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Where We Are (and Aren’t) in J&D

* Inspired by Section 4.9.1
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Average Beamformer Output

Average power of beamformer
output over time
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Under the Stochastic Model

z=e" (k)WR W"e(k)
L-1
where R = %Ey(l)yH(l)
=0

Under the stochastic signal
model, Ry is the
unconstrained maximum-
likelihood estimate of the
correlation matrix of a
Gaussian random vector y
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Improvement from Time Averaging

Outer Product of Steering Vectors
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Ry%Ry=E[XX las L —»>

If snapshots are independent,
variance of estimate improves as
O(1/L), standard deviation improves
as O(1/sqrt(L))

Can’t make L too big if
the sources are moving!
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* For linear 1
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Linear Array, Single Plane Wave

Assuming no noise 0
M -1 JY
y(l)= s(l)exp(—]Ty)exp )
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Toeplitz Structure of Est. Correlation

R 1 L-1 Y
R, —z;ymy 0

A

R is Toeplitz since a sum of Toeplitz
matrices is Toeplitz

* Remember we are assuming no noise
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Convergence to True Correlation

Linear Array, Two Plane Waves
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Two Signals
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+|52(l)|2 [same but with yz]

+crossterms!!!
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* Again assuming no noise 0
M -1 jy
Y(l)=s1(l)exp(—JTyl)eXp :1
J(M -1y,
0
+5, (l)exp(_j%yz)exp ];:/2
JM =1)y,
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Crossterms (1)
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Crossterms (2) Crossterm Matrix Elements
. ‘j@(ﬁ‘)’z)
5,(D)s,(De X - ith diagonal element of crossterm matrix given by
0 -J" -j(M =Dy,
j% j(Vl_yz) * M_l o .
ew| JUM =2y, = (M =2)p] ZRG{SI(Z)SZ(I)GXP(‘JT[VI ‘Vz])eXP(J[Vl ‘Vz]’)}
JM =1y, JM =1)y, - (M =2)y,] JM =1, -v,) .
M —
_M-D = * — j — *
e, (D5 e 2 = 2\51(1)52(”“505([% Vz][l ]+ L{s,(D)s; (l)})
0 - -j(M =Dy,
JYa i =m)
cXp . .
: - JUM =2)y, -(M -2)y]
JM =Dy, JIM =T)y, - (M =2)y,] JM =1, =1) .
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Intersignal Coherence
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Intersignal
coherence

« Incoherent signals have an intersignal
coherence of zero

- Coherence suggests
multipath effects
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