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1. (70 Points) The time waveforms of the signal set, s, (t) and s, (t) are given in Fig. 1.1.

a. ldentify the type of modulation and dimensionality in this signal set. Write mathematical
expression for s, (t) and s, (t) and the corresponding basis functions, v, (t) --- w, (t) and
plot w,(t) - v, (t). Write for the signal vectors s, and s, , and plot the corresponding

constellation diagram. Find the distance between signal vector ends.
b. Draw the demodulator as correlator and matched filter. Assuming that the signal
s, (t) from constellation is transmitted, find the outputs of the correlator and matched

filter.
c. Find the probability of error and decision regions via the evaluations of correlation

metrics C (r, sm)again assuming s, (t) was transmitted and the probability of sending
s,(t) ors,(t) is unequal.

s,(t)

sl(t):Asin(nt/T),O<t<T
sl(t):O , otherwise
s,(t)=-s(t)

!
-
Fig. 1.1 The time waveforms, s (t) ands, (t) for Q1.
Solution : a. From Fig. 1.1, we see that s, (t) and s, (t) will be
Asin(zt/T) 0<t<T —Asin(zt/T 0<t<T
s (=1 o =)= I . (L)
0 otherwise 0 otherwise

The energies of these signals can be found from
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s (t) dt =]sf (t) dt=A2]sin2(7zt/T) dt = AZT =g =¢ (1.2)

s, s

E =

S]

é'—oB

Both signals can be represented by single orthonormal basis function. Hence, s (t) ands, (t) will
constitute binary ASK, where M =2, N =1. The related basis function, y (t) will have similar
appearance to that of Fig. 1.1 and can be written as

2/Tsin(#t/T 0<t<T
w(t)={ (/T) | 13)
0 otherwise

s (t) andss, (t)in terms of y (t) and the corresponding vectorial representations are given below

s, ()= AVT /2 (1) | s, (1) =—AJT 12y (1)
s,=| AVTI2| s, =|-AVTI2] , d,=2AJT]2 (1.4)

The constellation diagram is given in Fig. 1.2.

Fig. 1.2 Constellation diagram for s, (t) and s, (t) of Fig. 1.1.

b. The demodulator as correlator and matched filter is shown in Fig. 1.3.

The output from the demodulator, when s, (t) was transmitted
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Received signal

y(t)
;é_‘ [ s _J" — %

To detector
decision making

r(t)=
s, () +n(t) Sample
Correlator ati=7
Received signal y(t) i r 2
Jnw=vr-na | Ao ] 3
r(t)= | £8
Sm(t)"'n(t) SaMple ﬁé
MF atf=T
Fig. 1.3 Demodulator for s, (t) and s, (t)as correlator and MF.
Correlator
T T
r=y(t=T)=[r(t) w(t) dt=[[s(t)+n(t)] w(t) dt
T
=AJT/2+n, . n =[n(t) w(t)dt
MF
r=y(t=T)=]r(r) w(r) dr=AJT/2+n = +n, (1.5)

c. The evaluation correlation metrics is given below

We start with (6.10) of Notes on Dimensionality of Signals_Sept 2012 _HTE, which is
Max[P(sm|r)]zMax[f(r |sm)P(sm)] (1.6)

Using (5.8) and (6.10) of the same notes, we get

ZN:(rn ~s.) +In[P(sm)]} (1.7)

Max[P(sm |r)} = Max{_?lln(nNo)—l\li0 >

Converting (1.7) into correlation metrics, we obtain
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c(r, sm):_?lln(ﬁNo)+Noln[P(sm)]—ni:(rn s, )

common terms

=N,In[P(s,)]+2r-s —Eln(ﬂN )=s.. ||

ITI

=N, In[P(s,)]+2rs, (1.8)

Now evaluating C( r,s,) for m=1, 2

m=1, C(r,s,)=N,In[P(s,)]+2s,r= NoIn(p)+2A\/T/2(A\/T/2+nb)
m=2,C(r,s,)=N,In[P(s,)]+2s,-r =N, In(1- p)-2AJT/2(AT/2+n,)  (1.9)

For correct decision, it should be
C(r,s)>C(r,s,) (1.10)
Substituting in (1.10) from (1.9), we get

N,In(p)+2AVT12(AVT/2+n,) > NyIn(1- p)—2AVT 12( AT 72+n,)

/_)% —
42 (£2° +n,)>N, niP L s Ngs Ini=P (1.12)
p 4g p

S

Which is the same result as given in (6.18) of Notes on Dimensionality of Signals_Sept
2012_HTE.

For given operating conditions, % will be fixed, hence (1.11) basically becomes

S

AT S QP (1.12)

485 p p N(?S —sconstant

deg

r>

Graphically, (1.12) is depicted in Fig. 1.4. Note that p=P(s,) and 1- p=P(s,).
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lfp >0.5

Correct decision region for s, - A
AT - Correct decision region for S, —— AV T2
B T I T I T I T T T Ty T T —n — = == '/I( t )
S | ——— — 1
2 v
0
Ifp <0.5
— Correct decision region for S,
A2 - Correct decision region for s, | — AT
7“"_‘_'-?-!-—-—".—““‘-—".;
—== — > Y ( t )
S
1
32 — S

Fig. 1.4 Variations of decision regions with p.
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. (30 Points) Answer the following questions as True or False. For the False ones give the
correct answer or the reason. For the True ones, justify your answer

a) The role of the matched filter is to scale the input signal : False, matched filter is a
correlator, it gives the maximum output, when there is 100 % correlation between the input
and its time response.

b) Under the conditions of equal energy, ASK has higher probability of error that PSK, QAM
and FSK : True, ASK has the worst error performance amoung the modulation types, since
it uses only one dimension of the signal space.

¢) In PSK, symbols are transmitted as s, (t) --- s, (t) in a cyclic manner : Any modulator

transmits the symbols according to a sequence determined by the message symbol, i.e. in a
random manner.

d) Optimum detector uses the correlation metrics to make a decision : True, when it uses the
results of correlation metrics, it decides for the s_, that maximizes the correlation metrics

value.

e) ISI occurs, since the transmitted signal has infinite bandwidth : Not exactly, ISI occurs if
the spectral view of the message signal is modified when passing through the channel.

f) An unlimited channel introduces no ISI : True, an unlimited channel cannot introduce ISI,
but if it has no frequency dependence.
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