ECS 452: Digital Communication Systems 2015/2
HW 8 — Due: Not Due

Lecturer: Asst. Prof. Dr. Prapun Suksompong

Problem 1. In a binary antipodal signaling scheme, the message S is randomly selected
from the alphabet set S = {—3,3} with py = P[S = —-3] = 0.3 and p = P[S =3] = 0.7.
The message is corrupted by an independent additive noise N which is uniform on [—4, 4].
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(a) Find the pdf of the noise. tb-a- ’
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™ o Othermnse.
(b) Find the MAP detector Syap (7).

The MAP detector is given by 3,“,(') = arg max P /Nl""/@) . This is true regardless of the pdf of the noise.
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So, these are the impossible regions. The received signal R won't fall in these regions.
Therefore, it does not matter how the detector behaves in this region.
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Note tha¥ ot v= /)an-a.l A a, AN (tre boundaries ), 8_1

the compavisen of p fN (r-»") end p, A v= 2 does not matter because
the probabilities that the reveived signal R will be exactly any one of these three points is zero.
Therefore, we can define %uartr» to be anything here.

To further simplify the expression, we choose the "anything" parts above such that they can be
combined into adjacent intervals. This gives
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(c) Evaluate the error probability of the MAP detector.

P
Recall that For maP dc\'ec‘\w‘ P(CY =avea uv~der +re “mox f'°+'
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Problem 2. In a binary antipodal signaling scheme, the message S is randomly selected
from the alphabet set & = {—3,3} with py = P[S = —-3] = 0.3 and p, = P[S =3| = 0.7.
The message is corrupted by an independent additive exponential noise N whose pdf is

e 2 n>0,
otherwise.

1
,MUﬂZ{é
(a) Find the MAP detector Syap (7).
Some focts about exponential noise:
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The MAP detector is given by 3"“(') = arg max P :{,(r-/b) .
»

This is true regardless of the pdf of the noise.
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Here, there are two possible values for s: -3 and 3. So we compare  {, A - A" and
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Three-point constellation (M = 3)

1%

Problem 3. In a(terpary signaling scheme, the message S is randomly selected from the

alphabet set § = {=1174} with p, = P[S=—-1] = 03 = p; = P[S=1] and p3 =
P[S =4] = 0.4. The message is corrupted by an independent additive Gaussian noise
N ~ N(0,2). A

(a) Find the average signal energy' F.
E = Avem«:)e. eneroy per symloo\ = (-1)1’:6.3 t 1%0.% & ,",o."t = 0.3+0.3+6.4 = 7
(b) Find the MAP detector Syap (7).

To find the MAP detector, we compore Py 7{.(#&“’), Po 7 (- /D"”), ond h;{;(!-/bw)

i i ; /, 2 To £ind T;, we find v such Fhat
- — Py 7 l7-2 )
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q e_l( c ) - rl: q . 2 (o)
v {zr b +%
A“LAW Y R
]

P
This is the same formula that we derived in the
lecture note to find e when M =2

0og

Ps ":: (- Au))"
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Hew, py=fo . Se T, 5 — = 7

1w
S:"‘;\""/) we can :'\J 'Z’,_ B/' _ﬁ /&k h * R = 2.30%2

The MAP detector iy ﬁiven L/

" rg T, -1, r&o
A (13 v 2.3082
Boalt) =44, T,4veT, =0 odvy ,
Au) S 2,1 %, r>2.3082,

J

1Same as “average symbol energy” or “average energy per symbol” or “average energy per signal”
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(c) Indicate the decision regions of the MAP detector in part (b).

31 = {r : /AamA'Lr) = A = (—eb/ol

(d) Evaluate the error probability of the MAP detector.

™
P(e) = ‘2 j r:) /'; Lr- k‘)’) AV 012
J=9
>, :
[4 -/éln 008
2 Py OL ‘T ) ¥
(3 z r’fo("')' .08
R -C,
* r3 al ? ) 004
= 0. 24 % 7] IS S

Problem 4. In a standard quaternary signaling scheme, the message S i
selected from the alphabet set & = {—376!, —g,g, %d} The message is corrupte
independent additive exponential noise N whose pdf is

e ™ n >0,
I (n) = { 0, otherwise.

(a) Find the average symbol energy.
M

. 2 Q
Ea = 2 Bl = 4 (E20% (D (2 (3) < () - R9%e £

These are eaxctly the same

as what we derived in the

lecture note. Although the . .
noise nere = exponentia (D) Find the average energy per bit.
(which is different from the

Gaussian noise assumed in

the lecture note), the signaIsEabL‘ ,yM LO\ com M\Jv\.. Cod"s loga M = loa?. '1 = 2 L; +S .

are the same.

o, ngy g b En B 2330
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(¢) Find the MAP detector Syap (7).
To Frd +he map ¢§¢.'i'u'.’u>/J we compore p. /:. r- b‘”):

2

v/

4 Py itr-2")

l’s’{:("kn)
Py "»L"A"’)

" (3) 1 ) v
L3 d
’3(‘: rdn f—%; r(*%
Au,’ A‘"(r(/a “‘i) --A-<V<—A-
A ; - 2 2"~ 2
”n (r) = (EY) =
MAP A, ,o(v( %., .d-;gr('-iz_
tn & d d L v
A, » &V \ % ° s
(d) Evaluate the error,probablhty of the MAP detector. h P‘/ (r-»>
A p /,;LV 6 ) P(E) = 3x :
——> * / '-/;‘ ) Q) t%)
Ps 7 A &
» P Ful-2") A
fq/ -2") —F o -2d
r = 3% i x e
At“ /)‘” 13 /é‘*’
«——o —o s -
= DO Y e

B '
(e) Let A = 1. (This is to set Var N = ¢ as in'the ¢4 Tor e@aL%\él)m n se.) Plot 2 vs.
probability of error P(€). Consider £ from -30 to 10 dB.
Feom  part k) , Ep= _';‘. d* so, d = S E,.-

s
BV
From rav'l' LJ), PL® =-:-e. =%¢xf(-é %Eb)=-—e.xf(-2 .‘%E‘_

The error probability when the noise is
Gaussian (which we derived in the lecture
note)
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Problem 5. Suppose s; (t) = sinc (5t) and s, (t) = sinc (7t). Note that in this class, we
define sinc (z) = 22, Find

(a) B,
(b) Es,, and
(c) (s1(t),s2(1))-

Hint: Evaluate the above quantities in the frequency domain.

From the hint, we will evalvate €, ,EA“ ond LAy, 5,7 in the -(—‘u%uu\c/ domain:
1

©o

-

(-:-A‘ = j\/.\mﬁ:h - S | g‘(f) |"J>",

E,,,‘ = j M,_thtét .

o o -

*
‘SZL{)) J}J MJ EV"\ "'l\ h '\’kg Wﬁve&(’v\’

oo ave vea)-valued in Yime Am?—-,
* * N . -~
LA ,A D= 5/.5,&;/5‘&)4 . XS‘(}‘)S,(;)AJ‘.. treir Fourier trasforms ma
not be reol-valued. Tlncn‘:ovg)
+re compkx—cw\\)uaaﬂon is sl

- ow = oo

This is not needed heve

need here.
because the wave forms arve

real - volued.

Our Firsx step s to Find the Fourier tronsforms S, (F) md S,(F of the woveforms
A.ley and A Lh).

7
For 3(#) = Sinc Lzﬂ/,t) , Wwe have seen Yhort GU) = % .
>F

- A

ch«-'cove, 'Fo-f 2, =sinc (5t) , we hhave /:, = :_77' onc) 31(7‘) =

S:m:\av\)oJ -Fov /.),_L'b = Sinc (‘?!:')J we have ;l; = % ond S‘bc)=

-3 | 4 i
Y . z
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(&) Ep = Sls,&)\‘ df - L{)ﬂ(mg) 2

/A
5
T T
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(b)) By = S[s,ca‘)\"clf = -;)xkl"f’i_ = .g

"

() 4n,A>= Ss,w N CILLIRY #% SRV -

- oo

Z
?

It Yurns oY Fhat S’(f) is
veol -valued here. So Y is safe

Yo ;o"nou Yve camp\ut-conbuﬂa'\':on.



