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A Unigue Method for Detecting and
Characterizing Low Probability of Intercept
Frequency Hopping Radar Signals by means of
the Wigner-Ville Distribution and the Reassigned
Smoothed Pseudo Wigner-Ville Distribution'

Daniel L. Stevens

Abstract- Low probability of intercept radar signals, which are
may times difficult to detect and characterize, have as their
goal ‘to see but not be seen’. Digital intercept receivers are
currently moving away from Fourier-based techniques and
toward classical time-frequency techniques for analyzing low
probability of intercept radar signals. This paper brings forth
the unique approach of both detecting and characterizing low
probability of intercept frequency hopping radar signals by
employing and comparing the Wigner-Ville Distribution and the
Reassigned Smoothed Pseudo Wigner-Ville Distribution. Four-
component frequency hopping low probability of intercept
radar signals were analyzed. The following metrics were used
for evaluation: percent error of: carrier frequency, modulation
bandwidth, modulation period, and time-frequency
localization. Also used were: percent detection, lowest signal-
to-noise ratio for signal detection, and relative processing
time. Experimental results demonsirate that overall, the
Reassigned Smoothed Pseudo Wigner-Ville Distribution
produced more accurate characterization metrics than the
Wigner-Ville Distribution. An improvement in performance
could potentially translate into saved equipment and lives.

[. INTRODUCTION
Q low probability of intercept (LPI) radar that uses

frequency hopping techniques changes the

transmitting frequency in time over a wide
bandwidth to prevent an intercept receiver from
intercepting the waveform. The frequency slots are
chosen from a frequency hopping sequence, which is
unknown to the intercept receiver, thereby giving the
radar the advantage in processing gain over the
intercept receiver. The frequency sequence appears
random to the intercept receiver, thereby making it
nearly impossible for the intercept receiver to follow the
changes in frequency [PACO09]. This, in turn, prevents a
' from jamming the transmitted frequency

jammer
[ADAO4]. Frequency hopping radar performance

Author: Air Force Research Laboratory Rome, NY.
e-mail: daniel.stevens.7@us.af.mil

" Approved for Public Release; Distribution Unlimited: Case Number:
AFRL-2022-4315 20220912.

depends only slightly on the code used, given that
certain properties are met. This allows for a larger
assortment of codes, making it even more difficult to
intercept.

Time-frequency signal analysis includes the
analysis and processing of signals which have time-
varying frequency content. These signals are best
represented by a time-frequency distribution [PAP94],
[HANOO], which displays how the energy of the signal is
distributed over the two-dimensional time-frequency
plane [WEI03], [LIX08], [©0ZD03]. The processing of the
signal may then exploit the features produced by the
concentration of the signal energy in two dimensions
(time and frequency), as opposed to one dimension
(either time or frequency) [BOAO3], [LIYO3]. Since noise
has a tendency to spread out uniformly over the time-
frequency domain, whereas signals tend to concentrate
their energies within limited time intervals and limited
frequency bands; the local SNR of a noisy signal can be
improved simply by using time-frequency analysis
[XIA99]. Also, an intercept receiver can increase its
processing gain through the implementation of time-
frequency signal analysis [GULO08].

Time-frequency distributions can be extremely
beneficial for the visual interpretation of signal dynamics
[RANO1]. An experienced operator will be better able to
detect a signal and extract its parameters by examining
the time-frequency distribution [ANJ0O9].

a) Wigner-Ville Distribution (WVD)

One of the most prominent time-frequency
distribution members is the WVD. The WVD satisfies a
great number of desirable mathematical properties. It is
always real-valued, it preserves time and frequency
shifts, and it satisfies marginal properties [AUG96],
[QIA02]. The WVD is a transformation of a continuous
time signal into the time-frequency domain, and is
computed by correlating the signal with a time and
frequency translated version of itself, making the WVD
bilinear. In addition, the WVD exhibits the highest signal
energy concentration in the time-frequency plane

© 2022 Global Journals
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[WILOG]. By using the WVD, an intercept receiver can
come close to having a processing gain near the LPI
radar's matched filter processing gain [PAC09]. The
WVD also contains cross term interference between
every pair of signal components, which may limit its
applications [GULO7], [STE96], and which can make the
WVD time-frequency representation hard to interpret,
especially if the components are numerous or close to
each other, and the more so in the presence of noise
[BOAO3]. This lack of readability can in turn translate
into decreased signal detection and parameter
extraction metrics, potentially placing the intercept
receiver signal analyst in harm’s way.

The WVD of a signal x(t) is given in equation (1) as:
to T T .
— N\ _ _\,o—j2nft
W, (t, f) _f_w x(t+2)x (t Z)e J dt M

or equivalently in equation (2) as:

+°O § §

wen=[ xg+pr(r-3)ema @)

b) Reassigned Smooth Pseudo Wigner-Ville Distribution
(RSPWVD)

The original idea of reassignment was
introduced in an attempt to improve the Spectrogram
[0OZD03]. As with any other bilinear energy distribution,
the Spectrogram is faced with the trade-off between the
reducing the misleading interference terms and
sharpening the localization of the signal components.

We can define the Spectrogram as a two-
dimensional convolution of the WVD of the signal by the
WVD of the analysis window, as in equation (3):

S.(tfih) = ff W, (5, W, (t —s,f — O)ds dE  (3)

Therefore, the distribution reduces the
interference terms of the signal’'s WVD, but at the
expense of time and frequency localization. But a closer
look at equation (3) shows that W, (t — s, f — &) delimits

a time-frequency domain at the vicinity of the (t,f)
point, inside which a weighted average of the signal’s
WVD values is performed. The key point of the
reassignment principle is that these values really have
no reason to be symmetrically distributed around (t, f),
the geometrical center of this domain. Their average
should not be assigned at this point, but rather at the
center of gravity of this domain, which is more
representative of the local energy distribution of the
signal [AUG94]. Using a mechanical analogy, the local
energy distribution W, (t —s,f —&EW,(s,&) (as a
function of sand é) can be considered as a mass
distribution, and it is much more accurate to assign the
total mass (i.e. the Spectrogram value) to the center of
gravity of the domain rather than to its geometrical
center. Another way to look at it is this: the total mass of
an object is assigned to its geometrical center, an
arbitrary point which, except in the very specific case of
a homogeneous distribution, has no reason to suit the
actual distribution. A more meaningful choice is to
assign the total mass of an object, as well as the
Spectrogram value, to the center of gravity of their
respective distribution [BOAO3].

This is exactly how the reassignment method
proceeds: it moves each value of the Spectrogram
computed at any point (¢, ) to another point (£,f) which
is the center of gravity of the signal energy distribution
around (¢, f) (see equations (4) and (5)) [LIXO08]:

s Wyt = s, f — OW,(s,&)ds dE

it f) = [ Wyt =s, f — OW,(s,&)ds dE

e Wyt = s, f — OW,(s,€)ds d§
[ Wit = s, f — W, (s, &)ds dE

leading to a reassigned Spectrogram (equation (6)),
whose value at any point (t, f ) is the sum of all the
Spectrogram values reassigned to this point:

fltf) =

SO f'ih) = ﬂ S, (6. f;o(t — bt 08 (F = Fls e, ) de df ®)

An interesting property of this new distribution is
that it also uses the phase information of the STFT, and
not just its squared modulus, as in the Spectrogram. It
uses this information from the phase spectrum in order
to sharpen the amplitude estimates in both time and
frequency. This can be seen from the following
expressions of the reassignment operators:

dq)x (t: f: h)

tt, f) =~ aF

(7)

© 2022 Global Journals

dcbx (t: f; h)
S ®

where @, (t,f;h) is the phase of the STFT of x :
D, (t,f;h) =arg F (t, f; h)). But these expressions
(equations (7) and (8)) do not lead to an efficient
implementation, and have to be replaced by equations
(9) (local group delay) and (10) (local instantaneous
frequency):

fetf)=f+

©)

bt f)=t- mr"(t'f‘ Ty (& f h)}

|Fx(t,f;h)|2



featfy=f-5 {Fx(t'f Dy E (8.1 ’”} (10

|Feefimy |2

where T, (£) = t x h(t) and D, (£) = 52 (). This leads to
an efficient implementation for the Reassigned
Spectrogram without explicitly computing the partial
derivatives of phase. The Reassigned Spectrogram may
thus be computed by using 3 STFTs, each having a
different window (the window function h; the same
window with a weighted time ramp t*h; and, the
derivative of the window function h with respect to time
(dh/dt)). Reassigned Spectrograms are therefore very
computationally efficient to implement.

Since time-frequency reassignment is not a
bilinear operation, it does not permit a stable
reconstruction of the signal. In addition, once the phase
information has been used to reassign the amplitude
coefficients, it is no longer available for use in
reconstruction.  For this reason, the reassignment
method has received limited attention from engineers,
and its greatest potential seems to be where
reconstruction is not necessary, that is, where signal
analysis is an end unto itself.

One of the most important properties of the
reassignment method is that the application of the
reassignment process to any distribution of Cohen’s

class, theoretically yields perfectly localized distributions
for chirp signals, frequency tones, and impulses. This is
one of the reasons that the reassignment method was
chosen for this paper as a signal processing technique
for analyzing LPl radar waveforms such as the
frequency hopping waveforms (which can be viewed as
multiple tones).

In order to resolve the classical time-frequency
analysis deficiency of cross-term interference, a method
needs to be used which reduces cross-terms, which the
reassignment method does.

The reassignment principle for the Spectrogram
allows for a straight-forward extension of its use for other
distributions as well [HIPOQ], including the WVD. If we
consider the general expression of a distribution of the
Cohen’s class as a two-dimensional convolution of the
WVD, as in equation (11):

Co(tf1) = ff (= s, f — OW, (s, E)ds dE (1)

replacing the particular smoothing kernel W, (u, £) by an
arbitrary kernel TI(s, &) simply defines the reassignment
of any member of Cohen’s class (equations (12)
through (14)):

[ st — s, f — W, (s,€)ds d&

txt,f) =

P70 = s, f — OW,(s,§)ds dE

I en(t s, f = OW,(s,§)ds d&

flstf) =

cOC. 15w = [[ G fima(e e N8 (f = foxie. ) dedf

The resulting reassigned distributions (which
include the RSPWVD) efficiently produce a reduction of
the interference terms provided by a well adapted

smoothing kernel. In addition, the reassignment
operators  t(x;t,f) and  f(x;t,f) are  very
computationally efficient [AUG95].

[I. METHODOLOGY

The methodologies detailed in this section
describe the processes involved in obtaining and
comparing metrics between the classical time-frequency
analysis techniques of the Wigner-Ville Distribution and
the Reassigned Smoothed Pseudo Wigner-Ville
Distribution for the detection and characterization of low
probability of intercept frequency hopping radar signals.

The tools used for this testing were: MATLAB
(version 8.3), Signal Processing Toolbox (version 6.21),

0 = s, f — OW,(s,§)ds dE

(14)

and Time-Frequency Toolbox (version 1.0). All testing
was accomplished on a desktop computer.

Testing was performed for the 4-component
frequency hopping waveform. Waveform parameters
were chosen for academic validation of signal
processing techniques. Due to computer processing
resources they were not meant to represent real-world
values. The number of samples for each test was
chosen to be 512, which seemed to be the optimum
size for the desktop computer. Testing was performed at
three different SNR levels: 10dB, 0dB, and the lowest
SNR at which the signal could be detected. The noise
added was white Gaussian noise, which best reflects
the thermal noise present in the IF section of an
intercept receiver [PAC09]. Kaiser windowing was used,
when windowing was applicable. 100 runs were
performed for each test, for statistical purposes. The
plots included in this paper were done at a threshold of
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5% of the maximum intensity and were linear scale (not
dB) of analytic (complex) signals; the color bar
represents intensity. The signal processing tools used
for each task were the Wigner-Ville Distribution and the
Reassigned Smoothed Pseudo Wigner-Ville Distribution.

The frequency hopping (prevalent in the LPI
arena [AMS09]) 4-component signal had parameters of:
sampling frequency=5KHz; carrier frequencies=1KHz,
1.75KHz, 0.75KHz, 1.25KHz; modulation
bandwidth=1KHz; modulation period=.025sec.

After each particular run of each test, metrics
were extracted from the time-frequency representation.

The different metrics extracted were as follows:

1) Relative Processing Time: The relative processing
time for each time-frequency representation.

2) Percent Detection: Percent of time signal was
detected. Signal was declared a detection if any portion

of each of the 4 signal components exceeded a set
threshold (a certain percentage of the maximum
intensity of the time-frequency representation).
Threshold percentages were determined based on
visual detections of low SNR signals (lowest SNR at
which the signal could be visually detected in the time-
frequency representation). Based on the above
methodology, thresholds were assigned as follows for
the signal processing techniques used for this paper:
WVD (50%); RSPWVD (50%).

For percent detection determination, these

threshold values were included in the time-frequency
plot algorithms so that the thresholds could be applied
automatically during the plotting process. From the
threshold plot, the signal was declared a detection if any
portion of each of the signal components was visible
(see Figure 1).

32
N
5 130
3
| ==
Q
= 28
@
e
26
24
0 .025 .05 075 A
Time [s]

Figure 1: Percent detection (time-frequency). Time-frequency distribution for a 4-component frequency hopping
signal (512 samples, SNR=10dB). From this threshold plot, the signal was declared a (visual) detection because at
least a portion of each of the 4 FSK signal components was visible

3) Carrier Frequency: The frequency corresponding to
the maximum intensity of the time-frequency
representation for the frequency hopping waveforms.

© 2022 Global Journals
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Figure 2: Determination of carrier frequency for a 4-component frequency hopping signal (512 samples,
SNR=10dB). From the frequency-intensity (y-z) view of the time-frequency distribution, the 4 maximum intensity
values (1 for each carrier frequency) are manually determined. The frequencies corresponding to those 4 max
intensity values are the 4 carrier frequencies (for this plot fc1=1003 Hz, fc2=1748Hz, fc3=743Hz, fc4=1253Hz)

4) Modulation Bandwidth: Distance from highest
frequency value of signal (at a threshold of 20%
maximum intensity) to lowest frequency value of signal
(at same threshold) in Y-direction (frequency).

The threshold percentage was determined
based on manual measurement of the modulation
bandwidth of the signal in the time-frequency
representation. This was accomplished for ten test runs
of each time-frequency analysis tool (WVD and
RSPWVD). During each manual measurement, the max
intensity of the high and low measuring points was
recorded. The average of the max intensity values for

Frequency [Hz]

0 .025

these test runs was 20%. This was adopted as the
threshold value, and is representative of what is
obtained when performing manual measurements. This
20% threshold was also adapted for determining the
modulation period and the time-frequency localization
(both are described below).

For modulation bandwidth determination, the
20% threshold value was included in the time-frequency
plot algorithms so that the threshold could be applied
automatically during the plotting process. From the
threshold plot, the modulation bandwidth was manually
measured (see Figure 3).

075 A

Time [s]

Figure 3: Modulation bandwidth determination for a 4-component frequency hopping signal (512 samples,
SNR=10dB) with threshold value automatically set to 20%. From this threshold plot, the modulation bandwidth was
measured manually from the highest frequency value of the signal (top yellow arrow) to the lowest frequency value of
the signal (bottom yellow arrow) in the y-direction (frequency)
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5) Modulation Period: From Figure 4 (which is at a threshold of 20% maximum intensity), the modulation period is the
manual measurement of the width of each of the 4 frequency hopping signals in the x-direction (time), and then the
average of the 4 signals is calculated.

Frequency [Hz]

0 .025 .05 075 A
Time [s]

Figure 4: Modulation period determination for a 4-component frequency hopping signal (512 samples, SNR=10dB)
with threshold value automatically set to 20%. From this threshold plot, the modulation period was measured
manually from the left side of the signal (left yellow arrow) to the right side of the signal (right yellow arrow) in the x-
direction (time). This was done for all 4 signal components, and the average value was determined

6) Time-Frequency Localization: From Figure 5, the time-  frequency hopping signal components, and then the
frequency localization is a manual measurement (at a average of the 4 values are determined. The average
threshold of 20% maximum intensity) of the ‘thickness’  frequency ‘thickness’ is then converted to: percent of
(in the y-direction) of the center of each of the 4 the entire y-axis.

Frequency [Hz]

0 .025 .05 075 A
Time [s]

Figure 5: Time-frequency localization determination for a 4-component frequency hopping signal (512 samples,
SNR=10dB) with threshold value automatically set to 20%. From this threshold plot, the time-frequency localization
was measured manually from the top of the signal (top yellow arrow) to the bottom of the signal (bottom yellow
arrow) in the y-direction (frequency). This frequency ‘thickness’ value was then converted to: % of entire y-axis
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7) Lowest Detectable SNR: The lowest SNR level at
which at least a portion of each of the signal
components exceeded the set threshold listed in the
percent detection section above.

For lowest detectable SNR determination, these
threshold values (WVD (50%); RSPWVD (50%)) were
included in the time-frequency plot algorithms so that
the thresholds could be applied automatically during the
plotting process. From the threshold plot, the signal was
declared a detection if any portion of each of the 4
signal components was visible. The lowest SNR level for
which the signal was declared a detection is the lowest
detectable SNR.

The data from all 100 runs for each test was
used to produce the actual, error, and percent error for
each of these metrics listed above.

The metrics from the WVD were then compared
to the metrics from the RSPWVD. By and large, the
RSPWVD outperformed the WVD, as will be shown in the
results section.

[1I. RESULTS

Table 1 presents the overall test metrics for the
two classical time-frequency analysis techniques used
in this testing (WVD versus RSPWVD).

Table 1: Overall test metrics (average percent error:
carrier frequency, modulation bandwidth, modulation
period; average: time-frequency localization-y (as
percent of y-axis), percent detection, lowest detectable
snr, relative processing time) for the two classical time-
frequency analysis techniques (WVD versus RSPWVD)

Parameters WVD RSPWVD
Carrier Frequency 0.21% 0.12%
Modulation o o
Bandwidth 6.07% 4.72%
Modulation Period 16.51% 6.05%
T|me-Flreqluency 5 149% 108%
Localization-Y
Percent Detection 90.2% 94.1%
Lowest Detectable
SNR -2.0dB -3.0dB
o Rigleive 0.6825 0.023s
rocessing Time

From Table 1, the RSPWVD outperformed the
WVD in average percent error: carrier frequency (0.12%
vs. 0.21%), modulation bandwidth (4.72% vs. 6.07%),
modulation period (6.05% vs. 16.51%), and time-
frequency localization (y-direction) (1.28% vs. 2.14%);
and in average: percent detection (94.1% vs. 90.2%),
lowest detectable SNR (-3.0dB vs. -2.0dB) and average
relative processing time (0.023s vs. 0.682s).

Figure 6 shows comparative plots of the WVD
vs. the RSPWVD (4-component frequency hopping) at

SNRs of 10dB
detectable SNR
RSPWVD) (bottom).

(top),

0dB

(middle),

and lowest

(-2.0dB for WVD and -3.0dB for
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Figure 6. Comparative plots for a4-component frequency hopping low probability of intercept radar signals (WVD
(left-hand side) vs. RSPWVD (right-hand side)). The SNR for the top row is 10dB, for the middle row is 0dB, and for
the bottom row is the lowest detectable SNR(-2dB for WVD and -3dB for RSPWVD). The RSPWVD signals are more
localized than the WVD signals. In addition, the WVD does have a cross-term half-way between each signal, which,
to the untrained eye, could be misinterpreted as a ‘cross-term false positive’ (the 6 blue ‘false signals’) — the more so

as the SNR gets lower

IV. DISCUSSION

This section will elaborate on the results from
the previous section.

From Table 1, the RSPWVD outperformed the
WVD in average percent error: carrier frequency (0.12%
vs. 0.21%), modulation bandwidth (4.72% vs. 6.07%),
modulation period (6.05% vs. 16.51%), and time-
frequency localization (y-direction) (1.28% vs. 2.14%);
and in average: percent detection (94.1% vs. 90.2%),
lowest detectable SNR (-3.0dB vs. -2.0dB) and average

© 2022 Global Journals

relative processing time (0.023s vs. 0.682s). These
results are the result of the RSPWVD signal being a
more localized signal than the WVD signal, along with
the fact that the WVD signal has cross-term interference,
which the RSPWVD doesn’t have.

The RSPWVD might be used in a scenario
where you need good signal localization in a fairly low
SNR environment, in a short amount of time. The
RSPWVD would be preferred over the WVD in virtually
every scenario, based on the metrics obtained.



V. CONCLUSIONS

Digital intercept receivers, whose main job is to

detect and extract parameters from low probability of
intercept radar signals, are currently moving away from
Fourier-based analysis and moving towards classical
time-frequency analysis techniques, such as the WVD
and the RSPWVD, for the purpose of analyzing low
probability of intercept radar signals. Based on the
research performed for this paper (the novel direct
comparison of the WVD versus the RSPWVD for the
signal analysis of low probability of intercept frequency
hopping radar signals) it was shown that the RSPWVD
by and large outperformed the WVD for analyzing these
low probability of intercept radar signals - for reasons
brought out in the discussion section above. More
accurate characterization metrics may well equate to
saved equipment and lives.

Future plans include analysis of an additional

low probability of intercept radar waveform 8-component
frequency Hopper, again using the WVD and the
RSPWVD as time-frequency analysis techniques.
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Matching Device for AD-25/CW-3512
Broadband Antenna System Adaptive to
Changing Load Impedance

COT/TIACYIOLLIEE YCTPOMCTBO A8 LUMPOKOMO/IOCHOW AHTEHHOW CUCTEMBbI
AD-25/CW-3512 ADANTUBHOE K USMEHAIOLLEMYCA UMNEOAHCY HATPY3KU

Dubovik llya Andreevich ¢, Boykachev P. V. ° & Isaev V. O. °

A6cmpaKmelﬁ- Hpep,craBneHa MaTemaTuyeckaa mogesib aganTUMBHOro coraacywouiero ycrpoﬁC'rBa, Y4UTbiBalOWaA OTK/IOHeHue
umMmneaaHca Harpyskm M napamerTpos COFI'IaCYIOLI.I,eﬁ uenu, Ha OCHoBe AaHHOﬁ mMmaTemaTuyeckomn mogenu 6blno CUHTE3UPOBAHO
aflanTMBHOE cornacyiouiee yCTpoicTBo Ana LwmpokononocHol aHteHHbl AD-25/CW-3512, uto no3sonuno ymeHblwuTb notepu
YPOBHA KO3hPMUMEHTa nepeaaun no MOLLHOCTU OT BXOAHOro (BbIXOAHOrO) TpakTa K AY U yBeAUUMTb MOTEHLMANbHYIO AANbHOCTb
pagnonnHum ot 2 ao 15% B PaMKax npeacraBieHHbIX 3KCNepuMeHTa/IbHbIX MCCI‘IeAOBaHMﬁ.

Abstract- The mathematical model of an adaptive matching device is presented, taking into account the deviation of the load
impedance and the parameters of the matching circuit, based on this mathematical model, an adaptive matching device was
synthesized for the AD-25/CW-3512 broadband antenna, which made it possible to reduce the loss of the power transmission
coefficient level from the input (output ) of the path to the AC and increase the potential range of the radio link from 2 to 15% in
the framework of the presented experimental studies.

Keywords. coordination, method, sensitivity, load, broadband, mathematical model, adaptation.

|. Beneuwue

POEKTHPOBAHUE BBHICOKOYACTOTHBIX MPUEMO-TIEPEIAIOIIMX TPAKTOB C ONTUMATIbHBIMH YaCTOTHBIMU
XapaKTEPUCTUKAMK, HECOMHEHHO, SBJSIETCS OJHOM M3 BWOKHEWIIMX paJUOTEXHUUYECKUX 3a7ad,
3HAYMMOCTh KOTOPOM BO3pacTaeT B CBS3M C OCBOGHMEM HOBBIX JIMAlla30HOB  YacTOT

U HCHOJIb30BAaHMEM B COBPEMEHHBIX CHCTEMax paJdOJIOKALMH, paJUOHABUTAllUHM, TEJIEBUICHUS

U MOOWIbHOW CBS3M CHTHAJIOB CO CIIOKHOM CTPYKTypoil. B cucremax pamuocBsizu, 00JaJaronmx

WCKJTIOYUTENFHO OOJBUIMM 3HAY€HWEM B OpPraHU3allM{ YCTOWYMBOIO YIPABICHUS BOMCKAMH B YCIIOBHSAX

COBpEMEHHOro 00sl, Uil OOecreueHHs CBS3U JIMYHOTO COCTaBa BOMHCKUX TMOAPA3eieHHd HaOIroeHuUs,

Pa3BEAKH, CUJI CHELUMAIBHBIX ONEPALMi M CYXOITyTHBIX BOWCK, @ TAKXKE JOJDKHOCTHBIX JIML] TAKTHUECKOTO

3BEHA yMpaBJieHUs, Ucnosb3ytotcst paauoctaniu VHE/UHF auana3onos, mo3Bossiromnye GyHKIIMOHUPOBATh

B IIMPOKOM criekTpe gacToT (30—-3000 MI 1) B pa3nuyHbIX YCIOBHSX KcIuTyataiw [ 1, ¢. 5-8]. B Toxe Bpemst

clielyeT 3aMETHUTh, YTO W3MEHEHHE YCIIOBHIA KCIUTyaTal[uy MPUBOJUT K U3MEHEHUIO UMIIEJAHCa aHTEHHOTO

ycrpoiictBa (AY) M COOTBETCTBEHHO K W3MEHEHHIO YPOBHS MEpPEAayd MOIIHOCTH MEXIy IPHUEMO-
nepenatonuva - Moayasimu (ITIIM) u anTeHHO#M [2]. DTO yMEHBIAET TOTCHITMATBHBIE BO3MOXKHOCTH

PaAMOCTAHIMK, B TOM YMCJIE€ MOTEHLIHAIGHO TOCTIDKHMYIO JABHOCTh pamuonuuud [3]. Takum oGpazom,

aKTyaJIbHOW SBJISCTCSl 3a7adya pa3pabOTKM YCTPOMCTB, MO3BOJISIIOIIMX pEIIUTh 3aady OOecCTIeueHHs

ONTUMAIBHON paboThl pagrorexHudeckux cucteM (PTC) cBsi3u B pa3iMyHBIX YCIOBUSX MX SKCILUTYaTaIUH.

a) Tlocmanoska 3adauu

B mpenpinynmx myOnMKanusax Ha OCHOBaHMM pPa3pabOTaHHOW METOIMKHM CHHTE3a COTJIACYFOLIHX
yerpoiict (CY) ¢ yd4eToM OTKIOHEHHS MMIIEAaHCa Harpy3Ku ObLIa CUHTE3MPOBaHA LIEMb COTrJIaCOBAHUS IS
AY AD-44/CW-TA-30-512, obecnieunBaromnias ypoBeHb Iepenadd MomHocTd He MeHee 0,9 B pa3myHbIX
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yenoBusiX 3KcruTyataruu[3]. OqHaKo KCIOIb30BaHKE MPEICTABICHHOTO MOAXOAa JUIsl CHHTE3a MOJ0OHOTOo
poma 1ened mpumenutenbHO kK AY  AD-25/CW-3512 He mpeacTaBisieTcss  BO3MOXKHBIM.
Jleno B ToM, 4TO peabHasi coctapisttomas nmrenanca AY AD-25/CW-3512 u3mensiercs B auanaszone ot 10
1o 160 Om[2]. B Takux ciydasx MojoKUTeNbHBIN 3)(heKT GyHKIMOHUPOBAHKUS MOXKET ObITh TapaHTHPOBAH
TOJIBKO TPY HAMYUK B cucteMe afantaimu [3]. Takum obpaszom, menecoodpasHo paspadorars CY mis AY
AD-25/CW-3512 apanTtuBHOE K M3MEHECHHIO UMIICIAHCA HArPY3KH U 00ecTieunBaroliee TpeOyeMblil yDOBCHb
nepeiayy MOIIHOCTH B PA3IMYHBIX YCIOBUSX KCIUTyaTalliH, B paboueM Tara3oHe 4acToT.

b) Pesyromamor sxcnepumenmanvrho2o ucciedo8anuus no GAUAHUIO USMEHEHUL YCA0SULL IKCNILYamayuu
Ha umnedanc aumennoco ycmpoticmea AD-25/CW-3512

B pa6ote [2] OblH TpOBEACHBI SKCIIEPUMEHTAIBHBIC UCCIICIOBAHMS, TTOKA3BIBAIOIINE BapHAIIUH

uMmrnenanca AY B pasUUYHBIX  YCIIOBUSAX  OJKCIUTyaTallUd  HOCHUMBIX  PaauOCTaHIUI

(B moMeIIeHnH, B JIECHOM MacCHUBE, B HETIOCPEICTBEHHOM OJIM30CTH C TEXHUKOM, a TaK)Ke B O€39XOBOM

Kamepe). Pe3ynbpTaThl IKCIEPUMEHTAIBHOTO HCCIIECIOBAaHUS TPEJCTABICHBI Ha PUCYHKE 1 B BHIE

3aBHCHMOCTEH peaqbHOM U MHUMOM COCTaBISIONIUX UMIIEIaHCa Harpy3KH OT YacTOTHI (IIOJIOCHI YacTOT

BBIOpaHBI B COOTBETCTBUU C JHana3oHaMu pa0boThl paxuoctanimu P-181[4]) mis pa3nuuHbIX yCIOBHA
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Pucynor 1: 3aBUCUMOCTh U3MEHEHUS aKTUBHOM (@) M peaKTUBHOM (6) YyacTeil UMIIeJaHCa aHTEHHBI

AD-25/CW-3512 B paboucii mmojioce 4acToT:
1 — B 3KpaHU3MPOBAHHON 0€39X0BOW Kamepe; 2 — B IOMEIIICHUH,
3 — B JIECHOM MaccHuBe; 4 — B HETOCPEACTBEHHOM OJIM30CTH ¢ TEXHUKON
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AHaJII/ISI/IpyH IMOJIYUCHHBIC PE3YJIbTATOB MOKHO CACJIAaTh ONPCACIICHHBIC BHIBO/JIbI:

— M3MEHEHUE YCIIOBUH OKCIUTyaTallud TPHBOJUT K HW3MEHEHHIO uMIeAanca AY OTHOCHUTEIHHO
ATAJOHHOTO  3HaueHWss (B 0€39X0BOM  Kamepe). 3HAYUTENbHOE  W3MEHEHHWE  AKTUBHOM
U peakTUBHOU cocTaBisitonux umieaanca AY AD-25/CW-3512 nabmroaaercsi B MOMEIICHUN;

— CYIIECTBEHHOE M3MECHEHHUE UMIIe/IaHCca PUBOIM K M3MEHEHUIO QYHKIIMU KOod((DUITMEHTA TIepeIadn 1Mo
moturHocTH (KIIM), ocoGenHo 310 Habmogaercss B 2-6 AuanazoHax padoThl paAnOCTaHIIUH(PUCYHOK 2),
HECMOTpSI Ha TO, 4TO AY COIrIacOBaHHO Ha JIMHUIO C CONPOTUBIIEHHEM B 50 OM[5].
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Pucynox 2. 3aBECUMOCTb K03 pHIIreHTa epeaadu mo MOIIHOCTH aHTeHHbl AD-25/CW-3512:
1 — B 3KpaHU3HPOBAHHOMN 0€37X0BOW Kamepe; 2 — B IOMEIIICHUH,
3 — B JIECHOM MaccHuBe; 4 — B HETIOCPEACTBEHHOMN OJIM30CTH ¢ TEXHUKON

Kpome mmnenanca narpy3ku u ypoBHs KIIM B 3KCHepUMEHTaIbHOM HCCIEIOBAHUU OBLIO
pacCMOTpPEHO BIUSHUE YCIOBUH OJKCIUIyaTallUM Ha JaJbHOCTb pAJAUOCBA3HM, IOTEHLIHMAJIbHBIC
BO3MOXHOCTM  KOTOPOM  MOXXHO  OLIEHHTh  C  IIOMOUIBI0  JAJIBHOCTH  PaJHOJIMHUU
[6, c. 215]. B cBs3u ¢ TeM, 4To paboTa MOCBSIIEHA YMEHBUICHHIO TOTEpPh IMEpeJaBacMoil SHEpPruu
IIOJIE3HOTO CUTHAJIA, pacyeT JAJIbHOCTH PaAUOIMHUN OCYIIECTBIISIICS IIPU YCIOBUH, YTO BCE MMAPaAMETPHI
PaZMOCTaHIIMK OCTAIOTCS HEM3MEHHBIMH, 33 UCKIIIOYEHHEM MOIIIHOCTH IEpeauu M0JIE3HOIO CUTHAJIA OT
IIIIM x AY. HUcxons u3 [2], u3MeHEeHHe nepeaud MOIHOCTH (PUCYHOK 2) NMPUBOJAUT K YMEHBIICHUIO
JAIbHOCTH paguoiauHuu  Ha 15,8-22,2%, uTO MOXKET NPUBECTH K TOTEPE CBSI3U MEXAY
nojpaszieneHussMu.  Takum 00pa3oM, TOJydeHHBIE pe3yJabTaThl MOATBEPKAAOT AaKTYaJbHOCTb
MOCTaBJICHHOM 3aJa4H.

C) Mamemamuueckas Mooens coenacyiouje2o ycmpoticmea aoanmueHo20
K UBMEHEHUI0 UMNeOaHca Hazpy3Ku
ITon amanTHBHBIM yCTPOMCTBOM COTIJIACOBAHMS KOMIUIEKCHOW Harpy3ku € pajlOTEXHUUYECKUM
YCTPOHCTBOM MOHUMAIOT CUCTEMY C OTPHULIATEIIEHOW 00paTHON CBA3BIO (PUCYHOK 3), aHATM3HPYIONIYIO
Ka4yecTBO COIIACOBaHMsI U IIOJCTPAUBAIOILYIO CBOM 3JIEMEHTHI B CTOPOHY YJIYYIIEHHs COIJIacoBaHus [4].
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Pucynor 3. CTpyKTypHas cXeMa aJlafTUBHOTO COTJIACYIOIIETO YCTPOMCTBA

PaGora mpencraBieHHONH cXeMbl (PHUCYHOK 3) OCYIIECTBISIETCS CIEAYIOIUM 00pa3oM.
[TosiBnenue HexenaTenpbHOro oTkiaoHeHus (ypoBHs KIIM, koaddunmenta crosueii Boiaasl (KCB) u T.
1.) oOHapyXuBaeTcs W €ro 3HadeHwe usMepsiercs. [locrme uero mpuBOASTCS B JICWCTBHE OPTaHbI
(mepectpanBaeMble AJIEMEHTHI aJAalITUBHOTO MIMPOKOIOJIOCHOTO cornacytomero ycrpoiictea (ILICY)),
YCTPaHSIONIME OTKJIOHCHUS ITyTEM COOTBETCTBYIONIETO M3MEHEHUS 3HAUCHUS YIIPABISIEMON BEIIMYUHBI.
CrnenyeT OTMETHTh, YTO HCIIOJIb30BAHUE MPHUHIIMIIA OOPATHOW CBSA3M, NMPU MOCTPOECHUU JMHAMUYECKOM
CUCTEMBI, XapaKTepU3YeTCsl MPOCTOTOW M3MEpPEHUsS] OTKIOHEHHS MCCIIEeIyeMON XapakTepucTuku. [Ipu
9TOM HauWOOJBIINKA HEIOCTATOK OOpaTHOW CBs3M (cpabaThIBaHWE TIOCIE TIOSBIICHHS OTKJIOHCHHS)
YCTpaHSAETCS ITyTeM MHOTOPA30BOTO U3MEPEHHSI HCCIIeIYyeMON XapaKTePUCTHKH.

B o6mem ciyuae agantuHoe LIICY M0HO pa30uTh Ha TPU COCTABISIONINE (PUCYHOK 3):

— U3MEPUTEIBLHOE YCTPOWCTBO, MIPEIHA3ZHAYEHHOE AJISI U3MEPEHMsI BXOJHBIX (BBIXOAHBIX) IapaMeTpOB
Harpy3ku (MMIEIaHCHBIE XapaKTEPUCTHUKH);

— YIpaBJsIIoOIlee YCTPOHCTBO, IMpeodpasyroliee IO ONPENETIeHHOMY alIrOpuTMy HHGOpPMALMIO C
M3MEPUTEIIBHOTO YCTPOUCTBA U (POPMHUPYIOIIEe KOMAH/Ibl UCIIOTHUTEIBHOMY YCTPOICTBY;

— UCIIOJIHUTEIBHOE YCTPONCTBO, NMPEeIHA3HAYEHHOE JUIsl U3MEHEHHs BEJIMYMH 3JIEMEHTOB COIVIACYIOLIEH
LIENU 110 KOMaH/€ YNPaBIISIOLIET0 YCTPONCTBA.

N3 [5, ¢ 138] cmenyer, 4To 11 CHMHTE3a aNalTHBHOW CHCTEMBI HEOOXOIMMO BBIOpaTh, HA
OCHOBAHMHU 33JaHHBIX TEXHMYECKMX TpeOOBaHM K KayecTBy pabOThl CHCTEMBI, KPUTEPUU
ontuManbHOCTH. Tak Kak OCHOBHOE NpeAHa3HAYEHHUE CUCTEMBI SBIsETCS oOecredeHue TpedyemMoro
YPOBHSI IepeJaud MOILTHOCTH NMPH HAIMYUHM HW3MEHSIOUIETOCs UMIIeaHCa HArpy3Kd, TO HEOOXOAMMO
OINPENIEJINTh ONTHMAJIbHOE 3HAYEHHE IAPaMETPOB IIHUPOKOMOJIOCHOIO COIJIACYIOIIEro YCTpOicTBa
(ILICY), mpu KOTOpOM cymMMapHasi cpeaHekBaapaTuuHas ommuOka ypoBHs KIIM mo oTHouieHuio K
TpeOyeMoMy 3HaueHHUI0 OyaeT MUHUMabHa [5 ¢. 136], T. e.:

Sy

JIK() =K (£, 202.)] d £ min, &

H

rae K ( f )Tpc6 — TpeOyeMbIil ypOBEHB Mepeaud MOITHOCTH B HATPY3KY;

2
K(f.2,.2,)=1-|S,(1.2,.2,,) — bysxuwms KITM;

Z,(f)-Z.(=1)
Z,(1)+2.(f)

S, ( f.Z,, ZCH) = — QyHkuus ko3 dunmenTa orpaxkeHus;

© 2022 Global Journals



f,, f, —BepxHsAd ¥ HIKHASA YacTOTa pabOYero JUara3oHa;
Z, ( f ) — KOMIUIEKCHOE CONPOTHBJICHHE HAaIPY3KH;

Z, ( f )— KOMILIEKCHOE COMTPOTHBIICHUE COTIIACYOIIETO YCTPOUCTBA.

B [3] 6b110 ycTaHOBNIEHO, YTO A o0OecreueHus TpeOyeMoro YpoBHS Mepeayr MOITHOCTH TIPH
HAIMYMKM U3MEHSIOIIETOCs MMIIEaHca Harpy3kd HeoOxonumo, uTtoOwl cuHTe3upyemoe CY obnamano
CBOMCTBOM MHUHUMAJIbHOW YYyBCTBUTEIBHOCTH [9, c.51] (ynHkmuu xordduimenta orpaxeHus K
M3MEHEHHIO ITapaMeTpoB HArpy3ku. B BHy TOTO, 4TO UMIEaHC HArpy3Kku OyJeT paccMaTpUBaThCs Kak

M3MEPEHHOE 3HAuEHHE peanbHOM ( Red[Z,(f)] ) u MHHMOM 4acTu

( Imag[ZH(f)] ) KOMILJIEKCHOTO COIPOTUBJICHUS HA IJUCKPETHOM psAJI€ YacTOT, TO BBHIIOJHEHHE

IOCTaBIEHHOW 3ajgaun  (pacdera (YHKUMH  4YyBCTBUTEIBHOCTH) NpPEIJIaraeTcsl  BBIIOJIHSATH
C TIOMOILIBIO CTATUCTUYECKOI0 METO/1a aHau3a [9]. OTOT MeTO MPUMEHHUM K CIIydaliHbIM BEJINYMHAM, B
YAaCTHOCTH K OTKJIOHEHMSAM IapaMeTpOB Harpy3Ku OT HOMHUHAJIBHOTO 3HAYEHUs BHYTPH IOJIS JOITyCKOB
[10, c. 156]. 3nanne pyHKUUU TyBCTBUTEIHHOCTH, XapaKTEPU3YIOIIEH CTEIICHb BIMSHUS HJIEMEHTOB Ha
XapaKTEepPUCTUKM CXEMbI, TO3BOJISIET C oOmpeAeneHHoNM BepositTHocThio [10, c¢. 157] HaiiTn
cpennekBagpatuunoe  otkioHenne (CKO) wmomyns  ¢yHkmum — koddduimeHta  OTpakeHHs,
paccuuTaHHOTO 10 hopmyIie:

2
2 ,(AzZ,
o : @)
Zy Z,

2 _|gfSnl
O-‘Sm‘ _‘SZH

ZH

rieo, ? — CKO umnenanca Harpysku;

H
AZ,, —10IyCTUMOE OTKJIOHEHUE UMIIEJAHCa HATPY3KH;

2Re(2,,(1))2, (1)

(2 (N 2o (D)2 (1) -2 (1)

KO3 pHUIHMEHTa OTPAKEHUS K U3MEHEHUIO ITapaMeTpoB Harpy3ku|3].

OnHako KpoMe M3MEHEHHUS MMIIEJaHca Harpy3kd HEoOXOAMMO €Ie U pacCMaTpUBaTh BIUSHHE
orkioHeHuss mnapamerpoB IICY ot 3agaHHOro 3HadyeHMs, Tak Kak Juid npoektupoBanus CY
MPUMEHSIOTCS CXEMHBIE 3JIEMEHTHI, HOMHHAIBI KOTOPBIX B MPOIIECCE IKCILTyaTAllUUd MOTYT U3MEHSTHCS
[10, c. 146-147].

B kadecTtBe nmpumepa Ha pucyHke 4 mpenactaBieHbl 3aBUCUMOCTH YpoBHsS KIIM oT wacToTsl, ¢
yaeroMm otkioHeHUs dneMeHToB CLI [19] (psn nomunanoB E24 (£5 %) (pucynok 4,a) u E12 (£10%)
(pucynox 4,0)), ¢ynkuumonupyomeir or 47 mo 158 MI'n. B mnpencraBieHHBIX 3aBHCHMOCTSIX
HaOmonaercss u3mMeHeHneypoBHs KIIM (pucynok 42, 3) OTHOCHUTENBHO HMCXOJHOW 3aBHUCHMOCTH
(pucynox 4,1), mpu yCJIOBHH, YTO TTApaMETPhl HATPY3KH OCTAIOTCS PUKCHPOBAHHBIMHU.

S‘Zi”‘ =Re YyBCTBUTEIBHOCTH MOZYJIS byHKIMK
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Pucynox 4: 3apucumoctb KIIM 0T yacToTsl ¢ yueTom oTkiIoHeHuUs 3yieMeHToB CLI [19]

Taxum o0pazom, noJiarasi, 4TO OTKJIOHEHHE uMIIeIaHca Harpy3Kku
U DJIEMEHTOB COTJIaCyIoIIero ycTpoiicTBa, B cuiy «lleHTpanbHOil mpenenbHOM Teopembl» [11],
MOJYMHACTCS HOPMAaJbHOMY 3aKOHY pAacHpelesieHUsi, TO AUCHEPCHUI0 OTHOCHUTEIIBHOTO W3MEHEHHS
MOy sl PYHKIIUHN KO3(D(PUIIMEHTA OTPaXKEHUS MOXKHO OTIPENICIIUTE C MMOMOIIBIO BBIPAKESHUS:

o (£ =[s7(0)f o2, + X8 (F)f o4+ 30[8¥ ()
i=0 i=0

rie ol =(02{Real[zm]}+02[Rea|{ZH(fi )}})+ j(0—2[|mag{zm}:|+<y2[|mag{ZH(fi )}]) —aucnepcust
pearbHOil U MHHUMOM COCTABIISIOIINX (DYHKIMH COMPOTHUBIICHHS HATPY3KH C YYETOM IMOTPEITHOCTH
mmepnrens (o2 {Real[Z,,, |}, 0% {Imag[Z,,, ]} );

1
_4[ZZH ( f )+§ |m(ZCu ( f ))jl 5 Rel:zCH ( f )]
[Z.(f)+z.(1)] .
¢bynkumu ko3 dumenTa oTpaxkeHus K U3SMEHEHUIO MHYKTUBHOCTH COTJIACYIOIIEH IeNH;

_4[2ZH (f )+;|m(zcu (f ))} oRe[Z, ()]

S‘S”‘ f)=Re — 4YBCTBUTCILHOCTH MOLYJII
- (1) [ZH(f)+ZCH(f)]2 oG

byHKIIH K03 PHUIIIEHTa OTPAKESHHS K I3MEHEHUIO €eMKOCTH COTJIACYIOIICH IeTH;
o.,0, —CKOnomunanos snementoB uenu (E24{ £ 5%}, E48{ = 2%} u T.1.).

Jns toro, utoObl 00ECHEYNTh HAUMEHbIIEEe BIMSHUE HU3MEHEHHS HMIIEAAaHCAa Harpy3Kd
U 2JIEMEHTOB LIEMH HE00X0AUMO, 4yTOObI BhipakeHue (3) ObLJI0O MUHUMU3UPOBAHO, OTPAaHHYMBASICH MPU
3TOM HOMMHAJIAMU 3JEMEHTOB IIEMH, HAXOAAIIMXCS B MarasuHe »HJIEMEHTOB HCIOJIHUTEILHOTO
ycrpoiictBa (Chin....Crmaxs Lmin.....Lmax). Takum oOpa3om, kpuTepuil ONTUMATBLHOCTH, MOKET OBITH
MPEJCTABIICH CIEIYIOUIUM BBIPAKCHHEM:

02 3

ISl _
S) (f)=Re

—4YBCTBUTCJIIbBHOCTDH MOAYJid
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(K(1), -[K(fz)-aK(f)]}2 <e f,<f<f

o (f) >minf <f<f; (4)
C..<C <C_.

I‘min < I‘| < I‘max’

IIe B KauecTBE 3aJaBa€MbIX IapaMeTPOB HCIIONb3YeTCs IOMyCTHMOE OTKiIoHeHHe ypoBHa KIIM
¢ OT TpeOyeMOoro 3Ha4EHUs.

Hcnonb3oBaHue BoIpaxeHus (4) B KauecTBE 11€71eBOM (DYHKIMHU MO3BOJISIET YMEHBIINTH CTEIICHb
BIUSHUS W3MEHECHHsI HMMIIEIaHCAa Harpy3kd M HOMHUHAJIOB d3neMeHToB CVY, B pesymbraTe 4ero
noBeImaeTcss 3HHEeKTUBHOCT, PabOTHI  PATMOTEXHUYECKUX YCTPOWCTB B PA3NMUYHBIX YCIIOBHUSIX
SKCIUTyaTalli. B JOMONHEHWH K 3TOMY Y4eT OTKJIIOHEHHUS MMIIeJaHCa Harpy3Kd TMO3BOJIUT HAXOIUTh
napaMeTphl COTJIACYIOIIET0 YCTPOMCTBa, OOECIEUMBAIOIINE MEHbIIEe KOJNYECTBO TMEPEKITIOUCHHMA
(koMMyTaINMii) Mara3wHa SJIEMEHTOB, YTO YBEIUYHUT BpeMs HapaOOTKM Ha OTKa3 W HAACKHOCTH
paguoTeXHUYecKoro  ycTpoictBa.  CTpykTypa  aanTUBHOTO  COTJIACYIOIIETO  YCTPOMCTBA
(MCTIOMHUTENFHOTO ~ YCTPOWCTBA) MOXKET OBITh HalJeHa C T[OMOIIBI0 METOJIUKHA CHHTE3a
npeAcTaBieHHOH B [3].

Takum 00pa3oM, Ha OCHOBaHHWH TOJYYCHHBIX PE3yJIbTATOB U PE3YJIbTATOB IMPEACTABICHHBIX B
[2,3,12-14] Obuia pa3paboTaHa MaTeMaTHUECKash MOJC]b aJallTUBHOTO COTJIACYIOIIETO YCTPOWCTBA,
IITOPUTM pacdeTa MmapameTpoB KOTOPOU MpEeCTaBlIeH Ha PUCYHKE 5.
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Pucynox 5. O000IIEHHBIN aITOPUTM pacueTa mapaMeTpoOB MaTeMaTHUYECKOM MOJIEITH aIallTUBHOTO
COTJIaCyIOLIET0 yCTPOMCTBA

Cyrp anmropurMa 3akmoyaercs B HaxoxjeHun LICY, kxoropoe oOecnedrBaeT BBHIMOIHEHUE
KpUTEPUS ONTUMAIBHOCTH (BbIpaykeHHE 4), OrpaHUYMBASCH IIPH 3TOM JIOITYCTUMbIM Mara3uHOM JIEMEHTOB.
JIOCTOMHCTBO MaTeMaTHYECKOW MOJENU 3aKIoUaeTcs B IpeABapUTENIbHOM pacuere napamerpos LIICY,
3HaYCHUE KOTOPBIX obecrieumBaeT TpeOyeMblil ypoBEHb Mepelaud MOIIHOCTH B PA3IUYHBIX YCIOBHUSIX
IKCIUTyaTallMl PaJUOTEXHUYECKUX YCTPOWCTBUHE OCYLIECTBIISIET MOWCK 3HAUEHMs NapaMeTPOB METOAOM
nepebopa. Emne omHO HeMaloBa)XHOE JOCTOMHCTBO MAaTEMAaTH4ECKOH MO — CHOCOOHOCTbh CHUCTEMBI
COIJIaCOBBIBATh HArpy3Ky C paJAMOTEXHUYECKUM YCTPOMCTBOM HE BO BCEH IIOJIOCE YACTOT, a TOJIBKO B TOH,
rJie CTaHIusl paboTaeT B TEKYIIMH MOMEHT BPEMEHHU. JTO MO3BOJSET YMEHBIIUTD TOJIOCY COTJIACOBAHUS U
npumensts LLICY Gonee addpexTuBHO.

Crnenyer OTMETUTb, YTO Ha TPAKTUKE PEAKTHBHBIC SJIEMEHTHl HEHJealbHbl M  00JIaaroT
PE3UCTUBHBIM CONPOTHBIICHUEM (COMPOTUBICHUEM TOTEPS I'). J[Is1 €ro yueTa MCHoNb3yloT Takol mapamerp,
Kak I0OpOTHOCTH Q onpeessiFoencst ¢ MOMOIIIBIO:

Q. =2nfiL/r; (5)
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Qg = 2nf,Cr . (6)

B noctymnHoil TexHHMYEeCKOH JOKYMEHTALMH COAEPKHUTCS HHPOpMaLus O J0OPOTHOCTSAX HOMHHAJIOB
MHYKTHBHOCTEH U €eMKOCTEH Ha HEKOTOPOH YacTOTe U3MEpEHHs. DTa HHPOpMALUs OKa3hIBACTCS MOJIE3HOM
HE TOJBKO Ha J3Tale MOJICIMPOBAaHMS CXE€M, HO M Ha JTale HMX pacyera. l3BecTHble BEIMYUHBI
I0OPOTHOCTEH, MCHOJIB3YEMBIX 3JIEMEHTOB, TO3BOJIAIOT paccuuThiBaTh mapamerpsl CLI mo 3amaHHBIM
KPUTEPUSAM ONTUMAIBHOCTH C YYETOM TEIUIOBBIX IMOTEPh M TEM CaMbIM MaKCHMaJIbHO IPUOIM3UTH
XApPAKTEPUCTUKH PACCUMTHIBAEMBIX CXEM K XapaKTEPUCTHKaM MX 3KCIIEPUMEHTAIIbHBIX aHAJIOTOB.

Ha ocHoBaHuu pa3paboTaHHONM MaTeMaTHYeCKOH MoJenH ObLT pa3paboTaH CrelnaTu3upOBaHHBIN
AKCTIIEPUMEHTAIBHBII KOMILJIEKC pacdeTa M KOHTPOJIS (PYHKIIMOHMPOBAHHS COTJIACYIOIIUX YCTPOMCTB
Bpaauorexuuueckux cucremax (PTC) (pucyHok 6), cocrosimuii M3 H3MEPUTEIBHOIO YCTPOMCTBA,
yCTpoiicTBa ynpasiieHus (IpOrpaMMHO-UMHUTAILIMOHHAS MOJIENb) U CPEJICTBA MHANKALIMH.

Pucynor 6: Crienuanu3upoBaHHBIA SKCIIEPUMEHTAIBHBIA KOMIUIEKC pacyeTa U KOHTPOJIS
(G YHKIIMOHUPOBAHUS coTiacyronux ycTpoicte B PTC

OKCHEPUMEHTATIBHBIM KOMIUIEKC IO3BOJIIET KOHTPOJIMPOBAaTh W3MEHEHUE YpPOBHS Iepenadu
MorrHOCTH Mexy Tpaktamu PTC BbI3BaHHBIX pPa3OpOCOM 3HAUYEHHH HOMHHAJIOB DJIEMEHTOB IIEMH M
BapHallMil MMIIEJJaHCA HAarpy3KHd, a TaKXKe PacCUMTHIBaTh MapaMEeTphbl COIIACYIOIIErO YCTPOMCTBAa MO
33JJaHHOMY KPHUTEpHUI0, 4YTO oOecreunBaeT ycTonunBylo padotry PTC B yClIOBHSX HW3MEHSIOMIETOCS
MMIIe/IaHCa HATPY3KH.

d) Cunmes cy ons AY  AD-25/CW-3512 aoanmueHo2o K UBMEHSIouemycs
UMNEeOancy Hazpy3Ku
Ha ocHoBaHMM TOCTaBIIEHHOHW 3aJa4yd C MOMOIIBIO MPEIJI0KEHHON MaTeMaTUYE€CKON MOJEIu
Obuto  paspaborano amantuBHoe CY mis AY  AD-25/CW-3512. Dnektpuueckas cxema
HCTIOJIHUTENBHOTO ycTpoiicTBa amantuBHoro HICY, cocrosimias U3 IIECTU PEAKTUBHBIX 3JIEMEHTOB,
MpEJCTaBICHA HA PUCYHKE 7.
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Pucynor 7. DneKkTpuyecKkas cxema UCIOTHUTENbHOro ycTporcTBa agantusHoro [HHICY

OyHKIUSA CONPOTUBIICHUS, ONTUCHIBatoNIas qanHoe afgantuBHoe LHICY, BBRITTISANUT CleayromuM 00pazom:

(s) a, +as+a,s’ +as +a,st +as’
s)= .
“ b, + b s+b,s* +b,s’ +b,s" +bs

(7)

Kospduumentst Gyukuun uncnurenss (a) u 3uamenarens (by) Z_ (s) onmcsBarores

3HaYeHussMu 3nementoB nenu (L,C,R):

a, =R:

a =L +L,;

a, = CLR+CLR+CLR:

ay = Cy(LLy + LiLy + L,L, + LyL, + LL, )+ Cy (LyLy + L,L, + L,L,): (8)
a, = C,CLR(L, +1,):

ay = C,CyL, (LiLy + L, L, + L,L;).

b, =0,

b, =C\R;

by =C/(L;+1,);

b, = C,C,R(L, +L,): ©)
b, = C,C, (LL, +L,L, + L,L));

b, = 0.

[TapameTpbl aHATUTHYECKOW MATEMAaTHYECKOM MOJEIM B BUAE MapaMETPOB HCIOJHHUTEIBHOTO
YCTPOWCTBA,3HAYCHUST KOTOPBIX MPUBEICHBI 1O i HoMuHAIOB E24, mis pabodynx nuama3zoHOB 4acTOT
pamuoctanmyu P-181 nmpeacrapnens: B Tadbmuie 1.

Taonuya I: lapaMeTpbl UCIOTHUTEIBHOTO ycTpoicTBa anantusHoro [HICY

Global Journal of Researches in Engineering (F) Volume XXII Issue III Version I E Year 2022

Jlmama3oHbI 4acTOT

Onemen | T 1 W V] Vi
ThI (30-108 | (108-146 | (146-174 | (220-380 | (380-470 | (470-512
O MTInr) M) MI'1) MI 1) MI ') M)
Cond 200 200 62 é S 12| 95 | 95 | 156 | 6
L, 6TH 186 66 4 = = < - ~ 35
L, il H 26.21 — — =T | = | 75 — —
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Ls, ulH 300 35 52 i g o4 | 121 | 130 | 20 | 65
Louln | 1.3 - 3 “ -2 = | 25 | 7 |28
ConiD 2 10 i 8 -9 - | - S R

« —»—DJICMCHT PaBCH HYJIIO U UCKIIFOYACTCA U3 COFJ'IEICYIOH.IGﬁ nenu

Crnenyer OTMETHTh, YTO TPUHIMIIMANBHAS CXeMa, MPEeACTaBICHHAs Ha PUCYHKE 6, MOXKET OBbITh
BBIMIOJTHEHA HAa PEAKTUBHBIX 3JIEMEHTaX, peie Win pin—auonax B SMD wucnosHeHUH. YCTPOHCTBO
yIIpaBJICHUS MOXET OBITH peanu30oBaHO Ha II1C J5R05 MUKPOKOHTPOJLIEPE,
a U3MEPHUTEIbHOE YCTPOUCTBO -B BUJE PAJIMOYACTOTHOTO U3MEPUTEIBHOTO MOCTa (MHKPOIIPOLIECCOPa).
Taxk, B kauecTBe npuMepa Ha pUcyHKe 6 mpenctasieHa 3D Mozenb BO3MOYXKHOTO BapHaHTa UCIIOJIHEHUS
pa3paboTaHHOTO  aJaNTHBHOTO COTJIACYIOIIETO  YCTpoHcTBa pasmepamu  (52,5x42,5x2 MM3),
peanu3oBaHHas B Cpejie MOJCTUpOBaHUs paauorexHudeckux ycrpoiicts CST Studio [15]. T'me B
KAaueCTBE pEAKTUBHBIX 3JEMEHTOB ucnoibdytorcs SMD osnementsr 0805 cepun, B KauecTBe
M3MEPUTEIBHOTO YCTPONCTBaM yCTpPOHCTBa yrpasieHus-mukpornpoueccop (1) B xopmyce QFP, a B
KaueCTBE KOMMYTUPYIOLIUX YCTPONCTB-aHAJIOTOBbIE MYJIbTUILIEKCOPHI (2) B kopmyce PDIP.

Pucynox 8 Ilpumep 3D moaenu pa3paboTaHHOTO aIalTHBHOTO COTJIACYIOIIETO yCTPOMCTBA

MogenupoBaHue CHUHTE3UPOBAHHOTO COTJIACYIOLIETOo YCTpoiicTBa mpoBogmiock B AWR
Microwave Studio 14 [16]. Pe3ynpTaThl MOJENUpOBAaHUS TPEACTABICHH HAa PUCYHKE 9 B BUC
3apucuMoctd KIIM 0T 4acTOTBl Al Pa3sNUYHBIX YCIOBUM 0OCTaHOBKH. [IpepbIBUCTHIMU JIMHUSAMH
nokazanel KIIM AY 6e3 cunresupoBanHoro amantuBHoro IICY (2), a CHIOMIHBIMU JIMHUSMU
C CUHTEe3UpOBaHHbIM afganTuBHbIM HICY (1).
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Pucynor 9: 3aBucumoctb KIIM ot wactoret AY AD-25/CW-3512:
a- B TIOMEIIIEHUH; 6- B HETIOCPEACTBEHHOW OJIM30CTH C TEXHUKOMH; 6- B IECCHOM MacCHBE

Hcxons w3 MOMy4eHHBIX Pe3yabTaTOB MOXKHO CJAeNaTh BBIBOJ O TOM, YTO CHHTE3UPOBAHHOE
amantuBHoe IIICY obecreunBaer Oojiee BBICOKHN YPOBEHb TMEpeNadyd MOIIHOCTU MpU padoTe
paIMOCTAaHIIMM B  PA3IMYHBIX  YyCJIOBUSX  OOCTaHOBKHM. Tak, Tmpu  pacrnoyiokenun AY
B MOMEUICHUH (Hauxyaumui cimydait) morepu ypoBHs KIIM (ucxons u3 [17, c. 36-38]) cocraBmusior
39,7% (8 I pguanazone) ot MakcumanbHoro 3HaueHus (19,7% B [anbHOCTH pagUOJIMHUU
[6, c. 215]), a mpu wucnonp3oBannu anantuBHou IIICY-8,6% (4,4 %B HanbHOCTH PATUOIMHUM).
B Ttabmume 2 mnpeacraBieHBl YCpeTHEHHBbIC 3HAUEHHUS IOTEPh B YPOBHE Iepeladyd MOIIHOCTH
(AK(f%) 1 B mansHOCTH paguonauy (A R, ) UL pa3JIMYHbIX JUANa30HOB YacTOT.

Taonuya 2: TloTepu ypoBHS Nepeaayd MOIIHOCTH UAANBHOCTH PaIOINHUH

Jlnama3zoHbl 4aCTOT
L —— | I I vV Y, Vi
skermya | (30-108 (108-146 (146-174 (220-380 (380-470 (470-512
TaIHn MTI 1) MTI ') MI'1) M) M) MI'1)
AKF| A [AKEF?| A |AKE| A |[AKEF| A [AKEF| A | AKEF| A
) | R ) Re | D) | Re |l ) | Ra| )| Ra| 3 | Ru
Bes 21,3 | 11,3 | 31,4% | 172 [ 363 | 202 | 19% | 10% | 11,3 [ 58% | 122 [ 6,3%
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aJalTUBH % % % % % % %
oro
HICY
C

alanTUBH
pM [TICY

13,2
%

16,4
%

4.9

8,6% | 9,6% %

9,8% | 5% 6,8% | 8,1% | 41% | 7,8% | 4%

Takum oOpazom, cunHTesupoBaHHoe amantuBHOe LIICY obecneunBaeT yMeHBIIEHHE MOTEPh
ypoBHsi KIIM otBxogHoro (BbixogHoro) Tpakra K AY pamuoctanumu P-181 ma 3 — 26 %, uto
MIO3BOJISIET YBEIUYUTh YCPEIAHEHHYIO MOTEHIMAIBHO JOCTMXKMMYIO ajJbHOCTb ACHCTBUS PATUOJIMHUU
[6, c. 215] g AY ot 2 % 1o 15%B paMKkax npeacTaBIEHHbBIX IKCIEPUMEHTAIbHBIX UCCIEI0BAaHU.

[l. 3axmrouenue

JIns.  BBIMIOJHEHHWsI TIOCTABJICHHOW 3afayd Obula pa3paboTaHa MaTeMaTHuYecKash MOJEb
anantuBHoro IIICY, obGecneunBaromias yBeJIHMUEHHE YPOBHSA Iepelaud MOIIHOCTH B PAa3JIMYHBIX
YCIOBHSIX OKCIUTyaTallUd 3a CYeT YMEHBUICHHS JUCIEePCHH MOAYAsS (QYHKUUU KOodpQHUIHMEeHTa
orpaxenus. Ha ocHoBe koTopo#t Obuio cuHTe3upoBaHo amantuBHoe LLICY mis AY AD-25/CW-3512,
YTO TIO3BOJIWJIO YBEIMYUTh NOTEHUUANbHYIO JAaJbHOCTHh paguosuHunor 2 1o 15% B pamkax
MPEJCTaBICHHBIX YKCIIEPUMEHTAIBHBIX UCCIIEIOBAHUH.
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Lighting Characterization of the General Bank
Operation Center in Panama

Ana Gabiriela Aralz *, Cathleen Lee °, Diego Segundo ° & Jorge Perém ©

Abstract- lllumination represents one of the main factors that
affect energy consumption on a building, this consumption is
even more on an office building. This study presents
quantitative and qualitative data of the south fagade of an
open-plan office in Panama of a building that has a system to
regulate internal light. To accomplish this, several
measurements of illuminance in three different sceneries:
evaluating daylight factor, measuring illuminance levels (Ix)
and luminance levels with users’ perception. It was concluded
that the building requires this system of light control to operate
correctly, 75% of the participants describe their workplace as
comfortable.

Keywords. post occupancy evaluation, daylight, daylight
factor, open-plan office.

[. INTRODUCTION

n Panama there are no official standards that regulate

illumination standards in building design and

construction. Being lighting one of the principal
factors of electricity consumption [1], it can suppose an
issue in terms of energy efficiency. In tropical climates,
artificial conditioning, and lighting are the highest
factors. This last one depends on four principal aspects:
building use, daylight availability, levels of illumination,
and operation hours. [2].

Office buildings usually emit more heat than
other building types because of the equipment and
large groups of people in them [3], this means that the
energy they require is higher. Appropriate lighting level
is indispensable in a work area because it improves
performance, helps to make fewer mistakes, decreases
accidents, and therefore improves productivity. [4].

There are different classifications of office
spaces: private offices, shared offices (two to five
employees), and open offices (more than five
employees) [5]. This last configuration is the one
studied in this paper, under the criterion that it is the
most critical scenario because it is the one with the most
people under the same conditions.

It is essential to mention that natural light is a
source that fluctuates in color, intensity, direction, and
availability, making field studies hard to conduct and
potentially challenging to translate between different
types of climates [6]. The objective of this study is to
collect quantitative and qualitative data from an open
office in Panama and to know if the illuminance, a

Author a: Universidad de Panama, Facultad de Arquitectura y Diseno.
e-mail: anag.arauz@gmail.com

magnitude that expresses the luminous flux on the
surface unit and whose unit in the international system is
lux (Ix), manages to satisfy the users need.

Fig. 1 Fotografia del Centro de Operaciones Banco
General
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[I. METHODOLOGY

a) Case Study

The case study for this research is the Bank
Operations Center (Centro de Operaciones de Banco
General) in Panama City, Panama (Fig. 1 and 2). It is an
eight-story parallelepiped facing north with approximate
dimensions of 85.00 m x 43.00 m. It has a control
system for artificial lighting and blinds. The artificial
lighting system for the most part works with Alera
Lighting 28watt lights, Rl 85 (T5) Model CV-4-2T5-
FCM18-ESD-MW along with an electrical transformer
(Lutron Ecosystems H-Series Dimming fluorescent
ballast for T5 lights 28 watts) that regulates the intensity
of the light depending on the global horizontal light (Ix
outside). Every light fixture is regulated by Quantum Vue
software on each story.

The blinds are located around the entire
perimeter of the building and operate electronically as
well. Their model is Tapparelle Reflex 4000 and the
engine they operate with is Somfy Sonesse model:
50RS485. They wusually work automatically taking
constant data from the horizontal global light but can be
adjusted manually using the Animeo software. The
lighting levels were calibrated by a private vendor.

Three different scenarios are studied (Table 1):
daylight factor, illuminance levels (Ix), and illuminance
levels together with the user's perception, this last one,
through a post-occupancy evaluation (POE: Post-
occupancy evaluation). In all cases, three EXTECH SD
4000 light meters are used in manual mode, each meter
corresponding to one of the three axes A, B, and C (Fig.
3 and 5). Measurements were made from west to east at
the height of the user's work plane (0.73 m) (Fig. 4).5.00
m x 43.00 m.

b) Daylight Factor

The Daylight Factor (DF) is the ratio of the
internal illuminance to the external horizontal illuminance
under a cloudy sky. This lighting tool is criticized for its
lack of realism [8], it is ideally applied in simulations

because the parameter to evaluate it is a completely
cloudy sky. However, it is the most common tool
currently in practice for calculating lighting levels [9]. On
July 14 (Table 1), the lights in the study area were turned
off and the blinds were opened to assess the lighting
conditions of the workspace without the assistance of
any resource outside the architecture of the building

itself. Subsequently, the natural light factor was
calculated for each case.
horizontal global illumination
DF = x 100

interior lx

c) Illuminance Measurement
The previous methodology was repeated, only
the results were placed in the architectural plan in Ix.

d) Post-Occupancy Evaluation

A visual evaluation survey [7] [8] was applied to
the users of the third floor, south fagade on July 26
under normal working conditions (Table 1). Not all users
were available to participate due to the type of work they
did, it is worth mentioning that more than half of the
users in the study area did not participate in the survey.
Simultaneously with the post-occupation evaluation,
internal illuminance measurements were made, for this
reason the duration of the measurements on this day is
greater than ten minutes (Table 1).

The survey and the measurements were carried
out at the same time to obtain a relationship between
the existing illuminance levels on a regular day, with the
light regulation system in automatic mode, and the
perception of the users.

To determine if the illuminance levels are
adequate, we refer to the lighting standards of the
llluminating Engineering Society (IES), American
standards, and MS1525:2014, Malaysian standards.
These two were chosen to have as a reference a more
widely used standard worldwide, the IES, and another
that would be applied in a climate like Panama’s. (Table
2).

Table 1

Days and scenarios description during the evaluation

Time  Time  Horizonta - SOUTH  EnsTplind  WEST blind
Date start finish . glc_)bal_ Lights blind clousure % clousure % Survey
illumination clousure %
July 14 12:31 12:43 38.8k Ix OFF 0% 100% 0% NO
July 16 11:43 11:52 259k Ix ON 89% 100% 74% NO
July 26 10:47 11:32 228k Ix ON 80% 100% 76% YES
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Fig 3 Factor de luz natural en fachada sur, nivel 3

[1I. RESULTS

a) Daylight Factor

The values of July 14 were quite high (Fig. 5).
The workstations closest to the fagade present a higher
natural light factor than those closest to the core of the
building.

As the measurements were made towards the
east facade, the light levels were reduced in both cases
because the shutters on the east fagade were kept
permanently closed (Table 1).

b) llluminance Level Measurement
Under normal working conditions, that is, using
automated support systems for interior light control,

illuminance levels remained quite similar (Fig. 6). The
approximate ranges in which the system-maintained
illuminance was between 300 Ix - 400 Ix for the most part
(Fig. 6). It means that within the MS1525:2014
standards, it is at an appropriate level. However, there
are workspaces that marked in the range of 200 Ix,
below this standard and even much lower than that of
the IES. (Table 2).

c) Post-Occupancy Evaluation

A total of 37 surveys were completed
throughout the study area. 75% of the surveyed users
describe their work space as comfortable in terms of
lighting (Fig. 7). As for performing tasks on the
computer, 51% feel satisfied and 30% choose the
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neutral option. Regarding paper tasks, 43% say they feel 35% prefer equal dependence on electric light

satisfied and 43% choose the neutral option. (Fig. 8) and natural light, followed by 30% who prefer
Only 16% of the participants reported predominant dependence on natural light with electric

experiencing glare in their work area. Of them, 50% said  light support (Fig. 9).

that the glare is from sunlight on the computer screen

and 33% said that it is from direct sunlight.

IV. DISCUSSION

e [ 2%

Fig 7 Resultados de percepeidn de confort luminico en
puestos de trabajo.

Tabajpwn papel [l Tiabajs e computadany

Fig 8 Resultados de niveles de satisfaccion para leer y
escribir en cormputadeora v en papel

[quiire ey bap wintrica phed

Proferencia del equilibrio de fuentes de Buminacién en poestns de tabajo

Fig 2 Resultados de preferencia de fuentes de iluminacidn
en puestos de trabajo
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Table 2

Comparison between illuminance (Ix) standards
Office administration task

Standard Deep plane office Computer room Drawing offices

IES 500

750

750 750

MS1525:2014 300-400

300-400

300-400 350

Fig. & Planta arquitecténica de nivel tres, niveles de

iluminancia de 16 de julio

We consider that the Malaysian standards are
more valid than those of the IES because in countries
with tropical climates the incidence of the sun is greater,
which means that the illuminance in areas with this
climate is higher. When the shutters were opened on the
14th there were not so many people because it was a
Saturday, however, the staff in charge of the automated
system received complaints, from this fact we deduce a
feeling of discomfort in the few people who were there.

This may indicate that the building requires an additional
system to function, this implies an extra cost for it, since
the architectural design does not respond to changing
weather conditions.
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According to [9], if there is disagreement in 20%
of users, changes must be made. The results gave 16%
but considering that only 37 people of the jobs that exist
in the entire floor (including the north facade) there is a
great probability that the 4% missing for this parameter
to be met may exist. Future long-term studies should be
done on the entire floor to verify this. This 16% (yellow

Fig.10) is located on the east side where there is a sill
on the south facade (Fig.12). Our deduction is that the
software is programmed for the window of (Fig. 11) and
takes its full height to adjust its closing percentages.
This height is different from that of the window (Fig. 12),
so when the closing percentage is adjusted, on the side
where the sill is, the adjustment will always be wrong.

W v cscuRn

W oscuRs

W CONFORTAR
BRILLANTI

B vy BRILLANTE

Fig. 10 Planta arquitecténica de nivel tres, participantes
de la evaluacidn post-ocupacidn v sus respuestas
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Fig. 11 Segmento de elevacidn de pared de fachada sur

sin antepecho.
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Fig 12 Begmento de elevacidn de pared de fachada sur

con antepecho.

V. CONCLUSIONS

Banco General's Operations Center with its
natural light entry control system mostly satisfies the
needs of users, since 75% of the participants in the
post-occupancy evaluation described their workspace
as comfortable. We could conclude that a building in the
tropics with the same characteristics: north-south
orientation, predominantly glass facades and for
commercial use, requires automated systems outside of
architecture to function properly.

This light control system inside the building is a
good option to correct this type of design pathology;
however, it does not adapt to the entire morphology of
the building, as it has deficiencies when there is a sill on
the facade.

A considerable percentage of the people
answered neutral regarding such and such. This
parameter can cause confusion, so it is recommended
to use another level of evaluation in future post-
occupancy evaluations. Likewise, case studies are
recommended where people are more willing to stop
their work to participate in a post-occupation evaluation.
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2. Think like evaluators: If you are in confusion or getting demotivated because your paper may not be accepted by the
evaluators, then think, and try to evaluate your paper like an evaluator. Try to understand what an evaluator wants in your
research paper, and you will automatically have your answer. Make blueprints of paper: The outline is the plan or
framework that will help you to arrange your thoughts. It will make your paper logical. But remember that all points of your
outline must be related to the topic you have chosen.

3. Ask your guides: If you are having any difficulty with your research, then do not hesitate to share your difficulty with
your guide (if you have one). They will surely help you out and resolve your doubts. If you can't clarify what exactly you
require for your work, then ask your supervisor to help you with an alternative. He or she might also provide you with a list
of essential readings.

4. Use of computer is recommended: As you are doing research in the field of research engineering then this point is quite
obvious. Use right software: Always use good quality software packages. If you are not capable of judging good software,
then you can lose the quality of your paper unknowingly. There are various programs available to help you which you can
get through the internet.

5. Use the internet for help: An excellent start for your paper is using Google. It is a wondrous search engine, where you
can have your doubts resolved. You may also read some answers for the frequent question of how to write your research
paper or find a model research paper. You can download books from the internet. If you have all the required books, place
importance on reading, selecting, and analyzing the specified information. Then sketch out your research paper. Use big
pictures: You may use encyclopedias like Wikipedia to get pictures with the best resolution. At Global Journals, you should
strictly follow here.
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6. Bookmarks are useful: When you read any book or magazine, you generally use bookmarks, right? It is a good habit
which helps to not lose your continuity. You should always use bookmarks while searching on the internet also, which will
make your search easier.

7. Revise what you wrote: When you write anything, always read it, summarize it, and then finalize it.

8. Make every effort: Make every effort to mention what you are going to write in your paper. That means always have a
good start. Try to mention everything in the introduction—what is the need for a particular research paper. Polish your
work with good writing skills and always give an evaluator what he wants. Make backups: When you are going to do any
important thing like making a research paper, you should always have backup copies of it either on your computer or on
paper. This protects you from losing any portion of your important data.

9. Produce good diagrams of your own: Always try to include good charts or diagrams in your paper to improve quality.
Using several unnecessary diagrams will degrade the quality of your paper by creating a hodgepodge. So always try to
include diagrams which were made by you to improve the readability of your paper. Use of direct quotes: When you do
research relevant to literature, history, or current affairs, then use of quotes becomes essential, but if the study is relevant
to science, use of quotes is not preferable.

10. Use proper verb tense: Use proper verb tenses in your paper. Use past tense to present those events that have
happened. Use present tense to indicate events that are going on. Use future tense to indicate events that will happen in
the future. Use of wrong tenses will confuse the evaluator. Avoid sentences that are incomplete.

11. Pick a good study spot: Always try to pick a spot for your research which is quiet. Not every spot is good for studying.

12. Know what you know: Always try to know what you know by making objectives, otherwise you will be confused and
unable to achieve your target.

13. Use good grammar: Always use good grammar and words that will have a positive impact on the evaluator; use of
good vocabulary does not mean using tough words which the evaluator has to find in a dictionary. Do not fragment
sentences. Eliminate one-word sentences. Do not ever use a big word when a smaller one would suffice.

Verbs have to be in agreement with their subjects. In a research paper, do not start sentences with conjunctions or finish
them with prepositions. When writing formally, it is advisable to never split an infinitive because someone will (wrongly)
complain. Avoid clichés like a disease. Always shun irritating alliteration. Use language which is simple and straightforward.
Put together a neat summary.

14. Arrangement of information: Each section of the main body should start with an opening sentence, and there should
be a changeover at the end of the section. Give only valid and powerful arguments for your topic. You may also maintain
your arguments with records.

15. Never start at the last minute: Always allow enough time for research work. Leaving everything to the last minute will
degrade your paper and spoil your work.

16. Multitasking in research is not good: Doing several things at the same time is a bad habit in the case of research
activity. Research is an area where everything has a particular time slot. Divide your research work into parts, and do a
particular part in a particular time slot.

17. Never copy others' work: Never copy others' work and give it your name because if the evaluator has seen it anywhere,
you will be in trouble. Take proper rest and food: No matter how many hours you spend on your research activity, if you
are not taking care of your health, then all your efforts will have been in vain. For quality research, take proper rest and
food.

18. Go to seminars: Attend seminars if the topic is relevant to your research area. Utilize all your resources.

19. Refresh your mind after intervals: Try to give your mind a rest by listening to soft music or sleeping in intervals. This
will also improve your memory. Acquire colleagues: Always try to acquire colleagues. No matter how sharp you are, if you
acquire colleagues, they can give you ideas which will be helpful to your research.

20. Think technically: Always think technically. If anything happens, search for its reasons, benefits, and demerits. Think
and then print: When you go to print your paper, check that tables are not split, headings are not detached from their
descriptions, and page sequence is maintained.
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21. Adding unnecessary information: Do not add unnecessary information like "I have used MS Excel to draw graphs."
Irrelevant and inappropriate material is superfluous. Foreign terminology and phrases are not apropos. One should never
take a broad view. Analogy is like feathers on a snake. Use words properly, regardless of how others use them. Remove
guotations. Puns are for kids, not grunt readers. Never oversimplify: When adding material to your research paper, never
go for oversimplification; this will definitely irritate the evaluator. Be specific. Never use rhythmic redundancies.
Contractions shouldn't be used in a research paper. Comparisons are as terrible as clichés. Give up ampersands,
abbreviations, and so on. Remove commas that are not necessary. Parenthetical words should be between brackets or
commas. Understatement is always the best way to put forward earth-shaking thoughts. Give a detailed literary review.

22. Report concluded results: Use concluded results. From raw data, filter the results, and then conclude your studies
based on measurements and observations taken. An appropriate number of decimal places should be used. Parenthetical
remarks are prohibited here. Proofread carefully at the final stage. At the end, give an outline to your arguments. Spot
perspectives of further study of the subject. Justify your conclusion at the bottom sufficiently, which will probably include
examples.

23. Upon conclusion: Once you have concluded your research, the next most important step is to present your findings.
Presentation is extremely important as it is the definite medium though which your research is going to be in print for the
rest of the crowd. Care should be taken to categorize your thoughts well and present them in a logical and neat manner. A
good quality research paper format is essential because it serves to highlight your research paper and bring to light all
necessary aspects of your research.

INFORMAL GUIDELINES OF RESEARCH PAPER WRITING
Key points to remember:

e Submit all work in its final form.
e Write your paper in the form which is presented in the guidelines using the template.
e  Please note the criteria peer reviewers will use for grading the final paper.

Final points:

One purpose of organizing a research paper is to let people interpret your efforts selectively. The journal requires the
following sections, submitted in the order listed, with each section starting on a new page:

The introduction: This will be compiled from reference matter and reflect the design processes or outline of basis that
directed you to make a study. As you carry out the process of study, the method and process section will be constructed
like that. The results segment will show related statistics in nearly sequential order and direct reviewers to similar
intellectual paths throughout the data that you gathered to carry out your study.

The discussion section:

This will provide understanding of the data and projections as to the implications of the results. The use of good quality
references throughout the paper will give the effort trustworthiness by representing an alertness to prior workings.

Writing a research paper is not an easy job, no matter how trouble-free the actual research or concept. Practice, excellent
preparation, and controlled record-keeping are the only means to make straightforward progression.

General style:

Specific editorial column necessities for compliance of a manuscript will always take over from directions in these general
guidelines.

To make a paper clear: Adhere to recommended page limits.
Mistakes to avoid:

e Insertion of a title at the foot of a page with subsequent text on the next page.

e Separating a table, chart, or figure—confine each to a single page.

e  Submitting a manuscript with pages out of sequence.

e In every section of your document, use standard writing style, including articles ("a" and "the").
e Keep paying attention to the topic of the paper.
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e Use paragraphs to split each significant point (excluding the abstract).

e Align the primary line of each section.

e Present your points in sound order.

e Use present tense to report well-accepted matters.

e Use past tense to describe specific results.

e Do not use familiar wording; don't address the reviewer directly. Don't use slang or superlatives.
e Avoid use of extra pictures—include only those figures essential to presenting results.

Title page:

Choose a revealing title. It should be short and include the name(s) and address(es) of all authors. It should not have
acronyms or abbreviations or exceed two printed lines.

Abstract: This summary should be two hundred words or less. It should clearly and briefly explain the key findings reported
in the manuscript and must have precise statistics. It should not have acronyms or abbreviations. It should be logical in
itself. Do not cite references at this point.

An abstract is a brief, distinct paragraph summary of finished work or work in development. In a minute or less, a reviewer
can be taught the foundation behind the study, common approaches to the problem, relevant results, and significant
conclusions or new questions.

Write your summary when your paper is completed because how can you write the summary of anything which is not yet
written? Wealth of terminology is very essential in abstract. Use comprehensive sentences, and do not sacrifice readability
for brevity; you can maintain it succinctly by phrasing sentences so that they provide more than a lone rationale. The
author can at this moment go straight to shortening the outcome. Sum up the study with the subsequent elements in any
summary. Try to limit the initial two items to no more than one line each.

Reason for writing the article—theory, overall issue, purpose.

e Fundamental goal.

e To-the-point depiction of the research.

e Consequences, including definite statistics—if the consequences are quantitative in nature, account for this; results of
any numerical analysis should be reported. Significant conclusions or questions that emerge from the research.

Approach:

0 Single section and succinct.

An outline of the job done is always written in past tense.

Concentrate on shortening results—limit background information to a verdict or two.

Exact spelling, clarity of sentences and phrases, and appropriate reporting of quantities (proper units, important
statistics) are just as significant in an abstract as they are anywhere else.

o O O

Introduction:

The introduction should "introduce" the manuscript. The reviewer should be presented with sufficient background
information to be capable of comprehending and calculating the purpose of your study without having to refer to other
works. The basis for the study should be offered. Give the most important references, but avoid making a comprehensive
appraisal of the topic. Describe the problem visibly. If the problem is not acknowledged in a logical, reasonable way, the
reviewer will give no attention to your results. Speak in common terms about techniques used to explain the problem, if
needed, but do not present any particulars about the protocols here.

The following approach can create a valuable beginning:

0 Explain the value (significance) of the study.

0 Defend the model—why did you employ this particular system or method? What is its compensation? Remark upon
its appropriateness from an abstract point of view as well as pointing out sensible reasons for using it.

0 Present a justification. State your particular theory(-ies) or aim(s), and describe the logic that led you to choose
them.

0 Briefly explain the study's tentative purpose and how it meets the declared objectives.
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Approach:

Use past tense except for when referring to recognized facts. After all, the manuscript will be submitted after the entire job
is done. Sort out your thoughts; manufacture one key point for every section. If you make the four points listed above, you
will need at least four paragraphs. Present surrounding information only when it is necessary to support a situation. The
reviewer does not desire to read everything you know about a topic. Shape the theory specifically—do not take a broad
view.

As always, give awareness to spelling, simplicity, and correctness of sentences and phrases.
Procedures (methods and materials):

This part is supposed to be the easiest to carve if you have good skills. A soundly written procedures segment allows a
capable scientist to replicate your results. Present precise information about your supplies. The suppliers and clarity of
reagents can be helpful bits of information. Present methods in sequential order, but linked methodologies can be grouped
as a segment. Be concise when relating the protocols. Attempt to give the least amount of information that would permit
another capable scientist to replicate your outcome, but be cautious that vital information is integrated. The use of
subheadings is suggested and ought to be synchronized with the results section.

When a technique is used that has been well-described in another section, mention the specific item describing the way,
but draw the basic principle while stating the situation. The purpose is to show all particular resources and broad
procedures so that another person may use some or all of the methods in one more study or referee the scientific value of
your work. It is not to be a step-by-step report of the whole thing you did, nor is a methods section a set of orders.

Materials:
Materials may be reported in part of a section or else they may be recognized along with your measures.
Methods:

0 Report the method and not the particulars of each process that engaged the same methodology.

0 Describe the method entirely.

0 To be succinct, present methods under headings dedicated to specific dealings or groups of measures.

0 Simplify—detail how procedures were completed, not how they were performed on a particular day.

0 If well-known procedures were used, account for the procedure by name, possibly with a reference, and that's all.
Approach:

It is embarrassing to use vigorous voice when documenting methods without using first person, which would focus the
reviewer's interest on the researcher rather than the job. As a result, when writing up the methods, most authors use third
person passive voice.

Use standard style in this and every other part of the paper—avoid familiar lists, and use full sentences.
What to keep away from:

0 Resources and methods are not a set of information.
0 Skip all descriptive information and surroundings—save it for the argument.
0 Leave out information that is immaterial to a third party.

Results:

The principle of a results segment is to present and demonstrate your conclusion. Create this part as entirely objective
details of the outcome, and save all understanding for the discussion.

The page length of this segment is set by the sum and types of data to be reported. Use statistics and tables, if suitable, to
present consequences most efficiently.

You must clearly differentiate material which would usually be incorporated in a study editorial from any unprocessed data
or additional appendix matter that would not be available. In fact, such matters should not be submitted at all except if
requested by the instructor.
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Content:

Sum up your conclusions in text and demonstrate them, if suitable, with figures and tables.

In the manuscript, explain each of your consequences, and point the reader to remarks that are most appropriate.
Present a background, such as by describing the question that was addressed by creation of an exacting study.
Explain results of control experiments and give remarks that are not accessible in a prescribed figure or table, if
appropriate.

0 Examine your data, then prepare the analyzed (transformed) data in the form of a figure (graph), table, or
manuscript.

O O OO

What to stay away from:

0 Do not discuss or infer your outcome, report surrounding information, or try to explain anything.

0 Do notinclude raw data or intermediate calculations in a research manuscript.
0 Do not present similar data more than once.
0 A manuscript should complement any figures or tables, not duplicate information.
0 Never confuse figures with tables—there is a difference.
Approach:

As always, use past tense when you submit your results, and put the whole thing in a reasonable order.
Put figures and tables, appropriately numbered, in order at the end of the report.

If you desire, you may place your figures and tables properly within the text of your results section.
Figures and tables:

If you put figures and tables at the end of some details, make certain that they are visibly distinguished from any attached
appendix materials, such as raw facts. Whatever the position, each table must be titled, numbered one after the other, and
include a heading. All figures and tables must be divided from the text.

Discussion:

The discussion is expected to be the trickiest segment to write. A lot of papers submitted to the journal are discarded
based on problems with the discussion. There is no rule for how long an argument should be.

Position your understanding of the outcome visibly to lead the reviewer through your conclusions, and then finish the
paper with a summing up of the implications of the study. The purpose here is to offer an understanding of your results
and support all of your conclusions, using facts from your research and generally accepted information, if suitable. The
implication of results should be fully described.

Infer your data in the conversation in suitable depth. This means that when you clarify an observable fact, you must explain
mechanisms that may account for the observation. If your results vary from your prospect, make clear why that may have
happened. If your results agree, then explain the theory that the proof supported. It is never suitable to just state that the
data approved the prospect, and let it drop at that. Make a decision as to whether each premise is supported or discarded
or if you cannot make a conclusion with assurance. Do not just dismiss a study or part of a study as "uncertain."

Research papers are not acknowledged if the work is imperfect. Draw what conclusions you can based upon the results
that you have, and take care of the study as a finished work.

0 You may propose future guidelines, such as how an experiment might be personalized to accomplish a new idea.

0 Give details of all of your remarks as much as possible, focusing on mechanisms.

0 Make a decision as to whether the tentative design sufficiently addressed the theory and whether or not it was
correctly restricted. Try to present substitute explanations if they are sensible alternatives.

0 One piece of research will not counter an overall question, so maintain the large picture in mind. Where do you go
next? The best studies unlock new avenues of study. What questions remain?

0 Recommendations for detailed papers will offer supplementary suggestions.
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Approach:

When you refer to information, differentiate data generated by your own studies from other available information. Present
work done by specific persons (including you) in past tense.

Describe generally acknowledged facts and main beliefs in present tense.

THE ADMINISTRATION RULES
Administration Rules to Be Strictly Followed before Submitting Your Research Paper to Global Journals Inc.

Please read the following rules and regulations carefully before submitting your research paper to Global Journals Inc. to
avoid rejection.

Segment draft and final research paper: You have to strictly follow the template of a research paper, failing which your
paper may get rejected. You are expected to write each part of the paper wholly on your own. The peer reviewers need to
identify your own perspective of the concepts in your own terms. Please do not extract straight from any other source, and
do not rephrase someone else's analysis. Do not allow anyone else to proofread your manuscript.

Written material: You may discuss this with your guides and key sources. Do not copy anyone else's paper, even if this is
only imitation, otherwise it will be rejected on the grounds of plagiarism, which is illegal. Various methods to avoid
plagiarism are strictly applied by us to every paper, and, if found guilty, you may be blacklisted, which could affect your
career adversely. To guard yourself and others from possible illegal use, please do not permit anyone to use or even read
your paper and file.
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Please note that following table is only a Grading of "Paper Compilation" and not on "Performed/Stated Research" whose grading
solely depends on Individual Assigned Peer Reviewer and Editorial Board Member. These can be available only on request and after

CRITERION FOR GRADING A RESEARCH PAPER (COMPILATION)
BY GLOBAL JOURNALS

decision of Paper. This report will be the property of Global Journals.

Abstract

Introduction

Methods
Procedures

Result

Discussion

References

XXI

Grades

A-B

Clear and concise with
appropriate content, Correct

format. 200 words or below

Containing all background
details with clear goal and
appropriate  details, flow
specification, no grammar
and spelling mistake, well
organized sentence and

paragraph, reference cited

Clear and to the point with
well arranged paragraph,
precision and accuracy of
facts and figures, well

organized subheads

Well organized, Clear and
specific, Correct units with
precision, correct data, well
structuring of paragraph, no
grammar and
mistake

spelling

Well organized, meaningful

specification, sound
conclusion, logical and
concise explanation, highly
structured paragraph
reference cited

Complete and correct

format, well organized

C-D

Unclear summary and no
specific data, Incorrect form

Above 200 words

Unclear and confusing data,
appropriate format, grammar
and spelling errors with
unorganized matter

Difficult to comprehend with
embarrassed text, too much
explanation but completed

Complete and embarrassed
text, difficult to comprehend

Wordy, unclear conclusion,
spurious

Beside the point, Incomplete

No specific data with ambiguous
information

Above 250 words

Out of place depth and content,
hazy format

Incorrect  and unorganized

structure with hazy meaning

Irregular format with wrong facts
and figures

Conclusion is not cited,
unorganized, difficult to

comprehend

Wrong format and structuring
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