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two detectors are plotted in figure (4.9). The difference
between the two detectors is approximately 1.6dB at a prob-
ability of error of 0.001. Based, on the theory of detect-
ors presented in the last chapter, we'might expect that an
experimental non-coherent detector, implimented using fil-
ters and envelope detectors, would have a performance curve
lying about 3dE to the right of the coherent detector curve.
Thus, we may ccnclude that the performance of the phase-lock
loop detector is somewhere between that of the coherent and
non-coherent detectors.

To further illustrate the performance of the phase-
lock loop detector, a series of pictures were taken using a
storage scope and polaroid camera. In figure (4.10) input
and output waveforms were recorded for four different signal
to noise ratios. 1In part (a) of the figure,signal to noise
ratio is infinite; that is, no noise is present, and the amp-
litudes of the two carrier signals were intentionally made
different in order that they be more readily distinguishable.
It is apparent from these diagrams that as the signal to
noise ratio decreases, the probability of error increases
correspondingly. In figure (4.11) the output of one branch
of the detector is shown for different signal to noise ratios
in a manner corresponding to figure (4.10). 'The degradation
in the appearance of the waveforms at low signal to noise
ratios as in parts (a) and (b) indicates that the loop is

momentarily losing lock. -
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It appears that a useful application of the phase-
lock loop detector is for the case in which there is some
uncertainty as to the frequencies of the received FSK signals.
Such uncertainty would result if the transmitted signals under-
went a Doppler shift in frequency. To determine experimentally
how the detector would behave under such circumstances, it was
decided to obtain performance curves for a number of carrier
frequencies. The lock ranges of the two loops were maintained
constant and carrier frequencies changed in steps of 10Hz up to
a maximum of 40Hz in both the positive and negative direction.
For mean carrier frequencies of 1220Hz and 1490Hz, this cor-
responded to a maximum change of 3% and 2.5%, respectively.

The curves for positive changes in frequency are plotted in
fig.(4.12); the curves for negative changes lie within the
same region and therefore were not plotted. For this range of
carrier frequencies, the performance curves vary over only a
1.0dB range of signal to noise ratio.

A similar test was performed on the correlation detect-
or. The frequencies of the reference signals were maintained
constant at 1220Hz and 1490Hz, and the incoming carrier fre-
quencies were varied. As one would expect, as soon as the re-
ference and carrier signals become unsynchronized, the coher-
ent correlation detector ceased to operate. This is illustra-
ted in fig. (4.13). This'clearly demonstrates that the phase-
lock loop detector is superior to a coherent detector when

dealing with a FSK signal that has undergone some Doppler shift.
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CONCLUSIONS

The usefulness of digital phase-lock loops as part
of a binary detection scheme for FSK signals has been success-
fully demonstreted, From the results of the previous chapter
we may conclude that for an ordinary FSK signal, the phase-
lock loop detector is inferior to a coherent correlation
detector but superior to the optimum noncoherent detector.
Since the design and practical implimentation of a digital
phase-lock is relatively simple, we may consider a phase-
lock loop detector as a practical alternative to a non-
coherent detector, for FSK signals.

Furthermore, because a phase-lock loop is, by nature,
able to track variations in the frequency of the incoming
signal, the performance of a phase-lock loop detector does
not suffer a serious degradation when the two frequencies
making up the F3SK signals, change (due to Doppler shift).

In this respect, the phase-lock loop detector has a definite
advantage over a coherent correlation detector. As for the
noncoherent detector although it will continue to operate
with FSK signals that have undergone frequency changes, its
performance will be severely degraded because it utilize

fixed tuned bandpass filters.
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We may thus conclude that, the unique features of
the phase-lock loop detector are:
1) It generates its own reference signal,
2) It car operate successfully on FSK signals with

changing frequencies.



THE APPENDIX

This appendix contains: Circuit Diagrams
Circuit Explanations
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APPENDIX A

CLOCK CIRCUITS

In fic(A.l) we have illustrated three clock circuits
using inverters. Referring to (A.lb), the operation can be
explained as follows. The device is basically a flip-flop
(gates 1 and 3) with a high frequency by-passed inverter in
the loop (gate 2). The inverter makes the loop unstable.

The capacitor couples gate 1 to gate 3, allowing regeneration
to occur for fest rise times, C and R2 control the frequency,
and R; varies the symmetry of the output. Since in our
application the symmetry of the output was not important the
arrangement in (A.lc) was used for the digital PLL. It was

found that this arrangement gave the best stability.

"TRANSMITTER"

The muvltivibrators used are illustrated in figure
(A.2). For an explanation of this circuit refer to Millman
and Taubl. The outputs (points A and B) were applied to
what we have celled the switching circuit (figure A.3).
In fact, this circuit is actually a sampling circuit, where
the binary sequence applied at point C serves as the sampling
pulses. The diode-potentiometer arrangement at the ocutput,

provides a mears of varying the amplitude of the FSK signals.
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CHANNEL
The summ:.ng circuit was implimented using a 741
operational amplifier and the limiter using 710 comparator.

Both circuits are illustrated in figure (A.4).

SAMPLING CIRCUITS

The binary sequence was applied to a differentiator
(point C, figure (A.5a)) giving positive and negative spikes
at the transitions. The negative spikes were inverted
using the diode bridge and differential amplifier arrangement
illustrated in figure (A.5a). The resulting train.of
positive spikes were applied to a monostable multivibratorl
(point E, figure (A.5b)) which generated a positive sampling
pulse at the end of each bit.

The outputs of the branches of the detector were
applied at points F and G where they were sampled at the end
of each bit. The resulting samples were compared using a
710 comparator (figure A.6). The output of the comparator
was then applied to a hold circuit which generated the

appropriate bit at point J.

ERROR COUNTING CIRCUIT

The outputs, of both the detector and source of binary
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sequence, were sampled once each bit,as in figure (A.7).
[ 1] 7”7 ’
The samples were applied to an exclusive or for comparison.
4

»
If the samples were different, the exclusive or provided

a pulse at its output, which was recorded on a commercially

built counter.
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