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= Typical SAR imaging techniques neglect dispersion in scene reflectivity

= Below are examples of inadequately modeled structural dispersion
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= Waveformand geometry specific

— Chirps = de-chirped phase history data
* Zak-space estimation (Tolimieri). Used start-stop approximation.

— We wanted a method which was not restricted to a specific waveform or flight
geometry
= Parametricdispersionmodels

— Extract simple parametric models from distortions in standard SAR (Gilman &
Tsynkov) and ISAR (Borden) images

— We wanted to avoid restrictions to parametric models

" Frequency-domain-based processing

— Sub-banding (Albanese & Medina), frequency-domain filters (e.g., Garren 2002)
* Frequency-domain pixel representations may have non-zero negative-time coefficients
— These methods to not explicitly enforce a causal model for dispersion
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= Scalar wave propagationfrom antennato scene

= Time-dependentreflectivity model

<c;tot L gzn gsc
Models scattering object
g — Szn + SSC/ g 0]
Models transmit antenna ——

t
SC(t,x) = — / v(t —t',z)E (', x)dt
t—AT

\supported on0<t—t <AT

= “Standard” SARuses v(t—t, x)=uv(x)s(t—1)
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st — () = —j(t,x —~(t))

gin(tine, z) = / g™ — @ — y)i(t, y — ~(£))dt'dy

Doppler scale factor

\

Current density on antenna

| —1

£, 2) & [ (e g 2) A7k = (0 )| [1+ (7)) A1k )] | d2

f (7 = Ro(tih. ;) /c) W (Ra(tile )

~ A
‘ An R, (tggmm)
Antenna beam Integral over
Transmitted waveform pattern (transmit) antenna
aperture

One-way range at transmit time

Transmit time associated
with one-way propagation
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" Lippmann-Schwinger equation
E¥(t,x) // t—T1,x — 2)s°(7, z)drdz

= //g(t — T, T — 2) / (’U(T —t', z)EN (Y, z))dt’dez

iw(t—[z|/c)

d
sn2lz|

where g, z) = 2 —12l/e) :/e

47 ||

" Born-approximated Lippmann-Schwinger equation

/

AT
Ex(t,x) // —¢red g / (AT, Y)EM (T — AT, y)dAT dt™dy
0

replace £t with £

7

-~

s (tred,y)

o(t — " — |z — yl/c) d d
— sc(yra dtTed
/ 47T‘£13—y| SB( 7y) Yy
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= Weighted matched filter

— R, (y‘ec) Z( trec AT,z ) ( trec, AT, z)XATz t rec rec
HAT.2) _/ A (R (tree )VT/( (trec arz)) d(\t )
/7

Receive beam pattern Tra nsmit beam pattern

( ) i A’T + ( t A )
C C

Cutoff function

rec)

Measured data

*= Round-trip traveltime ¢rec —y¢ir,, . =

= Resulting point spread function (PSF)

AT
I(AT,2) = / K(AT,z,Ac,y)v(Ao,y)dAody

K(AT,z,A0,y) :/ (
ATZee, Ry (tree
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= Circular SAR example, 40-degree elevation
* Chirptime-bandwidth product=100
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= Circular SAR example, 40-degree elevation
* Chirptime-bandwidth product=100
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= Circular SAR example, 40-degree elevation
* Chirptime-bandwidth product=100
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= Circular SAR with 36-degree aperture, 40-degree elevation angle
= 190 km flight-path radius, 69 m/s velocity
= Tukey-windowed 745 MHz chirp. T*BW = 100. Center frequency = 10 GHz

Closed-end Cylinder Target Truth Vs. Reconstructed Reflectivity
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= Circular SAR with 36-degree aperture, 40-degree elevation angle

= 190 km flight-path radius, 69 m/s velocity
= Tukey-windowed 745 MHz chirp. T*BW = 100. Center frequency = 10 GHz

Point Spread Function HSAR Image
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= Circular SAR with 36-degree aperture, 40-degree elevation angle

= 190 km flight-path radius, 69 m/s velocity
= Tukey-windowed 745 MHz chirp. T*BW = 100. Center frequency = 10 GHz

Point Spread Function HSAR Image
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= Circular SAR with 36-degree aperture, 40-degree elevation angle
= 190 km flight-path radius, 69 m/s velocity
= Tukey-windowed 745 MHz chirp. T*BW = 100. Center frequency = 10 GHz

Point Spread Function HSAR Image
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= Circular SAR with 36-degree aperture, 40-degree elevation angle
= 190 km flight-path radius, 69 m/s velocity
= Tukey-windowed 745 MHz chirp. T*BW = 100. Center frequency = 10 GHz

Start-stop + Matched Filter + NUFFT HSAR Image, AT =0

Standard SAR Image Zero Delay HSAR Image

10

0 10 - — T g - 0
' P—
a —6 _6
5| u—— 12
Frerem—— 5t ]
— -18 _18
==
iy sy
g = =24 0 -24
‘6 w A 8
£ . 4 o
= 0 A 30 E o0 ~30
2 » g
Rl o —
c St 36 s -36
- - 1-42 2
-5} ) 5 41—
-48 T
-48
-54
-54
-10 . ' s L1-60
-10 =5 0 5 10

-10 : ' A L1 _60
esenge et @ - - cross rangoe (meters) i °



B,
N Conclusions MATRIX

RESEARDZEC

= We havedevelopedandanalyzed a time-domain algorithm for HSAR
which
— accommodates arbitrary transmit strategies
— naturally restricts scene-reflectivity estimates to causal functions

= Pointspread function (PSF)-based resolution analysisindicates

— When BW and aperture are varied independently we see the following
enhancements in resolution:

Range (74 v
Cross Range X v
Delay (74 X

= Based on our experiments with Xpatch-generated data, it is possible to
reconstruct structural dispersion parameters provided sufficient
bandwidth and aperture (as predicted by the PSF)

Ferrara,Homan, and Cheney, “Hyperspectral SAR,” submitted to IEEE Transactions on Geoscience and Remote Sensing



