CONTENTS

VOLUME 41 NUMBER 6 ' 1998

RADIOELECTRONICS AND COMMUNICATIONS SYSTEMS

PAGES
RUSSIAN/ENGLISH
Fast spatial estimation methods of angular coordinates. A. V. Nemiov and V. V. Dobym . 3 1
Synthesis of perfect binary arrays. L. A Hepko . . . . . .. ... .. ... e e 13 8
_Analysis of characteristics of defecting adaptive systems for the'seleeti '

V.D. Popov and A. G. Afanas’ev -' | 22 14
Raising the accuracy of the extrapolation of the position of a space object when taldng into

account the correlation of the coordinates being measured. S. V. Kovbasyuk and

A A Pisarchuk .. ... ..... . e e O 28 18
Modeling multidimensional bound Markov sequences. V. A. Visliﬁyakov- ........ 34 23
The system of automatic power control at frequency of 271 GHz. O. D. Pustyl’nik, .

., V.1.Mai, G. V. Kolesnikov, and Ye. V. Onopchenko . ... . . . ........ 40 27
~ The class of frequency-cyclic and frequcmy-ume codes in the Ga101s extended fields.

M.I. Mazurkovand A. A.Sheremet . . . ... ................. 44 30

The waveguide load with extended cross-section. V. D. Sakhatskii . . . . ... .. C 54 36
" A photographic method of diagnosing axially-symmetric electron beams. Ye. V. Belousov,

G. S. Vorobyov, V. G. Korzh, D. A, Nagomy, and K. A. Pushkaryov . . . . . . 59 40

Generahzed analytical models of random value distribution laws. I. G. Karpov . . . . . . 64 44
Brief C oot

Certification of the flat zoned collimator. I. I. Leshchuk . . . . . ... .. e e e e 71 49
The acousto-optical frequency demodulator. A R. Gasanov . . . . ... ......... 75 52
Impact of the ADC clock penod instability on the angular accuracy of the linear dlgltal

antenna array. V.LSlyusar . . . ... . ... .. .. . . .. .. ..., ' 77 54

Authorization to photocopy individual items for internal or personal use, oc the internal orpersoml use of specific clients, is granted by Allerton Press, Inc. hﬁhﬁﬁuﬁoﬂummﬁhﬁﬁﬂlﬂn
Copyright Clearance Center (CCC) Transactional Repoxti* Service, provided that the base fee of $50.00 per copy is paid directly to CCC, 222 Rosewood Drive, Danvers, MA 01923,



Radioelectronics and Communications Systems  Izvestiya VUZ. Radioelektronika
Vol. 41, No. 6, pp. 54-56, 1998 - Vol 41, No. 6, pp. 77-80, 1998
| UDC 621.396.677

IMPACT OF THE ADC CLOCK PERIOD INSTABILITY ON THE
ANGULAR ACCURACY OF THE LINEAR DIGITAL ANTENNA ARRAY

V. I Slyusar

Kiev, Ukraine

The non-synchronous triggering of analog-to-digital converters (ADC) in terms of the array of primary channels 1s
one of the sources of instrumental errors in digital antenna arrays (DAA). However, under the time-stationary state
conditions the digitization timing violations can be easily compensated by the correction of characteristics of DAA receiving
channels [1]. In the case of unpredictable fluctiations of the time location of pulses of the ADC clock period (e.g., in the
case of the fiber optic lay-out due to the response time variation of photodetectors [2]) the errors of spatial discretization
occur that cannot be eliminated by the correction algorithms. The only possibility to maintain the acceptable quality level
of DAA operation is to limit dispersions of fluctuations of clock pulse arrival times at the maximum admissible level. The
purpose of the present paper is to obtain an estimate of this level using the:statistical simuiation results. |

Let us consider the DAA model for a linear equidistant array consisting of R elements with identical directivity
characteristics. The output voltages of R receiving channels under the conditions of the echo-signal of a single point source
being applied to the DAA input can be expressed in the form of the following set of R voltages with due regard for the ADC
non-synchronous triggering:

U.=US+jU=aF,exp(jx)+n,=[a° Ft - a’ F} ] cos x, — sin x, x
x [@° F; +d° F})+j {{a° F. - a’ Fy1sinx, +[a’ F; + a° Fy] cos x;} +ny, (1)

where f*’, = F¢ +j F; is the complex directivity characteristic of the r-th receiving channel; a = o +j d° is the complex
amplitude in the bench-mark channel; x, = x (» — ) + &; z is the point coordinate at the antenna aperture, selected as the
armay phase center; £, is the signal phase distortion in the -th channel due to the non-accounted fluctuations of its digitizing
2y |
A
angle between the direction at the source and the normal to the array; 7, is the complex value of noise in the r-th channel.

With respect to noises we can assume that they are Gaussian, uncorrelated and have zero average values and identical
variances of quadrature components 02,, in each specific channel.
Let us specify the normal distribution law of the random uncorrelated value &, that Characterizes the variation of ADC

triggering time over the DAA sheet, designating its dispersion as o% To analyze the quality of DAA operation, let us usc

the measurement procedure performing the function maximization (by the exhaustive search for possible values of the
generalized angular coordinate x):

times; x = d sin 0 is the generalized angular coordinate of the source; A is the waveléngth; d is the array pitch; 6 is the

{ R \~l
Ry I 2 2
La=[0° +T° 1| [F7 +F7 1| =max, (2)
r=1
\ /
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Table 1
a _ = 25 =

R —=4,0;=0314 ~=2,q=0
16 | 006285 0.06686
64 0.03279 | 0.03885

R |

wheneU‘ Z { “ |Fy cos x, — F’sinx,]+Uj',[ﬁf;cosx,.+F$sinx,]},
r=1 -

R

U= z {U}'—[chos x, - F;sinx, |- Us [Ff; cos Xy +”Fﬁ sin x, ]}.

Such an approach is prcfemble because relationship (2) represents a likelihood function option modified as described
in paper [3] that enables us to ensure the potentlal accuracy of direction finding. In this case, the standard deviation (SD)

of the angular coordinate estimate o, can be used as a quality indicator. As for fluctuations of the digitization times, it is
expedient to refer their SD to the value of carrier f; for which analog-to-digital conversion of signals is performed. Their
reference to the ADC clock period Af would have been too abstract.

We-.can assume that the required relationship between A and f; has the form 2nfy Ar=n/2, i.e., digitizing can be
performed at a quarter of the carrier period. Then, og = 2nfy G5 , Where o4 is the SD scaftering of the ADC triggering
times; in this case, the SD is the same for all receiving channels.

To comprehensively study the impact of chaotic timing violations in the array, the statistical simulation was conducted
for three different cases: 1) og # 0, 0, = 0; 2) 0 =0, 0, 2 0; 3) 0 #0, 5, 2 0.

For casc / the simulation results indicate that with the DAA channel number increasing the impact of thc ADC clock
period instability on the measurement accuracy of angular coordinates weakens. Hence, for the statistic of 100 realizations,
“where the signal amplitude a = 4, f = 25 MHz, 65, = 1 ns (2.5% of the period /; that corresponds to og =0.157) and the

number of channels R = 16 (Fﬁ = 1, F; = 0), we have received the SD for the generalized angular coordinate estimate

o, =0.0251. The transition to R = 64 (with the rest of conditions being the same) yielded lower SD: o, = 0.01243. It was

also revealed that the direction finding error caused by the non-synchronous digitizing did not depend on the signal
amplitude and cannot be eliminated by its power increase. This fact reiterates the complexity  of the problem under
discussion.

During the mvcsugauons conducted case 2 was used as a feference-one since it corrcsponded to the synclironous

cophased DAA. In the process of simulation the main mode was characterized by the non-zero specified values of oy and

op. It should be noted that the dispersions of coordinate x estimates in all three specified cases can be combined into the
following additive relationship

2

Oy 2

2
Ggﬂc ﬁox

oe =0+ Ox

On=p

G§=c
c,=0

G =P
that was confirmed during the simulation. The presence of such a relationship enabled us to establish an important-for-practice
correlation between the direction finding accuracy degradation owing to o # 0 and the rise of oi owing to the equivalent
increment of op,. The investigation of 16- and 64-channel DAA models enables us to argue that in the case of linear arrays
the presence of condition oy # 0 caused by o, , being equal to 5% of the carrier (intermediate) frequency period (the latter
1s used for digitizing of signals) is equivalent to an almost two-fold reduction of the signal-to-noise ratio in the cophased

DAA. The simulation results presented in Table 1 for the case og = 0.314, which corresponds to o4, = 2 ns (5% of the
period) at fp = 25 MHz can be considered as comments 1o the attnbute “almost“ used in the prevxous sentence.
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Since the power losses of 6 dB in terms of voltage in the engineer practice are close to.maximum admissible, it is
reasonable to use the 5% value (in the specified sense) of o, as a boundary level of the possible nonidentity of ADC
triggering times over the sheet of DAA.

The solution of problems of measuring the range and frequency selection, unlike the dmecnon finding procedures is
less critical to the asynchronous operation mode of ADC. The results of statistical simulation of the range-measurement
maximum likelihood procedures indicate that the errors in sampling times that do not exceed the discretization period are
not appreciable in practical terms, provided the above procedures use 50 or more ADC samples per pulse duration. By
increasing the signal sampling duration we can essentially compensate the ADC clock period instability during the
frequency measurements.
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