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Background: Improving the positioning accuracy of passive radiometric correlation-extreme navigation systems
(RM CENS) of aircraft (AC) by landmarks depends on the ability of information RM sensors of systems to form two-
dimensional images of ground objects in real time. The use of matrix RM sensors, which are based on multichannel
RM receivers of the millimeter wave range (MMW), makes it possible to realize the required speed of the CENS
Objectives: The aim of the work is to optimize the number of multiplexed channels per one amplifying-converting
path of a multi-channel RM receiver with linear multiplexing and separation of channels according to the form of
signals.

Materials and methods: As an optimization criterion in this work, it is proposed to use the gain in sensitivity
obtained as a result of the use of a multichannel RM receiver with linear multiplexing and signal waveform
separation in comparison with the sensitivity of a RM receiver with time division multiplexing.

Results: As a result of the analysis of the process of functioning of a multichannel RM receiver with time division
multiplexing in this work a relation was obtained for the sensitivity of an individual channel of a RM receiver with
time division multiplexing.

Conclusions: It can be concluded that it is optimal to create a matrix RM receiver based on combining 16 RM
channels of the superheterodyne type into one amplifier-conversion path. In this case, the total number of amplifying-
converting paths is equal to four. The sensitivity of each channel remains high enough.

KEY WORDS: millimeter-wave radiometric receiver.

OINTUMIBALIA KINIBKOCTI KAHAJIIB BATATOKAHAJIBHOI'O PAAIOMETPUYHOI'O
MPUIMAYA
B. H. Bukos, I'. }O. Mipomnuk, T. B. MipomHuk
Xapriscokuu Hayionanvnull yHieepcumem imeni B.H. Kapasina, maiioan Ceoboou, 4, 61022,
M. Xapxis, Ykpaina

AKTyaJabHicTh. [liIBUIIEHHS TOYHOCTI BH3HAYEHHS MiCIE3HAXOKEHHS MACUBHUX PATIOMETPHYHHUX KOPEIIiHHO-
excrpemanbHuX cucteM Hairamii (PM KECH) nitansaux amapatiB (JIA) mo HazeMHHX Opi€HTHpax 3ajieKUTH Bif
3maTHOCTI iHQopManiiiHnx PM nmatumkiB cuctem (opMyBaTH IBOBHMIpHI 300pa’keHHS Ha3eMHHUX OO'€KTIB B
peanpHOMY MacmTadi yacy. 3acTocyBaHHA MaTpudHUX PM maTymkiB, OCHOBOIO SKHX € OaraTokaHaidbHi PM mpuitmadi
MinimMeTpoBoro niana3ony xsuis (MM]]), no3Bossie peanizyBatn HeoOxinHy mBuakoaito KECH [1,2].

Meta po6oru: MeTor poOOTH € OmnTHUMi3allis KiTbKOCTI KaHAJIB, IO YIIUIBHSIIOTHCSA HA OJUH ITiICHIFOBAIHHO-
MEPETBOPIOBANIBbHI TPAKT OaratokaHaiapHOro PM mpuitMaua MM/I 3 MiHIHHUM YIIUTBHEHHSIM 1 PO3/IUICHHSM KaHAIIB
3a (HOPMOIO CHTHAIIB.

Marepianu Ta meToau: B sxocTi KpuTepiro onTuMi3alii B 1aHii poOOTi MPOTIOHYETHCSI BAKOPUCTOBYBATH BHUTPAII B
YYTIIUBOCTI, IIO OTPHUMYEThCS B peE3yNbTaTi 3acTOCyBaHHS OaraTokaHadpbHOro PM mpuiiMavya 3 miHIHHAM
VIIUTBHEHHSM 1 PO3IUICHHSM KaHaliB 3a (OPMOIO CHTHANIB B MOPIBHSHHI 3 4yrauBicTio PM mnpmitmaua 3
TUMYACOBUM YIIUTFHEHHSIM KaHAIIB.

PesyabTatn: B pesynbprari aHamizy mpoiiecy (OYHKIIOHYyBaHHsS OaratokaHaipbHOro PM mpuiimMada 3 THMYacOBHM
YIIIbHEHHSIM KaHAJIB B aHiil poOOTI OTPHUMaHO CIIBBIJHOILICHHS /Ul YyTJIMBOCTI OKpeMoro kanany PM mpuitmaua
3 THMYaCOBUM YIIIJIbHEHHSIM KaHaJIiB.

BucHoBku: Mo)kHa 3pOOUTH BHUCHOBOK MPO TE, 110 ONTUMAIBLHUM € CTBOPEHHS MaTpuyHoro PM mnpwuiimaua Ha
ocHOBI 00'enHanHsg 16 PM KkaHaNiB CynepreTepoJMHHOTO THITy Ha OAWH IiJICHIIIOBAILHO-TIEPETBOPIOBAIIBHI TPAKT.
IIpn mpoMy 3arajgbHa KUIBKICT ITiJCHITIOBAJIBHO-TIEPETBOPIOBATBHUX TPAKTIB JOPIBHIOE YOTHPHOM. UyTimBicTh
KOYKHOTO KaHaJTy 3aJIMIIAETHCS JTOCUTH BHCOKOIO.

KJIFOYOBI CJIOBA: pagioMeTpruHUiA IpUiiMad MiTiMETPOBOTO Aialla30Hy XBHUIIb.

ONITUMU3 AU KOTMYECTBA KAHAJIOB MHOTI'OKAHAJIBHOT' O
PAJIMOMETPUYECKOI'O TIPUEMHHUKA
B.H. Brikos, I'. FO. Mupomnuk, T. B. MupourHuk
Xapvrosckuil nayuonanvuwitl ynugepcumem umenu B.H. Kapasuna, ni. Ceoboowl, 4, 61022, 2. Xapvkos,

Vkpauna
AKTyaJILHOCTb! IloBBIIEHHE TOYHOCTH MECTOONPEACIICHUA IMACCUBHBIX PAaAUOMETPUYCCKUX KOPPEIAUOHHO-
sKcTpeManbHbIX cucTeM HaBurannu (PM KOCH) nerarenshbix anmaparos (JIA) mo Ha3eMHBIM OpHEHTHPAM 3aBHCHT
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OT cnocoOHOCTH HHGOPMAIMOHHBIX PM naTyuMkoB cucteM (OPMHUPOBATH JBYMEPHBIE H300paKEHHS HA3EMHBIX
00BEKTOB B peasibHOM Maciitadbe BpeMeHH. [Ipumenenne MaTpuuHbiXx PM 1aTuMkoB, OCHOBOH KOTOPBIX SIBISIOTCA
MHOTOKaHajbHble PM mpHeMHHKH MHIILIMMETPOBOro nuamna3zoHa BoiaH (MM/I), mo3BoisieT peanu3oBaTh Tpedyemoe
osicTpoaeiictBue KOCH.

Henw paboTs:: Llenpio paboTsl ABIAETCS ONTHMHU3ALUS KOJIMYECTBA YIJIOTHSAEMBIX KAaHAJIOB HA OJUH YCHIUTEIBHO-
npeoOpa3oBaTeNbHBIN TPAKT MHOrOKaHaIbHOr0 PM mpunemanka MM/ ¢ IMHEHHBIM yIUIOTHEHHEM M pa3JeleHHeM
KaHaJIOB 10 ()OpME CHTHAJIOB.

Marepuansl 1 MeToAs: B KkadecTBe KpUTepWs ONTUMH3AIMM B JAaHHOH paboTe mpezsiaraercs HCIIOIb30BaTh
BBIUTPBIII B UYBCTBUTENBHOCTH, MONydaeMbli B pe3yiabTaTeé NPHMEHEHHS MHOrokaHaiabHoro PM mpueMHMKa c
JMHEWHBIM YIUIOTHEHHEM M pa3JeJIeHHeM KaHaJoB 1o (popMe CUTHAJIOB IO CPABHEHHUIO C YyBCTBUTEIBHOCThIO PM
MpPUEMHUKA C BDEMEHHBIM YIUIOTHEHHEM KaHAaJIOB.

PesyabTatel: B pesynpraTe aHanmmza mporecca (YyHKIMOHHPOBAHUS MHOTOKaHanbHOro PM mpuemHuKa c
BPEMEHHBIM YIUIOTHCHHEM KaHAJIOB B JJAHHOH pa0oTe MOJIy4eHO COOTHOIIECHHUE UL YyBCTBHTEILHOCTH OTIEIHHOTO
kaHasna PM npueMHuKa ¢ BpeMEHHBIM YILIOTHEHUEM KaHAJIOB.

BeiBoabl: MoxHO clienaTb BBIBOJ O TOM, YTO ONTUMAJIbHBIM SBJSIETCS cO3JaHue MaTpuuyHoro PM mpueMHuka Ha
ocHOBe oObemuHeHns 16 PM KkaHanoB CymepreTepoAMHHOIO THNA Ha OJWH YCHIIUTENHHO-TIPeoOpa3oBaTeNIbHEIN
TpakT. IIpu »>ToM oOmee KOIMYECTBO YCHIMTEIBHO-TIPEOOPAa30OBAaTENbHBIX TPAKTOB PABHO  UYCTBIPEM.
YyBCTBUTEIBHOCTD KaXKA0T0 KaHAJIa OCTAETCs I0CTaTOYHO BBICOKOH ST=1K .

KJ/IFOYEBBIE CJIOBA: pagnoMeTpuueckuii IpUEMHUK MUTIMMETPOBOIO IUara30Ha BOJIH.

PROBLEM STATEMENT

Formulation of the problem. Improving the positioning accuracy of passive radiometric (RM) correlation-
extreme navigation systems of aircraft on landmarks depends on the ability of information RM sensors systems
to form two-dimensional images of ground objects in real time. The use of matrix RM sensors, which are based
on multichannel RM receivers of the millimeter wavelength band (MMWB), makes it possible to realize the
required speed of the correlation-extreme navigation systems [1 — 3].

Analysis of the literature. Multichannel RM receiver MMWB can be made either in the form of a set of
receiving channels (matrix of receivers), or according to the scheme of multiplexing channel signals to a
common amplifier-converting path [2, 3].

In [2, 3], a functional diagram (Fig. 1) is shown that implements the method of linear multiplexing with
channel separation according to the waveform, as well as the method of time multiplexing of channels. In [3], as
a result of analyzing the passage of signals from a large number of channels through a common amplifier-
conversion path, relations were obtained for the sensitivity and signal-to-noise ratio at the output of each
individual channel of a multichannel RM receiver.
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Fig. 1. Functional diagram of a multichannel RM receiver with linear multiplexing
and channel separation according to the waveform

Multichannel RM MMB receiver with linear signal waveform multiplexing functions as follows. The useful
signal is a narrow-band normally distributed noise with a spectrum width and Af a radio brightness

temperature T¢j proportional to the radiation intensity of the sighted area of the surface or an object at the input

of the i-th channel.

With the help N of switches (K;), signals (xj) are modulated in each channel by orthogonal digital
functions from the family, which is built on the basis of the ensemble of Walsh functions (yi) [4, 5]. Further, the
signals of all channels are fed to the input of the adder and to the common amplifier-conversion path, where the

noise of the RM receiver with power is added to the signal T} .
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If the receiver is made according to a super heterodyne circuit, the amplifying-converting path contains a
frequency converter (mixer and local oscillator), an intermediate frequency amplifier and a square-law detector.
In the case of constructing a receiver according to a direct amplification scheme, this path contains several stages
of low-noise high-frequency amplifiers and a square-law detector.

Further, the mixture of signal and noise, passing through the square-law detector, is divided by power N
into channels and fed to synchronous detectors (SD;), to the second inputs of which demodulating functions from
the family of inverted Walsh functions arrive (y%). The low-pass filter (LPF) integrates the signal with the noise
structure over time T .

Taking into account the orthonormality of the Walsh functions, the signal at the output of each channel is
proportional to the intensity (power) of the signal at the input of this channel (x;).

In the case of time-division multiplexing of channels, the functional diagram of the multichannel RM [3]
does not change. The difference is that the switches are connected in series to the adder.

For the case when the brightness temperatures of signals at all inputs are equal to the maximum value

Tei =T, 1€ 1N, the ratio for the sensitivity of an individual channel of a multichannel RM receiver can be
represented as [3]:

N(N+1) qg

2T,
) —. Jl—l—Nq—l— , (1)

G

where ¢ =TT—S — is the signal-to-noise ratio at the input of each RM channel.
N
An analysis of the results of calculations by formula (1) shows that combining, for example, 64 channels
per one amplifier-conversion path leads to an increase in inter-channel interference and, as a consequence, to a
deterioration in the sensitivity of each channel.
For a super heterodyne RM receiver, the degradation in sensitivity compared to a single-channel
modulation RM is ~ 6 times. The sensitivity of direct amplification RM (at N =64 ) deteriorates by a factor of 12

in comparison with a single-channel modulation RM (at t=0,1s). It seems expedient to limit the number of

channels (channel signals) multiplexed into one amplifying-converting path of a multichannel RM receiver.

Purpose of work. The aim of the work is to optimize the number of multiplexed channels per one
amplifying-converting path of a multi-channel RM receiver MMB with linear multiplexing and separation of
channels according to the form of signals.

RESEARCH MATERIALS
As an optimization criterion in this work, it is proposed to use the gain in sensitivity obtained as a result of
the use of a multichannel RM receiver with linear multiplexing and waveform separation of channels in
comparison with the sensitivity of a RM receiver with time division multiplexing.
As a result of the analysis of the process of functioning of a multichannel RM receiver with time division
multiplexing, the diagram of which is given in [4], in this work a relation was obtained for the sensitivity of an
individual channel of a RM receiver with time division multiplexing of channels:

2N Ty ,
e @)

In the case of time multiplexing (2) at the same exposure time (signal accumulation time T ) of one element

8T'=

(pixel) of the image, the sensitivity deteriorates in times \/ﬁ .

The result of dividing the right-hand side of expressions (2) and (1) characterizes the gain in the sensitivity

of a separate channel for different compaction methods at the same parameter values AfT:
1

57T
oT J1+ LN+ 2
N a 4 a

@)

Figure 2 shows the dependencies OT(N). The calculations were carried out for two values of the input
signal. The value T¢ =300K  corresponds to the maximum input signal of the RM channel. In this case, the
signal-to-noise ratio for a super heterodyne RM receiver q=0,1 (Tm=3000 K), for a direct amplification

receiver q=0.6 (T, =500K) (curves 1, 2 in Fig. 2).
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The value T, =5K corresponds to the real case of receiving a low-intensity input signal of the RM of the MMB
receiver. In this case, the signal-to-noise ratio for the super heterodyne RM receiver q=0,0016 , for the RM

receiver of direct amplification q=0,01 (Tm =500 K) (curves 3, 4, Fig. 2).

5T10 T T

‘V

0.1
1 10 100 N

Fig. 2. Dependency graph 01 =N

The range of values 0, >1 corresponds to the gain in the sensitivity of a multichannel RM with

multiplexing of the channels in the form of signals.

For super heterodyne RM receivers, this region exists over the entire range of values under consideration
N (curve 1in Fig. 2).

The maximum gain is observed with the number of compressed channels N =16-20.

In the case of the RM receiver of direct amplification, due to the significant influence of the signals of
adjacent channels on the quality of the formed image, the gain in sensitivity compared to the sensitivity of the
RM receiver with time division multiplexing is not observed (curve 2).

The maximum approximation of the sensitivity of the multichannel RM with linear waveform division to
the sensitivity of the RM with time division is observed for N =3...6 the channel values.

If a multichannel RM receiver receives a small input signal (T.=5K), due to a weak interfering effect of

input signals on the output signal-to-noise ratio, there is a significant gain in sensitivity for a multichannel RM
receiver with linear channel multiplexing in signal shape, both for a super heterodyne receiver and for a RM
receiver direct amplification.

CONCLUSIONS

Thus, we can conclude that it is optimal to create a matrix RM receiver based on combining 16 RM
channels of the super heterodyne type into one amplifier-conversion path. In this case, the total number of
amplifying-converting paths is equal to four. The sensitivity of each channel remains high enough dT=1K

Combining 16 channels of direct amplification RM receivers into one amplifier-conversion path is also
possible. Although the sensitivity in this case deteriorates in comparison with the single-channel modulation RM
by a factor of 5 ... 6, the absolute value of the sensitivity (8T =0,04...0,2K at t=0,1s) remains quite
acceptable for the stable operation of the RM correlation-extreme navigation systems MMB.

The advantage of the applied method of linear compaction in comparison with time compaction is an

increase in the exposure time of each individual element of the frame by IN times, with a significant reduction

in the cost of the design of a multichannel RM receiver (16 times, respectively), and as a consequence, a
decrease in the cost of the entire matrix RM sensor (taking into account the cost of a multi-beam antennas and
processing systems).

KOH®JIIKT IHTEPECIB
ABTOpH TTOBiIOMJISIIOTE TIPO BiJICYTHICTH KOH(MIIKTY iHTEpeECiB.
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