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Introduction

@ High resolution array processing - radar, radio astronomy, radio
communications.

o Far-field point source assumption is an approximation.

@ Distributed source- subspace based techniques fail.

Tx antenna array Rx antenna array
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System Model

@ M; Tx antennas, spacing Ay;
M, Rx antennas, spacing A,.

@ Ny Doppler bins, N, range bins, N, angular bins.
e s; € CL*1: waveform transmitted by the ith Tx antenna.
@ For the dth Doppler bin

S,'(wd) =5;0 [1, ejwd, . e,j(Lfl)o.;d]T,
Sy = [Sl(wd) 52(Wd) ce SMt(Wd)]T.
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System Model

° ad (9) complex angular weighting function of the kth source in
direction .

a(f): Tx steering vector, b(6): Rx steering vector.

@ Received signal

Y =30 S S e Lo (0)b(0)aT (6)d0}S4d, + W,
0...01 0

°Sy=1[Sq Oppxn,—1]. Jr =
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System Model

oY=3"¢ No g, ab(82)a’ (02)84d, + W.
@ Vectorize to get: y = Ax + w.
e A=[uij1u112- UNd,N,,Na]

ug.r, = vec(b(f,)a T )SdJ )

x=[a11,1,01,1,2, -, NN, N,

@ x is block-sparse.
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Block sparse Bayesian learning

e BSBL-EM [Z. Zhang, and B. D. Rao, 2013]: Exploits intra-block
correlation.
p(xi; vi, Bi) ~ N(0,7iB;)Vi
p(x; {7i, Bi}i) ~ N(0,Xo), Xo = diag(11B1,72B2, .. .,7,Bg)
p(xly: {7i, Bi}i) ~ Ny, Xy,
B = ZoAT(Al + AXAT) y,
.= (X, + 1ATA)

E-step: X = p,,. _
M-step: 7; = tr[B; (XL + pl(pi) 7).
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Block sparse Bayesian learning

e Pattern-coupled BSBL (PC-BSBL): a vector of hyperparameters.
N

p(x|a) ~ HP(Xi|Oéi,Oéi+1,Oti—1)

i=1
p(xilcvi, aiv1, aim1) = N(O, (@ + Bajy1 + Bai—1)71),
p(a;) =T(a) tb2a?e b,
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Proposed Method - |

@ Assu me hyperparameters:

1= ’71 + ,81’72
Y2 = B- 1'}’1 + 72 + 51'}’3

W = ’y;\, + 5—1’7;\1_1
I = diag{v; + B172, B-1m1 + 72 + B1yzs -5 Iv T B-17n_1}

o p(xly; 7', B) = N1, Ex)
p=1ixATy; T=(IATA+I 1)1
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Proposed Method - |

o E-step: X = p.

o M-step:

_arg;maxIEx|y,y B[P(%X ’Y B)]
720

_arg;max]Ex|y,y B[p( Y ,,3)]
720

° fy/ = argmax_/., log Ex‘y., g[P(%X ¥, B)]
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Proposed Method - |

° a%;log E iy slPLY, Xi v, B)] =0

! /81/ ! + ! 1/ i + ! /8/_1 !
,871'7;_2+’Y;_1+/81’Y,' /871’)’,-_14"7,""/31'7,'4_1 6717,'+’Y,-+1+51’Y,‘+2
BTt y) it B-1(Zis1ir1+u2 )

(Bo1¥i_otvi 14817 )2 (Boavi +7 81701 (Bo1y 7 +HB1Y )2
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Proposed Method - |

!

Update for 7;
1
! ! ! .
5717;_1"1")’,' +51'Y,'+1
1

B-1vi_g +i + ﬂw;ﬂ
= (Zii + )W+ ((Cicnic1 + g5 1)vier — 1)Brvis
+ ((Zig1,iv1 + M,?+1)Vi+1 —1)8_1viq1.

o Let v; =

!
1
@ ~ —
i (it )VAH((Ei—1im1+ 02 Vic1—D)Brvi 1 H(Tiga, i +02, )vie — 1) B 1vi

—B-17i—1 — B1Vit1-
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Method - Il

o Consider 3 equations containing 7;,

7 ! 7 1
v+ + L=
P s SRR B v — DB + (BEC i — DA -1vins
ﬂ ’ + ’7 +6 !’ 1
—17— Yi— 17 =
e bOER IV + (B )viee — DB1viea + (ElFlvi — 1)8-1vi
1

! ! ’
B-17v; +Vis1 T B1Yi0 =
' PR TRL V2L + (BRI — 1)Brvi + (BB lvies — 1)B_1vie2
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Some results for Method - |

o My =5 M, =5 Ny =11,N, = 12, N, = 11, SNR = 20dB.

Doppler-angle, Range bin #2 Range-angle, Doppler bin #7
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