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GGE3353 – Imaging and Mapping II

Submarine Acoustic Imaging Methods
Instructor: Jonathan Beaudoin

FINAL EXAMINATION

Thursday, 7th December 2006
3 HOURS

Total marks:  70 (50% of final mark)
Sketches are encouraged, HOWEVER, be sure to label sketches appropriately      and to reference them in your written answers.  If 2D graphs and/or time-series sketches are included in your answer, be sure to clearly label the axes.
Multiple Choice: Answer all questions 

(5 marks, 1 mark per question)
1.  For a fixed frequency, doubling the array length ___________ the range to the 
     nearfield-farfield boundary.

(a) quadruples
(b) doubles
(c) squares

(d) does not affect

2.  For a fixed frequency, halving the array length ___________ the -3dB beamwidth.

(a) quadruples
(b) doubles
(c) squares

(d) does not affect

3.  For angular measurements made in support of multibeam echosounding, ______ has the largest effect in terms of overall sounding accuracy.

(a) roll
(b) pitch
(c) heading
(d) they all have equal effect
4.  Electronic beam steering has several costs.  Which of the following is NOT a cost of beam steering:
(a) sensitivity to errors in surface sound speed 
(b) range resolution degrades with steering angle
(c) beamwidth increases with steering angle

(d) beams take on a conic form
5.  The sonar equation gives rough estimates of the range performance of a sonar system.   Of the following terms from the sonar equation, which is INCORRECT:
(a) 2TL = 40log10R - 2αR
(b) BS = Sb(θ) + 10log10(A)
(c) NL = Nc + 10log10(W)

(d) They are all correct
(e) They are all incorrect
Definitions:    Choose 5 of the 8


(15 marks, 3 marks per definition)
(a) sidelobe
(b) angular sector
(c) multibeam performance envelope
(d) patch test
(e) transducer bandwidth

(f) range resolution

(g) attenuation

(h) mechanical pitch compensation
Short Answer:  Choose 4 of the 6


(20 marks, 5 marks per question)
1.  Why is dynamic focusing easily applied for receive beams but not for transmit beams?
2.  Why is the study of oceanography and seabed geology important to hydrographic surveying?  
3.  Explain induced heave (with drawings) and explain the variables that affect its magnitude.  Explain why you were advised that the effect of induced heave was negligible in the vertical reduction of the single beam soundings in your labs.
4.  Multibeam echosounders rely on two different bottom detection algorithms depending on the amount that a receive beam is directed (steered) away from nadir.  Identify and explain the two algorithms.  If sketches of time-series are included in the explanation, be sure to correctly label all axes.
5.  Explain the single beam echosounder depth reduction process performed in your labs (ignore horizontal component).  Identify and explain all corrective terms and procedures.

6.  Explain the trade-off between return signal strength and range resolution when it comes to selecting a pulse length for echosounding sonar systems.

Long Answer:  Choose 2 of the 3


(30 marks, 15 marks per question)
1.  Modern multibeam echosounders often employ multiple transmit sector to allow them to:

a) perform yaw stabilization

b) focus the transmit beam, and

c) collect multiple “pings” per transmit cycle
Explain the problem each one of the above is addressing and explain how each is accomplished using multiple transmit sectors.

2.  Explain how using multiple transmit sectors can limit the best achievable range resolution of a multibeam echosounder (compared to the same system without multiple transmit sectors).  Be sure to address (a) transducer bandwidth, (b) sector bandwidth, and (c) signal bandwidth.

3.  The reduction of a sounding from a multibeam echosounder requires information from many other sensors other than the sounder itself (which provides TWTT and steering angles only).  Identify all of the supporting measurements required to reduce multibeam soundings.  Without delving into the math, loosely explain the procedure behind determining the location of a multibeam sounding on the seafloor.

