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ABSTRACT

Relevance. Direction finding of drone-control emissions supports spectrum monitoring when protocol identifiers are
unavailable, but open datasets provide neither phase-coherent dual-channel captures nor independent devices. Aim. This study
evaluates whether a reproducible radio-frequency gate followed by an amplitude-comparison direction-finding proxy is internally
consistent under an explicit two-channel antenna model and identifies the assumptions that bound its use. Objectives. The work
separates tuning from final evaluation and examines conditioning, calibration, multipath, and negative-class composition without
constructing an unsupported total error budget. Methods. Single-channel in-phase/quadrature Tampere recordings feed burst
detection and fingerprinting; the second channel and directional responses are simulated. Complete recordings are divided
chronologically into train, validation, and untouched test blocks with guard intervals. The threshold is selected only on validation
data. Test rates receive Wilson confidence intervals, and the receiver-operating-characteristic area uses a stratified bootstrap. A
circular moving-block bootstrap supplies the median interval used by the null detector. Multipath sensitivity is summarized over
independent nuisance draws at each model point. Scientific novelty. The contribution is reproducible integration with falsifiable
boundaries: sufficient differential-response slope and absence of saturation define the well-conditioned set, while fingerprint claims
are tied to recording and negative-class coverage. Practical significance. The workflow prevents test-threshold leakage and supplies
calibration and conditioning checks before hardware trials. Results. On the untouched within-recording test block, the validation-
selected threshold yielded high precision and recall, but the pre-specified precision criterion was not met. All matched-model proxy
scenarios and all angles of the independent acceptance sweep passed the software checks; neither result is a field-accuracy estimate.
The edges of the angular sector were excluded from the well-conditioned set because one channel saturates there and the local slope
vanishes. Conclusions. The pipeline is computationally coherent under its model, whereas cross-device recognition, field-clutter
performance, and joint field accuracy remain unverified. Independent sessions, field-relevant negatives, antenna calibration, and live
coherent two-channel measurements are required.
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INTRODUCTION

Passive radio-frequency monitoring is an
important component of the detection and
localization of unmanned aerial vehicles when
optical or acoustic channels are unreliable. For
direction finding of the control transmitter, it is not
sufficient to merely detect activity within the
frequency band: prior to angle estimation, it is
necessary to select only those packets that belong to
the target transmitter.

© Zabolotnii S., Chepynoha A., Koval V.,
Klopotowskyi P., 2026

The open Tampere/Zenodo datasets [1] provide
real single-channel signals of DJI and other drone
controllers, but do not include live dual-channel
reception with known antenna geometry.

Furthermore, a stable OcuSync packet identifier
could not be extracted from open header analysis
without reverse engineering. Therefore, an
architectural decision was made: target burst packets
are selected not by a protocol-level identifier, but by
radio-frequency fingerprinting [2], [3], [4], after
which they are passed through a software-based
prototype of a dual-channel amplitude direction
finder.The contribution of this paper is twofold.
First, it presents a reproducible integration of a
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streaming packet detector, a radio-frequency
fingerprint gate, a dual-channel directional-response
simulator, a differential-amplitude  estimator,
dependent-data uncertainty estimation, a null
detector, and angle inversion. Second, it defines
falsifiable applicability boundaries for the integrated
chain under explicit open-data and antenna-model
assumptions. The individual algorithms are
established; the contribution is their auditable
integration and model-based sensitivity analysis.

This framing deliberately separates software-
consistency checks from empirical accuracy claims.
The study evaluates threshold leakage, response
conditioning, antenna-calibration mismatch, Monte
Carlo multipath sensitivity, classifier choice, and
conditional prior shift. These separate axes are not
summed into a total error budget because a
defensible joint distribution of nuisance parameters
is unavailable.

LITERATURE REVIEW AND PROBLEM
STATEMENT

Prior work on radio-frequency fingerprinting
for ~ unmanned  system identification  has
demonstrated that physical signal features can
distinguish UAV controllers from Wi-Fi/Bluetooth
interference [2] and support hierarchical detection
and identification of UAVs [3], although the
generalization of such fingerprints across devices
and environments remains an open problem [4].
Contemporary approaches based on learning from
radio data (RadioML) provide a broader context for
automatic radio signal classification, while the
problem of transferring such models across
environments has been systematized in a survey on
transfer learning for RadioML [5]. In our
formulation, fingerprint-based identification is not
an end goal but a gating module that replaces the
unavailable protocol-level identifier.

The field of SDR-based drone monitoring
encompasses the detection of frequency-hopping
spread spectrum (FHSS) signals, wideband spectrum
scanning, and the integration of signal detection,
identification, and direction-of-arrival (DOA)
estimation [6-8]. These studies confirm the practical
viability of the SDR approach; however, they do not
bridge the gap between real single-channel signals
and the absence of a live dual-channel antenna
response in open datasets.

DOA estimation methods can be organized
according to their angular resolution and
implementation cost. High-resolution antenna-array
approaches, such as MUSIC and Capon minimum-
variance beamforming, reviewed in [9], provide
superior  resolution but require a coherent

multichannel array and precise calibration. Classical
radar monopulse techniques [10] and amplitude-
comparison methods [11] remain practical when
only a limited number of channels are available;
recent studies have further refined ambiguity

resolution for amplitude-comparison direction
finding [12].
For drone  signals, direction-of-arrival

estimation has been investigated with a switched-
beam antenna and a single-channel receiver [13], on
small-unmanned-aircraft platforms [14], and using
multimode antennas [15]. The present study instead
considers an amplitude-comparison proxy and
therefore follows conditioning and calibration
concepts from monopulse estimation [10-12].
Because the rolling statistic is a median of
dependent observations, its interval is estimated by
the  moving-block  bootstrap  for  stationary
observations [16], rather than by a mean-oriented
heteroskedasticity-and-autocorrelation-consistent
standard error. Spectral features use standard
periodogram estimates, and propagation sensitivity
uses two-ray and Rayleigh models [17].

The non-Gaussian component of the processing
chain is associated with reconstruction features in
the Kunchenko space and polynomial estimation
methods [18-21]. In the present work, these
concepts are employed in a limited role: fractional
real and imaginary DSGE descriptors are
incorporated into the radio-frequency fingerprint
vector alongside spectral samples.

RESEARCH AIM AND OBJECTIVES

The aim of this study is to evaluate an open
software concept of a dual-channel software-
defined-radio processing chain for amplitude-
comparison direction finding of DJI Mavic signals
and to determine its model-dependent applicability
under the limitations of public single-channel
recordings.

The following tasks are defined to achieve the
aim of the study:

1. To establish a validation boundary using
open recordings while explicitly distinguishing held-
out time blocks from independent sessions or
devices.

2. To verify a fallback (Plan B) target selection
pathway after unsuccessful OcuSync header
analysis.

3. To construct a processing pipeline consisting
of packet detection, radio-frequency fingerprint
selection, dual-channel simulation, differential
amplitude, moving-block-bootstrap aggregation, null
detection, and inverse angle recovery.
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4. To report every numerical result directly
from the generated data artifacts of the
fingerprinting, evaluation, and  simulation
procedures - without manual rounding outside the
tables - so that all reported figures are fully
reproducible.

5. To characterize response conditioning,
antenna-calibration ~ mismatch, Monte  Carlo
multipath sensitivity, and conditional class-prior
shift as separate sensitivity axes.

6. To analyze the sensitivity of the gating
module to feature groups and classifier choice

without inferring field readiness from within-
recording results.
7. To explicitly separate evidence of

processing-chain consistency from claims regarding
field accuracy.

MATERIALS AND METHODS

The signal source is the Tampere/Zenodo
dataset “Radio-Frequency Control and Video Signal
Recordings of Drones” (DOL:
10.5281/zen0d0.4264467) [1]. The 2.44 GHz files
contain intl6 interleaved in-phase/quadrature
samples at 120 MS/s. One recording is available per
controller class; therefore, cross-device and cross-
session generalization cannot be tested. Windows
are sampled across each complete recording and
split chronologically into training (2975 windows),
validation (950), and untouched test (975) blocks,
with five-window guard intervals at both boundaries.
Model selection and the full-precision threshold are
fixed on validation data before the test block is
scored once (Table 1).

The processing-chain architecture is shown in
Fig. 1. The diagram explicitly separates the
inaccessible OcuSync protocol pathway, the fallback
(Plan B) RF fingerprint-based selection pathway,
and the regions corresponding to real single-channel
1/Q data versus the simulated dual-channel response.

The complete implementation of all pipeline
modules, the exact configuration, the trained
fingerprint model, and the result artifacts underlying
every table and figure are openly available in the
public code supplement repository
(https://github.com/SZabolotnii/SDR_POC_Pelengat
or-code-supplement).

The simulation configuration is presented in
Table 2. Each channel uses a cosine-squared power
pattern  with  normalized beam  coordinate

U =(0-¢)z/(2BW;). The measured amplitude

ratio and the equivalent simulated power-gain ratio
are kept distinct; their equality follows because the

simulator applies the square root of power gain to
signal amplitude.

G, (0)=max{cos;, &} .

1)

Table 1. Modules of the proposed processing

pipeline
Module Input Output Role
Packet I/Q stream | Burst Schmitt-trigger
detector intervals detection on a
smoothed  log-
power envelope
Header Burst bytes | Plan-B Negative result
inspection decision for a stable
public OcuSync
identifier
Fingerprint |Burst 1/Q| Target DSGE/spectral
filter windows probability | Mavic-versus-
rest gate
Dual- Single- Two Directional
channel channel simulated |antenna  proxy
simulator burst  and | channels with noise and
angle multipath
Differential | Two Amplitude |20 logio
amplitude | channels difference |amplitude
observable in
decibels
Rolling/boot | Burst-wise | Median and | Robust
strap module | differences |95% aggregation and
interval dependent-data
uncertainty
Null Rolling Null event | Near-balanced
detector median response  using
interval corrected
uncertainty
Angle Final Angle Grid-search
inversion amplitude | estimate inversion within
difference model
boundaries

Source: compiled by the authors
In Eq. (1), ie{A,B} identifies the receiving
channel; @ is a signal angle of arrival; ¢, is a

boresight angle of channel i; BWs is a full 3-dB
beamwidth; u; i1s a normalized beam coordinate

defined above; G, () is a channel power gain on a
linear scale; and £=10"° is a linear gain floor
corresponding to —60 dB. The anglesd, ¢, and
BW, are expressed in the same angular units
(degrees in this study).

AdB =20log,, (A/B)=10log,,(GA/GB). (2)
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|A|<0.5 dB, CI<1 dB

0 estimate
grid-search inversion

Dual-channel response is simulated; RF waveforms are from the open Tampere/Zenodo dataset.

Fig. 1. Pipeline of the dual-channel direction-finding proxy
Source: compiled by the authors

Table 2. End-to-end proxy configuration

Parameter

Value

Sampling rate

120.0 MS/s

Target angles

—45, 0, +30, +60 degrees

Antenna boresights

+30 and —30 degrees

Beamwidth at 3 dB 60 degrees
Antenna phase-center 0.0625 m (approximately
spacing M2 at 2.412 GHz)
Carrier frequency in proxy 2.412 GHz
Pattern floor —60 dB
Signal-to-noise ratio 10dB
Multipath taps in proxy None (separate Monte

Carlo study)
Rolling window 25 bursts

Median interval

Circular moving-block
bootstrap: block 6, 2,000
replicates

Acceptance tolerance

5 degrees (consistency
check only)

Source: compiled by the authors

In Eqg. (2), A and B are the per-burst amplitude
estimates, computed as the mean magnitude of the
complex 1/Q samples in channels A and B,
respectively; G for channels A and B denotes the
corresponding linear power gains; AdB is the
differential amplitude in decibels; and logio denotes
the base-10 logarithm.

The forward simulator and inverse estimator
share the same cosine-squared pattern, so the
matched mapping is exact by construction and is
treated only as a software-consistency check. The
rolling estimate is the median of the latest 25 burst-
wise differences. Its 95% interval is obtained from
2,000 circular moving-block-bootstrap replicates
with block length six, and the null detector uses this
median interval directly.

A=median(A), Clg =Q,5 45 (A*) . (3)

In Eq. (3), A; is a burst-wise differential
amplitude for burst j; n = 25 is a rolling-window

length; A is a sample median of the n most recent

differences; A* denotes a median obtained from
one circular moving-block bootstrap resample;
Q5475 denotes the 2.5th and 97.5th percentiles over

2,000 bootstrap medians; and Clos is a resulting
percentile 95% confidence interval. The bootstrap
block length is six bursts.

(I) Conditioning: angle inversion minimizes the
difference between the observed and modeled
differential response. The well-conditioned set
requires both an absolute local slope of at least 0.30
dB/degree and absence of channel saturation;
consequently, £30° are excluded rather than treated
as valid endpoints.

0=argmin‘A(6’)—A‘, OeW . 4)
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In Eqg. (4), 6 is the estimated angle of arrival;
is the modeled differential response at candidate

angle @; A is the measured rolling median from
Eq. (3); arg min selects the angle that minimizes the
absolute mismatch; and W is the well-conditioned

search set in which |dA/d6|>0.3 dB/degree and

neither channel is saturated at the pattern floor.

(I1) Calibration model mismatch: the forward
A is generated using the true geometry, while the
inverse model is computed under perturbed
assumptions (beamwidth error, boresight shift, and

gain imbalance), resulting in realistic errors in 6.

(1) Multipath sensitivity: two-ray and six-tap
Rayleigh conditions are evaluated with 100
independent draws of phases, delays, arrival angles,
tap gains, and additive-noise seeds at every angle
and power level. Median absolute error, empirical
95% intervals, and the fraction exceeding 5° are
reported; no single fixed tap realization is interpreted
as a distribution.

(IV) Field-prior adaptation: precision at a
hypothetical target prevalence is computed from
within-recording TPR and FPR only as a conditional
scenario (Eq. (5)). Wi-Fi, Bluetooth, and
background/clutter negatives are absent, so transfer
of those rates to the field is unverified.

PPV (7)=7TPR/[ zTPR+(1-7)FPR] (5)

In Eq. (5), PPV () is a positive predictive
value (precision) at assumed target prevalence
m=P(Y =1); TPR=P(+|Y =1) is a true-positive

rate; FPR=P(+|Y =0) is the false-positive rate;

Y =1 denotes a target (DJI Mavic) burst; and +
denotes a positive decision by the fingerprint gate.

(V) Gating-classifier sensitivity: logistic
regression, random forest, and radial-basis-function
support-vector machines use the same chronological
partitions. Each operating threshold is selected on
validation data and evaluated once on the untouched
test block.

RESEARCH RESULTS

At the fingerprinting stage, the 19-feature
vector comprises four fractional real/imaginary
DSGE descriptors and 15 log-PSD samples. On the
corrected chronological split, the full logistic model
achieved ROC AUC 0.9855, precision 0.9378, and
recall 0.9282 on the untouched test block (Table 3).
The displayed validation-selected threshold was
0.181766; its full value is stored in the JSON
artifact. Ablation yielded AUC 0.9855 for the full
vector, 0.9855 for PSD-only, and 0.5070 for DSGE-
only. These are within-recording results from one
source file per class and do not demonstrate cross-
device generalization.

Table 3. Fingerprint filter metrics

Metric Untouched test result
Train / validation / test 2975/ 950/ 975 windows
Validation-selected 0.181766 (full value stored
threshold in JSON)
TP/FP/TN/FN 181/12/768/ 14

Precision (95% CI) 0.9378 [0.8945, 0.9641]

Recall/TPR (95% CI) 0.9282 [0.8831, 0.9568]

FPR (95% CI) 0.0154 [0.0088, 0.0267]

ROC AUC (95% CI) 0.9855 [0.9722, 0.9949]

Precision >0.95 criterion FAIL; within-recording

result only

Source: compiled by the authors

The end-to-end proxy processed 279 detected
bursts and retained 110 at its configured fingerprint
threshold (Fig. 2). The same retained burst set was
evaluated under four simulated geometries, so 4/4
acceptance is one matched-model software-
consistency exercise rather than four independent
experiments. Two of the 110 retained bursts
originated from the Inspire-2 control recording.
Table 4 separates the null decision from its detection
time and reports the corrected moving-block-
bootstrap median interval.

An independent controlled acceptance sweeps
at five angles and 25 dB signal-to-noise ratio yielded
5/5 within the 5° tolerance, with a maximum error of
0.70°. This verifies numerical behavior under the
specified simulator; it is not an empirical field-
accuracy estimate.

Table 4. End-to-end direction-finding proxy results

Angle Kept | Median A_dB MBB 95% ClI Estimated 0 Null? Time
-45 degrees |110 -59.311 dB [-59.3125, -59.3098] dB  [-45.00 degrees  |[no not applicable
+0 degrees |110 -0.001 dB [-0.0020, -0.0003] dB -0.00 degrees yes 0.0117 s
+30 degrees |110 +59.999 dB [+59.9963, +59.9996] dB |+30.60 degrees |[no not applicable
+60 degrees |110 +56.989 dB [+56.9865, +56.9913] dB |+60.00 degrees |no not applicable

Source: compiled by the authors
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2/110 kept bursts are Inspire-2 false positives (after the source boundary).

Fig. 2. End-to-end proxy under four target angles (matched-model software-consistency view)
Source: compiled by the authors

For the prototype geometry, the criterion-
defined well-conditioned interval is open,
approximately (—29.96°, +29.96°). The endpoints
+30° are excluded because one channel is saturated
and the local differential slope is zero. At 0°, the
slope is 0.455 dB/degree; the selected off-sector
angles are also saturated and fail the combined
slope-and-saturation criterion (Fig. 3 and Table 5).

Calibration model mismatch (Fig. 4) converts
the matched-model identity into a sensitivity result.
A 1 dB inter-channel gain imbalance produced a
mean absolute error of 3.38° over the well-
conditioned set and a maximum error of 60.40°. A
2° common boresight offset produced a 2.00° mean
absolute bias. These curves are separate scenario
sensitivities and are not summed.

Table 5. Per-angle conditioning and multipath error

0 Conditioning Two-ray median Two-ray Rayleigh median [95%];
[95%0] P(le|>5°) P(le|>5°)
-45° | slope 0.094; saturated yes; W no | 34.40 [0.65, 46.40]° 0.86 33.20 [18.66, 44.75]°; 1.00
+0° | slope 0.455; saturated no; W yes | 8.30 [0.40, 11.28]° 0.73 3.40 [0.25, 9.21]°; 0.29
+30° | slope 0.000; saturated yes; W no | 21.75 [0.00, 30.00]° 0.86 16.65 [6.50, 30.01]°; 0.99
+60° | slope 0.227; saturated yes; W no | 53.65 [1.64, 66.35]° 0.85 51.25 [36.05, 64.83]°; 1.00
Source: compiled by the authors
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Fig. 3. Differential response, local slope, saturation, and criterion-defined well-conditioned set
Source: compiled by the authors
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Fig. 4. Angle error under antenna-calibration mismatch

(left: vs angle at fixed mismatch; right:

vs gain imbalance at the demo angles)

Source: compiled by the authors

The revised multipath analysis (Fig. 5) uses 100
independent nuisance realizations at each angle and
relative-power level. At 0 dB multipath power, the
median absolute error at 0° was 8.30° for the two-
ray model and 3.40° for Rayleigh fading, with
exceedance fractions 0.73 and 0.29. Saturated angles
exhibit wide intervals and high exceedance fractions.
The result is a Monte Carlo scenario distribution, not
a field channel estimate.

Adjustment for a hypothetical target prior is
illustrated in Fig. 6. The calculation propagates
within-recording TPR/FPR and their uncertainty
through Bayes’ rule. Because the available negative
class contains four controller recordings but no Wi-
Fi, Bluetooth, or background/clutter captures, the
curves are conditional transfer scenarios. No
threshold is described as field-validated, and
observed zero false positives on a finite sample is
not treated as a field guarantee.

ISSN 2663-0176 (Print)
ISSN 2663-7731 (Online)

Information technologies and computer systems

677



Zabolotnii S. V., Chepynoha A. V., Klopotovskyi P. A., Koval V.V. [ Herald of Advanced Information Technology
2026; Vol.9 No.4: 671-682

—e— 0=-45° -@-- 0=+0° —A— 0=430° -4 6=+60°

Two-ray model Diffuse Rayleigh model

60 - 4

40 +

20 A

absolute angular error (degrees)

0 .
T T T T T T T ! T T T T T
clean -15 -12 -9 -6 -3 0 clean -15 -12 -9 -6 -3 0
relative multipath power (dB) relative multipath power (dB)

Fig. 5. Monte Carlo multipath sensitivity: median absolute error and empirical 95% intervals
Source: compiled by the authors
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Fig. 6. Conditional precision scenarios versus target prevalence using within-recording rates
Source: compiled by the authors

Classifier sensitivity is reported in Table 6 and and 0.9641, respectively, while nonzero false-
Fig. 7 using validation-selected thresholds. Across positive rates remained. These results show model
five seeds, mean ROC AUC was 0.9820 for logistic ~ sensitivity within the available recordings; they do
regression, 0.9980 for random forest, and 0.9885 for  not establish whether field performance is data-
the radial-basis-function support-vector machine. On  limited or model-limited.
the untouched test block, recall was 0.9282, 0.9641,

Table 6. Linear vs nonlinear fingerprint gate (same data pipeline)

Gate ROC AUC, mean + SD (5 | Untouched-test recall; | Conditional precision LCB at
seeds) FPR n=1 %
Logistic 0.9820 + 0.0052 0.9282; 0.0154 0.2599
regression
Random forest 0.9980 + 0.0011 0.9641; 0.0141 0.2797
SVM-RBF 0.9885 + 0.0067 0.9641; 0.0115 0.3090

Source: compiled by the authors
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AUC over 5 seeds (mean * std)
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0.99 A

0.98 -

0.97 A

ROC AUC
(full 19-feature vector)

0.96 -
0.9885

0.95 -
SVM-rbf

Random
Forest

LogReg
(deployed)

Recall at validation-selected thresholds

0.96

test recall

SVM-rbf

Random
Forest

LogReg
(deployed)

Within-recording blocks only; cross-device and field-clutter performance are untested.

Fig. 7. Classifier sensitivity under validation-selected operating points and untouched-test evaluation
Source: compiled by the authors

The end-to-end processing chain handled 279
detected bursts, retained 110, and completed in 26.7
s on the reported computer environment. The
direction-finding values in Table 4 are matched-
model consistency outputs; the empirical fingerprint
metrics, conditioning mask, calibration
perturbations, and Monte Carlo channel studies
provide separate evidence relevant to applicability.

DISCUSSION OF RESULTS

The results should be interpreted on two levels.
The consistency layer demonstrates that detected
real bursts can pass through the fingerprint gate and
the complete simulated dual-channel direction-
finding chain. The sensitivity layer tests what that
consistency does not prove: a threshold fixed before
final evaluation, an interval aligned with the
dependent  median, geometric  conditioning,
calibration mismatch, multipath distributions, and
negative-class coverage. The software checks
therefore support implementation coherence, not
cross-device or field accuracy.

The practical implications are direct. Operation
should be confined to the criterion-defined
unsaturated region, not to a closed +30° sector.
Calibration errors of approximately one decibel can
produce several degrees of bias even in the well-
conditioned set, and multipath can dominate the
matched-model result. Fingerprint thresholds must
be selected on validation data and re-evaluated
against field-relevant interference rather than
inferred from the available controller-only negatives.

The main limitations are one recording per
controller class, no independent Mavic device or
session, no Wi-Fi/Bluetooth/background negative

mixture, simulated rather than measured dual-
channel responses, and no independent antenna-
pattern calibration. Field trials with a phase-coherent
dual-channel  receiver are  planned.  Their
experimental design and results will be reported in a
subsequent article.

Table 7. Limitations and status

Limitation Status in this work Required follow-
up

Matched 4/4 and 5/5 retained Calibrated

forward/inve | only as software- hardware

rse proxy consistency checks validation

Multipath 100-draw two-ray Field multipath

absent from | and Rayleigh measurements

nominal distributions reported

proxy separately

Fingerprint Bayes curves are Field-like

prior and conditional; Wi- negative

negative- Fi/Bluetooth/backgro | sampling and

class shift und absent recalibration

Open-data- Real single-channel Live phase-

only 1/Q; second channel coherent dual-

direction simulated channel capture

finding

One Within-recording Independent

recording per | held-out blocks only | sessions and

device class Mavic devices

No decoded Plan-B physical-layer | separate protocol

OcuSync Fingerprint gate Study subject to

identifier legal and ethical
constraints

Source: compiled by the authors

CONCLUSIONS

This study presents a reproducible integrated
concept for amplitude-comparison direction finding
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of DJI Mavic signals and reframes its evidence as
model-based sensitivity analysis. The validation-
selected fingerprint threshold produced precision
0.9378 and recall 0.9282 on an untouched within-
recording test block, so the 0.95 precision criterion
was not met. The moving-block-bootstrap interval
now corresponds to the rolling median; +30° are

excluded from the well-conditioned set; and
multipath is summarized over independent Monte
Carlo realizations. The 4/4 proxy scenarios and 5/5
synthetic acceptance sweep remain software-
consistency checks. Cross-device recognition, field-
clutter rejection, calibrated dual-channel accuracy,
and any joint error budget remain unverified.
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AHOTAIIA

AxkTtyanbHicTh. lleneHramis BUNPOMIHIOBaHb KaHATIB KepyBaHHS OC3MUIOTHHKAMH € BaXJMBOKO [UI1 Pagio4acTOTHOTO
MOHITOPHHTY, OJHAK BIIKPHUTI JaHi HE MICTATh KOTEPEHTHUX IBOKAHAIBHHX 3aIlICIB 1 HE3AIISKHUX EK3eMIULIpiB MpucTpoiB. MeTa.
IlepeBipuTH BHYTPIIIHIO Y3TOJKEHICTH BiITBOPIOBAHOTO KOHBEEPA 3 PamiodacTOTHUM (UIBTPOM Ta aMILIITyAHO-TOPIBHAIBHOIO
HeJIeHTaliclo 3a 3aaHoi MOJeNi aHTeHU i BU3HAYMTH MEXIi 3aCTOCYBaHHA. 3aBHaHHs. PO3IUIMTH HanamTyBaHHS Ta OCTaTOYHE
OLHIOBAaHHS, Y3rOJUTH IHTEpBaJ HEBH3HAYECHOCTI 3 MeIiaHOI0, AOCTIIUTH 0O0YMOBJIEHICTh, KaliOpyBaHHs, 0araTONpPOMEHEBICTh i
CKJIaJ] HEraTUBHOTO Kiacy 0e3 HeoOIPyHTOBAHOrO cymapHoro Orwojpkery moxubok. Meroam. OpHokaHanbHi 3amucu Tammepe,
Hpe/CcTaBieHi cHH(A3HOIO Ta KBAaJPaTypHOIO CKJIaJIOBHMH, BUKOPUCTOBYIOTHCS JUISl BHSBJICHHS NMAKETHUX CUTHATIB i ()OPMYBaHHS
iXHIX pajioYacTOTHUX BiZOWTKIB; NPYyTHMi KaHAN 1 JiarpaMd CIPSIMOBAHOCTI aHTEH MOJEINIOIOTHCS IWITYy4HO. I[IOBHI 3amucH
XPOHOJIOTIYHO PO3NONUISIOTECS HA HaBYajbHY, BAIiNAlifHy Ta TECTOBY BHMOIPKHM, SIKi PO3MEXKOBYIOTHCS 3aXHMCHHMH YaCOBHMH
iHTepBanamu. [loporoBe 3HaUeHHS OOMPAETHCS BUKIIOYHO 33 BaiJamiiHUMU JaHUMH. BukopuctaHo noBipdi iHTepBamu BincoHa, a
IUIOIA Mifl KPUBOK POOOYMX XapaKTepPHCTHK MpHUiMayda OI[HIOEThCS METOAOM cTpaThdikoBaHOro OyrcTpemy. Jisi HyJIbOBOTO
JIETEKTOpa JOBIpUMI IHTEpBal MEIiaHM BHM3HAYAETHCS METOJOM KPYTOBOTO pyXoMoro Omo4yHoro Oytcrpery. UyTimBicTh 10
0araTompOMEHEBOCTI MIICYMOBY€EThCS 32 HE3AJICKHUMH BHUOIPKAMHU TIEPEMIKOA y KOXHiH Touli Mmoneni. HaykoBa HOBH3HA.
BHeCKOM € BiATBOpPIOBaHA iHTErpallis 3 MepeBIprOBaHUMH MexaMu: 100pe oOyMOBJIeHa MHOXHMHA MOTPEOY€e AOCTATHHOTO HAXHITY
KpuBoi audepeHiiaipHoi peakuii i BiICyTHOCTI HACHUYCHHS, a TBEPMXKEHHS NPO iAeHTU(IKALI0 0OMEKEHO MOKPUTTSAM 3alHUCIB i
HeraTuBHUX KiaciB. IlpakTnyHa 3Hauymictb. [Ipouenypa ycyBae BuOip mopora Ha TecTi W 3amae mepeBipku reomerpii Ta
KaiOpyBaHHs Ieper arnapaTHUMHU BUIpoOyBaHHsMU. Pe3yiabTaTn. Bubpanuii Ha Bamiganii mopir 3a0e3neyrB Ha HEAOTOPKAHOMY
TECTOBOMY OJIOLI BUCOKI BIIy4YHICTh i IOBHOTY, IPOTE 3a3AaJeriab 3aJaHuii KpuTepiil Biy4HocTi He BUKoHaHO. KpaiiHi kyTn cekropa
BIJIYy4YCHO 3 100pe 0OyMOBIEHOT MHOKMHM 4epe3 HACHYEHHS OJHOTO 3 KAHAJiB | 3HMKHEHHS JIOKAJIBHOTO HaxXWily. BHCHOBKH.
KoHBeep 00YMCIIOBAIBHO Y3rOKEHUH Y MeKax MOJAEN, ane MibKmiarhopMHe po3mi3HaBaHHS, pobOTa Ha TJi MOJBOBUX 3aBaj i
KaniOpoBaHa JIBOKaHAJIbHA TOYHICTH HE MEPEBIPEHI.

KonrodoBi ciioBa: mporpamMHO BH3HAdyBaHE pajio; MENEHTAllis; pagioyacTOTHA iNeHTHQIKamis; aMIUTITyAHE MOPIBHSIHHS;
OyTCTpen 3aJIe)KHUX TaHWX; OC3MUIOTHA aBialliiiHa CHCTeMa
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