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Background: The use of passive matrix radiometric sensors of the millimeter wave range in aircraft navigation systems,
which make it possible to form a radiometric image of a ground navigation object under conditions of high-speed flight of
aircraft, is one of the effective ways to ensure high accuracy in measuring the coordinates of objects and, ultimately, leads to
an increase in the probability of positioning aircraft [1]. In work [2], analytical relationships were obtained and quantitative
estimates of the accuracy of positioning of aircraft equipped with a matrix radiometric navigation system were made. It is
shown that the use of matrix radiometric sensors makes it possible to realize the required high (up to units - tens of meters)
positioning accuracy of high-speed aircraft.

Objectives: The purpose of this article is to develop a method for increasing the accuracy of a radiometric correlation -
extreme system based on the use of a matrix radiometric millimeter-wave receiver with channel compaction.

Materials and methods: In this paper, we used the method of linear multiplexing with channel separation according to the
waveform using orthogonal Walsh functions. In this case, the sensitivity for each channel corresponds to the sensitivity of the
modulation radiometer, and in comparison with the sensitivity of the compensation radiometer, it decreases by about two
times. 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.

Results: In this work, it is shown that the optimal number of combined channels is a multiple 2% —1. The analysis of the

results of the calculations shows that the combination of 64 channels into 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.

Conclusions: In this case, it is expedient to limit the number of channels to be sealed per one amplifying-converting path. So,
when 16 channels are combined into one path, the sensitivity of each channel remains quite high: about 1 K — for a super
heterodyne radiometric receiver, and less than 1 K — for a direct amplification radiometric receiver. In this case, the number
of amplifying-conversion paths with the total number of channels in the matrix 64 is equal to four.

KEY WORDS: millimeter wave radiometric receiver, radiometric image.

OIITHKA TOYHOCTI PAJJIOMETPHUYHUX KOPEJISILIHHO-EKCTPEMAJIBHUX CUCTEM
HABIT AL
B. M. Bukos, I'. FO. Mipomnuk, T. B. Mipomnuk
Xapxiecokuil nayionanvuuil ynieepcumem imeni B.H. Kapa3zina, matioan Ceoboou, 4,
M. Xapxis, 61022, Vkpaina

AKTYyaJbHicTh. BUKOpHCTaHHS B CHCTeMaxX HaBirallii JiTATbHUX arnapaTiB MAaCUBHUX MATPUYHUX PaTiOMETPHYHHX JAaTUNKIB
MIJIIMETPOBOTO Jiana3oHy XBWIIb, IO J03BOJITIOTE (OPMYBaTH pajioMeTpUYHE 300paykeHHsI Ha3eMHOTr0 00'eKTa HaBirarii B
YMOBaX BHCOKOIIBHIKICHOTO TOJBOTY JIITATBHUX arapaTiB, € OAHUM 3 eeKTUBHUX NIIIXiB 3a0e3MevYeHHs] BHCOKOI TOYHOCTI
BUMIPIOBaHHS KOOPJMHAT 00'€KTIB 1 Bezie 10 MiJIBUIIECHHS HMOBIPHOCTI MiCII@3HAXO/KEHHs JIiTanbHUX arnapatis [1]. B podori
[2] oTprMmaHO aHANMITHYHI CHIBBIHOLIEHHS i 3p00JIeH] KiJIbKICHI OI[IHKH TOYHOCTI BU3HAUSHHS MICLIE3HAXO/PKEHHSI JTITAJIbHUX
arnapariB, OCHAIICHOr0 MaTPUYHOI pPajiOMETPHYHOI CHCTEMOI Hapiramii. ITokazaHo, IO 3acCTOCYBaHHS MaTPUYHHX
paaioMEeTpUYHMX JaTUYMKIB HO3BOJISIE peasli3yBaTH HEOOXiHI BHCOKI (10 OJMHHIb — JAECATKIB METPIB) TOUHOCTI BU3HAUCHHS
MiCIIe3HAXO/KeHHS BUCOKOIIBH/IKICHUX JIITAILHUX araparis.

Mera podoru: Metoo pgaHoi crarTi € po3poOka croco0y MiJBMINEHHS TOYHOCTI PaIiOMETPHYHOI KOPENSIiHHO -
eKCTpEeMaJIbHOI CHCTEMH Ha OCHOBI 3aCTOCYBAaHHS MAaTPHYHOTO PaJiOMETPUYHOrO MpuiiMada MiTIMETpPOBOTO [liala3oHy 3
YIIJTbHEHHSIM KaHaJiB.

Martepianu ta mMeroamu: Y naHiii poOOTI BUKOPUCTAHHN METO]| JIHIMHOTO YNIUTPHEHHS 3 IOMALIOM KaHANiB 3a (OPMOIO
CUTHAJIB 3 BHKOPHCTAHHSIM OPTOrOHaNbHHMX (yHKHiH Yoima. YV 1bOMy BHIIQAKy YYTIHBICT IO KOKHOMY KaHAIy
BI/IMIOBi/Ia€ YyTJIMBOCTI MOJYJSILIMHOrO pajiomMeTpa, a B MOPIBHSAHHI 3 YyTJIMBICTIO KOMIIGHCALIHHOTO pajaioMerpa najiae
npuOJIM3HO B JBa pa3d. 3 ypaxyBaHHAM OPTOHOPMAJIBHOCTH (YHKIiH Yoilla CHrHAJI Ha BHXOJlI KOXKHOTO KaHAIy
MPONOPIIHHUN IHTEHCHBHOCTI (IIOTY)KHOCTI) CUTHAIY Ha BXO/Ii IIbOTO KaHAJy.

PesyabtaTu: Y jadiii po0OTi MOKa3aHO, IO ONTHMATGHHAM € KiTbKiCTh TIO€IHYBAaHMX KaHaliB kpatHe 2K-1. Amais
pe3yabTaTiB NPOBEICHUX PO3PaxXyHKIB CBITUUTH, 0 00'€qHAHHS 64 KaHATIB HAa OAMH IiICHIIOBAIBHO-TIEPETBOPIOBATbHHIN
TPaKT MPU3BOJHUTH 10 3POCTAHHS MIXKKAaHAJIBHHUX MEPEIIKO i, IK HACIIIOK JI0 TOTiPIICHHS 9y TIMBOCTI KO)KHOTO KaHaITy.

© Bykov V. N., Miroshnik G. Yu., Miroshnik T. V., 2021
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BucnoBkn: J[oniibHO B JaHOMY BHIAAKy OOMEKEHHS KUTBKOCTI KaHAIIB, IO YIIIIBHSIIOTHCS Ha OJWH IiJICHITIOBAJIBHO-
MepETBOPIOBANBHUN TpakT. Tak, mpu o0'eqHaHHI 16 KaHaIB HA OAMH TPAKT, YyTIMBICTh KOKHOTO KaHATY 3aJIUIIAETHCS
JOCHTH BHCOKOIO: O01m3pko 1 K — mis cymeprerepoarHHOrO pafioMeTpudHOro mpuiimMada, i 3HadyHO MeHme 1 K — s
pagioMeTpUYHOrO TpHiiMada IMPSIMOTO IiJCHIECHHSA. Y I[bOMY BHIIAQJKY KUIBKICTH ITiJCHIIIOBAJIBHO-TIEPETBOPIOBATILHUX
TPAKTiB IPH 3arajbHil KiTbKOCTI KaHATiB B MaTpHLi 64, TOPIBHIOE YOTHPHOM.

KJIFOYOBI CJIOBA: pagioMeTpr4HUIA IpHiiMad MiJTIMETPOBOT'O Jialla30Hy XBHJIb, PaJiOMETPUIHE 300pakeHHSI.

OIIEHKA TOYHOCTU PAJIMOMETPUYECKUX KOPPEJALIMOHHO-3KCTPEMAJIBHBIX
CUCTEM HABUT'AIIUU
B. H. BrikoB, I'. FO. Mupomnuk, T. B. Mupomnnk
Xapvrosckuti nayuonanohvlil yHugepcumem umenu B. H. Kapasuna, ni. Céo600bi 4,
2. Xapvros, 61022, YVxpauna

AKTyalbHOCTh. lcronp3oBaHME B CHCTEMaX HaBUTAllMM  JICTAaTEJBHBIX — aNllapaToB  IMACCHBHBIX ~ MaTPHUYHBIX
paguOMETPUYECKHX JaTYMKOB MHJUIMMETPOBOTO [Mala30Ha BOJH, IO3BOJIIONIMX (OPMHUPOBATH pagHOMETPUIECKOE
n300paKeHNe HA3eMHOTO 00BEKTa HaBUTallMH B YCIOBHUSX BBICOKOCKOPOCTHOTO IOJIETA JICTATENbHBIX AMMapaToB, SIBISETCS
ogHUM 13 (P HEeKTUBHBIX IMyTe obecredeH s BBICOKOW TOYHOCTH M3MEPEHHs KOOPIAWHAT OOBEKTOB M, B KOHEYHOM HTOTE,
BE/ICT K MOBBIILICHHUIO BEPOSITHOCTH MECTOOTIPEICIICHHS JIETaTeNIbHBIX anmapatos [1]. B pabote [2] noxyueHsl aHanmuTH4IecKne
COOTHONIECHUSI M TPOM3BENCHBl KOJIMYECTBEHHBIE OLEHKM TOYHOCTH MECTOONPENENCHNUs JIETaTeNbHBIX —aIlllapaTos,
OCHAIIEHHOTO MAaTPUYHOH pPaJnOMETPUYECKOW cHcTeMol HaBuranmuu. Iloka3aHo, 4YTO TNPUMEHEHHE MaTPHYHBIX
pagOMETPHYECKHX JaTYNKOB IO3BOJSET pealn30BaTh TpeOyeMble BBHICOKHE (IO EIWHHIl — JECSTKOB METPOB) TOYHOCTH
MECTOONPE/IeNICHNS BBICOKOCKOPOCTHBIX JIETaTeNIBHBIX alllapaTos.

Heabr padorbl. llenbio naHHOW CTAaThM SBISIETCS pa3paboTka crmoco0a MOBBIMICHHS TOYHOCTH PaJUOMETPUYUCCKON
KOPpEISIIMOHHO — 3KCTPEMalbHOM CHCTEMBl HAa OCHOBE NPHMEHEHHS MATPUYHOTO PaJHOMETPUIECKOTO IPHEMHHUKA
MHIJUIIMETPOBOTO JMANa30Ha ¢ YIIOTHEHHEM KaHAJIOB.

Martepuassl 1 MeToAbl. B 1aHHOI paboTe NCMOIR30BaH METOA JIMHEHHOTO YIUIOTHEHHUS C pa3[elIiCHHEM KaHAIOB 110 popme
CHTHAJIOB C HCIIOIb30BAaHHEM OPTOTOHANBHBIX (QyHKIMH Yomma. B 3ToM ciaydae 4yBCTBHUTENBHOCTh IO KKAOMY KaHAITY
COOTBETCTBYET UYBCTBHTEIBHOCTH MOIYJLIIMOHHOTO pPaJWOMeTpa, a II0 CpPaBHEHHI0O C  YyBCTBUTEIHHOCTBHIO
KOMIICHCAI[IOHHOTO panoMeTpa MajaeT NprUMepHO B /iBa pasa. C y4eToM OpTOHOPMAaIbHOCTH (YHKLMHA YoJIia curHaji Ha
BBIXOJIE KQ)KIOT0 KaHalla IPOIIOPLHOHAIECH HHTEHCUBHOCTH (MOIIIHOCTH) CUTHAJIA Ha BXOZE 3TOT0 KaHaa.

Pesyabrarel. B manHON paboTe mOKa3aHO, YTO ONTHMANBHBIM SBJIACTCS KOJIHYECTBO OOBEAMHSIEMBIX KaHAIIOB
KpaTHOE 2¥—1. Anamus pe3yIbTaTOB TPOW3BEICHHBIX PAcUeTOB CBHUICTEIBCTBYET, 4TO OOBemuHeHHE 64

KaHaJIOB HA OJUH YCHJIUTEIHHO-TIPE0Opa30BaTEIbHBIN TPAKT MPUBOIUT K BO3PACTAHUIO MEKKAHAJIBHBIX ITOMEX
1, KaK CJIeJICTBHE K yXy/IIEHHIO YyBCTBUTEIFHOCTH KAXKIOTO KaHaJa.

BoiBoabl. IlenecooOpa3zHo B JaHHOM cllydae OTrpaHHUYEHHME KOJIMYECTBa YIUIOTHSIEMBIX KaHalOB Ha OJUH
YCHJIHTEIBHO-IPEOOpa30OBaTe/IbHbI  TPakT. Tak, 0Opu oObeAWHEHMH 16 KaHAJIOB HA OJUH TPAKT,
YyBCTBUTEIBHOCTh KaXOTO KaHajJa OCTaeTcs JOCTaTOYHO BBICOKOW: mopsaka 1| K — mms cyneprereponnHHOTO
pazuoMeTpHUYecKoro IpueMHHKa, 1 MeHee 1 K — g pagnoMerprdeckoro mpueMHHMKA IPSAMOTO ycuieHusd. B
3TOM Cilydae KOJIMYECTBO YCHIIMTEIbHO-NIPE0Opa30BaTEIbHBIX TPAKTOB MPH OOIIEM KOJIMYECTBE KaHAJIOB B
MaTpuiie 64, paBHO 4eThIpe.

K/IIOYEBBIE CJIOBA: pagvomerpuyeckuid  OPUEMHMK  MWUIMMETPOBOIO  JMana3oHa  BOJIH,
paaroMeTpuiecKoe H300paxeHue.

PROBLEM STATEMENT

The multichannel (matrix) radiometric sensor contains a multibeam antenna with a group feed and a multichannel
radiometric (RM) receiver. As a focusing element of a multi-beam antenna, a parabolic one- or two-mirror antenna is
used, or a lens (dielectric, metal-plate, waveguide) antenna.

Multichannel RM millimeter band (MMB) is made either in the form of a set of channel receivers (matrix of
receivers), or according to the scheme of multiplexing channel signals to a common amplifier-converting path. The
output of the receiver is an on-board computing device that generates a RM image (RMI).

The development of principles for constructing a matrix RM receiver is associated with the solution of a number
of scientific and technical problems, the main of which are:

- selection of the optimal coefficient of overlapping of antenna radiation patterns of partial feeds, arrangement of
channel feeds in a group feed, matching of a group feed with a focusing element of a multi-beam antenna;

- implementation of the synthesis of the optimal scheme of a multichannel RM receiver, elimination of the
instability of the gain of individual channels;

- elimination of the mutual influence of local oscillators on the operation of adjacent channels.

The choice of the optimal value of the partial beam pattern overlap factor is decisive in the formation of a group
pattern, for assessing the level of the side lobes of the pattern, the antenna directivity factor, amplitude, phase and other
distortions of the pattern.
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Analysis of the results of experimental studies [3, 4] aimed at the formation of RMI by scanning and matrix RM
system MMB, allows us to conclude that the «half» overlap of the beam pattern of individual channels leads to an
increase in the signal-to-noise ratio in the generated image due to additional accumulation of the signal in the RMI
elements. In this case, the configuration of the image of the object, in contrast to the case without overlapping the beam
pattern, is not violated [5].

The simplest option for constructing a multichannel RM is to create a RM matrix, the number of which is equal to
the number of partial of the beam pattern. The output voltage of each RM is proportional to the brightness temperature
of one resolved frame element. In this case, the maximum fluctuation sensitivity of each individual channel is realized.
However, when performing RM receiver according to a super-heterodyne scheme, it becomes necessary to use a
powerful local oscillator common for a large number of channels or to synchronize all local oscillators in frequency.

The use of one powerful local oscillator with dividing the signal power into a large number of channel RM in a
matrix with a dimension 8x8 or more, or synchronization of the local oscillators of all channels leads to a significant

increase in the power of the common local oscillator and, as a consequence, to an increase in the overall and mass
characteristics of the onboard equipment. In addition, the «wiring» of signals from one local oscillator involves dividing
the power of the local oscillator signal into all channels in the MMB, which is technically difficult to implement.

It should also be noted that the signals of neighboring local oscillators, which are sources of radio waves, can
affect the quality of reception of the useful signal by a separate receiver in the matrix. The influence factors of the
signals of neighboring local oscillators can be characterized as follows.

1. The signals of neighboring local oscillators are summed with the useful signal of a separate i—th channel,
while the level of the useful signal changes.

2. In the frequency converter (mixer), beats occur between the signals of neighboring local oscillators and the
signal of the local oscillator, that is, additional frequency components of the interfering signal appear at the mixer
output.

3. In the event that the signals of neighboring local oscillators in the matrix are not synchronized in frequency,
additional frequency components can fall into the frequency spectrum of the useful signal. It is impossible to filter out
these frequency components without losing part of the useful signal power.

4. The harmful effect of frequency-converted signals of adjacent channels is manifested in a change in the level
of the useful signal, i.e. signal level in a single pixel of the image. Thus, in a certain part of the image pixels, the signal
level does not correspond to the actual one, and it is not possible to estimate this signal level.

5. In the case when the power of signals of neighboring local oscillators, converted in frequency and falling into
the spectrum of the useful signal, exceeds a certain level, the amplifying cascades of the RM go into saturation mode
and the process of receiving the useful signal is disrupted. In this case, part of the RMI pixels are lost, the current image
of the surface (object) being sighted is distorted, which can lead to disruption of the RM operation of the navigation
system as a whole.

The construction of a matrix of feeds on the principle of combining high-sensitivity low-noise direct
amplification RM receivers eliminates the disadvantages inherent in heterodyne circuits. However, in this case,
combining a large number of receivers into a matrix leads to the need to ensure the layout, power supply, heat removal,
and other technical difficulties.

One of the most important is the issue of reducing the cost of a multichannel RM receiver. (According to the data
of OAO NPP Saturn and the State Research Center «lceberg», Kiev, the approximate cost of one RM channel of direct
amplification is ~ 1 thousand cu, and its mass is 80 g. At the same time, the cost of the RM matrix (excluding the cost
of the antenna, signal processing and image forming devices) with a dimension of 8x8 will be 64 thousand cu, and the
mass of the matrix is 5.12 kg.

The listed factors, both for super heterodyne RM receivers and for RM receivers of direct amplification, to one
degree or another lead to a decrease in the accuracy of measuring the coordinates of the sighted objects by the
radiometric correlation — extreme system.

The aim of the research is to develop a method for increasing the accuracy of the RM of the correlation —
extreme system based on the use of the matrix RM receivers of the millimeter range with channel compaction.

ANALYSIS OF THE PRINCIPLES OF CONSTRUCTING
A MULTI-CHANNEL RM RECEIVER MMB

By analogy with information transmission systems [4], RM systems can also use the methods of frequency, time
multiplexing and channel separation, as well as the multiplexing method with channel separation according to the
waveform [4].

The method of frequency multiplexing in RM systems with large absolute values of the signal frequency band is
difficult to implement technically.

The time division multiplexing method requires the use of high-speed interrogation switches (connection) of
partial antenna feeds to a common receiving-amplifying path. The high speed of sequential polling is limited by the
time of signal accumulation by the radiometer from each partial feed (channel), which is dictated by the need to
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implement the required sensitivity of the PM receiver. The method of temporal densification in terms of speed is similar
to the method of sequential survey of space.

Analysis of existing methods of multiplexing and channel separation allows us to conclude that for
multichannel RM receivers, the time-division multiplexing method and the linear multiplexing method with channel
separation according to the waveform are the most appropriate [4]. In [2, 5], a functional diagram of a multichannel RM
with linear multiplexing of channels according to the form of signals is proposed. This scheme can also be used to
implement the time division multiplexing method.

In this work, the amplifier-conversion path of the receiver, common for all channel signals N, is represented by
an intermediate frequency amplifier. This eliminates the influence of the non-stability of the gain of adjacent channels
on the generated image. The instability of the gain of its own amplifying-converting tract is eliminated due to the
modulation of channel signals by Walsh's orthogonal functions.

The disadvantage of this circuit is that the frequency converter (mixer and local oscillator) is placed at the input
of each N of the channels (at N the outputs of the multi-beam antenna). In this case, the above factors of the harmful
influence of the signals of neighboring local oscillators on the process of forming the RMI take place.

Figure 1 shows a functional diagram that implements the method of linear multiplexing with channel separation
according to the waveform. This scheme is given in [2].
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Fig. 1. Functional diagram of a multichannel RM with linear channel multiplexing
and separation by waveform

The useful signal x;, ie 1,N is a narrow-band normally distributed noise with a spectrum width Af and a
radio brightness temperature T_ proportional to the intensity (power) of the radiation of the sighted area of the surface

or an object at the input of the i-th channel.

With the help of switches (K, K,...,K,), signals are modulated in each channel by signals (functions)
(Yy,---Y,) » which must be digital and belong to the family orthogonal on the interval [0, ] [2, 5]. Further, the signals of
all channels are fed to the input of the adder and to the general amplifying-converting path, where the noises of the RM
with power are added to the signal T .

If the receiver is made according to a super heterodyne circuit, the amplifying-conversion path contains a
frequency converter (mixer and local oscillator), an 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.

In both cases, there is one path for receiving, converting and amplifying the group signal, and thus there is no
need to synchronize the local oscillators of individual channels. The source of the internal noise of the receiver is either
the intermediate frequency amplifier or the high-frequency amplifiers of the common amplifying-converting path.

Further, the mixture of signal and noise, passing through the square-law detector, is divided by power into N
channels and fed to synchronous detectors (SD,...SD,), to the second inputs of which demodulating functions are

received, similar to modulating functions (yi,-y5). The low-pass filter (low pass filter) integrates (statistical
averaging) a signal with a noise structure over time T .

In the particular case of time-division multiplexing of channels, the functional diagram (Fig. 1) does not change.
The difference is that the switches (K,,K,...,K ) are connected to the adder in series.

With a small signal-to-noise ratio in each channel (which is typical for RM receivers), the optimal set of control
functions is the family of Walsh functions [5]. In this case, the sensitivity for each channel corresponds to the sensitivity
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of the modulation RM, and in comparison with the sensitivity of the compensation RM, it drops by about a factor of
two.

Taking into account the or the normality 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.

SIGNAL FLOW ANALYSIS IN A MULTIPLEXED RM RECEIVER
A multichannel radiometric receiver works as follows. Useful signals u_(t), ie1 N are fed to the inputs N of
the corresponding switching devices (modulators) (K,,K,...,K). With the help of switches (K,,K,...,K), signals

N

are modulated in each channel by orthogonal digital functions from the family {yi (t) =%[1—wali(t)]} , which is
i=1

built on the basis of the ensemble of Walsh functions [5]. Then the signals are fed to the inputs of the quasi-optical

adder. The signal at the output of the adder can be written as follows:

u, () =Z\/Tayi (1) 0, (), )

where L~Jci (t) —is the power (brightness temperature) normalized oscillation of the useful signal of the i-th channel, i.e.

the power of the oscillations is always equal to one.

The signal from the output of the adder is fed to the input of the amplifying-converting path, where the internal
noise of the RM of the receiver is added to the useful signal: the noise of the intermediate frequency amplifier in the
case of a super heterodyne RM receiver, or the high-frequency amplifiers noise — in the case of constructing a receiver
according to a direct amplification scheme without frequency conversion. The internal noise of the RM is completely
identical to the useful signal and can be written in the form:

uy (=T, U, (1), @)

where T, —is the power of the intrinsic noise of the RM of the receiver;

UN (t) —is the power-normalized oscillation of the receiver's own noise.
Further, the mixture of signal and noise, having passed the square-law detector, is divided by power into N
channels and fed to synchronous detectors (SD,...SD,), to the second inputs of which demodulating functions from the

family are received:
N

{y;(t) =—§wali<t>} : ©)

i=1

We emphasize that the demodulating functions must be from the ensemble (3) of inverted Walsh functions, and
the zero function is excluded. In this case, for a certain part of the period of the control functions, the modulators of all
channels are simultaneously closed, and this interval is used to measure the intrinsic noise of the amplifying-converting
path, as in the modulation receiver. A low-pass filter (low pass filter) integrates a signal with a noise structure over time
T.

In the particular case of time-division multiplexing of channels, the functional diagram (Fig. 1) does not change,
and the switches (K,,K,...,K,) are connected to the adder in series.

At the output of each SD, the signal is determined by the expression:
1& = o,
i=1
The average value of the signals at the output of the low-pass filter is:

<uc(t)>=%<[2\/n y. (1) U, () +T, UN(t)} y:(t)> . 5)

The average value of the products <L~Jci (t)ON(t)>=O of the type is equal to zero due to the uncorrelated signal
and noise components. Taking into account the orthonormality of the Walsh functions:

li=xk
()Y (1))=<=
SAGNAG) {O’in, (6)
the signal at the output of each channel will be proportional T, i.e. intensity (power) of the signal at the input of this
channel.

Figure 2 shows a graphical illustration of a system of modulating Walsh functions from N=7 functions
(N=2k -1, ke N) and an overlap factor n=4 (four channels are simultaneously open).
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To determine the sensitivity of each RM channel, it is necessary to find the ratio for the variance of fluctuations
of the signal noise component.

Since the signals at the input of each channel of the radiometer are statistically independent, Gaussian random
process, the variance of fluctuations of the noise component of the signal at the output of the radiometer (at the output
of the common amplifying-converting path) can be represented as follows:

D=YD,, @

where n=Aft — is the number of independent samples according to Kotelnikov on the interval [0,1], D, —is the

variance of fluctuations of the noise component of the signal at the output of the i—th channel.
Let us introduce into consideration the concept of the minimum time interval At during which the modulating
Walsh functions retain their value.

It can be shown that for the case considered in Fig. 2, At=%, where p=2", and m — is the number of the

maximum dyad of the Walsh functions used.

m(t) |
| |
| | |
[ ] [ ]
1 r1 [
(1 [ 1 []
Fig. 2. Graphic illustration of Walsh functions
In the case under consideration, p = 8. Then expression (7) can be rewritten as:
< L Af
D=Z(2Dik)=IZD2k=TT(TZk)27 (8)
k=1 i=1 k=1

N
where T, =ZTCi + T, —is the total temperature of the signal at the k—th minimum time interval, At, I=AtAl
j=1

In [6], an expression was obtained for the dispersion of a multichannel radiometer for the case of arbitrary N:

Af
DN=TT[N(N+1)TCZ+4NTC T, +4T2]. ©)
The useful signal at the output of each PM channel is proportional to:
Tcout =Tc A?f‘r ' (10)

where T, —is the signal temperature at the input of each channel.

Consider the worst case when the signals at all inputs are equal to the maximum value T; =T, iel N.
Then the expression for the voltage signal-to-noise ratio at the output of each channel of the RM [2]:

TCOUI lq Aft
Quu == =2 NNTD (11)
VEN J1+ Nq+Tq2

T . . . . .
where q =T—C — is the signal-to-noise ratio at the input of each RM channel.
N
Understanding by the sensitivity 8T of the radiometer the brightness temperature of the input signal, at which
the value of the signal-to-noise ratio at the output is equal to unity, from expression (11) we find the ratio for the
sensitivity of each channel of the RM:

8T=ﬂ 1+ Ng+

JAfr
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CONCLUSION
The results of calculations using formulas (11), (12) are shown in the graphs in Fig. 3.
Q1~1O4 — S 6T,KZI.OO%
L direct = -
' amplification ] super
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[ .J —— H . |
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P [ 1 ’ >
‘ H—= ==
-v-.-...... \\ N S o| ¥ ol
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[ LT I R
0.01
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Fig. 3. Graphic of Q=f(N), 8T=f(N)

Analysis of the calculation results (Fig. 3) indicates that the combination of 64 channels into 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 the super heterodyne RM, the degradation of the sensitivity in comparison with the single-channel
modulation RM is ~ 6 times. The sensitivity of direct amplification RM (at N =64 ) deteriorates 12 times compared to a

single-channel modulation PM.
In this case, it is advisable to introduce a limitation on the number of combined channels per amplifier-conversion path.

So, when combining, for example, 16 channels (N=24) per one path, the sensitivity of each channel remains high

enough: dT=1K - for super heterodyne RM, 8T=0,15K — for RM direct amplification (r=0,ls). In this case, the
number of amplifying-conversion paths with the total number of channels in the matrix is N =64, equal to four.
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