S-72.227 Digital Communication Systems
J ; Spring 2002 Solution for Tutorial#4, 18.02.2002
E4.1

Consider a PRK signal with pilot carrier added for synchronisation
purposes, results in
5(t) =[A cosw t +aA cos(w,t +q)]P; (1)
$(t) =[- A cosw,t+aA cos(w.t +q)]P; (t)
Take g=0 and show an optimum coherent receiver with AWGN yields

P, =Q[y/29,/(1+a?)]
ANSWER:

Given si(t) and so(t) and g=0; we can proceed as follows:
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E4.2

It is understood that when the noise in a coherent binary system is
Gaussian but has a non-white power spectrum G, (f), the noise can be

“whitened” by inserting at the front end of the receiver a filter with
transfer function H,(f)such that |H,(f)’G,(f)=h/2. The rest of the

receiver must then be matched to the distorted signalling waveforms
§l(t) and § (t)at the output of the whitening filter. Furthermore, the

duration of unfiltered waveforms S (t) and § (t) must be reduced to

ensure that the whitening filter does not introduce ISI. Apply these

conditions to show from

&, - 2092 :E1+Eo'2E10 :Eb' E,

£ g. @
that
-0 _ S-S

£ g, 9 46N
where S(f) = A[S(t)], etc.

Hint: Recall that if v(t) and w(t) are real, then,

ovOw(t)dt = &/ (F)W (F)df = ¢/ (F)W(T)df

ANSWER:

sm(t)

Gn(t)

=y

H, (16, (1)=2

m

It hy, (0) =K[S,(T, - t)- §(T, - )], then given

n(t)

Hw(f)

—

S.(f)=Afs, ([t} =S.(HH,(f)  here, S,(f)=A{s, (1)}

hopt(t) _’ S/H _>

for m=01

Here, E, = (52 (t)t = G5.(0)] df = s, (1)[|H., (D[ of

gzl'zogz :E1+E0'2E102Eb'E10
& 25 g 2 h
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and  Eo=EOFOd= B(HE (Fdf = SS.(F)S (F)|H,, (F)f
or = (S (F)df = &5 (F)S (F)H,, () cf
Thus, we can write

= BUHS (FH,, (F) df + &5,(F)S (FH,, (F)] df

S E+E,- zao:&sl(f)|2+|so(f)|2- S(f)S(f)- s;(f>so<f)] H,, (F)] df

—olsl(f) (1 55" Ok
Hence I CTORE (O
s o v 4G,(F)

E4.3

Suppose the OOK receiver has a simple BPF with
H(f)=[1+j2(f - f)/B] for f>0, where 2r, £B<<f . Assuming that

fe=>rp and g, >>1, show that the signal energy must be increased by at

least 5 dB get the same error probability as incoherent receiver with a
matched filter.

ANSWER:
, 2 N df
=— Zd,H(f)| df =h 0—2
2 0 01+4( B )
B
_nbep e 2f. o0_hBé apd_hB
—a—- arctan Cy=—a—-c —=—"
3 $B 4 282 & 24 2 °
f

2f° 2% arctan(- ¥) =- P
B 2

)

1, 1.4 KA :
PR.=-P,=-e®  where = and =4E
£ 2% 2 8 ° 4pBh A =4Er,
Thus 2o 2Bl fuBo by 226,00

82 pBh pB h pB ™ pB 2

So we should increase g, by 2—83 p »5dB

b

Course Assistant: Muhammad Imadur Rahman, Phone: 09-4514905, e-mail: imad@cc.hut.fi



E4.4

A binary transmission system with St=200 mW, L=90 dB, and
h =10 W/Hz to have P, £10°.

Find the maximum allowable bit rate using:
(@) Non-coherent FSK;
(b)  DPSK;
() coherent PRK.

ANSWER:

S _ 200°10° _2710°
Lhg, 10°*10*°*g, g,

% =S =Ef, =hg,r, P 1, =

a) for non-coherent FSK,
1 -2 1 2" 10°

~e 2 £10°p g, 3 2In »216P 1, £ =9.2kbps
2 9 2°10° " 6 P
b) for DPSK
2105
ie'gb £10°p g,3 INn———»108b 1, £ 2 10 =18.4kbps
2 2" 10 10.8
c) for coherent PSK
. 1 R 2°10° _
Ql/2g, JE10°P g, 3 514277 »91P 1 £ = 21.9kbps
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Homework-4 peadline 25 February 2002 at 10.00

Homework return box is located at Otakaari 5, 2nd floor, near
the E-wing. You can also return the answers to the assistant

just before the class.

Binary data is to be transmitted at the rate with r, = 500kbps
on a radio channel having 400-kHz bandwidth.

a) Specify the modulation method that minimises signal
energy, and calculate g,in dB needed to get P, £10°.

b) Repeat part (a) with the additional constraint that
coherent detection is not practical for channel in
question.
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