Sample GGE3353 Final Questions:

GGE 3353 -2001

John E. Hughes Clarke

The 3353 Final on the 23rd April, which will compose 50% of the course mark, is a 3 hour long exam. In that period you will be expected to answer ~ 8 questions of a length equivalent to those you saw in the midterm (which was 4  questions in 1 hour).

Given that there are no prior exams to use as a guide, I am providing a series of sample questions, similar to those that I provided for the midterm (which still remain valid). For a subset of these questions I am providing you with basic answers.

The exam questions will require that you have the information requested here (the question here are direct so you know what I’m asking). The real questions may, however, be disguised in a little story, requiring you to realise what the issues are (e.g. the mid term titanic tale..). In these examples, I have covered the material that I’ve presented since the midterm and you obviously won’t get asked about everything listed here. However, you should also refer back to the mid-term sample questions for ideas on what I will ask on the first half of the term.

You may assume that about  ½ the content of the questions will be on the first half of the term so don’t ignore that material. The questions will, however, probably be twisted towards the application of what you’ve learnt in the first half to use on the second half (e.g. refraction as it exists as a problem for oblique sounding; freq. dependence of attenuation and BS angular response as it affects swath sonar performance envelopes etc…).

Bathymetric Sidescans

You should be able to explain the advantages and disadvantages of two and three+ row systems.  

Two row, simplest. In order to have no phase ambiguity (no wraps) you have to stick with <= 0.5 wavelength spacing (expand in a figure why). This results in poor angular discrimination compared to a wider element spacing (show the contribution of a random noise vector to the phasors at each row and how this translates to angular uncertainty).

Three + rows, allows you do multiple combinations of spacings so that, even though none of them may be unambiguous on their own (they will all probably be several wavelengths), you can solve for the ambiguity by comparing the likelihood of each of the possible solutions. Because, for multiple wavelength spacing, the phase changes more quickly with angle, if you know which wrap you are on you can discriminate the angle better than a 0.5  wavelength system (you are less affected by noise).

Explain methods to get around the multiple problem:

· use multiple frequencies for the near nadir and > 50 deg. Sectors (e.g. Fansweep).

· Put a null in the beam pattern at nadir so you don’t even transmit there (after all, as it is usually a near orthogonal return you won’t be able to get an angle there anyway).

· Move the towbody away from the seasurface so the angle moves beyond 60 deg. (e.g. a deep-towed instrument)

Why would you even consider using a bathymetric sidescan (differential phase system) when you could use a multibeam?

Cost –  hardware costs tend to be lower.

Portability – you can easily put a bathy sidescan (even a 12 or 6 kHz array which is 2-7m long) on a towbody (can’t do this with transverse arrays). You thus can deploy from ships of opportunity. Just ship the instrument to a remote location and rent a local mudboat as opposed to paying for the transit costs of a dedicated vessel from somewhere else in the world.

Seastate and oceanographic sensitivity – If you are using a shallow towed system, it can be deployed under the thermocline so local oceanography that changes rapidly  is less important. Also as the seastate rises, it is less affect by – ship noise, breaking wave noise, bubbles, and short period yaw perturbations.

Beam Steering

Explain how you investigate a part of the seafloor away from the mutually orthogonal vector from a mills cross.  Is there any detriment to the quality of your range estimate if you use steered rather than unsteered beams?

If you transit on one and receive on the other without steering, the beam is constrained to be in the mutually orthogonal direction. To diverge from that vector, one or both of the beam must be steered.  Explain how this is done (time, phase of fft).

The resulting beam vector is defined by the intersection of two cones formed at an angle of (90-steering) from the vector that defines the long axis of the line array.

Disadvantage of steered beams, is the physical beam widths are broader than the unsteered (by the secant of the steering angle).

Second disadvantage is the precise steering angle is dependent on sufficient knowledge of the surface sound speed. The unsteered beam is unaffected. The importance of this grows non linearly with the steering angle (snells law) : 


Sin(actual_angle) = (actual_speed/assumed_speeed) sin(assumed angle)

Explain the difference between time delay and phase delay beam forming.

Time delay involves combining echoes received at different times, the offsets being calculated knowing the element spacing, and the assumed speed of sound. Requires that a buffer containing the last few ms or so of data at each element be continuous retained and updated (samples need to be obtained at better than Nyquist on the carrier frequency).

Phase delays tries to mimic time delays but is simpler to implement because it deals only with the echoes arriving at any one instant (avoids the need for buffers ,and can sample only at the equivalent signal bandwidth which is a lower rate). The echoes at the times that a time delay beamformer would use are predicted by taking the instantaneous echo and rotating their phase to be that  which would be the case at that later time. Again requires knowledge of the array element spacing and the assumed speed of sound (which knowing the frequency, one can calc. the required phase delays.)

Explain the concept behind FFT beam forming.

Examines the spatial frequency content of the instantaneous voltages across the face of the array. Energy coming from a specific angle w.r.t. the long axis of the array will generate a specific spatial frequency that has a wavelength described by the projection of the incoming wavefronts on the line.


Spatial wavelength = sound_wavelength /sin(incidence angle).


Draw a picture to explain this ….

A Fourier transform applied to the instantaneous set of voltages across the array allows one to observe the spatial spectral information in the signal (which corresponds to the directions of the incoming acoustic energy at that point in time)_.

Note to know the wavelength (and thus calculate the angle), you need to know the surface sound speed just like time and phase delay beamforming methods.

Explain why knowledge of the surface sound speed is important in beam forming. 

Explain how this varies with steering angle.

 Describe methods for minimizing the problem.

As stated in the previous answers, time, phase and fft beamforming all rely on an adequate knowledge of the surface sound speed. The sensitivity to an error in this grows with angle (see formula above). Thus for those systems that provide beams that are significantly steered off boresite (and practically this means anything beyond about 40 deg), they will have the accuracy of the final angle compromised (for bathymetric purposes, the resulting depth estimate goes out of spec). The worst case is those systems that try to go +/- 75 degrees from a single receive array.

The simplest way to minimize this is to try and avoid steering to such extremes. The usual method to do this is to have two receive arrays, each mounted facing out to one side. We can thus reduce the required steering for each beam to be just that required for a single side (e.g: +/- 37.5 deg is all that is needed for half a 150 deg swath).

A complication for this is that, you usually also use two transmitters. Their beam patterns will slightly overlap at nadir so you can get two different ensonified areas. Care must be taken to get them to fire together with the same pitch steering , or use discrete frequencies, or failing that, shoot them alternately.

Describe how one uses a barrel/drum array to form beams.

Use drawings for this. Explain how you use a subset of the arc that is closest to the normal to the intended beam. In this manner you avoid beam steering errors (you do still use time or phase delays but they are small and symmetric about the centre of the arc). The width of the beam corresponds to length of arc used. Note you cannot have unsteered beams out to the limits of the drum. Can only do this until the arc length used employs the outermost beam. After this the beam becomes steered, but this is still an improvement over a single flat array (explain why…).

Given a :

· two way travel time

· pitch steering angle of the transmitter and 

· a specific roll steered angle w.r.t the receiver, 

what other ancillary measurements do you need to know in order to estimate the formed beam vector?

Orientation of the transmitter at time of Tx., ditto orientation of receiver at time of receive of that beam. 

What other ancillary measurements do you need to know in order to estimate the final reduced depth and position?

· Heave at Tx. and at Rc. for that beam. 

· Position of the array at Tx. and Rc. 

· Draft of the sonar.

· Sealevel at time of observation w.r.t.  your chosen reduced datum
 (normally chart datum and thus this is a measure of the tide).

· Sound speed as a function of depth in the water mass in which the observations were made .

I’m assuming we already have the surface sound velocity else we would not yet have the steering angles. We then ray trace from the sonar position in the water column (that is draft + heave).

Multibeam Sonar Imaging Geometry

Describe the illumination pattern of a steered transmit and oblique (45+ deg) receive beam on the seabed, from a flat T Mills Cross Array.

Two cone intersections, the receive cone much tighter curvature . Much easier to draw than describe.

Describe the controls on the size of the physical dimensions of any given beam footprint.

The angular constraints are imposed by:

· Array length

· Wavelength used (frequency and sound speed)

· Steering applied


For both of the Tx. and Rc. (which won’t necessarily be the same).

The external geometry involves:

· Beam vector from horizontal (incidence angle)

· Slant range.

· Local seabed grazing angle.

Then draw to show how these dimensions result in a pseudo-elliptical footprint on the seabed. Perhaps write little equations showing the dimension of the beam (long and short axes) as a function of these parameters.
What controls the inter ping time interval on a multibeam?. For a given angular sector (e.g. 120 deg) how does this scale with water depth? What would happen to the ping interval if you set the sonar to maintain a constant swath width (e.g. 2000m) and then had the sonar steam from 2000m to 100m?

This is all about two-way travel time (plus any machine compute time). Basically the sonar can only ping after the end of the last required echo has arrived). This is controlled by the slant range to the furthest target. This obviously scales with depth, but also for a given depth it scales with obliquity. So the wider the angular sector you ask for the longer your inter ping interval. For a fixed angular sector the ping period scales nearly linearly with depth. The “nearly” is to do with the fact that there is a fixed time constant involved which accounts for the time it takes the software to processes the echo from the last ping (for each beam - do bottom detection, apply roll and pitch, do ray tracing  and bundle all the beams into a packet or telegram and broadcast it).

Constant swath width implies a dynamically varying angular sector and thus the ping rates won’t scale linearly with depth. For 2000m and less – calculate typical angular sectors. 

At a certain point, the system may not be able to open up the sector any more (e.g. if the sonar only provides 120 deg). At that point and shallower, the system will hold constant at that sector and the swath width will be forced to come in from the desired swath width.

Explain the difference between equiangular and equidistant beam spacing and the difference between multiple ping ensonification and single ping. 

Draw these, illustrating the resulting angular spacing of the beams and the corresponding seafloor beam footprint layout.  Perhaps a simple trig. equation to show the required or resulting layout.

For the multiple ping case, use the example of the ELAC Bottomchart (in the notes) which only forms one third of the beams in each ping and then steps those over to make up a complete across track profile only over three pings. The problem here is that you along track ping density is thus a third of other systems.

Draw a typical performance envelope of a multibeam as it is driven from a shallow depth, well inside its attenuation limit, down to depths close to extinction.

The curve should show:

· the largest angular sector the system can achieve.

· At least three curves that illustrate the performance in mud, sand and rock (just schematically to show you realize the importance of this).

· Show better range performance near nadir due to the near specular stronger echoes,

· Show the loss in range as one goes to low grazing angles due to the roll of the BS angular response curves.

What factors will control the shape and size of this envelope?

The factors are:

· Source level

· Pulse length

· Bottom backscatter strength (and it’s angular response)

· Attenuation coefficient (f’n of freq., T, S and pressure)

· Transmit and receive beam patterns

Actually for a bonus you could describe why there is a minimum range capability too (near field , subbottom etc..).

MB Bottom Detection

Compare and contrast amplitude and phase detection methods.

Explain how the two methods work – weighted mean time –zero phase crossing etc...

Feel free to use drawings…

Point out that amplitude is superior at high grazing angles as the echo is short and the phase sweep is too rapid, whereas, phase, is better at low grazing angles where the echo envelope is extended but one can now see a clear phase sweep. They are thus complimentary methods.

When would you choose one over the other? For a given swath sector (e.g. +/-75 deg) are there predetermined sectors for which you would use one or the other detection type.

You would choose one over the other based on the length of the echo, v. the residual from a linear or quadratic fit to the phase sweep. Short echoes will tend to go A., longer echoes where a clear trend in the phase will tend to go P. 

No there are not predetermined sectors. In general you can expect the A’s to dominate near nadir as for typical flat dull continental shelves, this corresponds to the high grazing angles. But for rugged terrain, the near nadir solution may be on a steep slope and inversely the outer swath may have regions facing strongly into the receiver  and thus the situation is non intuitive.

A system that implements both should dynamically assess the quality, so that it can assign an amp. solution to those that are generally high grazing angle irrespective of the incidence angle.

What effect do sidelobes have on bottom detection performance.

First describe what a sidelobe is, and how one can trim them with shading. Then point out that they are sectors other than the main lobe through which unwanted echoes can arrive and contaminate the directional signal you are looking at.

Show (draw) a typical oblique beam geometry where the main lobe is at a very low grazing angle but the sidelobes are picking up near specular returns. 

Show (draw) also a patchy seafloor pointing out that BS variations from gravels to muds can be 20+dB so that if the main lobe is pointing into a mud hole and adjacent sidelobes are looking at gravel you can get mistracking (perhaps show the result if the gravel is either inboard or outboard).

What effect does patchiness (spatial variations in bottom backscatter strength due to texture rather than topography) within the beam footprint have on the performance of amplitude and phase detection.

Partly the same as the last part of the previous question (but that was patchiness from beam footprint to footprint whereas this is within footprint). For amplitude detects, patchiness biases one’s choice of the weighted mean time (expand explaining the effect of a gravel or mud patch inboard or outboard of the boresite…). For phase detection patchiness is of less consequence as long as the signal to noise is not too low. Because, the phase detection is looking at the phase sweep (related to direction, irrespective of bottom type) and ignoring the intensity modulations (they serve only to identify the main lobe return) it should be relatively unaffected.

What effect does topography smaller than the beam footprint have on amplitude and phase detection?

For amplitude detects.  slope changes within the beam footprint will cause highlights (“glints”) and shadows. This will distort the WMT estimate. It will generally produce random slant range errors (either +/ve or -ve depending on whether the “glint” or shadow is inboard or outboard of the boresite). So for amplitude detection such short wavelength topography will show up as unusually noisy bottom detects. The noise is no indication of the exact location and sense of the roughness, just that it is present.

For phase detections, shorter wavelength slope changes will distort the phase curve (make it diverge from a simple linear or quadratic trend.). If the slopes are extreme, the residual to the linear or quadratic fit will be so high that the phase detection will be rejected in favour of an amplitude detection. If one still uses a phase detection, the fit to the phase trend will tend to smooth out and suppress the short wavelength roughness.

Explain the difference between phase detection in a multibeam and picking a zero crossing point on a multiple-wavelength-separated two-row bathymetric sidescan.

For a multibeam as the receive beam is the same or smaller in width than the central phase wrap, there is no chance of phase ambiguity. But for a bathymetric sidescan, there are several possible zero phase crossing because the receive beam pattern is broad in the eleavation plane allowing one to view all of the –2, -1 0, 1, 2 wavelength zero phase crossings.

Orientation

Describe a right handed system . Describe the Tate –Bryant sequence.

· Z down 

· X forward 

· Y to right, 

· +ve yaw to stbd. , 

· +ve roll stbd. down, 

· +ve pitch nose up.

To convert a sonar relative vector to a geographic vector, do the order of rotations – heading first, pitch second, roll third. 

Typically, how accurate do you need to be in roll, pitch and yaw (if you don’t have numbers, draw the geometry and explain what dimensions you’d use).

Depends on desired angular sector  (you should explain why) but rule of thumb ~ 0.05 roll, 0.5 pitch and better than half the beamwidth in yaw.

Contrast the Vertical Gyro and AHRS algorithms. What typical consequence would you see if using the VGA rather than an AHRS algorithm?

AHRS have external knowledge of speed and heading and whereas a VGA has no knowledge of long period changes in heading and speed. Thus you are unable to differentiate between long period roll and pitch and those centripetal accerations due to sustained periods of cornering.

An INS question would ultimately require you to be able to provide answers too: 

Explain qualitatively what unaided inertial navigation is:

The use of measurement of rate (rather than position or tilt) sensors to update ones location and orientation at successive time steps.

 What are the fundamental measurements.

Most fundamental are:

· tri-axial accelerations (the rate of change of velocity broken down onto the three axes ) NOTE no measurements of location or velocity is directly observed .

· tri-axial angular rates. (the rate at which the sensor package is turning around the three aies). NOTE no measurements of absolute angles is sensed.

 What initial conditions do you need to know to navigate? 

1. x,y,z – location (includes latitude for coriolis),

2.   - orientation, 

3. u,v,w velocity. 

What is going to limit the duration over which you can navigate (before which you loose sufficient accuracy).

· Noise and biases in the measurements of acceleration and angular rates.  

· Any non-orthogonality in the sensor mountings,

· any imperfections in your knowledge of the gravity field.

Explain aiding sensors for INS. Give a set of common examples.

Any sensor that can update one or more of the initial conditions. e.g.:

· a position fix (DGPS, or acoustic beacon fix)

· an elevation fix  (ellipsoid height or pressure in an aircraft or submersible)

· a heading input (gyrocompass)

· a ground speed input (Doppler radar in the air, Doppler sonar in the water)

you can even use lesser information as aiding e.g.:


1 or more LOP’s or SOP’s (at least your range form a known position can be compared wit the solution).

To use the output of a INS system what more do you need to know before you can apply the results to a sonar –relative beam vector.?

· The misalignment between the INS coordinate frame and the sonar coordinate frame.

· The lever arms from the INS to the sonar (for induced heave calculations)

Active Motion Compensation

Explain the mechanism for electronic stabilization of the swath for tri-axial rotations:

Roll – all done on receive, steering direction dynamically adjusted to maintain receive steering at close to constant angle w.r.t. vertical (close, because it is a cone, and it’s intersection with the Tr. cone is hard to predict).

Pitch – all done on transmit. Single sector involves steering Tr. to minimize the along track displacements for all beams.  If optimise at nadir, will overcompensate in far range and v.v.  Thus one commonly compromises, undercompensate nadir, optimal ~ 40-50 deg and slightly overcompensated at far range, 

Multiple sectors – see yaw stab description for method. But within each sector, the steering angle is locally chosen to put the central part of the sector at zero alongtrack displacement,

Yaw. – not possible  for single sector transmit. (compensating one side makes the problem more acute on the other). Dual sector transmits (e.g. two Tr. systems like ATLAS Hydrosweep MD) allow independent steering. As with pitch stab, steering is a compromise, can only be perfect at one point on a side.

Multiple transmits from a single Tr. -  Requires discrete frequencies for each Tr. all separated by the bandwidth of the pulse (1/T or chirp sweep).  All Tr’s in the water at the same time (same ping), spaced just a few ms apart. Each sector is pitch steered to maintain central part of sector either on instantaneous zero along track position (a pitch stabilization) or on the orothogonal line to the mean ships heading (i.e. yaw and pitch stabilised). 

Note one secotr of a multi sector Tr. beam in the athwartships plane is narrower than single ping ensonification as try to direct relevant energy into the relevant sector only. Requires the Tr. Array be addressable in across the ship direction (.i.e multiple rows offset athwartships).

Pictures –Pictures – Pictures are worth a 1000 words….

Patch Test

Explain what parameters are analysed as part of a standard patch test. 

1. Roll, 

2. Pitch 

3. Heading bias, 

4. time delay between sonar clock and positioning clock.

How is each one analysed in turn? 

Describe the method for isolating one of the four at a time (or methods in which two are solved simultaneously). Be careful to point out line directions, whether constant or certain speeds are needed.

Is the method the same for all sonars or for all ancillary sensors ?

Here you’ve got to explain the complications of having multiple transmitters and/or receivers (cos. you can’t align port with starboard etc..).   The other half of the question is forcing you to remember that if you use a motion sensor that is an unaided VGA algorithm (i.e dosen’t compensate for long period lateral accelerations like turn) you have to allow for this when you do your comparisons (make sure that run-in time is longer than settling period of sensor, and no abrupt turns during patch test acquisition).

Wobbles …

The Client rep. notices a short period oscillation of the data producing across track ribbing in the sun-illuminated terrain models. Explain how you would analyse the data to establish what the cause of the error is….

You should at least be able to describe the 7 causes of wobble explained in the notes:

1. roll scaling

2. roll delay

3. yaw misalignment or roll and pitch axes.

4. X lever arm errors

5. Y lever arm errors

6. heaving up and down on a surface sound speed gradient.

7. wrong surface sound speed whilst rolling

and be able to show how you can differentiate them by comparing the observations to the driving motion time series.  

Bonus point for thinking of other wobbles (long period heave, vessel distortion etc..)

Oceanography – Refraction

You have to bid on a job that crosses the Gulf of Maine from St. John , out past Yarmouth and across Georges Bank to the shelf break. Explain the likely types of water mass you would find and explain the choices of oceanographic sampling instruments that you might employ to battle the problem.

River outflow at the coast (i.e. fresh and acoustically slow water at surface).

Strongly tidally mixed in upper Fundy otherwise so as sound speed gradients are very weak, few problems.

But as go out of  Fundy, tidal ranges drop and thus there is chance of more stratification and thus refraction problems (internal waves and fronts etc..). 

Deep basin in Gulf of Maine likely to have unique water masses.

As go onto Georges, shoaling , so enhanced currents to move tidal prism on and off. Likely to introduce fronts and internal waves.

In center of Georges, v. shallow so v. well mixed (back to Fundy type thank God),

As move off to deeper water, back into stratified water masses and potential for upwelling and internal waves on the shelfbreak. Bonus, to note that gulf stream influences can impinge on the shelf break. 

Basically you can get away with less sampling in Fundy away from river mouths and  on the top of Georges. But elsewhere, you are crossing oceanographic boundaries, dealing with a much more stratified watermass and lots of perturbations. 

Your choice are:

· to sample frequently by stopping.

· Narrow your swath and ignore all the problems.

· Use underway probes like XBT’s (explain what they are….)

· Use towed dipping probes (like MVP’s or Chelsea undulating towfishes).

Discuss the relative merits of time of year on survey efficiency.

Here you should point out that as the higher seastates come in during the winter the water column is better mixed and thus the consequences of water mass advection are less important. Also in the summer the thermal stratification due to solar heating (and thus increased sound speed contrast) is a bad thing. Late summer hurricances can be a blessing (as long as you are in port waiting them out) as they mix everything up. Explain then that the trade off is bigger ships that can operate in worse weather but use wider swaths , v. lower seastate capable ships that spend time in port in bad weather but are cheaper and thus can operate with narrow swath through the summer stratified months.

Gridding

Explain how you would decide on the appropriate pixel dimension when deriving a regular DEM from high density sounding data?

Explain the effect of beam spacing and dimension on the resolvable spatial wavelengths. How these vary with depth and obliquity. All these factors are involved in deciding what grid size to use.

Explain the difference in approach between using TIN’s and weighted filters.

TIN’s honour the (normally sparse) observations. The nodes are actual measurements; and the original estimate of position and depth is retained (although rarely the uncertainty associated with this).

Weighted filters provide weighted averages rather than actual observations. The surface does not honour the original observations. However, for high density data, if the filters are chosen to reflect the minimum resolving dimension of the system, the filter will provide spatial averages that actually produce a more robust solution, and from which if you choose you can actually include measures of the uncertainly (standard deviation of observations from provided mean).

Explain what shoal-biased surfaces are and why you might have to deliver such a product.

Pretty much self-describing, discuss the dated concept of a sounding plot…. Nautical charting….

Survey Planning

Cable Routes.

You have to get a fibre optic cable from a manhole cover on the beach, out across the shelf and down the slope into the abyss, up over the MOR’s and v.v. up the other side. 

Describe choices of instruments that you would use to address a requirement to :

· cover a 2000m corridor on the shelf

· seeing 1 m boulder and 2 m deep pockmarks from beach to 1500m

· resolving feature of 5%  of depth  in horiz. dimension deeper than 1500m.

· meeting vertical accuracy specs of IHO Order 2 ( ~1m or 2.3 %)

· have total positioning  confidence of 2m within 10 km of the coast, 5m on the shelf and 20m on the slope  (including boulder locations).

You’d need to show that you understand the target detection capabilities of surface mounted systems, and thus, whilst the vertical accuracy requirements are a doddle, you’d be forced to use towed instrumentation like a sidescan. 

Surface accuracy of 2m with your own coastal DGPS base-station is trivial, as is 5m using the coastguard broadcasts to the outer shelf . And with WADPS and no SA 20m , off the slope is easy. BUT……  How can you guarantee that same absolute positioning accuracy for a submerged towbody.  Y’all know the options, USBL/SBL/LBL,  etc… But which ones are viable for use for several hundred/thousand kilometers along the cable corridor? Basically you are forced to use a USBL approach (don’t want to be deploying, calibrating and picking up transponders all the time).

And once you get off the shelf, the towbody becomes increasingly difficult given the length of cable to get down there (several time the depth!) is prohibitively expensive and the slant ranges put you at the limit of a USBL from the mother ship (and remember the oblique angles back to the towfish will be a refraction nightmare for angles). What to do? Obviously pressure sensors on the towbody, to constrain the solution a bit. Perhaps a chase boat… but talk about the added expense…

You may wish to start talking about AUV’s explain their advantages (speed, stability, ability to sit under mother ship for good USBL solutions) but also their disadvantages (expenses, likelihood of loss, limited endurance before requiring recharge).

When you get beyond the 1500m, do you use 30 or 12 kHz, what beam width , spacing would be required to meet the coverage issues? Do you need yaw stabilization or not. 

That’s about it for now….. hope these questions and answers are useful.
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