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PrROBLEM 1. (Paper and Pencil / MATLAB)

1. Cisan N + L — 1 x L matrix:

i) 0 0
Ty i) 0

C = IN-1 IN-—2 ... IN—L
0 TN-1 .- IN_Ly1
0 0 IN-1

2. The MMSE estimator is ﬁ(y) = KHyK{,ly, where Ky = FE {HYT} = KygCt and
Ky = E [YYT] — CKuCt + Ky,

3. See the attached MATLAB routine.

PROBLEM 2. (MATLAB)

See the attached MATLAB routine.

PROBLEM 3. (Paper and Pencil / MATLAB)

1. F{p(t — 1)} = pr(fle 727, So rx(f) = F{p(t — 7)e??™ ¥} = pr(f — d)e 727(f=D7,

2. |rz(f)] = |pr(f —d)|. The correlation between |rz(f)| and |pz(f)| will have its maximum
at d.

3. With this method, we can estimate d with a resolution of fs/N = 1/(NT;). For a resolution
of 1 Hz or better, we need to take N = [1/T].

4. See the attached MATLAB routine.

PROBLEM 4. (Paper and Pencil / MATLAB)

1. See the attached MATLAB routine.

2.
1 1
2 1
c=1.
N 1
3. u;r=(1,...,N)T and uy = (1,...,1)T.

4. The projection theorem requires y — Hv to be orthogonal to u; and us: (y — Hv)Tu; =0

and (y — Hv)Tuy = 0.

5. In matrix form, we have (y — Hv)TH = 0. Hence, y' H = v"HT H. Transposing the
previous relation we get H'y = HT Hv. Thus, vrs(y) = (HTH) 'Hy.

6. See the attached MATLAB routine.



