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Final Exam 2001

GGE3353 – Imaging and Mapping II

Submarine Acoustic Imaging Methods.

Instructor: John E. Hughes Carke

FINAL EXAMINATION

Wednesday 24th April 2002

3 HOURS

(NOTE all questions carry equal marks)

Q1: 

The following is a monthly tidal time series from a location (Port Adelaide actually) . Describe the curve, pointing out all pertinent observations. Describe all the harmonics that you can see explaining, through the use of the equilibrium tide model, why each of the harmonics exists.
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Q2:   You are operating a new multibeam sonar and you are faced with a number of different options:

 - Explain the difference between Amplitude (Weighted Mean Time) and Phase (Split Aperture) bottom detection, as routinely implemented with multibeam sonars. 

- For a typical swath sector, explain the typical distribution of amplitude and phase  detections over the beams in the swath. On what basis would the choice of bottom detection method be made.? Illustrate you answer with figures showing, examples for weak and strong across-track topography.

- The sonar gives you a choice of different angular sectors (150, 140, 130, 120º etc..). The beam former redistributes all the available beams based on your choice of angular sector so that all beam forming channels are always used within the angular sector chosen. Explain what consequences will result from your choice of angular sector. 

- You have a choice between equidistant and equiangular beam spacing. Explain what this means. What are the consequences of this choice in terms of sonar performance at different parts of the swath?.

- The sonar allows you to choose a fixed swath width in metres. It then tries to continually maintain this, nearly irrespective of depth. Explain what the sonar is doing to achieve this. 

- There are depth range limits to the sonar’s capability to maintain a fixed swath width in metres. Explain these upper and lower limits.

Q3:  Once again, explorers feel they may have found the true site of Atlantis. Plato had always described it as  “outside the pillars of Hercules (straits of Gibraltar)” and many leagues to the west. Scholars had previously rejected the Canaries, the Azores etc as descriptions required an island with a broad coastal plain, which did not fit any of these oceanic island types. 

However, quite recently a group of explorers have come to believe that the southern shelf of Cuba is a likely spot. Apparently initial results have revealed linear targets at ~ 100m depth on the outer shelf.

Presuming that these explorers have real evidence (limestone plateaus are famous for natural linear scarps, terraces and faults), explain in detail (with justifying explanations), a viable choice of :

· platform, 

· sonar (s),

· positioning system(s)

 that would allow them to go about conducting three levels of survey:

1 – a reconnaissance survey of the entire shelf region (~ 500km by 100km) from the 75 to 150m isobath, looking to find topographic evidence of linear patterns that might reveal city layouts, old river channels and large temples (i.e. ~ 20m horizontal minimum wavelength and ~2-4m vertically.

2 – assuming one of those patterns appeared anthropogenic, doing a follow up survey  of an area (typically no more than ~ 5km by 5km) to identify targets at the scale of individual walls and basement foundations (i.e. around 1-3m horizontally and ~20-50cm vertically)..

3 – assuming that gullible investors remain, how would you provide positioning services for minisubs and deep decompression divers who want to carry out the submerged equivalent of a precise archaeological dig (brushing sand away at the centimeter level, revealing pottery shards etc…).

Based on your GEOL 1001 suggest some plausible reasons that, should Atlantis have existed on the southern Cuban shelf, why it might now lie at ~ 100m 

Q4: 

What are the fundamental measurements made by a Inertial Sensor?

What initial conditions do you need to start inertial navigation.?

Given those initial conditions, what fundamentally is going to limit the duration  over which you can use inertial navigation (before the errors grow too large).

In order to constrain those errors (or at least to partially reset the conditions), give examples of aiding sensor measurements you would consider using on :


A – a surface vessel


B – an autonomous vehicle.

To use the output of a INS system  (time series of 3D position, orientation and velocities) ) what more do you need to know before you can apply the results to a sonar –relative beam vector.?

Q5:  Active Motion Compensation.

Expalin in detail how you would use electronic beam steering to :

· compensate for roll

· compensate for pitch

· compensate for heading

Explain methods, limitations and required sonar hardware that are necessary for each of these.

Q6: NB Power are interested in doing hydrographic surveys for two offloading terminals. The surveys are both for :

· safety of navigation of large vessels in the speicific narrow channels that lead to the dock facility and

· regional assessment of the seabed geomorphology to aid in environmental assessment.

The requirements for the first match IHO special order (complete seabed ensonification ~ +/-30cm or 0.75% vertical accuracy, and the ability to discriminate targets that are 1m on size.).The requirements for the environmental survey are to describe the regional depth dotribution at ~ Order 2 levels  (complete ensonification is not required vertical accuaries of  ~ 1.5m or 2.3% is all that is required..).

One of the sites is in the Bay of Fundy (macrotidal and high suspended sediments), and the other is in the Bay of Chaleur (meso or even micro tidal and higher water clarity) .  For both areas, the main channels are at ~ 10-20m below chanrt datum but elsewhere there are wide expanses with depths ranging from intertidal to ~ 20m. 
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