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(57) ABSTRACT 

Asystem and method for central association and tracking for 
PCL applications is disclosed. Detection reports are received 
at a target tracking processing system. The detection reports 
include measurements correlating to line tracks associated 
With target echoes in earlier processing operations. In addi 
tion, other information, such as parameters and observables, 
are received by the target track processing system. The target 
track processing system performs a line track association 
function and a track ?ltering function on the line tracks 
according to the measurements Within the detection reports. 
These operations also predict and estimate target parameters 
for tracking. Target parameters are extrapolated from the 
propagated and updated target tracks, and fed to a display for 
a user, or back into the PCL system for further processing. 
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SYSTEM AND METHOD FOR CENTRAL 
ASSOCIATION AND TRACKING IN PASSIVE 
COHERENT LOCATION APPLICATIONS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a Continuation of US. applica 
tion Ser. No. 10/136,441 ?led May 2, 2002, now US. Pat. 
No. (unknown) Which claims bene?t of US. Pro 
visional Patent Application No. 60/288,492 entitled “System 
and Method for Central Association and Tracking for PCL 
Applications,” ?led May 4, 2001, Which are hereby incor 
porated in their entirety by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] The present invention relates to a passive coherent 
location (“PCL”) radar system and method, and more par 
ticularly, to a system and method for associating a line track 
With a target and tracking the target in PCL radar applica 
tions. 

[0004] 2. Discussion of the Related Art 

[0005] PCL radar systems may be represented by a mul 
tistatic radar system. A multistatic radar system has a num 
ber of receivers that are separated from one or more trans 
mitters. The radiated signal from a transmitter arrives at a 
receiver via several separate paths. One path may be a direct 
path from the transmitter to the receiver, and the other path 
may be a target path that includes an indirect path from the 
transmitter to a target to the receiver. Measurements may 
include a total path length, or transit time, of the target path 
signal, the angle of arrival of the target path signal, and the 
frequency of the direct and target path signals. A difference 
in frequency may be detected if the target is in motion 
according to a doppler effect. 

[0006] Knowledge of the transmitted signal is desirable at 
the receiver if information is to be extracted from the target 
path signal. The transmitted frequency is desired to deter 
mine the doppler frequency shift. A time or phase reference 
also is desired if the total scattered path length is to be 
determined. The frequency reference may be obtained from 
the direct signal. The time reference also may be obtained 
from the direct signal provided the distance betWeen the 
transmitter and the receiver is knoWn. 

[0007] Multistatic radar systems may be capable of deter 
mining the presence of a target Within the coverage of the 
radar, the location of the target position, and a velocity 
component, or doppler, relative to the radar. The process of 
locating the target position may include a measurement of a 
distance and the angle of arrival. The measurement of 
distance relative to the receiving site may include both the 
angle of arrival at the receiving site and the distance betWeen 
transmitter and receiver. If the direct signal is available, it 
may be used as a reference signal to extract the doppler 
frequency shift. 

[0008] In PCL radar systems, transmitters may be knoWn 
as illuminators. Illuminators may be Wideband sources of 
opportunities that include commercial frequency modulated 
(“FM”) broadcast transmitters and/or repeaters, commercial 
high-de?nition television (“HDTV”) broadcast transmitters 
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and/or repeaters, and the like. Techniques for Wideband 
signal pre-detection processing and co-channel interference 
mitigation exist. Approaches may include an array of anten 
nas used to receive the source of opportunity to be exploited, 
such as the primary illuminator, and any other co-channel 
signals present in the environment. 

[0009] PCL systems may receive a multitude of direct and 
re?ected signals from several different transmitters. The 
signals should be identi?ed and associated With the appro 
priate target. Further, several targets may be scattering 
signals in different locations. The different signals and their 
measurement data should be associated With the appropriate 
target. If the target does not exist, then a neW tracking may 
have to be implemented for the target. Conversely, old 
trackings should be eliminated from the system if updates 
are no longer being received. More efficient and expedient 
measurement data association may improve target tracking 
in PCL systems. 

SUMMARY OF THE INVENTION 

[0010] Accordingly, the present invention is directed to 
PCL applications and signal processing. Thus, a system and 
method for central association and tracking Within PCL 
applications is disclosed herein. 

[0011] According to an embodiment, a method for asso 
ciating a line track With a target for a passive coherent 
location system is disclosed. The method includes receiving 
a detection report having the line track that corresponds to 
the target. The method also includes computing a target state 
and state covariance for measurements of the line track. The 
method also includes scoring the line track according to the 
target state and the state covariance. The method also 
includes assigning the line track to a target track according 
to the scoring. 

[0012] According to another embodiment, a method for 
associating and tracking target data Within a passive coher 
ent location system is disclosed. The target data includes 
measurements. The method includes computing a target 
state and state covariance from the measurements. The 
method also includes assigning a line track correlating to the 
target data to a target track according to the target state and 
the state covariance. The method also includes initialiZing 
the target track. The method also includes initialiZing a ?lter 
according to the target state and the state covariance. The 
method also includes tracking the target track With the ?lter. 
The method also includes extrapolating the target data from 
the target track. 

[0013] According to another embodiment, a method for 
associating a line track to a target track from target tracking 
operations Within a passive coherent location system is 
disclosed. The method also includes determining a candidate 
association combination for the line track. The method also 
includes applying at least one gate to the candidate associa 
tion combination. The method also includes estimating a 
target state and a state covariance for the line track. The 
method also includes computing a score for the candidate 
association combination according to the target state and the 
state covariance. The method also includes assigning the line 
track to a target track according to the score. 

[0014] According to another embodiment, a method for 
?ltering a target track correlating With a detection report 
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having measurements associated With a target Within a 
passive coherent location system is disclosed. The method 
includes computing corrections for a target state and state 
covariance for the detection report. The method also 
includes updating the target state and state covariance With 
the corrections. The method also includes propagating the 
target track With the updated target state and the updated 
state covariance. 

[0015] According to another embodiment, a system for 
estimating target parameters for a target is disclosed. The 
system includes detection reports comprising measure 
ments. The system also includes a line track association 
function to associate a line track correlating to the detection 
reports to a target track. The system also includes a track 
?ltering function to propagate the target track according to 
the measurements. The system also includes a target 
extrapolation function to calculate the target parameters 
from the target track and the measurements. 

[0016] According to another embodiment, a system for 
associating a line track to a target track is disclosed. The line 
track correlates to at least one detection report. The system 
includes a nonlinear least squares batch estimator to com 
pute a target state and state covariance for measurements 
from the at least one detection report and to score a candi 
date associate combination for the line track. The system 
also include a line track assignment function to assign the 
line track according to the score for the candidate associate 
combination. 

[0017] According to another embodiment, a system for 
track ?ltering a target track is disclosed. The target track is 
associated With a line track from at least one detection 
report. The system includes a ?lter to compute corrections to 
a target state and state covariance to update the target track 
using a means for computing measurement residuals and 
partial derivatives of measurements from the detection 
report. The system also includes a validity check function to 
check the updated target track using a velocity magnitude 
component and an acceleration magnitude component. 

[0018] Additional features and advantages of the inven 
tion Will be set forth in the disclosure that folloWs, and in 
part Will be apparent from the disclosure, or may be learned 
by practice of the invention. The objectives and other 
advantages of the invention Will be realiZed and attained by 
the structure particularly pointed out in the Written descrip 
tion and claims hereof as Well as the appended draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] The accompanying draWings, Which is included to 
provide further understanding of the invention and is incor 
porated in and constitutes a part of this speci?cation, illus 
trates embodiments of the present invention and together 
With the description serves to explain the principles of the 
invention. 

[0020] 
[0021] FIG. 1 illustrates a block diagram of a radar 
system, a target, and transmitters in accordance With an 
embodiment of the present invention; 

In the draWings: 

[0022] FIG. 2 illustrates a block diagram of components 
for a passive coherent location system in accordance With an 
embodiment of the present invention; 
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[0023] FIG. 3A illustrates a block diagram of a system for 
central association and tracking targets Within a PCL system 
in accordance With an embodiment of the present invention; 

[0024] FIG. 3B illustrates an overvieW of the geometry 
used in the calculation of bistatic time delay and bistatic 
Doppler in accordance With an embodiment of the present 
invention; 
[0025] FIG. 3C illustrates an angle-of-arrival of an 
incoming signal in accordance With an embodiment of the 
present invention. 

[0026] FIG. 4 illustrates a line track association function 
in accordance With an embodiment of the present invention; 

[0027] FIG. 5 illustrates a ?oWchart for line track asso 
ciation operations in accordance With an embodiment of the 
present invention; 

[0028] FIG. 6 illustrates a ?oWchart for line track asso 
ciation operations in accordance With another embodiment 
of the present invention; 

[0029] FIG. 7 illustrates a ?oWchart for initialiZing and 
scoring target tracks in accordance With an embodiment of 
the present invention; 

[0030] FIG. 8 illustrates a ?oWchart for assigning line 
tracks in accordance With an embodiment of the present 
invention; 
[0031] FIG. 9 illustrates a block diagram for assigning 
line tracks in accordance With an embodiment of the present 
invention; 
[0032] FIG. 10 illustrates a ?oWchart for ?ltering detec 
tion reports in accordance With an embodiment of the 
present invention; 

[0033] FIG. 11 illustrates a ?oWchart for performing 
validity checks for targets in accordance With an embodi 
ment of the present invention; and 

[0034] FIG. 12 illustrates a ?oWchart for associating a 
coasting target in accordance With an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

[0035] Reference Will noW be made in detail to the pre 
ferred embodiments of the present invention, examples of 
Which are illustrated in the accompanying draWings. 

[0036] FIG. 1 depicts a block diagram of a radar system, 
a target and transmitters in accordance With an embodiment 
of the present invention. Radar detection system 10 includes 
a PCL system 100 tracking one or more targets of interest 
150 using a plurality of transmitters 110, 112, and 114. PCL 
system 100 represents a family of multi-static Wide area 
target surveillance sensors. PCL system 100 exploits con 
tinuous Wave (“CW”) electromagnetic energy, often from 
sources of opportunity that may be operating for other 
purposes. Sources of opportunity may include television 
broadcast stations and FM radio stations. Preferably, PCL 
system 100 may receive transmissions from a plurality of 
uncontrolled transmitters, also knoWn as sources of oppor 
tunity, 110, 112, and 114. An uncontrolled transmitter per 
tains to transmitters that are not under the direct control of 
the receiver. More preferably, transmitters 110, 112, and 114 
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may be Wideband sources of opportunity that include com 
mercial FM broadcast transmitters and/or repeaters and 
commercial HDTV TV broadcast transmitters and/or repeat 
ers. Transmitters 110, 112, and 114, hoWever, are not limited 
to these sources of opportunity and may include any device, 
system or means to transmit uncontrolled signals. 

[0037] Transmitters 110, 112, and 114 may transmit Wide 
band electromagnetic energy transmissions in all directions. 
Some of these transmissions are re?ected by one or more 
targets of interest 150 and received by PCL system 100. For 
eXample, re?ected transmission 130 may be re?ected by 
target 150 and received by PCL system 100. Further, With 
regard to transmitter 114, reference transmission 140 is 
received directly by PCL system 100. PCL system 100 may 
compare reference transmission 140 and re?ected transmis 
sion 130 to determine positional information about one or 
more targets of interest 150. Reference transmission 140 
also may be knoWn as a direct path signal. Re?ected 
transmission 130 also may be knoWn as a target path signal. 
Positional information may include any information relating 
to a position of target 150, including location, velocity, and 
acceleration from determining a time difference of arrival 
(“TDOA”), a frequency difference of arrival (“FDOA”) and 
an angle of arrival (“AOA”). 

[0038] FIG. 2 depicts a block diagram of a passive coher 
ent location system in accordance With an embodiment of 
the present invention. PCL system 100 may include antenna 
subsystem 200, analog to digital converter (“ADC”) sub 
system 220, processing subsystem 240, and output device 
260. Antenna subsystem 200 receives electromagnetic 
energy transmissions, including re?ected transmission 130 
and reference transmission 140 of FIG. 1, With at least one 
antenna. Preferably, antenna subsystem 200 is an antenna 
array. ADC subsystem 220 receives the signal outputs of 
antenna subsystem 200 at its input and outputs digital 
samples of the signals by sampling the signals at a sampling 
rate and forming a digital Waveform using the magnitude for 
the analog signal at each sampling interval. Processing 
subsystem 240 receives the output of assembly subsystem 
220 and processes the signals for measurement data, track 
ing, target updates, and the like. Output device 260 receives 
the processing result and displays the output of processing 
subsystem 240. 

[0039] FIG. 3A depicts a system for central association 
and tracking targets Within a PCL system in accordance With 
an embodiment of the present invention. Target track pro 
cessing system 300 provides central association and tracking 
for PCL applications by receiving inputs and producing an 
output to display 344 and to additional PCL signal process 
ing function 346. Target track processing system 300 esti 
mates position, velocity, and acceleration for targets 
detected by at least one transmitter. The position may be 
3-dimensional under certain restrictions. 

[0040] Target track processing system 300 may receive a 
stream of detection blocks 302 from a line tracker. Detection 
blocks 302 may contain detection reports that are identi?ed 
by line track identi?cation number, illuminator identi?ca 
tion, and time of detection. Further, each detection report 
may include a state parameter that speci?es that status of the 
line track. Inputs also may include parameters 304. Param 
eters 304 may used to initialiZe target tracks. Parameters 304 
may include the input parameters disclosed in Table 1 beloW. 
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The input parameters of Table 1 may specify each receiver 
and each illuminator to be processed by target tracking 
processing system 300. 

TABLE 1 

Parameter Description Default Value Units 

rcvilat Latitude of the receiver — deg 
rcvilon Longitude of the receiver — deg 
rcvialt Altitude of the receiver — m 

rcvibsaz Azimuth of the receiver boresight 230.0 deg 
With respect to North 

ilmilat Latitude of the illuminator — deg 
ilmilon Longitude of the illuminator — deg 
ilmialt Altitude of the illuminator — m 

ilmifreq Frequency of the illuminator’s trans- — HZ 
mitted signal 

[0041] Target tracking processing system 300 produces 
output 342. Output 342 is a stream of target data blocks for 
the current coherent processing interval. Output 342 may be 
received by display 344. Display 344 may include display 
softWare and associated hardWare to display the targets to a 
user. Further, output 342 may be received by PCL signal 
processing function 346, Which feeds output 342 back to 
earlier elements of the PCL signal processing chain. Pref 
erably, PCL signal processing function 346 feeds output 342 
to processing elements for detection and feature extraction. 
Table 2 discloses a preferable list of output parameters for 
each target data block of output 342. 

TABLE 2 

Parameter Description Units 

trgiID Target ID pure 
ltiID Line track IDs associated With the target (includes pure 

illuminator IDs) 
trgista Target state (i.e.; Updated, Coasting, New) pure 
trgilat Latitude of the target deg 
trgilon Longitude of the target deg 
trgicrs Course deg 
trgispd Speed m/s 
trgiclr Climb rate m/s 
trgislr Slant range m 
trg_gcr Great circle range m 
trgibrg Bearing deg 
trgibrr Bistatic range rate per link m/s 
trgialt Altitude m 
trgisnr Signal to noise ratio per link dB 
trgiage Age sec 
trgipWr Signal poWer per link dBm 

[0042] As shoWn, target tracking processing system 300 
comprises three functions. Line track association function 
320 makes all line track-target track assignments, handles 
the initialiZation of all neW target tracks and reinitialiZation 
of eXisting tracks if Warranted, and monitors the quality of 
the assignments by dissolving those assignments that 
become inconsistent. Track ?ltering function 330 utiliZes an 
eXtended Kalman ?lter to track the position, velocity, and 
acceleration of each target in 2-dimensions, or, if all condi 
tions are met, in 3-dimensions. The initial state and cova 
riance of track ?ltering function 330 may be initialiZed by 
line track association function 320. Track ?ltering function 
330 propagates each track incorporating measurements and 
monitors the line track association to ensure the track 
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remains valid. Both line track association function 320 and 
track ?ltering function 330 are disclosed in greater detail 
below. 

[0043] Target data extrapolation function 340 calculates 
the target data desired for display 344 from target tracking 
processing system 300. Target data extrapolation function 
340 generates a signal for each target. The state vectors of 
position (“T”) and velocity (“T2”) are used to calculate the 
parameters in output 342. The state vectors for the receiver 
position (“R”) and velocity (“R2”) also are used. Each vector 
may have three variables representing individual coordi 
nates. For example, the target position vector may be rep 
resented as T=[xT, yT, ZT], While target velocity may be 
T2=[xT2, yT2, 2T2]. Target and receiver position locations 
may be described in the East-North-Up (“ENU”) coordinate 
system, disclosed beloW. The Up coordinate in the ENU 
coordinate system may be de?ned as the Zenith or as normal 
to the local tangent plane Where the tangent plane comprises 
the East and North coordinates. 

[0044] TWo types of state vectors and associated covari 
ances may be used in target tracking. The ?rst is the updated 
state vector that is generated each time a target receives an 
update. The second is the propagated state vector that is the 
extrapolated target trajectory calculated for each coherent 
processing interval. The propagated state vectors and cova 
riances may be the type of state vectors used for the 
calculations disclosed in Table 3 beloW. Line track associa 
tion function 320 and track ?ltering function 330 seek to 
establish values or updates for the state vectors and cova 
riances that are used in target data extrapolation function 
340. 

TABLE 3 

PARAMETER CALCULATION 

Course *1 XT 
—tan _— *RTD 

Speed 
\/ (w + (W2 + (m2 

Climb Rate . 
ZT 

Slant Range 
\/ (XT)2 + (yT)2 + (ZT)2 

Great Circle E *cosil( TECFRECF ) 
Range RAD |TECF| * |RECF| 

Where : ERA]; : mean earth radius 

- : vector dot product 

TECF and RECF are the target and receiver 

position vectors in Earth-Centered- Fixed 

(ECF) coordinates 

Bearing fl yT — yR 

T — XR 

Bistatic Range —7t(fdiupdate) 
Rate Where: X = the Wavelength of the illuminator 

fdiupdate = the updated doppler measurement 
SNR Provided in target data block 
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TABLE 3-continued 

PARAMETER CALCULATION 

Course 
Uncertainty 2 -2 2 -2 

U'XT * yT + o'yr xT 
*RTD; 

X% + 'y% 

Where: 0'2 : variance 

Speed 2 2 
. .2 .2 .2 

Uncertainty o-XT * xT + 0-51‘ * yT + 03,1, *ZT 

x%+y%+z% 
Where: 0'2 : variance 

Climb Rate 0__ 
Uncertainty ZT 

[0045] Prior to implementing line track association func 
tion 320, certain values and additional parameters should be 
calculated. These values and their associated algorithms 
may be used by target tracking processing system 300 in 
determining target data. The values may be used by any of 
the functions of target tracking processing system 300. First, 
reference frames 310 may be calculated. Target tracking 
processing system 300 may desire manipulation betWeen 
three primary reference frames. The disclosed reference 
frames and conversion betWeen frames Will be referred in 
the folloWing disclosure With relation to reference frames 
310. The folloWing discussion discloses the reference 
frames 310 and the coordinate system transformations. 

[0046] The Earth Centered, Fixed (“ECF”) reference 
frame is a Cartesian reference frame de?ned at the geo 
graphic center of the earth. The equator may de?ne the 
primary plane of the system With the primary axis pointing 
toWard the GreenWich meridian. The ECF frame is attached 
to the rotating Earth. All Earth rotation effects, hoWever, 
may be neglected in target tracking processing system 300. 

[0047] The Geodetic (“GEO”) coordinate system de?nes 
locations on the Earth’s surface With respect to a reference 
ellipsoid. The reference ellipsoid may be taken to be the 
ellipsoid of revolution that best ?ts the mean sea level. 
Target tracking processing system 300 may use the values 
disclosed in Table 4 beloW, along With the relationships 
betWeen the parameters. 

TABLE 4 

Mean Equatorial Radius, re 63781370 m 
Mean Polar Radius, rp 63567523141 m 

A Useful Constant, u 0.99330562 
= <1 — o2 u: 

r 
a 

Eccentricity, e 0.08151919 e2 = 1 — u = f(2 = f) 

Flattening coe?icient, f F1 = 298257223563 

[0048] The Local Tangent (“ENU”) reference frame is a 
Cartesian reference frame de?ned at a point on the reference 
ellipsoid. The local tangent plane de?nes the primary plane 
of the system With the primary axis pointing in the local East 
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direction. All target tracking and line track association 
functions for target track processing, including vehicle 
extrapolation and Kalman ?ltering, are performed in the 
local tangent frame of the receiver. Target tracking process 
ing system 300 may perform functions in 2-dimensions or 
3-dimensions. 

[0049] For 2-dimensional target tracks, target tracking 
processing system 300 may incorporate a constant velocity 
With a straight and level ?ight. The straight and level ?ight 
condition folloWs the surface of the Earth and not the tangent 
plane of the receiver. Therefore, the vertical components of 
position and velocity may be corrected for the curvature of 
the Earth. 

[0050] State dynamics 308 may disclose the target state 
vector, covariance matrix, and model for its dynamics. The 
model disclosed by state dynamics 308 may be de?ned for 
the East, North, and Up components in the ENU local 
reference frame of the receiver. In the case of 2-dimensional 
tracking, the target is given a speci?ed altitude that may be 
corrected for the earth’s curvature over the duration of its 
track. The target vehicle state dynamics 308 incorporates an 
exponentially correlated acceleration motion model. 

[0051] Associated With the target state is a target state 
covariance matrix that re?ects the uncertainty of the state 
values. The diagonal values of the covariance matrix rep 
resent the variance of the state values. The off-diagonal 
elements re?ect the correlation betWeen the states. The 
effects of the exponential correlated acceleration model 
should be included in the extrapolation of the state covari 
ance. The covariance matrix is propagated through time 
using the state transition matrix and the process noise 
matrix. 

[0052] Observables 306 are measurement observables 
used to initialiZe and update a target’s state. The observables 
disclosed here may be computed for each coherent process 
ing interval earlier in the PCL signal processing. Preferably, 
the observables are computed during detection and feature 
extraction. Observables 306 may relate to calculation of the 
partial derivatives of the observations With respect to the 
target state for each observable. The partial derivatives are 
used during line track association function 320 and track 
?ltering function 330 of target tracking processing system 
300. FIG. 3B depicts an overvieW of the geometry used in 
the calculation of bistatic time delay and bistatic doppler in 
accordance With an embodiment of the present invention. 

[0053] The bistatic time delay of observables 306 re?ects 
the difference in time of travel betWeen the illuminator and 
receiver along the indirect and direct paths. According to the 
folloWing equation: 

[0054] Where c is the speed of light and the ranges betWeen 
the objects are expressed as the square root of the inner 
products or: 

dI=VE 

dR=vrRorR 
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[0055] The state estimation desires the calculation of 
partial derivatives With respect to the target state, xT. The 
partials of the range expressions With respect to the target 
state become: 

[0056] The expression for the partials of the bistatic time 
delay measurement With respect to the target state are: 

[0057] The bistatic doppler of observables 306 re?ects the 
change in frequency betWeen the observed signal and the 
transmitted signal from an illuminator. The measurement 
may desire the positions and velocities of the illuminator, 
receiver, and target. Thus, embodiments of the present 
invention may utiliZe moving transmitters and receivers, 
such as on an airborne platform or an ocean going vessel. 

Therefore, according to the folloWing equation: 

[0058] Where 7» is the transmitting Wavelength of the 
illuminator and the illuminator-target and receiver-target 
ranges are de?ned above. The time derivative of range 
(“range rate”) expressions may be: 

(2R = EUR Oi'R) 

[0059] that results in an expression for doppler as: 

l r, O i", rR O 1",; 

fd : _X[ dI + dR ] 

[0060] The state estimation may desire the calculation of 
partial derivatives With respect to the target state, xT. The 
partials of the range rate expressions With respect to the 
target state may be 
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EVE 

(MT-d, 

adR_1 _ dR 
mam-W 

6dR_rR 
(MT-m; 

[0061] The expression for the partials of the bistatic Dop 
pler measurement With respect to the target state may be 

Bfd l 
BxT _ A 

[0062] For television illuminators, doppler may be formed 
from frequency measurements of a target’s echo and the 
illuminator carrier. Because the illuminator corresponding to 
target echo returns in a line track is not ambiguous, the 
formed doppler measurements are associated With a hypoth 
esis that is resolved in the line track association function 
320. The constructed doppler for a hypothesis may be given 
by 

fd=fr_ (fc)I=(f_fLO)_ (fc_fL0) 
[0063] Where fLO is the frequency of the oscillator (“HZ”), 
fC is the carrier frequency, and the subscript “r” identi?es a 
frequency as relative to the local oscillator. 

[0064] The angle-of-arrival of an incoming signal is 
depicted by the angle 0 in the body ?xed frame of the 
antenna, as shoWn in FIG. 3C. The off-boresight angle 
reported to target tracking processing system 300 is the 
complement of the angle-of-arrival, or 0Ob=0—(rc/2). The 
angle-of-arrival calculation may desire the position of the 
target and the orientation of the antenna array left hand axis, 
or 

rROlh 
0 = cos dR 

[0065] Where lh is the left hand axis unit vector. The state 
estimation may desire the calculation of partial derivatives 
With respect to the target state, xT. The partials of the 
angle-of-arrival expressions With respect to the target state 
are 

60 _ l 

BxT _ dR sinO 
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[0066] The bistatic time delay, bistatic doppler, and angle 
of-arrival of observables 306 correlate to the time delay, 
doppler, and angle-of-arrival disclosed With reference to 
FIGS. 1 and 2. Target tracking processing system 300, 
hoWever, uses these values, as disclosed beloW. The state 
expression and partials are used by target tracking process 
ing system 300 to update and propagate the vectors, and, 
therefore, are disclosed With reference to FIGS. 3A, 3B, and 
3C. 

[0067] FIG. 4 depicts a line track association function in 
accordance With an embodiment of the present invention. 
FIG. 4 depicts line track association function 400 that 
correlates to line track association function 320 of FIG. 3. 
Line track association function 400 discloses a preferred 
embodiment of line track association function 320. Line 
track association function 320, hoWever, is not limited by the 
embodiments disclosed by FIG. 4. Line track association 
function 400 seeks to all line track-to-target track assign 
ments, to handle the initialiZation of all neW target tracks and 
reinitialiZation of existing tracks if Warranted, and to moni 
tor the quality of the assignments by dissolving those 
assignments that become inconsistent. Gating operations 
may be used to reduce the number of candidate assignments 
to be scored and evaluated by line tracking association 
function 400. The candidate assignments passing the gates 
are scored and provided as input to the assignment algorithm 
that makes the assignments based on the scores. At the 
current time, t, the assignment algorithm is applied prior to 
the Kalman ?lter’s measurement update at time t in track 
?ltering function 330. 

[0068] Prior to line track association, certain conditions 
may be met to process the line track in a more ef?cient 
manner. Modulation line test function 404 receives line 
tracks 402. All FM line tracks should pass this test before 
line tracks 402 are alloWed to participate in the line track 
association process. Modulation line test function 404 deter 
mines if the line track of line tracks 402 Was generated by 
a blade modulation line, and, if so, to prevent its use in line 
track association. Ablade modulation line may be associated 
With rotor blades of an aircraft or vehicle, and may be knoWn 
to one skilled in the art. Modulation line test function 402 
looks at the delta-delay time-series history obtained from 
integrated doppler and from delay differences. If the line 
track of line tracks 402 is a modulation line characteriZed by 
a doppler shift relative to the doppler due to body motion, 
the difference betWeen the tWo delta-delay sequences may 
evolve With a linear runoff, or slope. By detecting the slope, 
a blade modulation line track is identi?ed and may be 
removed from further line track association operations. 

[0069] Buffer 406 may buffer detection reports of line 
tracks 402 after the modulation line test. Buffer 406 pref 
erably is a ?rst-in, ?rst-out buffer for detection reports that 
are associated for each unique line track. Buffer 406 may 
mark the line track for the correlating detection reports as 
“available for line track association” When a minimum 
number of detection reports, or NBF, have been accumulated 
in buffer 406. In subsequent line track association opera 
tions, line track association function 400 may consider those 
line tracks that have been marked for further processing. The 
siZe of the queue for buffer 406 may be independent of NBF 
but, preferably, the siZe may be equal to or greater than NBF. 
All of the detection reports of line tracks 402 in the queue 
for buffer 406 may be used in the scoring computation of 




















