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(57) Abstract: Systems and methods are disclosed herein which facilitate
generating and utilizing look-up tables for determining an AoA of a radar
signal received from an emitter. In example embodiments, the systems
and methods may involve a selectivity process for selecting, for each of a
plurality of installation positions, an installation-representative antenna
pattern as selected from an option set. Thus, the selectivity process may,
for example, include indexing a plurality of data sets of antenna patterns
associated with an antenna position and selecting a most representative
data set from at least one of the indexed data sets. In some embodiments,
the system and methods may further apply a compression algorithm
which identifies changes in slope with respect to adjacent pairs of an-
tenna positions (vertex pairs) in the look-up table. The algorithm may
then discard any antenna position (any vertex) that does not meet a slope
difference threshold with respect to changes in the slope.
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SYSTEMS AND METHODS FOR ANTENNA ANALYSIS AND VALIDATION

Background:

The subject application relates generally {0 the field of radar signal processing, and
maore particularly (0 an approach to generating and utilizing look-up tables for

determining an angle of arrival of a radar signal received from an emitier.

Angie of Arrival (AcA) determination requires an accurate description of the antenna
performance over azimuth or elevation angle while avoiding ambiguity. Currently, the
standard industry practice is to curve fit the antenna radiation pattern. One criterion by
which radar receivers, such as Radar Waming Receivers (RWR], are evaluated is the
Root Mean Square (RMS) angular error, which is principaily determined by the quality of

the radiation pattern and the curve fit.

U.S. Patent Application No. 13/958,240 (published as U.S. Publication No.
2015/0035696), entitled “Optimized Monotonic Radiation Pattern Fit with Ambiguity
Resolution” and filed August 2, 2013 describes systems and methods for characterizing
a radiation pattern of an antenna o improve the determination of an angle of arrival of a
radar signal received by the antenna.  In particular, U.&. Patent Application No.

13/958, 240 features an optimized monotonic fitting approach o characterizing the
radiation pattern. As disclosed thersin, an approximation of the radiation pattem is
represenied as a window map having a plurality of windows. An optimized monotonic fit
of the radiation pattern is determined by adjusting the window map, one window st a

time, and testing the resulting new approximations. U.S. Patent Application No.
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13/958,240 tangentially relates 1o exampie embodiments of the subject application and

the entire contents thereof are hereby incorporated herein by reference.

LS. Patent No. 6,657 596, entitled "Method of Measuring a Pattern of Electromagnetic
Radiation” and issued December 2, 2003, describes systems and methods for
measuring electromagnetic radiation patterns for antennas. U.S. Patent No. 6,657,596
provides useful background information relating to measuring and charactenizing
antenna patierns and the entire contents thereof are hereby incorporated herein by

reference.

RWR systems, .g., such as described in U.S. Patent Application No. 13/958 240,
require extensive analysis in order to validate system performance. System
performance validation often includes evaluation of antennas, cables, microcircuits,
receivers, and other signal sensors when installed on aircraft platforms and when
uninstaled. Furthermore, performance needs o be assessed within hostile
environments (hot, cold, vibrations, eic.}. Typically, validation may include the
avaluation of system “amplitude difference lookup tables,” AcA, aircraft structure sensor
intarferance, accuracy predictions, error identification, calibration processes, and other

simiiar criteria.

Validation analyses are often not conjoined and typically require considerable time
nvestment, and are not cost effective. Typically, the analysis of antenna radiation
performance dala is performed manually and occasionally with the aid of statistical
tools. For example, an analyst may evaluate individual antenna radiation pattern plots

for correct sotropic gain levels, beamwidth, and beam squint. This can involve several
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parallel manual analyses, such as effective antenna aperture gain predictions. Ancther
example analysis is AcA calculation. Unfortunately, conventional AcA evaluations are
niot associated with other comparative analyses and theraefore may often result in AoA
caiculation errors. Unreliable equipment setup and/or testing apparatus may also result
in additional AoA calculation error. Furthermore, current practice is to limit frequency
and polarization analyses by compensating with interpoiation and exdrapolation resuiting

in less accurate performance representation.

Thus traditional validation and evaluation methods are time consuming and prone to
inaccurate determination. Under the conventional methods, it is often not possible to
meet customer schedule when thousands of performance characterizations are
required. Morecver, these methods fail to make use of High Power Computing (HPC)
with distributive technigues. Conventional evaluation methods are also not able to

perform comparative analyses in order to select the most useful solution.

Under conventional systems and methods, suboptimal antenna field of view radiation
pattern performance may resuit from vanous inaccuracies such as measurement and
calculation errors. Accordingly, systems and methods are needed in order 1o yield

optimal antenna patierns.

Summary:

In example embodiments, methods are disclosed for generating a look-up table for
determining an angle of arrival {A0A) of a radar signal received from an emitter. In

axample embodiments, these methods may include (i) for each of a plurality of antenna
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instaliation posilions, selecting an instaligtion-representative antenna pattern from an
indexed plurality of data sets of antenna patterns associated with the antenna
nstaliation position, wherein the selected installation-representative antenna patteam is a
most representative data set as scored against a predetermined set of weighted criteria;
and (i) calculating and recording differences between the selected installation-
represeniative patierns for each set of adjacent antenna installation positions in a look-
up table. In some embodiments, the selected antenna pattern for each of the plurality of

antenna installation positions may be stored in a salactivity {able.

in example embodiments, the indexed plurality of data sets of antenna patterns may
nciude a plurality of measured family-representative installed antenna patlerns. Thus,
e.g., the measured family-representative installed antenna patterns may be normalized
relative {0 an antenna chamber pattern such as where the antenna chamber pattemn is
an average antenna chamber pattern for the family.  In further example embodiments,
the indexad plurality of data sets further includes mirrored data sets of measured family-
representative installed antenna patierns for other antenna instaliation positions,
mirrored with respect to a mounting platform. In some embodiments, the mirrored data
sets may be mirrored front to back. In other embodiments, the mirrored data sets may
be mirrorad side to side. In further example embodiments, the indexed plurality of data
sets further may include mirrored data sets of the measured family-representative
instalied antenna patterns, mirrored with respect {o the antenna. In some embodiments,
the plurality of data sets of antenna patierns may be evaluated with respect o sach of a

plurality of angle bins around a boresight.
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In example embodiments, selecting the installation-representative antenna pattern from
the indexad plurality of data sets may include scoring each indexed data set against the
predetermined set of weighted criteria and choosing a data set having the greatest
possible score. In some embodiments, a training set may be utilized to facilitate
determining relative weighting Tactors for the set of weighted criteria. For example, a
machine leaming approach may be applied to determine a scoring algorithm as a

function of the set of weighted criteria.

In example embodiments, the differences between selected instaliation-representative
patterns for each set of adjacent instaligtion positions may be indexed by true azimuth

angle.

in example embodiments, a ratio of antenna pattern gains may be calculated for each
set of adjacent installation positions based on the selected installation-representative
antenna patterns for those positions. In some embodiments, the ratio of antenna pattermn
gains may be expressed as a difference in decibel units. In example embodiments, the
ratio of antenna patiern gains may use an optimized monotonic process. For example,
the ratio of antenna pattern gains may be calculated based on an absolute value of the
difference between optimized monotonic fits for the selected installation-representative

antenna patterns.

In example embodiments, the look-up table relating patiemn difference data with respect
to antenna installation position is ulilized to calculate the AoA of a radar signal. In some
embodiments, methods may further include compressing the data in the look-up table

utitizing a comprassion algorithm which (i) identifies changes in slope with respect to
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adjacert pairs of antenna instailation positions in the look-up table and (i) discards any
antenna installation position that does not meet a slope difference threshold with
raspact to the changes in the slope. In some embodiments, at least a portion of the
compressed data may be represanted linearly. In other embodimenis at least a portion
of the compressed dala may be represented by a piecewise function calculated based

in part on points of inflection where slope changes sign.

In example embodiments, methods are presented for compressing data in a pattern
difference look~up table. In general such methods may include (i) identifving changes in
slope with respect to adiacent pairs of antenna installation positions in the look-up table
and (i) discarding any antenna installation position that does not meet a siopse

difference threshold with respect {o the changes in the slope.

For a better understanding of the present teachings, together with other and further
objects thereof, reference is made 10 the accompanying drawings and detailed

description.

Brief Description of the Drawings:

Figures 1 and 2 depict exemplary algorithms for generating (Fig. 1) and utilizing (Fig. £)

pattern difference look-up tables, according to the present disclosure.

Figure 3 depicts an exemplary automatic selectivity algorithm, as further llustrated in

and described with respect to sub-Figures 3A-30, according to the present disclosure.
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Figures 3A-3D are sub-Figures of Figure 3 representing partitions of Figure 3 as

ilustrated and referenced in Figure 3, according to the present disclousre.

Figure 4 depicts an exemplary training method for the selectivity algorithm of Figure 3
and sub-Figures 3A-3D, as further illusirated in and described with respect to sub-

Figures 4A-4D, according o the present disclosure.

Figures 4A-4D are sub-Figures of Figure 4, representing partitions of Figure 4 as

Hustrated and referenced in Figure 4, according to the present disclosure.

Figure 5§ depicts an exemplary compression algorithm, as further illustrated in and

described with respect to sub-Figures 5A-5F, according to the present disclosure.

Figures 5A-5F are sub-Figures of Figure &, representing partitions of Figure 5 as

Hustrated and referenced in Figure 5 therein, according to the present disclosure.

Figures 8-10 illustrate exemplary data analysis of antenna patterns using a selectivity

process, according to the present disclosure.

Figure 11 is a block diagram of an example radar receiver system, according o the

present disclosure.

Detailed Dascription:

Systems and methods are disclosed herein which facilitate generating and utilizing look-
up tables for determining an AcA of a radar signal receivad from an emitter. In example

embodiments, the systems and methods may involve a selectivity process for selecting,
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for each of a plurality of installation positions, an installation-representative antenna
pattern as selected from an option sel. Thus, the selectivity process may, for example,
nciude indexing a plurality of data sets of antenna patterns associated with an antenna
position and selecting a most representative data set from at least one of the indexed
data sets. Advantageously, the siep of selecting a most represeniative data set may, in
some embodiments, include scoring each indexed data set against a set of weighted
criteria and choosing a data st having the greatest possible score based upon all
possible pattern selections against the predetermined weighted selection criteria.
Advantageously, a training set may be utilized to Tacilitaie determining relative weighting
factors for the weighted criteria.  In some embodiments, a machineg learning approach
(2.g., SVM, neural net, decision tree or the like) may be applied to determine a scoring
algorithm as a function of the weighted criteria {e.¢g., wherein the scoring algorithm may

appropriately reflect and account for the relative weighting between the criteria).

Selected instaliation-representative antenna patterns for each installation position (e.g.,
resulting from the selectivity process) may be stored in a selectivily table for further
analysis and evaluation whereas non-selected antenna patierns may be
rejected/discarded. Advantageously, AoA performance may be evaluated based on the
saelacted instaliation-representative antenna patterns. Thus, differences between
selected installation-representative patierns for each set of adjiacent installation
positions {(patiern difference data) may be calculated and recorded, such as in a look-up
table, e.q., as indexed by position {(e.g., by true azimuth angle} . For example, a ratic of
antenna pattern gains may be calculated for each set of adjacent installation positions

based on the selecled installation-representative antenna patterns for those positions.



WO 2016/200466 PCT/US2016/023879

The ratio may be expressed, e.q., as a difference in decibel units {(dB difference). In
gxample embodiments, the calculation of the ratio of antenna pattern gains may involve
an optimized monotonic process, &.¢., such as described in U.8. Patent Application No.
13/958,240. Thus, for example, in some embodiments, the ratio of antenna pattern
gains may be calculated based on the absoluie value of the difference between

optimized monotonic fits for the selecled installation-representative antenna patterns.

Similar to as is disclosed with respect to Figures 10A and 108 of U.S. Patent
Appiication No. 13/858,240, lock-up tables described herein relating pattern difference
data with respect 10 antenna position {e.g., with respect to true azimuth angle) may be
utitized o calculate the AcA of a radar signal.  Thus, the various anternna positions are
compared to determine which one has the highest effective radiated power (ERP). The
sactor containing the installation position with the highest ERP is referred to herein as
the emitter sector. The emitter sector and the next strongest adjacent sector are
compared and an ERP ratio of the two seclors is calculated {which may be calculated
as a difference of the two ERPs when expressed in decibel units). The ERF ratio may
be used to resolve the ACA, e.¢., in the azimuth plane, based on the look-up table.
Advantagecusly, the emitter sector and subsector {e.¢., quadrant and octant) may be

used to restrict the search domain within the difference table for resolving the AcA.

Notably, pattern difference data look-up tables, such as described herein, may be
compressad using various compression algorithms.  In example embodiments, a
monotonic optimization process may be applied to produce a compressed monotonic

{e.g., monotonically increasing or decreasing) look-up table. See, e.g., U.S. Patent
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Appiication No. 13/858,240. In some embodiments, other compression algorithms may

be applied separately or in conjunction with the monoionic oplimization process.

In example embodiments, the system and methods may utilize a compression algorithm
which identifies changes in slope with respect to adjacent pairs of antenna positions
{vertex pairs} in the look-up table. The algonthm then discards any antenna position
{any vertex) that does not meet a siope difference thrashold with respect to changes in
the slope. In exemplary embodiments, the compressed data may be represented
inearly, £.9., as a monotonic piece-wise linear representation, using the difference data
for the remaining antenna positions, e.g., for the remaining vertices. Alternatively, the
compressad data may be representad using one or more piecewise functions. For
example, points of inflection may be determined based on the slope of the look-up table
changing sign, {e.g., with respect ic adjacent pairs of antenna positions either prior o
the slope difference threshold discarding of vertices or subsequent theretlo). Piecewise
functions may then be calculated/determined between adjacent vertices which reflect

the points of inflection.

Based on empirical tasting to date, the systems and methods described herain have
proven {0 be exceptional in reducing validation time and cost and have proven useaful for
identifying outiier performances in sensor perturbations. The seleclivity algorithm and
associated interface advantageously snable a user to select aircraft elevations,
polarizations, performancs rirroring, signal ports, instailed and/or chamber
performance, and the like as part of the validation process. Thus, generated look-up

tables (e.q., for determining AcA) may account for a complete system performance

10
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{e.q., antenna, cable, cords, installation configuration, etc.) as opposed to just
accounting for the antenna. Thus the systems and methods ¢f the present disclosure
have the ability to map the installed field of view performance in 3 dimensions (3D) onto
a full size aircraft. Screening processes evaluate the free space (no aircraft) antenna
family performance variance with correlation to aircraft installed performance. This
process is capable of making use of HPC distributive methods for improved
computational processing time. Furthermoreg, the systems and methads of the present
disclosure are able to substantiaily reduce the memory size for look-up tables, e.g., by

applying various compression algorithms disclosed herein.

With initial reference to Figures 1 and 2 an example algorithm for generating and
utilizing pattern difference look-up tables is depicted. More particularly, Figure 1 depicts
a pre-process 100 for generating a pattern difference look-up table and Figure 2 depicts
a system process 200 for resolving AcA based on the generated look-up table of

Figure 1.

With specific reference to Figure 1, the pre-process 100 may advantageously include a
selectivity process 100A and a data comprassion process 1008, as part of the
generation of the pattern difference lock-up table. In general the selectivity process
100A may include indexing a plurality of data sets of antenna patterns associated with
an antenna position and selecting a most representative data set from at least ons of
the indexed data sets. As reflected in Figure 1, example embodiments indexing the
plurality of data sets of antenna patterns may include steps of e.g., 102 determining a

family average chamber patiern {e.¢., based on measured antenna chamber patterns),

11
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104 normalizing each installed antenna pattern to fit the family average chamber patiern
{e.¢g., based on measured installed patlerns (o produce a measured family-
reprasentative installed antenna patiern set) and 106 calculating mirror images for the
measured family-representative installed antenna pattern set and the family average
chamber paltern (e.q., with respect to the platform and/or with respect to the antenna
itself). Advantageously, for each installation antenna position, each indexed antenna
pattern {e.g., the orginal and mirrored family average chamber pattern and measured
family-representative installed antenna pattern set) may be superimposed (e.¢. with the
mechanical boresight angles maiching). Outlier patterns may then be easily identified
and rejected. Al step 110 a8 most installation-representative antenna patiern may be
saelacted from the indexed patierns {e.¢., for later utihzation in the generation of the
patiern difference look-up table for AoA resolution). Notably, the selected antenna
pattern for each antenna installation position may be stored in a seleclivity table. An
axample algorithm for selecting the most installation-representative antenna patlermns is

described with respect to Figures 3 and 4, herein.

At step 112 the selected installation-representative antenna patlerns are retrieved from
the selectivity table and at step 114 differences between selected installation-
reprasentative patierns for each seat of adjacent instaliation positions (pattern difference
data) is calculated and recorded, such as in a lock-up table, e.¢g., as indexed by position
{e.g., by true azimuth angle) . For example, a ratio of antenna patiern gains may be
calculated for each set of adjacent instaliation positions based on the selecied
nstaliation-representative antenna patterns for those positions. The ratio may be

gxpressed, e.¢., as a difference in decibel units {dB difference). In example

12
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embodiments, the calculation of the ratio of antenna pattern gains may involve an
optimized monoionic process, e.g., such as described in U.S. Patent Application

No. 13/958,240. Thus, for example, in some embodiments, the ratio of antenna pattam
gains may be calculated based on the absolute value of the difference between
optimized monotonic fits for the selected instaliation-representative antenna patlerns. In
other embodiments, a monotonic compression may be applied with respect to the
pattern difference data. Finally, at step 118 a compression algorithm may be applied for
compressing the data in the pattemn difference look-up table. An example compression

algorithm is described with respect to Figure 5, herein.

With reference now to Figure 2, the look-up table generatad according to the pre-
process 100 of Figure 1 may be utilized as part of 3 system process 200 to calculate the
AoA of a radar signal.  Thus, at step 202, the various antenna positions are compared
to determine which one has the highest ERP. The identified installation position with
the highest ERP is referred {0 herein as the amiller sector. At step 204, the emitter
sector and the next strongest adiacent sector are compared and an ERP ratio of the two
sectors is calculated (which may be cailculated as a difference of the two ERPs when
egxpressed in decibel units). The ERP ratio may then be used at step 200 to resclve the
AcA e.g., inthe azimuth plane, based on the look-up table. Advantageously, the
emitter sector and subsecior {e.g., guadrant and octant) may be used {o restrict the

search domain within the difference table for resclving the AcA.

With reference now to Figure 3 and sub-Figures 3A-3D, an exemplary automatic

selectivity algorithim 300 is presented for scoring and selecting a most representative

13
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instaliation pattern, e.g., for a particuiar application based on a predetermined set of
criteria. In particular, algorithm 200 may include steps of scoring each indexad dala set
against a set of weighted criteria and choosing a data set having the greatest possible
score based upon all possible patiern selections against the predetermined weighted
selection criteria. In the example embodiment of Figure 3 and sub-Figures 3A-3D,
atgorithm 300 includes at step 310, for each possible pattern selection, calculating a
correlation betweesn the pattern selection (after normalization thereof) and the chamber
pattern in a plurality of azimuth bins (e.¢g., relative to the antenna boresight). In
particular, a standard deviation may be calculated for each bin, .¢., to evaluale patltern
scalioping. In exemplary embaodiments, the bins may be +15 1o +30, +30 {o +45, +45 {0
+80, -15 1o -30, -30 10 -45, and -45 1o -60 from the antenna azimuth boresight angle. In
exemplary embodiments, each correlation with respect to one of the bing may represent
a separate scoring criterion {e.g., with a separale weighting Tactor). As depicted in
Figure 3 and sub-Figures 3A-3D, other scoring criteria may include, e.g., for each
possible pattern selection, at step 304 calculating gain difference belween max azimuth
gain of the pattern and the chamber boresight gain and/or at step 306 (inthe case of a
forward pattern) calculating a diference between maximum azimuth gain of the forward
pattern and the average maximum gain of the corresponding possible aft patterns. s
nicted that other criteria may be utilized in determining the scoring parameters.
Moreover, each of the criteria may be separately weighted in determining an overall
weighted score for each indexed pattern. Notably, at step 308 the highest scoring
pattern may be seleclted, a.g., for the selectivily table and further processing such as

described in Figura 1.

14
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As depicted in Figure 4 and sub-Figures 4A-4D, in some embodiments, a iraining set
may be utilized, e.g., to facilitate determining relative weighting factors for the weighted
criteria. Thus, according to the training algonithm 400 of Figure 4 and sub-Figures 4A-
40, weight factors may be caiculated at step 402 for each of a plurality of criteria 50 as
io best represent a plurality of selected patterns in a training sel, e.q., relative o the
other non-selected patterns in the training sel. In some embodiments, a machine
learning approach (e.g., SVYM, neural net, dacision trae or the like) may be applied to
determine a scoring algorithm as a function of the weighted criteria (e.g., wherein the
scoring algorithm may appropriately reflect and account for the relative weighting

between the criteria).

With reference now to Figure 5, an exemplary compression algorithim 500 is depicted
for reducing the memory load of a patltern difference look-up table. The compression
algorithm 500, advantagecously, at step 502 identifies changes in slope with respect o
adiacent pairs of antenna positions {vartex pairs} in the iock-up table and then at step
504 discards any antenna position {any vertex) that does not mest a slope difference
threshold with respect t0 the changes in the slope. In particular, as depicted in Figure 5
and sub-Figures S5A-5F, for each vertex pair the algonthm calculates the siope between
the vertices of the vertex pair as well as the slope betweean the left vertex of the pair and
the neighboring vertex to the left of the pair and the slope between the right vertex of
the pair and the neighboring vertex to the right of the pair. A siope difference is then
calculated between the slope of the vertex pair and the slope between the left vertex of
the pair with the left neighboring vertex. If the slope difference with respect {0 the left

vertex is less than a predetermined threshold the left vertex of the pair is discarded.

15
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Similarly, a slope difference may be calculated between the siope of the vertex pair and
the siope between the right vertex of the pair with the right neighboring vertex. As with
the left vertex, if the slope difference with raspeact o the right vertex is less than a

predetermined threshold, the right vertex of the pair is discarded.

As depicted in Figure 5 and sub-Figures 5A-5F, the compressed data may be
represeniad linearly 508, &.¢., as a monotonic piecewise linear represantation, using the
difference data for the remaining antenna positions, &.¢., for the remaining vertices.
Alternalively, the compressed daia may be represented Uusing one or more piecewise
functions 508, For example, at step 510 points of inflection may be determined based
on the slope of the look-up table changing sign, (8.g. with respect {0 adjacent pairs of
antenna positions either prior 1o the slope difference threshold discarding of vertices or
subsequent therelo). Piecewise functions which reflect the points of inflection may then
be calculated/determined (e.q., at step 512) between adjacent vertices. Notably, the
piecawise fitting process may be a recursive/iterative process with a thrashold number
of iterations prior to selecting the best candidate parameters for the piecewise function.
Notably, in some embodiments the plecewise function should be monotonic on either
side of an inflection point.  In some embodiments, a combination of linear and

piecewise funchions may be used in reprasenting the data table.

Figure & depicts an example embodiment where raw data input 602 is evaluated by a
selactivity process (automated or manual) to detect erroneous performance rasulting in
ACA inaccuracies. In the depicted example embodiment, the raw data 602 illustrates a

signal ripple error 610, a signal fading error 820, level error agreement 830 and a

16
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scalloping error 640, In exemplary embodiments, seleclivity may be used to generate
a goiden set of antenna patterns from the raw data 802, e.g., by eliminating outliers
from consideration. In example embodiments, a training algorithm or weighting function
may facilitate the selectivity process. In some embodiments, evaluation of an anternna
pattern may be dong in a segmenied manner, e.g., based on a plurality of bins of
ranges of azimuth angles relative 10 s boresight angle. Thus, each bin may be
evaluated for errors such as noted with respact to Fig. 8. In example embodiments,
scalloping error may be evaluated based on standard deviation within a given bin. In
further example embodiments, level error agreement may be evaluated by comparing
theoretical gain for an adjacent quadrant. As ilustrated the raw data 802 may also be
gvaluated with or without antenna installation (802 vs. 804). Figure 7 Hlustrates an
example embodiment wherein raw data input is evaluated by a selectivity process
{automated or manual) to detect erronecus performance resulting in AoA inaccuracies.
in general, the selectivity process may evaluate for erroneous performance for compiste
360° coverage around the aircraft. As previously noled the selectivity process may aim
to reduce or eliminate scalloping effects, e.g., since such effects are not representative

of the correct performance of the sensors.

As depicted in Figure 8, the selectivity process may, in some embodiments, evaluate
antenna gain, beam width, and beam squint for correct performance based on
predictions {such as known anienna performance without aircraft perturbations). For
axample, in some embodiments, a specific antenna cannot have more gain than a

maximum allowable antenna effeclive aperiure size.
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As depicted in Figure 9, in example embodiments, the selectivity process may
detect/evaluate two different patterns levels. Thus, for exampie, the selectivily process
may enable selection of pattemns vielding most appropriate crossovers between
quadrants, .g., based on symmetry between left and right quadrants. In some
embodiments, symmelry between guadrants may be defined based on closest possible
gain at one or more angular positions (for example at -80). Outliers (e.g., non-
symmaetrical pairs) may be rejected. Thus, as depicted in Figure 9, a pattern for the
forward right sensor guadrant may be selected (red) as optimal over g pattern in the
forward left guadrant (biue). The forward left guadrant patiern may then be replaced
with a mirrored pattern of the forward right sensor pattern. Once selected the pattern
can then be further evaluated, e.4., {0 reduce ripple, remove scalloping effects, corract
gain, check versus family performance variance, or add performance characteristics of

other system components (such as cables, radomes and microcircuit switching).

With reference now to Figure 10, in example embodiments, selectivity may gather all
available performance data inputs (radomes, antennas, cables, RF switches, receiver,
including temperatures effecis ) and analyze {(in auto mode or manualily) all
performances (o eliminate or reduce system degradation (for example, with respect to
AcA performance detection and location accuracy improvement). One output of the
selectivity process (as described in the examples above) may include what can be
referred to as the “Golden Patterns.” These patterns are not necessarily antenna
patterns in isclation. Rather these patierns produced as seleclivity output can include
RF receiver sensitivity detection optimization, temperature effects upon antennalradome

performance, etc. Figure 10 depicts how the system impact, &.9., of cable transmission
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microcircuits, may be evaluated with respect 1o the antenna patiern variance and family

performance.

FIG. 11 shows an example aireraft 1000 with a radar receiver system 105 for
determining a location of an emitter 1100 from an angle of arrival of a radar signal 1150
sent from the emitter 1100, The radar receiver system 1050 includes antennas 1200
(typically four) communicatively coupled {0 a radar receiver 1250 {0 receive and procass
(e.g., detect) the radar signal 1150, How accurate the radar receiver system 1050
determines the location of the emitier 1100 depends on how well the radiation patterns
of the installed antennas 1200 {or "radar receiver antenna patterns”) are characterized.
The radar receiver system 1050 may also include an approximating enging 3000
communicatively coupled to the radar receiver 1250, The approximating enging 3000
may in example embodiments generale an approximation or fit of the radiation pattern
calied an “optimized monotonic fit.” In tum, the radar receiver system 1050 may
calculate the angle of arrival of the radar signal and determines the location of the
gmitter, either in whole or in part, based on the optimized monotonic fit.  In some
embodiments, the approximation engine 3000 may be configured to implement a

selectivity process and/or a compression algorithm as disclosed hersin.

Although these teachings have been described with respect to various embodiments, it
should be realized these teachings are also capable of a wide variety of further

ambodiments.
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Claim

1.

03

&!

A method for generating a look-up table for determining an angle of arrival (ACA)
of a radar signal received from an emitfer, the method comprising:

a. for each of a plurality of anienna installation positions, selecting an
instaligtion-representative antenna pattern from an indexed plurality of
data sets of antenna patlerns associated with the antenna installation
position, wherein the selected installation-representative antenna pattern
is a most representative data set as scored against a predetermined set of
weighted criteria; and

b. caiculating and recording differences between the selected instailation-
representative patierns for each set of adjacent antenna installation
positions in a look-up table.

The method of claim 1, wherein the selected antenna patiern for each of the
plurality of antenna installation positions are stored in a salactivity {able.

The method of claim 1, wherein the indexed plurality of data sets of antenna
patterns includes a plurality of measured family-representative instalied antenna
patterns.

The method of claim 3, wherein the measurad family-reprasentative installed
antenna pattermns are normalized relative to an artenna chamber pattern.

The method of claim 4, wherein the anienna chamber patlern is an average
antenna chamber pattern for the family.

The method of claim 3, wherain the indexed plurality of data sets further includes

mirrored data sels of measured family-representative instalied antenna patterns
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for other antenna installation positions, mirrored with respect {0 @ mounting
platform.

7. The methad of claim 8, wherein mirrored data sets are mirrored front {0 back,

8. The method of claim 6, wherein mirrored data sets are mirrored side {o side.

9. The method of claim 3, wherein the indexed plurality of dala sets further includes
mirrored data sets of the measured family-representative installed antenna
patterns, mirrored with respect to the antenna.

10. The method of claim 1, wherein the plurality of data sets of antenna patterns are
evaluated with respect io each of a plurality of angle bins around a boresight.
11. The method of claim 1, wherein selacting the installation-representative antenna
pattern from the indaxed plurality of data sets includes scoring each indexed data

set against the predetermined set of weighted criteria and choosing a data set
having the greatest possible score.

12. The method of claim 1, wherein a training set is utilized {o facilitate determining
relative weighting factors for the set of weighted criteria.

13. The method of claim 1, wherein a maching learning approach is applied to
determine a scoring algorithm as a function of the set of weighted criteria.

14. The method of claim 1, whereain the differences betweaen selected installation-
representative patterns for each set of adjacent installation positions is indexad
by true azimuth angie.

15. The method of claim 1, wherein a ratio of antenna pattern gains is calculated for
each set of adjacent installation positions based on the selected instailation-

representative antenna patterns for those positions.
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16. The method of claim 15, wherein the ratio of antenna pattern gains is expressed
as a difference in decibel units.

17. The method of claim 15, wherain the calculation of the ratic of antenna patiem
gains uses an optimized monotonic process.

18. The method of claim 17, wherein the ratio of antenna pattern gains is calculated
based on an absolute value of the difference between optimized monotonic fils
for the selectad instaliation-represantative antenna patterns.

19. The method of claim 1, wherein the look-up table relating pattern difference data
with respect to antenna instaliation position is utilized to caiculaie the AocA of a
radar signal.

20. The method of claim 1, further comprising compressing the data in the look-up
table utilizing a compression algorithm which (i) identifies changes in slope with
respect to adjacent pairs of antenna installation positions in the look-up table and
(i) discards any antenna installation position that does not meet a siope
difference threshold with respect o the changes in the slope.

21. The methad of claim 20, wherain at ieast a portion of the compressed data is
represented lineariy.

22.The method of claim 20, wherein at least a portion of the compressed data is
representad by a plecewise function calculated basead in part on points of
inflection where slope changes sign.

23. A method for compressing data in a pattern difference look-up table, the method

comprising:
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a. identifying changes in slope with respect to adjacent pairs of antenna
instaliation positions in the look-up table and
b. discarding any antenna installation position that does not mest a slope

difference threshold with respect to the changas in the slope.

23



WO 2016/200466 PCT/US2016/023879

Sefoetey Procsss 100A

Differance Table Comprassien100B

S

§
!
kS
X
\

et

SRETETIELR
Bsiterns

s

9

LT BESEally supenYnys

Y

Ratriave ths
fsial

= f?

e

LSRG T PoatonNa L,
NN ORI NSRRI

e
s

7

et FEr
Regned b

:

e
L

SUBSTITUTE SHEET (RULE 26)
1/21



WO 2016/200466 PCT/US2016/023879

SystewmPraesse 200

202

PR th

3
Ei i
i Andune §
S M ¥

LR
Fme LB
3 % e X
5 b W A
" N

&
&

; . : :
§ ; d ¢
i N § d ;5 §
& 3 R ¥ TR N §
£ s Sadtay &R i i ‘
: { £ N i i
i % § 5 4 § |
\ 3 i % places it B3
4 o 3 5

reuides b snd the Mt

Vv adanie]

AR

T,
e
#F
o
e

U fhe (iferance Tabdes an s Sk tabla to

From
Fig. 1

SUBSTITUTE SHEET (RULE 26)
2/21



PCT/US2016/023879

WO 2016/200466

YRAZLD NOILOITES (EMINYZLE 0
40 138V LENIVEY SNOLLDTTES 21EIS80d TV 36005 M,z&mmﬁsa HOVE €04

2

o,

: !.
$S300Yd ALINLOFTISY
QALYNCLAY |
f HYLS /
| e Ve -
£ A

ag "Oid

T D4 1 HE DI

W Ol

SUBSTITUTE SHEET (RULE 26)

3/21



PCT/US2016/023879

WO 2016/200466

:
Z

m

|

H

m

w

SM WA £M Zh LA
A AT A AT A AN AS AW AR AN
A T S 4.
‘ {15}

{6s) {5 {£s) {#s) L FHOOS.
IHOICIN0E LHDISZE0E IHDIRIH0Y LHOISIHOE LHSSTHOS
WOHA 970 S WOY- 9730 08 PON 4 930 00+ PO O Sh+ ROYd D3 08+
0L De- NIT 0L G- Nig OLSp+ Nig 0L 08+ Nig 0L Gl Nig

{ALATRHE HOS NMOHS LON SLHOEMSTHONS ONIGOTIWOS NYTL1YY
TIYNTTVAS OL NIS HINWIZY HOVE 804 G3IVINO VO 39 AVK NOUYIATG
CIHYONYLS SHL GININETIZ0 S NOLIY TENE0D T0-439 NIYD 39vHEAY
ATV HAENYHD 3HL 01 032 WIARION ST NHELIYY HOY3 40 NivD
IHL LHOISTHOE WO SISH030 09 O 57 ONY LHOISTHOE MO
SITIUDAA §Y OL 05 THOISTHOR WOHS STTHORG 08 0L 51 1 HDIRIHOS
YNNZLNY 3H1 40 30IS H3HUE OL SNIB HINWIZY DNIND TIOS
IHL N NST LIV HR8RYHD THL ONY NYELIVE HOVE NI9MLEE
NCH LY TIRHOD OHL TEINDTYD 'SNOILDT TS N LYY TIHISS0d TIV HOH
7 g¢ 'Old

208

SUBSTITUTE SHEET (RULE 26)

4/21



.

B
AS AN

PCT/US2016/023879

E)

8%
LV 40
- OAY SA QN
ERIEIAEER,
MIVE) X

B

LM
AR AT

F

{18}
HIGNYHD
"SA NIVD XV
FONIHIING
NS

E3

;

oM
A8 AL

.

{a3)
LHSSTHOS
VRO S0 09
DL Sh Mg

SMYI LIV

L4% FIGISE0d DNIANOGESEHNHOD
FHL S0 NIVD RDNKYIN 30VHEAY 3HL
OINY NMT LIV QUYAOC 3HI H0 NIYD
HLNWEEY WNWIXYIN 3HL NI3ALEY
AONTHAEAA 3HE Y IND WS SROUSETES
FRYHOYND QY04 31918804 TV MG

NIVE IHOISIHO0E HESNYHO IHL

MY MNIYD HENRIEZY RNWIYA
A+ L NIIMIEE SONIHEAG
ML FVINO TS SNOLLDETES
N LLYL 3180504 TV 504

Og Ol

#

906

WS

SRS

WO 2016/200466

521




PCT/US2016/023879

WO 2016/200466

e Oid

T
SSI00H ALALDITIS N

ORIYNOLNY

.f N \\\\

e

B

6/21

; Y WHILIYL QFL09THE 341 81 SIHE M 9L =0 AR X CSYT = WO
} LNYHAVAD HOE | (LRI 40 FNSId 1838) JHOOS |, | 40 THADH
MO SNHELIYE GE1DFTES JHOIS Q2 IHDEEM SALLISOC 1S3iyausy SIHONS (3L HOIIM OIS
/ / TH HLIAM NE3 LY 3HL 3800HD m ;
s g
r.. /




PCT/US2016/023879

WO 2016/200466

LI ML 195 At Lo 7 AnpIvery

SNOLLDEES ITHSE04 TV ONV SNuT LIV U310 361 3H008

5.

-

J!/xw
SNINIVHL ALALDTIEE | .
\ TAVLS \\w Y oA
iy
ARSI
Oy Sl
Oy Oi4 | gy O

¥y "D

SUBSTITUTE SHEET (RULE 26)

7/21



PCT/US2016/023879

{08}
IHSISTH0E

- POMS ©30 09

01 S% Nig

{55}
IHOISIH0E
WOYL 930 &
0108~ pig

{ysi
LHSIS IO
WO 530 06
0L G- Nig

{£s)
LHOISTH0H
WO O30 08+
01 5p+ Nig

{zs}
IHDISTOS
WOMA D30 Sh
QL 05+ Nif

(15}

Em.‘ wﬁgﬁumu
IHOISTHOS
WO HS DI 08+
L Gie NIF

&

2

£y

2

E-3

g
[
M
m

8/21

{ALIATNE O NMYHS LON SIHOEM/STHO0S) DNIdOTIVOS
NHSLLYd BUVIVIVAS OL NIg HLNWIZY HOVYE 404 G300
38 AV NOLVIAZO QuVONYLS 3HL UENINGI L3O 81 NOLLY TRIH00
FHOHTE NIVD FOVHIAY AHNVS H38WYHD 3HL OL GEZINTYIARION
91 Ned1LiVd HOVE 40 NivD FHL THOISTHOE WOHL §334040
09 OL §% ONY LHDISTHOE NOHD $334930 §v 0L 08 LHOISIHOE
WO 5300 08 DL S LHOISINOE YNNDLNY JHL 4O 3GiS
HEHUE OL SNIF MINWIZY DNIMOTIOL 3HL NENHILYE H38WYHD IHL
CINY NHELLIY HOVE NISAMULEE NOLY TEEN00 2HL 30V N0V NudLivd
03109 THS 3HL €04 ONY "SNOILOITES N2 LLvd 31815804 1Y ¥4

1

WO 2016/200466

gy "ol

SUBSTITUTE SHEET (RULE 26)



PCT/US2016/023879

WO 2016/200466

{gs)

Y HD
DAY A OMd

IoNAYIAH0
NIYD WY

o3

{ig)
HISYHD
SANIVD Xl
B EREERHY
NI

=

"SIV 1Y
FENISO ONIONQLSTHRIOT ML 40 NIVD
WINPADOYI 30YHIAY 3HL GNY Naid 1iVd
GeYMHG 3L J0 NIYD HIOWIZY
WNAIYIN 2H L NI3ML3E JONDu4410
FHL IVINO VO NAZLIYY INYHGVYND
HYMECS 03L03738 ONY 'SNOLLDTTES
IRVHOYND GUYARICS FT8ISE04 TV §Gd

NIVD LHOISEHOE HIGWYHD IHL
ONY NIYD HLNINIZY WOWNGYN
FHL NFEMLZE JONSUALKT gHL
TYIND YD NERLYG J3L03TES
AL W04 ONY SNOILOEHES
NHI LIV 3TRISS04 TV °0d

Eo

% Ol

SUBSTITUTE SHEET (RULE 26)

9/21



PCT/US2016/023879

WO 2016/200466

avy i

e
/ONnIvELL \ﬁﬁﬁuﬁw

&
5

(OALAR) SLHDIZM JHOLS m

A

% (N

dﬂ\

o,

NOIS SALLYOEN HO SALISOL VY IAVH AYW SLHOIEAM JHL
LY O IONYY ADNINDINL NOILYZRIVIOE NOUYAT T HOVE H0-4 SIHDIEM 40 135 Y 3NINGE130 0L G350 38 AYW
SOCHLIN O YD ZLNOW "SIHOOS GIIHOEM 40 136V NIYLEC O HIGHO NESH00S HOVE HUM O30NdLANA JuY
1¥HL SHOIOVE INSITIE-L000 T6v SIHOIEM NOLLDT IS F181SS0d HOVE YO QauvdnO) ONY GRLVIVTVAZ 51 W00
CILHOEM JHL 40 NOLLYNINNS 3H1 NIHM N0 109138 OL SNYZLIYL 40 1358NS 18IS04 HIVE NI NJ31LIYd

OFL0ATES HOYA S3YITIVAT 1538 I¥HL TRHOOS HOYT OL ONIONOJSTR0D (8Ar L) SIHDISM 40 135 Y SNING3I30

presem——; 3

0¥

o

"‘Whm..w.v.n-'""

i 135 VIVG HIOUYT 3HL
b N1 SNUELIVA 40 135818 HOV3

HO4 NY3LIvd (F103738 JHL aNY
NOLLOTTES NYILIVA 319ISSO0d

HOYT 804 (85-18) 834006 mm@»mm

SUBSTITUTE SHEET (RULE 26)

10/21



PCT/US2016/023879

WO 2016/200466

;:
w“

H

H

L

i FHL M SADUMEA
NEEALIE 34078 BYENT 3HL
“ IMNINHILIC "IV X3 LH3A HOVE H0d

N

] MY XEINIAY HO SIOUNEA )
"] OML NIINLTE 3OS HVINIT

A

Y

v

sl SIOLLNIA TTEVL IONTUIANA TISSTHANOONN v

%

i

S,
s,

i (ONY HUTNIZY IMdL

tIML Ol STHEI0E0 N ZONIYAHA
TAMNYHD JHL ONLY TR

;o HEYL 40 001 SEEYL

JONTHILNC CISSTHINODND

..‘.
"
Y

i

AN e

5
§4

7

{QOHLIN NOLLONNA SSMID TN NOSSIHANOD YivD

{OOHITW YYINET 3SIMEDED) NOISSIMANGD VYD

45 =39 a5 D%
O “Oid Ol i
HY "o Ya TOid

G Ol

VS Ol

SUBSTITUTE SHEET (RULE 26)

11/21



PCT/US2016/023879

WO 2016/200466

m e & /1
o i
Hian T Y AR 3L A0 S SIOUMAA ¢
SHL 40 %mgzz , O30S N
mm : W HAEANN IHL INSNIEONI eril
IOHE ML i 3714
ML 40 HIGRONS OUAZ A8 S3ML A0 ANdine
! WABNNN 3HL 329N 3
LHIOH z@ﬁ@m.mxmw )
« , HOLLONNS
* ISIATIDA WYINET BOE
NEHS SAONYHD THIVLE — : :
ANFSCEYTT ONISYRY :
ﬁéuﬁﬁmzo% a - TS BIONYHD FTavL
ML 40 . ATHO0T VAN OMNISYIIOEN
340715 FHL FHTHM ‘momwmﬁ NOUYINTSINEEE HO SRISYIHONI ATTYOINGLONOW
TNIOE NOLLO 3N YiIYE (RSSSHIN0D W EaEHAL S3DUMAA AJLINGG
L AN LAC ;fw\), _IS0CHD. s
Gig s\M!!;
S ssanoud N
| NOIBSTHANOD ﬁmﬁ
5, muxmmm&a VLS
€S Ol e

12/21

SUBSTITUTE SHEET (RULE 26)



WO 2016/200466 PCT/US2016/023879

e

DETERMINE THE LINEAR SLOPE |
BETWEEN THE LEFT VERTEXIN
THE PAIR AND THE
NEIGHBORING VERTEX TO
THE LEFT OF THE PARR

¥

&

{LINEAR SLOPE BETWEEN THE LEFT
VERTEX IN THE PAIRAND THE
NEIGHBORING VERTEX TO THE

LEFT OF THE PAIR

Fa 3 o

¥ A

CALCULATE ABSCLUTE ‘
VALUE OF THE |

DIFFERENGE BETWEEN
LINEAR SLOPES

i !

K

Py

....Q.l.l. = T
DSCARD | o DOES THE SLOPE ™
CVERTEX [ DIFFERENCE EXCEED >
" JHE THRESHOLDZ

e

\
TQ 2?}}@“\.«“\\._

o L

NO "“i”"?gs
g p—,. - STORE LEFT

g\GD T01 e piipiy ey VERTEX .
SRR, OF THE PAR ;

(a0
N

FIG. 5C

SUBSTITUTE SHEET (RULE 26)

13/21



WO 2016/200466

PCT/US2016/023879

[

DETERMINE THE LINEAR SLOPE
BETWEEN THE RIGHT VERTEX
IN THE PAIRAND THE
NEIGHBORING VERTEX TC
THE RIGHT OF THE PAIR

Ll

RIGHT OF THE PAIR

LINEAR SLOPE BETWEEN THE RIGHT
VERTEX IN THE PAIR AND THE
NEIGHBORING VERTEXTO THE

—

CALCULATE ABSOLUTE
VALUE OF THe

#

DIFFERENCE BETWEEN
LINER SLOPES
O

(SLQPEDzFFERENCE% i ‘L
" THRESHOLD

"\,\;

~~TIOES THE SLOPE™.
< DIFFERENCE EXCEED
. THE THRESHOLD?. -~

STORE RIGHT

5

VERTEX
v OF THE PAIR

[ STORED VERTICES |
(AZIVUTH, DELTAdB)}

el
A“\.‘J ‘

| VERTEX

504

NO

DISCARD

FIG. 5D

SUBSTITUTE SHEET (RULE 26)

14/21




WO 2016/200466

PCT/US2016/023879

J— SELECT ASTORED
- END ) > VERTEXPAR (4
COMPRESSED BETWEFN THE SELECTED
DIFFERENCE VERTEX PAIR, DETERMINE
TABLE APIECEWISE FUNCTION
£IT BETWEEN THE PAIR OF
Né%%%%@? VERTICES USING %
FE RANDOMLY SELECTED
REPRESENTATION INPUT PARAMETERS
e
FIELDS: S !
(AZIMUTH, CANDIDATE
Dﬁiifﬁiglm\ PIECEWISE
i FUNCTION INPUT
e PARAMETERS

DETERMINE WHETHER THE OVERALL PIECEWISE
FUNCTION FIT, INCLUDING THE CANDIDATE
PIECEWISE FUNCTION, IS MONOTONIC ON EITHER
SIDE OF THE INFLECTION POINT. CALCULATE AND
STORE LEAST SQUARES RESIDUE (LSR). DETERMINE
IF LSR 1S LESS THAN PREVIOUS MIN LER, i

S

FIG. bk

SUBSTITUTE SHEET (RULE 26)

15/21

DISCARD | .o
-1 CANDIDATE $<
fé% PARAVETERS | |
(30 , [STORE NEW_.|
ey | MINLSR
Tssersrnd e .? !




WO 2016/200466 PCT/US2016/023879

N, THRESHOLD? "

¥ |OUTPUTFILE LISTING
(507040 STORED VERTICES
Ao | AND ADESCRIPTION
| OF THE PIECEWISE
. LINEAR FUNCTION
PARAMETERS
BETWEEN VERTICES

COMPRESSED DIFFERENCE TABLE
| MONOTONIC PIECEWISE FUNCTION
REPRESENTATION
FIELDS:
1 (AZIMUTH START, AZIMUTH STOP
| PIECEWISE FUNCTION INPUT PARAMETERS)

PIECEWISE FUNCTION FIT

§ STOREVERTICESAND ¢
iNPUT PARAMETERS

STORE CANDIDATE VERTEX|
= PAIR PIECEWISE FUNCTION
EIT INPUT PARAMETERS

FIG. 5F

SUBSTITUTE SHEET (RULE 26)

16/21



PCT/US2016/023879

WO 2016/200466

EERLEE

591 HIBLF Sal-

[ R i bl O
e 3 e,
# ¥ ¥ ¥ b
o7 ~ ¢ e
- ®
% ¥ -
SEL P , : ) oSEL
» £y ] RV ‘
’ Y € TS
R % P A t R
» Y. [ t t *
J< P N b 4 -
P ks g T ] 3
» - " - ™ 3 ¥ T #
P L] # et % ¥ ¥ ¥
GQNW ; - - e ¥ ONW!
. el -~ Y P x »fu..v I3 o
. RO e E ; ; T ‘
- » - 3 + ‘ k4
~ * % P P SRR R
Eoom # Fox # 2 AT ] LI ’ b3
5 . * ’ K F vs~ . N > g
* ot I RS " i 1 »
s' BRI A e * P e -1 b
» 4 *, Ao TN ¥ *
o ’ DU “u A . . t
.
m@"\ b ¥ < sy * ~ \ X H 3
& d e ;o - w x E St ®
o '3 - .~ e e
P T R SO N -
o x 4 LIRS >
i ~r¢«w ¥ P a\\.f \AJ,
s f w2 ¥ 5 .. o »
¥ « £ oo ¥ - Lk 5 _,
+ _ 4 ! A * 3
¥ M * ’ £ L) ¥
¥ 3 ¥ I ¥ § tl)’l &
. R :
NI SN ARG o R A 4 . *
S6 . 4 - ) ot T -t
* I8 4 : ' ¥ s
* LY i
i . 5 ¥ 5 M i :
* - T E
5 N * ¥ [ 1% M
¥ ¥ " b et " i1 H
3 ¥ [P ¥ & Vo
Y Lamen * - g '
s -y " % LY T :
™ 1 *
-3 ' LS Js..vunx
] ¥
5L \ vy M
Y M * 3
] i [P Lot
. e LIS M.
. s ¥ I
A » ’ s x\‘& ?
5 e y A » .
E i a4
] ' - -
’ [ »
LT 00
- -
i E Y

Ajuo euuajuy
Wed }jesolie oN

09 TR R .
EJ BUUSIUE P3||B1SU| .5l Sl

09
10449 Suido||eas

0e9

3ap 06- e
juswesige
10449 |[89ATT

0¢9

10149 3ulpej |eudis

019
10443 9|ddut jeudIg

SUBSTITUTE SHEET (RULE 26)

17/21



PCT/US2016/023879

WO 2016/200466

rd whﬁwmu

N 3
| g TR R g
5 3 F

P

s
P

iy
<3
b

i

hEH
P S,
5

W

5,

fl E

AT
.
H
cemeereany
M
'

T
1
El
%

8ap 05- 18
lusulsaide
j9A7]

gulped |eudis

K

0

SUBSTITUTE SHEET (RULE 26)

18/21



PCT/US2016/023879

WO 2016/200466

& Sandig

S1791J3 33UBLIBA SDURWIIOHD] Ajllued sawopey

+

4

E ]

PRSI | SN BT I M

wndui oidwes Youms 4y  pugAy se yons) sUnaI00I0IAN

LR R

uien weag ﬂ

UIPIAA LIBDg e e 5 R

usaljed euuajue uoneipels Jejog

aﬁ!;irifswmvnm 1ySisaaoqg wody 3uinbg

weaq

prr—

35URWI0Ld SSOf UOISSHUSUER] B|e)

indul ajdwies
S}oapR souewaopad aauenea suioned euusjue Ajwe4

SUBSTITUTE SHEET (RULE 26)

19/21



WO 2016/200466 PCT/US2016/023879

Forward left quadrant

P ~tensor performance (blue)
penormance {rea)

. ‘m\“‘\y

Py
iy

Figure 10

SUBSTITUTE SHEET (RULE 26)

20/21



PCT/US2016/023879

WO 2016/200466

L1 Old
HCO 1 TOO1SAS J0AIS0YY 1epwyd
v;m | !
z L
1
00ZT Seutouy
b pafiesul
]
000% STT
aufug . uuﬁuwmumhm@mm
wﬂﬂm«mguhgﬁm% )

(Uo7

SUBSTITUTE SHEET (RULE 26)

21/21



INTERNATIONAL SEARCH REPORT

International application No

PCT/US2016/023879

A. CLASSIFICATION OF SUBJECT MATTER

INV. GO1S3/02 GO1S3/14
ADD.

G01S7/02

According to International Patent Classification (IPC) or to both national classification and IPG

B. FIELDS SEARCHED

GO1S GOIR

Minimum documentation searched (classification system followed by classification symbols)

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

GREGOIRE D G ET AL:
location techniques",
19890522; 19890522 - 19890526,

XP010086621,

page 918

US 2015/035696 Al (HUARD ANDREW
AL) 5 February 2015 (2015-02-05)
cited in the application

figure 2

US 20017040526 Al (SMITH MARK D
15 November 2001 (2001-11-15)

figures 3-7

"Advanced ESM AOA and

22 May 1989 (1989-05-22), pages 917-924,
Section "LOOK UP ANTENNA CALIBRATION";

paragraph [0030] - paragraph [0065];

paragraph [0026] - paragraph [0042];

1-15,19

[US] ET 1,16-18,

20-23

[us]) 1-23

_/__

Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

UK

"Q" document referring to an oral disclosure, use, exhibition or other

means

"P" document published prior to the international filing date but later than
the priority date claimed

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

"X" document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

1 June 2016

Date of mailing of the international search report

27/06/2016

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswik

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Fanjul Caudevilla, J
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International application No.
INTERNATIONAL SEARCH REPORT PCLT/US2016/023879
BoxNo.ll Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. |:| Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. |:| Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribad requirements to such
an extent that no meaningful international search can be carried out, specifically:

3. |:| Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No.lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This Internaticnal Searching Authority found multiple inventions in this international application, as follows:

see additional sheet

—_

As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

)
[>]

As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. |:| As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. |:| No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.

The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

I:l No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. PCT/ US2016/ 023879

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

This International Searching Authority found multiple (groups of)
inventions in this international application, as follows:

1. claims: 1-23

Method for generating a look-up table for determining an
angle of arrival (AoA) of a radar signal received from an
emitter.

1.1. claim: 23

Method for compressing data in a pattern difference look-up
table.




INTERNATIONAL SEARCH REPORT

International application No
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C(Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

US 5 541 608 A (MURPHY MYLES P [US] ET AL)
30 July 1996 (1996-07-30)

column 6, Tine 35 - column 10, line 52;
figures 5-10

1-23

Form PCT/ISA/210 (continuation of second sheet) (April 2005)
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Information on patent family members

International application No

PCT/US2016/023879
Patent document Publication Patent family Publication

cited in search report date member(s) date

US 2015035696 Al 05-02-2015 AU 2014296789 Al 07-01-2016
CA 2917947 Al 05-02-2015
EP 3028062 Al 08-06-2016
US 2015035696 Al 05-02-2015
WO 2015017010 Al 05-02-2015

US 2001040526 Al 15-11-2001 AU 1570101 A 23-04-2001
CA 2387374 Al 19-04-2001
CN 1402836 A 12-03-2003
EP 1226450 Al 31-07-2002
JP 2003511706 A 25-03-2003
US 2001040526 Al 15-11-2001
WO 0127650 Al 19-04-2001

US 5541608 A 30-07-1996 AU 692386 B2 04-06-1998
AU 5418696 A 16-10-1996
DE 69618814 D1 14-03-2002
DE 69618814 T2 18-07-2002
EP 0868668 Al 07-10-1998
us 5541608 A 30-07-1996
WO 9630779 Al 03-10-1996

Form PCT/ISA/210 (patent family annex) (April 2005)
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