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CONCENTRATED ON A SPECTRUM

O6’cxmom dociddcenss € nPouec SMeHULEeHH NePEK00U 8 NACUSHOMY PACIOMEMPUUHOMY NPULIMAYT, 30Cepedce-
HOI N0 Cnexmpy nepewroou, 3 6UNadK06oio abo aminnoio wacmomoio. Iepewxodocmitikicms MoxcHa nideuwyeamu
3a 00NOM02010 CREULATLHUX CXEM, U0 3aN06i2AI0Mb NEPEBAHMANCEHHIO NPULUMAYA T BUKOPUCTROBYIOMb GIOMIHHOCTI
8 XapaxmepucmuKax KOPUCHUX CUZHANIE T nepeuroo 0715t SMEHUEHH. OCMAHHIX. K npasuio, HIKOIU MOUHO Hesido-
Ma Yacmoma Koausans nepewKoou i, Kpim mozo, peaivia nepeurooa Hikoau ne 6yeac wucmo zapmouiinoro. Tomy
BUHUKIA HEOOXIOHICb MEeOPEeMUUN020 PO32IA0Y CIMYNEHs. SMEHUEHH NePEUKOOU BXIOHUM LaHIi020M padiomempa
nPU HEGIOOMOMY SHAUEHHT UACTNIOMU NEPEUKOOU | KINYEBIT WUPUHT CREKMPA, G MAKONHC MEOPEMUUHO 0OTPYHMYBAMU
MONCUBE cnOCOOU NOBYAOBU AOANMUBHUX NPUCMPOIE SMEHULEHNS PEATbHOT 8Y3bKOCMY20801 NEPeuKoou.

Ompumano supas 015 KoeQiyienma smeHuets 30cepedrceroi no CneKmpy nepeuroou, KUl NOKAsye, uo nepe-
wK00a 6y0e SMeHUYBAMUCS. ABMOMATIUYHO NPU ONMUMATLHOMY 6UO0Pi napamempis ky, T, T cucmemu, wo cmedxncums.

Y po6omi npusedena pynxuionarvna cxema padiomempuunozo NPUUMaua, aKkda GUKOPUCTOBYE AOANMUBHY
cucmemy 01 AMeHUEHH 30cePedIceroi no cnekxmpy nepewxodu. Adanmuena cucmema 6yaia 3achHo8ana Ha 6Ku0-
YEHHI 8 CXeMY PadioMemMPUUHOZ0 NPULMAYA 000AMKOB020 KOMNEHCYI04020 nepeurodu ianyroeza. Komnencyrouuil
nepewrody 1anuioz 003606 nidsuuwumu wymausicms nputimava 0o 10—20 Bm 3 mounicmio do 0,1 ° C i weudkxodieo
2...4 c. Kpim amenwenns nepeuxoou KOMReHcyiouoio JIanKo1o, w0 Cmoimo nicis niocumosava npomincnoi uacmomu,
3a6e3neuyemvcs aMenuens nepewxoou i 6xionum ianyrozom. lpu ypomy sazarvnuil euzpaul 6 3a6a00CMILKOCMI
Q0Cni0KHCY8aH020 PAIOMEMPUUHOZO NPULLMAYA 8 NOPIBHIHHT 3 KOMNEHCAUIUHUM, SIK NOKA3YI0Mb POIPAXYHKU 05l
munosux xapaxmepucmux, 6yde ne zipute, 1nixc 6 30 0b.

Kmwouosi cnoBa: padiomempuunuil nputimay, SMeHweHHs 30cepedierol no cnekmpy nepeuroou, KOMNeHcyui

nepeurooy Koua.

1. Introduction

Systematic control over the health of farm animals
becomes a necessary condition for the functioning of live-
stock complexes, and its improvement is one of the most
important tasks of veterinary science and best practice [1].
At present, the main indicator of the state of animals is
temperature. In veterinary practice contact (thermometers)
and non-contact (thermal imagers) methods of temperature
measurement are used. The use of thermometers leads
to injuries or rupture of the rectum. The use of thermal
imagers requires the fixation of animals and special prepara-
tion of the skin surface [2]. Therefore, preference should
be given to a remote method based on the reception of
the thermal radiation of the animal organs. The power of
thermal electromagnetic radiation of tissues and organs of
animals is 1071-10720 W. Veterinary diagnostic system of
radiothermal mapping is intended for diagnosing circulatory
disorders, tumors, inflammatory processes of internal organs
of animals. The analysis of existing radiometric receivers
shows that their parameters do not meet the requirements
for accuracy, sensitivity and noise immunity. The sensitivity
of existing radiometric receivers in the millimeter range
does not exceed 107! W. A millimeter-wave radiometric
system for measuring the animals’ own electromagnetic
radiation, having a relatively wide reception band, can
be exposed to a combination of interference [3]. The
main sources of interference for the radiometric system,
in the zone of measurement with animals, are industrial

disturbances [4]. A practical analysis shows that one of
the dangerous is a spectrum-focused interference with
a random or varying frequency, which can be suppressed
by means of special circuits using differences in the cha-
racteristics of useful signals and interference [5]. Therefore,
suppression of a noise-centered noise, with a random or
varying frequency, is an actual problem.

2. The ohject of research
and its technological audit

The object of research is the process of interference
suppression in a passive radiometric receiver, concentrated
along the spectrum of the interference, with a random
or varying frequency. From the analysis of passive ra-
diometric receivers of superheterodyne, modulation and
additive-noise types, it follows that their measurement
sensitivity depends on the action of a spectrum-centered
noise with a variable frequency [3]. Considering the high
probability of interference effects on the system in the area
of measurements, both active and passive, it is necessary
to provide for an increase in its noise immunity in the
event of exposure to possible types of interference during
the construction of the system. The following measures
should be used as the basis for suppressing interference
concentrated on the spectrum [5]:

— development of new schemes;

— improvement of known schemes (broadband band-

width expansion, increase in integration time, increase
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in amplification, application of a delay line in the input

circuit).

Thus, it can be concluded that in the construction of
radiometric systems in the millimeter range, the following
determining shortcomings should be considered:

— because of the randomness of the interference fre-

quency, and also in the presence of a tunable interfe-

rence, the degree of its suppression is unpredictable;

— for the purposes of passive radiometric reception,

there are no ways to combat this kind of interfe-

rence [5, 6];

— the impossibility of quickly (electronically) to ad-

just the delay time in the input signal circuit when

operating in the millimeter wave band [1, 4].

In this regard, a method based on incorporating an
interference compensating circuit is more preferable. The
interference compensating circuit is installed in the in-
termediate frequency amplifier path after the frequency
conversion. For the substantiation of this method it is
necessary to carry out theoretical studies.

3. The aim and ohjectives of research

The aim of research is a theoretical analysis of the
circuits in the structure of a radiometric receiver for
suppressing a noise concentrated on the spectrum, with
a random or varying frequency.

To achieve this aim, it is necessary to perform the
following tasks:

INDUSTRIAL AND TECHNOLOGY SYSTEMS:
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tion of biological objects [13, 14] shows that there are no
methods of combating this class of interference. In [15],
a method for suppressing a narrow-band, spectrum-centered
noise with a random or varying frequency is developed
using an adaptive system. The principle of interference
cancellation is based on the tuning of the delay time in
the input circuit, until the interference frequencies and the
center frequency of the input circuit coincide. However,
this method has a number of disadvantages, the main
one of which is the impossibility of quickly (electroni-
cally) realizing the delay time in the input circuit when
operating in the millimeter wave band. In this regard,
the method of suppressing interference concentrated on
a spectrum with a random or varying frequency using
special schemes using differences in the characteristics of
useful signals and interference is more preferable.

5. Methods of research

The functional diagram of the radiometric receiver,
which uses an adaptive system for suppressing the spec-
trum-centered interference, is shown in Fig. 1.

The circuit of the radiometric receiver (Fig. 1) ad-
ditionally includes an interference compensating circuit,
which is installed in the intermediate frequency ampli-
fier (IFA) channel after the frequency conversion, as well
as a scheme for automatically tuning the local oscillator
frequency with respect to the frequency of the interference.

1. To substantiate the interference — ) )
compensating circuit in the intermediate ™ [ o N IV BN R B H 5
frequency path of the passive radiometric > S L N
receiver. 1

2. To determine the suppression coef-
ficient of harmonic interference in power *
by the tracking system of the radiometric ac ol G — T
receiver. 7,

°

4. Research of existing )

solutions of the prohlem ( 4 = FD v

A millimeter-wave radiometric system (o)

for measuring the animals’ own electro-

magnetic radiation, which has a relatively
wide reception band, can be subjected to
a combination of interference [6]. The
main sources of interference for the ra-
diometric system, in the zone of mea-
surement with animals, are industrial dis-
turbances [7, 8].

Literary analysis shows that one of the most dange-
rous is interference concentrated along the spectrum, with
a random or changing frequency, which can be suppressed
by means of special circuits using differences in the cha-
racteristics of useful signals and interference [9].

It is considered in [10] that the noise-centered in-
terference will be suppressed by the input circuit with
different degrees, depending on the amount of detuning of
the carrier frequency of the interference from the central
frequency of the input circuit. Due to the randomness of
the interference frequency, and also in the presence of
a tunable interference, the degree of its suppression is
unpredictable [11, 12]. The analysis of works devoted to
the passive radiometric reception of electromagnetic radia-

Fig. 1. Functional scheme of a radiometric receiver with an adaptive system for suppressing

a spectrum-centered interference: Ty, Ty, T3 — delay time; ¥ — signal summator; M — mixer;

> — amplifier; () — operation of generalized quadratic detection; < > — averaging operation;
FD - frequency discriminator; G — generator; AC — amplifier of direct current and control device;

~ — low-pass filter

To clarify the capabilities of the developed device,
let’s estimate the suppression degree of the narrow-band
noise that appeared in the middle quarters of the IFA
band.

Let’s begin from the following basic assumptions:

1. The control element and the discriminator are inertia-
free devices that use only linear sections of their static
characteristics, and are characterized by the steepness of
the S¢ and Sp transformations, respectively.

2. The value of the amplification factor of the IF ampli-
fier (intermediate frequency amplifier) and the DCA (DC
amplifier) is taken into account in the steepness values Sp
and S¢, respectively. Therefore, let’s set the amplification
factors of the Kjpy=Kpca=1.

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/1(40), 2018

33—)



BHPOEHHY0-TEXHO/MOIT4YHI CHCTEMM:
( E/NIEKTPOTEXHIKA TA NPOMMCNOBA ENEKTPOHIKA

I55N 2226-3780

3. The filter is a linear element consisting of an RC chain,
and its transfer function is defined by the expression:

1

KF(P):TFH’ M

where Tr — the time constant of the filter.

4. The interference is harmonic and acts at a constant
frequency f; =const with constant amplitude of the A,
and the tuning frequency of the discriminator exactly
coincides with the center frequency of the compensating
circuit f,= fy;r;, which also remain unchanged in time.

Then, taking into account the foregoing, the frequency
of interference in the IFA path will be determined from
the expression:

fluv'(t):fl(t)_fo(t)’ (2)

where f,(¢) — the local oscillator frequency, and in the
steady state, the accuracy of coincidence of the interference
frequency at the intermediate frequency (IF) with the center
frequency of the compensating circuit can be expressed in
increments:

fIIF (t)z_Afo(t), (3)
that is, it is determined by the error of controlling the local
oscillator frequency.

The error of the servo system is the difference between
its actual output signal f,(¢) and the required output
signal fo, (¢), which consists of the error in working out
the required amount of tuning of the local oscillator Afy,(¢)
and the error resulting from the action of the system
noise Afoy(t), i. e

fo(t)_fon (t):Afo(f):Afor(f)+Afom'(t)~ (4)

Let’s determine the error in working out the required
adjustment value. Taking into account that the frequency
of the interference is constant, on the basis of the theory
of automatic control, the error in the determination is
determined by the expression:

AfOT (t) = Co ‘fou: - fuf )

()

where Cy — the error of position, which is determined by the
value of the transfer function of the system W(p) at the origin:

Cy=1-W(p).

For a circuit of automatic control of the local oscil-

lator frequency, the transfer function of the system will
look like:

W(p)= . 6
(P)—m, (6)
where £, =5,-S
open system.
Then the error rate Cy will be written in the follo-
wing form:

. — the total amplification coefficient of the

k,
Cy=1— =

but the completion error:

‘f(m Jur ‘

Mo =41 (M

From expression (7) it is easy to see that the error of
working off depends on the absolute value of the required
adjustment value. With a sufficiently large amplification
of the open system k,>1, the error can be achieved by
a predetermined degree of smallness.

Let’s define the error of the system, which is the result
of the action of noise. The main source of noise acting
at the input of the frequency discriminator will be the
internal noise of the radiometric receiver. It is known that
the dispersion of the signal at the output of the system
is determined by the expression [5]:

{ =
ol = %JSX (0)A2(0)do, (8)

where S, (w) — the spectral density of the signal acting at
the input of the system; A(w):‘W(jm)‘ — module of the
complex frequency response of the system.

Taking into account that the internal noises of the
radiometric receiver arriving at the input of the discrimina-
tor are an ergodic normal random process of the type of
quasi-white noise, with the spectral density S, acting in
the IF band, and the modulus of the frequency response
is given by:

Alw)=

ka

Jjo

then expression (8) for the control circuit of the local oscil-
lator frequency can be rewritten in the following form:

ol = 1 T k2 -0y

\ +h,+1

S -k? r:
0" OLTVJ‘ do (9)
0

T+ ko 41"

where oy = 1[rad2/W] — the unit coefficient, which takes
into account the transformation of the amplitude noise into
a frequency fluctuation.

After integration, let’s finally obtain:

y Sokioiy y
ook, +1) 0

Thus, taking into account expression (3), the obtained
value o2 will be the variance of the frequency fluctuation
of the interference at the input of the compensating circuit.

Let’s find the expression for the dispersion of the interfe-
rence amplitude at the output of the decompressing circuit.

In the general case, the interference signal is repre-
sented as:

Ui ()= A cos| upet + J Ao (¢)de |, (11)

where A; — the amplitude of the interference; Aw(¢) — the
fluctuations of the interference frequency.
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In the case under consideration, the frequency fluctua-
tions Aw(¢) will be slow, in comparison with coswyz- ¢, by
a stationary random process with the dispersion determined
by the expression (10).

The dispersion of the interference amplitude at the
output of the compensating circuit is determined in ac-
cordance with (8):

1
D, :%gSf(w)Kz(m)dm,

(12)

where S (®) — the spectral density of the interference at the
input of the compensator; K(®) — the transmission coefficient
of the compensating circuit.

6. Research results

For the investigated case, under the normal distribu-
tion law of frequency fluctuations, the shifted interference
spectrum at the input of the compensator has the form [6]:

¢ 2%, (13)

Thus, substituting expression (13) in (12) and taking
into account the fact that §;(w)= 2n.§'1(w), let’s obtain the
dispersion of the interference amplitude at the output of
the system:

o A2 ®?

D, =T§,(m)l€'2(w)dwzjﬁ :
0 0 2 2no;,

in2| < d _4& 1 76;6212 14
XSsin 7 (D—T —e y ( )
_ (ot
where K?(®)=sin? [2]
Finally, taking into account (10), let’s write:
A2 Sokit*ar y
D,:TI 1—e Tl (15)

From the expression (11) let’s define the interference
power at the input of the compensating circuit:

P11N:71-

(16)
Then the suppression coefficient of harmonic interfe-
rence by the power of the servo system will be written as:

K—&—i 1—ex _M
T 2| TP T () |

It is seen from (17) that in the absence of internal
noises, the case Sy=0, the coefficient K;=0 that is, the
harmonic interference will be suppressed completely. Thus,
with the optimal choice of the parameters k,, T, T of the
tracking system for suppressing narrow-band noise, it will
be automatically performed when the interference frequency
is combined with the center frequency of the compensating

17)
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link. It should be noted that in addition to interference
suppression, the compensating link after the intermediate
frequency (IF) amplifier will be provided with interference
suppression and an input circuit. In this case, the overall
amplification in the noise immunity of the radiometric
receiver (Fig. 1) compared with the compensatory receiver,
as calculations for typical characteristics show, will not
be worse than 30 dB.

7. SWOT analysis of research resulis

Strengths. For the remote determination of the condition
of animals, a passive radiometric receiver of the modulation
type should be used. The radiometric receiver is designed
for measuring the thermal electromagnetic radiation of tis-
sues and organs of animals in the range of 30-40 GHz.
The suppression of a focused noise, with a random or
varying frequency, up to 30 dB allows:

— increase the sensitivity to 1071 W, instead of 10717 W;

— increase the detection of temperature fields to 10 cm,

instead of 5 cm;

— increase speed up to 1 second, instead of 2...4 seconds;

— increase the reliability of diagnoses by an order of

magnitude when analyzing the picture of the animal’s

thermal field.

Weaknesses. The weakness of the receiver is that it
requires further development to protect against industrial
and broadband interference.

Opportunities. The use of a radiometric receiver for
the diagnosis of the condition of animals has allowed in
their treatment:

— reduce the consumption of medicines by 15...20 %;

— to develop a feeding ration and conditions for their

maintenance and, as a result, increase productivity by

20..25 %;

— save the economy (1000 head of cows) 5000...6000 USD.

The cost of completion will not exceed 10 % of the cost
of the radiometric receiver.

Threats. The cost of modifying the receiver to protect
against industrial and broadband interference will be ap-
proximately 10 % of the cost of the radiometric receiver.

1. The compensating circuit in the intermediate fre-
quency channel of the radiometric receiver is justified.
The peculiarity of this circuit is that it suppresses, at
30 dB, the interference concentrated on the spectrum,
with a random or variable frequency.

2. An expression is obtained for the suppression coef-
ficient of the interference concentrated on a spectrum,
which shows that the interference will be suppressed auto-
matically for the optimal choice of the parameters k4, T, T
of the servo system.
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