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Questions

1. (70 Points) The constellation diagram of the signal set, s, (t) to s, (t) is given in Fig. 1.1.

a. Identify the type of modulation and dimensionality in this signal set. Write mathematical
expression for s, (t) to s, (t) and plot them. Find the corresponding basis functions,
w.(t) -+ wy (t) and plot w, (t) --- w, (t). Write for the signal vectors s, to 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) is

sent from the 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, s, again assuming s, (t)was transmitted.
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2ANT

Fig. 1.1 The constellation diagram for Q1.

Solution : a. From the given constellation in Fig. 1, it is easy to see that we have 8 QAM The
dimensionality is two.

So we can adapt the following common orthonormalized basis functions,

N2IT 0<t<T/2 N2IT TI2<t<T
v, t = y, t = (L.D)

0 otherwise 0 otherwise
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Fig. 1.2 The orthonormalized basis functions for Q1.

T/2

By using (1.1), Figs. 1.1 and 1.2, we obtain the followings for the time waveforms of

5, (t) tos(t)

} s,(1)

— A2

— A2

3 sa(t)

4

— A2

h s,(t)

T/2
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T/2
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Fig. 1.3 Time waveforms of s, (t)---s, (t) for Q1

From Fig. 1.3, it is possible to write the following expressions for s, (t) to s, (t)
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0  otherwise

Sl(t)z{A«/E 0<t<T/2 5.(1)= ATYA(1) . 5= [0 S.]=[ AT, 0] & =[s.[ = AT

A

— 0<t<T A A A A : AT
Sz(t){\/E ) Sz(t):EﬁW1(t)+EﬁV/2(t) ) 32:[521' 522]:|:E\/1T' E\/-F:‘ N :"Szn :T

0 otherwise

A2 Tr2<t<T B B B e 12 A2
sa(t)_{o o s,(t)= ATy, (t) , s, =[s,., saz]_[o, AJT‘], g, =[5 = AT
A

—-— 0<t<T/2

V2

A A A A A AT
s, (t)= ﬁ T/2<t<T sA(t):—Ex/'lTl//l(t)+Ex/'Fl//z(t) v Sy =[Sus S“Z]:[_Eﬁ' E\/'F] &, =|ls || =

0 otherwise
S (t): —A\/E Ogth/Z s (t):—A\ﬁ(// (t) .S :[S .S ]:|:_A\/-F, 0:|, E =
° 0 otherwise ° ' ° o

—i 0<t<T A AT
Se(t): \/E ) SG(t):_E\/-FW:L() ‘/—l//z()7 6:[61 62] |: \/-F ‘/.IT:|’ & = 2

0 otherwise

~AV2 T/2<t<T »
37(t):{0 rose 5, () ==AVTY, (1), 5, =[5, 5,]=[0 -AVT |, & =AT

A

— 0<t<T/2

J2

s, (t)= —% T/2<t<T, sg(t)=§\/?wl(t)—§\/ﬂ/2(t) R {AJ— \/T—} gsng;T

0 otherwise

dlz:dls:d23:d34:d45:d56:d78:dmin:A\/g:\/;s[:\/g:\/gz\/g

d13=d = d _A‘/E 'd24=d46=d68=d82=A\/1T=\/;g
A, =d, =d,, =2AJT =2,fz, ,d,, =d, =0, =d, A”OT

-
S N |s2|=|s4|=|se|=|s8|=A£ e

b. Since QAM is two dimensional, for block diagrams of correlator and MF, we benefit from
Fig. 6.7 of ECE376_ Dimensionality of Signals_ ASK_PSK_QAM_FSK Jan 2013 HTE, which
is not reproduced here to save space. Below we just give the outputs.

If s, t is sent from the transmitter in then the output from the upper and lower braches of the
correlator will be after sampling will be

Y, =[r(t) wl(t)dt:]sl(t) py(t)dt+ [n(t) y (t)dt =5, +n, = AVT +n,

Y, =

Ot O

r(t) wz(t)dtzj‘sl(t) w, (t)dt+ [n(t) y, (t)dt=s,, +n, =0+n, (1.3)
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We know that output from MF will be identical to (1.3) at the time of sampling at t=T which
means that we can construct the received vector r that we supply to the detector and which will
be used in the decision making process, as follows

r:lrl _ AT 40, (1.4)
L],
c. Using (1.4), we evaluate correlation metrics C r,s_ for m=1..-8as follows
c(r,s,)=2s, r=s.[» m=
m=1, C(r, sl):ZSl-r—||sl||2:2[A\/'IT, O]{:ﬁjLnl}—AzT = AT +2AnAT
2
m=2,C(r,sz)=232-r—||sz||2=2_§\/f i;ﬂ{”ﬂ”} AT AJ_(zn+2n +AVT)
L n,
m=3, C(r,s,)=2s,-r—[s,| =20, Af}{”_“‘} AT = AT +2An\T
n,
m=mcmw»=nfv$x=i—§ﬁs§ﬁﬂ§ﬁ+ﬂ-ﬁT AT (a0, 20, 30T
L 2
m=5, C(r, 55):235-r—||55||2:2:—AJ_ O}{A\Fﬂ]} AT =-3A7T + 2AnAT
n,
m=6,C(r,s,)=2s, 1[5, =2[0, ~AVT | :ﬁ”‘} A;T A‘F(zn +2n,+3AVT)
2
m:7,C(r,s7):2s7-r—||s7||2:2 0, ——J_ {:ﬁm}AZT:—AZT—zAnZﬁ
2

m=8, C(r,

)2 <2 ST, 44T AT

AT Af

2

2

e

~2n,+ AVT) (1)

The correct decision region for s, for the case of sl(t) being transmitted is determined by the

following inequalities and corresponding conditions.
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AT e AT 20 AT
C(r,sl)>C(r,sz).E T|{n+AJT +n-2n, |>0 Sh<n-5 T

1
—

C(rs)>C(rs,):2AMT|n+AJT -n, |>0 -1, <r,

rz

rz

C(r,s,)>C(r,s,): gﬁ(6nl—2n2+5A\/'?)>O —>rz<ﬂ
C(rs,)>C(rs,): 4AT +4AnT >0 -1, >0

C(rs)>C(r,s): gﬁ(6n1+2n2+5A\/'?)>0 —>r2>—ﬂ
C(r,s,)>C(r,s,) :2A\/'F(n1+A\/'IT+n2)>O —>r,>-T

C(r,s,)>C(r,s,): gﬁ(nl+A\/'IT+nl+2n2)>O —>r2>—r1+§\/'? .7

The computations of (1.6) and (1.7) are in ECE376_MT2017_Q1Calculations.m.

From (1.7), we need to take into account only the following inequalities
C(r,s,)>C(r,s,) and C(r,s,)>C(r,s,) (1.8)

since the other inequalities are already covered by the ones given in (1.8).

I
2 r, r
L A 2 y 2
c(r,s,)>C(r,s,) C(r,s,)>C(r,s,)
—r<r-AVT/2 Sr,>-r +ANT/2
o Lineforr,=-r, +ANT/2
Line for r=r,- ANTI2 Correct decision region between s, and S,
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Fig. 1. 4 Decision regions for s, against s,, s,and combined correct decision region fors, .
To find the probability of error for s , we need to integrate in the shaded area of Fig. 1.4, which
is left as an exercise.
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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 demodulation of FM signal can be done by a varactor diode : False, the varactor diode
is used to obtain FM as explained on pp. 12-13 of lecture notes entitled, “ ECE
376 AM_FM Demodulation Jan 2013 HTE”.

b) In envelope detection of full AM, we use a diode and a low pass filter : True, as explained
on pp. 5-7 of lecture notes entitled, “ ECE 376 _AM_FM Demodulation Jan 2013 HTE”.

c¢) For demodulation, we use a local carrier at the receiver which is phase synchronized to the
one sent from the transmitter : This is one way of performing demodulation, but this is not
necessary for full AM as given above.

d) PSKis multidimensional : False, PSK is two dimensional as explained on pp. 12-13 of
lecture notes entitled, “ ECE376_ Dimensionality of Signals_ ASK_PSK_QAM_FSK_Jan
2013 _HTE”.

e) As the number of dimensionality of the signal increases, the bandwidth requirement also
increases : True, as explained on pp. 22 of lecture notes entitled, “ ECE376_
Dimensionality of Signals_ ASK_PSK_QAM_FSK_Jan 2013_HTE”.

f) The constellation diagram of QAM contains 8 signal vectors : False, it can take on any
Mary value.
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