. Scripps has begun design of new frame and propulsion system. The goal is to have the complete frame with flotation built by the end of 2005.

2. In meetings with Ken Smith and his engineers at Scripps, we have come up with a set of functional requirements and a development schedule.

3. The project team has worked on improving the performance of the sediment scanner instrumentation. A COTS fluorometer was identified which meets the needs of the system and offers vastly improved resolution compared to the Scripps fluorometer design. The ultrasound transducer used to acoustically map the sediment was evaluated. It was determined that further work would need to be done to improve the current system or identify a better solution.

4. The MBARI ROVER team held a Concept design review on August 17.

5. The project team worked hard to identify COTS solutions for the many ROVER components. When these solutions were not available we looked for MBARI-developed options. Thus, every effort has been made to reduce the amount of new technology development to the minimum possible.

	Component
	COTS
	Previous MBARI developments
	Custom design required

	Video, still cameras, and lights
	X
	
	

	Main Vehicle Controller
	X
	X (Use same design as ESP 2- part COTS, part custom)
	

	Respirometer controller
	
	X (Oasis or ESP2 Dwarves)
	

	Video Server
	X (same as PUP)
	
	

	Multi-axis motion controller
	X (same as PUP)
	
	

	Motor drives
	X
	
	

	Power management and monitoring
	
	
	X

	Mechanical assemblies for the scanner and rack
	
	
	X

	Fluorometer
	X
	
	

	Optode
	X
	
	

	Ultrasound transducer
	unknown
	N/A
	unknown


We plan to do the accomplish the following tasks by the end of 2005:

1. Vehicle frame and propulsion designed and built at SIO (Uhlman)
2. Scanner design (Hobson)

3. Progress on electrical design (Sherman, McGill)

4. PDR (MBARI)

Results to date

· Test data from scanner instrumentation (fluorescence and ultrasound maps of sediment and test targets).

· Completed preliminary plans for tether management, deployment, main vehicle controller, sediment scanner, and imaging system.

· ROVER team completed concept design review.

Publications (from the last 5 years)

Smith, K.L., Jr., R.C. Glatts, F. Uhlman, A. Tengberg, R.J. Baldwin, R.N. Glud, P.O.J. Hall, G. Holst and B. Grunwald. High resolution acoustic and optic measurements of deep-sea sediments : in situ monitoring to 4100 m depth. Deep-Sea Res. (in prep). 

Smith, K.L., Jr., R.S. Kaufmann, R.J. Baldwin and A.F. Carlucci (2001) Pelagic-benthic coupling in the abyssal eastern North Pacific: an eight-year time-series study of food supply and demand. Limnol. Oceanogr. 46: 543-556. 

Smith, K.L. Jr. and R.S. Kaufmann (1999) Long-term discrepancy between food supply and demand in the deep Eastern North Pacific. Science 284: 1174-1177. 

Smith, K.L., Jr., R.C. Glatts, R.J. Baldwin, A.H. Uhlman, R.C. Horn, C.E. Reimers and S.E. Beaulieu (1997) An autonomous bottom-transecting vehicle for making long time-series measurements of sediment community oxygen consumption to abyssal depths. Limnol. Oceanogr. 42: 1601-1612. 

Plans for 2006


Engineering/technology development

Since building an autonomous vehicle capable of 6-month operations is a challenging task, we propose developing the Rover in stages. We would like to start with a tethered vehicle that takes advantage of the available power and communications at the MARS node. There are many advantages to this strategy, a few of which are: the ability to revise software and debug systems, uncompressed data uploads (including the potential to stream video taken from the ROVER’s 3 cameras), defer the cost and development of a power-optimized system. Also, this will allow us to work simultaneously on developing some of the capabilities required for autonomous operation while the vehicle is out in the field collecting data.

We plan to bring the Rover up in the following stages:

· Build components and frame and test them at sea (2005-2006)

· Develop and test complete tethered vehicle  (2006)

· Deploy tethered vehicle and develop and test components for autonomous operation (late 2006- 2007)

· Deploy autonomous vehicle (2007)

We have set the following milestones for 2006:

1. CDR (MBARI)

2. Purchase instrumentation

3. Fabricate scanners, respirometers, controllers

4. Integrate instrumentation with vehicle frame from Scripps

5. Sonar development and lab testing

6. Tank testing of ROVER (weeks)

7. Engineering publication


Field programs


The following is a list of our planned deployments for 2006:

1. Test scanner on ROV dive (4 dive days + 2 mob days)

2. Test available components in July ‘06 on Ken’s cruise 

3. Deploy ROVER off the Lobos and test with Ventana (2 dive days + 1 mob day)

4. Deploy ROVER in MARS (4 dive days + 2 mob days)


Data (availability outside project team, uniqueness)

ROVER II provides an autonomous platform from which to conduct a diverse series of measurements at the deep-sea, sediment-water interface for extended periods of time, months to years. These measurements include sediment community oxygen consumption, sediment surface fluorescence, sediment structure, megafauna density and movements and bottom current flow. In addition, sensors from other investigators can be accommodated on the ROVER platform to increase the diversity of concurrent measurements of bottom water and sediment properties along a time-series, transect of stations. Similar instruments are now being developed by other institutions following the original design of ROVER I (Smith et al., 1997).  However, to our knowledge, none of these other instruments has the diverse capabilities and payload being developed into ROVER II.

While it is currently possible to get single site respirometry data (such as Jim Barry’s respirometers), the high cost per measurement of such a system make it impossible to achieve the spatial and temporal resolution that the ROVER is capable of providing.

Cost per measurement: Benthic ROVER vs. stand-alone respirometers: 

	
	Cost for deployment
	Number of measurement sites
	Cost per data set

	Barry’s respirometers
	$20,200 (2 lobos days)
	1
	$20,200

	ROVER
	$20,200
	50
	$404 


Although the ROVER has a large development cost, it more than pays for itself in its first deployment. 

Significant changes from previous project proposal (continuing projects only)
This project has significant changes in both budget and schedule. Our original NSF grant (OCE-02-42472) to develop ROVER II began in January 2003 for three years. We proposed to deliver a fully operational Rover II for autonomous deployment at Sta. M.  Much of the initial design on ROVER II was conducted by my development engineer at SIO who soon afterward developed leukemia and was unable to continue working. The project languished until 2005 when it was re-energized by a combination of SIO and MBARI engineers. Much of the original design was found to be obsolete and it has been necessary to re-engineer several critical components. This re-engineering combined with escalating costs in personnel salaries and materials, principally titanium and flotation, have contributed to our present NSF budget shortfall.

In addition to changes in budget and schedule, we have modified the scope of the project by proposing a multi-stage development. The first stages will be to develop a tethered vehicle that will take advantage of the MARS node capabilities. The second stage will be to build an autonomous vehicle. This should defer some of the cost and development time, while enabling us to get science results quickly.

c) Specific deliverables (new and continuing projects)

Deliverables for 2006:

1. ROVER frame and propulsion system from Scripps (by the end of 2005)

2. ROVER instrument assembly (Respirometers and Scanner)

3. Operational tethered vehicle

4. Deployment of tethered vehicle on MARS node

5. Development of autonomous components (power management system)

d) Project team (new and continuing projects)
Ken Smith: principle investigator

Paul McGill: project manager, lead engineer, and electrical engineer

Alana Sherman: electrical engineer

Scott Jensen: consulting on ESP2 hardware and tech transfer

Platform engineer (Jon Erickson, Brett Hobson, and Andy Hamilton are all interested): mechanical design, integration, tether management

Rich Henthorn: software engineer, embedded system development Andrew Chase: software engineer, user interface and data systems development

We will try to leverage off of the efforts on the Pelagic-Benthic Coupling project, which is requesting support engineering time (Craig Okuda and Mike Risi) to make slight modifications to Jim Barry’s respirometers. The respirometers designed for this project can be replicated for the ROVER.

e) Project lab space (new and continuing projects)

We need engineering lab space. We will need an electronics assembly area and a vehicle assembly area. The vehicle assembly will require a high bay to assemble ROVER (for fork lifting). This is an issue that we would like to discuss with the management team.


3) BUDGET JUSTIFICATION (new and continuing projects)
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Qnty.

Cost per unit

Total Est. 

Cost

Benthic Chambers

Stir motor

2

$150.00

$300.00

Purge valve

2

$150.00

$300.00

Oxygen optode 

2

$3,800.00

$7,600.00

Chambers

2

$1,000.00

$2,000.00

Rover Instruments

Current Meter

1

$7,535.00

$7,535.00

Video Camera-BR

3

$1,975.00

$5,925.00

Lights-BR

2

$990.00

$1,980.00

Recovery Instruments

  Radio Beacon

1

$1,313.00

$1,313.00

  Xenon Strobe

1

$1,244.00

$1,244.00

  Argos xmitter

1

$3,400.00

$3,400.00

  Acoustic releases

2

$1,000.00

$2,000.00

  HomerPro

1

$4,800.00

$4,800.00

Controllers

Controller and 

custom electronics

2

$5,000.00

$10,000.00

BR controller

1

$2,000.00

$2,000.00

Video server

2

$1,300.00

$2,600.00

Development software

1

$1,000.00

$1,000.00

Motion Controller

1

$7,000.00

$7,000.00

Fluorometer

2

$4,000.00

$8,000.00

Mechanical System

Cables and Connectors

many

$20,000.00

$20,000.00

Electronics housing

2

$5,600.00

$11,200.00

Battery housing

2

$5,600.00

$11,200.00

Machining- housings

4

$1,600.00

$6,400.00

Alkaline battery pack

1

$100.00

$100.00

Umbilical

1

$8,000.00

$8,000.00

Umb. Line drivers

1

$3,000.00

$3,000.00

MARS interface

1

$10,000.00

$10,000.00

Frame

$0.00

Floatation

$0.00

Rack Assembly

1

$4,000.00

$4,000.00

Scanner Assemblies

2

$6,300.00

$12,600.00

Total Budget

$155,497.00

Budget for 2006:

Note this budget assumes: 1) that we will begin with a tethered vehicle, 2) that we will replace the digital camera with a video camera for the first deployments (estimated savings is about $25,000) 3) that Scripps will pay for the frame, flotation, acoustic releases, and propulsion from Ken’s NSF grant.

Additional budget items for 2006 include:

Domestic travel - $6000 for travel for 3 people to conferences. (We have been encouraged to submit an abstract on the Benthic Rover by the session chair of Benthic Habitats at the ASLO 2006 conference.)

Conferences fees– $1800 for 3 people

Tools – $1000

Lab supplies -  $2000 for misc. consumables (lubricants, potting compound, cleaners, etc.)

Projected budget for 2007 (to complete autonomous vehicle):
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Qnty.

Cost per unit

Total Est. 

Cost

Camera-Digital

1

$15,000

$15,000

Strobe

1

$9,400

$9,400

Ultrasound

1

$281

$281

Ultrasound Housing

1

$1,000

$1,000

Acoustic modem

1

$16,000

$16,000

10kW-h Lithium battery packs

2

$7,680

$15,360

Total

$57,041


4) MILESTONES (new and continuing projects)

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

	Milestone Date
	Feb 2006
	April 2006
	Spring 2006
	Summer 2006
	Fall 2006
	

	Milestone Description
	Critical Design Review
	Instruments & mech. assemblies fab’d or purchased 
	Main Vehicle Controllers complete
	Vehicle integration and tank/ROV testing
	ROVER deployment on MARS
	

	EE
	10
	5
	80
	25
	10
	130 + 30 (proj. mgmt.) = 160

	SE
	10
	
	120
	20
	10
	160*

	ME
	10
	55
	
	25
	10
	100

	Machine Shop
	
	35
	
	5
	
	40


* This is for 120 days of Rich Henthorn’s time and 40 days of Andrew Chase’s time.

5) RISK MATRIX (development and infrastructure projects only)

Please carefully read Section 5.2.3 in the instructions for internal proposals for an explanation regarding the risk matrix. This table must be completed for ALL development and infrastructure proposals (new and continuing). The instructions can be found at http://mww.mbari.org/resources/2006_Proposal_Process/Internal-only_Instructions_2006.htm.

	
	Technical Risk
	Organizational Risk
	Tech Transfer Risk
	Labor Estimate Risk

	High
	
	
	
	

	Medium
	X
	
	X
	X

	Low
	
	X
	
	


Appendix A. ROVER 2 Functional requirements

Measurements:
 Scanner Mechanism


Number of scanners: 

2


Area scanned by each: 
35cm x 35cm (Covers area under respirometers)

Fluorescence


Wavelengths:


590nm (Phycoerythrin) and 685 (Chlorophyll)


X-Y Resolution:

1cm

Acoustic Map


Profile depth:


5-10 cm


X-Y Resolution: 

3 mm

Camera


1 transect camera and 2 chamber cameras.  The transect camera takes pictures every 2 meters during transits and once every 8 hours during incubation.  The chamber cameras monitor “intermittently”.


Transect camera requirements:


Resolution of captured image: 3 Mpixels 


Compression: 


JPEG is okay


Chamber camera requirements: 


Color Images


Resolution:


NTSC (704 x 480)

Lights



50 W lights for chamber video camera


100 W-sec strobe for digital camera

SCOC- Oxygen sensor (specs for Aanderaa 3830 optode)

Range:


0-500uM (concentration)


Resolution: 

<1uM


Response time: 
<25 sec


Accuracy: 

<8uM


Num. of chambers:
2


Chamber size:

30cm


Min sample interval: 
1 to 10 minutes


Chambers must have purge valve to avoid trapping surface water and to avoid bow wave during insertion

Current  (Velocity) (specs for Falmouth 2D ACM)


Range: 0-600 cm/sec, Accuracy: 2% of reading or 1cm/sec, Resolution: 0.01 cm/sec

Tilt: 


Range: 0-45(, Accuracy: 0.5(, Resolution: 0.5( 

Heading


Range: 0-360(, Accuracy: ( 2(, Resolution: 0.01(
Guest instruments
Switched 12v

RS-232

Additional capabilities:

Power consumption monitoring

Ground fault monitoring

Appendix B. ROVER Images
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Qnty.

Cost per unit

Total Est. 

Cost

Camera-Digital

1

$15,000

$15,000

Strobe

1

$9,400

$9,400

Ultrasound

1

$281

$281

Ultrasound Housing

1

$1,000

$1,000

Acoustic modem

1

$16,000

$16,000

10kW-h Lithium battery packs

2

$7,680

$15,360

Total

$57,041

ROVER 1
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ROVER II Solid works model.
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� Development and infrastructure projects must complete the risk matrix (see item #5 at the end of the proposal form).


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

Cost per unit

Total Est. 

Cost

Benthic Chambers

Stir motor

2

$150.00

$300.00

Purge valve

2

$150.00

$300.00

Oxygen optode 

2

$3,800.00

$7,600.00

Chambers

2

$1,000.00

$2,000.00

Rover Instruments

Current Meter

1

$7,535.00

$7,535.00

Video Camera-BR

3

$1,975.00

$5,925.00

Lights-BR

2

$990.00

$1,980.00

Recovery Instruments

  Radio Beacon

1

$1,313.00

$1,313.00

  Xenon Strobe

1

$1,244.00

$1,244.00

  Argos xmitter

1

$3,400.00

$3,400.00

  Acoustic releases

2

$1,000.00

$2,000.00

  HomerPro

1

$4,800.00

$4,800.00

Controllers

Controller and 

custom electronics

2

$5,000.00

$10,000.00

BR controller

1

$2,000.00

$2,000.00

Video server

2

$1,300.00

$2,600.00

Development software

1

$1,000.00

$1,000.00

Motion Controller

1

$7,000.00

$7,000.00

Fluorometer

2

$4,000.00

$8,000.00

Mechanical System

Cables and Connectors

many

$20,000.00

$20,000.00

Electronics housing

2

$5,600.00

$11,200.00

Battery housing

2

$5,600.00

$11,200.00

Machining- housings

4

$1,600.00

$6,400.00

Alkaline battery pack

1

$100.00

$100.00

Umbilical

1

$8,000.00

$8,000.00

Umb. Line drivers

1

$3,000.00

$3,000.00

MARS interface

1

$10,000.00

$10,000.00

Frame

$0.00

Floatation

$0.00

Rack Assembly

1

$4,000.00

$4,000.00

Scanner Assemblies

2

$6,300.00

$12,600.00

Total Budget

$155,497.00

_1186309384.xls
Energy Budget

		Number of sites		50

		Days per site		3

		Bits of data per site

		Battery capacity (W-h)
per sphere		10k

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Comment

		Benthic 
Chambers		2

		Stir motor		2		100% duty cycle		0.058		9		4320		3600.00		417.60		3758.40		21.96%

		Purge valve		2		1 op per site		0.5		12		1		0.83		0.83		10.00		0.06%

		Oxygen optode 
(Aanderaa 3830)		2		?		0.07		12		360		300.00		42.00		504.00		2.94%

		Rack motor		2		2 ops/site		7		12		10		8.33		116.67		1400.00		8.18%

														0.00						0.00%

		Rover 
Instruments												0.00						0.00%

		Current Meter		1		during transit		0.012		12		60		50.00		0.60		7.20		0.04%

		Camera-Transit		1		12 op per site		0.2		24		40		33.33		6.67		160.00		0.93%

		Strobe		1		12 op per site		3		12		2		1.67		5.00		60.00		0.35%

		Light		2		every 8 hours		4		12		10		8.33		66.67		800.00		4.67%

		Video Camera-BR		2		every 8 hours		0.2		12		25		20.83		8.33		100.00		0.58%

		Propulsion motor		2		1 op per site		7		12		5		4.17		58.33		700.00		4.09%

		Acoustic modem		2										0.00						0.00%

														0.00						0.00%

		Controllers												0.00						0.00%

		MVC- On power (black fin)		1		2.8%duty cycle		0.45		5		351		292.50		131.63		658.13		3.85%

		MVC- standby power		1				0.0068		12		12127		10105.83		68.72		824.64		4.82%

		Motor controller		1		scanning/transit		1.4		5		300		250.00		350.00		1750.00		10.22%

		Motor controller		1		scanning/transit		0.08		12		300		250.00		20.00		240.00		1.40%

		Video Server		1		every 8 hours		0.67		12		25

		Scanner												0.00						0.00%

		Ultrasound		2		1 scan per site		0.13		12		240		200.00		52.00		624.00		3.65%

		Fluorometer		4		1 scan per site		0.08		12		240		200.00		64.00		768.00		4.49%

		Motors		6		1 scan per site		0.33		12		240		200.00		396.00		4752.00		27.76%

		Total Power																17116.36

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Comment

		Controllers												0.00						0.00%

		Blackfin- On power		1		0.8%duty cycle		0.008		12		351		292.50		2.34		28.08		0.16%

		Blackfin- standby power		1				0.000333		12		12027		10022.50		3.34		40.05		0.23%

		PC104 (optionD)		1		0.8%duty cycle		0.45		5		351		292.50		131.63		658.13		3.85%

		PC104 (optionD) - stand by		1				0.0068		12		12027		10022.50		68.15		817.84		4.78%

		ARM		1		0.8%duty cycle		0.033		12		351		292.50		9.65		115.83		0.68%

		ARM		1		0.8%duty cycle		0.033		12		12027		10022.50		330.74		3968.91		23.19%





Formatted Annual Budget

		Instrument		Qnty.		Cost per unit		Total Est. Cost

		Benthic Chambers

		Stir motor		2		$150.00		$300.00

		Purge valve		2		$150.00		$300.00

		Oxygen optode		2		$3,800.00		$7,600.00

		Chambers		2		$1,000.00		$2,000.00

		Rover Instruments

		Current Meter		1		$7,535.00		$7,535.00

		Video Camera-BR		3		$1,975.00		$5,925.00

		Lights-BR		2		$990.00		$1,980.00

		Recovery Instruments

		Radio Beacon		1		$1,313.00		$1,313.00

		Xenon Strobe		1		$1,244.00		$1,244.00

		Argos xmitter		1		$3,400.00		$3,400.00

		Acoustic releases		2		$1,000.00		$2,000.00

		HomerPro		1		$4,800.00		$4,800.00

		Controllers

		Controller and 
custom electronics		2		$5,000.00		$10,000.00

		BR controller		1		$2,000.00		$2,000.00

		Video server		2		$1,300.00		$2,600.00

		Development software		1		$1,000.00		$1,000.00

		Motion Controller		1		$7,000.00		$7,000.00

		Fluorometer		2		$4,000.00		$8,000.00

		Mechanical System

		Cables and Connectors		many		$20,000.00		$20,000.00

		Electronics housing		2		$5,600.00		$11,200.00

		Battery housing		2		$5,600.00		$11,200.00

		Machining- housings		4		$1,600.00		$6,400.00

		Alkaline battery pack		1		$100.00		$100.00

		Umbilical		1		$8,000.00		$8,000.00

		Umb. Line drivers		1		$3,000.00		$3,000.00

		MARS interface		1		$10,000.00		$10,000.00

		Frame						$0.00

		Floatation						$0.00

		Rack Assembly		1		$4,000.00		$4,000.00

		Scanner Assemblies		2		$6,300.00		$12,600.00

		Total Budget						$155,497.00

		NEXT YEAR

		Camera-Transit		1		$15,000.00		$15,000.00

		Strobe		1		$9,400.00		$9,400.00

		Ultrasound		1		$281.00		$281.00

		Ultrasound Housing		1		$1,000.00		$1,000.00

		Acoustic modem		1		$16,000.00		$16,000.00

		Batteries		192		$80.00		$15,360.00

		Total						$57,041.00





Annual Budget

		Instrument		Qnty.		Cost per unit		Total Estimated 
Cost		Manufacturer		Part #		Lead Time		Water
Weight (lbs)		Air 
Weight (lbs)		Dimensions		Comments

		Benthic 
Chambers

		Stir motor		2		$150.00		$300.00		MicroMo		1724E012S+16A 900:1+X0732		4 weeks				0.07		d= .63" ? , L=1.59"		Based on the Barry respirometer, coreless DC micromotors

		Purge valve		2		$150.00		$300.00		MicroMo												This is a guess if we use a motor

		Oxygen optode		2		$3,800.00		$7,600.00		Aanderaa		3830		1-2 months				0.506		d= 1.42",L=3.39 "		Custom cables/connectors 
may add to the price

		Chambers		2		$1,000.00		$2,000.00

		Rover 
Instruments

		Current Meter		1		$7,535.00		$7,535.00		Falmouth		2D-ACM				3.97		8

		Video Camera-BR		3		$1,975.00		$5,925.00		Deepsea P&L		MultiSeaCam MSC-2060								d= 5", L=10 "

		Lights-BR		2		$990.00		$1,980.00		Deepsea P&L		Deep Multi Sealite

		Recovery Instruments

		Radio Beacon		1		$1,313.00		$1,313.00		Novatech		RF 700A				2.09		3.52

		Xenon Strobe		1		$1,244.00		$1,244.00		Novatech		ST 400A				2.2		3.74

		Argos xmitter		1		$3,400.00		$3,400.00		Seimac/Novatech												7000m stand alone

		Acoustic releases		2		$1,000.00		$2,000.00														Frangibolt fired by A-modem

		HomerPro		1		$4,800.00		$4,800.00

		Controllers

		Controller and 
custom electronics		1		$5,000.00		$5,000.00														This could be atleast  50% more

		Video server		1		$1,300.00		$1,300.00		Axis		240Q										Axis video server, can grab JPEG images

		Development software		1		$1,000.00		$1,000.00														depends on the CPU chosen

		Fluorometer		2		$4,000.00		$8,000.00		WetLabs		FL(RT)D				1.6		2.86		d=2.48",L=10.1"		One measures Chl one for PE

		Mechanical System

		Cables and Connectors		many		$20,000.00		$20,000.00		Impulse

		Pressure housings						$0.00

		Electronics housing		1		$5,600.00		$5,600.00		MBARI design						29		71		OD= 17"		Ti sphere

		Battery housing		2		$5,600.00		$11,200.00		MBARI design						29		71		OD= 17"		Ti sphere

		Machining- housings		3		$1,600.00		$4,800.00

		Batteries		67		$0.75		$50.25														Alkaline D cells for tethered test

		Umbilical		1		$8,000.00		$8,000.00		Falmat

		Umb. Line drivers		1		$3,000.00		$3,000.00

		MARS interface		1		$10,000.00		$10,000.00														Wet mateable connectors ?

		Frame						$0.00														Paid for by Scripps

		Floatation						$0.00														Paid for by Scripps

		Rack Assembly		1		$4,000.00		$4,000.00

		Scanner Assemblies		2		$6,300.00		$12,600.00														See scanner spreadsheet

		Total Budget						$132,947.25								67.86		160.696

		NEXT YEAR

		Camera-Transit		1		$15,000.00		$15,000.00		Insite Pacific		Scorpio plus								d= 5", L=10 "		USB, 3.4 Mpixel

		Strobe		1		$9,400.00		$9,400.00		Insite Pacific						6.13		11.75		d=5.25', L=9.4"		100 W-s, 6000 m rated titanium housing

		Ultrasound		1		$281.00		$281.00		Panametrics		V307 SU										This is for the transducer as is 
+$45 for focusing, don't know cost of 
adding holes

		Ultrasound Housing		1		$1,000.00		$1,000.00

		Acoustic modem		1		$16,000.00		$16,000.00		Benthos		ATM 887R		8 weeks		17		36				Add $17k for topside modem for stand alone opps

		Batteries		192		$80.00		$15,360.00														Spiral wound lithium DD cells- 20 kW-h

		Total						$57,041.00





Budget

		Instrument		Qnty.		Cost per unit		Total Estimated 
Cost		Manufacturer		Part #		Lead Time		Water
Weight (lbs)		Air 
Weight (lbs)		Dimensions		Comments

		Benthic 
Chambers		2

		Stir motor		2		$150.00		$300.00		MicroMo		1724E012S+16A 900:1+X0732		4 weeks				0.07		d= .63" ? , L=1.59"		Based on the Barry respirometer, coreless DC micromotors

		Purge valve		2		$150.00		$300.00		MicroMo												This is a guess if we use a motor

		Oxygen optode		2		$3,800.00		$7,600.00		Aanderaa		3830		1-2 months				0.506		d= 1.42",L=3.39 "		Custom cables/connectors 
may add to the price

		Chambers		2		$1,000.00		$2,000.00

		Rover 
Instruments						$0.00

		Current Meter		1		$7,535.00		$7,535.00		Falmouth		2D-ACM				3.97		8

		Camera-Transit		1		$15,000.00		$15,000.00		Insite Pacific		Scorpio plus								d= 5", L=10 "		USB, 3.4 Mpixel

		Strobe		1		$9,400.00		$9,400.00		Insite Pacific						6.13		11.75		d=5.25', L=9.4"		100 W-s, 6000 m rated titanium housing

		Video Camera-BR		2		$1,975.00		$3,950.00		Deepsea P&L		MultiSeaCam MSC-2060								d= 5", L=10 "

		Lights-BR		2		$990.00		$1,980.00		Deepsea P&L		Deep Multi Sealite

		Recovery Instruments

		Radio Beacon		1		$1,313.00		$1,313.00		Novatech		RF 700A				2.09		3.52

		Xenon Strobe		1		$1,244.00		$1,244.00		Novatech		ST 400A				2.2		3.74

		Acoustic modem		1		$16,000.00		$16,000.00		Benthos		ATM 887R		8 weeks		17		36				Add $17k for topside modem for stand alone opps

		Argos xmitter		1		$3,400.00		$3,400.00		Seimac/Novatech												7000m stand alone

		Acoustic releases		2		$1,000.00		$2,000.00														Frangibolt fired by A-modem

		HomerPro		1		$4,800.00		$4,800.00

		Controllers						$0.00

		Controller and 
custom electronics		1		$5,000.00		$5,000.00														This could be atleast  50% more

		Video server		1		$1,300.00		$1,300.00		Axis		240Q										Axis video server, can grab JPEG images

		Development software		1		$2,000.00		$2,000.00														depends on the CPU chosen

		Ultrasound		1		$281.00		$281.00		Panametrics		V307 SU										This is for the transducer as is 
+$45 for focusing, don't know cost of 
adding holes

		Fluorometer		2		$4,000.00		$8,000.00		WetLabs		FL(RT)D				1.6		2.86		d=2.48",L=10.1"		One measures Chl one for PE

		Ultrasound Housing		1		$1,000.00		$1,000.00

		Mechanical System						$0.00

		Cables and Connectors		many		$20,000.00		$20,000.00														Based on PO for cables and 
conns from previous rover

		Pressure housings						$0.00

		Electronics housing		1		$5,600.00		$5,600.00								29		71		OD= 17"		Ti sphere

		Battery housing		2		$5,600.00		$11,200.00								29		71		OD= 17"		Ti sphere

		Machining- housings		3		$1,600.00		$4,800.00

		Batteries		192		$80.00		$15,360.00														Spiral wound lithium DD cells- 20 kW-h

		Umbilical		1		$8,000.00		$8,000.00		Falmat

		Umb. Line drivers		1		$3,000.00		$3,000.00

		MARS interface		1		$10,000.00		$10,000.00														Wet mateable connectors ?

		Frame						$0.00														Paid for by Scripps

		Floatation						$0.00														Paid for by Scripps

		Rack Assembly		1

		Scanner Assemblies		2		$6,300.00		$12,600.00														See scanner spreadsheet

		Motor Housings

		Total Budget						$184,963.00								90.99		208.446

		Notes: 
Acoustic releases, frame,floatation and propulsion system paid for from Scripps





Inst. Power Budget

		Battery capacity (W-h)
per sphere		10k

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Instan.
Power		Comment

		Benthic 
Chambers

		Stir motor		2		100% duty cycle		0.058		9		4320		3600.00		417.60		3758.40		21.96%		1.044

		Purge valve		2		1 op per site		0.5		12		1		0.83		0.83		10.00		0.06%		12

		Oxygen optode 
(Aanderaa 3830)		2		?		0.07		12		360		300.00		42.00		504.00		2.94%		1.68

		Inst. Respirometer Power																				14.724

		Rover 
Instruments

		Current Meter		1		during transit		0.012		12		60		50.00		0.60		7.20		0.04%		0.144

		Camera-Transit		1		12 op per site		0.2		24		40		33.33		6.67		160.00		0.93%		4.8

		Strobe		1		12 op per site		3		12		2		1.67		5.00		60.00		0.35%		36

		Light		2		every 8 hours		4		12		10		8.33		66.67		800.00		4.67%		96

		Video Camera-BR		2		every 8 hours		0.3		24		25		20.83		12.50		300.00		1.75%		14.4

		Rack motor		2		2 ops/site		7		12		10		8.33		116.67		1400.00		8.18%		168

		Propulsion motor		2		1 op per site		7		12		5		4.17		58.33		700.00		4.09%		168

		Acoustic modem		2										0.00						0.00%		0

		Inst. Transit Power (camera and propulsion motors)																				208.8

		Controllers

		MVC- On power		1		0.8%duty cycle		0.18		12		351		292.50		52.65		631.80		3.69%		2.16

		MVC- standby power		1				0.0068		12		12027		10022.50		68.15		817.84		4.78%		0.0816

		Motor Controller		1				1.4		5		300		250.00		350.00		1750.00		10.22%		7

		Video Server		1				0.67		12		25		20.83		13.96		167.50		0.98%		8.04

		Inst. Controller Power												0.00						0.00%		17.2816

		Scanner

		Ultrasound		2		1 scan per site		0.13		12		240		200.00		52.00		624.00		3.65%		3.12

		Fluorometer		4		1 scan per site		0.08		12		240		200.00		64.00		768.00		4.49%		3.84

		Motors		6		1 scan per site		0.33		12		240		200.00		396.00		4752.00		27.76%		23.76

		Inst. Scanner Power																				30.72

		Total Power														1723.63		17210.74

		Max Inst. Power																				226.08

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Inst. Power		Comment

		Controllers												0.00						0.00%

		Blackfin- On power		1		0.8%duty cycle		0.008		12		351		292.50		2.34		28.08		0.16%		0.0960

		Blackfin- standby power		1				0.000333		12		12027		10022.50		3.34		40.05		0.23%		0.0040

		PC104 (optionD)		1		0.8%duty cycle		0.18		12		351		292.50		52.65		631.80		3.69%		2.1600

		PC104 (optionD) - stand by		1				0.007		12		12027		10022.50		70.16		841.89		4.92%		0.0840

		ARM		1		0.8%duty cycle		0.033		12		351		292.50		9.65		115.83		0.68%		0.3960





Power Requirements

		Instrument		Qnty.		Current (A)		Voltage (v)		Supply voltage		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy

		Benthic 
Chambers		2

		Stir motor		2		0.058		9-12		12		4320		3600		417.60		5011.20		26.95%		MicroMo/ From Barry's BR

		Purge valve		2		0.5		9-12		12		1		1		0.83		10.00		0.05%

		Oxygen optode 
(Aanderaa 3830)		2		0.07		5-14		12		360		300		42.00		504.00		2.71%

		Rack motor		2		7		12-24		12		10		8		116.67		1400.00		7.53%

														0		0.00		0.00		0.00%

		Rover 
Instruments												0		0.00		0.00		0.00%

		Current Meter		1		0.012		9-28		12		60		50		0.60		7.20		0.04%

		Camera-Transit		1		0.2		24		24		40		33		6.67		160.00		0.86%		Digital camera specs

		Strobe		1		3		18-30		24		2		2		5.00		120.00		0.65%

		Light		2		4		12-24		12		10		8		66.67		800.00		4.30%

		Video Camera-BR		2		0.2		11-30		12		25		21		8.33		100.00		0.54%

		Propulsion motor		2		7		12-48		12		5		4		58.33		700.00		3.76%

		Acoustic modem		2		1.5		14-28		24		0		0		0.00		0.00		0.00%		For transmitting, Benthos

														0		0.00		0.00		0.00%

		Controllers												0		0.00		0.00		0.00%

		MVC- On power (PC-104)		1		0.45		5		5		351		293		131.63		658.13		3.54%

		MVC- standby power, sleepy		1		0.0068		10-16		12		12127		10106		68.72		824.64		4.43%		sleepy' generates 3.3 and 5

		Motor controller		1		1.4		5		5		300		250		350.00		1750.00		9.41%		Based on Galil, Elmo 'Maestro' runs at 24v

		Motor controller		1		0.08		+/- 12		12		300		250		20.00		240.00		1.29%		Based on Galil

		Video Server		1		0.67		7-20		12		25		21		13.96		167.50		0.90%

		Scanner												0		0.00		0.00		0.00%

		Ultrasound		2		0.13		12		12		240		200		52.00		624.00		3.36%

		Fluorometer		4		0.08		7-15		12		240		200		64.00		768.00		4.13%

		Motors		6		0.33		12		12		240		200		396.00		4752.00		25.55%		Based on current steppers

																		18596.66

										24 volt sum=		280.00		24 v sum=		8039.20

										12 v sum=		18316.66		12v sum=		10557.46
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Energy Budget

		Number of sites		50

		Days per site		3

		Bits of data per site

		Battery capacity (W-h)
per sphere		10k

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Comment

		Benthic 
Chambers		2

		Stir motor		2		100% duty cycle		0.058		9		4320		3600.00		417.60		3758.40		21.96%

		Purge valve		2		1 op per site		0.5		12		1		0.83		0.83		10.00		0.06%

		Oxygen optode 
(Aanderaa 3830)		2		?		0.07		12		360		300.00		42.00		504.00		2.94%

		Rack motor		2		2 ops/site		7		12		10		8.33		116.67		1400.00		8.18%

														0.00						0.00%

		Rover 
Instruments												0.00						0.00%

		Current Meter		1		during transit		0.012		12		60		50.00		0.60		7.20		0.04%

		Camera-Transit		1		12 op per site		0.2		24		40		33.33		6.67		160.00		0.93%

		Strobe		1		12 op per site		3		12		2		1.67		5.00		60.00		0.35%

		Light		2		every 8 hours		4		12		10		8.33		66.67		800.00		4.67%

		Video Camera-BR		2		every 8 hours		0.2		12		25		20.83		8.33		100.00		0.58%

		Propulsion motor		2		1 op per site		7		12		5		4.17		58.33		700.00		4.09%

		Acoustic modem		2										0.00						0.00%

														0.00						0.00%

		Controllers												0.00						0.00%

		MVC- On power (black fin)		1		2.8%duty cycle		0.45		5		351		292.50		131.63		658.13		3.85%

		MVC- standby power		1				0.0068		12		12127		10105.83		68.72		824.64		4.82%

		Motor controller		1		scanning/transit		1.4		5		300		250.00		350.00		1750.00		10.22%

		Motor controller		1		scanning/transit		0.08		12		300		250.00		20.00		240.00		1.40%

		Video Server		1		every 8 hours		0.67		12		25

		Scanner												0.00						0.00%

		Ultrasound		2		1 scan per site		0.13		12		240		200.00		52.00		624.00		3.65%

		Fluorometer		4		1 scan per site		0.08		12		240		200.00		64.00		768.00		4.49%

		Motors		6		1 scan per site		0.33		12		240		200.00		396.00		4752.00		27.76%

		Total Power																17116.36

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Comment

		Controllers												0.00						0.00%

		Blackfin- On power		1		0.8%duty cycle		0.008		12		351		292.50		2.34		28.08		0.16%

		Blackfin- standby power		1				0.000333		12		12027		10022.50		3.34		40.05		0.23%

		PC104 (optionD)		1		0.8%duty cycle		0.45		5		351		292.50		131.63		658.13		3.85%

		PC104 (optionD) - stand by		1				0.0068		12		12027		10022.50		68.15		817.84		4.78%

		ARM		1		0.8%duty cycle		0.033		12		351		292.50		9.65		115.83		0.68%

		ARM		1		0.8%duty cycle		0.033		12		12027		10022.50		330.74		3968.91		23.19%





Formatted Annual Budget

		Instrument		Qnty.		Cost per unit		Total Est. Cost

		Benthic Chambers

		Stir motor		2		$150.00		$300.00

		Purge valve		2		$150.00		$300.00

		Oxygen optode		2		$3,800.00		$7,600.00

		Chambers		2		$1,000.00		$2,000.00

		Rover Instruments

		Current Meter		1		$7,535.00		$7,535.00

		Video Camera-BR		3		$1,975.00		$5,925.00

		Lights-BR		2		$990.00		$1,980.00

		Recovery Instruments

		Radio Beacon		1		$1,313.00		$1,313.00

		Xenon Strobe		1		$1,244.00		$1,244.00

		Argos xmitter		1		$3,400.00		$3,400.00

		Acoustic releases		2		$1,000.00		$2,000.00

		HomerPro		1		$4,800.00		$4,800.00

		Controllers

		Controller and 
custom electronics		1		$5,000.00		$5,000.00

		Video server		1		$1,300.00		$1,300.00

		Development software		1		$1,000.00		$1,000.00

		Fluorometer		2		$4,000.00		$8,000.00

		Mechanical System

		Cables and Connectors		many		$20,000.00		$20,000.00

		Pressure housings						$0.00

		Electronics housing		2		$5,600.00		$11,200.00

		Battery housing		2		$5,600.00		$11,200.00

		Machining- housings		4		$1,600.00		$6,400.00

		Batteries		67		$0.75		$50.25

		Umbilical		1		$8,000.00		$8,000.00

		Umb. Line drivers		1		$3,000.00		$3,000.00

		MARS interface		1		$10,000.00		$10,000.00

		Frame						$0.00

		Floatation						$0.00

		Rack Assembly		1		$4,000.00		$4,000.00

		Scanner Assemblies		2		$6,300.00		$12,600.00

		Total Budget						$140,147.25

		Instrument		Qnty.		Cost per unit		Total Est. Cost

		Camera-Digital		1		$15,000		$15,000

		Strobe		1		$9,400		$9,400

		Ultrasound		1		$281		$281

		Ultrasound Housing		1		$1,000		$1,000

		Acoustic modem		1		$16,000		$16,000

		10kW-h Lithium battery packs		2		$7,680		$15,360

		Total						$57,041





Annual Budget

		Instrument		Qnty.		Cost per unit		Total Estimated 
Cost		Manufacturer		Part #		Lead Time		Water
Weight (lbs)		Air 
Weight (lbs)		Dimensions		Comments

		Benthic 
Chambers

		Stir motor		2		$150.00		$300.00		MicroMo		1724E012S+16A 900:1+X0732		4 weeks				0.07		d= .63" ? , L=1.59"		Based on the Barry respirometer, coreless DC micromotors

		Purge valve		2		$150.00		$300.00		MicroMo												This is a guess if we use a motor

		Oxygen optode		2		$3,800.00		$7,600.00		Aanderaa		3830		1-2 months				0.506		d= 1.42",L=3.39 "		Custom cables/connectors 
may add to the price

		Chambers		2		$1,000.00		$2,000.00

		Rover 
Instruments

		Current Meter		1		$7,535.00		$7,535.00		Falmouth		2D-ACM				3.97		8

		Video Camera-BR		3		$1,975.00		$5,925.00		Deepsea P&L		MultiSeaCam MSC-2060								d= 5", L=10 "

		Lights-BR		2		$990.00		$1,980.00		Deepsea P&L		Deep Multi Sealite

		Recovery Instruments

		Radio Beacon		1		$1,313.00		$1,313.00		Novatech		RF 700A				2.09		3.52

		Xenon Strobe		1		$1,244.00		$1,244.00		Novatech		ST 400A				2.2		3.74

		Argos xmitter		1		$3,400.00		$3,400.00		Seimac/Novatech												7000m stand alone

		Acoustic releases		2		$1,000.00		$2,000.00														Frangibolt fired by A-modem

		HomerPro		1		$4,800.00		$4,800.00

		Controllers

		Controller and 
custom electronics		1		$5,000.00		$5,000.00														This could be atleast  50% more

		Video server		1		$1,300.00		$1,300.00		Axis		240Q										Axis video server, can grab JPEG images

		Development software		1		$1,000.00		$1,000.00														depends on the CPU chosen

		Fluorometer		2		$4,000.00		$8,000.00		WetLabs		FL(RT)D				1.6		2.86		d=2.48",L=10.1"		One measures Chl one for PE

		Mechanical System

		Cables and Connectors		many		$20,000.00		$20,000.00		Impulse

		Pressure housings						$0.00

		Electronics housing		2		$5,600.00		$11,200.00		MBARI design						29		71		OD= 17"		Ti sphere

		Battery housing		2		$5,600.00		$11,200.00		MBARI design						29		71		OD= 17"		Ti sphere

		Machining- housings		4		$1,600.00		$6,400.00

		Batteries		67		$0.75		$50.25														Alkaline D cells for tethered test

		Umbilical		1		$8,000.00		$8,000.00		Falmat

		Umb. Line drivers		1		$3,000.00		$3,000.00

		MARS interface		1		$10,000.00		$10,000.00														Wet mateable connectors ?

		Frame						$0.00														Paid for by Scripps

		Floatation						$0.00														Paid for by Scripps

		Rack Assembly		1		$4,000.00		$4,000.00

		Scanner Assemblies		2		$6,300.00		$12,600.00														See scanner spreadsheet

		Total Budget						$140,147.25								67.86		160.696

		NEXT YEAR

		Camera-Transit		1		$15,000.00		$15,000.00		Insite Pacific		Scorpio plus								d= 5", L=10 "		USB, 3.4 Mpixel

		Strobe		1		$9,400.00		$9,400.00		Insite Pacific						6.13		11.75		d=5.25', L=9.4"		100 W-s, 6000 m rated titanium housing

		Ultrasound		1		$281.00		$281.00		Panametrics		V307 SU										This is for the transducer as is 
+$45 for focusing, don't know cost of 
adding holes

		Ultrasound Housing		1		$1,000.00		$1,000.00

		Acoustic modem		1		$16,000.00		$16,000.00		Benthos		ATM 887R		8 weeks		17		36				Add $17k for topside modem for stand alone opps

		Batteries		192		$80.00		$15,360.00														Spiral wound lithium DD cells- 20 kW-h

		Total						$57,041.00





Budget

		Instrument		Qnty.		Cost per unit		Total Estimated 
Cost		Manufacturer		Part #		Lead Time		Water
Weight (lbs)		Air 
Weight (lbs)		Dimensions		Comments

		Benthic 
Chambers		2

		Stir motor		2		$150.00		$300.00		MicroMo		1724E012S+16A 900:1+X0732		4 weeks				0.07		d= .63" ? , L=1.59"		Based on the Barry respirometer, coreless DC micromotors

		Purge valve		2		$150.00		$300.00		MicroMo												This is a guess if we use a motor

		Oxygen optode		2		$3,800.00		$7,600.00		Aanderaa		3830		1-2 months				0.506		d= 1.42",L=3.39 "		Custom cables/connectors 
may add to the price

		Chambers		2		$1,000.00		$2,000.00

		Rover 
Instruments						$0.00

		Current Meter		1		$7,535.00		$7,535.00		Falmouth		2D-ACM				3.97		8

		Camera-Transit		1		$15,000.00		$15,000.00		Insite Pacific		Scorpio plus								d= 5", L=10 "		USB, 3.4 Mpixel

		Strobe		1		$9,400.00		$9,400.00		Insite Pacific						6.13		11.75		d=5.25', L=9.4"		100 W-s, 6000 m rated titanium housing

		Video Camera-BR		2		$1,975.00		$3,950.00		Deepsea P&L		MultiSeaCam MSC-2060								d= 5", L=10 "

		Lights-BR		2		$990.00		$1,980.00		Deepsea P&L		Deep Multi Sealite

		Recovery Instruments

		Radio Beacon		1		$1,313.00		$1,313.00		Novatech		RF 700A				2.09		3.52

		Xenon Strobe		1		$1,244.00		$1,244.00		Novatech		ST 400A				2.2		3.74

		Acoustic modem		1		$16,000.00		$16,000.00		Benthos		ATM 887R		8 weeks		17		36				Add $17k for topside modem for stand alone opps

		Argos xmitter		1		$3,400.00		$3,400.00		Seimac/Novatech												7000m stand alone

		Acoustic releases		2		$1,000.00		$2,000.00														Frangibolt fired by A-modem

		HomerPro		1		$4,800.00		$4,800.00

		Controllers						$0.00

		Controller and 
custom electronics		2		$5,000.00		$10,000.00														This could be atleast  50% more

		Video server		2		$1,300.00		$2,600.00		Axis		240Q										Axis video server, can grab JPEG images

		Development software		2		$2,000.00		$4,000.00														depends on the CPU chosen

		Ultrasound		1		$281.00		$281.00		Panametrics		V307 SU										This is for the transducer as is 
+$45 for focusing, don't know cost of 
adding holes

		Fluorometer		2		$4,000.00		$8,000.00		WetLabs		FL(RT)D				1.6		2.86		d=2.48",L=10.1"		One measures Chl one for PE

		Ultrasound Housing		1		$1,000.00		$1,000.00

		Mechanical System						$0.00

		Cables and Connectors		many		$20,000.00		$20,000.00														Based on PO for cables and 
conns from previous rover

		Pressure housings						$0.00

		Electronics housing		2		$5,600.00		$11,200.00								29		71		OD= 17"		Ti sphere

		Battery housing		2		$5,600.00		$11,200.00								29		71		OD= 17"		Ti sphere

		Machining- housings		4		$1,600.00		$6,400.00

		Batteries		192		$80.00		$15,360.00														Spiral wound lithium DD cells- 20 kW-h

		Umbilical		1		$8,000.00		$8,000.00		Falmat

		Umb. Line drivers		1		$3,000.00		$3,000.00

		MARS interface		1		$10,000.00		$10,000.00														Wet mateable connectors ?

		Frame						$0.00														Paid for by Scripps

		Floatation						$0.00														Paid for by Scripps

		Rack Assembly		1

		Scanner Assemblies		2		$6,300.00		$12,600.00														See scanner spreadsheet

		Motor Housings

		Total Budget						$200,463.00								90.99		208.446

		Notes: 
Acoustic releases, frame,floatation and propulsion system paid for from Scripps





Inst. Power Budget

		Battery capacity (W-h)
per sphere		10k

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Instan.
Power		Comment

		Benthic 
Chambers

		Stir motor		2		100% duty cycle		0.058		9		4320		3600.00		417.60		3758.40		21.96%		1.044

		Purge valve		2		1 op per site		0.5		12		1		0.83		0.83		10.00		0.06%		12

		Oxygen optode 
(Aanderaa 3830)		2		?		0.07		12		360		300.00		42.00		504.00		2.94%		1.68

		Inst. Respirometer Power																				14.724

		Rover 
Instruments

		Current Meter		1		during transit		0.012		12		60		50.00		0.60		7.20		0.04%		0.144

		Camera-Transit		1		12 op per site		0.2		24		40		33.33		6.67		160.00		0.93%		4.8

		Strobe		1		12 op per site		3		12		2		1.67		5.00		60.00		0.35%		36

		Light		2		every 8 hours		4		12		10		8.33		66.67		800.00		4.67%		96

		Video Camera-BR		2		every 8 hours		0.3		24		25		20.83		12.50		300.00		1.75%		14.4

		Rack motor		2		2 ops/site		7		12		10		8.33		116.67		1400.00		8.18%		168

		Propulsion motor		2		1 op per site		7		12		5		4.17		58.33		700.00		4.09%		168

		Acoustic modem		2										0.00						0.00%		0

		Inst. Transit Power (camera and propulsion motors)																				208.8

		Controllers

		MVC- On power		1		0.8%duty cycle		0.18		12		351		292.50		52.65		631.80		3.69%		2.16

		MVC- standby power		1				0.0068		12		12027		10022.50		68.15		817.84		4.78%		0.0816

		Motor Controller		1				1.4		5		300		250.00		350.00		1750.00		10.22%		7

		Video Server		1				0.67		12		25		20.83		13.96		167.50		0.98%		8.04

		Inst. Controller Power												0.00						0.00%		17.2816

		Scanner

		Ultrasound		2		1 scan per site		0.13		12		240		200.00		52.00		624.00		3.65%		3.12

		Fluorometer		4		1 scan per site		0.08		12		240		200.00		64.00		768.00		4.49%		3.84

		Motors		6		1 scan per site		0.33		12		240		200.00		396.00		4752.00		27.76%		23.76

		Inst. Scanner Power																				30.72

		Total Power														1723.63		17210.74

		Max Inst. Power																				226.08

		Instrument		Qnty.		Operating 
Conditions		Current (A)		Voltage (v)		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy		Inst. Power		Comment

		Controllers												0.00						0.00%

		Blackfin- On power		1		0.8%duty cycle		0.008		12		351		292.50		2.34		28.08		0.16%		0.0960

		Blackfin- standby power		1				0.000333		12		12027		10022.50		3.34		40.05		0.23%		0.0040

		PC104 (optionD)		1		0.8%duty cycle		0.18		12		351		292.50		52.65		631.80		3.69%		2.1600

		PC104 (optionD) - stand by		1				0.007		12		12027		10022.50		70.16		841.89		4.92%		0.0840

		ARM		1		0.8%duty cycle		0.033		12		351		292.50		9.65		115.83		0.68%		0.3960





Power Requirements

		Instrument		Qnty.		Current (A)		Voltage (v)		Supply voltage		Time of 
Operation
per site (min)		Total Op.
 Time (hr)		Total 
Power (A-h)		Total 
Energy (W-h)		% of 
 total energy

		Benthic 
Chambers		2

		Stir motor		2		0.058		9-12		12		4320		3600		417.60		5011.20		26.95%		MicroMo/ From Barry's BR

		Purge valve		2		0.5		9-12		12		1		1		0.83		10.00		0.05%

		Oxygen optode 
(Aanderaa 3830)		2		0.07		5-14		12		360		300		42.00		504.00		2.71%

		Rack motor		2		7		12-24		12		10		8		116.67		1400.00		7.53%

														0		0.00		0.00		0.00%

		Rover 
Instruments												0		0.00		0.00		0.00%

		Current Meter		1		0.012		9-28		12		60		50		0.60		7.20		0.04%

		Camera-Transit		1		0.2		24		24		40		33		6.67		160.00		0.86%		Digital camera specs

		Strobe		1		3		18-30		24		2		2		5.00		120.00		0.65%

		Light		2		4		12-24		12		10		8		66.67		800.00		4.30%

		Video Camera-BR		2		0.2		11-30		12		25		21		8.33		100.00		0.54%

		Propulsion motor		2		7		12-48		12		5		4		58.33		700.00		3.76%

		Acoustic modem		2		1.5		14-28		24		0		0		0.00		0.00		0.00%		For transmitting, Benthos

														0		0.00		0.00		0.00%

		Controllers												0		0.00		0.00		0.00%

		MVC- On power (PC-104)		1		0.45		5		5		351		293		131.63		658.13		3.54%

		MVC- standby power, sleepy		1		0.0068		10-16		12		12127		10106		68.72		824.64		4.43%		sleepy' generates 3.3 and 5

		Motor controller		1		1.4		5		5		300		250		350.00		1750.00		9.41%		Based on Galil, Elmo 'Maestro' runs at 24v

		Motor controller		1		0.08		+/- 12		12		300		250		20.00		240.00		1.29%		Based on Galil

		Video Server		1		0.67		7-20		12		25		21		13.96		167.50		0.90%

		Scanner												0		0.00		0.00		0.00%

		Ultrasound		2		0.13		12		12		240		200		52.00		624.00		3.36%

		Fluorometer		4		0.08		7-15		12		240		200		64.00		768.00		4.13%

		Motors		6		0.33		12		12		240		200		396.00		4752.00		25.55%		Based on current steppers

																		18596.66

										24 volt sum=		280.00		24 v sum=		8039.20

										12 v sum=		18316.66		12v sum=		10557.46






