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1. Scope and Methods
1.1. Acronyms and Abbreviations

AUV– Autonomous Underwater Vehicle 
BED – Benthic Event Detector

ROV – Remotely Operated Vehicle

1.2. Abstract

We propose developing a Benthic Event Detector (BED) to measure the down-canyon movement of the sediments within Monterey Canyon during mass transport events. This project will be structured as a hybrid feasibility-development project whose goal is to determine the feasibility of constructing a self-contained sensor system (the BED) that detects seafloor sediment motion, and to build a prototype unit ideally in the latter half of 2011, if feasibility is adequately demonstrated. The BED will be equipped with a yet-to-be-determined suite of motion sensors (most likely tilt and/or acceleration) and a pressure transducer, and will be buried just below the sediment surface. This unique sensor will aid in evaluating the new hypothesis that sedimentary fill within submarine canyon floors may move downslope as large masses, not primarily in suspension in the water column above the seafloor or as bedload moving over the surface of the seafloor. If it is conclusively demonstrated that substantial subseafloor movements are occurring, this promises to overturn existing paradigms that explain how sediment moves down submarine canyons.

1.3. Summary of Problem

Multibeam mapping of Monterey Canyon has revealed the existence of crescentshaped bedforms in the axial channel extending from the canyon head (~11 m) down to ~1900 m water depth. AUV multibeam mapping surveys of other submarine canyons along the California continental margin show that these features are characteristic of active submarine canyons. The occurrence of these bedforms has captured the attention of the marine geologic community and the origin of these features is already controversial. Our recent efforts to determine the origin of these bedforms have included monitoring the movement of buried homer beacons, repeated AUV-multibeam mapping surveys, and ROV vibracoring in upper Monterey Canyon. Results obtained so far have clearly demonstrated that the bedforms are generated during brief, energetic sediment transport events that occur a few times each year which are capable of moving boulder-sized objects hundreds of meters down-canyon. What actually happens in these sediment transport events is less clear. The initial assumption, which logically extended from the existing paradigm, was that the wave-like bedforms are produced by suspension and redeposition of sediments during high-energy turbidity events. In contrast, our data suggest that large sections of the canyon floor appear to move in a slump-like fashion during these events, somewhat analogous to movement of ice within a glacier. This new model challenges the turbidity current model and forces us to re-interpret old data and assumptions. At issue is whether the sediment transport events are turbidity currents that exhume material from the canyon floor and carry it either suspended in the water column, as bedload over the seafloor before it is redeposited further down canyon, or as down-canyon translations of large coherent segments of the seafloor. The depth to which the bottom movements penetrate is unknown, but sustained translation of the seafloor down-canyon is a potential mechanism for carving the canyon into its host rock. An instrument buried in the seafloor designed to record motion during the down-canyon sediment movement would aid in discriminating between the turbidity current, bedload, or coherent-slab transport models.

1.4. Proposed method

The goal of detecting and characterizing sediments motion to be implemented by means of the following principles: 

· Benthic Event Detector (BED), a compact, self-contained autonomous motion detection and data transmission system, to be developed in-house.
· BED system to be deployed by embedding on the surface or into the top portion of the sediment layer; alone or potentially in groups. 
· In order to record representative motion data, BEDs shell stay attached to the sediment mass. As a variation, BEDs hydrodynamic properties shall be tunable with the goal of mimicking the behavior of representative sediment layer objects. 

· During course of deployment BEDs shell transmit motion dynamics of surrounding sediments by means of (TBD) parameters.  

2. Requirements
2.1. User Requirements
Listed below are top level requirements captured with participation of the end users of the system (science stuff): 
· Motion detection. Resolve the motion of the BED to the extent possible (TBD); using a combination of one or more of the following parameters, their static values, and their rate of change: Translation, Orientation, Acceleration, Depth (water pressure)
· Time scale. Resolve and record fast motion (event) on a scale of minutes (required); and slow creeping/turning motion (“context”) on a scale of hours-days-months (desired)
· Event record. Entire event should be recorded continuously and consistently from the start to the end. 
· Operate in a water depth up to 500 meters.
· Temperature range. Operation over a temperature range of -3 to 20 degrees Celsius; transportation up to 50C (-3°C Arctic water; 50 °C deck temperature).
· Be operational for at least 12 months or (TBD) hours of debris flow event time data transferred off the instrument; whichever occurs first (previous data suggests that at least one ‘large’ event occurs every 12 months).
· Be able to locate BEDs (or hardware module containing full data set) for 12 months after functional life of the BEDs has expired (desirable) 
· Communicate and offload data underwater via an acoustic interface without tethered communications device and without excavation, from the depth of up to 3m beneath the sediment. (Excavation is logistically challenging and any tether would alter dynamics of BED.)
· Package to have a default density comparable to the top 3m of sediment: between 1.5 and 1.8 G/CC. (This will keep package from sinking below the depth where data can be retrieved remotely).
· Ability to alter package such that density could be increased to 3 times the default package density so that self-burial can occur. 
· System core shall be as small as possible to allow deployment stand alone or attached to a larger physical interface in order to change dynamics and/or density. 
· Be deployable and recoverable from an MBARI ROV. 
· Allow end user to select specific data subsets for offloading.
· Timestamp data collected during a sediment transport event with < 1 sec resolution and < 1 min precision over the whole length of the deployment. 
· Allow motion event detection thresholds to be varied over the deployed communications link.

2.2. System Requirements
Listed below are 2nd level, or design derived requirements. They can be changed as long as top level requirements are met. Some of the requirements, also captured in discussions group, particularly those that can be traced back to the top level user requirements, also had been sorted into this section. Each requirement had been marked with a label with 4 digit number for traceability. 
BEDS-0010: Start of the event shall be identified by detecting motion exceeding Event Detection Thresholds with a time delay (“Record Delay”) not to exceed 1-2 seconds. 
BEDS-0011: End of the event shall be identified by detecting motion parameters below “Abort Thresholds”. 
BEDS-0011: Recording of the event shall continue beyond End of the event to ensure motion had stopped (“No Motion Timeout”)

BEDS-0011: System shell log orientation data (Euler angles) periodically (every hour), for context and creeping / slow turning detection
BEDS-0015: Data storage. The system shall store collected data onboard.
BEDS-0024: System status/health string. The system shall be able to send the system status (battery capacity/voltage, current, time/date, memory, humidity, temperature, events detected, etc) by request. 

BEDS-0025: Clock drift limit. The system shall limit clock drift to less than 1 minute per year. 
BEDS-0026: Clock offset recording. To enhance synchronization of event data to world time, the records of time offset between system time and GPS time, obtained during communication sessions, can be used for post processing. Time Offsets Data shell be recorded on the boat side, not in the BED system.  
BEDs-0027: The system shall be able to survive tumbling and potential localized 

impacts during sediment transport events. 

BEDS-0029: The system shall be “ruggedized” to withstand vibration of TBD g at TBD Hz. to TBD Hz. (currently working with engineering department from avalanche transceiver manufacturer to determine if their specs would be reasonable)
BEDS-0054: Orientation data. The system shall record orientation in 3 rotational axles (roll, pitch, and heading) with resolution of at least 0.1 degree. 
BEDS-0055: Translation data. The system shall compute linear motion in 3 linear axles (coordinates, velocity, and acceleration) or systemized product (power, amplitudes, etc) to within… TBD

BEDS-0057: Pressure data. The system shall record pressure with resolution of at least 0.016 dbar (16 mm) and at a maximum frequency of 10 Hz. Distinguish between internal data and data to be transmitted?

BEDS-0070: Communication orientation. The system shall communicate at any package orientation. 

BEDS-0072: Recording orientation. The system shall measure and record data at any package orientation.

BEDS-0096: Communication-only Power Saving Mode. Option of disabling the detection part of the system to save energy for communication and data downloading is desirable. 
BEDS-0100: Pre-deployment activation. System shell include means of activating power and communications before deployment (reed sensor, or communication cable thru exposed connector) 
BEDS-0110: Pre-deployment systems check. System shell be able to verify subsystems status on initial boot-up; and store report for transmission by user request (via acoustic link or communication cable attached to the exposed connector). 
BEDS-0120: Acoustic link security. System shell require authentication on acoustic link especially for “write access”; so garbled or accidental unauthorized transmission would not be able to alter system settings or damage data. 
BEDS-0130: Protected system parameters. System time, among other parameters (TBD) shell be set in pre-deployment phase and cannot be altered by means of acoustic link. 

BEDS-0140: Remotely variable parameters. Event Detection Thresholds, Event Abort Threshold; Data Sampling Rate (other parameters, TBD), shell be variable by means of acoustic link. 

BEDS-0150. Extended Transponder. System shall be equipped with a transponder, sufficient for operation 12 months beyond main battery pack, or 24 months total.
BEDS-0160. The design of the housing (materials etc) and deployment manner shall adhere to the regulations of Monterey National Marine Sanctuary including lost (not recoverable) instrument.

2.3. Optional requirements / future improvements 

· Modem AGC. To save the energy, the transmission power of acoustic modem might be automatically adjusted to a minimum level allowing reliable communication. 

· System could be equipped with a drop weight, allowing flowing to the surface after functional life had expired; or ejectable module containing data. 

· On a stage of prototyping, BEDs can be equipped with a tether, allowing locating the system in case of malfunction. 

· Frequency hopping. To reduce interference and reliability of acoustic link throughout deployment, include the ability to change the frequency. 

2.4. Interfaces
· Acoustic communication link between BEDs system on the ocean floor, and the modem on the boat or AUV

· Logical user interface, allowing access to the BEDs file system, low resolution data, system parameters, etc. 

· Pre-deployment activation and programming (electrical) interface. 
· Physical attachement interface, allowing recovery by ROV from any orientation, partially buried (loop, u-bolt, studs, etc, perhaps several of them)
2.5. Assumptions identified

2.6. Alternatives/existing similar systems
· Relative value of event record parts assumed to be constant; when no specific part (for instance beginning or end of the event) is of particular interest

3. Concept Design

3.1. Algorithm of system operation
Based on the assumption of discrete nature of the sediment transport events, and to save energy/ bandwidth, the operating algorithm of BED can be split into the following modes of operation. Italics represent transition between modes: 

1. Watch cycle mode: 

a. Activate sensor package. 

b. Creep detection and contextual data. Store orientation, depth, and environmental data (humidity, temperature) at predefined rate (once per hour)
c. Event detection: Wait for motion detection interrupt from sensor and initiate Record Cycle

d. Activate modem at predefined duty cycle, listen for acoustic communication, and initiate Command Mode if detected. 
2.  Event recording mode:

a. Log linear acceleration in earth coordinate system (3 parameters), orientation in earth coordinate system (3 parameters), depth (1 parameter) at rate of (100-200Hz)
b. Calculate and log magnitude of motion in energy units. 

c. Return to Watch Cycle after motion parameters fall below Abort Thresholds; and No Motion Timeout has expired.  
3. Command mode (default mode on power-up):

a. Activated acoustic link and respond to user input:

i. Enable/disable subsystems 
ii. Set thresholds for future data acquisition. 

iii. Read system status string (voltage, current, time/date, memory, humidity, temperature, events detected, etc)
iv. Set Data Upload Range (in time). 

v. Set data items to upload (if desired different from default). 
vi. Upload decimated data directory 
vii. Upload user defined range of data
b. Activate Watch Cycle on communication time-out (30 min) or by deployment command. 
3.2. Architecture. 

3.2.1.  Subsystems 

· IMU (Invensense 6050) (I2C – direct connection to Atmel)

· Atmel CPU (RS-232 serial debug port)

· Acoustic modem (RS-232)

· Mass storage (SPI)

· RTC (SPI) 

· Drift up to 63 seconds per year

· Hand calibration?

· Systematic frequency offset (~.2 sec/day delta)

· Temp correction for constant temp

· Power Management (Digital I/O, Analog V and I measurements)

· pressure sensor / A/D (SPI)

· Health sensing (Analog – onboard)

· Homer (designed to outlast main system)

· Batteries 
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· Ability to detect slow motion (creeping, rotation; etc)

· Onboard linear displacement calculations
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