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Identification of Airborne Targets

e one-dimensional images (HRR imaging) — Air Force
— fast data collection

— huge template-matching problem

e two-dimensional images (Inverse SAR = ISAR) — Navy

— must wait for moving target to rotate

e analysis of raw ISAR data (Borden and Cheney 2002)

— model: features of target — singularities of data
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Analysis of Raw Data

Possible advantages
e obtain information about motion of sub-targets
e avoid dealing with artifacts in image
sidesteps solving nonlinear inverse problem
quicker target identification (?)
e noise-free images

Challenge

e new kinds of image processing needed
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4 Plan -

teatures of target — features of data

\ﬁ/

microlocal analysis

. Mathematical model for data (Fourier integral operator)

— simplest case: Born approximation

. Microlocal analysis

. Relevant features in data

. Method for identifying features of (sampled, bandlimited) data
. Examples

. More and better models (Kirchhoff, multiple scattering, ducts)
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Mathematical Model for Scattering

u = u'™ + us¢ with u'*¢ satisfying

AQM — W@mv u'(t,x) =0

Co

Use Green’s function g satistying

Aqw - w@wv g(t, @) = ~5(1)8()

Co

to convert (5) into integral equation (Lippmann-Schwinger eq.)

u(t,z) = :&:QFHYT\\QQI%“RIS AM — iv w(t', y)dt'dy
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Born approximation: replace u by u*"¢

: eiw(t—|z—y|/co)
R
1 1
¢ Aty

change to target reference frame: z = O~1(¢)(y)

= Q0™ '(t)(y))

Assume target rotates:

start-stop approximation (freeze rotation during pulse)

% etw(t—2[z— GQVN_\QOV& J
> ulh \\ (anfz — OBz Y

far-field approximation

% eiw(t—2[|z| -2 O(8)z]/co) q P
@
=[]y Qe
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A

R=|x|, R(9) = -0 9z, correlation reception

data(6,t) \ emiwlt=2[  (0)-2/ g, Q(z) dz

w

\—/

distance to target center
target scattering density
0 ranges over a few degrees
standard ISAR: invert Radon transform
our approach: find singularities of (ideal) data

note: model involves oscillatory integral

(Fourier integral operator)
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icrolocal Analysis

high-frequency asymptotics and singularities (edges)
singularities are high-frequency ob ects

micro = orientation, local = location
basic ob ect is

Fourier integral operators: singularities — singularities
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a efront et of a nction f

aeront e¢ F( )isasetin hae ae

Procedure to determine whether a point (&, )isin F( ):

1. Localize around x
2. Fourier transform x —

3. Examine decay in direction

(x, ) F( ) fast decay  (x, ) F( )

slow decay
a e a ont atterer If Q(x)=4d(x), then

F(Q) =
a e a e ar ah Suppose ()

denotes the Heaviside function. Then
):x =0, =0.
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How to Calc late a efront ets

#) (z, )d ,then

(2,V, ):zisin critical set V (2)=

()= (z,9)9(y) dy maps F(g9) — F():
1. Compute (twisted)
= (= )y )@=y ,—-) F()
2. Map F(g) via canonical relation to get F( ).
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a efront set for standard I AR
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