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DIAGNOSTICS OF HEADLIGHTS FROM NEAR AREA ON PLACE OF BASING

Abstract. Methods of microwave diagnostics of a phased array allow reconstructing the amplitude-phase distribution in
the antenna and implement on this basis methods for adapting the lattice control to those found in the amplitude-phase dis-
tribution to defects. The methods of microwave diagnostics from the near zone described in the well-known literature are
realizable only in anechoic chambers or on specially equipped training grounds. To solve the problems of adapting a
phased antenna array to a technical state and increasing its operating time under extreme conditions, it is necessary to have
methods of integrated microwave diagnostics of a phased antenna array at its location. The aim of the article is to develop
a method for microwave diagnostics of a phased array antenna, implemented from the near zone of the antenna at its loca-
tion, and eliminating the influence of echo signals (ES) on the diagnostic results. The article proposes a method for micro-
wave diagnostics of a phased array antenna from the near field, which allows to exclude the influence on the accuracy of
diagnostics of the echo signal present at the measuring site and errors in the positioning of the measuring probe. The pro-
posed method will make it possible to implement microwave diagnostics of the antenna from the near field at its location.
The results of microwave diagnostics are supposed to be used to implement various methods of adapting a phased array to a

technical condition, significantly increasing its life.
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Introduction

The methods of control of phased antenna array
(PAA) can conditionally be divided into methods of
built-in control and methods of bench (polygon) tests.
The first are implemented by control systems for ampli-
tude-phase distribution (APD) control systems inte-
grated into the phased antenna array and built-in factor
control systems that distort the amplitude-phase field
distribution in the antenna aperture [1].

The methods of stand (ground) tests of aerial in-
clude microwave diagnostics of main control nodes
PAA — phase shifters (FS) and controlled attenuators
(CA). These methods are described in [2-5] and realized
both from a near area [2, 3] and from a distant area [4,
5]. The basis of all these methods is the transmission
coefficient measurement procedure microwave canal
between the generator of the probe signal supplying the
phased antenna array in transmission mode and the
output of the measuring probe located in the near or far
zone of the antenna under study. Methods differ by the
plans of management diagnostics and methods of treat-
ment of results of measuring’s.

Advantage of methods of built-in control is cir-
cumstance that they are realized practically at any time
in place of basing of PAA. Failing — methods do not
give information about indeed realized in the aperture of
aerial of APD. Only the number and channel numbers of
the phased array are known, in which microwave de-
vices fail.

Methods of microwave diagnostics of a phased ar-
ray allow reconstructing the amplitude-phase distribu-
tion in the antenna and implement on this basis methods
for adapting the lattice control to those found in the

amplitude-phase distribution to defects, for example, as
in [1, 5]. The methods of microwave diagnostics from
the near zone described in the well-known literature [2,
3] are realizable only in anechoic chambers or on spe-
cially equipped training grounds.

To solve the problems of adapting a phased an-
tenna array to a technical state and increasing its operat-
ing time under extreme conditions, it is necessary to
have methods of integrated microwave diagnostics of a
phased antenna array at its location.

The aim of the article is to develop a method for
microwave diagnostics of a phased array antenna, im-
plemented from the near zone of the antenna at its loca-
tion, and eliminating the influence of echo signals (ES)
on the diagnostic results.

Analysis of literature. Diagnostics of PAA from a
near area is described in [2, 3], and from a distant area
and in presence ES [6].

Using the method of measuring the transfer coeffi-
cient between the investigated phased antenna array and
the probe in the near field [2,3] and the method of ac-
counting for ES from [6], it is possible to decide set the
problem of diagnostics of PAA from the near zone in
the presence of ES.

Main material

The structural diagram of the measuring and com-
puting system and the studied represented by Fig. 1.

The measuring probe is located in the direction
normal to the aperture of the phased antenna array under
study at a distance ry (in the near zone). The selection
criterion ry is described in [2].

Imagine the transmission coefficient of the emitter
paths (from the output of the probe signal generator to
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Fig. 1. Block diagram of the measuring and computing system of the integrated PAA control by the DPU method
(G - generator; DS - distribution system; PS - phase shifter; RS - radiating system; MP - measuring probe;
AFM - amplifazometr; Memory - storage device; IDDW - inverse DDW;CD - control device)

the emitter input) /,, (94;,) as the ratio of the excitation
current to the complex amplitude (CA) of the PS, Fig.1:

Li (0g) =K pi®; (04 ) 1-T: (65) | - i€0.N=15()
where 94, — grating phasing direction; K i —TC of
the distributive system; ®@; (64;,) — TC phase shifter

when the beam is oriented in the direction 94, ;

I; (64;,) — reflection coefficient in the path of the i-th

emitter due to the mutual coupling of emitters [7]; N—a
number of emitters in PAA.
In default of ES in MP pointed EMF [2, 3]:

X(e,i,)=Zlei(9¢))Gi(9i)Pi(9i)’ ieON-1; ()

where G; (6;) - counting the complex amplitude of the
radiation pattern of the i-th emitter in the direction of

the vector 7. , connecting an i-th emitter with MP;

p; (6;) — TC from the output of i-th emitter to the exit
MP; numeral, concordantly [2]:

JK

Pi(0) =5 ew(horn)e: (0) . )
where 7, — distance between an i-th by an emitter and
MP; K,,g, —an amplification factor and rationed

radiation pattern MP; k, = 207! — wave number.

In the presence of an echo of the signal (2) can be
represented as:

X, (94))=Zlei(9qb)Gi (0:)p: (0:)M; ., (4

Where Ml =1+Ml- =1+ZpulRulGul/plGl , (5)
u

u €1,U — numbers of sources of ES; p,; — TC from

the source of u-th ES to MP; R,; — reflectivity PS of i-

th channel from the source of u-th ES; G,; — numeral

value radiation pattern i-th emitter in the direction of
source of u-th ES.
Complex coefficients p; unknown and depend on

the number and coordinates of discrete points of forma-
tion of ES, as well as reflection coefficients in them
R,; . Such presentation M; is comfortable that a size

M; does not depend on amplitude and phase of PS (it
remained in a multiplier 7, (94)) ).

From (4) it is necessary that the presence of ES on
a measuring ground results in distortion of response of
probe. The combined action of ES can be compared to
appearance on an entrance MP a modulating hin-
drance M; , distorting the response of probe on a radia-

tion from every channel of PAA. The purpose of diag-
nostics is determination of TC phase shifter @; (64;,) ,

reflectivities in highways emitters I'; (64,) and integral

TC each of microwave paths
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Ki(0p) = K i®; (eqb)[l_ri (9 )} @ (e¢)=.

=Li(03) Gi(05)
If there is a priori information about K, and

G

:(0) numeral values K, (9(1,) can be reconstructed

by measurement ®; (qu )[1 -T; (qu )} for each of the
phasing directions.
Consider a diagnostic management plan that al-

lows from the total response of the probe X, (9(1,) to
select Ki(e(j,) .

It consists in the organization of measurement ex-
periments, representing a consistent in time application
of the direct discrete Walsh transform (DDW) to radi-
ated PAA to the soundings signals [4, 5]

Y.(6)= Z[ei (64 )G: (8;) wiapi () My 5 (7)

where r€0,N—1; Y, (0) — respond MP on r-th direct
DDW; w,; — walsh functions ordered by Hadamard or
Paley and taking only two values (+1) or (-1), [8]; n, —
CA noise (including measuring errors) at measuring Y, .
of PS PAA will be realizedw,;

The functions w,; Vi

thus (+1) corresponds the change of phase in an i-th
channel on 0° , and (-1) — to the phase shift on 180° .

Numeral values Y,

"
of data (ZU, fig.1).
After completing N direct procedures DDW to the

(6) must be fixed in storages

vector Y, (9) it is necessary to apply procedure of
inverse DDW. The result is a vector of estimates

51(0)= N ZYr (0)w,; =

i : (8)
=1, (04) Gi (0:)p: (0;)M; + 7,

where 7n; = N_lzrn,w,l- .

For a selection from (8) an interesting us multiplier
1, (9(1,) a next reception is offered. All of PS of grate
nel0,L-1

simultaneously translated in one of

(where L =2" |, m — number of digits of PS) the states.
This means phasing the antenna in the direction
94, =0, but all of PS here are in n-th the state. Esti-

mates of the responses of the measuring probe
Fi(0,n) =1, (0,n)G; (6;)p; (6;)M; . )
Consider the relationship 7, (0,7) to 3;(0,0) ,

where  7;(0,0) respond MP when zeroed (de-

=@, (0,n)[1-T; (0,1) ]/(@; (0,0)[1-T;(0,0)]). (10)

(RC) T, (0.n)
I';(0,0) characterize reflections in the PAA when the

beam is oriented normal to the antenna aperture. In this
position of the beam, as a rule, emitters with their paths

are matched I';(0,n) = T';(0,0) = 0. Therefore, from
(10) we obtain that the desired TC PS:

Reflection coefficients and

@, (0,n)=®;(0,0)y;,, - (11)

In relation (11) y;, — measured response rela-

tionship MP, and TC PS @, (0,0) stored in processor
memory of CSL. This means that unknown TC PS in all
their states and in each channel ®,(0,n) can be re-
constructed and also stored in processor memory CSL.

When phasing the antenna in the direction 64 PS
of every channel will be translated in one of great num-
ber of L of the states, i.e. 1,; =1, (64,,11) . Then

i(0g,n) ©;(04,n
tir(0) = yﬁi(((io)) ) d)l-(((io))[l_r" (64m)] - 12)

From this relation it is easy to determine the reflec-
tion coefficient in the channels when phasing the an-
tenna in the direction 6,

@,(0,0)
ch.(eqb,n) .

A remarkable property of the proposed diagnostic
method is that the accuracy of the estimates of the
transmission coefficients of the phase shifters and re-
flection coefficients in the channels is practically inde-
pendent of the presence of an echo signal at the measur-
ing site, the accuracy of positioning with a measuring
probe, and the accuracy of the information about the

Fi(65)=1-vin (65) (13)

radiation pattern of the emitters in the grating G; (6;) .
The method is implemented in gratings agreed in the
direction normal to its aperture and in the presence of a
priori information about the phase shifter transmission
coefficient in the initial (de-energized) state.

In the presence of a priori information about the ra-
diation pattern of emitters G;(0) , (obtained from an-
other experiment, for example [9-16]), it becomes possi-
ble to reconstruct the integral TC i-th canal from the input
of the distribution system to the output of the emitter

Ki(0pon) =1 (04:7)Gi (05)

where 7, (qu’n) =, (qu’n)[l -I; ((—)qb,nﬂ

Availability of information on @, (qu’n) ,

(14)

I; (64,) , K; (94,’11) allows you to implement the adap-

tation of the phased antenna array to the technical con-
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dition according to the criterion of maximum approxi-
mation of the realized and desired amplitude-phase

which eliminates the influence on the accuracy of diag-
nosis of the echo signal. Analyzing the results of mi-

crowave diagnostics, the proposed technique can be
used to implement various methods of adapting a
phased antenna array to a technical condition. In this
case, the life of the antenna array will increase signifi-
cantly.

distribution in the aperture of the array.
Conclusion

Thus, a methodology for controlling microwave
diagnostics of a phased antenna array is proposed,
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JiarnocTrnka ¢a30BaHNX AHTEHHHUX PENITKH 3 OJIM/KHBOI 30HM HA MicHi 0a3yBaHHs
O. B. becopa, B. Jl. Kapnos, O. B. Jlykamyk, I. M. Ilerpymenko

AHoTanisi. AKTyaabHicTb. MeToan MiKpOXBWIBOBOI [IarHOCTHKHU (pa30BaHOrO PEHTI€HIBCHKOTO BUIIPOMiHIOBAHHS JI0-
3BOJISIFOTH PEKOHCTPYIOBATH aMILTITYIHO-(a30BHI pPO3IOAIT B aHTEHI Ta peaizyBaTH Ha Iiif OCHOBI METOIM aIalTallii ynpasiiH-
HSI TpaTaMy JI0 THX, [0 3HAXOITHCSI B aMILIITyIHO-(pa30BOMy po3moaiti, 10 AedekTiB. MeToan MiKpOXBHIBOBOI JIarHOCTHKY 3
OIKHBOT 30HU Peaii3oBYIOThHCS JIMIIE B 0e3eX0BUX Kamepax abo Ha crieniajibHO 00J1aJHAaHUX TPEHYBAJIbHUX MalnaH4dukax. s
BUpiIIeHHS IpodiieM azanTarii (a30BaHOI aHTEHHOI PEILTKH JI0 TEXHIYHOrO CTaHy Ta 301IblLIeHHS Yacy 11 poOOTH B eKCTpeMa-
JIBHUX yMOBaX HEOOXiJHO MaTHM METOAM iHTErpPOBAHOI MiKPOXBHJIBOBOI JiarHOCTUKM (ha30BaHOI aHTEHHOI PEINTKU Ha 1 Micri.
Mertoro cTaTTi € po3podKa METOY MiKPOXBHIIBOBOI JIIarHOCTHKH (ha30BaHOI PEIIITKOBOI aHTEHH, peai3oBaHOl 3 OIMKHBOT 30HU
aHTCHHU B 11 po3TalllyBaHHI, Ta YCYHEHHS BIUIMBY €XOCUTHAIIB Ha PE3Y/IbTAaTH AiarHOCTUKU. Pe3yabTaTu. ¥V cTaTTi NpONOHYyeThCst
meron HBY npiarHoctuxu (a3oBaHOi aHTEHHOI PELIITKM 3 ONVXKHBOI 30HH, 110 I03BOJISE BUKIFOYUTH BIUIMB HA TOYHICTH AiarHo-
CTUKM BIJUTyHHS CUTHAJy, IIPUCYTHIX Ha BHMIPIOBAJIbHOI MaiiJaHUMKy, 1 OXMOOK B IO3MLIOHYBAHHI BUMIPIOBAIBHOIO 30HAA.
BucHoBKH. 3anponoHoBaHKI METOA JacTh MOMUIMBICTE peanizyBatd HBU piarHocTuky aHTeHM 3 OMMKHBOI 30HM, Ha Micwi ii
6asyBanns. Pesynsrarn HBY niarnocruku nepenbadaerbcsi BAKOPUCTOBYBATH UL peanizalii pi3HUX croco0iB aganrauii gaso-
BaHOI aHTEHHOI PEILITKH 10 TEXHIYHOT'O CTaHy, HOMITHO 30UIbILIYI0UN TePMiH 1i eKcIuTyaTarii.

KawuoBi cioBa: anteHHi BumiproBanss, giaraoctuka @AP, Gmoxas 3oHa, HBY.
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