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Used in physics, medicine & remote sensing



Sonic Atmospheric Tomography
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0om UAV-Based Tomography
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(Approximate) Forward Solution
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.. Re-Sampling to Obtain Phase

() Rogers & Finn, JASA 2016

Time
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Some Error Sources

m Path LengtiPropagation Errors
mEikonalequation (scale sizes > wavelength)
m Straight ray path approximation (0.0D.6%)
mUnknown atmospheric water vapour (0.02%)

2  mTurbulencd SNR (Z) & scatt
o5 mSignal Processing Errors
o= mUse CRLB (0.T 1.0ms)
)
o 5 mCoherence (calculate effective SNR)
2=  mCombine harmonics (reject poor observations)

m Location Errors (UAV & Ground RCVR)
mRTK CP DGPS (0.03m & 30ns)
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. Simulation defines
« signal processing
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other constraints
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m Mathematical model for turbulence in CFD
m Used to simulate atmospheric air currents
m Weakly sheared daytime convective PBL

m Applies low pass filtering to Navier-Stokes
m Eliminates small scale scales of solution
m Reduces computational cost of simulation
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Visualising & Monitoring the
Atmosphere over Time

Large Eddy
Simulation
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Real Observations Over 30 mins

- Estimated Temperature & Wind (Vx/Vz) Celsius15
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Height {(m)
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3D & Comparison with LIDAR
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Estimated Temperature & Wind at 0 m Celsius
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Geometry for Inverse Problem
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UAV Based Oceanic Tomography

Temperature & Wind (VxNz) for Raw Data Centigra d
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UAV Based Oceanic Tomography
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Multi -UAV Tomography

Finn & Rogers, IET Radar,
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Multi -UAV Tomography
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Turbulence: Spectral Broadening
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Isotropic Layer Refraction

)

= Piecewise Linear Gradients N
- E Gradient in layer, g, = (c,,, - ¢;)/dz CalCUlat_e %ddltlonal
% ¢ Radius of curvature, r. = - ¢/[g; cos(d))] %-af?e In ut base?
Y v From image,  Ux, = r.[sin(d,,) - sin(d})] ,On ypOtenusAe O )
S € . Oedtoce ndOo(-4) ¢
o uzi - rc [COS(di+1) B COS(di)] & I t
5 »  Given iz, d., = cos[cos(d) - Uz/r ] apply (
8 :% Iven uz;, g, = i il ray path (---)

Evaluate integral, g‘ 11 g.c o ®)fdd

I+
=> Ut, = -2/g; [tanh-i{tan(d.,, /2)} - tanh-{tan(/2)}]
Distance travelled, d = ut; (c; + g/2)

Principles of Underwater
Sound (Urick, 1983)
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Inverse Solution (Network RBF)
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Received Frequency vs Time

1 cycle
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Vertical Slice, y = 0 metres

Large Eddy Simulation Data
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Degrees C

Mathematical model for turbulence in CFD
Used to simulate atmospheric air currents
m Weakly sheared daytime convective PBL

m Applies low pass filtering tdlavierStokes
m Eliminates small scale scales of solution
B Reduces computational costsmmulation
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Estimates of Sound Speed
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Systems Institute

S

26 Microphones over a 575m baseline
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