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MAGNETIC WAKE DETECTOR

[0001] The present application claims the benefit of U.S. Provisional Application No.
62/214,792, filed September 4, 2015, which is incorporated by reference herein in its entirety.

FIELD

[0002] The present disclosure generally relates to sensors, and more particularly, to
magnetic wake sensors that detect small magnetic fields caused by fast moving charged

particles.
BACKGROUND

[0003] Low flying objects can be difficult to detect with traditional radar. For example,
cruise missiles can fly close to the ground, follow terrain, and constantly maneuver to avoid
detection by radar and being shot down. Modern variants of cruise missiles can also be
coated in radar absorbing material (RAM). These attributes can make cruise missiles difficult
to find and track with traditional sensors. Tracking algorithms can often experience difficulty
holding onto a target that maneuvers frequently, making it hard to attack. Flying at low
altitude can make the missiles hard to detect against a backdrop of terrain, which is generally
high clutter (e.g., noisy for the sensor). Being stealth and launched from long range can make
the cruise missile even more difficult to defeat. Even airbome radars may have difficulty
detecting and tracking low flying objects because of intense clutter issues involved with

scanning down toward the Earth and trying to track a small, stealthy target.

[0004] Atomic-sized nitrogen-vacancy (NV) centers in diamond lattices can have excellent
sensitivity for magnetic field measurement and enable fabrication of small magnetic sensors
that can readily replace existing-technology (e.g., Hall-effect) systems and devices. Diamond
NV (DNV) sensors can be maintained in room temperature and atmospheric pressure and can
even be used in liquid environments. The DNV sensors may beorders of magnitude more
sensitive than other technologies and can reduce magnetometer size, weight and power

(SWAP).

SUMMARY
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[0005] Methods and configuration are described for detecting small magnetic fields caused
by charged particles moving through a magnetic field. For example, the magnetic field
caused by charged particles moving through the Earth’s atmosphere can be detected. The
charged particles can originate from an engine from a missile or aircraft or charged particles

from a supersonic aircraft, such as a glider.
BRIEF DESCRIPTION OF THE DRAWINGS

[0006] The foregoing and other features of the present disclosure will become more fully
apparent from the following description and appended claims, taken in conjunction with the
accompanying drawings. Understanding that these drawings depict only several
implementations in accordance with the disclosure and are, therefore, not to be considered
limiting of its scope, the disclosure will be described with additional specificity and detail

through use of the accompanying drawings.

[0007] Fig. 1 illustrates a low altitude flying object in accordance with some illustrative

implementations.

[0008] Fig. 2 illustrates a magnetic field detector in accordance with some illustrative

implementations.

[0009] Figs. 3a and 3b illustrate a portion of a detector array in accordance with some

illustrative implementations.

[0010] Fig. 4 illustrates a computing system for implementing some features of some

illustrative implementations.
DETAILED DESCRIPTION

[0011] In some aspects of the present technology, methods and configurations are
disclosed for detecting small magnetic fields generated by moving charged particles. For
example, fast moving charged particles moving through the Earth’s atmosphere create a small
magnetic field that can be detected by the disclosed embodiments. Sources of charged
particles include fast moving vehicles such as missiles, aircraft, supersonic gliders, etc. To
detect the small magnetic fields, highly sensitive magnetometers (e.g., DNV sensors) may be
used. DNV sensors can provide 0.01 uT sensitivity. These magnetometers can be as or more
sensitive than the superconducting quantum interference device (SQUID) magnetometer

(e.g., with femto-Tesla level measurement sensitivity).
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[0012] As another example of a source of charged particles, a jet engine can create ions
as a byproduct of the combustion process. Another example includes a super-sonic glider
that generates a plasma field as the glider moves through the atmosphere. This plasma field
can generate charged particles. The disclosed detectors can also detect magnetic fields
underwater. Accordingly, torpedoes that are rocket propelled may create an ion flux. The
charged particles, e.g., ions, are moving quite fast for a period of time until slowed down by
the surrounding air. These fast moving ions (charged particles) can generate a low-level
magnetic field in the atmosphere. This field can be detected by one or more detectors as

described here within.

[0013] The subject technology can be used as an array of sensitive magnetic sensors (e.g.,
DNV sensors) to detect the magnetic fields created by charged particle sources, such as jet
engine exhaust. A single detector can be used to detect the magnetic field that are generated
over the detector. In one implementation, the range of a detector is 10 kilometers or less. In
another implementation, the range of the detector is one kilometer. In this implementation, a
single detector can detect a magnetic field within its 10 kilometer slant range. In another
implementation, the magnetic sensors may be spread out along a coast or at a distance from
some other areas of interest (e.g., critical infrastructure such as power plants, military bases,
etc.). In addition, multiple lines of sensors can be used to allow the system to establish the
missile trajectory. In one or more implementations, data from the magnetic sensors may be
used in conjunction with data from passive acoustic sensors (e.g., to hear the signature whine
of a jet engine) to improve the overall detection capabilities of the subject system. In some
aspects, the sensors can be small enough to be covertly placed near an enemy air field to
provide monitoring of jets as they take off or land (e.g., are at low altitudes). In various
implementations, the detectors can be low power and persistent (e.g., always watching —
without a manned crew). These detectors, therefore, can be used for covert (e.g., passive)
surveillance based on the subject solution which cannot be detected, even by current stealth

technology.

[0014] Figure 1 illustrates a flying object 102 at low altitude 108 in accordance with
some illustrative implementations. The flying object 102 can be a cruise missile, an aircraft,
or a super-sonic glider. The flying object 102 can readily avoid radar tracking due to high
clutter caused by terrain 106 and being stealth. Even airborne radars may not be able to
detect and track these objects because of intense clutter issues involved with scanning down

toward the Earth and trying to track a small, stealthy target. For example, high flying
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surveillance radar (e.g., AWACS or Hawkeye) can sometimes detect cruise missiles, but it is
costly and has to be up in the air and have sufficient signal-to-noise ratio(SNR) to be able to
operate in a high-clutter situation. Short-range radars may also provide detection capability,
but require substantial power and, due to the low flight height of the missile, may be able to
see the missile for an extremely brief period. The limited window of view-ability allows the
missile to be easily missed by a ground based system (especially if rotating) in part because it
would not persist in the field of view long enough to establish a track. The subject
technology utilizes high sensitivity magnetic sensors, such as DNV sensors to detect weak
magnetic fields generated by the fast movement of ions in the jet exhaust of cruise missiles.
For example, a DNV sensor measures the magnetic field that acts upon the DNV sensor.
When used on Earth, the DNV sensor measures the Earth’s magnetic field, assuming there
are no other magnetic fields affecting the Earth’s magnetic field. The DNV measures a
magnetic vector that provides both a magnitude and direction of the magnetic field. When
another magnetic field is within range of the DNV sensor, the measured field changes. Such

changes indicate the presence of another magnetic field.

[0015] When using a DNV sensor, each sample is a vector that represents the magnetic
field affecting the DNV sensor. Accordingly, using measurements over time the positions in
time and therefore, the path of an object can be determined. Multiple DNV sensors that are
spaced out can also be used. For example, sensed magnetic vectors from multiple DNV
sensors that are measured at the same time can be combined. As one example, the combined
vectors can make up a quiver plot. Analysis, such as a Fourier transform, can be used to
determine the common noise of the multiple measures. The common noise can then be

subtracted out from various measurements.

[0016] One way measurements from a single or multiple DNV sensors can be used is to
use the vectors in various magnetic models. For example, multiple models can be used that
estimate the dimensions, mass, number of objects, position of one or more objects etc. The
measurements can be used to determine an error of each of the models. The model with the
lowest error can be identified as most accurately describing the objects that are creating the
magnetic fields being measured by the DNV sensors. Alterations to one or more of the best
models can then be applied to reduce the error in the model. For example, genetic algorithms
can be used to alter a model in an attempt to reduce model error to determine a more accurate

model. Once an error rate of a model is below a predetermined threshold, the model can help
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identify how many objects are generating the sensed magnetic fields as well as the

dimensions and mass of the objects.

[0017] If the flying object 102 uses a combustion engine, exhaust 104 will be generated.
The exhaust 104 can include charged particles that are moving at high speeds when exiting
the flying object 102. These charged particles create a magnetic field that can be detected by
the described implementations. As the Earth has a relatively static magnetic field, the
detectors can detect disturbances or changes from the Earth’s static magnetic field. These

changes can be attributed to the flying object 102.

[0018] Figure 2 illustrates a magnetic field detector in accordance with various
illustrative implementations. A sensor 206 can detected a magnetic field 204 of a flying
object 202 passing overhead the sensor 206. The sensor 206 can be passive in that the sensor
206 does not emit any signal to detect the flying object 202. Accordingly, the sensor 206 is
passive and its use is not detectable by other sensors. For example a magnetic sensor such as
a DNV-based magnetic sensor can detect magnetic field with high sensitivity without being
detectable. A sensor network formed by a number of nodes equipped with magnetic sensors
(e.g. DNV sensors) can be deployed, for example, along national borders, in buoys off the
coast or in remote locations. For instance, a distant early warning line can be established near

the Arctic Circle.

[0019] Figures 3a and 3b illustrate a portion of a detector array in accordance with
various illustrative implementations. Detectors 302 and 304 can both detect the magnetic
field generated by the flying object 306. Given an array of detectors located in a region, data
from multiple detectors can be combined for further analysis. For example, data from the
detectors 302 and 304 can be combined an analyzed to determine aspects such as speed and
location of the flying object 306. As one example, at a first time shown in Figure 3a, detector
302 can detect the magnetic field generated from the flying object 306. Detector 304 may not
be able to detect this magnetic field or can detect the field but given the further distance the
detected field will be weaker compared to the magnetic field detected by detector 302. This
data from a single point of time can be used to calculate a position of the object 306. Data
from a third detector can also be used to triangulate the position of the flying object 306.

Data from a single detector can also be useful as this data can be used to detect a slant
position of the flying object 306. The combined data can also be used to determine a speed

of the flying object 306.
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[0020] In addition, data from one or more detectors over time can be used. In Figure 3b,
the flying object 306 has continued its path. The magnetic field detected by detector 304 has
increased in strength as the flying object approaches detector 304, while the magnetic field
detected by detector 302 will be weaker compared to the magnetic field detected in Figure 3a.
The differences in strength are based upon the flying object being closer to detector 304 and
further away from detector 302. This information can be used to determine a trajectory of the

flying object 306.

[0021] As describe above, data from a single detector can be used to calculate a slant
range of a flying object. The slant range can be calculated based upon a known intensity of
the magnetic field of the flying object compared with the intensity of the detected field.
Comparing these two values provides an estimate for the distance that the object is from the
detector. The precise location, however, is not known, rather a list of possible positions is
known, the slant range. The speed of the flying object can be estimated by comparing the
detected magnetic field measurements over time. For example, a single detector can detect
the magnetic field of the flying object over a period of time. How quickly the magnetic field
increases or decreases in intensity as the flying object move toward or away, respectively,
from the detector can be used to calculate an estimate speed of the flying object. Better
location estimates can also be used by monitoring the magnetic field over a period of time.
For example, monitoring the magnetic field from the first detection to the last detection from
a single detector can be used to better estimate possible positions and/or the speed of the
flying object. If the magnetic field was detected for a relatively long period of time, the
flying object is either a fast moving object that flew closely overhead to the detector or is a
slower moving object that few further away from the detector. The rate of change of the
intensity of the magnetic field can be used to determine if the object is a fast moving object or
a slow moving object. The possible positions of the flying object, therefore, can be reduced

significantly.

[0022] The time history of the magnetic field can also be used to detect the type of flying
object. Rocket propelled objects can have a thrust that is initially uniform. Accordingly, the
charged particles will be moving in a uniform manner for a time after being propelled from
the flying object. The detected magnetic field, therefore, will also have a detectable amount
of uniformity over time when the range influence is taken into account. In contrast,
hypersonic objects will lack this uniformity. For example, ions that leave a plasma field that

surrounds the hypersonic object will not be ejected in a uniform manner. That is, the ions
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will travel in various different directions. The detected magnetic field based upon these ions
will have a lot of variation that is not dependent on the range of the flying object.
Accordingly, analysis of the intensity of the magnetic field, taking into account range
influence, can determine if the magnetic field is uniform or has a large variation over time.
Additional data can be used to refine this analysis. For example, calculating and determining
a speed of an object can be used to eliminate possible flying objects that cannot fly at the
determined speed. In addition, data from different types of detectors can be used. Radar
data, acoustic data, etc., can be used in combination with detector data to eliminate possible

types of flying objects.

[0023] Data combined from multiple sensors can also be used to more accurately
calculate data associated with the flying object. For example, the time difference between
when two separate detectors can be used to calculate a range of speeds and possible locations
of the flying object. A first detector can first detect a flying object at a first time. A second
detector can first detect the flying object at a second time. Using the known distance between
the two detectors and the range of the two detectors, estimates of the speed and location of
the flying object can be significantly enhanced compared to using data from a single detector.
For example, the flying object is determined to be between two detectors rather than being on
the opposite of the first detector. Further, the direction of the flying object can be deduced.
The addition of a third detector allows for the location of the flying object to be triangulated.

[0024] FIG. 4 is a diagram illustrating an example of a system 400 for implementing
some aspects of the subject technology. The system 400 includes a processing system 402,
which may include one or more processors or one or more processing systems. A processor
can be one or more processors. The processing system 402 may include a general-purpose
processor or a specific-purpose processor for executing instructions and may further include a
machine-readable medium 419, such as a volatile or non-volatile memory, for storing data
and/or instructions for software programs. The instructions, which may be stored in a
machine-readable medium 410 and/or 419, may be executed by the processing system 402 to
control and manage access to the various networks, as well as provide other communication
and processing functions. The instructions may also include instructions executed by the
processing system 402 for various user interface devices, such as a display 412 and a keypad
414. The processing system 402 may include an input port 422 and an output port 424. Each
of the input port 422 and the output port 424 may include one or more ports. The input port
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422 and the output port 424 may be the same port (e.g., a bi-directional port) or may be
different ports.

[0025] The processing system 402 may be implemented using software, hardware, or a
combination of both. By way of example, the processing system 402 may be implemented
with one or more processors. A processor may be a general-purpose microprocessor, a
microcontroller, a Digital Signal Processor (DSP), an Application Specific Integrated Circuit
(ASIC), a Field Programmable Gate Array (FPGA), a Programmable Logic Device (PLD), a
controller, a state machine, gated logic, discrete hardware components, or any other suitable

device that can perform calculations or other manipulations of information.

[0026] A machine-readable medium can be one or more machine-readable media.
Software shall be construed broadly to mean instructions, data, or any combination thereof,
whether referred to as software, firmware, middleware, microcode, hardware description
language, or otherwise. Instructions may include code (e.g., in source code format, binary

code format, executable code format, or any other suitable format of code).

[0027] Machine-readable media (e.g., 419) may include storage integrated into a
processing system such as might be the case with an ASIC. Machine-readable media (e.g.,
410) may also include storage external to a processing system, such as a Random Access
Memory (RAM), a flash memory, a Read Only Memory (ROM), a Programmable Read-Only
Memory (PROM), an Erasable PROM (EPROM), registers, a hard disk, a removable disk, a
CD-ROM, a DVD, or any other suitable storage device. Those skilled in the art will
recognize how best to implement the described functionality for the processing system 402.
According to one aspect of the disclosure, a machine-readable medium is a computer-
readable medium encoded or stored with instructions and is a computing element, which
defines structural and functional interrelationships between the instructions and the rest of the
system, which permit the instructions’ functionality to be realized. Instructions may be
executable, for example, by the processing system 402 or one or more processors.

Instructions can be, for example, a computer program including code.

[0028] A network interface 416 may be any type of interface to a network (e.g., an
Internet network interface), and may reside between any of the components shown in FIG. 4

and coupled to the processor via the bus 404,
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[0029] A device interface 418 may be any type of interface to a device and may reside
between any of the components shown in FIG. 4. A device interface 418 may, for example,
be an interface to an external device (e.g., USB device) that plugs into a port (e.g., USB port)
of the system 400.

[0030] The foregoing description is provided to enable a person skilled in the art to
practice the various configurations described herein. While the subject technology has been
particularly described with reference to the various figures and configurations, it should be
understood that these are for illustration purposes only and should not be taken as limiting the

scope of the subject technology.

[0031] One or more of the above-described features and applications may be
implemented as software processes that are specified as a set of instructions recorded on a
computer readable storage medium (alternatively referred to as computer-readable media,
machine-readable media, or machine-readable storage media). When these instructions are
executed by one or more processing unit(s) (e.g., one or more processors, cores of processors,
or other processing units), they cause the processing unit(s) to perform the actions indicated
in the instructions. In one or more implementations, the computer readable media does not
include carrier waves and electronic signals passing wirelessly or over wired connections, or
any other ephemeral signals. For example, the computer readable media may be entirely
restricted to tangible, physical objects that store information in a form that is readable by a
computer. In one or more implementations, the computer readable media is non-transitory
computer readable media, computer readable storage media, or non-transitory computer

readable storage media.

[0032] In one or more implementations, a computer program product (also known as a
program, software, software application, script, or code) can be written in any form of
programming language, including compiled or interpreted languages, declarative or
procedural languages, and it can be deployed in any form, including as a stand-alone program
or as a module, component, subroutine, object, or other unit suitable for use in a computing
environment. A computer program may, but need not, correspond to a file in a file system.

A program can be stored in a portion of a file that holds other programs or data (e.g., one or
more scripts stored in a markup language document), in a single file dedicated to the program
in question, or in multiple coordinated files (e.g., files that store one or more modules, sub

programs, or portions of code). A computer program can be deployed to be executed on one
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computer or on multiple computers that are located at one site or distributed across multiple

sites and interconnected by a communication network.

[0033] While the above discussion primarily refers to microprocessor or multi-core
processors that execute software, one or more implementations are performed by one or more
integrated circuits, such as application specific integrated circuits (ASICs) or field
programmable gate arrays (FPGAs). In one or more implementations, such integrated

circuits execute instructions that are stored on the circuit itself.

[0034] In some aspects, the subject technology is related to sensors, and more particularly
to magnetic wake cruise missile detector. In some aspects, the subject technology may be
used in various markets, including for example and without limitation, advanced sensors, low

counter and /or low observables, and systems integration markets.

[0035] The description of the subject technology is provided to enable any person skilled
in the art to practice the various embodiments described herein. While the subject technology
has been particularly described with reference to the various figures and embodiments, it
should be understood that these are for illustration purposes only and should not be taken as

limiting the scope of the subject technology.

[0036] There may be many other ways to implement the subject technology. Various
functions and elements described herein may be partitioned differently from those shown
without departing from the scope of the subject technology. Various modifications to these
embodiments may be readily apparent to those skilled in the art, and generic principles
defined herein may be applied to other embodiments. Thus, many changes and modifications
may be made to the subject technology, by one having ordinary skill in the art, without
departing from the scope of the subject technology.

[0037] A reference to an element in the singular is not intended to mean “one and only
one” unless specifically stated, but rather “one or more.” The term “some” refers to one or
more. Underlined and/or italicized headings and subheadings are used for convenience only,
do not limit the subject technology, and are not referred to in connection with the
interpretation of the description of the subject technology. All structural and functional
equivalents to the elements of the various embodiments described throughout this disclosure
that are known or later come to be known to those of ordinary skill in the art are expressly

incorporated herein by reference and intended to be encompassed by the subject technology.
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Moreover, nothing disclosed herein is intended to be dedicated to the public regardless of

whether such disclosure is explicitly recited in the above description.
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WHAT IS CLAIMED IS:

L.

A system for detecting a magnetic field comprising:

a magnetometer configured to detect a magnetic vector of a magnetic field;

one or more electronic processors configured to:
receive the magnetic vector of the magnetic field from the magnetometer; and
determine a presence of a wake, based upon the magnetic vector, from a flying

object based upon the magnetic field.

The system of claim 1, wherein to determine the presence of the wake from the
flying object the one or more electronic processors are further configured to:
determine a difference between the magnetic vector of the magnetic field with a
vector of the magnetic field of the earth, wherein the difference is used to

determine the presence of the wake.
The system of claim 1, wherein the magnetometer has a sensitivity of 0.01 uT.
The system of claim 1, wherein the range of the magnetometer is one kilometer.

The system of claim 1, wherein the one or more electronic processors are further

configured to receive a plurality of magnetic vector values over time.

The system of claim 5, wherein the one or more electronic processors are further
configured to calculate a speed of the flying object based upon the plurality of

magnetic vectors.

The system of claim 5, wherein the one or more electronic processors are further
configured to:

calculate a plurality of possible locations of the flying object based upon the
magnetic vector;

eliminate a subset of the possible locations based upon the plurality of magnetic

vectors.

The system of claim 5, wherein the one or more electronic processors are further
configured to:
calculate an uniformity of the magnetic field over time based upon the plurality of

magnetic vectors; and

12 -
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

identify the flying object based upon the uniformity of the magnetic field over

time.

The system of claim 8, wherein the flying object is a missile.

The system of claim 8, wherein the flying object is a hypersonic glider.
The system of claim 8, wherein the flying object is a torpedo.

The system of claim 1, wherein the magnetometer is passive.

A method comprising:

detecting, using a magnetometer, a magnetic vector of a magnetic field;
receiving, at one or more electronic processors, the magnetic vector of the
magnetic field from the magnetometer; and

determining a presence of a wake, based upon the magnetic vector, from a flying

object based upon the magnetic field.

The method of claim 13, wherein determining the presence of the wake from the
flying object comprises determining a difference between the magnetic vector of
the magnetic field with a vector of the magnetic field of the earth, wherein the

difference is used to determine the presence of the wake.
The method of claim 13, wherein the magnetometer has a sensitivity of 0.01 uT.
The method of claim 13, wherein the range of the magnetometer is one kilometer.

The method of claim 13, further comprising receiving a plurality of magnetic

vectors over time.

The method of claim 17, further comprising calculating a speed of the flying

object based upon the plurality of magnetic vectors.

The method of claim 17, further comprising:

calculating a plurality of possible locations of the flying object based upon the
magnetic vector;

eliminating a subset of the possible locations based upon the plurality of magnetic

vectors.
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20.

21

22.

23.

24.

25.

26.

27.

28.

29.

The method of claim 17, further comprising:

calculating an uniformity of the magnetic field over time based upon the plurality
of magnetic vectors; and

identifying the flying object based upon the uniformity of the magnetic field over

time.

. The method of claim 20, wherein the flying object is a missile.

The method of claim 20, wherein the flying object is a hypersonic glider.
The method of claim 20, wherein the flying object is a torpedo.
The method of claim 13, wherein the magnetometer is passive.

A non-transitory computer-readable medium having instructions stored thereon,
that when executed by a computing device cause the computing device to perform
operations comprising:

receiving a vector of magnetic field from a magnetometer; and

determining a presence of a wake, based upon the vector, from a flying object that

based upon the magnetic field.

The non-transitory computer-readable medium of claim 25, wherein determining
the presence of the wake from the flying object comprises determining a
difference between the magnetic vector of the magnetic field with a vector of the
magnetic field of the earth, wherein the difference is used to determine the

presence of the wake.

The non-transitory computer-readable medium of claim 25, wherein the

magnetometer has a sensitivity of 0.01 uT.

The non-transitory computer-readable medium of claim 25, wherein the range of

the magnetometer is one kilometer.

The non-transitory computer-readable medium of claim 25, wherein the

operations further comprise receiving a plurality of magnetic vectors over time.

-14 -
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30.

31.

32.

33.

34.

35.

36.

37.

The non-transitory computer-readable medium of claim 29, wherein the
operations further comprise calculating a speed of the flying object based upon the

plurality of magnetic vectors.

The non-transitory computer-readable medium of claim 29, wherein the
operations further comprise:

calculating a plurality of possible locations of the flying object based upon the
magnetic vector;

eliminating a subset of the possible locations based upon the plurality of magnetic

vectors.

The non-transitory computer-readable medium of claim 29, wherein the
operations further comprise:

calculating an uniformity of the magnetic field over time based upon the plurality
of magnetic vectors; and

identifying the flying object based upon the uniformity of the magnetic field over

time.

The non-transitory computer-readable medium of claim 32, wherein the flying

object is a missile.

The non-transitory computer-readable medium of claim 32, wherein the flying

object is a hypersonic glider.

The non-transitory computer-readable medium of claim 32, wherein the flying

object is a torpedo.

The non-transitory computer-readable medium of claim 25, wherein the

magnetometer is passive.

A system comprising;

a first magnetometer configured to detect a first magnetic vectors of a magnetic
field;

a second magnetometer configured to detect a second magnetic vector of the
magnetic field;

one or more electronic processors configured to:

receive the magnetic vectors of the magnetic field from the first and second
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38.

39.

40.

4].

42.

43.

44.

magnetometers; and
determine a presence of a wake, based upon the magnetic vectors, from a

flying object based upon the magnetic vectors.

The system of claim 37, wherein to determine the presence of the wake from the
flying object the one or more electronic processors are further configured to:
determine differences between the vectors of the magnetic fields with a vector of
the magnetic field of the earth, wherein the differences are used to determine the

presence of the wake.
The system of claim 37, wherein the magnetometer has a sensitivity of 0.01 uT.
The system of claim 37, wherein the range of the magnetometer is one kilometer.

The system of claim 37, wherein the one or more electronic processors are further
configured to:

receive a first plurality of magnetic vectors over time from the first magnetometer;
and

receive a second plurality of magnetic vectors over time from the second

magnetometer.

The system of claim 41, wherein the one or more electronic processors are further
configured to calculate a speed of the flying object based upon the plurality of

magnetic vectors from the first and second magnetometers.

The system of claim 41, wherein the one or more electronic processors are further
configured to:

calculate a plurality of possible locations of the flying object based upon the first
magnetic vector;

eliminate a first subset of the possible locations based upon the second magnetic
vector;

eliminate a subset of the possible locations based upon the plurality of magnetic

vectors from the first and second magnetometers.

The system of claim 41, wherein the one or more electronic processors are further
configured to:

calculate an uniformity of the magnetic field over time based upon the plurality of
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45.

46.

47.

438.

49.

magnetic vectors from the first and second magnetometers; and
identify the flying object based upon the uniformity of the magnetic field over

time.

The system of claim 44, wherein the flying object is a missile.

The system of claim 44, wherein the flying object is a hypersonic glider.
The system of claim 44, wherein the flying object is a torpedo.

The system of claim 37, wherein the magnetometer is passive.

The system of claim 37, further comprising:

a third magnetometer configured to detect a third magnetic vector of the magnetic
field; and

triangulate a location of the flying object based upon the first magnetic vector, the

second magnetic vector, and the third magnetic vector.

-17 -



WO 2017/039747 PCT/US2016/014377

1/5

106

D
(108
FIG. 1




WO 2017/039747

D

102

104

2/5

PCT/US2016/014377

FIG. 2

i
\
206




WO 2017/039747

306

—~L

D

PCT/US2016/014377

3/5

i
)
304

FIG. 3A

i
\
302




WO 2017/039747 PCT/US2016/014377

4/5

D
d
)
304

306
a

FIG. 3B

i
\
302




WO 2017/039747

5/5

PCT/US2016/014377

400

PROCESSING
SYSTEM

| MACHINE- !
| READABLE |
{ MEDIUM |

418

404~

402

DEVICE
INTERFACE

c-->

410

< --)

MACHINE-
READABLE
MEDIUM

5/

416

C-->

NETWORK
INTERFACE

=/

FIG. 4



INTERNATIONAL SEARCH REPORT

International application No.
PCT/US 16/14377

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - F42B 10/00 (2016.01)
CPC - F41G7/22

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

B.  FIELDS SEARCHED

nimum documentation searched (classification system followed by ¢
IPC (8) - F42B 10/00 (2016.01)

CPC-F41G 7/22

lassification symbols)

CPC - G05D 1/12; F42B 15/01 (See Keywords below)
USPC - 244/3.15, 244/3.21, 244/3.16, 244/3.19, 342/63, 244/3.17

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

Electronic data base consulted during the international search (name of
Thomsoninnovation.com; Patbase; Google Scholar; Google Patents;

moving, motion, wake, presence, detect, air, flying, object, missile, gli

data base and, where practicable, search terms used)
Gogole.com; Freepatentsonline; ProQuest Dialog

Search Terms: Magnetometer, magnetic field, vector, measurement, anomaly, difference, earth?s magnetic field, charged particles,
ider, torpedo, etc.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y Fallah et al. "Multi-sensor approach in vessel magnetic wake imaging” In: Wave Motion, Volume | 1-49
51, Issue 1, January 2014, Pages 60-76 [online] [retrieved on 21 August 2016 (21.08.2016)]
Retrieved from the Internet <URL:
http://www.sciencedirect.com/science/article/pii/S0165212513001133 >, entire document,
especially Abstract; pages 61-62 and 68-72
Y US 2015/0225052 A1 (Cordell), 13 August 2015 (13.08.2015), entire document, especially 1-49
Abstract; Para [0008], [0010], [0016], [0020], [0023]
Y US 5,038,103 A (SCARZELLO et al.}, 06 August 1991 (06.08.1991), entire document, 4, 16, 28 and 40
especially Abstract; col 2, In 50 to col 3, In 15
Y US 2015/0018018 A1 (SHEN et al.), 15 January 2015 (15.01.2015), entire document, especially | 7, 19, 31 and 43
Abstract; Para [0018]-[00201, [0048], [00351. [Q0571
Y US 2009/0079426 A1 (ANDERSON), 26 March 2009 (26.03.2009), entire document, especially | 49
Abstract; Para [0025), [0029), (0034]-[0037]
A US 7,221,164 B1 (BARRINGER), 22 May 2007 (22.05.2007), entire document 1-49
A US 5,384,109 A (KLAVENESS et al.), 24 January 1995 (24.01.1995), entire document 149
A US 6,398,155 B1 (HEPNER et al.), 04 June 2002 (04.06.2002), entire document 1-49

D I'urther documents are listed in (he continuation of Box C.

[]

* Special categories of cited documents:

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

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

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

“0” document referring to an oral disclosure, use, exhibition or other
means

“P” document published prior to the international filing date but later than

the priority date claimed

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

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

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

“&” document member of the same patent family

Date of the actual completion of the international search

22 August 2016 (22.08.2016)

Date of mailing of the international search report

13 SEP 2016

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - claims
	Page 14 - claims
	Page 15 - claims
	Page 16 - claims
	Page 17 - claims
	Page 18 - claims
	Page 19 - drawings
	Page 20 - drawings
	Page 21 - drawings
	Page 22 - drawings
	Page 23 - drawings
	Page 24 - wo-search-report

