ECEG335 Detection and Estimation Theory
Solution Set 1 Fall, 2004

Problem 2.2.a

X =xix2 x3], Q=[q1q aq3], R=[riry r3]
x1 =0B127T [x1]?=14, q1 = ﬁ[:& 127, r=[V140 0%,
x; =[231)7, yo=24[-531 =87, |ly2| = 7 V1050,
T
Q@ = =55 31 — 8|7, rp=[11/V14 V1050/14 0] ,
x3  =[123]7, y3=1[-1.200.24 1.68]7,

Iyl =2.08, qs=][-0.580.12 0.81]7, 15 =[2.9399 1.0184 2.0785]7




Problem 2.2.b
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Problem 2.6

Denote X,, = [x; ...X,]. Note that X,, is n by n, has rank n, and is
invertible. Consider G = Xan, and note that G is invertible since
{x;} are linearly independent. Define x = X,,(XZX,,)"*XZX  which is
a linear combination of the {x;}. The proof is complete if x = x. The
result follows from the fact that (XXX, )"! = X !X,

Problem 2.8

First we find P;_;. Define Qx_1 = [q1 92 ... qx—1]. We propose that
Pio1 = Qr-1(QZ ,Qi-1)"'Q ,. First note that P? | = P;_1, so that
it is a projector. Next note that QkH_le_l =1I;_1, and so

k-1

Ye =Xk — 2,1 GnQl Xk,
=xp — Qr_1Q xp,
= (I — Pk_l)xk.

Now we solve the second part of the problem. Since

Ve =Xr — Quo1Qf X,

by definition, all we must do is express Q;_; in terms of X, | =
[x1 X2 ... Xp—1]. Since Qp_1 = Xj—1(XF | X4—1) ' X Qp_1, it follows
that Qk_lelL‘L1 = Xk_l(Xkale_l)_leHfl, and y; may be expressed as

vi =%, — Xpo1 (XF X)X xp,

This equation clearly shows that if y; = 0, then x; is a linear combi-
nation of {x;}. Further, if x; is a linear combination of the {x;}, then
the right-hand side must be zero by necessity.

Problem 2.10.a

X1 =Y1= [1 2 3]T7 ||YIH = \/_4 q1 = \/%[1 2 3]T7 ry = [\/ﬁ 0 O]Ta
Xy = [4 56", y2=4[123 —6] lyzll = V189/7,

= 51123 }T [32/\/_4 V189/7 0],
X3 = [7 8 0|7

V3 [153—15] lysl = v13.5,
1.5

[-1.53 — 157, r3=[23/v/14 108/v189 |ys]]]*.
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Problem 2.10.b
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Problem 2.17
To show that U is orthogonal, we expand U#U as

Ufu=D 7 AEXHEXAD .
N——

G
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D2

I if D is real



