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Question 3 (55 pts) — Optimum Detection

The two signals in a baseband binary signaling scheme, s,(?) and s2(#), corresponding to symbols 1
and 2, are shown in the below figure.
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The information bits are equally-likely.

The source produces one bit every T seconds.

The channel is ideal with zero-mean AWGN.,

The receiver is optimal (minimizes the probability of error).

(@) (5 pts) One of the orthonormal basis functions for the corresponding signal space, ¢(1), is also
given in the figure. Find B.

(b) (5 pts) Sketch the other basis functions.

(c) (10 pts) Write s;(2) and s5(2) in the terms of the basis functions. Draw the signal space, and show
the vectors corresponding to s;(2) and s,(?).

(d) (5 pts) Write the probability of error expression in terms of bit energy, Ep, and noise power spectral
density, N,.

(e) (15 pts) Consider a received noisy signal (over one bit interval), r(?), sketched also in the above
figure. Draw the vector corresponding to r(z) in the signal space.

(©) (5 pts) Sketch the optimum receiver. Based on what detection principle does your receiver operate?

(8) (10 pts) Show the calculations to be performed in the receiver for detection (do those calculations).
State the output of the detection (i.e., symbol 1 or 29).
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