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Overall Objective:

We seek a high-resolution seafloor mapping capability in the deep ocean. In particular, we need to obtain swath bathymetry and acoustic backscatter imagery of the seafloor registered to the earth with a lateral accuracy <= 3 meters and a vertical precision <= 0.3 meters in water depths up to 6000 m.  We also need to obtain subbottom profiles with penetration of > 50 m and vertical resolution < 0.2 m in soft sediment.

Approach:
We have selected multibeam sonar as the appropriate technology for obtaining high resolution bathymetry. In order to achieve the resolution goals listed above, we need to deploy a high frequency multibeam near the seafloor using a submerged platform. In order to obtain high resolution acoustic imagery and subbottom profiles, we need to deploy a Chirp sidescan and subbottom sonar system on the same platform. We intend to deploy the sonars on the Dorado AUV for systematic mapping missions operating at altitudes > 100 m. We also intend to deploy the sonars on ROV Ventana for near-bottom (altitudes >= 2 m and <= 100 m). mapping missions.

I. General Requirements

1. Shall include a multibeam sonar, a sidescan sonar, and a subbottom profiler sonar.

1.1. The multibeam sonar shall meet the requirements listed in section III.

1.2. The sidescan sonar shall meet the requirements listed in section IV.

1.3. The subbottom profiler sonar shall meet the requirements listed in section V.

2. Shall include additional sensors providing all information required to georeference the multibeam bathymetry, sidescan imagery, and subbottom profile data within the accuracy required by the project objective. See section II (Performance Requirements) for the required ancillary data accuracies.

2.1.  Shall include sensor(s) providing water sound speed measurements. 

2.2. Shall include sensor(s) providing position.

2.3. Shall include sensor(s) providing sonar attitude (roll and pitch). 

2.4. Shall include sensor(s) providing sonar heading.

3. Shall be capable of being deployed as a Dorado class AUV.

3.1.  Sonars shall be powered within the AUV

3.2.  Sonars shall be controlled by AUV main vehicle computer

3.3.  Shall be capable of planned missions.

3.4.  Shall be deployable from the R/V Zephyr (See operational requirements in VII-1)

3.5. Shall be deployable from UNOLS blue water vessels (e.g. R/V New Horizon or larger) (See operational requirements in VII-2)

3.6. Shall be capable of communicating with operators with sufficient bandwidth for vehicle and sensor status information.

4. Shall be capable of being deployed on ROV

4.1.  Sonars, ancillary sensors, and data logging shall be powered from the ROV

4.2.  Sonars shall be controllable from the ROV control room

4.3.  May have realtime data display in the ROV control room

4.4.  Shall be capable of being deployed on ROV Ventana (See operational requirements in VII-3)

4.5.  May be capable of being deployed on ROV Tiburon (See operational requirements in VII-4)

5. Shall log all data internally.

5.1.  Shall time stamp all logged data consistently to the accuracy required to meet the project objective. See section II (Performance Requirements) for the required time stamp accuracy.

5.2.  Shall allow logged data to be downloaded on deck without opening pressure vessels.

II. Performance Functional Requirements

1. Shall achieve AUV mapping missions covering 3 km by 6 km regions at an altitude of 150 m in water depths up to 6000 m

1.1. Shall have a depth Rating of 6000 m

1.2. Shall carry sufficient battery to achieve descent and ascent with sonars off and a 55 km long track while continuously collecting sonar data, to operational depths of 6000 m.

1.3. Shall be capable of following the bottom to maintain a 150 m +/- 25 altitude during surveys.

2. Shall achieve the AUV mapping missions described in II-1 with depth precisions of 0.2% altitude, or 0.3 m, neglecting errors in vehicle depth and considering only soundings within a 120 degree swath.

2.1. Shall log attitude (roll, pitch, heading) measurements with a time stamp accuracy of 1 ms.

2.2. Shall log roll measurements with an angle accuracy of +/-0.05 .

2.3. Shall log pitch measurements with an angle accuracy of  +/-0.2 degree.

2.4. Shall log heading measurements with an angle accuracy of +/-0.2 degree.

3. Shall achieve ROV mapping missions covering arbitrary regions at altitudes from 5 m to 150 m.

3.1. Shall have a depth rating equal to or greater than the ROV platform alone, up to 6000 m.

3.2.  Shall achieve the same attitude and heading measurement requirements listed in II-2.

4. Shall include sensor(s) providing water sound speed measurements sufficient to calculate bathymetry with an accuracy of +/-0.1% of sonar altitude, neglecting other sources of error,

4.1. Water sound speed shall be known to an accuracy of +/- 0.75 m/s

4.2. The water sound speed measurements may be obtained using CTD sensors

4.3. The water sound speed measurements may be obtained using a sound velocity sensor if the use of CTD sensors is impractical

5. Shall achieve sufficient navigational accuracy to allow efficient navigation correction using mbnavadjust

5.1. Shall achieve the following navigational Accuracy: < 250 m error in 12 hour mission

6. Shall maintain 100% seafloor coverage of the 0.94 degree X 0.94 degree multibeam soundings during the AUV mapping missions described in II-1.

6.1. The AUV vehicle pitch shall not change at a rate greater than 0.35 degree/second.

III. Multibeam Sonar Functional Requirements

1. The multibeam sonar shall meet the following requirements:

1.1. Shall be externally controllable.

1.2. Shall operate at a frequency of 180 – 250 kHz

1.3. Shall achieve swath width: >= 120 degrees

1.4. Shall have beam widths no larger than 1 degree X 1 degree

1.5. Shall have a range resolution: < 0.2% sonar altitude or 0.1 m, whichever is greater

1.6. Shall have a ping rate fast enough to achieve 150% alongtrack nadir coverage of the seafloor (1 Hz on platform moving 1.5 m/s)

1.7. Shall have an operational altitude of 2 m to 200 m

1.8. Shall have a depth rating of 6000 m

IV. Sidescan Sonar Functional Requirements

2. The sidescan sonar shall meet the following requirements:

2.1. Shall be externally controllable.

2.2. Shall use an FM or Chirp pulse and match filter processing.

2.3. Shall operate simultaneously at frequencies of 120 and 410 kHz

2.4. Shall have a depth rating of 6000 m

V. Subbottom Profiler Sonar Functional Requirements

3. The subbottom profiler sonar shall meet the following requirements:

3.1. Shall be externally controllable.

3.2. Shall use an FM or Chirp pulse and match filter processing.

3.3. Shall operate with a frequency sweep  2-16 kHz

3.4. Shall have a depth rating of 6000 m

VI. Data Logging Functional Requirements

1. The sonar, real-time navigation, and attitude data shall be logged in a single asynchronous data stream.

2. All sonar, navigation, and attitude data shall be time-synchronized with a time stamp accuracy of 1 ms (see II-2.1).

VII. Operational Functional Requirements

1. The AUV configuration shall be deployable from the R/V Zephyr

1.1. Shall be deployed and recovered using the Zephyrs AUV Launch and Recovery System (LRS)

1.2. Shall be deployable in sea states up to Beaufort Force 6.

1.3. Shall be recoverable in sea states up to Beaufort Force 6.

1.4. May be capable of 24 hour operations, including nighttime deployments and recoveries

2. The AUV configuration shall be deployable from UNOLS blue water vessels (e.g. R/V New Horizon or larger) 

2.1. Shall be deployed and recovered using cranes commonly found on UNOLS blue water vessels.

2.2. Shall be deployable in sea states up to Beaufort Force 6.

2.3. Shall be recoverable in sea states up to Beaufort Force 6.

2.4. May be capable of 24 hour operations, including nighttime deployments and recoveries

3. The ROV configuration shall be capable of being deployed on ROV Ventana

3.1. Shall be no more difficult to deploy and recover than Ventana is when configured with the geological sampling toolsled.

4. The ROV configuration may be capable of being deployed on ROV Tiburon

4.1. Shall be no more difficult to deploy and recover than Tiburon is when configured with the geological sampling toolsled.

5. In all configurations, the mapping system shall allow a mission turnaround of two hours.

VI. Environmental Functional Requirements

1. The mapping system shall be capable of running in water temperatures ranging from –5 degrees C to +28 degrees C.

2. The mapping system shall be capable of running sealed, on deck, long enough to permit battery recharging or swapping.

2.1. The mapping system shall be capable of running sealed, on deck, in the sun, for up to 2 hours without overheating.

2.2. The mapping system shall be capable of running sealed, on deck, for up to two hours in temperatures down to –5 degrees C.

VII. Data Processing Software Functional Requirements

3. Data processing shall be possible at sea.

4. Data processing software shall allow an initial evaluation of mission success/failure within 1/2 hour of data download.

5. MB-System shall support the Reson 7100 multibeam data 

6. MB-System shall support the Edgetech sidescan sonar data 

7. The Edgetech subbottom data shall be in SEGY, supported by SIOSEIS

8. MB-System shall include an interactive patch test tool to determine roll, pitch, and heading biases for each survey

9. MB-System shall include interactive editing of swath bathymetry.

10.  MB-System shall include interactive navigation adjustment by feature-matching on overlapping bathymetry swathes.

11. MB-System shall include sidescan correction

12. MB-System shall include bathymetry gridding and sidescan mosaicing

13. MB-System shall include generation of maps and GIS layers

