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The following quarternary (M=4) baseband communication system and one of the waveforms
representing one of the symbols are given.
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a) Find remaining waveforms that are either orthogonal or make up an antipodal pair
with the given. That is, you are expected to find ¥4, ¥, and 5. All waveforms should
be either orthogonal to each other or pairwise antipodal and orthogonal to other
pair(s). Hint: There is no single/unique solution. Everyone can find different
waveforms.

b) Determine correlator outputs at the decision instants for all waveforms.
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Solution:

t 0<t<T,

Given that ¥, (t) = {0 otherwise

, we can choose 1, (t) = —1,(t) so that we have an antipodal pair.

We can choose to have other pair to be antipodal too. Let,
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so that 1, (t) and 1, (t) are orthogonal to each other. It is obvious that we are not limited to a limited number of
solutions with this orthogonality definition. Let us chose 1, (t) to be composed of two rectangular pulses whose
magnitudes are yet to be calculated.

a, 0<t<Z
Y, (t) = b, %<t<Ts

0, otherwise
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We need to have R, ,; = —R, ,, S0 that they will cancel out. Hence,

— = _TngSZ givesus a = —3b. Example: b = —1and a = 3.

4,0 A5(t)

Ts

1 |Ts T

Note that this solution is just an example out of infinite number of possible solutions.

Verify;

Iy Wo(®a(t)dt = f;* 3tde — 1 tdt = 0 (orthogonal)



