Processing of Stochastic Signals

(Execerises 8)

December 22, 2011

8.2.a: z =z + jy, Cz, 2,y real-valued

according to (3.177)
c =C +C +<c —CT>
== =z =Y =4z =Y
in case of circular symmetry about the mean we have according to (3.185)

c =c.c =-C

=y’ =y,x =,y
and therefore

C =2C +25C
=z =z =y,x

8.2.b:

1. diagonal elements of Qz ZEero

5

(3.185) and (3.186) C =CT ¢ =-C
7y7z 7x7y 7y7x 7x’y
= Diagonal Elements: (C ) = — <C )
DY) Y/

= and this is only possible if <C’x > =0

2. z,y uncorrelated iff gz € RN*N = imaginary part has to become zero:
C =2C +2jC
= =z =y,
——
=0

gy . = 0 gives that x,y are uncorrelated.

3. Q CH real-valued iff gxgz =C C

2=z Y —Z,y—
ccl =c cl=c C =C =C’
=z=z,y —=T,Yy—r —T,Yy=—r = —T =T

T —c =
=,y =Y,r =Y




H
ccll =(20 +2;CT | (20 +2;CT
-z -,y -z -,y

=(2¢, +2iC] ) (2¢, —2iC]
=4C, +4jCT C_—4jC C. +4CT C

X —Z,y—7,y

=4(C C +CT Cx >+4j<CTC +C CT>

—z==,y

For this to be real Valued the following must hold

cct —c Cc =0

=z=z,y —T,Y=x
CT

—x=TY —Ty=T
therefore this holds under our assumption.
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accordlné to (3.272)
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Apwvse =R (R, +R ) =RE!

£ = (031172”31 032142@2) N (1% 1é2>
Rn:(_11/4 _11/4> f, = <1§4 15/34)

- _Z2
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94/143 16/143) <y1>

SLMMSE = (16/143 94/143
8.3.b:
(3.265)




€ELMMSE  =1rq R EZ, E;Ey,

By, = B{+ss") = F {nsT +57) =

= B{ns"} + B{ss"} =R,
e =e{ (5 2)- (2 ) (A A8) (2 )
o )= Conis o) (2 2)]

-A(;
=tr } El /2 1é2> B <17996//1144:’>3 17996//114433)}
= tr

90/143  —15/286
15/286  90/143

= T €ELMMSE
8.3.c:

Because the signal has non-zero mean it would be better to use the inhomogeneous
LMMSE estimator instead of the homogeneous LMMSE estimator.
8.4.a:
from W € RMxzN and definition of y
=z€ RN, ye RM ve RM

8.4.b:
A T 71
(page 101 ) &, o =A 1 epY= Eﬁﬁg Y
. ~1
(3.270) (7R£> <WRLWT +Ry> Y
s
(3.262) R W (WRIWT T )y
8.4.c:
T 1
€ELMMSE = tr {R Ey xﬁy Ey, }
R =WR
=Y,z — 1
T (meT +Ry>
8.4.d:

straight forward, just apply the hint given on the sheet



