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1. Introduction

In this paper, we present an analysis and congran$ several imaging methods of point
targets in random scattering media. We derivernthiti-static matrix and time-reversal matrix
based on the mutual coherence function [1]. Tindtudes the interactions of the random scattering
media with the targets of interest, which captuheseffect of random media to the imaging of the
targets. Several imaging modalities including tireeersal (TR) [2], time-reversal Multiple Signal
Classification (TR-MUSIC) [3], Synthetic ApertureaBar (SAR), minimum variance beam forming
(or Capon’s method), and modified beam formingaged to coherent tomographic array imaging)
are applied to produce images and their perfornsaacecompared. We also investigate the effects
of the random media characteristics on the images.

2. Received signal model, multi-static matrix anditme-reversal matrix

The geometry of the problem is sketched in FigThe transmitting and received array of
size N is used. There ar®l targets located in the imaging domain. A stripafdom scattering
medium of lengthd, starts at a distancg, from the array. The random scattering medium is

characterized by optical depth, scattering andratiso coefficient and anisotropy factor.
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Fig. 1. Geometry of the problem

The array transmits a wave, which could be contisuor pulse. Then, the wave
encounters absorption and scattering from the manslcattering medium and reflection from the
targets. The scattered wave is then detectedeatetteiving antenna array. From the received
signal, we can form a multi-static data matkof size N x N given by

M
K=>70.0n (1)
m=1

where g, =[G(T,.7) G(T.%;) ... G(F..K )]T , 8, is a transpose of,, . G(F,.%) is the
stochastic Green’s function where the observation poinf, iand the source is a . The
reflectivity of them™ target is denoted by, . The ‘time-reversal matrix’ is given by
~ % M M * * K ~
T=KK => > 17,08 % Gn 2)

m=1m=1
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The symbol * denotes the conjugation Tlhleelement of the matriX can be written as

ermrmzrkk(m m) (3

m=1m'=1
where the mutual coherence functibp, is glven by

M (M, M) =(G,G,G,G} ) =Gy, (M) G, (M) Gy, (M) G, (M) Q (4)
Q=exp(-2,) +F, exif— 2,)( Xy + X + Xy + X0 )+ F2 (X X + X X )
TS:J'dd1+d2bdZ:bd2, T, _,[:1 ‘(a+b)dz=(a+b)d,, r,=r,+1,, F, =1-exp(-7,),

£ (d+d,) -~ |

The factorQ represents the contribution from the random sdaggemedium. The characteristics
of the medium are captured in the parameteaand b wherea is the absorption coefficient arixl
is the scattering coefficient. The quantitigsand a,, are the coherence length and the anisotropy

parameter, respectively. The functioBss are free-space Green’s function given in parabol
approximation form by

Gko(m):ﬁexp |k(zm +MJ ;G;b(m’):ﬁ exfi —Il((zm +| Zm | J

2z,
[ Jp-al)] (e ©
Gjo(m)—ﬁexp ik ZM% ;G}o(m’)=ﬁ exp -ik| z, + pmzzfj

The eigen analysis of the time-reversal mafrixs given by

Tv,=AV,; v, =N eigenvectorsi, =N eigenval (6)

These will be used later in this paper.
3. Imaging methods
Several imaging methods are investigated. All methodsauste®ring vector given

by
s :|:Gsl - Gy ]T (7)

p{lkL +|k|’0 '0'| ]andps is the
2L,

where the steering Green'’s function is given(y= 47;_

location of the steering point.

Time-Reversal MUSIC Imaging

Imaging by TR-MUSIC is done using the time-reversalrix T and the steering vectay, by

1
I/ITR—MUSC = N-1 (8)

Y [das?

p=M+1

whereU :(2\/7_7/Aw) exp(—(w—wo)z/(Aw)z) ' k=w/c, Aw is the bandwidthe is the centre

frequency andy, denotes conjugate transposegof
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Time-Reversal Imaging

Y = [da?Ag. v, (9)
wherev, is the eigenvector corresponding to the largesreialue

SAR Imaging

Yow = [dlU] 3 (G767 )G7C (10)

where(G?G??) =(G,G}, ) [2(exp(—Qij ))2 - ex{- 20)} £(6,G,) 'R,

EEENEANS
R =2 )+, exbr, - PP eiar)
P
Modified Beam Forming
. :jdw|U|4ZZZZ(GiGJG;G;>(G;GS.GSpGSq) (11)
] P q
Minimum Variance Beam Forming (Capon’s method)
1
Peapon = 12)
[ fda e R,
whereR =KK '+ a1 , the noise power is given by’ :Tra%(:iK); | = identity matrix.

4. Results and Comparisons

The results of imaging in random scattering media ilustrated in Fig. 2. We use
Aw=0.01,N=41l = 5@ , OB 1.0, amt] =d, = 2! in these calculations. The target is

located at(50/1,504). Fig. 2 shows the geometry of the problem andnitages from several
methods discussed above. Time-reversal MUSIC gesvithe best resolution image. Fig. 3

compares the longitudinal and lateral resolutiomsthese methods as a function of the optical
depth. As the optical depth increases, the reisolgets worse but at different rates.
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Fig. 2: Images of a single object in a random scatterirdiom using several imaging methods
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Fig. 3: Resolution comparison among imaging methods (@itadinal, and (b) lateral
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