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THE ANTI-JAMMING ABILITY OF SIGNAL TRANSMISSION WITH PULSE-CODE
MODULATION OVER OPTICAL COMMUNICATION LINKS

N. M. Pavlov, L. A. Mayorova

The article! analyzes signal reception
with pulse-code modulation over optical
communication links with direct read-out
by using a filter at the output of the photo-
detector with a characteristic which provides
a pulse spectrum which varles according to the
COS2X law. It is shown that the anti-jamming
ability with this method of reception 1s close
to the potential anti-jamming ability when
reception 1s by the photon count method.

In a number of published works [1l-3] it i1s shown that for
optimum detection of optical signals 1t 1s necessary to use short
light pulses. However, in transmitting signals with IKM [pulse-
code modulation] pulse gating and the counting of photons in a
short time interval are necessary.

Direct counting of photons at high veloclity presents certain
difficulties; therefore it is desirable to use reception methods
which do not require the direct counting of the photons but whose
anti-jamming ability will be near the potential.

!1Submitted 28 February 1973.
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In this work the reception method 1s examined in accordance
with the block-dlagram presented in Fig. 1. As shown below this
method of reception corresponds to the photon counting method and
provides the potential anti-jamming ability with a pulse length
tending to zero and with the signal spectrum at the input of the
resolver determined by the expression

8(e) = en 6/ gog’ —_,
where e 1s the electron charge, n 1s the number of photoelectrons
in theé pulse, w is the present frequency, wrp is the upper edge

frequency of the spectrum, to is the signal time lag at the output

of the filter.

Since 1n actuality the pulse length will have a finite value,
1t 1s necessary to determine the anti-jamming ability of the OLS
[optical communications 1link] with the presence of a finite pulse
length.

I r— ]
m J @ caarpounssusn

Fig. 1.

KEY: (1) Signal with IKM [pulse-code modu~
lation; (2) Pulse laser; (3) Photodetector;
(4) Keying device; (5) Filter; (6) Resolver;
(7) Synchronization signal.
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For simplifying calculations 1t is assumed that:
- the source of the light radiation works in a pulsing mode;

- at the light source output the light pulses have a
rectangular form;

- the photodetector 1s inertialess and all frequency limita-
tions are determined by the filter at the output of the photo-
detector;

- at the output of the photodetector a keying device (KU) is
installed which allows a signal to pass only in the pusle length
interval.

Since the signal pulse at the output of the filter pasmﬁi
through zero at the point in time 2 (?,+¢,) (Fig. 1), whereT0=-:;l
then the pulse repetition interval T 1s assumed to be equal to T
Therefore the greatest possible pulse length 18 Te=17,,.

According to [4], the correlation function of the transient

photoelectric current at the output of the lnertialess photo-
detector 1s written as:

|
K(t,8,) = o'A(8,)-8(%, = £,) o o'A(s,) A(sy), (2) ; '}

where A(t) is the instantaneous photoelectron flux density; e is
the electron charge; 8§(t) 1s the delta-function.

Examining first the passing of one pulse along the OLS we
may write ?J
: ACE) = A, K(8), =

.

where AO 1s the 1nstantaneous photoelectron flux density within
' the limits of the pulse length; F
: 1 - within the 1limits of the pulse length * :

K(t) =

0 - outside the 1limits of the pulse length.
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The current pulse spectrum at the input of the filter may be
shown as:

»T
sin —
2

o?, Y (3)

2

S(e)g, = I,T,

where IO is the current magnitude in the pulse. It is obvious that
IOTH = en, where n is the number of photoelectrons in the pulse.

In [5] it 1s shown that for ensuring the anti-jamming ability
of the reception of the pulse signals it is advisable to have
the pulse spectrum which conforms to expression (1) at the output
of the receiver.

From expressions (1) and (3) 1s determined the transmission
characteristic of the filter:

L U

2e) o re o 2%% e, (4)
2 o?,

To estimate the antil-jamming ability of the reception method
under consideration, 1n relation to the on-off time ratio, we will e
assume the probabllity of error as constant for all values ;

- "

.« (5) L
.m -
i,
It 1s possible to show that in expressions (1), (3) and (4) %/
the magnitude of the signal at the input of the resolver (RU) is ‘
independent of a and is proportional to the number of photoelectrons. L.

The probability of error in receiving a "1" is determined by
the expression

i
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Where wl(x) is the probability density of nolse distribution at
input of the resolver at point in time to in transmitting a "1";

Ic is the magnitude of the useful signal at the input of the
resolver (RU) at point in time to; In is the threshold value of the
RU (See Fig. 1b).

The probability of error in recelving a "0" 1s determined
from the expression:

Pou., -z ¥, (x)ax,

where wo(x) is the probability density of noise distribution at

point in time T + t, in receiving a "0".

0

The probability density distribution of noise at the output of
the filter 1s assumed to be normal.

Considering the current pulse at the outlet of the keying
device as the sum of the current which 1s caused by the signal, and
of the current which is caused by the background radiation, we may
write:

Je=In
p(a)*®

W

1

L I

":".%ﬁ : ”‘O-V-;-_I

where Dl(a) is the noise dispersion which 1s caused by the signal
pulse at point in time to in receiving a one; D¢(a) 1s the noise
dispersion which is caused by the background radliation at point in
time to; Do(a) 1s the noise dispersion which 1s caused by the
useful signal at point in time t + to in recelving a zero.

Assuming that Pow = P W, » e obtain:

1 s
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Expression (6) determines the anti-jamming ability of reception as

b ¢
a function of o, since the ratio ;éiz 1s the ratio of necessary

signal power at the input of the pﬁdtodetector.

For estimating the anti-jamming ability it is necessary to
compute D(ya) at the points in time of gating by the resolver.

The noise dispersion at the output of the fllter may be
determined according to [6] by the formula:

D(¢) _-_]_../.G(t, - %,)-6(¢, = B)ELt, v, )dv, 48, (7)
where G(t) 1s the pulse response of the filter.
Substituting the expression for Kw(rlr2) into formula (7) we

obtain the time dependence of dispersion at the output of the
filter:

D(t) = o'l,j:ﬂ'(t -.i)d‘_ (8)
with ¢» 2
2
Dt) = of \.]"I'G'(t - %)ds. (8)
1"”'

The pulse response of the filter 1s determined on the basis of
formula (4):

s M codt
“')':;.!hl——:ulth. . (9)

The integral in expression (9) is not tabular. Employing the
analysis of the integrand in a power series we obtain:

1
ut)-;:{n,¢n,‘oha'o..}. (10)

where
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p/2 1s the number of terms in expression (10).

Substituting expression (9) into (8'), we obtain:

— i._{sﬁ: ,q.(z.w" g:: v¥% [“z’; .“(z.)"""':ﬁ(zl i 1)]}- (12)

), |50 20+ S
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where g.= }Z.:‘ By by

From the analysis of expression (12) it is evident that with
t = to the value included in the braces characterizes a decrease
in anti-jamming ability in comparison with the photon counting
method (with a = 0, corresponding to the photon counting method,

the value included in the braces is equal to 1 with t = to).

The D(y,a)comp tations were made on a "MIR" compuber. The
results of the D(y, a) computation are presented in Fig. 2.

It 1s possible to show that in expression (6)
Dg(e) D,(e)
L

where k-:!; n, 1s the mean number of background photoelectrons

Re ¢
in interval T; ng is the mean number of signal photoelectrons per

pulse.

Figure 3 shows the relationship of the anti-jamming ability
of the scheme presented in Filg. 1 to the values of a and k.

\
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Fig. 2.
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Fig. 3. ‘
KEY: (1) for the scheme in Fig. 1; (2) §
for the photon counting method. . %
i
The results obtalned allow us to conclude that the method of P
reception for the scheme in Fig. 1 possesses anti-jamming ability |
near the potential. The decrease in anti-jamming abllity in }’
comparison with the potential amounts to no more than 0.8 dB. The L
use of a gas laser 1n synchronized mode, a semlconductor laser, bi
or a light-diode in the pulse working mode and a method of reception Ef
according to the scheme in Fig. 1 permit us to obtaln an anti- 4

Jamming ability near the potentilal.
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