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1
METHOD AND APPARATUS FOR PASSIVELY
LOCATING RADAR EMISSIONS FROM
ROTATING TRANSMITTERS

FIELD OF THE DISCLOSURE

The present disclosure relates generally to locating the
sources of radar transmissions and more particularly to meth-
ods and apparatus for passively locating radar emissions from
transmitters.

BACKGROUND

A variety of applications exist for precisely locating the
source or radio waves such as radar transmitters. Conven-
tional location techniques employ signal arrival time-differ-
ence and phase-difference at spatially separated low gain or
so-called main beam receivers and require simultaneous illu-
mination of the receivers by the target radar signal. However,
the receivers must have sufficiently small angular separation
relative to the radar to achieve simultaneous illumination,
which is not always practical. In addition, the geometric
dilution of precision increases as the separation of the receiv-
ers decreases. Thus, there remains a need for improved tech-
niques and apparatus for detecting the source of radar and
other radio wave transmission.

SUMMARY OF DISCLOSURE

Various details of the present disclosure are hereinafter
summarized to facilitate a basic understanding, where this
summary is not an extensive overview of the disclosure, and
is intended neither to identify certain elements of the disclo-
sure, nor to delineate the scope thereof. Rather, the primary
purpose of this summary is to present some concepts of the
disclosure in a simplified form prior to the more detailed
description that is presented hereinafter. Systems and meth-
ods are presented hereinafter for passive location of radar
transmitters which do not require simultaneous illumination
of the receivers as was the case in conventional techniques.
The system includes fixed or moving receivers that receive
and time stamp signals from one or more target transmitters
and a central processing facility with a processor and a
memory storing differential scan observation values derived
from peak power time of arrival data from a pair of the
receivers for each signal of interest. For each signal of inter-
est, the processor computes a line of position curve based on
the differential scan observation value and corresponding
receiver locations, and determines an estimated target trans-
mitter location based on an intersection of two corresponding
line of position curves for each signal of interest.

The receivers and/or the central processing facility in cer-
tain embodiments identify peak power time of arrival values
for each signal of interest and each receiver, and merge peak
power time of arrival data from multiple receivers for each
signal of interest, where the central processing facility com-
putes a differential scan observation value for each pair of
receivers with peak power time of arrival data for the signal of
interest. The central processing facility in one embodiment
solves an equation for each differential scan observation
value to compute the line of position curves, and may linear-
ize the equation about an a priori location estimate and itera-
tively update the location estimate so as to minimize a root
mean square (RMS) of the difference between actual and
modeled differential scan observations. In certain embodi-
ments, moreover, the central processing facility curve-fits
received and time stamped signals using a second-order poly-
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2

nomial to identify the peak power arrival time at a maximum
value of the fitted curve. In certain embodiments, three or
more stationary receivers are used, and the location estimate
is determined from the intersection of two or more line of
position curves computed from two or more differential scan
observation values. In other implementations, two or more
receivers are used, with at least one receiver moving, where
two differential scan observation values and corresponding
line of position curves are computed to determine the esti-
mated transmitter location.

Passive radar transmitter location methods are provided,
which include receiving and time stamping signals from one
or more target transmitters at each of a plurality of receivers,
isolating amplitude and time data for each signal of interest
and identifying a peak power time of arrival for each signal of
interest for each receiver, as well as merging peak power time
of arrival data from multiple receivers for each signal of
interest. The methods further include computing a differential
scan observation value for each pair of receivers with peak
power time of arrival data and computing a line of position
curve for each differential scan observation value based on
the differential scan observation value and corresponding
receiver locations for each signal of interest. In addition, the
methods include determining an estimated target transmitter
location based on an intersection of two corresponding line of
position curves for each signal of interest. The line of position
computation in certain embodiments includes solving an
equation for each differential scan observation value and
linearizing the equation about an a priori location estimate
and iteratively updating the location estimate so as to mini-
mize a root mean square of the difference between actual and
modeled differential scan observations. The identification of
the peak power time of arrival in some implementations
includes curve-fitting the received and time stamped signals
using a second-order polynomial and identifying a time value
corresponding to a maximum value of the fitted curve.

BRIEF DESCRIPTION OF THE DRAWINGS

The following description and drawings set forth certain
illustrative implementations of the disclosure in detail, which
are indicative of several exemplary ways in which the various
principles of the disclosure may be carried out. The illustrated
examples, however, are not exhaustive of the many possible
embodiments of the disclosure. Other objects, advantages
and novel features of the disclosure will be set forth in the
following detailed description of the disclosure when consid-
ered in conjunction with the drawings, in which:

FIG. 1 is a schematic system level diagram illustrating an
exemplary system for locating a radar transmitter having
three stationary receivers in accordance with one or more
aspects of the present disclosure;

FIG. 2 is a schematic system level diagram illustrating
another implementation of a system for locating a radar trans-
mitter having two receivers, one of which is moving, in accor-
dance with one or more aspects of the present disclosure;

FIG. 3 is a flow diagram illustrating an exemplary method
for passive location of a radar transmitter in accordance with
further aspects of the disclosure;

FIGS. 4A-4C are graphs illustrating received signals from
two target transmitters at three exemplary receivers in the
system of FIG. 1;

FIGS. 5A-5C are graphs illustrating isolation of a signal of
interest corresponding to a first target transmitter and curve
fitting to identify a time of peak power arrival at the three
exemplary receivers in the system of FIG. 1;
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FIGS. 6A-6C are graphs illustrating isolation of another
signal of interest corresponding to a second target transmitter
and curve fitting to identify a time of peak power arrival at the
three exemplary receivers in the system of FIG. 1;

FIG. 7 is a schematic diagram illustrating three exemplary
line of position curves computed in the system of FIG. 1 from
differential scan observation values for pairs of the receivers
with respect to a first target transmitter located proximate the
intersection of the line of position curves;

FIG. 8 is a schematic diagram illustrating another set of
three line of position curves computed in the system of FIG.
1 using differential scan observation values for pairs of the
receivers with respect to a second target transmitter located
proximate the intersection of the line of position curves;

FIG. 9 is a schematic diagram illustrating two exemplary
line of position curves computed in the system of FIG. 2 using
differential scan observation values for a pair receivers with
one receiver moving with respect to the first target transmitter
located proximate the intersection of the line of position
curves; and

FIG. 10 is a schematic diagram illustrating two line of
position curves computed using differential scan observation
values for a pair receivers with one receiver moving with
respect to the second target transmitter in the system of FIG.
2.

DETAILED DESCRIPTION OF THE
DISCLOSURE

Referring to the figures, several embodiments or imple-
mentations are hereinafter described in conjunction with the
drawings, where like reference numerals are used to refer to
like elements throughout, and where the various features are
not necessarily drawn to scale. Referring initially to FIGS. 1
and 2, an exemplary system 2 is illustrated for locating a radar
transmitter 10, 14. The system 2 includes a plurality of receiv-
ers 6 which operate to receive and time stamp signals from
one or more target transmitters 10, 14, as well as a central
processing facility 40 which is coupled with the receivers 6.
The central processing facility 40 includes a processor 42 and
a memory 44, and may include any form of hardware, soft-
ware, firmware, programmable logic, etc. or combinations
thereof in order to implement the functions described herein
and may be implemented as a unitary facility or may imple-
ment one or more of the disclosed features in distributed
fashion using two or more processors 42 operatively coupled
by wired and/or wireless networks or other communications
apparatus. The memory 44 may be used to store program code
executed by the processor 42 as well as data, and the memory
44 may be a unitary memory component or may include
multiple memory elements. In the illustrated embodiment,
the memory 44 stores differential scan observation values 45
derived from peak power time of arrival data associated with
pairs of the receivers 6 for each signal of interest, where a
signal of interest is a signal determined or assumed to be
sourced by a particular target transmitter 4, 10 of interest. In
operation, the processor 42 computes a line of position curve
46 (FIGS. 7-10 below) for each differential scan observation
value for each signal of interest, based on the differential scan
observation value 45 and the locations 47 of the correspond-
ing receivers 6, which are also stored in the memory 44 in the
illustrated implementation. In addition, the processor 42
determines an estimated target transmitter location 48 for
each signal of interest based on the intersection 48 of two
corresponding line of position curves 46 (FIGS. 7-10).

Asbest shown in FIG. 1, one implementation of the system
2 includes three or more stationary receivers (e.g., receivers
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6a, 6b, and 6¢ in FIG. 1), in which case two differential scan
observation values 45 can be computed for each signal of
interest for at least two corresponding pairs of the receivers 6.
In this implementation, the central processing facility 40
computes at least two corresponding line of position curves
46 for each signal of interest using the two differential scan
observation values 45 (e.g., as shown in FIGS. 7 and 8 below),
and determines the target transmitter location estimate for
each signal of interest based on the intersection of the two line
of position curves 46. Another implementation is depicted in
FIG. 2 with two or more receivers (e.g., receivers 6a and 65)
in which at least one receiver 6a is moving. In this case, two
differential scan observation values 45 may be computed by
the facility 40 for each signal of interest for the receivers 6a
and 65 and at least two corresponding line of position curves
46 are computed (e.g., FIGS. 9 and 10 below) for each signal
of interest using the two differential scan observation values
45 and the corresponding receiver positions 47, where the
target transmitter location is estimated for each signal of
interest based on the intersection of the two line of position
curves 46.

In the illustrated system 2, the receivers 6 receive signals
emitted by the target transmitters, such as radar or other radio
waves, and quantify the received signal strength and the time
of'signal receipt, such as by time stamping. Referring also to
FIGS. 4A-4C, graphs 201-203 illustrate received signals from
two target transmitters T1 (10) and T2 (14) at the three exem-
plary receivers 6a-6¢, respectively, in the system 2 of FIG. 1.
In operation, the transmitter 10 (T1) generates a rotating radar
signal operated at a rotational speed (frequency) w, in the
direction 12 shown in FIGS. 1 and 2, and the second illus-
trated transmitter 14 (T2) likewise transmits a rotating radar
signal at a rotational speed , in the direction 16, where the
target transmitters 10, 14 may operate at different rotational
frequencies w and at different transmit power levels, and need
not be in phase with one another. The receivers 6, moreover,
may be any suitable form of receiver operative to receive
radio wave signals from the target transmitters 10, 14, and
may include various hardware, software, communications
interfaces, and other circuitry to send signals and data to the
central processing facility 40.

The received signal power levels and arrival time (time
stamp) information may be forwarded to the central process-
ing facility 40 and/or the receivers 6 may perform one or more
signal processing/analysis tasks prior to forwarding data to
the central facility 40. In particular, the central processing
facility 40 or the receivers 6 are configured to identify a peak
power time of arrival value for each signal of interest and each
receiver. As further shown in graphs 211, 214, and 217 in
FIGS. 5A-5C, this may involve segregating received (and
time stamped) signals associated with a particular target
transmitter of interest, collectively referred to as a signal of
interest. For example, as the transmitters 10 and 14 in FIG. 1
generate rotating radar transmissions, these are received at
the three exemplary receivers 6a, 6b, and 6¢, where received
signals are shown in FIGS. 4A-4C as a function of time. These
raw received and time stamped signal values are a composite
of signals generated by the two transmitters 10 and 14, and
can be separated into identified signals of interest by the
receivers 6 and/or by the central processing facility 40 as
shown in FIGS. 5A-5C (corresponding to first signals of
interest from the first transmitter 10 (T1)) and in FIGS. 6 A-6C
(corresponding to second signals of interest from the second
transmitter 14 (T2)), respectively.

Referring to FIGS. 5A-5C, the graph 211 in FIG. 5A shows
signals received from the first transmitter 10 at the first
receiver 6a in FIG. 1. As shown in this figure, moreover, either
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the receiver 6a or the central processing facility 40 is opera-
tive to identify peak power time of arrival values t;; andt, , for
this signal of interest, in one embodiment, by curve-fitting the
received and time stamped signals using a second-order poly-
nomial and identifying time values t,, and t, , corresponding
to maximum values of the fitted curves 212 and 213. In this
case, the first curve 212 is fit to signals received in one sweep
of the transmitter 10’s rotation, where the time t;, is the
derived time that the first receiver 6a receives the peak trans-
mitter power during this first sweep of the first transmitter 10.
FIG. 5A further illustrates subsequently received signals by
the first receiver 6a from a second sweep of the first transmit-
ter 10, which is curve fit via a second-order polynomial curve
213, and from which a corresponding peak power time of
arrival value t, is ascertained. With respect to signals from
the first and second sweeps of the first transmitter, FIG. 5B
shows graph 214 for the second exemplary receiver 65 with
fitted curves 215 and 216 and corresponding peak power time
of arrival values t,, and t,,, and the graph 217 in FIG. 5C
illustrates segregated data fitted with curves 218 and 219 and
corresponding peak power time of arrival values t;; and t5, for
the third receiver 6¢ of FIG. 1.

FIGS. 6A-6C similarly show segregated signals received
from the second transmitter 14 by the three exemplary receiv-
ers 6a-6¢ in graphs 221, 224, and 227, respectively. For first
and second sweeps of the second transmitter 14, the graph
221 for the first receiver 6a shows fitted curves 222 and 223
and corresponding peak power time of arrival values t;, and
t,,. For the second receiver 6b, graph 224 in FIG. 6B illus-
trates fitted curves 225 and 226 and corresponding peak
power time of arrival values t,, and t,,, and the graph 227 in
FIG. 6C shows fitted curves 228 and 229 and corresponding
peak power time of arrival values t;; and t;, for the third
receiver 6¢. These aspects of the data reception, segregation
of'signals of interest, and curve fitting can be extended to any
number of receivers and any number of target transmitters,
where any suitable techniques may be used for identifying
received signals of interest associated with a given target
transmitter source, even if the number of target transmitters is
unknown using one or more known signal processing tech-
niques for signal segregation.

In operation, the central processing facility 40 merges the
peak power time of arrival data from multiple receivers 6 and
uses these compute a differential scan observation value 45
for each pair of receivers 6 with peak power time of arrival
data for each signal of interest. In the illustrated embodi-
ments, the differential scan observation values 45 are com-
puted as the difference between corresponding peak power
time of arrival values from pairs of receivers 6, for example,
t,—t, computed as the difference between peak power time of
arrival values for two receivers a and b.

In one embodiment, moreover, the central processing facil-
ity 40 solves the following equation (1) for each differential
scan observation value 45 to compute a line of position curve
46:

(ra = 1)rp — r)) M

l‘ L
y, — I; = —COS
w [ra = rllrp —

where t, -t is the differential scan observation value 45, w
is the transmitter scanning frequency in radians per second, r,
is a multi-dimensional vector location of receiver a, r, is a
multi-dimensional vector location of receiver b, and r is the
line of position curve 46.
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To improve the estimate of the target location, moreover,
the central processing facility 40 in certain embodiments
linearizes the equation (1) about an a priori location estimate
and iteratively updates the estimated location so as to mini-
mize a root mean square (RMS) of the difference between
actual and modeled differential scan observations 45. Least
squares data fitting (weighted least squares differential cor-
rection) may thus be used to identify a model estimated loca-
tion for which the sum of squared residuals is minimal, where
the residuals are computed as the difference between an
observed value and the value given by the model.

FIG. 3 illustrates an exemplary method 100 for passive
location of a radar transmitter in accordance with further
aspects of the disclosure, and is hereinafter described in con-
nection with the exemplary system 2 of FIGS. 1 and 2 above.
While the method 100 is illustrated and described below as a
series of acts or events, it will be appreciated that the various
methods of the disclosure are not limited by the illustrated
ordering of such acts or events. In this regard, except as
specifically provided hereinafter, some acts or events may
occur in different order and/or concurrently with other acts or
events apart from those illustrated and described herein in
accordance with the disclosure. It is further noted that not all
illustrated steps may be required to implement a process or
method in accordance with the present disclosure, and one or
more such acts may be combined. The illustrated method 100
and other methods of the disclosure may be implemented in
hardware, software, or combinations thereof, such as in the
exemplary processor-based system 2 described above, and
may be embodied in the form of computer executable instruc-
tions stored in a physical computer readable medium, such as
in the memory 44 operatively associated with the system 2 in
one example.

The method 100 begins at 102 with receipt and time stamp-
ing of signals received at the plurality of receivers 6 from one
or more target transmitters 10, 14. For each receiver 6, ampli-
tude (e.g., power) and time data are isolated at 104 for each
signal of interest. For each signal of interest and for each
receiver 6, a peak power time of arrival is identified at 106,
such as by curve-fitting the received and time stamped signals
using a second-order polynomial and identifying a time value
corresponding to a maximum value of the fitted curve (e.g., as
illustrated and described above in connection with FIGS.
5A-5C and 6A-6C). As noted above, this processing at 104
and 106 may be done in the receivers 6 and/or at the central
processing facility 40 in the exemplary system 2. At 108, peak
power time of arrival data from multiple receivers 6 is merged
for each signal of interest, and a differential scan observation
value 45 is computed at 110 for each pair of receivers 6 with
peak power time of arrival data for each signal of interest. In
this regard, some receivers may not have received data for a
given target transmitter and data is used where received. At
112, for each signal of interest, a line of position curve 46 is
computed for each differential scan observation value based
on the differential scan observation value 45 and correspond-
ing receiver locations 47, and for each signal of interest, an
estimated target transmitter location is determined at 114
based on an intersection 48 of two corresponding line of
position curves 46. In one embodiment, the computation of
the line of position curves 46 at 112 includes solving the
above equation (I) for each differential scan observation value
45. The exemplary method 100, moreover, includes option-
ally linearizing the equation at 116 about an a priori location
estimate and iteratively updating the location estimate so as to
minimize a root mean square of the difference between actual
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and modeled differential scan observations 45, although not a
strict requirement of the broader aspects of the present dis-
closure.

FIG. 7 schematically illustrates the system 2 in operation to
ascertain a location of the exemplary first transmitter 10 (T1)
in a situation in which three stationary receivers 6a-6¢ are
used (see also FIGS. 4A-4C and 5A-5C). In this example, the
receivers 6a-6¢ have each received signals from one rotating
pass of the transmitter 10 and have time stamped the received
power values. As each receiver 6a-6¢ also received signals
from the second transmitter 14, the receivers 6 (or the central
processing facility 40) the received signals are segregated for
the two target transmitters and that associated with the first
transmitter 10 is curve-fitted to ascertain the peak arrival time
and these are merged and used to compute differential scan
observation values for the three receiver pairs R1-R2 (6a, 65),
R2-R3 (65, 6¢) and R3-R1 (6¢, 6a), as depicted in the curve
fitted data 212, 215, and 218 in FIGS. 5A-5C, respectively.
The central processing facility 40 solves the above equation
(1) to generate three corresponding line of position curves
46a, 465, and 46¢ as shown in FIG. 7, which intersect at (or
around) an intersection 48, which is then used as the esti-
mated location of the target transmitter 10. Another round of
signal reception and processing can be done using signals
received from a second rotation of the first transmitter 10
(e.g., fitted curves 213, 216, and 219 in FIGS. 5A-5C), result-
ing in generation of another set of three line of position curves
46 and intersections thereof, with the transmitter position
estimate being updated accordingly.

FIG. 8 shows analogous data acquisition and processing
for the three exemplary receivers 6a-6¢ in FIG. 1 with respect
to signals received from a first rotation of the second trans-
mitter 14. In this example, the receivers 6a-6¢ each receive
and time stamp the received signals, and those related to the
second target transmitter 14 are isolated and curve-fitted to
determine the peak arrival time values (e.g., first curves 222,
225, and 228 and associated peak arrival times t, , t,,, and t5;
in FIGS. 6 A-6C, respectively). The peak arrival times t;, 5,
and t;, are used to compute differential scan observation
values 45 for the three receiver pairs R1-R2 (6a; 65), R2-R3
(6b, 6¢) and R3-R1 (6¢, 6a), and the central processing facil-
ity 40 solves equation (1) to compute three corresponding line
of position curves 464, 465, and 46¢ shown in FIG. 8, which
intersect at (or around) an intersection 48, which is then used
as the estimated location of the second transmitter 14, and
further iterations of signal reception and processing can be
implemented from another rotation of the transmitter 14 (e.g.,
curves 223, 226, and 229 in FIGS. 6A-6C), to generate
another set of three line of position curves 46 and intersection
48 thereof to update or refine the estimated transmitter loca-
tion.

FIGS. 9 and 10 illustrate another implementation, in which
as few as two receivers R1 and R2 (6a and 65, see also FIG. 2
above) are used, with at least one of the receivers (e.g.,
receiver 6a in the illustrated example) moving. Using the
signal reception and processing techniques described above,
the central processing facility 40 derives two exemplary line
of position curves 46a and 465 shown in FIG. 9 with respect
to the location of the first transmitter of interest 10 using
received and time stamped signal data obtained by the receiv-
ers 6a and 64 in two different rotational cycles of the target
transmitter 10. In the interim period between these target
transmitter rotations, the receiver 6a has moved from an ini-
tial position (shown in dashed lines in FIG. 9) at the time of
the first transmitter cycle, to a second position during the
second transmitter rotation (shown in solid line in FIG. 9).
Assuming for illustrative purposes that the target transmitter
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14 has not moved or is only moving slowly relative to the
transmitter rotational frequency w, the peak power time of
arrival value for the first receiver 6a will be different for the
first and second scans, whereas that of the second (stationary)
receiver 6b will be the same. Thus, for example, the first and
second curve-fitted peak power time of arrival values t,; and
t,, (FIG. 5 A above) will differ from one another by an amount
that depends on the movement of the first receiver 6a,
whereas the difference between the arrival values t,, andt,, in
FIG. 5B. As a result, the computed differential scan values
t,,-1,, andt,,—t,, will be different and the corresponding line
of position curves 46a and 465 will be different as shown in
FIG. 9. In this manner, the intersection 48 of the two curves
46a and 465 is used as the estimated transmitter location, and
is obtained using only two receivers 6a and 65. The same is
true for locating the second target transmitter 14 at the inter-
section of corresponding first and second line of position
curves 46a and 465 in FI1G. 10, where the relative movement
of at least one receiver (6a) and the central processing facili-
ty’s tracking of the receiver locations 47 allows the solution of
the above equation to generate two intersecting curves 46a
and 465 for each signal of interest and thus to allow estima-
tion of the location of a target transmitter 14 of interest using
as few as two receivers.

The above examples are merely illustrative of several pos-
sible embodiments of various aspects of the present disclo-
sure, where equivalent alterations and/or modifications will
occurto others skilled in the art upon reading and understand-
ing this specification and the annexed drawings. In particular
regard to the various functions performed by the above
described components (assemblies, devices, systems, cir-
cuits, and the like), the terms (including a reference to a
“means”) used to describe such components are intended to
correspond, unless otherwise indicated, to any component,
such as hardware, software, or combinations thereof, which
performs the specified function of the described component
(i.e., that is functionally equivalent), even though not struc-
turally equivalent to the disclosed structure which performs
the function in the illustrated implementations of the disclo-
sure. In addition, although a particular feature of the disclo-
sure may have been illustrated and/or described with respect
to only one of several implementations, such feature may be
combined with one or more other features of the other imple-
mentations as may be desired and advantageous for any given
or particular application. Also, to the extent that the terms
“including”, “includes”, “having”, “has”, “with”, or variants
thereof are used in the detailed description and/or in the
claims, such terms are intended to be inclusive in a manner
similar to the term “comprising”.

The following is claimed:
1. A method for passive location of a radar transmitter, the
method comprising:

at each of a plurality of receivers, receiving and time
stamping signals from one or more target transmitters;

for each receiver, isolating amplitude and time data for
each signal of interest;

for each signal of interest for each receiver, identifying a
peak power time of arrival;

for each signal of interest, merging peak power time of
arrival data from multiple receivers:

for each signal of interest, computing a differential scan
observation value for each pair of receivers with peak
power time of arrival data for the signal of interest;

for each signal of interest, computing a line of position
curve for each differential scan observation value based
on the differential scan observation value and corre-
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sponding receiver locations, wherein the line of position
curve comprises a function of a rotational speed of the
radar transmitter; and
for each signal of interest, determining an estimated target
transmitter location based on an intersection of two cor-
responding line of position curves.
2. The method of claim 1, where computation of the line of
position curves includes solving the following equation for
each differential scan observation value:

(ra =)y — r))

-1, = Lot
, — I; = —COS
w [ra = rllry =l

where t,—t, is the differential scan observation value com-
puted as the difference between peak power time of
arrival values for receivers a and b,  is the transmitter
scanning frequency in radians per second r, is a multi-
dimensional vector location of receiver a, r,, is a multi-
dimensional vector location of receiver b, and r is the
line of position curve.

3. The method of claim 2, comprising linearizing the equa-
tion about an a priori location estimate and iteratively updat-
ing the location estimate so as to minimize a root mean square
of the difference between actual and modeled differential
scan observations.

4. The method of claim 2, where identifying a peak power
lime of arrival comprises curve-fitting the received and time
stamped signals using a second-order polynomial and iden-
tifying a time value corresponding to a maximum value of the
fitted curve.

5. The method of claim 2. where the plurality of receivers
include three stationary receivers, and where two differential
scan observation values are computed for each signal of inter-
est for at least two corresponding pairs of the receivers, where
at least two corresponding line of position curves are com-
puted for each signal of interest using the two differential scan
observation values, and where an estimated target transmitter
location is determined for each signal of interest based on the
intersection of the two line of position curves.

6. The method of claim 2, where the plurality of receivers
include at least one moving receiver, and where two differen-
tial scan observation values are computed for each signal of
interest for a pair of receivers that includes the at least one
moving receiver, where at least two corresponding line of
position curves are computed for each signal of interest using
the two differential scan observation values and the corre-
sponding receiver positions, and where an estimated target
transmitter location is determined for each signal of interest
based on the intersection of the two line of position curves.

7. The method of claim 1, where identifying a peak power
time of arrival comprises curve-fitting the received and time
stamped signals using a second-order polynomial and iden-
tifying a time value corresponding to a maximum value of the
fitted curve.

8. The method of claim 1. where the plurality of receivers
include three stationary receivers, and where two differential
scan observation values are computed for each signal of inter-
est for at least two corresponding pairs of the receivers, where
at least two corresponding line of position curves are com-
puted for each signal of interest using the two differential scan
observation values, and where an estimated target transmitter
location is determined for each signal of interest based on the
intersection of the two line of position curves.

9. The method of claim 1, where the plurality of receivers
include at least one moving receiver, and where two differen-
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tial scan observation values are computed for each signal of
interest for a pair of receivers that includes the at least one
moving receiver, where at least two corresponding line of
position curves are computed for each signal of interest using
the two differential scan observation values and the corre-
sponding receiver positions, and where an estimated target
transmitter location is determined for each signal of interest
based on the intersection of the two line of position curves.

10. A system for locating a radar transmitter comprising:

aplurality of receivers operative to receive and time stamp-

ing signals from one or more target transmitters; and

a central processing facility coupled with the receivers and

comprising a processor and a memory storing differen-
tial scan observation values derived from peak power
time of arrival data from a pair of the receivers for each
signal of interest, the processor being operative for each
signal of interest to compute a line of position curve for
each differential scan observation value based on the
differential scan observation value and corresponding
receiver locations, wherein the line of position curve
comprises a function of a rotational speed of the radar
transmitter, and for each signal of interest to determine
an estimated target transmitter location based on an
intersection of two corresponding line of position
curves.

11. The system of claim 10, where one of the central
processing facility and the receivers is operative to each iden-
tify a peak power time of arrival value for each signal of
interest and each receiver, and where the central processing
facility is operative for each signal of interest to merge peak
power time of arrival data from multiple receivers.

12. The system of claim 11 , where the central processing
facility is operative for each signal of interest to compute a
differential scan observation value for each pair of receivers
with peak power time of arrival data for the signal of interest.

13. The system of claim 12, where the central processing
facility is operative to solve the following equation for each
differential scan observation value to compute the line of
position curves:

(ra = 1)rp — r))

l‘ L
y —I; = —COS | ~————
w [rg = rllrp —

where t,—t, is the differential scan observation value com-
puted as the difference between peak power time of
arrival values for receivers a and b, is the transmitter
scanning frequency in radians per second, r, is a multi-
dimensional vector location of receiver a, r, is a multi-
dimensional vector location of receiver b, and r is the
line of position curve.

14. The system of claim 11 , where the central processing
facility is operative to solve the following equation for each
differential scan observation value to compute the line of
position curves:

(ra = 1)y — r))

-1, = Lot
', — I; = —COS
w [ra = Hlrs =1l

where t,—t, is the differential scan observation value com-
puted as the difference between peak power time of
arrival values for receivers a and b,  is the transmitter
scanning frequency in radians per second, r, is a multi-
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dimensional vector location of receiver a, r,, is a multi-
dimensional vector location of receiver b, and r is the
line of position curve.

15. The system of claim 10, where the central processing
facility is operative to solve the following equation for each
differential scan observation value to compute the line of
position curves:

(ra = 1)y — r))

[
I —1; = —cos (7
w [re = rllrs —

where t,—t, is the differential scan observation value com-
puted as the difference between peak power time of
arrival values for receivers a and b,  is the transmitter
scanning frequency in radians per second, r, is a multi-
dimensional vector location of receiver a, r,, is a multi-
dimensional vector location of receiver b, and r is the
line of position curve.

16. The system of claim 10, where the central processing
facility is operative for each signal of interest to compute a
differential scan observation value for each pair of receivers
with peak power time of arrival data for the signal of interest.

17. The system of claim 10, where the central processing
facility is operative to linearize the equation about an a priori
location estimate and iteratively updating the location esti-
mate so as to minimize a root mean square of the difference
between actual and modeled differential scan observations.
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18. The system of claim 10, where the central processing
facility is operative to curve-fit the received and time stamped
signals using a second-order polynomial and to identify a
time value corresponding to a maximum value of the fitted
curve.

19. The system of claim 10, where the plurality of receivers
include three stationary receivers, and where two differential
scan observation values are computed for each signal of inter-
est for at least two corresponding pairs of the receivers, and
where the central processing facility is operative to compute
at least two corresponding line of position curves for each
signal of interest using the two differential scan observation
values, and to determine the estimated target transmitter loca-
tion for each signal of interest based on the intersection of the
two line of position curves.

20. The system of claim 10, where the plurality of receivers
include at least one moving receiver, and where two differen-
tial scan observation values are computed for each signal of
interest for a pair of receivers that includes the at least one
moving receiver, and where the central processing facility is
operative to compute at least two corresponding line of posi-
tion curves for each signal of interest using the two differen-
tial scan observation values and the corresponding receiver
positions, and to determine the estimated target transmitter
location for each signal of interest based on the intersection of
the two line of position curves.



