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INTERSECTION REGION , 

AND HIGHEST 
PROBABILITY LOCATION 
OF THE SIGNAL EMITTER 

IN PHYSICAL SPATIAL 
DOMAIN 

| 1410 
DELETING AT LEAST ONE OF AT 
LEAST ONE OUTLIER FIRST 

COORDINATE OF THE 
PLURALITY OF FIRST 

COORDINATES AND AT LEAST ONE 
OUTLIER SECOND COORDINATE 
OF THE PLURALITY OF SECOND 

COORDINATES WHEN 
MAINTAINING AT LEAST ONE OF 

THE AT LEAST ONE OUTLIER 
FIRST COORDINATE AND THE AT 
LEAST ONE OUTLIER SECOND 
COORDINATE IN ARRAY DATA 
STRUCTURE CAUSES AT LEAST 

ONE THE FIRST ERROR 
MAGNITUDE AND THE SECOND 

ERROR MAGNITUDE TO EXCEED A 
PREDETERMINED VALUE 

14144 

1404 FIG . 14 1408 
1406 1412 

IDENTIFYING AT LEAST ONE OF AT LEAST ONE 
OUTLIER FIRST COORDINATE OF THE PLURALITY 

OF FIRST COORDINATES AND AT LEAST ONE 
OUTLIER SECOND COORDINATE OF THE 

PLURALITY OF SECOND COORDINATES WHEN 
MAINTAINING AT LEAST ONE OF THE AT LEAST 
ONE OUTLIER FIRST COORDINATE AND THE AT 
LEAST ONE OUTLIER SECOND COORDINATE IN 
ARRAY DATA STRUCTURE CAUSES AT LEAST ONE 
OF THE FIRST ERROR MAGNITUDE AND THE 
SECOND ERROR MAGNITUDE TO EXCEED A 

PREDETERMINED VALUE . 

DISPLAYING AS HUMAN READABLE 
AT LEAST ONE OF FIRST ELLIPTICAL 

ERROR REGION PROBABILITY 
OBJECT , SECOND ELLIPTICAL ERROR 
REGION PROBABILITY OBJECT , THE 

FIRST ERROR MAGNITUDE , THE 
SECOND ERROR MAGNITUDE , THE 

FIRST PDF , THE SECOND PDF , 
INTERSECTION REGION , AND THE 
HIGHEST PROBABILITY LOCATION 
OF SIGNAL EMITTER PHYSICAL 

SPATIAL DOMAIN 
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DETERMINING A FIRST CENTER OF FIRST ELLIPTICAL ERROR REGION 
PROBABILITY OBJECT AND A SECOND CENTER OF SECOND ELLIPTICAL 

ERROR REGION PROBABILITY OBJECT , WHERE FIRST CENTER IS 
REPRESENTATIVE OF AN AVERAGE VALUE OF THE PLURALITY OF 

FIRST COORDINATES , AND SECOND CENTER IS REPRESENTATIVE OF 
AN AVERAGE VALUE OF THE PLURALITY OF SECOND COORDINATES 

UPDATING AT LEAST ONE OF FIRST ELLIPTICAL ERROR REGION 
PROBABILITY OBJECT AND SECOND ELLIPTICAL ERROR REGION 

PROBABILITY OBJECT BASED ON RECEIVING , OVER TIME INCLUDING 
THIRD TIME OCCURRING AFTER THE SECOND TIME , AT LEAST ONE 

ADDITIONAL SIGNAL PARAMETER VECTOR 

1504 

FIG . 15 
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SYSTEMS AND METHODS FOR SPATIAL time occurring after the first time , the plurality of signal 
FILTERING USING DATA WITH WIDELY parameter vectors at a computing device configured to 
DIFFERENT ERROR MAGNITUDES deinterleave each signal parameter vector of the plurality of 

signal parameter vectors , the each signal parameter vector 
BACKGROUND having at least one coordinate including information derived 

from the at least one sensor and associated with the signal 
The field of the disclosure relates generally to filtering of emitter , where the information includes at least two types of 

spatial signal data , and , more specifically , to systems and spatial data including a first spatial data type and a second 
methods for spatial filtering using data generated by wide spatial data type . The method also includes determining a 
area surveillance sensors and having widely different error 10 first error magnitude of a plurality of first coordinates of the 
magnitudes . first spatial data type and a second error magnitude of a 

In known spatial data filtering systems and methods , plurality of second coordinates of the second spatial data 
reception and classification of signals is challenging where type . The method further includes transmitting , to an array 
spatial data ( e . g . , pulse descriptor words ( PDWs ) in radar data structure stored in a memory and having a plurality of 
sensing applications ) having different numbers of dimen - 15 arrays , the plurality of first coordinates to a first array of the 
sions and widely different error magnitudes are obtained plurality of arrays and the plurality of second coordinates to 
from one or more wide area sensors . In such known spatial a second array of the plurality of arrays when the first error 
filtering systems and methods , separation of signal from magnitude differs from the second error magnitude by a 
noise and interference is also problematic where the number predetermined amount , where the first array includes a first 
of signals of interest is large and spatial content is a priority 20 number of elements and the second array includes a second 
for classification purposes . In such known systems and number of elements different from the first number of 
methods , fusing multiple sensors having varying degrees of elements , and where each array of the plurality of arrays is 
spatial error ( e . g . , ranging from very sparse to very fine representative of a physical spatial domain from which the 
spatial resolution ) together for processing is inefficient plurality of signals are received by the at least one sensor . 
absent highly complex , expensive , and memory - intensive 25 The method also includes determining , with the computing 
computing architectures . The problem is compounded when device , a plurality of elliptical error region probability 
known spatial filtering systems and methods require cancel objects including a first elliptical error region probability 
lation of noise and interference in order to spatially match object representative of a first probability density function 
information between sampling frames . Also , in at least some ( PDF ) of the plurality of first coordinates and a second 
known spatial data filtering systems and methods , including 30 elliptical error region probability object representative of a 
those deployed in aerial surveillance operations where size , second PDF of the plurality of second coordinates , where 
weight , and power requirements are important design con - each of the first elliptical error region probability object and 
siderations , improving detection range , processing and clas - the second elliptical error region probability object is stored 
sification performance , and reducing power consumption in the memory in association with at least one of the first 
requires increasing computation resources . Computing 35 array and the second array . The method further includes 
resources necessary for such enhancements exceed size and determining , with the computing device , an intersection 
weight limitations for aerial surveillance platforms in at least region including at least a portion of the first elliptical error 
some known spatial data filtering systems and methods , region probability object and at least a portion of the second 
making it problematic to achieve the aforementioned elliptical error region probability object , where the intersec 
improvements . 40 tion region further includes at least a portion of the first 

At least some known spatial data filtering systems and number of elements and at least a portion of the second 
methods employ pre - conditioning steps such as denoising number of elements , and where the intersection region is 
and blind source separation prior to spatial filtering , distinct representative of a highest probability location of the signal 
methodologies and systems to process data sets with widely emitter in the physical spatial domain at the second time . 
varying error magnitudes leads to various inefficiencies , 45 In another aspect , a system is provided for spatially 
including in accurately matching spatial data to grids of filtering data derived from a plurality of signals generated by 
varying sparseness . Further , at least some known spatial data a signal emitter and received by at least one surveillance 
filtering systems and methods are unable , absent highly platform . The system includes at least one sensor configured 
sophisticated , complex , and expensive post - processing to receive the plurality of signals . The system also includes 
architectures , to statistically join together over time spatial 50 a pre - processor coupled to the sensor and configured to 
data - containing vectors derived from wide area sensors and generate a plurality of signal parameter vectors , each signal 
having different numbers of dimensions and widely varying parameter vector of the plurality of signal parameter vectors 
error magnitudes . Finally , in this context , at least some derived from one signal of the plurality of signals and 
known spatial data filtering systems and methods have including at least one coordinate including information 
difficulty discerning between stationary and moving signal 55 derived from the at least one sensor and associated with the 
emitters with an acceptable error using spatial data obtained signal emitter , where the information includes at least two 
from wide area sensors . types of spatial data including a first spatial data type and a 

second spatial data type . The system further includes a 
BRIEF DESCRIPTION computing device coupled to the pre - processor and includ 

60 ing a memory , the computing device configured to deinter 
In one aspect , a method is provided for spatially filtering leave the each signal parameter vector of the plurality of 

data from a plurality of signal parameter vectors generated signal parameter vectors , where the computing device is 
by at least one surveillance platform including at least one programmed to receive , over time including at a first time 
sensor configured to receive a plurality of signals from a and at a second time occurring after the first time , the 
signal emitter , each signal parameter vector derived from 65 plurality of signal parameter vectors from the pre - processor . 
one signal of the plurality of signals . The method includes The computing device is also programmed to determine a 
receiving , over time including at a first time and at a second first error magnitude of a plurality of first coordinates of the 
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first spatial data type and a second error magnitude of a probability object representative of a second PDF of the 
plurality of second coordinates of the second spatial data plurality of second coordinates , where each of the first 
type . The computing device is further programmed to trans elliptical error region probability object and the second 
mit , to an array data structure stored in the memory and elliptical error region probability object is stored in the 
having a plurality of arrays , the plurality of first coordinates 5 memory in association with at least one of the first array and 
to a first array of the plurality of arrays and the plurality of the second array . The computer - readable instructions further 
second coordinates to a second array of the plurality of cause the computing device to determine an intersection 
arrays when the first error magnitude differs from the second region including at least a portion of the first elliptical error error magnitude by a predetermined amount , where the first region probability object and at least a portion of the second array includes a first number of elements and the second 10 elliptical error region probability object , where the intersec array includes a second number of elements different from tion region further includes at least a portion of the first the first number of elements , and where each array of the 
plurality of arrays is representative of a physical spatial number of elements and at least a portion of the second 

number of elements , and where the intersection region is domain from which the plurality of signals are received by 
the at least one sensor . The computing device is also 15 representative of a highest probability location of the signal 
programmed to determine a plurality of elliptical error emitter in the physical spatial domain at the second time . 
region probability objects including a first elliptical error BRIEF DESCRIPTION OF THE DRAWINGS region probability object representative of a PDF of the 
plurality of first coordinates and a second elliptical error 
region probability object representative of a second PDF of 20 These and other features , aspects , and advantages of the 
the plurality of second coordinates , where each of the first present disclosure will become better understood when the 
elliptical error region probability object and the second following detailed description is read with reference to the 
elliptical error region probability object is stored in the accompanying drawings in which like characters represent 
memory in association with at least one of the first array and like parts throughout the drawings , wherein : 
the second array . The computing device is further pro - 25 FIG . 1 is a schematic diagram of an exemplary physical 
grammed to determine an intersection region including at environment having a mobile signal emitter residing on a 
least a portion of the first elliptical error region probability two - dimensional ground surface surveilled by an aerial 
object and at least a portion of the second elliptical error surveillance platform . 
region probability object , where the intersection region FIG . 2 is a schematic diagram of an alternative physical 
further includes at least a portion of the first number of 30 environment having a stationary signal emitter residing on 
elements and at least a portion of the second number of the ground surface surveilled by the aerial surveillance the ground su 
elements , and where the intersection region is representative platform shown in FIG . 1 . of a highest probability location of the signal emitter in the FIG . 3 is a schematic diagram of an exemplary signal 
physical spatial domain at the second time . processing system that may be used with the aerial surveil In yet another aspect , a non - transient computer - readable 35 lance platform shown in FIGS . 1 and 2 . memory having computer - executable instructions embodied FIG . 4 is a schematic diagram of an exemplary process for thereon is provided . When executed by a computing device , deinterleaving signal parameter vector data that may be used the computer - readable instructions cause the computing 
device to receive , over time including at a first time and at with the signal processing system shown in FIG . 3 . 
a second time occurring after the first time , a plurality of 40 FIG . 5 is a schematic diagram of elliptical error region 
signal parameter vectors including a plurality of first coor - probability object operations that may be used with the 
dinates of a first spatial data type and a plurality of second process in FIG . 4 . 
coordinates of a second spatial data type , each signal param - FIG . 6 is a flow chart of a filtering process that may be 
eter vector of the plurality of signal parameter vectors used with the signal processing system shown in FIG . 3 . 
derived from one signal of a plurality of signals generated by 45 FIG . 7 is a flow chart of a probability density function 
a signal emitter and received by at least one sensor . The ( PDF ) matching process that may be used with the signal 
computer - readable instructions also cause the computing processing system shown in FIG . 3 . 
device to determine a first error magnitude of a plurality of FIG . SA is an exemplary plot of a four point ellipsoid 
first coordinates and a second error magnitude of a plurality intersection as determined by the signal processing system 
of second coordinates . The computer - readable instructions 50 shown in FIG . 3 . 
further cause the computing device to transmit , to an array FIG . 8B is an exemplary plot of a three point ellipsoid 
data structure stored in the memory and having a plurality of intersection as determined by the signal processing system 
arrays , the plurality of first coordinates to a first array of the shown in FIG . 3 . 
plurality of arrays and the plurality of second coordinates to FIG . 8C is an exemplary plot of a two point ellipsoid 
a second array of the plurality of arrays when the first error 55 intersection as determined by the signal processing system 
magnitude differs from the second error magnitude by a shown in FIG . 3 . 
predetermined amount , where the first array includes a first FIG . 9 is an exemplary plot of a plurality of interior mesh 
number of elements and the second array includes a second points as determined by the signal processing system shown 
number of elements different from the first number of in FIG . 3 . 
elements , and where each array of the plurality of arrays is 60 FIG . 10 is an exemplary plot of an elliptical error region 
representative of a physical spatial domain from which the probability based on a plurality of spatial type signal data 
plurality of signals are received by the at least one sensor . blocks as determined by the signal processing system shown 
The computer - readable instructions also cause the comput - in FIG . 3 . 
ing device to determine a plurality of elliptical error region FIG . 11A is an exemplary plot of a union and an inter 
probability objects including a first elliptical error region 65 section of a plurality of elliptical error region probabilities at 
probability object representative of a first PDF of the plu - a first time as determined by the signal processing system 
rality of first coordinates and a second elliptical error region shown in FIG . 3 . 
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FIG . 11B is an exemplary plot of a union and intersection a magneto - optical disk ( MOD ) , and / or a digital versatile 
of a plurality of elliptical error region probabilities at a disc ( DVD ) may also be used . Also , in the embodiments 
second time as determined by the signal processing system described herein , additional input channels may be , but are 
shown in FIG . 3 . not limited to , computer peripherals associated with an 

FIG . 12 is a flowchart of an exemplary method of spatial 5 operator interface such as a mouse and a keyboard . Alter 
filtering using data with widely varying error magnitudes natively , other computer peripherals may also be used that 
that may be used with the signal processing system shown may include , for example , but not be limited to , a scanner . 
in FIG . 3 . Furthermore , in the exemplary embodiment , additional out 

FIG . 13 is flowchart of an alternative method of spatial put channels may include , but not be limited to , an operator 
filtering using data with widely varying error magnitudes 10 interface monitor . 
that may be used with signal processing system shown in Also , as used herein , the terms “ blind source separate ” , 
FIG . 3 . “ blind source separated ” , and “ blind source separation ” refer 

FIG . 14 is flowchart of an alternative method of spatial to systems and methods employed for separating ( e . g . , 
filtering using data with widely varying error magnitudes filtering ) one or more source signals of interest from a 
that may be used with signal processing system shown in 15 plurality of mixed signals . In applications including , without 
FIG . 3 . limitation , an underdetermined case ( e . g . , fewer observed 

FIG . 15 is flowchart of an alternative method of spatial signals than signal sources ) , blind source separation facili 
filtering using data with widely varying error magnitudes tates filtering pure signals of interest from an arbitrary set of 
that may be used with signal processing system shown in time - varying signals ( e . g . , radar pulses from one or more 
FIG . 3 . 20 signal emitters ) without relying on substantial amounts of 

Unless otherwise indicated , the drawings provided herein known information about the source signals or the signal 
are meant to illustrate features of embodiments of this mixing process . 
disclosure . These features are believed to be applicable in a Further , as used herein , the terms “ denoise ” , “ denoised ” , 
wide variety of systems comprising one or more embodi - and " denoising ” relate to devices , systems and methods 
ments of this disclosure . As such , the drawings are not meant 25 employed to improve the quality of and pre - condition sig 
to include all conventional features known by those of nals of interest received from a noisy environment . Denois 
ordinary skill in the art to be required for the practice of the ing received signals of interest facilitates additional signal 
embodiments disclosed herein . processing of the received signals of interest using addi 

tional devices , systems , and methods downstream from 
DETAILED DESCRIPTION 30 where signals of interest are initially received by a receiving 

device such as an antenna . 
In the following specification and the claims , reference Furthermore , as used herein , the term “ real - time ” refers to 

will be made to a number of terms , which shall be defined at least one of the time of occurrence of the associated 
to have the following meanings . events , the time of measurement and collection of predeter 

The singular forms “ a ” , “ an ” , and “ the ” include plural 35 mined data , the time to process the data , and the time of a 
references unless the context clearly dictates otherwise . system response to the events and the environment . In the 

" Optional ” or “ optionally ” means that the subsequently embodiments described herein , these activities and events 
described event or circumstance may or may not occur , and occur substantially instantaneously . 
that the description includes instances where the event The systems and methods for spatial filtering using data 
occurs and instances where it does not . 40 with widely different error magnitudes generated by wide 

Approximating language , as used herein throughout the area surveillance sensors described herein enable effective 
specification and claims , may be applied to modify any and efficient reception and classification of signals where 
quantitative representation that could permissibly vary with spatial data having differing numbers of dimensions and 
out resulting in a change in the basic function to which it is widely varying error magnitudes . The embodiments 
related . Accordingly , a value modified by a term or terms , 45 described herein also facilitate separation of signal from 
such as “ about " , " approximately ” , and “ substantially ” , are noise and interference where the number of signals of 
not to be limited to the precise value specified . In at least interest is large and spatial content is a priority for classi 
some instances , the approximating language may corre - fication . The embodiments described herein simplify pro 
spond to the precision of an instrument for measuring the cessing required for cancellation of noise and interference in 
value . Here and throughout the specification and claims , 50 order to spatially match information between multiple sam 
range limitations may be combined and / or interchanged , and pling frames , including with spatial data derived from more 
such ranges are identified and include all the sub - ranges than one sensor fused together . The systems and methods for 
contained therein unless context or language indicates oth - spatial filtering using data with widely different error mag 
erwise . nitudes generated by wide area surveillance sensors 

As used herein , the terms processor ” and “ computer ” and 55 described herein also facilitate efficient locational matching 
related terms , e . g . , " processing device ” , " computing where the spatial area surveilled by a wide area sensor is 
device ” , and “ controller ” are not limited to just those inte - large and spatial data has different numbers of dimensions 
grated circuits referred to in the art as a computer , but and widely varying error magnitudes using simpler process 
broadly refers to a microcontroller , a microcomputer , a ing architectures relative to known spatial filtering systems 
programmable logic controller ( PLC ) , an application spe - 60 and methods . The embodiments described herein further 
cific integrated circuit ( ASIC ) , and other programmable provide enable improved detection range , processing and 
circuits , and these terms are used interchangeably herein . In classification performance , and reduced power consumption 
the embodiments described herein , memory may include , in aerial surveillance operations without increasing comput 
but is not limited to , a computer - readable medium , such as ing resources beyond limitations on design constraints . The 
a random access memory ( RAM ) , and a computer - readable 65 systems and methods for spatial filtering using data with 
non - volatile medium , such as flash memory . Alternatively , a widely different error magnitudes generated by wide area 
floppy disk , a compact disc - read only memory ( CD - ROM ) , surveillance sensors described herein also facilitate efficient 
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and effective high performance post - processing of spatial water . Signal processing methods implemented by signal 
data obtained from wide area sensors surveilling large processing platform 26 , including computer - based methods , 
spatial areas . The embodiments described herein also enable generate data in substantially real - time , facilitating substan 
statistically joining together over time spatial data - contain - tially real - time determinations of characteristics of ground 
ing vectors derived from wide area sensors and having 5 based signal emitter 8 . Characteristics of ground - based 
differing numbers of dimensions and widely varying error signal emitter 8 determined by signal processing methods 
magnitudes . The embodiments described herein further implemented by signal processing platform 26 include , 
facilitate discerning between stationary and moving signal without limitation , an authorization of ground - based signal 
emitters with an acceptable error using spatial data obtained emitter 8 to operate in the surveillable area 30 , whether 
from wide area sensors . 10 ground - based signal emitter 8 is moving or stationary , and a 

FIG . 1 is a schematic diagram of an exemplary physical level of threat ( e . g . , identification , friend or foe — IFF ) that 
environment 1 having at least one mobile signal emitter 2 ground - based signal emitter 8 poses to at least one of aerial 
residing on a two - dimensional ground surface 4 surveilled surveillance platform 6 , other ground - based signal emitters 
by an aerial surveillance platform 6 including , without 8 in the surveillable area 30 , and any other persons and 
limitation , an aircraft 7 . In an exemplary embodiment , 15 property ( e . g . , an system or device 31 associated with a user 
mobile signal emitter 2 is embodied in a ground - based signal of signal processing platform 26 including , without limita 
emitter 8 having wheels 11 . In other embodiments , not tion , a patrol helicopter 32 ) in at least one of the surveillable 
shown , a plurality of ground - based signal emitters 8 are area 30 and the sky 12 . 
present on ground surface 4 . Ground - based signal emitter 8 Also , in operation in an exemplary embodiment , charac 
includes a transceiver 10 configured to transmit an electro - 20 teristics of ground - based signal emitter 8 determined by 
magnetic - based signal ( e . g . , a radar signal including , with signal processing methods implemented by signal process 
out limitation , a pulsed radar signal ) into a three - dimen - ing platform 26 also cause a variety of substantially real 
sional space including , without limitation , a sky 12 . time physical actions in physical devices and systems in at 
Transceiver 10 is also configured to detect aerial surveil - least one of electrical communication and data communica 
lance platform 6 through a reflection of at least one signal 25 tion with signal processing platform 26 . For example , char 
including , without limitation , a first signal 14 transmitted acteristics of ground - based signal emitter 8 determined by 
into sky 12 at a first time from a first location 16 and a signal processing methods implemented by signal process 
second signal 18 transmitted into sky 12 at a second time ing platform 26 are displayed on at least one of a human 
from a second location 20 . Characteristics of aerial surveil - machine interface ( HMI ) and a display , including , without 
lance platform 6 detectable by ground - based signal emitter 30 limitation , as a map having a grid representative of a 
8 include , without limitation , spatial information of aerial two - dimensional physical spatial domain including the sur 
surveillance platform 6 in sky 12 discerned from a first veillable area 30 , where identities and at least one of present , 
reflected signal 22 of first signal 14 and a second reflected past , and anticipated locations of ground - based signal emit 
signal 24 of second signal 18 . Spatial information includes , ter 8 are plotted substantially in real - time at their respective 
without limitation , a distance ( e . g . , range ) of aerial surveil - 35 grid coordinates . Also , for example , characteristics of 
lance platform 6 from transceiver 10 , an azimuth from ground - based signal emitter 8 determined by signal process 
transceiver 10 , an elevation relative to transceiver 10 , and a ing methods implemented by signal processing platform 26 
velocity of aerial surveillance platform 6 . are transmitted in substantially real - time as data to actuator 

Also , in an exemplary embodiment , aerial surveillance controllers in aerial surveillance platform 6 ( e . g . , rudders 
platform 6 includes a signal processing platform 26 includ - 40 and flaps of aircraft 7 ) to facilitate evasive maneuvers 
ing an antenna 28 . Antenna 28 is configured to receive a thereof ( e . g . , by an autopilot function of aircraft 7 , including 
plurality of signals 29 including first signal 14 and second where aircraft 7 is an unmanned autonomous vehicle 
signal 18 . Antenna 28 is also configured to transmit at least ( UAV ) ) to avoid an area of operation of ground - based signal 
one of first signal 14 and second signal 18 to signal pro - emitter 8 determined to be a threat . 
cessing platform 26 . Antenna 28 and signal processing 45 As a further example , characteristics of ground - based 
platform 26 include analog and digital electronic circuit signal emitter 8 determined by signal processing methods 
components ( not shown ) configured to at least one of detect , implemented by signal processing platform 26 are transmit 
process , quantify , store , and display various characteristics t ed in substantially real - time as data as a warning signal to 
of a plurality of signals 29 including , without limitation , a ground - based signal emitter 8 operating in the surveillable 
frequency , a time of arrival , a time of departure , a pulse 50 area 30 without authorization . In addition to the warning 
width , a pulse amplitude , a pulse repetition interval , and an signal , characteristics of ground - based signal emitter 8 
angle of arrival ( AOA ) . Signal processing platform 26 also determined by signal processing methods implemented by 
includes an analog - to - digital converter configured to gener - signal processing platform 26 are transmitted in substan 
ate at least one signal parameter vector from each signal 29 tially real - time as data as an alert signal to an associated 
of the plurality of signals 29 . Signal parameter vector 55 mobile system ( e . g . , patrol helicopter 32 ) operating in the 
contains at least one characteristic of the aforementioned vicinity of a particular unauthorized and / or threatening 
characteristics as digital data ( e . g . , at least one signal data ground - based signal emitter 8 . For example , alert signal is 
block , also referred to herein as " coordinate ” ) to be pro transmitted to at least one of a police and military unit , 
cessed using a computer - based method on electronic hard - including at least one of a robotic and an autonomous unit 
ware running software executed from a non - transient com - 60 ( e . g . , UAV having actuator controllers configured to receive 
puter - readable storage media ( e . g . , memory ) . the data and actuate directed movement toward the unau 

In operation , in an exemplary embodiment , signal pro - thorized and / or threatening ground - based signal emitter 8 
cessing platform 26 provides spatial and identification infor - ( e . g . , to neutralize a particular unauthorized and / or threat 
mation about ground - based signal emitter 8 located on ening ground - based signal emitter 8 ) . Also , for example , 
ground surface 4 in a surveillable area 30 of antenna 28 . In 65 characteristics of ground - based signal emitter 8 determined 
other embodiments , not shown , surveillable area 30 is a by signal processing methods implemented by signal pro 
surveillable area located under the surface of a body of cessing platform 26 are transmitted in substantially real - time 

21 
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as data as a control signal to at least one of an electronic veillable area 30 , and any other persons and property ( e . g . , 
support measure ( ESM ) and an electronic warfare ( EW ) a system or device 31 associated with a user of signal 
system positioned at least one of proximate antenna 28 and processing platform 26 including , without limitation , a 
distal aerial surveillance platform 6 to direct , for example , a patrol vehicle 40 having wheels 11 ) in at least one of 
jamming signal ( not shown ) at ground - based signal emitter 5 surveillable area 30 and sky 12 . 
8 operating in the surveillable area 30 without authorization . Also , in operation in an exemplary embodiment , charac 

FIG . 2 is a schematic diagram of an alternative physical teristics of ground - based signal emitter 36 determined by 
environment 33 having at least one stationary signal emitter signal processing methods implemented by signal process 
34 residing on ground surface 4 surveilled by aerial surveil - ing platform 26 also cause a variety of substantially real 
lance platform 6 including , without limitation , a UAV 35 . In 10 time physical actions in physical devices and systems in at 
an alternative embodiment , stationary signal emitter 34 is least one of electrical communication and data communica 
embodied in a ground - based signal emitter 36 . In other tion with signal processing platform 26 . For example , char 
embodiments , not shown , a plurality of ground - based signal acteristics of ground - based signal emitter 36 determined by 
emitters 36 are present on ground surface 4 . Ground - based signal processing methods implemented by signal process 
signal emitter 36 includes transceiver 10 configured to 15 ing platform 26 are displayed on at least one of an HMI and 
transmit an electromagnetic - based signal ( e . g . , a radar signal a display , including , without limitation , as a map having a 
including , without limitation , a pulsed radar signal ) into grid representative of the two - dimensional physical spatial 
three - dimensional space including , without limitation , sky domain including the surveillable area 30 , where identities 
12 . Transceiver 10 is also configured to detect aerial sur - and at least one of present , past , and anticipated locations of 
veillance platform 6 through reflection of at least one signal 20 ground - based signal emitter 36 are plotted substantially in 
over a plurality of time points . Characteristics of aerial real - time at their respective grid coordinates . Also , for 
surveillance platform 6 detectable by ground - based signal example , characteristics of ground - based signal emitter 36 
emitter 36 including , without limitation , spatial information determined by signal processing methods implemented by 
of aerial surveillance platform 6 in sky 12 discerned from signal processing platform 26 are transmitted in substan 
first reflected signal 22 of first signal 14 received by trans - 25 tially real - time as data to actuator controllers in aerial 
ceiver 10 . Spatial information includes , without limitation , surveillance platform 6 ( e . g . , rudders and flaps of UAV 35 ) 
distance of aerial surveillance platform 6 from transceiver to facilitate evasive maneuvers thereof to avoid an area of 
10 , azimuth from transceiver 10 , elevation relative to trans - operation of ground - based signal emitter 36 determined to 
ceiver 10 , and velocity of aerial surveillance platform 6 . be a threat . 

Also , in an alternative embodiment , aerial surveillance 30 As a further example , characteristics of ground - based 
platform 6 includes a signal processing platform 26 includ - signal emitter 36 determined by signal processing methods 
ing antenna 28 . Antenna 28 is configured to receive the implemented by signal processing platform 26 are transmit 
plurality of signals 29 and to transmit first signal 14 to signal t ed in substantially real - time as data as a warning signal to 
processing platform 26 . Antenna 28 and signal processing ground - based signal emitter 36 operating in surveillable area 
platform 26 include analog and digital electronic circuit 35 30 without authorization . In addition to the warning signal , 
components ( not shown ) configured to at least one of detect , characteristics of ground - based signal emitter 36 determined 
process , quantify , store , and display various characteristics by signal processing methods implemented by signal pro 
of the plurality of signals 29 including , without limitation , cessing platform 26 are transmitted in substantially real - time 
frequency , time of arrival , time of departure , pulse width , as data as an alert signal to an associated mobile system 
pulse amplitude , pulse repetition interval , and AOA . Signal 40 ( e . g . , patrol vehicle 40 ) operating in the vicinity of a 
processing platform 26 also includes an analog - to - digital particular unauthorized and / or threatening ground - based 
converter configured to generate at least one signal param - signal emitter 36 . For example , alert signal is transmitted to 
eter vector from each signal 29 of the plurality of signals 29 . at least one of a police and military unit , including at least 
Signal parameter vector contains at least one characteristic one of a robotic and an autonomous unit ( e . g . , UAV 35 ) 
of the aforementioned characteristics as digital data ( e . g . , at 45 having actuator controllers configured to receive the data 
least one signal data block , also referred to herein as and actuate directed movement toward the unauthorized 
" coordinate ” ) to be processed using a computer - based and / or threatening ground - based signal emitter 36 ( e . g . , to 
method on electronic hardware running software executed neutralize a particular unauthorized and / or threatening 
from a non - transient computer - readable storage media ( e . g . , ground - based signal emitter 36 ) . Also , for example , charac 
memory ) . 50 teristics of ground - based signal emitter 36 determined by 

In operation , in an exemplary embodiment , signal pro - signal processing methods implemented by signal process 
cessing platform 26 provides spatial and identification infor - ing platform 26 are transmitted in substantially real - time as 
mation about ground - based signal emitter 36 located at a data as a control signal to at least one of an ESM and an EW 
third location 38 on ground surface 4 in surveillable area 30 system positioned at least one of proximate antenna 28 and 
of antenna 28 . Signal processing methods implemented by 55 distal aerial surveillance platform 6 to direct , for example , a 
signal processing platform 26 , including computer - based jamming signal ( not shown ) at ground - based signal emitter 
methods , generate further data in substantially real - time , 36 operating in the surveillable area 30 without authoriza 
facilitating substantially real - time determinations of charac - tion . 
teristics of ground - based signal emitter 36 . Characteristics FIG . 3 is a schematic diagram of an exemplary signal 
of ground - based signal emitter 36 determined by signal 60 processing system 100 that may be used with aerial surveil 
processing methods implemented by signal processing plat - lance platform 6 shown in FIGS . 1 and 2 . In an exemplary 
form 26 include , without limitation , an authorization of implementation , signal processing system 100 generates 
ground - based signal emitter 36 to operate in surveillable pulse descriptor word ( PDW ) vectors 138 using blind source 
area 30 , whether ground - based signal emitter 36 is moving separation ( BSS ) of received signals derived from , for 
or stationary , and a level of threat that ground - based signal 65 example , and without limitation , radar signals . More gen 
emitter 36 poses to at least one of aerial surveillance erally , in other implementations , signal processing system 
platform 6 , other ground - based signal emitters 36 in sur - 100 enables generating signal parameter vectors ( e . g . , a 
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signal parameter vector 138 ) other than PDW vectors in a Methods implemented by signal processing system 100 are 
substantially similar manner as described herein . Also performed in substantially real - time by the devices and 
known as blind signal separation , BSS is used to separate systems described above . 
( e . g . , filter ) one or more source signals of interest from a Further , in the exemplary embodiment , pre - processor 104 
plurality of mixed signals . In applications including , without 5 includes one or more PDW generation modules 128 coupled 
limitation , an underdetermined case ( e . g . , fewer observed to each BSS module 120 , and a pulse denoising module 130 
signals than signal sources ) , BSS facilitates separating and coupled to each BSS module 120 . PDW generation module 
identifying pure signals of interest from an arbitrary set of 128 generates PDW parameter vector 138 based on blind 
time - varying signals ( e . g . , radar pulses from one or more source separated signals 129 received from each BSS mod 
signal emitters ) without relying on substantial amounts of 10 ule 120 . Each PDW parameter vector 138 contains data 
known information about the signal emitters , signals of representative of characteristics of interest of one of signals 
interest , or the signal mixing process . 14 and 18 derived from a singular pulse of blind source 

In the exemplary embodiment , signal processing system separated signal 129 ( e . g . , frequency , bandwidth , time of 
100 includes a signal data processor 101 communicatively arrival , time of departure , pulse width , pulse amplitude , 
coupled to antenna 28 . Antenna 28 , in the exemplary 15 pulse repetition interval , and / or AOA ) . Pulse denoising 
embodiment , is a wide - area sensor 103 . Signal data proces - module 130 also generates an unknown signal state space 
sor 101 includes a pre - processor 104 and a post - processor representation signal 139 based on blind source separated 
105 . Sensor 103 is configured to receive signals from , for signals 129 . Unknown signal state space representation 
example , and without limitation , mobile signal emitter 2 and signal 139 contains data representative of additional ( e . g . , 
stationary signal emitter 34 . Although two signal emitters 2 20 non - PDW - type ) characteristics of interest of one of signals 
and 34 are shown in FIG . 3 , those of skill in the art will 14 and 18 from which usable spatial information about one 
appreciate that sensor 103 may receive signals from any of signal emitters 2 and 34 is discernable . PDW parameter 
number of signal emitters from surveillable area 30 ( shown vectors 138 and unknown signal state space representation 
in FIGS . 1 and 2 ) . signals 139 are transmitted to post - processor 105 . Signal 

Sensor 103 is communicatively coupled to pre - processor 25 denoising module 118 , PDW generation module 128 , and 
104 through a pre - conditioner 108 . In the exemplary pulse denoising module 130 include suitable signal filtering , 
embodiment , pre - conditioner 108 includes a low noise signal amplification , signal modulation , signal separation , 
amplifier 109 , a band pass filter 110 , and a wideband signal conditioning , and / or ADC circuitry implemented 
analog - to - digital converter ( ADC ) 111 . In operation , pre using analog and / or digital electronic circuit components . 
conditioner 108 is configured to convert a sensor output 30 Also , in the exemplary embodiment , each BSS module 120 
signal 112 received from sensor 103 into an incoming signal transmits a respective blind source separated signal 129 
113 transmitted to pre - processor 104 . Each incoming signal ( e . g . , 129a , 129b , . . . , 129K ) to PDW generation module 
113 is derived from a time - varying signal received at sensor 128 and to pulse denoising module 130 . 
103 . Time - varying signal may include a mix of signals Post - processor 105 includes a computing device 132 that 
received from signal emitters 2 and 34 . For example , time - 35 includes a memory 134 . As described above , PDW genera 
varying signals may include first signal 14 and second signal tion module 128 receives blind source separated signals 129 
18 . from each respective BSS module 120 . PDW generation 

In the exemplary embodiment , pre - processor 104 includes module 128 then utilizes the blind source separated signals 
one or more signal denoising modules 118 , and a plurality of 129 to generate a PDW parameter vector 138 , which is 
blind source separation ( BSS ) modules 120 . Each BSS 40 subsequently transmitted to post - processor 105 . PDW 
module 120 is coupled to a single signal denoising module parameter vector 138 is received by computing device 132 
118 , and represents one BSS channel 200 . A total number of and stored as non - transient computer - readable data in 
BSS channels 200 in signal processing system 100 is memory 134 including , without limitation , as at least one 
expressed as K . Signal denoising module 118 transmits a buffered data set . Pulse denoising module 130 is also con 
denoised signal 124 and a state energy signal 126 to each 45 figured to receive blind source separated signals 129 from 
respective BSS module 120 ( e . g . , 120a , 120b , . . . , 120K ) each respective BSS module 120 . Pulse denoising module 
of the plurality of BSS modules 120 . State energy signal 126 130 is further configured to utilize the blind source separated 
represents a quantity ( e . g . , an analog voltage level ) that is signals 129 to generate the unknown signal state space 
proportional to an amplitude of incoming signal 113 at representation signal 139 , which is subsequently transmitted 
particular sampled time points ( e . g . , states ) . 50 to post - processor 105 . Unknown signal state space repre 

In operation , incoming signal 113 is transmitted from sentation signal 139 is received by computing device 132 
pre - conditioner 108 to signal denoising module 118 where and stored as non - transient computer - readable data in 
incoming signal 113 undergoes signal denoising and is memory 134 including , without limitation , as at least one 
subsequently transmitted as denoised signal 124 to the each buffered data set . In the exemplary embodiment , computing 
BSS module 120 . For example , first signal 14 is initially 55 device 132 fetches buffered data sets from memory 134 for 
received at sensor 103 as a pulse having signal characteris - processing using a computer - based method employing an 
tics including , without limitation , a frequency and a band operating system running software executed from instruc 
width . In this example , a single pulse of first signal 14 , after tion set data also stored in a non - transient memory 134 ( e . g . , 
processing by pre - conditioner 108 , is then received at signal from one or more non - transient computer - readable storage 
denoising module 118 as a mixed signal ( e . g . , the incoming 60 media ) . 
signal 113 represents a signal pulse of the first signal 14 and Computing device 132 implements a computer - based 
has various characteristics including , without limitation , method ( e . g . , from software instructions stored in memory 
noise and information other than the desired information of 134 ) to carry out operations based on data contained in at 
interest ) . Signal denoising module 118 denoises the mixed least one of PDW parameter vector 138 and unknown signal 
incoming signal 113 prior to transmitting denoised signal 65 state space representation signal 139 . Such operations 
124 having a frequency and a bandwidth ( or a regular pattern include , without limitation , detecting , processing , quantify 
of frequencies and bandwidths ) to the BSS modules 120 . ing , storing , and displaying ( e . g . , in human readable data 
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form ) various characteristics of at least one signal ( e . g . , track ( e . g . , including present and prior locations ) of the at 
signals 18 and 20 ) represented as data in at least one of PDW least one respective mobile signal emitter 2 and 34 . In 
parameter vector 138 and unknown signal state space rep another mode of operation , characteristics determined by 
resentation signal 139 . For example , PDW parameter vector signal data processor 101 also trigger a variety of substan 
138 generated by PDW generation module 128 contains a 5 tially real - time physical actions in physical devices and 
plurality of PDW vector data blocks structured in a vector systems in communication with signal processing system 
form , where each PDW vector data block contains one 100 . For example , characteristics of signal emitters 2 and 34 , parameter of first signal 14 . Parameters ( e . g . , representative including frequency and bandwidth determined by signal of at least one characteristic of first signal 14 ) include , processing system 100 , are transmitted in substantially real without limitation , frequency , bandwidth , time of arrival , 10 
time of departure , pulse width , pulse amplitude , pulse rep time as data to actuator controller 150 in vehicle 146 ( e . g . , 

to control rudders and flaps of UAV 35 ) . If signal emitters 2 etition interval , and / or AOA . Computing device 132 reads and 34 are unauthorized ( e . g . , hostile , previously unde PDW parameter vector 138 and carries out at least one of the 
tected , etc . ) signal emitters determined to be a threat , actua aforementioned operations on at least one PDW vector data 

block of the plurality of PDW vector data blocks . Also in 15 tor controller 150 maneuvers vehicle 146 to avoid an area of 
the exemplary embodiment , computing device 132 reads operation of signal emitters 2 and 34 or engages signal 
and separates ( e . g . , deinterleaves ) PDW parameter vector emitters 2 and 34 . As a further example , characteristics of 
138 into its constituent PDW vector data blocks , and stores signal emitters 2 and 34 determined by signal data process 
fewer PDW vector data blocks in memory 134 than the total ing methods described herein are transmitted in substantially 
number of PDW vector data blocks contained in PDW 20 real - time in a control signal to at least one of an ESM device 
parameter vector 138 . Deinterleaving of PDW parameter and an EW system associated with signal processing system 
vector 138 enables determining characteristics of interest of 100 to direct , for example , a jamming signal at signal 
signals 14 and / or 18 by computing device 132 to , for emitters 2 and 34 operating in the surveillable environment 
example , and without limitation , accurately determine and of sensor 103 without authorization . 
track spatial information for signal emitters 2 and / or 34 . In 25 In operation , each BSS module 120 of the plurality of 
other implementations , computing device 132 reads and BSS modules 120 in signal processing system 100 imple 
separates all PDW vector data blocks from one another and ments filtering methods with dynamic updating to enable 
stores all data contained therein in memory 134 . Computing generating high quality PDWs containing at least one of 
device 132 performs the aforementioned operations substan - frequency , center frequency , bandwidth , pulse time , and 
tially simultaneously ( e . g . , in real - time ) upon receipt of 30 pulse width information . Such improved accuracy and reso 
signals 14 and 18 by sensor 103 . lution of PDWs to track , for example , frequency and band 

Resultant data from operations performed by computing width of signals of interest facilitates identifying , determin 
device 132 are stored in memory 134 . Further , in the ing , and / or analyzing signal emitters 2 and 34 from which 
exemplary embodiment , computing device 132 causes post - associated signals are emitted . For example , information 
processor 105 to transmit a data output signal 142 to an HMI 35 including , without limitation , information derived from 
to facilitate at least one of an interaction , a modification , a PDWs from signal emitters 2 and 34 is displayed on display 
visualization , at least one further operation , and a viewable 144 after being transmitted thereto by post - processor 105 as 
recording of information about signals 14 and 18 by a user data output signal 142 , as described above . This improved 
of signal processing system 100 . HMI is , for example , a information enables signal processing system 100 to distin 
display 144 which receives data output signal 142 from 40 guish signal emitter 2 from signal emitter 34 . Also , for 
post - processor 105 . In one example , characteristics ( e . g . , example , different signal emitters 2 and 34 in a surveilled 
location characteristics such as grid coordinates in a physical environment of sensor 103 are plotted at respective locations 
spatial domain , e . g . , two - dimensional ground surface 4 ) ( e . g . , grid coordinates ) on display 144 ( e . g . , as a map ) . 
representing a physical location of signal emitters 2 and 34 , Also , in operation , the plurality of BSS modules 120 
as determined by signal processing system 100 , are dis - 45 separate a plurality of denoised signals 124 . Each BSS 
played on display 144 , and are updated in substantially in module 120 contains a plurality of tunable filters ( not 
real - time . Data output signal 142 is also transmitted from shown ) , where each filter operates based on filter parameters 
post - processor 105 to at least one device and / or system ( e . g . , including , without limitation , a center frequency and a 
a vehicle 146 ) associated with signal processing system 100 . bandwidth . Further , in the exemplary embodiment , pre 
Further , computing device 132 enables post - processor 105 50 processor 104 includes a BSS control module 196 , which 
to transmit , in substantially real - time , an actuator control facilitates controlling each respective BSS module 120 of 
signal 148 to an actuator controller 150 included within the plurality of BSS modules 120 . BSS control module 196 
vehicle 146 to facilitate controlling vehicle 146 . For receives respective BSS data signals 197 ( e . g . , 197a , 
example , vehicle 146 may be a remotely and / or autono 197b , . . . , 197K ) containing BSS - related information 
mously operated land vehicle and / or an unmanned aerial 55 including , without limitation , frequency , bandwidth , and 
vehicle ( e . g . , UAV 35 ) . state , from each BSS module 120 of the plurality of BSS 

In one mode of operation , at least one of frequency and modules 120 . Based on the BSS - related information con 
bandwidth information contained in respective PDW param tained in BSS data signals 197 , BSS control module 196 also 
eter vectors 138 is displayed on display 144 along with generates and transmits respective BSS control signals 198 
locations of respective signal emitters 2 and 34 to facilitate 60 ( e . g . , 198a , 1986 , . . . , 198K ) back to each respective BSS 
accurate tracking of locations and association with particular module 120 to control , for example and without limitation , 
signal emitters 2 and 34 . In cases where at least one signal a timing of receipt of denoised signal 124 and transmission 
emitter 2 and 34 is mobile , display 144 is automatically of respective blind source separated signals 129 to at least 
updated in substantially real - time to show the location one of PDW generation module 128 and pulse denoising 
information of at least one respective mobile signal emitter 65 module 130 . Information contained in BSS data signals 197 
2 and 34 . Further , computing device 132 also determines at and BSS control signals 198 is used by BSS control module 
least one of a velocity , an acceleration , a trajectory , and a 196 to facilitate implementation of a feedback control loop . 
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FIG . 4 is a schematic diagram of an exemplary process element 407 ( e . g . , corresponding to a latitude and a longi 
400 for deinterleaving signal parameter vector data that may tude in the physical spatial domain ) . 
be used with signal processing system 100 shown in FIG . 3 . Further , in an exemplary embodiment , shadow hash key 
In an exemplary embodiment , at least one array data struc - routine 408 is executed in conjunction with storing at least 
ture 401 is stored at at least one address in memory 134 ( not 5 one of signal parameter vector 138 data and unknown signal 
shown ) . Array data structure 401 includes a plurality of state space representation signal 139 data in memory 134 at 
arrays including a sparse ( e . g . , coarse ) array ( grid denoted a respective element 407 in sparse array 402 corresponding 
“ Level 1 ” ) 402 , a medium array 404 ( “ Level 2 ' ' ) , and a fine to a subregion in the physical spatial domain . During second array 406 ( “ Level 3 ” ) . Each array of the plurality of arrays subroutine 414 , computing device 132 checks whether or includes a plurality of elements ( e . g . , grid coordinates ) 407 10 
which are subaddressed from the address of array data not a key ky is found by H , ( k ) hash function . If key k , is not 

found , computing device 132 executes a second shadow structure 401 in memory 134 . Sparse array 402 contains a hash key function , H , ( k ) = Level 2 hash , substantially similar lesser number of elements 407 than medium array 404 , and to the first shadow hash key function , but performed on fine array 406 contains a greater number of elements 407 
than medium 404 . Further , elements 407 of sparse array 402 , 15 prav 40215 medium array 404 rather than sparse array 402 . If key k , is 
medium array 404 , and fine array 406 represent successively found , computing device 132 determines whether or not the 
finer representations of substantially equal sized subregions spatially - defined data of interest is present in sparse array 
of a physical spatial domain ( e . g . , surveillable area 30 ) . At 402 . If the spatially - defined data of interest is not stored in 
any given time , a collection of elements 407 represents , at sparse array 402 , computing device 132 then determines 
any point in time , an area of surveillable area 30 . In the case 20 whether a pointer to an address in medium array 404 is 
of a mobile signal processing system 100 ( not shown ) , the present and , if so , second subroutine 414 is directed there . In 
collection of elements 407 represents , over successive points the event the spatially - defined data is not stored in medium 
( e . g . , frames ) in time , a varying , rather than substantially array 404 , but rather medium array 404 contains a pointer to 
constant , area of surveillable area 30 . an address in fine array 406 , second subroutine 414 is 

Also , in an exemplary embodiment , a shadow hash key 25 similarly directed there . Second subroutine 414 continues in 
routine 408 is stored as software instructions in memory 134 this manner until computing device 132 finds the desired 
and is executed by computing device 132 ( not shown ) in a data value or values of interest , or it is determined that the 
computer - based method . Shadow hash key routine 408 is value or values are not stored in memory 134 . 
run on computing device 132 upon a user - initiated start state As further shown and described below with reference to 
410 including , without limitation , at least one of powering 30 FIGS . 5 - 12 , with each successive signal received , vector 
on and waking up signal processing system 100 . Start state ized , and deinterleaved by signal processing system 100 
410 proceeds to a first subroutine 412 during which com - over time , a plurality of elements 407 of array data structure 
puting device 132 continually checks whether or not at least 401 will have stored in them a plurality of signal data blocks 
one of signal parameter vector 138 data and unknown signal with associated spatially - defined data values . The associated 
state space representation signal 139 data is received by 35 spatially - defined data values are derived from , and represent 
post - processor 105 from pre - processor 104 . If at least one of spatial characteristics of at least one signal emitter 2 and / or 
signal parameter vector 138 data and unknown signal state 34 in the physical spatial environment surveillable area 30 . 
space representation signal 139 data is not received by Computing device 132 also executes shadow hash key 
post - processor 105 , shadow hash key routine 408 loops back routine 408 to generate an store in memory 134 at least one 
and performs first subroutine 412 again . If , during first 40 elliptical error region probability object 416 representative 
subroutine 412 , computing device 132 determines that at of spatial information having widely varying error magni 
least one of signal parameter vector 138 data and unknown tudes and stored in a plurality of elements 407 in more than 
signal state space representation signal 139 data is received one of sparse array 402 , medium array 404 , and fine array 
by post - processor 105 from pre - processor 104 , shadow hash 406 . 
key routine 408 proceeds to a second subroutine 414 . During 45 In an exemplary embodiment , process 400 includes a first 
second subroutine 414 , computing device 132 , in conjunc - elliptical error region probability object 418 and a second 
tion with memory 134 , executes software instructions to at elliptical error region probability object 420 . Shadow hash 
least one of read ( e . g . , get ) , insert ( e . g . , write ) , and delete key routine 408 also facilitates combining spatial data values 
spatially - defined data obtained using sensor 103 . Also , dur - including , without limitation , non - sparse spatial objects , of 
ing second subroutine 414 , computing device executes a first 50 varying sparseness amongst at least two of sparse array 402 , 
shadow hash key function defined as : medium array 404 , and fine array 406 into at least one 

elliptical error region probability object 416 that is operable 
H ( k ) = Level 1 hash Equation ( 1 ) on by computing device 132 within a stochastic sparse tree 

where H , ( k ) is a hash function for mapping keys to elements grid including array data structure 401 , for example as 
407 in sparse array 402 , and k is the subaddress of at least 55 described in U . S . Pat . No . 8 , 805 , 858 , titled “ Methods and 
one spatially - defined data record in sparse array 402 ( e . g . , systems for spatial filtering using a stochastic sparse tree 
element 407 in sparse array 402 at which the at least one grid ” and incorporated by reference herein in its entirety . 
spatially - defined data record is stored in memory 134 ) . Key Therefore , elliptical error region probability object 416 
k , therefore , corresponds to the subregion of the surveilled enables representation of spatial data initially acquired and 
physical spatial domain at a given point in time . In the case 60 further derived from at least one sensor 103 in a memory 
of sparse array 402 representative of a two - dimensional and computationally - efficient representation using a single 
surveillable area 30 , key k is determined as follows : object . Further , in an exemplary embodiment , shadow hash 

key routine 408 thus provides an efficient lookup method 
k? = * , * c + + y1 Equation ( 2 ) using shadow hash keys , and it operates within array data 

where ki is the key , cy is a constant ( e . g . , determined by 65 structure 401 using individual elements 407 and elliptical 
computing device 132 ) , and x , and y , define the index into error region probability object 416 to store , organize , select , 
sparse array 402 having the subaddress of the respective and analyze spatial signal data of interest and to read , write , 
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and delete that data in an operationally - , computationally - , both the probability density function ( PDF ) support and the 
and memory - efficient manner . PDF on that support , as shown and described below with 

In the context of U . S . Pat . No . 8 , 805 , 858 , supra , process reference to FIG . 5 . 
400 and shadow hash key routine 408 facilitate use of signal FIG . 5 is a schematic diagram of elliptical error region 
denoising module 118 and the at least one blind source 5 probability object operations 500 that may be used with 
separation module 120 ( including , for example and without process 400 shown in FIG . 4 . In an exemplary embodiment , 
limitation , as subsystems of an “ EW front - end ” of signal elliptical error region probability object operations 500 are 
processing system 100 , not shown ) . Also , in other embodi performed by computing device 132 from software instruc 
ments , not shown , process 400 and shadow hash key routine tions stored on and executed from memory 134 . Elliptical 

408 facilitate sharing of spatial information between coop 10 error region probability object operations 500 are also 
performed concurrently and substantially simultaneously erating sensor 103 - containing surveillance platforms ( e . g . , with process 400 and shadow hash key routine 408 . Also , in including one or more aerial surveillance platforms 6 ) an exemplary embodiment , signal parameter vector 138 is configured to share their information , and employing widely modified to include a standard deviation vector , resulting in varying types of sensors 103 types , sensors 103 requiring 15 equiring 15 a signal parameter vector with standard deviation vector 

fusion of results , and / or any other sensor 103 front - end that signal 502 . After deinterleaving of signal parameter vector 
produces sensor data with varying dimensions of and widely with standard deviation vector signal 502 , shadow hash key 
differing error magnitudes for sensor 103 output signals . The routine 408 is executed thereon by computing device 132 as 
addition of process 400 and shadow hash key routine 408 to shown and described above with reference to FIG . 4 . If a 
the methods and systems for spatial filtering using a sto - 20 hash key match is found in sparse array 402 of array data 
chastic sparse tree grid described in U . S . Pat . No . 8 , 805 , 858 , structure 401 ( not shown ) , at least two signal data blocks 
supra , enables shadow hash keys to look up ellipsoidal representing spatial data of a first type about a particular 
regions in addition to typical grid elements 407 for the signal emitter ( e . g . , at least one of mobile signal emitter 2 
purpose of getting , inserting and deleting spatially - defined and stationary signal emitter 34 , not shown ) are used by 
sensor information in stochastic tree grids . 25 computing device 132 to construct first ellipsoid error region 

In operation , in an exemplary embodiment , ellipsoidal probability object 418 . 
regions including , without limitation , elliptical error region If hash key match is not found in sparse array 402 , 
probability objects 416 are meant in a general sense and computing device 132 determines whether a pointer to an 
include intersections of ellipsoidal regions as well as angular address in at least one of medium array 404 and fine array 
regions defined by intersections of half plane regions , for 30 406 is present and , if so , second subroutine 414 of shadow 
example . A half plane can be considered a degenerate ellipse hash key routine 408 is directed there ( as shown and 
for algorithmic purposes and , therefore , ellipsoidal regions described above with reference to FIG . 4 . Likewise , if hash 
and their intersections refer to generalized ellipsoidal key matching is found in sparse array 402 , but the match is 
regions and their intersections . Widely different error mag - for spatial data of a second type , at least two signal data 
nitudes in the spatial information from at least one sensor 35 blocks representing the spatial data of the second type are 
103 means these different regions are of both very large size used by computing device 132 to construct second ellipsoid 
and very small size , such that processing them together with error region probability object 420 . As further instances of 
standard grids ( e . g . , fine array 406 , which is only efficiently signal parameter vector with standard deviation vector sig 
processed with computing device 132 in cases of sparse nals 502 are received and deinterleaved by post - processor 
spatial data within small areas or regions of surveilled 40 105 , shadow hash key routine 408 further matches newly 
physical spatial environment ) requires new efficient meth - received signal data blocks to their respective associated 
odologies . Process 400 and shadow hash key routine 408 elliptical error region probability objects ( e . g . , first elliptical 
enables this joint processing to be done efficiently and error region probability object 418 for spatial data of the first 
accurately based on a gridding methodology that can include type and second elliptical error region probability object for 
objects such as ellipsoids and half spaces of up to M 45 second type spatial data , where both the first 418 and the 
dimensions , where M is the number of vector input param - second 420 elliptical error region probability objects repre 
eters present in signal parameter vector 138 ( for example ) , sent spatial errors associated with a particular signal emitter 
or of two dimensions in the case of typical electro - optic ( e . g . , 2 or 34 ) in the physical spatial domain under surveil 
infrared - type sensors 103 , or of three dimensions in the case lance by at least one sensor 103 ) . In those instances where 
of certain Laser / Light Detection and Ranging ( LADAR 50 matches are made in at least one of medium array 404 and 
LIDAR ) - based surveillance platform systems . fine array 406 , as opposed to sparse array 402 , pointers to 

Sensor fusion involving communicatively cooperating those data values are used in elliptical error region prob 
multiple types of sensors 103 , in an exemplary embodiment , ability object operations 500 where they are incorporated 
includes a plurality of different possible processing dimen - into at least one of first 418 and second 420 elliptical error 
sions . In general , however , the vector size of the input ( e . g . , 55 region probability objects . 
signal parameter vector 138 ) for the tree grid used in process Also , in an exemplary embodiment , elliptical error region 
400 is denoted below as M , assuming that the vector of probability object operations 500 , after computing device 
inputs are considered as random variables and have associ - 132 determines first elliptical error region probability object 
ated standard deviations . In the context of U . S . Pat . No . 418 and second elliptical error region probability object 420 , 
8 , 805 , 858 , supra , when the tree grid of process 400 and 60 a resulting ellipsoid set 504 is stored in memory 134 . 
shadow hash key routine 408 is used in this manner with Furthermore , computing device 132 determines a quantita 
implied or measured errors in an entire set of parameters , the tive characterization of at least one of an intersection and a 
regions can become so large as to be computationally - and union of first elliptical error region probability object 418 
memory - inefficient if implemented using sparse techniques and second elliptical error region probability object 420 . In 
described in U . S . Pat . No . 8 , 805 , 858 , supra . To improve 65 other embodiments , not shown , elliptical error region prob 
computational and memory use efficiency , process 400 and ability object operations 500 includes substantially similar 
shadow hash key routine 408 facilitates useful operation on determinations by computing device 132 on additional ellip 
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tical error region probability objects including , without probability object 420 , along with elliptical error region 
limitation , a third elliptical error region probability object probability objects 416 having error magnitudes less than 
representing spatial error for a third spatial data type which the predetermined threshold value , if any , and other spatial 
can include non - standard spatial data derived from unknown data , if any ( e . g . , non - standard spatial data derived from 
signal state space representation signal 139 . As further 5 unknown signal state space representation signal 139 ) , pres 
shown and described below with reference to FIGS . 6 - 12 , ent in respective elements 407 of array data structure 401 . 
computing device 132 is configured to determine at least Thus , after fourth step 608 , the resulting data construct 
four quantitative characterizations 506 of at least two ellip - stored in memory 134 contains spatial data associated with 
tical error region probability objects 416 : an inner union a particular signal emitter ( e . g . , at least one of mobile signal 
ellipsoid 508 , an outer union ellipsoid 510 , an inner inter - 10 emitter 2 and stationary signal emitter 34 ) and having 
section ellipsoid 512 , and an outer intersection ellipsoid 514 . varying dimensions and error magnitudes . Finally , a get 

In operation , and with reference to U . S . Pat . No . 8 , 805 , operation 610 step by computing device 132 outputs a final 
858 , supra , elliptical error region probability object opera - grid value ( e . g . , a subaddress in at least one of sparse array 
tions 500 expand upon sparse tree grid processing where 402 , medium array 404 , and fine array 406 of array data 
grids are of small size representing the smallest spatial error 15 structure 401 that is representative of a location of mobile 
of at least one sensor 103 and most grid elements are empty , signal emitter 2 or stationary signal emitter 34 in the 
representing the sparsity of spatial signal information over physical spatial domain ) along with an associated spatial 
the entire physical spatial environments of interest under error value attendant to the determined location , both of 
surveillance . When sensor 103 - derived information with which are stored in memory 134 . 
large errors is added in the sparse tree grid , every grid cell 20 In operation , the basic filtering process performed by 
contained in this large area must be added to . When pro computing device 132 includes determining when a new 
cessed by computing device 132 using the grid method , piece of sensor information ( S ) ( e . g . , a deinterleaved signal 
building of histogram data is based on summing PDFs data block ) received on signal parameter vector with stan 
representing location probabilities for a given piece of dard deviation vector signal 502 has a large error ( e . g . , based 
sensor 103 - derived information . When all the grid cells are 25 on its standard deviation relative to signal data blocks of the 
summed , however , this operation is no longer sparse and so same type ) . Computing device 132 then determines an 
is very computationally and memory inefficient . In combi - approximated error region by an ellipsoid in dimension M . 
nation , elliptical error region probability object operations This is reasonable since most sensor 103 - derived data is 
500 , process 400 , and shadow hash key routine 408 facili - assumed to have a Gaussian error model . The error region is 
tates processing both the support shape of the PDF of spatial 30 limited by a reasonable threshold such as 3 - sigma ( 30 ) and 
information and the PDF on that support . As further shown so forms an ellipsoid E denoted as the support ( E = supp ( S ) ) 
and described below with reference to FIGS . 6 - 12 , this of the current sensor 103 spatial information . This ellipsoid 
system and method enables building up spatial information E ( u , Q ) defined in R ” with center q and shape matrix Q is the 
through approximate intersections of PDF support and its set : 
corresponding PDF on that support set . This allows for 35 E ( 1 , 2 ) = { XER " | ( x - u ) , Q - ' ( x - u ) s1 } Equation ( 3 ) efficiently processing PDF information in conjunction with 
an existing sparse stochastic tree grid ( e . g . , based on U . S . which has an equivalent Gaussian PDF form : 
Pat . No . 8 , 805 , 858 , supra ) because the processing can use Equation ( Eqn . ) ( 4 ) 
either this new method or the previous grid - based method , 
depending on which is more efficient . Thus , grid elements 40 A half space ( e . g . , a half plane in two dimensions ) can be 
can work together with ellipsoidal regions to spatially filter treated as an unbounded ellipsoid , that is , as the ellipsoid 
elliptical error region probability objects 416 of interest . with the shape matrix all but one of whose eigenvalues are 

FIG . 6 is a flow chart of a filtering process 600 that may infinity . 
be used with signal processing system 100 shown in FIG . 3 . Also , in operation , ellipsoid E ( u , Q ) is embodied in ellip 
In an exemplary embodiment , shadow hash key routine 408 45 tical error region probability object 416 added to the sto 
operating on elliptical error region probability objects 416 chastic tree grid ( e . g . , array data structure 401 ) using process 
stored in association with elements 407 of sparse array 402 400 , shadow hash key routine 408 , and elliptical error region 
of array data structure 401 facilitates computing device 132 probability object operations 500 described above . The PDF 
determining ( e . g . , finding ) , during a first step 602 , all associated with ellipsoid Elu , Q ) is defined as : 
elliptical error region probability objects 416 that interest a 50 
particular element 407 of sparse array 402 . Next , during a 
second step 604 , computing device 132 selects large ellip PDF 1 , 9 ( X1 , . . . , XM ) = PDF119 ( x ) Eqn . ( 5 ) 
tical error region probability objects 416 ( e . g . , having error = exp 
magnitudes greater than or equal to a predetermined thresh 
old value ) . Where inner intersection ellipsoid 512 is the 55 
quantitative characterization desired to be performed by 
computing device 132 as part of elliptical error region 
probability object operations 500 , during a third step 606 , 
computing device 132 determines the intersection and PDF Thus , computing device 132 determines an information pair 
for first elliptical error region probability object 418 and 60 associated with a respective piece of sensor 103 - derived 
second elliptical error region probability object 420 selected information { E ( u1 , Q? ) , PDF , 0 , ( ) } . In this case , the two 
during second step 604 . parameters mu ( u ) and Q are the same . However , this is 

Following determination of , for example and without insufficient for capturing PDF information to intersect 
limitation , inner intersection ellipsoid 512 during third step regions , so in general these pairs of information { E ( u1 , Q . ) , 
606 , computing devices 132 determines , during a fourth step 65 PDF ( } are stored in memory 134 . This only requires 
608 , the sum of respective PDFs of first elliptical error 4M + 2 numbers , and so is significantly more computation 
region probability object 418 , second elliptical error region ally - and memory efficient than known spatial data filtering 

Vier ) Mai exp JON 
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systems and methods . For example , by operating at a 30 match of dimension M ellipsoid E ( u? , Qs ) to the plurality of 
level for sensor 103 data usage , the support of the trimmed boundary points determined during third operation 706 . 
normal or Gaussian PDF of an error directly corresponds to PDF matching process 700 also includes a fifth operation 
an ellipsoid . Hence , elliptical error region probability object 710 , during which computing device 132 determines a 
416 has a direct map to the PDF that has this ellipsoidal 5 plurality of interior mesh points defined as intersections of 
shape as its support . a plurality of line segments between at least one of the 

Further , in operation , the intersection of two half planes plurality of in - between boundary points ( determined during 
represents a wedge that corresponds to a two dimensional third operation 706 ) and the ( 0 - 2M ) real intersections points 
angular area out to infinity . Thus , this can represent infor - between first elliptical error region probability object 418 
mation from a sensor 103 configured to acquired only AOA 10 and second elliptical error region probability object 420 
information . Distance along the center line can parameterize ( determined during second operation 704 ) . Having deter 
a one dimensional ( 1D ) Gaussian PDF with increasing mined the ( 0 - 2M ) real intersections points , the plurality of 
width . By combining this with an intersection of a circle of in - between boundary points , and the plurality of interior 
a given radius ( a special type of ellipse ) , an angular region mesh points , PDF matching process 700 proceeds to a sixth 
is thus represented in memory 134 out to a maximum 15 operation 712 during which computing device 132 deter 
distance for sensors 103 with known maximum sensitivity or mines a least square u , and Q , match to PDF . Finally , during 
with regions of interest of maximum size . The intersection a seventh operation 714 , computing device 132 determines , 
of four half planes with each pair orthogonal to the other including , without limitation , in conjunction with filtering 
pair , a representation of a rectangular region and distance process 600 ( shown and described above with reference to 
along the center line can parameterize a two dimensional 20 FIG . 6 ) the intersection ellipsoid and its PDF , both of which 
( 2D ) Gaussian PDF with axes given by the orthogonal pairs . are stored in memory 134 . 
Intersecting ellipsoids , half planes and both , along with In operation , the least squares approximation carried out 
replacing these intersections with the same general type of by PDF matching process 700 at point sets on the boundary 
shapes prevents shapes from becoming ever more complex . of the intersection of first elliptical error region probability 

Furthermore , there are several methods implementable in 25 object 418 and second elliptical error region probability 
an exemplary embodiment for determining intersections of object 420 , and the least squares approximations of the PDF 
ellipsoids . Generally , in M dimensional space , ellipsoidal at the interior mesh points formed from these boundary 
approximations to the intersection area of first elliptical error points involves fitting of the Gaussian PDF by computing 
region probability object 418 and second elliptical error device 132 determining Q and u to minimize : 
region probability object 420 . However , at least some known 30 
systems and methods require complex operations and are 
computationally - and memory inefficient . Further , such 
known systems and methods do not produce an approxima 
tion to the PDF support in the intersection region . For 
example , in known systems and methods , a PDF matched to 35 
the mean and covariance of the elliptical shape would where { ( x , y : ) } are the points and PDF values chosen in the 
greatly restrict how well this PDF matches the summed PDF interior mesh point generation during fifth operation 710 . 
in an intersection region . This means that separating the This is a non - linear minimization problem , which can be 
PDF ( u , 0 ) from the supp ( PDF ) ( u , o ) facilitates computing complex to implement and process for every intersection . 
device 132 determining a better PDF match . Thus we use the 40 By transforming this and taking logarithms , computing 
notation : device 132 converts this into a standard least squares prob 

lem ( as is used for the support shape estimate ) as follows : 
PDF ( up , op ) Equation ( 6 ) 

minox - petrexo - 3 ( : - vo?e * ( x - x ) Egn . ( 8 ) 

Equation ( 7 ) * mineu . 109 y : V ( 27 ) M ) - ( 3 ( 8 - w7Q * * * * – 4 ) ] Egn . ( 9 45 supp ( PDF ) ( U5 , 0 ) 
This allows us to use a new method as shown and described 
below with reference to FIG . 7 . 

FIG . 7 is a flow chart of a PDF matching process 700 that and then adjusting the final values to take into account IQI 
may be used with signal processing system 100 shown in 50 in the final PDF . Note that a weighted least squares version 
FIG . 3 . In an exemplary embodiment , at least two elliptical will bring the solution closer to the solution of the original 
error region probability objects 416 ( e . g . , first elliptical error problem at only a marginal cost to computation and memory 
region probability object 418 and second elliptical error usage efficiency . The computational complexity of these 
region probability object 420 ) are input into computing least square methods are much simpler conceptually and are 
device 132 during a first operation 702 . Next , during a 55 of complexity only about ( 2M + 1 ) ( and , thus , significantly 
second operation 704 , computing device 132 determines less than the aforementioned known systems and methods ) . 
( 0 – 2 ) real intersection points between first elliptical error Thus , when PDF matching process 700 and filtering process 
region probability object 418 and second elliptical error 600 are considered together in the context of sparse stochas 
region probability object 420 . At least one after or substan - tic tree grid systems and methods ( e . g . , based on U . S . Pat . 
tially simultaneously with second operation 704 , computing 60 No . 8 , 805 , 858 , supra ) , computing device 132 facilitates a 
device 132 performs a third operation 706 to add a plurality comparison of the resources , time , and effort in doing an 
of in - between boundary points to define a plurality of arc intersection to sum PDFs together against the same inter 
sections to a wedge defining the intersection region of first section using grids and use total operation count to deter 
elliptical error region probability object 418 and second mine which available method variation to use for doing a 
elliptical error region probability object 420 . PDF matching 65 given get operation 610 , as well as deciding the internal 
process 700 then proceeds to a fourth operation 708 during representation in the stochastic tree grid ( e . g . , array data 
which computing device 132 determines a least square structure 401 ) . 
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FIG . 8A is an exemplary plot of a four point ellipsoid points 806 and boundary points 814 , as shown and described 

intersection 800 as determined by signal processing system above with reference to FIG . 7 ( e . g . , during second 704 , 
100 shown in FIG . 3 . FIG . 8B is an exemplary plot of a three third 706 , and fourth 708 operations of PDF matching 
point ellipsoid intersection 802 as determined by signal process 700 ) . 
processing system 100 shown in FIG . 3 . FIG . 8C is an 5 FIG . 9 is an exemplary plot 900 of a plurality of interior 
exemplary plot of a two point ellipsoid intersection 804 as mesh points 904 as determined by signal processing system 
determined by signal processing system 100 shown in FIG . 100 shown in FIG . 3 . In an exemplary embodiment , inter 
3 . Referring to FIG . 8A , in an exemplary embodiment , four section ellipsoid 818 includes six boundary points 814 
point ellipsoid intersection 800 includes four ( e . g . , ( 0 – 2M ) ( denoted , as in FIGS . 8A , 8B , and 8C , as hollow dots ) 
= 4 ) real intersection points 806 ( denoted as solid dots ) 10 defining six arc sections 810 , as determining by computing 
between first elliptical error region probability object 418 device 132 , as shown and described above with reference to 
and second elliptical error region probability object 420 . In FIGS . 7 , 8A , 8B , and 8C . Computing device 132 further 
this case , a length L ( e . g . , defined by a major axis ) of second determines a plurality of line segments 902 defined between 
elliptical error region probability object 420 spans a width W the six boundary points 814 in all possible combinations 
( e . g . , defined by a minor axis ) of first elliptical error region 15 except between adjacent boundary points 814 . Thus , in an 
probability object 418 , thus resulting in computing device exemplary embodiment , each boundary point 814 of the 
132 determining four real intersection points 806 . An inter - plurality of boundary points 814 define first endpoints of 
section wedge 808 having four arc sections 810 having the three line segments 902 . Each line segment 902 of those 
four real intersection points 806 as their end points defines three line segments 902 extend to a second endpoint defined 
an area of an intersection region 812 . Also , in an exemplary 20 at a boundary point 814 at all other boundary points 814 
embodiment , four point ellipsoid intersection 800 includes other than boundary points 814 which are adjacent to the 
four boundary points 814 ( denoted as hollow dots ) defined boundary point 814 defining the first endpoints of the three 
at substantially the midpoints of each arc section 810 of the line segments 902 . With six boundary points 814 in an 
four arc sections 810 . As shown and described above with exemplary embodiment , the result is a total of nine line 
reference to FIG . 7 , real intersection points 806 and bound - 25 segments 902 defined within an area 903 of intersection 
ary points 814 are determined by computing device 132 ellipsoid 818 . 
during PDF matching process 700 . Also , in an exemplary embodiment , computing device 

Referring to FIG . 8B , in an exemplary embodiment , three 132 determines a plurality of intersection points between the 
point ellipsoid intersection 802 includes three ( e . g . , ( 0 - 2M nine line segments 902 . As shown in FIG . 9 , these intersec 
= 3 ) real intersection points 806 between first elliptical error 30 tion points define fifteen mesh points 904 ( denoted as 
region probability object 418 and second elliptical error squares ) from six boundary points 814 ( e . g . , 66 _ 4° = 15 ; “ 6 
region probability object 420 . In this case , length L of choose 6 - 4 = 15 " ) . In other embodiments , not shown , real 
second elliptical error region probability object 420 does not intersection points 806 are also used by computing device 
fully span width W of first elliptical error region probability 132 in determining the plurality of mesh points 904 . In 
object 418 . Rather , one end 816 of second elliptical error 35 operation , in an exemplary embodiment , PDF matching 
region probability object 420 is tangent to first elliptical process 700 uses mesh points 904 for the least squares 
error region probability object 418 , thus resulting in com - approximations of the PDF defined by intersection ellipsoid 
puting device 132 determining three real intersection points 818 , as shown and described above with reference to FIG . 7 . 
806 . Intersection wedge 808 having three arc sections 810 FIG . 10 is an exemplary plot 1000 of an elliptical error 
has the three real intersection points 806 as their end points 40 region probability based on a plurality of spatial - type signal 
and defines area of intersection region 812 . Also , in an data blocks as determined by signal processing system 100 
exemplary embodiment , three point ellipsoid intersection shown in FIG . 3 . In an exemplary embodiment , sparse array 
802 includes three boundary points 814 defined at substan 402 is embodied in a two dimensional a - by - b array with a = 3 
tially the midpoints of each arc section 810 of the three arc and b = 3 , and having nine elements 407 representative of 
sections 810 . 45 subregions of surveillable area 30 . In other embodiments , 

Referring to FIG . 8C , in an exemplary embodiment , two not shown , a does not equal b . In still other embodiments , 
point ellipsoid intersection 804 includes two ( e . g . , ( 0 - 2M not shown , sparse array 402 is embodied in a three - dimen 
= 2 ) real intersection points 806 between first elliptical error s ional ( e . g . , cubic ) array . Sparse array 402 includes an origin 
region probability object 418 and second elliptical error 1002 defined by an address in memory 134 . A first signal 
region probability object 420 . In this case , length L of 50 data block 1004 ( or , in some embodiments , a pointer thereto ) 
second elliptical error region probability object 420 does not of a first spatial type ( e . g . , a first coordinate , denoted by a 
fully span width W of first elliptical error region probability solid square in FIG . 10 ) received at a first time point from 
object 418 , and one end 816 of second elliptical error region a first signal emitter 34 ( not shown ) maps to a first subad 
probability object 420 resides inside of the bounds of first dress 1006 in sparse array 402 . Similarly , a second signal 
elliptical error region probability object 418 , thus resulting 55 data block 1008 of a second spatial type ( e . g . , a second 
in computing device 132 determining two real intersection coordinate , denoted by a solid diamond in FIG . 10 ) received 
points 806 . Intersection wedge 808 having two arc sections at a second time point from a second signal emitter 34 maps 
810 has the two real intersection points 806 as their end to a second subaddress 1010 in sparse array 402 . Next , a 
points and defines area of intersection region 812 . Also , in third signal data block 1012 of a third spatial type ( denoted 
an exemplary embodiment , two point ellipsoid intersection 60 by a solid triangle in FIG . 10 ) received at a third time point 
804 includes four boundary points 814 defined not at mid - from first signal emitter 34 maps to the first subaddress 
points of each arc section 810 of the three arc sections 810 , 1006 . With first subaddress 1006 containing two spatial - type 
but a points defining substantially one third the length signal data blocks , key k? = H ( ki ) is found by shadow hash 
thereof . In operation of an exemplary embodiment , in each key routine 408 , and computing device 132 determines first 
case shown and described above with reference to FIGS . 8A , 65 elliptical error region probability object 418 of specific 
8B , and 8C , computing device 132 approximates and fits an resolved addresses ( e . g . , locations in the physical spatial 
intersection ellipsoid 818 to at least one of real intersection domain ) of first signal data block 1004 with respect to third 



25 
US 10 , 324 , 168 B2 

26 
signal data block 1012 . Determination of first elliptical error first center 1032 at the sixth time point . At least one of 
region probability 418 by computing device 132 includes refined first elliptical error region probability object 1030 , 
determining a first center 1016 and a first pair of axes ( not refined first center 1032 , refined first pair of axes , and 
shown ) of first elliptical error region probability object 418 . updated spatial error ( e . g . , standard deviation ) of refined first 
First center 1016 is representative of an average value and 5 center 1032 are at least one of stored in memory 134 and 
a highest probability location of first signal emitter 34 in the displayed therefrom as human - readable data on display 144 . 
physical spatial domain ( e . g . , surveillable area 30 ) , and the At a seventh time point , a second non - standard data point 
first pair of axes is representative of the spatial error ( e . g . , 1034 ( denoted by an asterisk in FIG . 10 ) of the same type as 
standard deviation of first center 1016 at the third time first non - standard data point 1026 is received from second 
point . At least one of first elliptical error region probability 10 signal emitter 34 and maps to third subaddress 1020 after 
object 418 , first center 1016 , first pair of axes , and spatial being resolved to spatial data . In an exemplary embodiment , 
error ( e . g . , standard deviation ) of first center 1016 are at using the aforementioned modified shadow hash key func 
least one of stored in memory 134 and displayed therefrom tion H , ( k ) based on spatial data content contained in second 
as human - readable data on display 144 . signal data block 1008 and fourth signal data block 1018 , 

At a fourth point in time , a fourth signal data block 1018 15 computing device 132 determines a refined second elliptical 
of the first spatial type maps ( denoted by a solid square in error region probability object 1036 of specific resolved 
FIG . 10 ) to a third subaddress 1020 . In an exemplary addresses ( e . g . , locations in the physical spatial domain ) of 
embodiment , computing device 132 modifies shadow hash second signal data block 1008 , fourth signal data block 
key function H , ( k ) during shadow hash key routine 408 1018 , and second non - standard data point 1034 with respect 
based on spatial data content contained in fourth signal data 20 to one another . Determination of refined second elliptical 
block 1018 as compared to second signal data block 1008 so error region probability object 1036 by computing device 
that computing device 132 determines a second elliptical 132 includes determining a refined second center 1038 and 
error region probability object 420 of specific resolved a refined second pair of axes ( not shown ) of refined second 
addresses ( e . g . , locations in the physical spatial domain ) of elliptical error region probability object 1036 . Refined sec 
second signal data block 1008 with respect to fourth signal 25 ond center 1038 is representative of an updated highest 
data block 1018 . Determination of second elliptical error probability location of second signal emitter 34 in the 
region probability object 420 by computing device 132 physical spatial domain , and the refined second pair of axes 
includes determining a second center 1022 and a second pair is representative of an updated spatial error ( e . g . , standard 
of axes ( not shown ) of second elliptical error region prob - deviation ) of refined second center 1038 at the seventh time 
ability object 420 . Second center 1022 is representative of a 30 point . At least one of refined second elliptical error region 
highest probability location of second signal emitter 34 in probability object 1036 , refined second center 1038 , refined 
the physical spatial domain , and the second pair of axes is second pair of axes , and updated spatial error ( e . g . , standard 
representative of the spatial error ( e . g . , standard deviation ) deviation ) of refined second center 1038 are at least one of 
of second center 1022 at the fourth point in time . At least one stored in memory 134 and displayed therefrom as human 
of second elliptical error region probability object 420 , 35 readable data on display 144 . 
second center 1022 , second pair of axes , and spatial error of Also , in an exemplary embodiment , after second non 
second center 1022 are at least one of stored in memory 134 standard data point 1034 is received and seventh time point 
and displayed therefrom as human - readable data on display has elapsed , a first data cluster 1040 and a second data 
144 . cluster 1042 reside as stored data in array data structure 401 
At a fifth time point and a sixth time point , a fifth signal 40 in memory 134 . For first data cluster 1040 , refinement of 

data block 1024 of the first spatial type ( denoted by a solid first elliptical error region probability object 418 to refined 
square in FIG . 10 ) and a first spatial non - standard data point first elliptical error region probability object 1030 increased 
1026 ( denoted by an asterisk in FIG . 10 ) , respectively , are the respective spatial error and increased the area of the 
received from first signal emitter 34 . Fifth signal data block respective ellipsoid region . The increase in area of the 
1024 maps to first subaddress 1006 and first non - standard 45 respective ellipsoid object is indicative of the first signal 
data point 1026 , after being resolved to spatial data , maps to emitter 34 being in a state of motion . Computing device 132 
a fourth subaddress 1028 . In an exemplary embodiment , is also configured to determine at least one of a velocity and 
computing device 132 modifies shadow hash key function direction of movement of a mobile signal emitter 2 , and 
H , ( k ) during shadow hash key routine 408 based on spatial further to at least one of store this data in memory 134 and 
data content contained in fifth signal data block 1024 and 50 display it therefrom in human - readable form on display 144 . 
first non - standard data point 1026 as compared to first signal In second data cluster 1042 , however , the respective spatial 
data block 1004 and third signal data block 1012 so that error and ellipsoid region area decreased , which indicates 
computing device 132 determines a refined ( e . g . , updated ) that second signal emitter is not mobile . Computing device 
first elliptical error region probability object 1030 of specific 132 is also configured to delete at least one of outlier signal 
resolved addresses ( e . g . , locations in the physical spatial 55 data block and at least one outlier non - standard data point 
domain ) of first signal data block 1004 , third signal data from memory 134 using outlier statistical methods per 
block 1012 , fifth signal data block 1024 , and first non - formed from software instructions stored on and executed 
standard data point 1026 with respect to one another . Deter - from memory 134 . Such outlier statistical methods facilitate 
mination of refined first elliptical error region probability efficient usage of memory 134 and prevention of a mischar 
object 1030 by computing device 132 includes determining 60 acterization of a particular signal emitter 2 and / or 34 as 
a refined first center 1032 and a refined first pair of axes ( not mobile when , in fact , it is stationary in the physical spatial 
shown ) of refined first elliptical error region probability domain 
object 1030 . Refined first center 1032 is representative of an Further , in an exemplary embodiment , when a particular 
updated average value and an updated highest probability signal emitter 2 and / or 34 has been located in the physical 
location of first signal emitter 34 in the physical spatial 65 spatial domain with an acceptable error , computing device 
domain , and the refined first pair of axes is representative of 132 is configured to delete associated data from sparse array 
an updated spatial error ( e . g . , standard deviation ) of refined 402 , thereby freeing space in memory 134 . When a particu 
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lar signal emitter 2 and / or 34 has not yet been located in the first data cluster 1136 also represents eight ( e . g . , five from 
physical spatial domain with an acceptable error , signal first time point plus an additional three ) signal data blocks 
processing system 100 continues to deinterleave , filter , and 612 of the first non - spatial type which computing device 132 
analyze received signals derived from at least one sensor associated with the first signal emitter 2 ( e . g . , determined to 
103 as described above and further refine elliptical error 5 be mobile , as described below ) . Also , at the second point in 
region probability objects 416 until such time that an accept - time , an updated second data cluster 1138 represents three 
able degree of error is reached . ( e . g . , two from first time point plus an additional one ) signal 

FIG . 11A is an exemplary plot 1100 of a union and an data blocks 1116 of the second spatial type mapped into 
intersection of a plurality of elliptical error region probabil second element 1106 . Updated second data cluster 1138 also 
ity objects 416 at a first time as determined by signal 10 represents three ( e . g . , two from first time point plus an 
processing system 100 shown in FIG . 3 . FIG . 11B is an additional one ) signal data blocks 618 of the second non 
exemplary plot 1102 of a union and an intersection of a spatial type associated with the second signal emitter 2 
plurality of elliptical error region probabilities at a second and / or 34 . 
time ( occurring after the first time ) as determined by signal Also , in an exemplary embodiment , plot 1102 depicts a 
processing system 100 shown in FIG . 3 . Referring to FIG . 15 refined ( e . g . , updated ) first elliptical error region probability 
11A , in an exemplary embodiment , plot 1100 includes a first object 1140 for the eight spatial type signal data blocks 1110 
element 1104 and a second element 1106 of the plurality of determined by computing device 132 . Plot 1102 also depicts 
elements 407 of sparse array 402 . Plot 1100 depicts a a refined second elliptical error region probability object 
plurality of elliptical error region probability objects of two 1142 for the eight non - spatial type signal data blocks 1112 . 
signal emitters ( 2 and / or 34 ) which have not yet been 20 Further , plot 1102 depicts an updated outer union area 1144 
definitively determined by computing device 132 to be determined by computing device 132 and defined by an 
mobile or stationary at the first time point . At the first time updated outer union ellipsoid 1146 bounding both of refined 
point , a first data cluster 1108 represents five signal data first elliptical error region probability object 1140 and 
blocks 1110 of a first spatial type ( denoted by triangles ) refined second elliptical error region probability object 1142 . 
mapped by computing device 132 ( not shown ) into first 25 Similarly , plot 1102 depicts a refined third elliptical error 
element 1104 , as described above . First data cluster 1108 region probability object 1148 for the three spatial type 
also represents five signal data blocks 1112 of a first non - signal data blocks 1116 , and plot 1102 depicts a refined 
spatial type ( denoted by “ X ” s ) which computing device 132 fourth elliptical error region probability object 1150 for the 
associated with a first signal emitter 2 and / or 34 ( e . g . , but not three non - spatial type signal data blocks 1118 . Plot 1102 
yet determined to be mobile or stationary ) . Also , at the first 30 further depicts a zero - valued ( as determined by computing 
point in time , a second data cluster 1114 represents two device 132 ) updated inner intersection area 1152 between 
signal data blocks 1116 of a second spatial type ( denoted by refined third elliptical error region probability object 1148 
squares ) mapped by computing device 132 into second and refined fourth elliptical error region probability object 
element 1106 . Second data cluster 1114 also represents two 1150 . 
signal data blocks 1118 of a second non - spatial type ( de - 35 Comparing FIG . 11A and FIG . 11B , in an exemplary 
noted by dots ) which computing device 132 associated with embodiment , between the first time point depicted in plot 
a second signal emitter 2 and / or 34 ( e . g . , but not yet 1100 and the second time point depicted in plot 1102 , area 
determined to be mobile or stationary ) . values for outer union area 1124 and updated outer union 

Also , in an exemplary embodiment , plot 1100 depicts a area 1144 grew rapidly with a high rate of change ( as 
first elliptical error region probability object 1120 for the 40 determined by computing device 132 ) . Also , in an exem 
five spatial type signal data blocks 1110 determined by plary embodiment , computing device 132 maintained the 
computing device 132 , as shown and described above . Plot association between the spatial type signal data blocks 1110 
1100 also depicts a second elliptical error region probability and the non - spatial type signal data blocks 1112 ( e . g . , all 
object 1122 for the five non - spatial type signal data blocks associated with first signal emitter 2 ) . The rapid growth ( e . g . , 
1112 . Further , plot 1100 depicts an outer union area 1124 45 positive rate of change ) of area values from outer union area 
determined by computing device 132 and defined by an 1124 at first time point to updated outer union area 1144 is 
outer union ellipsoid 1126 bounding both of first elliptical determined by computing device 132 as indicative of a 
error region probability object 1120 and second elliptical presence of movement in surveillable area 30 of first mobile 
error region probability object 1122 . Similarly , plot 1100 signal emitter 2 . Computing device 132 is also configured to 
depicts a third elliptical error region probability object 1128 50 determine a direction of change 1154 of outer union area 
for the two spatial type signal blocks 1116 , and plot 1100 1124 as indicative of a direction of movement of first mobile 
depicts a fourth elliptical error region probability object signal emitter 2 ( e . g . , from first location 16 to second 
1130 for the two non - spatial type signal data blocks 1118 . location 20 in surveillable area 30 ) . Further , in an exemplary 
Plot 1100 further depicts an inner intersection area 1132 embodiment , computing device 132 is also configured to 
determined by computing device 132 and defined by an 55 determine at least one of a velocity and an acceleration of at 
inner intersection ellipsoid 1134 bounding a region of over - least one mobile signal emitter 2 in surveillable area 30 . 
lap ( e . g . , intersection ) shared by both of third elliptical error Again comparing FIG . 11A and FIG . 11B , in an exem 
region probability object 1128 and fourth elliptical error plary embodiment , between the first time point depicted in 
region probability object 1130 . plot 1100 and the second time point depicted in plot 1102 , 

Referring to FIG . 11B , in an exemplary embodiment , plot 60 area values for inner intersection area 1132 and updated 
1102 depicts a plurality of refined elliptical error region inner intersection area 1152 approached zero rapidly with a 
probability objects of two signal emitters 2 and / or 34 at a high rate of change and indeed reached zero ( as determined 
second point in time . At the second point in time , an updated by computing device 132 ) . Also , in an exemplary embodi 
first data cluster 1136 represents eight ( e . g . , five from first ment , computing device 132 removed ( e . g . , disjoined ) the 
time point plus an additional three ) signal data blocks 1110 65 association between the spatial type signal data blocks 1116 
of the first spatial type , with seven mapped into first element and the non - spatial type signal data blocks 1118 ( e . g . , not 
1104 and one mapped into second element 1106 . Updated associated with second signal emitter 2 and / or 34 ) . The 
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decay ( e . g . , negative rate of change ) of area values from puting device 132 , a plurality of elliptical error region 
inner intersection area 1132 at first time point to updated probability objects 416 including a first elliptical error 
inner intersection area 1152 is determined by computing region probability object 418 representative of a first PDF of 
device 132 to be indicative of a presence of mis - association the plurality of first coordinates and a second elliptical error 
( e . g . , mis - joining ) of the spatial type signal data blocks 1116 5 region probability object 420 representative of a second PDF 
and the non - spatial type signal data blocks 1118 . of the plurality of second coordinates , where each of first 

In other embodiments , not shown , computing device 132 elliptical error region probability object 418 and second 
determines an inner union area ( not shown ) at the first time elliptical error region probability object 420 is stored in 
point and an updated inner union area ( not shown ) at the memory 134 in association with at least one of the first array 
second time point to determine the presence of movement of 10 and the second array . Furthermore , in an exemplary embodi 
mobile signal emitter 2 . Inner union area is defined by an ment , method 1200 includes determining 1210 , with com 
inner union ellipsoid ( not shown ) which , for first data cluster puting device 132 , intersection region 812 including at least 
1108 , has a different area than outer union area 1124 . a portion of first elliptical error region probability object 418 
Likewise , for updated first data cluster 1136 , updated inner and at least a portion of second elliptical error region 
union area is defined by an updated inner union ellipsoid 15 probability object 420 , where intersection region 812 further 
( not shown ) which has a different area than updated outer includes at least a portion of the first number of elements 407 
union area 1144 . In still other embodiments , not shown , and at least a portion of the second number of elements 407 , 
computing device 132 determines an outer intersection area and where intersection region 812 is representative of a 
( not shown ) at the first time point and an updated outer highest probability location of the signal emitter in the 
intersection area ( not shown ) at the second time point to 20 physical spatial domain at the second time . 
determine the presence of mis - joining of the spatial type FIG . 13 is flowchart of an alternative method 1300 of 
signal data blocks 1116 and the non - spatial type signal data spatial filtering using data with widely varying error mag 
blocks 1118 . Outer intersection area is defined by an outer nitudes that may be used with signal processing system 100 
intersection ellipsoid ( not shown ) which , for second data shown in FIG . 3 . In an alternative embodiment , method 
cluster 1114 , has a different area than inner intersection area 25 1300 includes steps of method 1200 as shown and described 
1132 . Likewise , for updated second data cluster 1138 , above with reference to FIG . 12 . Method 1300 also includes 
updated outer intersection area is defined by an updated determining 1302 , with computing device 132 , a third PDF 
outer intersection ellipsoid ( not shown ) which has a different of intersection region 812 , where the third PDF is represen 
area than updated inner intersection area 1152 . tative of a spatial error associated with highest probability 

FIG . 12 is a flowchart of an exemplary method 1200 of 30 location 16 at the second time . Method 1300 further includes 
spatial filtering using data with widely varying error mag - determining 1304 , using shadow hash key routine 408 
nitudes that may be used with signal processing system 100 executed using computing device 132 , a presence among the 
shown in FIG . 3 . In an exemplary embodiment , method plurality of elements 407 of at least one of a first matching 
1200 includes receiving 1202 , over time including at a first element 407 containing stored data associated with the first 
time and at a second time occurring after the first time , the 35 spatial data type and a second matching element 407 con 
plurality of signal parameter vector 138 at a computing taining stored data associated with the second spatial data 
device 132 configured to deinterleave each signal parameter type . Also , in determining 1304 , array data structure 401 is 
vector 138 of the plurality of signal parameter vector 138 , configured to function as a hash table , and the presence of 
the each signal parameter vector 138 having at least one the first and second matching elements 407 is a prerequisite 
coordinate including information derived from the at least 40 to determining 1208 first 418 and second 420 elliptical error 
one sensor 103 and associated with the signal emitter ( e . g . , region probability objects , respectively . Method 1300 also 
at least one of mobile signal emitter 2 and stationary signal includes receiving 1306 , at computing device 132 , at least 
emitter 34 ) , where the information includes at least two one unknown signal state space representation signal 139 
types of spatial data including a first spatial data type and a including non - standard data points 1026 and / or 1034 
second spatial data type . Method 1200 also includes deter - 45 derived from denoised pulse 130 of at least one signal of the 
mining 1204 a first error magnitude of a plurality of first plurality of signals 29 . Method 1300 further includes resolv 
coordinates of the first spatial data type and a second error ing 1308 , at computing device 132 , at least one unknown 
magnitude of a plurality of second coordinates of the second signal state space representation signal 139 to at least one of 
spatial data type . spatial data and non - spatial data . 

Also , in an exemplary embodiment method 1200 50 Method 1300 also includes determining 1310 , with com 
includes transmitting 1206 , to an array data structure 401 puting device 132 , a first pair of axes of first elliptical error 
stored in memory 134 and having a plurality of arrays ( e . g . , region probability object 418 and a second pair of axes of 
at least two of sparse array 402 , medium array 404 , and fine second elliptical error region probability object 420 , where 
array 406 ) , the plurality of first coordinates to a first array first pair of axes is representative of the spatial error of the 
( e . g . , sparse array 402 ) of the plurality of arrays and the 55 plurality of first coordinates 1004 and second pair of axes is 
plurality of second coordinates to a second array ( e . g . , at representative of the spatial error of the plurality of second 
least one of medium array 404 and fine array 406 ) of the coordinates 1008 . Method 1300 further includes determin 
plurality of arrays when the first error magnitude differs ing 1312 , with computing device 132 , at least one of the rate 
from the second error magnitude by a predetermined of change of union area 1124 and / or 1126 and the direction 
amount , where the first array includes a first number of 60 of change 1154 of union area 1124 and / or 1126 of first 
elements 407 and the second array includes a second number e lliptical error region probability object 418 with respect to 
of elements 407 different from the first number of elements , the second elliptical error region probability object 420 . 
and where each array of the plurality of arrays is represen Method 1300 also includes determining 1314 , with comput 
tative of a physical spatial domain ( e . g . , at least one of ing device 132 and based on a value of at least one of the rate 
surveillable area 30 and sky 12 ) from which the plurality of 65 of change of the union area 1124 and / or 1126 and the 
signals 29 are received by the at least one sensor 103 . direction of change 1154 of the union area , at least one of a 
Method 1200 further includes determining 1208 , with com - presence of movement of signal emitter ( e . g . , at least one of 



US 10 , 324 , 168 B2 
32 

signal emitters 2 , 8 , 34 , and 36 ) , a direction of movement of tative of an average value of the plurality of first coordinates 
the signal emitter , a velocity of the signal emitter , and an 1004 , and second center 1022 is representative of an average 
acceleration of the signal emitter . value of the plurality of second coordinates 1008 . Also , in 

FIG . 14 is flowchart of an alternative method 1400 of determining 1502 , first center 1016 is further representative 
spatial filtering using data with widely varying error mag - 5 of the location 16 of signal emitter ( e . g . , at least one of signal 
nitudes that may be used with signal processing system 100 emitters 2 , 8 , 34 , and 36 ) in physical spatial domain 1 and / or 
shown in FIG . 3 . In an alternative embodiment , method 33 based upon the plurality of first coordinates 1004 , and the 
1400 includes steps of method 1200 as shown and described first PDF of first elliptical error region probability object 418 
above with reference to FIG . 12 . Method 1400 also includes is representative of a spatial error of location 16 of signal 
determining 1402 , with computing device 132 , at least one 10 emitter in physical spatial domain 1 and / or 33 based on the 
of a rate of change of intersection area 1132 and / or 1134 of plurality of first coordinates 1004 . Further , in determining 
intersection region 812 and a direction of change 1154 of 1502 , second center 1022 is further representative of loca 
intersection area 1132 and / or 1134 . Method 1400 further tion 16 of signal emitter in physical spatial domain 1 and / or 
includes determining 1404 , with computing device 132 and 33 based upon the plurality of second coordinates 1008 , and 
based on a value of at least one of the rate of change of 15 the second PDF of second elliptical error region probability 
intersection area 1132 and the direction of change 1154 of object 420 is representative of a spatial error of location 16 
intersection area 1132 and / or 1134 , at least one of a presence of signal emitter in physical spatial domain 1 and / or 33 
of movement of signal emitter ( e . g . , at least one of signal based upon the plurality of second coordinates 1008 . 
emitters 2 , 8 , 34 , and 36 ) , a direction of movement of the Method 1500 further includes updating 1504 , with comput 
signal emitter , a velocity of the signal emitter , and an 20 ing device 132 , at least one of first elliptical error region 
acceleration of the signal emitter . probability object 418 and second elliptical error region 
Method 1400 also includes at least one of identifying probability object 420 based on receiving 1202 , over time 

1406 and deleting 1408 , with computing device 132 , at least including third time occurring after the second time , at least 
one of at least one outlier first coordinate of the plurality of one additional signal parameter vector 138 . Updating 1504 
first coordinates 1004 and at least one outlier second coor - 25 also includes updating at least one of the first PDF , the 
dinate of the plurality of second coordinates 1008 when second PDF , first center 1016 , second center 1022 , the first 
maintaining at least one of the at least one outlier first pair of axes , and the second pair of axes . 
coordinate and the at least one outlier second coordinate in The above - described systems and methods for spatial 
array data structure 401 causes at least one of the first error filtering using data with widely different error magnitudes 
magnitude and the second error magnitude to exceed a 30 generated by wide area surveillance sensors enable effective 
predetermined value . Method 1400 further includes disjoin and efficient reception and classification of signals where 
ing 1410 , using computing device 132 , an association in spatial data having differing numbers of dimensions and 
array data structure 401 between the at least two types of widely varying error magnitudes . The above - described 
spatial data and at least one of the first non - spatial coordinate embodiments also facilitate separation of signal from noise 
and the second non - spatial coordinate when maintaining at 35 and interference where the number of signals of interest is 
least one of the first non - spatial coordinate and the second large and spatial content is a priority for classification . The 
non - spatial coordinate includes information in conflict with above - described embodiments further simplify processing 
known identifying information about signal emitter . required for cancellation of noise and interference in order 

Method 1400 also includes displaying 1412 data output to spatially match information between multiple sampling 
signal 142 as human readable data via display 144 coupled 40 frames , including with spatial data derived from more than 
to computing device 132 , at least one of first elliptical error one sensor fused together . The above - described systems and 
region probability object 418 , second elliptical error region methods for spatial filtering using data with widely different 
probability object 420 , the first error magnitude , the second error magnitudes generated by wide area surveillance sen 
error magnitude , the first PDF , the second PDF , intersection sors also facilitate efficient locational matching where the 
region 812 , and the highest probability location 16 of signal 45 spatial area surveilled by a wide area sensor is large and 
emitter in physical spatial domain 1 and / or 33 . Method 1400 spatial data has different numbers of dimensions and widely 
further includes directing 1414 movement of at least one of varying error magnitudes using simpler processing architec 
surveillance platform 6 and device 31 coupled in at least one tures relative to known spatial filtering systems and meth 
of in electrical and data communication therewith at least ods . The above - described embodiments further enable 
one of toward and away from a location 16 of signal emitter 50 improved detection range , processing and classification per 
based on a determination of at least one of first elliptical formance , and reduced power consumption in aerial surveil 
error region probability object 418 , second elliptical error lance operations without increasing computing resources 
region probability object 420 , the first error magnitude , the beyond limitations on design constraints . The above - de 
second error magnitude , the first PDF , the second PDF , scribed systems and methods for spatial filtering using data 
intersection region 812 , and highest probability location 55 with widely different error magnitudes generated by wide 
( e . g . , first location 16 ) of the signal emitter in physical area surveillance sensors also facilitate efficient and effec 
spatial domain 1 and / or 33 . tive high performance post - processing of spatial data 

FIG . 15 is flowchart of an alternative method 1500 of obtained from wide area sensors surveilling large spatial 
spatial filtering using data with widely varying error mag - areas . The above - described embodiments also enable statis 
nitudes that may be used with signal processing system 100 60 tically joining together over time spatial data - containing 
shown in FIG . 3 . In an alternative embodiment , method vectors having differing numbers of dimensions and widely 
1500 includes steps of method 1200 as shown and described varying error magnitudes . The above - described embodi 
above with reference to FIG . 12 . Method 1500 also includes ments further facilitate discerning between stationary and 
determining 1502 , with computing device 132 , a first center moving signal emitters with an acceptable error using spatial 
1016 of first elliptical error region probability object 418 and 65 data obtained from wide area sensors . 
a second center 1022 of second elliptical error region An exemplary technical effect of the above - described 
probability object 420 , where first center 1016 is represen systems and methods for spatial filtering using data with 
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widely different error magnitudes generated by wide area What is claimed is : 
surveillance sensors includes at least one of the following : 1 . A system ( 100 ) for spatially filtering data derived from 
( a ) enabling effective and efficient reception and classifica - a plurality of signals ( 29 ) generated by a signal emitter 
tion of signals where spatial data having differing numbers ( 2 , 8 , 34 , 36 ) and received by at least one surveillance plat 
of dimensions and widely varying error magnitudes ; ( b ) 5 form ( 6 ) , said system comprising : 
facilitating separation of signal from noise and interference at least one sensor ( 103 ) configured to receive the plu 
where the number of signals of interest is large and spatial rality of signals ; 
content is a priority for classification ; ( c ) simplifying pro a pre - processor ( 104 ) coupled to the sensor and config cessing required for cancellation of noise and interference in ured to generate a plurality of signal parameter vectors order to spatially match information between multiple sam - 10 ( 138 ) , each signal parameter vector of the plurality of pling frames , including with spatial data derived from more 
than one sensor fused together ; ( d ) facilitating efficient signal parameter vectors derived from one signal of the 

plurality of signals and including at least one coordi locational matching where the spatial area surveilled by a 
wide area sensor is large and spatial data has different nate ( 612 , 618 , 1004 , 1008 , 1012 , 1018 , 1024 , 1110 , 1112 , 
numbers of dimensions and widely varying error magnitudes 15 1116 , 1118 ) including information derived from the at 
using simpler processing architectures relative to known least one sensor and associated with the signal emitter , 
spatial filtering systems and methods ; ( e ) enabling improved wherein the information includes at least two types of 
detection range , processing and classification performance , spatial data including a first spatial data type and a 
and reduced power consumption in aerial surveillance second spatial data type ; and 
operations without increasing computing resources beyond 20 a computing device ( 132 ) coupled to the pre - processor 
limitations on design constraints ; ( f ) facilitate efficient and and including a memory ( 134 ) , the computing device 
effective high performance post - processing of spatial data configured to deinterleave the each signal parameter 
obtained from wide area sensors surveilling large spatial vector of the plurality of signal parameter vectors , 
areas ; ( g ) enabling statistically joining together over time wherein the computing device is programmed to : 
spatial data - containing vectors derived from wide area sen - 25 receive ( 1202 ) , over time including at a first time and 
sors and having differing numbers of dimensions and widely at a second time occurring after the first time , the 
varying error magnitudes ; and ( h ) facilitating discerning plurality of signal parameter vectors from the pre 
between stationary and moving signal emitters with an processor ; 
acceptable error using spatial data obtained from wide area determine ( 1204 ) a first error magnitude of a plurality 
sensors . of first coordinates of the first spatial data type and 

Although specific features of various embodiments of the a second error magnitude of a plurality of second 
disclosure may be shown in some drawings and not in coordinates of the second spatial data type ; 
others , this is for convenience only . In accordance with the transmit ( 1206 ) , to an array data structure ( 401 ) stored 
principles of the disclosure , any feature of a drawing may be in the memory and having a plurality of arrays 
referenced and / or claimed in combination with any feature 35 ( 402 , 404 , 406 ) , the plurality of first coordinates to a 
of any other drawing . first array of the plurality of arrays and the plurality 
Some embodiments involve the use of one or more of second coordinates to a second array of the 

electronic or computing devices . Such devices typically plurality of arrays when the first error magnitude 
include a processor , processing device , or controller , such as differs from the second error magnitude by a prede 
a general purpose central processing unit ( CPU ) , a graphics 40 termined amount , wherein the first array includes a 
processing unit ( GPU ) , a microcontroller , a reduced instruc first number of elements ( 407 ) and the second array 
tion set computer ( RISC ) processor , an application specific includes a second number of elements different from 
integrated circuit ( ASIC ) , a programmable logic circuit the first number of elements , and wherein each array 
( PLC ) , a field programmable gate array ( FPGA ) , a digital of the plurality of arrays is representative of a 
signal processing ( DSP ) device , and / or any other circuit or 45 physical spatial domain ( 1 , 33 ) from which the plu 
processing device capable of executing the functions rality of signals are received by the at least one 
described herein . The methods described herein may be sensor ; 
encoded as executable instructions embodied in a computer determine ( 1208 ) a plurality of elliptical error region 
readable medium , including , without limitation , a storage probability objects ( 416 ) including a first elliptical 
device and / or a memory device . Such instructions , when 50 error region probability object ( 418 ) representative 
executed by a processing device , cause the processing of a first probability density function ( “ PDF ” ) of the 
device to perform at least a portion of the methods described plurality of first coordinates and a second elliptical 
herein . The above examples are exemplary only , and thus are error region probability object ( 420 ) representative 
not intended to limit in any way the definition and / or of a second “ PDF ” of the plurality of second coor 
meaning of the term processor and processing device . dinates , wherein each of the first elliptical error 

This written description uses examples to disclose the region probability object and the second elliptical 
embodiments , including the best mode , and also to enable error region probability object is stored in the 
any person skilled in the art to practice the embodiments , memory in association with at least one of the first 
including making and using any devices or systems and array and the second array ; 
performing any incorporated methods . The patentable scope 60 determine ( 1210 ) an intersection region ( 812 ) including 
of the disclosure is defined by the claims , and may include at least a portion of the first elliptical error region 
other examples that occur to those skilled in the art . Such probability object and at least a portion of the second 
other examples are intended to be within the scope of the elliptical error region probability object , wherein the 
claims if they have structural elements that do not differ intersection region further includes at least a portion 
from the literal language of the claims , or if they include 65 of the first number of elements and at least a portion 
equivalent structural elements with insubstantial differences of the second number of elements , and wherein the 
from the literal language of the claims . intersection region is representative of a highest 
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probability location ( 16 ) of the signal emitter in the second non - spatial coordinate , each non - spatial coor 
physical spatial domain at the second time ; dinate of the plurality of non - spatial coordinates includ 

determine ( 1312 , 1402 ) at least one ofi ) a rate of change ing information including at least one type of non 
of a union area ( 1124 , 1126 ) , ii ) a direction of change spatial data identifying the signal emitter ( 2 , 8 , 34 , 36 ) ; 
( 1154 ) of the union area of the first elliptical error 5 at least one of identify ( 1406 ) and delete ( 1408 ) at least region probability object with respect to the second one of at least one outlier first coordinate of the elliptical error region probability object , iii ) a rate of plurality of first coordinates ( 1004 ) and at least one 
change of an intersection area ( 1132 , 1134 ) of the outlier second coordinate of the plurality of second intersection region , and iv ) a direction of change coordinates ( 1008 ) when maintaining at least one of the 
( 1154 ) of the intersection area ; and at least one outlier first coordinate and the at least one determine ( 1314 , 1404 ) , based on a value of at least one outlier second coordinate in the array data structure of i ) the rate of change of the union area , ii ) the ( 401 ) causes at least one of the first error magnitude and direction of change of the union area , iii ) the rate of the second error magnitude to exceed a predetermined change of the intersection area , and iv ) the direction 
of change of the intersection area , at least one of : 15 value ; and 
a presence of movement of the signal emitter ; disjoin ( 1410 ) an association in the array data structure 
a direction of movement of the signal emitter ; between the at least two types of spatial data and at 
a velocity of the signal emitter , and least one of the first non - spatial coordinate and the 
an acceleration of the signal emitter . second non - spatial coordinate when maintaining at 

2 . The system ( 100 ) in accordance with claim 1 , wherein 20 least one of the first non - spatial coordinate and the 
the computing device ( 132 ) is further programmed to deter second non - spatial coordinate includes information in 
mine ( 1302 ) , a third “ PDF ” of the intersection region ( 812 ) , conflict with known identifying information about the 
wherein the third “ PDF ” is representative of a spatial error signal emitter . 
associated with the highest probability location ( 16 ) at the 8 . The system ( 100 ) in accordance with claim 1 further 
second time . 25 comprising a display ( 144 ) coupled to the computing device 

3 . The system ( 100 ) in accordance with claim 1 , wherein ( 132 ) , wherein the computing device is further programmed 
the computing device ( 132 ) is further programmed to to display ( 1412 ) as human readable data via the display at 
receive ( 1202 ) at least one standard deviation vector ( 502 ) least one of the first elliptical error probability object ( 418 ) , associated with at least one signal parameter vector ( 138 ) of the second elliptical error region probability object ( 420 ) , the plurality of signal parameter vectors , the at least one 30 the first error magnitude , the second error magnitude , the standard deviation vector configured to facilitate determin first “ PDF ” , the second “ PDF ” , the intersection region ( 812 ) , ing the first error magnitude and the second error magnitude . 

4 . The system ( 100 ) in accordance with claim 1 , wherein and the highest probability location ( 16 ) of the signal emitter 
( 2 , 8 , 34 , 36 ) in the physical spatial domain ( 1 , 33 ) . each array ( 402 , 404 , 406 ) of the plurality of arrays includes 9 . The system ( 100 ) in accordance with claim 1 further a plurality of elements ( 407 ) , and wherein the computing 35 

device ( 132 ) is further programmed to determine ( 1304 ) , comprising a device ( 31 ) coupled in at least one of electrical 
using a shadow hash key routine ( 408 ) , a presence among and data communication with the at least one surveillance 
the plurality of elements of at least one of a first matching platform ( 6 ) , wherein the computing device ( 132 ) is further 
element containing stored data associated with the first programmed to direct ( 1414 ) movement of the device at 
spatial data type and a second matching element containing 40 least one of toward and away from a location ( 16 ) of the 
stored data associated with the second spatial data type , signal emitter ( 2 , 8 , 34 , 36 ) based on a determination of at 
wherein the array data structure ( 401 ) is configured to least one of the first elliptical error region probability object 
function as a hash table and the presence of the first and ( 418 ) , the second elliptical error region probability object 
second matching elements is a prerequisite to determining ( 418 ) , the first error magnitude , the second error magnitude , 
the first ( 418 ) and second ( 420 ) elliptical error region 45 the first “ PDF ” , the second " PDF " , the intersection region 
probability objects , respectively . ( 812 ) , and the highest probability location ( 16 ) of the signal 

5 . The system ( 100 ) in accordance with claim 1 , wherein emitter in the physical spatial domain ( 1 , 33 ) . 
the computing device ( 132 ) is further programmed to 10 . The system ( 100 ) in accordance with claim 1 , wherein 
receive ( 1202 ) at least one signal parameter vector ( 138 ) of the computing device ( 132 ) is further programmed to deter 
the plurality of signal parameter vectors as a signal param - 50 mine ( 1310 ) a first pair of axes of the first elliptical error 
eter vector generated from at least one of a denoised signal region probability object ( 418 ) and a second pair of axes of 
( 124 ) and a blind source separated signal ( 120 ) . the second elliptical error region probability object ( 420 ) , 

6 . The system ( 100 ) in accordance with claim 1 , wherein wherein the first pair of axes is representative of a spatial 
the computing device ( 132 ) is further programmed to : error of the plurality of first coordinates ( 1004 ) , and wherein 

receive ( 1306 ) at least one unknown signal state space 55 the second pair of axes is representative of a spatial error of 
representation signal ( 139 ) including non - standard data the plurality of second coordinates ( 1008 ) . 
( 1026 , 1034 ) derived from a denoised pulse ( 130 ) of at 11 . The system ( 100 ) in accordance with claim 10 , 
least one signal of the plurality of signals ( 29 ) ; and wherein the computing device ( 132 ) is further programmed 

resolve ( 1308 ) the at least one unknown signal state space to determine ( 1502 ) a first center ( 1016 ) of the first elliptical 
representation signal to at least one of spatial data and 60 error region probability object ( 418 ) and a second center 
non - spatial data . ( 1022 ) of the second elliptical error region probability object 

7 . The system ( 100 ) in accordance with claim 1 , wherein ( 420 ) , wherein the first center is representative of an average 
the computing device ( 132 ) is further programmed to : value of the plurality of first coordinates ( 1004 ) , and wherein 

receive ( 1202 ) the plurality of signal parameter vectors the second center is representative of an average value of the 
( 138 ) having a plurality of non - spatial coordinates 65 plurality of second coordinates ( 1008 ) . 
( 612 , 618 , 1004 , 1008 , 1012 , 1018 , 1024 , 1110 , 1112 , 1116 , 12 . The system ( 100 ) in accordance with claim 11 , 
1118 ) including a first non - spatial coordinate and a wherein : 
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the first center ( 1016 ) is further representative of the including a first elliptical error region probability object 

location ( 16 ) of the signal emitter ( 2 , 8 , 34 , 36 ) in the ( 418 ) representative of a first probability density func 
physical spatial domain ( 1 , 33 ) based upon the plurality tion ( “ PDF ” ) of the plurality of first coordinates and a 
of first coordinates ( 1004 ) ; second elliptical error region probability object ( 420 ) 

the first “ PDF ” of the first elliptical error region prob - 5 representative of a second “ PDF ” of the plurality of 
ability object ( 418 ) is representative of a spatial error of second coordinates , wherein each of the first elliptical 
the location of the signal emitter ; error region probability object and the second elliptical 

the second center ( 1022 ) is further representative of the error region probability object is stored in the memory 
location of the signal emitter in the physical spatial in association with at least one of the first array and the 
domain based upon the plurality of second coordinates 10 second array ; 
( 1008 ) ; and determining ( 1210 ) , with the computing device , an inter 

the second “ PDF ” of the second elliptical error region section region ( 812 ) including at least a portion of the 
probability object ( 420 ) is representative of a spatial first elliptical error region probability object and at least 
error of the location of the signal emitter in the physical a portion of the second elliptical error region probabil 
spatial domain based upon the plurality of second 15 ity object , wherein the intersection region further 
coordinates . includes at least a portion of the first number of 

13 . The system ( 100 ) in accordance with claim 12 , elements and at least a portion of the second number of 
wherein the computing device ( 132 ) is further programmed elements , and wherein the intersection region is repre 
to update ( 1504 ) at least one of the first elliptical error region sentative of a highest probability location ( 16 ) of the 
probability object ( 418 ) and the second elliptical error 20 signal emitter in the physical spatial domain at the 
region probability object ( 420 ) based on receiving ( 1202 ) , second time ; 
over time including a third time occurring after the second determining ( 1312 , 1402 ) at least one ofi ) a rate of change 
time , at least one additional signal parameter vector ( 138 ) . of a union area ( 1124 , 1126 ) , ii ) a direction of change 

14 . The system ( 100 ) in accordance with claim 13 , ( 1154 ) of the union area of the first elliptical error 
wherein the computing device ( 132 ) is further programmed 25 region probability object with respect to the second 
to update ( 1504 ) at least one of the first “ PDF ” , the second elliptical error region probability object , iii ) a rate of 
“ PDF ” , the first center ( 1016 ) , the second center ( 1022 ) , the change of an intersection area ( 1132 , 1134 ) of the inter 
first pair of axes , and the second pair of axes . section region , and iv ) a direction of change ( 1154 ) of 

15 . A method ( 1200 ) for spatially filtering data from a the intersection area ; and 
plurality of signal parameter vectors ( 138 ) generated by at 30 determining ( 1314 , 1404 ) , based on a value of at least one 
least one surveillance platform ( 6 ) including at least one of i ) the rate of change of the union area , ii ) the 
sensor ( 103 ) configured to receive a plurality of signals ( 29 ) direction of change of the union area , iii ) the rate of 
from a signal emitter ( 2 , 8 , 34 , 36 ) , each signal parameter change of the intersection area , and iv ) the direction of 
vector derived from one signal of the plurality of signals , change of the intersection area , at least one of : 
said method comprising : 35 a presence of movement of the signal emitter ; 

receiving ( 1202 ) , over time including at a first time and at a direction of movement of the signal emitter ; 
a second time occurring after the first time , the plurality a velocity of the signal emitter ; and 
of signal parameter vectors at a computing device ( 132 ) an acceleration of the signal emitter . 
configured to deinterleave each signal parameter vector 16 . The method ( 1200 ) in accordance with claim 15 , 
of the plurality of signal parameter vectors , the each 40 wherein receiving ( 1202 ) the plurality of signal parameter 
signal parameter vector having at least one coordinate vectors ( 138 ) comprises receiving at least one signal param 
( 612 , 618 , 1004 , 1008 , 1012 , 1018 , 1024 , 1110 , 1112 , 1116 , eter vector of the plurality of signal parameter vectors as a 
1118 ) including information derived from the at least signal parameter vector generated from at least one of a 
one sensor and associated with the signal emitter , denoised signal ( 124 ) and a blind source separated signal 
wherein the information includes at least two types of 45 ( 129 ) . 
spatial data including a first spatial data type and a 17 . The method ( 1200 ) in accordance with claim 15 , 
second spatial data type ; wherein receiving ( 1202 ) the plurality of signal parameter 

determining ( 1204 ) a first error magnitude of a plurality of vectors ( 138 ) comprises receiving at least one standard 
first coordinates ( 1004 ) of the first spatial data type and deviation vector ( 502 ) associated with at least one signal 
a second error magnitude of a plurality of second 50 parameter vector ( 138 ) of the plurality of signal parameter 
coordinates ( 1008 ) of the second spatial data type ; vectors , the at least one standard deviation vector configured 

transmitting ( 1206 ) , to an array data structure ( 401 ) stored to facilitate determining ( 1204 ) the first error magnitude and 
in a memory ( 134 ) and having a plurality of arrays the second error magnitude . 
( 402 , 402 , 406 ) , the plurality of first coordinates to a first 18 . The method ( 1300 ) in accordance with claim 15 
array of the plurality of arrays and the plurality of 55 further comprising determining ( 1302 ) , with the computing 
second coordinates to a second array of the plurality of device ( 132 ) , a third “ PDF ” of the intersection region ( 812 ) , 
arrays when the first error magnitude differs from the wherein the third “ PDF ” is representative of a spatial error 
second error magnitude by a predetermined amount , associated with the highest probability location ( 16 ) at the 
wherein the first array includes a first number of second time . 
elements ( 407 ) and the second array includes a second 60 19 . The method ( 1300 ) in accordance with claim 15 , 
number of elements different from the first number of wherein each array ( 402 , 404 , 406 ) of the plurality of arrays 
elements , and wherein each array of the plurality of includes a plurality of elements ( 407 ) , said method further 
arrays is representative of a physical spatial domain comprising determining ( 1304 ) , using a shadow hash key 
( 1 , 33 ) from which the plurality of signals are received routine ( 408 ) executed using the computing device ( 132 ) , a 
by the at least one sensor ; 65 presence among the plurality of elements of at least one of 

determining ( 1208 ) , with the computing device , a plural - a first matching element containing stored data associated 
ity of elliptical error region probability objects ( 416 ) with the first spatial data type and a second matching 
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element containing stored data associated with the second 24 . The method ( 1400 ) in accordance with claim 15 
spatial data type , and wherein : further comprising directing ( 1414 ) movement of at least 

the array data structure ( 401 ) is configured to function as one of the at least one surveillance platform ( 6 ) and a device 
a hash table ; and ( 31 ) coupled in at least one of in electrical and data com 

the presence of the first and second matching elements is 5 munication therewith at least one of toward and away from 
a prerequisite to determining ( 1208 ) the first ( 418 ) and a location ( 16 ) of the signal emitter ( 2 , 8 , 34 , 36 ) based on a 
second ( 420 ) elliptical error region probability objects , determination of at least one of the first elliptical error region 
respectively . probability object ( 418 ) , the second elliptical error region 

20 . The method ( 1300 ) in accordance with claim 15 probability object ( 420 ) , the first error magnitude , the sec 
further comprising : 10 ond error magnitude , the first “ PDF ” , the second “ PDF ” , the 

intersection region ( 812 ) , and the highest probability loca receiving ( 1306 ) , at the computing device ( 132 ) , at least tion ( 16 ) of the signal emitter in the physical spatial domain one unknown signal state space representation signal ( 1 , 33 ) . ( 139 ) including non - standard data ( 1026 , 1034 ) derived 25 . The method ( 1500 ) in accordance with claim 15 
from a denoised pulse ( 130 ) of at least one signal of the 15 further comprising determining ( 1502 ) , with the computing 
plurality of signals ( 29 ) ; and device ( 132 ) , a first center ( 1016 ) of the first elliptical error resolving ( 1308 ) , with the computing device , the at least region probability object ( 418 ) and a second center ( 1022 ) of 
one unknown signal state space representation signal to the second elliptical error region probability object ( 420 ) , 
at least one of spatial data and non - spatial data . wherein : 

21 . The method ( 1300 ) in accordance with claim 15 20 the first center is representative of an average value of the 
further comprising determining ( 1310 ) , with the computing plurality of first coordinates ( 1004 ) ; and 
device ( 132 ) , a first pair of axes of the first elliptical error the second center is representative of an average value of 
region probability object ( 418 ) and a second pair of axes of the plurality of second coordinates ( 1008 ) . 
the second elliptical error region probability object ( 420 ) , 26 . The method ( 1500 ) in accordance with claim 25 , 
wherein : 25 wherein : 

the first pair of axes is representative of a spatial error of the first center ( 1016 ) is further representative of the 
the plurality of first coordinates ( 1004 ) ; and location ( 16 ) of the signal emitter ( 2 , 8 , 34 , 36 ) in the 

the second pair of axes is representative of a spatial error physical spatial domain ( 1 , 33 ) based upon the plurality 
of the plurality of second coordinates ( 1008 ) . of first coordinates ( 1004 ) ; 

22 . The method ( 1400 ) in accordance with claim 15 , 30 the first “ PDF ” of the first elliptical error region prob 
wherein receiving ( 1202 ) the plurality of signal parameter ability object ( 418 ) is representative of a spatial error of 
vectors ( 138 ) comprises receiving a plurality of non - spatial the location of the signal emitter in the physical spatial 
coordinates ( 612 , 618 , 1004 , 1008 , 1012 , 1018 , 1024 , 1110 , domain based upon the plurality of first coordinates ; 
1112 , 1116 , 1118 ) including a first non - spatial coordinate and the second center ( 1022 ) is further representative of the 
a second non - spatial coordinate , each non - spatial coordinate 35 location of the signal emitter in the physical spatial 
of the plurality of non - spatial coordinates including infor domain based upon the plurality of second coordinates 
mation including at least one type of non - spatial data ( 1008 ) ; and 
identifying the signal emitter ( 2 , 8 , 34 , 36 ) , said method fur the second “ PDF ” of the second elliptical error region 
ther comprising : probability object ( 420 ) is representative of a spatial 

at least one of identifying ( 1406 ) and deleting ( 1408 ) , 40 error of the location of the signal emitter in the physical 
with the computing device , at least one of at least one spatial domain based upon the plurality of second 
outlier first coordinate of the plurality of first coordi coordinates . 
nates ( 1004 ) and at least one outlier second coordinate 27 . The method ( 1500 ) in accordance with claim 26 
of the plurality of second coordinates ( 1008 ) when further comprising updating ( 1504 ) , with the computing 
maintaining at least one of the at least one outlier first 45 device ( 132 ) , at least one of the first elliptical error region 
coordinate and the at least one outlier second coordi - probability object ( 418 ) and the second elliptical error 
nate in the array data structure ( 401 ) causes at least one region probability object ( 420 ) based on receiving ( 1202 ) , 
of the first error magnitude and the second error mag over time including third time occurring after the second 
nitude to exceed a predetermined value ; and time , at least one additional signal parameter vector ( 138 ) . 

disjoining ( 1410 ) , using the computing device , an asso - 50 28 . The method ( 1500 ) in accordance with claim 27 , 
ciation in the array data structure between the at least wherein updating ( 1504 ) at least one of the first elliptical 
two types of spatial data and at least one of the first error region probability object ( 418 ) and the second ellipti 
non - spatial coordinate and the second non - spatial coor - cal error region probability object ( 420 ) comprises updating 
dinate when maintaining at least one of the first non - at least one of the first “ PDF ” , the second “ PDF ” , the first 
spatial coordinate and the second non - spatial coordi - 55 center ( 1016 ) , the second center ( 1022 ) , a first pair of axes 
nate includes information in conflict with known of the first elliptical error region probability object , and a 
identifying information about the signal emitter . second pair of axes of the second elliptical error region 

23 . The method ( 1400 ) in accordance with claim 15 probability object . 
further comprising displaying ( 1412 ) as human readable 29 . A non - transient computer - readable memory ( 134 ) 
data via a display ( 144 ) coupled to the computing device 60 having computer - executable instructions embodied thereon , 
( 132 ) , at least one of the first elliptical error region prob - wherein when executed by a computing device ( 132 ) , the 
ability object ( 418 ) , the second elliptical error region prob computer - executable instructions cause the computing 
ability object ( 420 ) , the first error magnitude , the second device to : 
error magnitude , the first “ PDF ” , the second “ PDF ” , the receive ( 1202 ) , over time including at a first time and at 
intersection region ( 812 ) , and the highest probability loca - 65 a second time occurring after the first time , a plurality 
tion ( 16 ) of the signal emitter ( 2 , 8 , 34 , 36 ) in the physical of signal parameter vectors ( 138 ) including a plurality 
spatial domain ( 1 , 33 ) . of first coordinates ( 1004 ) of a first spatial data type and 
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a plurality of second coordinates ( 1008 ) of a second 
spatial data type , each signal parameter vector of the 
plurality of signal parameter vectors derived from one 
signal of a plurality of signals ( 29 ) generated by a 
signal emitter ( 2 , 8 , 34 , 36 ) and received by at least one 5 
sensor ( 103 ) ; 

determine ( 1204 ) a first error magnitude of a plurality of 
first coordinates and a second error magnitude of a 
plurality of second coordinates ; 

transmit ( 1206 ) , to an array data structure ( 401 ) stored in 10 
the memory ( 134 ) and having a plurality of arrays 
( 402 , 404 , 406 ) , the plurality of first coordinates to a first 
array of the plurality of arrays and the plurality of 
second coordinates to a second array of the plurality of 
arrays when the first error magnitude differs from the 15 
second error magnitude by a predetermined amount , 
wherein the first array includes a first number of 
elements ( 401 ) and the second array includes a second 
number of elements different from the first number of 
elements , and wherein each array of the plurality of 20 
arrays is representative of a physical spatial domain 
( 1 , 33 ) from which the plurality of signals are received 
by the at least one sensor ; 

determine ( 1208 ) a plurality of elliptical error region 
probability objects ( 416 ) including a first elliptical error 25 
region probability object ( 418 ) representative of a first 
probability density function ( “ PDF ” ) of the plurality of 
first coordinates and a second elliptical error region 
probability object ( 420 ) representative of a second 
“ PDF ” of the plurality of second coordinates , wherein 30 
each of the first elliptical error region probability object 

and the second elliptical error region probability object 
is stored in the memory in association with at least one 
of the first array and the second array ; 

determine ( 1210 ) an intersection region ( 812 ) including at 
least a portion of the first elliptical error region prob 
ability object and at least a portion of the second 
elliptical error region probability object , wherein the 
intersection region further includes at least a portion of 
the first number of elements and at least a portion of the 
second number of elements , and wherein the intersec 
tion region is representative of a highest probability 
location ( 16 ) of the signal emitter in the physical spatial 
domain at the second time ; 

determine ( 1312 , 1402 ) at least one of i ) a rate of change 
of a union area ( 1124 , 1126 ) , ii ) a direction of change 
( 1154 ) of the union area of the first elliptical error 
region probability object with respect to the second 
elliptical error region probability object , iii ) a rate of 
change of an intersection area ( 1132 , 1134 ) of the inter 
section region , and iv ) a direction of change ( 1154 ) of 
the intersection area ; and 

determine ( 1314 , 1404 ) , based on a value of at least one of 
i ) the rate of change of the union area , ii ) the direction 
of change of the union area , iii ) the rate of change of the 
intersection area , and iv ) the direction of change of the 
intersection area , at least one of : 
a presence of movement of the signal emitter ; 
a direction of movement of the signal emitter ; 
a velocity of the signal emitter ; and 
an acceleration of the signal emitter . 

* * * * * 


