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Fig5.Z" Matched correlator demodulator for BPSK. \

3.3 Optimum Demodulator:

An optimum demodulator for equiprobable signals in gaussian noise is one which selects the
data value that results in the minimium mean square error between the received signal plus
noise and the signal corresponding to that data value.

If the received signal+noise phasor is

r(t) = p(t) + pn(t)

the optimum demodulator for binary data during the k*" bit period measures

k+1)T; . (k+1)T, .
/kfrb” "|r(t)—g(t — kTy)ei™ Pdt  and / (1) = (=gt — KT)e) Pt

+1 phasor —1 phasor

and selects whichever gives the smaller result.

But we can simplify this.

r—g> = (r — g)(r* — g*) = |r|> — 2Re[rg*] + |¢/?

If g = +g(t — kTy)e’®, |r|? and |g|* are the same for both integrals, so we may ignore these
terms and simply calculate

(k+1)T, »
y(b,k) = [ Relr(t) b g(t — kTy)e7™]dt
b
for b = +1 and —1, and select the value of b according to which b gives the larger result.

Since b can be taken out of the integral, detecting the larger of y(1, k) and y( 1,k),is equwalent
to detecting the polarity of just y(1, k). /%4 o

+(0) wll g(t-KT)e” e b wwi &_*WM@ g
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1.3 Phasor Representation of Modulated Signals

It is useful to handle AM, PM and FM in a unified way.

Let the modulated wave be:

s(t) = a(t) cos(wet + ¢(t)) (1.1)
Note a(t) and ¢(t) are difficult to combine.
Consider the cos term as the real part of a complex exponential:

s(t) = Re[a(t) ej(wct+¢(t))]
= Rela(t) ef?t) giwet]

= Re[  p(t) elct ] (1.2)
modullation carlrier
phasor wave
where p(t) =  a(t) eJ¢(t) (1.3)
anlpl. ph|ase

of p(t)  of p(t)

Now the modulation is completely separated from the carrier wave, and a and ¢ have been
combined into a single phasor waveform, p(t).

Phasors are very useful for defining any form of modulation that is to be applied to a carrier
wave, without involving the carrier itself. Phasors vary much more slowly than the modulated

wave, s(t), and are easier to analyse. o~ W W M WM

a



Fig 4.1: QPSK phasor diagram.

r C

4.1 Quadrature PSK (QPSK):

QPSK is equivalent to BPSK on two quadrature carriers.

Even bits by, modulate the inphase carrier.

Odd bits bor41 modulate the quadrature carrier.

. pe(t) = [bok + 7 barsa] gt — kT5) €%

where g(t) is as for BPSK except that it is now non-zero from ¢ = 0 to T, the 2-bit symbol
period (T = 2T}).

Hence p(t) can have one of 4 values:

(£1 4+ 5) g(t — kTy) &%
See fig 4.1 for QPSK phasor diagram.
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Fig 6.2: Orthogonal Frequency Division Multiplexing (OFDM) with N carriers.

Orthogonal Frequency Division Multiplexing

The aim of OFDM is to demultiplex the high-speed bit stream into N streams, each at 1 /N
of the original rate, which are then modulated onto N separate carrier waves, as shown in
fig. 6.2. These have much improved resilience to typical multipath delays because of their
lower modulation rates. Typically N = 1000 to 2000.

The inverse FFT may be used to put QPSK (or QAM) data on each of N carriers, spaced by
1/T Hz, where T is the IFFT block period. Each carrier is an IFFT basis function which is
multiplied by the modulation phasor (£1 =+ j in the case of QPSK). In this way the carriers
are orthogonal to each other and may be demodulated by an equivalent FFT process without
mutual interference at the receiver. The mutual orthogonality of the IFFT basis functions,
means that there should be no interference between each modulated carrier and its neighbours.
Orthogonality is not affected by the modulation process, because the modulation rate is no

faster than once per FFT block period, so each modulated carrier is a pure tone for the duration
of the block period T'.

Figures 6.3 to 6.10 show _the 2 input dat

of combining all 8
itive frequencies, €'is an
. In practise
it for 32 carriers

uch mowggf/rn;é/

Multipath delays tend to vary across the band of N carriers, and this could upset the or-
thogonality property because some modulation transitions would need to occur during the

'S

noiselike.



o6 3F4 Digital Modulation Course — Section 6 (supervisor copy)

demodulator FFT analysis block if each block followed its predecessor immediately. To avoid
this problem, a guard period AT is inserted between consecutive blocks in the modulator and
demodulator. For optimum demodulator performance, the modulator should periodically ex-
tend the inverse FFT output waveform into the guard period before each block, so that the
transmitted waveform is continuous from the point where the modulation transitions occur
‘at the start of each guard period. The FFT demodulator analyses the interval from AT to
T + AT. In this way multipath delays varying from 0 to AT can be tolerated without any
modulation transitions intruding into the FFT analysis interval and spoiling the orthogonality
of the carrier waves. Unfortunately the guard periods either reduce the throughput of the
system or increase its bandwidth in the ratio T : (T' + AT).

fer coefficients, each of which is a
ase of the carrier in that FF'T slot. For

typically occ
jefs. Improved error corfection pM
s passed to the error décoder from egch QPSK
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