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¥ Section 7.4.3

¥ Note: these slides willuse R
instead of Ry
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Adaptive Techniques So Far

Some Potential Problems

¥ Recall MVDR formulatiqn:
minw"Rw s.t. e™ (k)w=1
w

¥ Then derived EV, MUSIC, etc.
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¥ Problem: If we donOt know e(f<)
exactly, these techniques may
break down

¥ Sensitivity to model mismatches
increases with SNR!

¥ Overall sensitive to quality of
estimate of R
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Problems with Few Snapshots

¥ All methods use empirical
correlation matrix:

R 1L—1
R=— (1
Lg,ya)y ()

¥ All methods need a “full rank ” R

¥ Hence,need L=M

w
No. of sensors

Gl

No. of snapshots

Try Building Errors into Formulation

minw”Rw s.t. (e+8)"w=1
and H6H2 =8"d=<¢’

¥ Note will also need to  “find ” &

¥ Use Lagrange multipliers
L=w"Rw

+)t1[(e+6) W 1]+)tq[(e+6) w —1]

+A,[8"8-¢ ]
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Taking Gradients

L=w"'Rw
+A' [(e+8)"w-1]+ A [w'(e+8)-1]
+A,[878-¢£"]
VW*L=RW+)L,(e+6)=O
V.L=AW+21,8=0

o

Constraint on Errors is Operative

Aw+A,0=0
¥ From Appendix C, either
Jo=0o0r 3] = ¢
¥ Taking A, =0 = w=0
¥ So instead take )*Lz = ()
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Eliminating the Explicit Errors

Boring Manipulations

0= —)L—lw
A
Rw=-4(e+0)
Rw=-1 (e— ﬁw)
2
)L 2
RW——)Lle+‘ | w
Ay i ]
o b =
Yes, the Inverse is Well Defined
Al ) -
W, = -\, R—ul e(k)
A’2
¥ Canshow A4, <0, A, <(Qso
2
R - &I is invertible
2
i

=-Ae+— ‘M
2
R - &I w=-Ae
2
5 \-
W = _}H R - &I e
Running into Trouble
2
W, =-% R—MI e(k)
)Lz

¥ Computing A, Ajs difficult

¥ Several possible solutions for
AL A mustcheckto see which
minimizes w" Rw

—

¥ A, A, change with k
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Punting

2
W, =-4 R—@I e(k)
2

¥ LetOs try something ad-hoc:
w,=(R+al) e(k), a>0

¥ “diagonal loading, ” “ridge
regression, ” “Tikhonov

regularization e

Interpretation of Added Term

w,=(R+al) e(k), a>0

¥ Adding additional “white noise ”

to Rused in computing weights

¥ Remember sensitivity to errors

increases with SNR

¥ Artificially decrease apparent

SNR to decrease sensitivity
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Alternative Problem Formulation

minw”Rw s.t. e"w=1
and HWH2 ~w'w=p
¥ Use Lagrange multipliers

L=w"Rw
+A le"w-1]+A [e'w —1]

+4, [WHW—/))] B
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Taking Gradients
L=w"Rw
+A'[e"w—1]+A [w'e—-1]
+A, [w'w -]

V .L=Rw+Ae+A,w=0

¥IfA =0, geg original MVDR
(means ||w||" = Bis inoperative)
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Results for Alternate Formulation

¥ If I, =0, we have
Rw+/.e+/,w=0
R+ Dw=-!e
w=!/ (R+/,1)"e

¥ Same sort of structure as before!
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