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THE HOTELLING DETECTOR USING QUADRATURE
CHANNELS DECORRELATION

Introduction. The probability index of false alarm and its stability under varying and unknown
interference environment represent important characteristics of radar detection systems. Presently, the
problem of false alarm probability stabilization is solved, as a rule, using intellectual capacities of the
human operator. However, the automated detection systems introduction does imply an urgent task of
developing and implementing detection algorithms, providing the false alarm probability stabilization
under conditions of a priori unknown interference environment without human operator involving.

Analysis of recent researches and publications. In the context of Gaussian noise when a priori
unknown covariance properties, the false alarm probability stabilization problem can be solved using
the Hotelling’s resolving statistics [1]
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where X' =[X] : X 5 ] — 2N -parametric bloc vector, formed with the counting of input signals’

quadrature components X, and X, at N adjoining reiteration periods;
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B, =m ZX X, — evaluation of unknown noise covariance matrix
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By = : , obtained from m training vectors X, (i=1...m) of input signals’
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quadrature components’ counting;
T,) — threshold providing the required value of false alarm probability F .

On the basis of conditional probability distribution density of statistics (1) given at [1], we can
obtain ratio of the false alarm probability F of and correct detection D when the detector using the

resolving statistics (1)
2
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where A=S"B,'S;

S"=[1{ ¢ O] — detected signal quadrature components’ vector;
B(p,q)=T(p)I'(q)/T(p+q) — beta-function;
I'(¢) — gamma-function;
k
B(p,q.k)= J.x” “(1-x)""dx — incomplete beta-function.
0
Thus, the potential false alarm and correct detection probabilities implemented when the interfer-
ence parameters are known, may be derived from the relations given at [2]

F= r[N,TgJ /r(N),

el @M I(r+0,5) - N+FT_02
& @r)! T(r+N) "o

>

where I'(m, n) = I x""'edx — incomplete gamma-function.

Increasing the rate of adaptive detectors’ characteristics convergence, — and in particular, case
of detector using statistics (1), — to the potential values can be achieved using a priori information
about the interference covariance matrix structure at the stage of processing algorithms’ synthesis. For
example, the source [3] exposes that under the conditions of stationary noise and probing signals repe-
tition constant period, there exist processing matrixes independent of the interference covariance prop-
erties, providing decorrelation, and in the case of Gaussian noise , also the independence of quadrature
channels signals.

This research goal is to find matrixes which guarantee quadrature channels’ signals
decorrelation, at the same time that to develop on the basis of proposed adaptive detectors’ structural
schemes changes, the detection characteristics tending to potential values reaching.

Main research description. The considered processing matrixes class include the matrix

1 N 4
W=|- o )
-J 1
where [ — the unit matrix of dimensions (N x N) ;

J — is a matrix of dimensions (N x N), where all components of lateral diagonal are equal to
one unit, and all others are equal to zero.

Applying to vector X the transformation W , we get vector Y' = (WX)" =[Y; YQT ], which
covariance matrix, considering equations By,, = By,, and By, =—B,,,, has bloc-diagonal character
being therefore defined with the expression

2(8)(11 _JBXI2) 0 BYll 0
B, = : - S
0 : 2(By —JByp) 0 i By,

Taking into account that matrix B,', represents this one reciprocal to matrix B, , this matrix also
is a bloc-diagonal one [4]
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the resolving statistics (1) upon effecting the W transformation, can be represented as

H,
. A >

T’ =Y"B'y =7, +YQTBY111YQ< Ty, )
H,

where By, — evaluation of covariance matrix By, .

Evidently, we can observe that Gaussian interference influencing, the maximum probabilistic
evaluation of By, matrix is determined with the correlation

A 1 m m
By, :—[zn?mzygcygj, @
2m i=1 i=1

where By, = lZY,fY,f , f?yQ = iZYéYQi — evaluations of covariance matrixes at every quadrature
m i i=1
channel.

Results obtained. In accordance with (2), (3) and (4) obtained is a block diagram (shown at
Fig. 1) of the Hotelling resolving statistics shaper with quadrature channels’ signals decorrelation at
N =4 where 1, 2, 3 — heterodyne phase 90° shifter and generator quadrature components mixer re-
spectively; 4 — delay line for 3Tm, Tn — the probing signals repetition period; 5, 6 — the addition
and subtraction devices, respectively ; 7 — device for estimation of covariance matrices; 8 — device
forming resolving statistics terms ( 3).

N —1
0y

L1
|
|I| 6

SJES

‘qul’

)

J = k
j

]
4 I 4

Fig.1. Hotelling statistics shaper with quadrature components signals decorrelation

Fig. 2 shows the detection procedures characteristics while using (solid curves) and without use of
(dot-dashed curves) quadrature components decorrelation when training samples volume m =10, 15, 20
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at detection of a signal corresponding to the “optimal” velocity of the target (I& =S,[1-1 1-1...1],

0! =5,[0 0 0...0], where S, — the signal maximum value) when additive mixture of interference with
the Gaussian shape of the envelope correlation function and uncorrelated noise

[Byi)i; =[Byxnl,; =0iR"™ cos[(i— j)p,]+ 0.8,

[Bxia)i; =Byl = GzR(i_/)- cos[(i = j)@, ],

where o_, 6. — interference and noise dispersions respectively;

R, ¢,— correlation function envelope’s and Doppler interference phase incursion inter-periods
values;

8, — Kronecker’s symbol.
Ibidem graph (dashed curve) shows the relevant potential detection characteristics.

-5 0 ¢’[dB]

Fig. 2. Detection characteristics at N =4, F =107, Gi/Gi =-30 dB, ¢,=0

Conclusions. Analysis of the given detection characteristics does reveal that the use of quadra-
ture channels signals de-correlation can improve the dynamic performance of Hotelling procedures
thus ensuring the loss in the signal / (interference + noise) ratio never exceeding 3 dB at training sam-
ples volume m>2N .
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AHOTAIISI / AHHOTALUA / ABSTRACT

B.O. Asepouxin, O.B. Tposncokuil. BusiBiisia XoTeJIiHra, o0 BUKOPUCTOBY€E J1eKOPeIsilil0 KBAAPATYPHUX KaHAJIB.
BrpoBamkxeHHST aBTOMaTH30BaHUX CHCTEM PaliofOKAIifHOTO BUSABICHHS pOOUTH aKTyalbHUM 3aBIAaHHS PO3POOKH i BIIPOBa-
JDKSHHS! aITOPUTMIB BHSIBIICHHS, II0 3a0€31edyIoTh cTabimizarlifo IMOBIpHOCTI XMOHOI TPHBOTH 32 YMOB arpiopHO HEBIIOMOI
3aBaI0BOI 0OCTAaHOBKH 0O€3 y4JacTi JIIOANHH-OIIepaTopa. B yMOBax raycOBCHKHX IEPEIIKO 3 allpiOpHO HEBIIOMHUMH KOBapia-
[IHIMH BIIACTUBOCTSIMHM 3aja4a crabimizamii AIMOBIpHOCTI XMOHOT TPHBOTH MOXKe OyTH PO3B’s3aHa UISIXOM BUKOPUCTAHHS
BUpiIanbHOi craTucTuky Xoteninra. OTpUMaHO CHiBBITHOIICHHS Ul HMOBIpHOCTEH XHMOHOT TPHBOTH Ta MPAaBUIIBHOTO BH-
SIBJICHHSI 3 BUKOPUCTAHHIM BHPILIAaIbHOI CTATUCTUKH XOTesuriHra. JIisl miABUINEHHs MIBUAKOCTI 301KHOCTI XapaKTepUCTUK
aJIaNITUBHOTO BUABIIAYA, 110 BUKOPHCTOBYE 3a3HA4YEHY CTaTHCTHKY, 10 MOTEHLIHHUX 3HAYECHb 3alPOIIOHOBAHO MATPHIIO 00-
poOKH, 1m0 3a0e3mnedye ASKOPENII0 CHTHATIB KBAAPAaTypHUX KaHaiiB. OTpUMaHO BHUpIMIANBGHY CTAaTUCTHKY XOTEIUTiHTa 3
ypaxyBaHHSM 3allpOIIOHOBAHOTO B po0OOTi mepeTBopeHHs. HaBeneHo mpukiiaau peanizamii ¢popMyBada 3aIpOIIOHOBAHOI BU-
piIIagbHOI CTATUCTHKH XOTEIUTiHTa 3 AEKOPEII€I0 CUTHATIB KBaIpaTypHHUX KaHAIIB HAa PiBHI CTPYKTYpHUX cxeM. [Ipose-
JICHO TIOPIBHSHHS XapaKTEPUCTHUK BUSBICHHS IPOIEAYp 3 BUKOPUCTAHHAM 1 0e3 BUKOPUCTAHHS JEKOPEINii KBaapaTypHUX
CKJIaJIOBHX.

Kniouoei cnosa: aBToMaTH30BaHa CUCTEMa PaiOJOKAI[IIfHOTO BUSBIICHHS, BUPIIIANIbHA CTATUCTHKA XOTEIIHTa, JIEKO-
peJIsLisl CHTHAIB KBapaTypHUX KaHAIIIB.

B.A. Asepouxun, A.B. Tpoanckuii. O0Hapy:kuTeab XO0TEJJIUHIa, HCTOJIb3YIOLIUA JeKOppeJsiiuI0 KBaAPaTyPHbIX
KaHaJI0B. BHepeHne aBTOMAaTH3UPOBAHHBIX CHCTEM PaJHOJIOKAIIOHHOTO OOHAPY KEHNS AeNaeT aKTyalbHOH 3a/1ady pas3pa-
0OTKM M BHEJPEHHUS aJITOPUTMOB OOHAPY>KEHNS, 00ECIEUNBAIONINX CTAOMIN3AINIO BEPOSITHOCTH JIOKHON TPEBOTH B yCIOBH-
X alpHOPHO HEM3BECTHOH ITOMEXOBOW 00CTaHOBKM 0O€3 ydacTHs delIoBeKa-oIepaTopa. B yCIOBHSIX rayCCOBCKHX IIOMEX C
aNpHOPHO HEM3BECTHBIMHM KOBAPHAIMOHHBEIMU CBOWCTBAMHM 3ajada CTAOWIM3AaLMH BEPOSTHOCTH JIOKHOH TPEBOTH MOXKET
OBITH pellIeHa IMyTEM HCIIONB30BaHMs PEIIAIONIel CTATHCTHKU XOTeUIMHra. B paboTe moy4eHbl COOTHOIICHHS ISl BEPOSIT-
HOCTEH JIO)KHOM TPEeBOTH M IPaBWIIBHOTO OOHApPYXXEHHS C UCIIOJIb30BaHUEM pelIalolieil cTaTUCTUKN XoTe/uiHra. Jlis mo-
BBIILICHHUS] CKOPOCTU CXOAUMOCTH XapaKTEPUCTUK aJJAlITUBHOTO OOHAPYKUTEINs, UCIOIb3YIOIIET0 YKAa3aHHYI0 CTaTUCTHUKY, K
HOTEHIMATBHBIM 3HAUEHHUAM IIPEIOKEHa MaTpHLia 00paboTKH, 0OeceYnBaroas IeKOPPEIISLUI0 CUTHAIOB KBapaTyPHbBIX
kaHasoB. [lomydena pemrarormasi cTaTUCTHKA XOTEUIMHTA C y9eTOM HPEUIORKEHHOro B pabote nmpeodpasoBanus. [IpuseneHs
TIPUMEPH pean3aiuy GOPMHUPOBATEIIS MPEIUIOKEHHON PEIIAoIel CTATUCTUKKA XOTEUIMHTa C JEKOPpEesIHeil CUTHAIIOB
KBaZpaTypHBIX KAaHAIOB Ha yPOBHE CTPYKTYpPHBIX cxeM. IIpoBeneHO cpaBHEHHE XapaKTEepHCTHK OOHApPy>KEHHs MpPOLEXyp C
HCTIONIb30BAaHUEM H 0€3 HCIIOIb30BaHUS AEKOPPEIIIIUY KBaPAaTyPHBIX COCTABIISIONINX.

Kniouesvie crosa: aBTOMaTH3NpPOBaHHAS CHCTEMA PAJHOJIOKAIIIOHHOTO OOHAPYKEHNSI, pelIaronas CTaTHCTHKa X0Tel-
JIMHTA, AEKOPPEIIIIUS CUTHAIOB KBaIPAaTypHBIX KaHAJIOB.

V.A. Averochkin, A.V. Troyanskiy. The Hotelling detector using quadrature channels decorrelation. Introduction of
automated radar detection systems makes it an urgent task to develop and implement detection algorithms which provide false
alarm probability stabilization for a priori unknown interference environment without the involvement of a human operator. In
terms of Gaussian noise with a priori unknown covariance properties the problem of false alarm probability stabilization can be
solved by using Hotelling decision statistics. Using the Hotelling statistics the relations for the false alarm probability and correct
detection probability are obtained. To increase the convergence rate of the characteristics for adaptive detector using the speci-
fied statistics to potential values we propose the processing matrix that provides quadrature channel signals decorrelation.
Hotelling decision statistics considering the proposed conversion is obtained. The examples of implementing the proposed
Hotelling decision statistics generator using quadrature channel signals decorrelation at the level of structural schemes are given.
The detection procedures characteristics with and without the use of quadrature components decorrelation are compared.

Keywords:automated radar detection system, Hotelling decision statistics, quadrature channel signals decorrelation.
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