Angle Demodulation on Mac

11. Angle Demodulation
Review of Angle Modulation

Angle modulation encompasses phase modulation (PM) and frequency modulation (FM).
We have seen that an angle-modulated signal can be represented by [1]

Sc(t) = A cosa(t) (11.1)
Sc(t) = A cos [t + ¢((t)] (11.2)

where A is a constantf(t) = 2rfst + ¢(t), andfc is the carrier frequency.g(t) is
a function of the modulating signalt) and is given by

Ekpm (t) for PM

@y=0 t (11.3)
Ekf _j m@A)dA  forFM

and
dm¢ )
d Hik for PM
(gt() =g P dt (11.4)
Ekfm (t) forFM
The instantaneous angular frequencgt) is defined as [1]
do ¢ )
wi(t) = It (11.5)
In terms of frequency, thestantaneous frequenoyf sq(t) is [2]
do ¢ )
fi(t) = % - (11.6)
do € )
fi() =fo + % o (11.7)
1, dm¢)
H + -k for PM
fi (1) :DE 217 P dt (11.8)
ch +?kfm(t) forFM
1 dp€) hi . deviat
o7 gt 'S known as thenstantaneous frequency deviation
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Demodulation of an angle-modulated signal requires a circuit that produces an output
proportional to the instantaneous frequefify or the instantaneous frequency deviation

1 do €)

21 dt

of the input signal to the demodulator.

Frequency Discrimination

Frequency discrimination is a frequency-to-amplitude conversion process. Consider an
angle-modulated signal

Sc(t) = A cosa(t) (11.9)
where
o(t) = 2mfct + @t) (11.10)
Ek pm (t) for PM
ot)=0 t (11.11)

ka [ m@A)dA  forFM
—00

and
d
do ¢ ) _Ekp rgt( ) forPM 1112)
dt Hkem (t) forF M '

If we differentiate equation (11.9), we get

doe ¢ )
dt

= Asina() [2r + 22 )

gt |

dt

A dg €),

=-Al2f, + T ] sin [2rfct + ¢ot)] (11.13)

envelope

s'c(t) = -A sin 6(t)

The signal is both amplitude- and angle-modulated. If we pass the signal to an envelope
detector, we get
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do € )

Y0 = AL, + 0]
271%i )
dm¢ )
y(t)=§A[27[rC tkpTgr 1 forPM (11.14)

BA[ZTE’C +kfm()] forFM

Knowing the values ofA, f¢, kp andks, we can compute the desired sigma(t)

from y(t). Figure 11.1 shows the circuit for frequency demodulation. The differentiator
followed by an envelope detector is callefleqjuency discriminator For demodulation

of PM signals, we simply integrate the output of a frequency discriminator. This yields a
signal which is proportional ton(t). Figure 11.2 shows the circuit for phase
demodulation.

Figure 11.1 Frequency demodulation using a frequency discriminator.

Figure 11.2 Phase demodulation using a frequency discriminator and an integrator.
In practice, channel noise and other factors may cAusevary. IfA varies,y(t) will
vary with A. Hence, it is essential to maintain the amplitude of the input signal to the
frequency discriminator. Aard limiter is usually used to eliminate any amplitude
variations. A hard limiter is a device which limits the output signal to (say) +1 or -1 volt.
Figure 11.3 shows the input-output characteristic of a hard limiter.

Figure 11.3 Input-output characteristic of a hard-limiter.

Zero-Crossing Detectian
We have seen that a hard limiter is usually used to eliminate any amplitude fluctuation. The
message signal must therefore be contained in the points where the angle-modulated signal

crosses the zero voltage level. This produces a means of demodulating an angle-modulated
signal. Consider the angle-modulated signal as shown in Figure 11.4 [3].

Figure 11.4 Zero-crossing determination.

Lett1 andty be two adjacent zero-crossing points, where t1. Integrating equation
(11.6), we have

t t

2 2
[ de) = [ 2mfi(t)dt (11.15)
Y Y
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N

[ + Kk dm()]jt for PM
J L2 + k=g

O @
N

O(tp) -06(t1) = (11.16)
jl[ZﬁC +kfm ¢ Ht for FM
but also
Oty) -6(t1) =m (11.17)

For fc >> B (the bandwidth of the message signalm(t)/dt for PM signals and
m(t) for FM signals change much more slowly thign dm(t)/dt andm(t) may be
assumed constant in the interyal t1. We can write

H 21, +kp%](2 -t)) forPM
ST
m= [ I (11.18)
B[Zﬁc +'kfm ()‘](2 —tl) forFM
5 20
7= 27f; O[tz - t1]
fi () = Tl_tl) (11.19)
where
B o+ 2k A0 by
fi(t) e e > (11.20)
1
Sfc +——kem(t) for FM

Knowing the values off, kp andkf, the desired signain(t) may be found by
measuring the spacing between zero crossings in the intgrgl. A detector utilising

this technique is called zero-crossing detectorFor demodulation of PM signals, we
simply integrate the output of a zero-crossing detector. Again, this yields a signal which is
proportional tom(t).

In practice, we consider countinghumber of zero-crossings in a time interValwhere

L et 2 (11.21)

£ B
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andB is the bandwidth of the message signal. This is shown in Figure 11.5.
Figure 11.5 Counting intervals.

Then, the number of zero crossings in a time inteFval

T
n=——-
2¢,1)
n _.
T = f (1) (11.22)
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Figure 11.1 Frequency demodulation using a frequency discriminator.
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Figure 11.2 Phase demodulation using a frequency discriminator and an integrator.
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Figure 11.3 Input-output characteristic of a hard limiter.
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Figure 11.4 Frequency determination.
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Figure 11.5 Counting intervals.
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