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TIME COMPRESSION OF COMMUNICATION CHANNELS BASED
ON SUPER-RAYLEIGH RESOLUTION OF SIGNALS
WITH ADDITIONAL GATING OF ADC SAMPLES

V. 1. Slyusar, D. V. Slyusar, and Yu. V. Stolyarchuk

Kiev, Ukraine

Several computational procedures are suggested permitting to carry out time compression of
narrow-band communication channels based on additional gating of ADC samples. The procedures
can be realized in communication systems with digital antenna arrays.

Improvement of traffic capacity of narrow-band communication lines with time compression of channels can be
achieved [1] based on the methods of super-Rayleigh resolution of pulse signals in their times of arrival. We can increase
many-fold the traffic volumes by using information packets, each representing a totality of pulses, one following after
another with mutual overlap. However, if the speed of analog-to-digital conversion is high enough, realization of such
processing in real time presents considerable difficulties because .of large volumes of the data obtained. Taking into
account that a decrease in the sampling frequency (to rarify the information flow) is attended with a loss of energy, the
purpose of this paper is the development of methods of super-Rayleigh compression of channels based on procedures of
additional gating of ADC samplings {2].

In essence, the suggested approach is a further extension of the method of M-ary amplitude-pulse modulation
(M-PAM), when the coding of messages is performed by means of putting the intervals of partition of pulse amplitudes into
one-to-one correspondence with the symbols of the M-ary alphabet {1].

The additional gating of ADC samples is carried out in the receiver in respect to the received signals, and consists in
their periodic accumulation (T elementary samples, or readings, in a group) during strictly sef time intervals (called
strobes), permitting to reduce the dimension of the information sample by T times. In the case of video pulses, the
respective processing can be represented in the form - | |

T
U, = U, | | (1)
s=1

where U; is the signal voltage in the sth reading of ADC; T'is duration of the accumulated sample of the readings; and g is
the ordinal number of the strobe. |

Since the information-bearing parameter, in the event of amplitude-pulse modulation, represents the amplitude of
each of the signals, consider the methods of calculation of the respective amplitude estimates by an example of a discrete

function of pulse envelope Pg(z,), obtained after implementing the procedure of additional gating of ADC samples taken
from the primary envelope: |
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where ty,, is the ordinal number of the first strobe among the strobes (intervals of accumulation (i.e., additional gating) of
ADC readings), in which the mth signal is present; z,, is the known bias of the mth pulse in the ADC readings with respect to
the beginning of the strobe with the ordinal number g = t,, + 1; T'is the strobe duration expressed in the ADC readings; tx,,
1s the ordinal number of the last strobe among those in which the mth pulse is present; and K,,(s) is the value of the discrete
envelope of the mth pulse, referred to its maximum, directly at the ADC output.

At first we dwell on the simplest cases of the two-pulse and three-pulse signal burst and then extend the respective
variants of the amplitude measurement procedures to the many-pulse case. Consider the simplest two-pulse scheme of
reception (Fig. 1), when a short information message is transmitted by a pair of pulses overlapping in time and following
one after the other with a known time shift. In other words, assume that the time of arrival of each signal is known exactly.
The law of variation of the envelope of each of thepulses at the ADC output will be written as applied to a narrow-band
channel in the form

sin? Zs-At, s, Ss<s, +N-l,
Kn(s)={ N * m (3)

0, s<sp ,525, +N,

\

where s in the ordinal number of ADC reading; s, _is the number of the first reading of ADC within the domain of the mth

pulse (m = 1, 2), N is the pulse duration, and At is the period of ADC digitization.

For convenience sake, instead of discrete representation of signals, in Fig. 1 we use continuous functions.

When passing to the operation of additional gating of ADC samplings, we require that on the interval between the
initial instants of the two pulses, one following after the other, an integral number of strobes can be placed (i.e., the
intervals of additional gating of ADC readings, whose duration in Fig. 1 is denoted as 7). Then, because of transformation
due to accumulation in a strobe, the pulse envelope function (3) can be reduced, with the aid of (2), to the form
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For the notation introduced in Fig. 1, z, =z and z; =z — w, where z is the shift of the beginning of the measuring sample
with respect to the beginning of the first pulse, and w is the shift of the beginning of the second pulse with respect to the
initial point of the first pulse, where the shift is expressed in ADC readings.

Taking into account the above, let us write the equation system based on two readings of the signal mixture — U; and
U.. ,, obtained in the course of additional gating of readings at the output of the analog-to-digital converter on the interval
of simultaneous presence of the two signals:

U; =x 'Pi(z|)+x2 'P:(Zz), Ui =X 'Pf+|(21)+x2 Py (Zz), - (5)

where x, and x, are signal amplitudes, i is the ordinal number of the first strobe among those used for measurement, and
P{z.,) is the function of the transformed envelope of the mth pulse in the ith strobe described by (4). The measurement noise
is not considered in this case. |

To simplify the further mathematics, introduce the notation A, = P(z,), B) = P(z2), A2 = Pi+ (21), B2 = Pi+1(22). As a
result, the initial equation system in terms of unknown amplitudes of the pair of video pulses can be rewritten as

Ui=A1x 'F'?Bl-iz, Ui &Ai«fl 'F.B'z'xz-' (6)

To resolve the above linear equation system, we use Cramer’s rule. Upon calculation of the principal and partial
determinants of system (6), we arrive at the required estimates of amplitudes of the signals:

x; =(U;By ~U; By )/ (A1 By - 4,8, ),
xy =(A U —U;42) (A1 B; —A,By). (7)

Then the obtained estimates of the amplitudes must be compared with the scale of partition of amplitude levels, and
used to decode the message transmitted.

Extend the above results of processing to the case of three pulses in a burst. In Fig. 2 we can see a variant of
arrangement of three pulses on the time axis, where for the signals having different amplitudes the resulting envelope of the

pulse mixture in the presence of noise is shown (the zigzag-shaped curve). The pictures have been obtained by calculatlons
with the aid of Mathcad package.
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Based on the signal mixture voltage samples (the upper curve in Fig. 2), set up a system of equations in unknown
amplitudes of the three video pulses provided that the signal readings, obtained after additional gating and taken for
measurement, correspond to the interval of simultaneous presence of the three pulses:

r'U:' =x)-Pi(2y)+xy-Pi(z3)+x3P;(z4),
Uit =x1 P (20 )+ x5 - Py (2)+x3 - Py (23),
Uiz =% Pia (20 )+ x3 - Piya (22 )+ x3 - Piia(23).

v .

Due to a large signal-to-noise ratio, we also neglect the noise effect. Introduce the following notation:
Ay =P (2} B =P (2;)C, =P(23) Ay =P, (2)) By =Py (23 ),
Cy =P (23) Ay =Pua(zy ) By =Pyy(2;3)
Cy =Pz Ui=U, U=V, 3= U;..

Using Cramer’s rule, define the unknown amplitudes of each signal. The principal and partial determinants take the
form | |

A, B, U B C(
d= Az Bz C2 ’ d.r; =U2 Bz C2
Ay By G Uy By Ci
Al Ul Cl Al B] Ul
dy, =|Ay Uy Cy|, dyy =|42 By U;
Ay U C; Ay By U,

from which we obtain the amplitude estimates

dy U,B,Cy+B,CyU; +U,B3C, =U3B,C;3 —-B;C,U, -U3B,C,

T AB,C3 + A3B\Cy + A,C By —A3B,C) — A B3C, ~C34,B,

by AUSCs +UiCads + AUSCy = AsUsCy AU Cs ~UsCady
d A ByCy+A3B,Cy+ A,CBy —~A3B,Cy —AB3C, -C3 4, B,

, =dx3 _ABUs +B\UyA3 + Ay B4U, “A:,BzU; - A,B\Uy -=B3U, 4,

d  A1ByCy+ A3B,Cy + A;,C By — A3B,C, — 4, B3C, ~C34,B,

The further procedure of message decoding 1s identical to that inherent in the above two-pulse processing.

By analogy with the cases considered above, let us use the output voltages obtained from the procedure of additional
gating of ADC readings for setting up. the system of M equations in unknown amplitudes of M pulse signals (Fig. 3):
U; =x Pi(2) )+ x2Pi(23) 4. +xy Pi(zy ),

Uit =Py (20 )+ x2Pi (22 )+ 4xp Py (24 ),
Uiz =x1 Piya (21 )+ x2Pu2 (22 )+ 4xp Prua (24 ),

> .

........................................................................

Uiesm-t =1 Piap 1 (20 )+ X3Py gy (22))+ o Ax py Py pr 1 (24 )

Obviously, the duration of the measurement sample covering all M signals makes up no less than M strobes.
Introduce the following notation: |

Ay =Pi(21), By =P (2, )} C, =Pi(z3)
Ay =P (21} By =Py (22 ), C2 =Py (23)
A3 =Py3(21 ) By =P;2(22 ) C3 = Pia(23)
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Am =Py (21} By =Piupy1(22) Cuy =P;+M-_-1(Z3),
Uy=U,Uy=Uis),Us= Uivay oy Uy = Ui+ p1

With regard for the above notation, resolve the equation system in the pulse amplitudes x,, =d, /d, m=1,.., M, where

A, B .. C U, B, .. C
A4, B, .. G U, By .. C
d= A3 B3 “oe C3 ’ dx. = U3 B3 C3 >
AM BM CM UM BM CM
AI U| Cl Al Bl Ul
A2 UZ Cz A2 BZ Uz
dy, =| A3 Uj Cy) dy, =| A3 Bj Us
Ay Uy ... Cuy Ay By ... Uy

The above procedures for estimating the amplitudes of the pulses overlapping in time can be extended to other
situations of signal superposition, since the time of arrival of each signal is assumed to be known,

It can be easily seen that the above methods of measurement of pulse signal amplitudes are similar to one another in
neglecting the noise effect of the measurement results. In actual conditions, the presence of noise in the reception path is
inevitable, so it would be interesting to consider the synthesis of the measurement procedures best suitable for processing
of signals against the noise background.

One of the approaches consists in using a well-known method of least squares (MLS). As applied to the two-pulse
protocol of communication (Fig. 1), the MLS application assumes the search for the minimum of the residual function in
terms of unknown amplitudes of signals:

F =‘{U1’ -x1 P (2) )-xP(2; )}2 +{Ui+l =X Py (24 )—x2P (25 )}2 = min, (8)

The function of residuals is obtained from the differences between the left- and right-hand parts of the equalities
comprising system (3).

In order to find the minimum of the function F, we have to determine its derivatives with respect to the sought
variables x, and x,. After differentiation and equating the derivatives to zero, we can form the system

'~ Py Pousl
Uy =4,x; +Byx,,
p

Uy =A%) +B3x,,

where
Uy =U;-P, (2)4 U1 P, (2 WUy =U;-P, (22)+Usn1 - P, (22)
Ay =PH(z)+ P} (21} A2 =B) =P, ()P, (22)+ P, (21)-P,, (22)=C, .
- B, =P*(2,)+ P} (z3).
Using Cramer’s rulé, we can easily find the estimates of amplitudes, which minimize the sum of squared residuals (8):
x =(UB; -U,C)/ (4,8, -C*), x, =14, -U,C)/ (4,8, -C?). )

These estimales are statistically optimal and more appropriate for implementation than those described by (7).
It 1s essential that application of MLS permits to use in the processing all the samples of the signal mixture (instead of
two), where the two pulses are present simultaneously. To do this, we only have to rewrite the residual function in the form
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oS- |
F=Y {U;-xPi(z))-x2P(z2)} =min,
=0

hence

F & RS &
—— =2 U:'Pi(zi )+2‘X| ZP’ (Zl )+2'X2 ‘ZP:'(ZI )PE(ZZ);
ox, i=0 0 i=0

I=

p 1‘5-“ S-| S-1 S-1
— ==2-Y U;P(22)+2:x,- 3, Pi(2 ) P(z2)+ 2:x2- 3 PP (23)
0x 5 =0 i=0 i=0

By setting the derivatives obtained as equal to zero and solving the respective equation system, we come to the same
expressions (9) after the substitution

- -~ 8-l oS-
Uy =2 UiP(z1} Uy =Y UPi(z2) A1 =2 P (1)
i=0 i=( =0 |

- 8-l S-1 o
By = P (z;) C=) P (2,)P (z2;)
i=( i=0

In a similar manner, we can obtain the statistical optimal estimates of amplitudes for three and more overiapping
pulses. Because of awkwardness of the mathematical rearrangements, we did not include them in the paper.

The suggested methods permit to diminish by T times the volume of the measuring sample used for time compression
of channels at message decoding. Thus we facilitate the realization of compression based on the super-Rayleigh resolution
of signals in the time domain, and form the basis for its application in communication systems using the principle of digital
shaping of the beam. |

The considered scheme of synthesis of measurement procedures can be extended to the asynchronous reception
conditions, and to radio-frequency processing of communication signals in digital antenna arrays. Further inquiries should
be oriented to the investigation of potentialities of time compression of signals, and to the extension of the suggested
approach to the case of radio pulses.
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