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clock time; calculating a time of flight (TOF) based on the
known distance and the broadcast speed; and incorporating a
time correction=12—(t1+4TOF) in calculations of TOF
between the FOD and the FRD.
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1
MOBILE DEVICE UTILIZING TIME OF
FLIGHT FOR LOCALIZATION

PRIORITY CLAIM AND RELATED
APPLICATIONS

This continuation-in-part application claims the benefit of
priority from application U.S. Ser. No. 14/484,933 filed on
Sep. 12, 2014. Said application is incorporated by reference
in its entirety.

BACKGROUND OF THE INVENTION

1. The Field of the Invention

The present invention is directed generally to a system for
enabling localization. More specifically, the present invention
is directed to a system for enabling localization that is coupled
to a ubiquitous mobile device not dependent on a Global
Positioning System (GPS) network.

2. Background Art

Modern day localization methods typically involve the use
of' Global Positioning System (GPS) which require hardware,
e.g., GPS receiver, cell towers, relay towers and other infra-
structure to locate immobile or mobile devices. Such methods
are not available to underwater applications and can be non-
operational on severely overcast days.

U.S. Pat. Pub. No. 20130033358 of Yamazaki et al. (here-
inafter Yamazaki) discloses a system including at least one
sender, and a beacon signal sent from the sender that is
received by a portable terminal. In accordance with a sender
1D included in the beacon signal, the portable terminal dis-
plays on an Liquid Crystal Display (LCD) a map image and a
current position of the portable terminal or a user having the
portable terminal, and displays on the LCD a guide image as
for events or exhibition items in a predetermined place. The
portable terminal stores state information included in the
beacon signal for each sender (sender ID), and transmits or
moves the state information to a central terminal at a prede-
termined timing. Yamazaki fails to disclose a case capable of
physical coupling to a mobile device. Yamazaki further fails
to disclose a means by which to detect a large motion or
movement and guard against detecting vibrations which are
to be ignored. This publication fails to include a mesh net-
work in that senders/nodes do not relay information between
each other but only to a portable terminal. Further, the por-
table terminals do not relay information between each other
and are not able to relay information from one terminal to
another and back to the central terminal. A mobile terminal is
unable to communicate directly to the central terminal. Thus,
if a portable terminal loses communication, it cannot relay
through another portable terminal. Note also in this disclosure
that vibration is used to detect that a sender or node has been
moved from a stationary position. A notice of vibration or
movement indicates that repositioning and recalibration of
Yamazaki’s portable terminal is required while the present
invention includes senders or nodes that can be continuously
moving (as not required to be stationary). Yamazaki fails to
disclose localization methods.

U.S. Pat. Pub. No. 20130146661 of Melbrod et al. (here-
inafter Melbrod) discloses embodiments of a smart phone
casing and information exchange system which enables a
user to carry a single system that merges the digital and
telecommunications necessities of the individual with the
personalized cards, membership accounts, consumer credit
and/or medical insurance or health information in a single
source protected both physically with a hardened case, and
digitally with appropriate safeguards for electronic protec-
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tion. Melbrod demonstrates the use of a smart phone case
capable of storing information and safeguards for allowing
certain information exchanges only. It does not however dis-
close a smart phone case having the tools and means for
detecting large motions and movements, etc. Melbrod also
fails to disclose localization methods.

U.S. Pat. Pub. No. 20110195753 of Mock et al. (hereinafter
Mock) discloses a smart phone case with Light Emitting
Diodes (LEDS). In a particular embodiment, the case
includes a front portion adapted to cradle a lower portion of a
smart phone, a rear portion adapted to engagingly mate with
the front portion to secure the smart phone within the case, a
first strip of LEDS and a second strip of LEDS that are
mounted on opposing sides of the front portion, a vibrating
sensor that is adapted to activate the LEDS of the case when
avibrator of the smart phone is vibrating, and circuitry is used
to control the vibrating sensor and the LEDS. The vibrating
sensor detects vibrations of the vibrator of the smart phone
when the smart phone is receiving an incoming call or mes-
sage. The LEDS are programmed to display in a set sequence
when activated, where the set sequence to display the LEDS
is selected by a user. Mock demonstrates the use of a case for
detecting vibration from a smart phone and taking an action,
i.e., activating LEDS based on the detection of the vibration.
It does not however disclose a smart phone case having the
tools and means for detecting large motion and movements,
etc. Mock also fails to disclose localization methods.

Therefore, there arises a need for a localization method
which can be seamlessly utilized with a ubiquitous mobile
device for providing a localization system at low costs and
one that is not dependent on a Global Positioning System
(GPS) network.

SUMMARY OF THE INVENTION

Disclosed herein is a method for synchronizing a clock of
a frequency originator device and a clock of a frequency
receiver device, the method including steps of:

(a) disposing an information storage device at a known dis-
tance from the frequency originator device, wherein a broad-
cast frequency of the frequency originator device and the
known distance are configured to be stored in the information
storage device;

(b) obtaining by the frequency receiver device, the known
distance between the frequency originator device and the
information storage device and the broadcast frequency of the
frequency originator device, from the information storage
device;

(c) setting the frequency receiver device to receive broadcasts
at the broadcast frequency;

(d) receiving a broadcast of the frequency originator device
by the frequency receiver device at the frequency receiver
device’s clock time of T2, wherein the broadcast was made at
the frequency originator device’s clock time of t1;

(e) calculating a time of flight (TOF) based on the known
distance and the speed of the broadcast; and

(f) incorporating a time correction=12-(t1+TOF) in calcula-
tions of TOF between the frequency originator device and the
frequency receiver device.

In one embodiment, the information storage device is a
Radio Frequency Identification (RFID) tag.

In one embodiment, the RFID tag is a Near Field Commu-
nication (NFC) tag.

In one embodiment, the receiving step further includes
decrypting the broadcast by the frequency receiver device,
whereby if the broadcast is determined to be an intended
message, the calculating and incorporating steps continue to
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be executed and if the broadcast is determined to be an unin-

tended message, the calculating and incorporating steps will

not be executed.

There is further disclosed a method for determining the
location ofa mobile device with respect to only two frequency
originator devices, the mobile device having at least two
frequency receiver devices disposed at a fixed distance from
one another and a heading indicating device, each of said only
two frequency originator devices is disposed at a known
location, the method including:

(a) obtaining a distance between each of the at least two
frequency receiver devices and each of the only two fre-
quency originator devices based on a time of flight (TOF)
between the one of the at least two frequency receiver
devices and the one of the only two frequency originator
devices and the known locations of the only two frequency
originator devices;

(b) establishing a pattern of an output of the heading indicat-
ing device with respect to the distances obtained in the
obtaining step; and

(¢) comparing the pattern of an output of the heading indicat-
ing device to a plurality of possible patterns corresponding
to a plurality of possible locations of the mobile device,
whereby if one of the plurality of possible patterns matches
the pattern, the pattern indicates the location of the mobile
device.

In one embodiment, the pattern of the output of the heading
indicating device comprises the side, one of the distances
obtained in the obtaining step is disposed with respect to the
output of the heading indicating device.

In one embodiment, the output of the heading is the north
heading.

In one embodiment, the heading indicating device is a
device selected from the group consisting of a magnetometer,
a gyrocompass, a gyroscope-enabled magnetometer and any
combinations thereof.

In one embodiment, at least one of the only two frequency
originator devices is a music box.

In one embodiment, the method further comprising
decrypting at least one message from one of the only two
frequency originator devices, whereby if the at least one
message is determined to be an intended message, the steps
(a)-(c) continue to be executed and if the at least one message
is determined to be an unintended message, the steps (a)-(c)
will not be executed.

Whereas there may be many embodiments of the present
invention, each embodiment may meet one or more of the
foregoing recited objects in any combination. It is not
intended that each embodiment will necessarily meet each
objective. Thus, having broadly outlined the more important
features of the present invention in order that the detailed
description thereof may be better understood, and that the
present contribution to the art may be better appreciated, there
are, of course, additional features of the present invention that
will be described herein and will form a part of the subject
matter of this specification.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are incorporated in
and constitute a part of this specification, illustrate embodi-
ments and together with the description, serve to explain the
principles of the methods and systems:

FIG. 1 is a block diagram depicting a communication sys-
tem where a mobile device case is attached to a mobile device
and a plurality of sensors is disposed remotely from the
mobile device case.
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FIG. 2 is a block diagram depicting a communication sys-
tem where a mobile device case is attached to a mobile device
and a plurality of sensors are coupled to the mobile device
case.

FIG. 3 is a block diagram depicting a mobile device, a
mobile device case, a plurality of sensors and the relation-
ships between these components.

FIG. 4 is a block diagram depicting a mobile device, a
mobile device case, a plurality of sensors coupled to the
mobile device case and the relationships between these com-
ponents.

FIG. 5 is a block diagram depicting two sets of mobile
device and mobile device case, a plurality of sensors and the
relationships between these components.

FIG. 6 is a sequence diagram depicting a means by which
a mobile device case is used in conjunction with a mobile
device to detect a movement of the mobile device case.

FIG. 7 is a sequence diagram depicting a means by which
a mobile device case is used in conjunction with a mobile
device to detect a condition where the distance between the
two devices has grown beyond a predetermined threshold.

FIG. 8 is a sequence diagram depicting a means by which
a mobile device case is used in conjunction with a mobile
device to detect an intrusion in a space between the two
devices.

FIG. 9 is a diagram depicting an example of the use of a
mesh network for communication between multiple devices
or detection of one or more devices in a network.

FIG. 10 is a diagram depicting an example of the use of a
mesh network for locating a device.

FIG. 11 is a block diagram depicting a mobile device, a
plurality of mobile device cases and the relationships between
these components.

FIG. 12 is a block diagram depicting the components of
FIG. 11 and functional connections between these compo-
nents that are different than those disclosed in FIG. 11.

FIG. 13 is a block diagram depicting the components of
FIG. 11 and functional connections between these compo-
nents that are different than those disclosed in FIG. 11.

FIG. 14 is a diagram depicting one embodiment of a
present localization system.

FIG. 15 is a diagram depicting another embodiment of a
present localization system.

FIG. 16 is a diagram showing two different frequencies
broadcasted using two different frequency originator devices
as shown in FIG. 15.

FIG. 17 is a sequence diagram depicting a means by which
a device may be localized.

FIG. 18 is a plan view depicting a means by which local-
ization is perfected with additional information.

FIG. 19 is a sequence diagram depicting a means by which
two devices are clock time synchronized via a web server.

FIG. 20 is a diagram depicting one embodiment of a
present localization system including the use of an informa-
tion storage device.

FIG. 21 is a diagram depicting another embodiment of a
present localization system including the use of an informa-
tion storage device.

FIG. 22 is a diagram depicting an example of a correction
that is required to be made to synchronize the clock of a
frequency originator device and a frequency receiver device.

FIG. 23 is a diagram depicting the use of encryption in one
embodiment of a present localization system.

FIG. 24 is a diagram depicting another embodiment of a
present localization system including the use of more than
one frequency receiver device on a single mobile device.
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FIG. 25 is a diagram showing the embodiment of FIG. 24
depicted with distances between frequency originator and
receiver devices shown where such distances can be used to
uniquely identify the location of the mobile device upon
which the frequency receiver devices are attached.

FIG. 26 is a diagram possible location of the mobile device
of FIG. 25 where such possible location is eliminated by
having the heading information shown in FIG. 25.

PARTS LIST

2—mobile device case

4—mobile device

6—sensor

8 —communication between mobile device case and sensor

10—communication between mobile device case and mobile
device

12—communication between mobile device cases

14—communication between mobile devices

16—communication between mobile device and sensor

18—radius of trajectory of sensor C

20—distance between sensor A and mobile device case B

22 distance between mobile device case B and sensor C

24— total distance between sensor A and sensor C

26—communication between sensors

28—step of synchronizing clock time

30—step of sending message with time stamp of transmit
time

32—step of sending message with time stamp of transmit
time and calculated time of flight

34—step of calculating time of flight

36—plane
38—subgroup
40—quality check

42—Airst frequency originator device

44—second frequency originator device

46—Dbroadcast signal having first frequency

48— Dbroadcast signal having second frequency

50—frequency originator device, e.g., long range acoustic
device (LRAD)

52—arc representing distance from frequency originator
device

54—frequency receiver device, e.g., mobile device

56—{irst frequency receiver device

58—second frequency receiver device

60—distance between first frequency originator device and
first frequency receiver device

62—distance between first frequency originator device and
second frequency receiver device

64—distance between second frequency originator device
and first frequency receiver device

66—distance between second frequency originator device
and second frequency receiver device

68—distance between first and second frequency receiver
devices on a mobile device

70—correction

72—axis connecting first and second frequency originator
devices

74—information storage device

PARTICULAR ADVANTAGES OF THE
INVENTION

The present localization system enables the use of a ubig-
uitous device, such as a mobile device, e.g., smart phone,
which already includes one or more frequency receiver
devices for determining the time of flight of messages broad-
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casted from frequency originator devices and in some cases,
aNear Field Communication (NFC) reader which can be used
to obtain information on broadcasts to be expected.

The one or more frequency receiver devices are used in
conjunction with one or more frequency originator devices,
which are also ubiquitous devices, such as a mobile device,
e.g., smart phone.

In one embodiment, the clock synchronization process
between a frequency originator device and a frequency
receiver device is performed without the direct sharing of
clock time between the two devices, therefore removing the
requirement of direct communication of such a parameter
between the two devices. In circumstances where no such
communication can be easily established, this serves as an
alternative and inexpensive means for synchronizing clocks
of the two devices.

Additional advantages will be set forth in part in the
description which follows or may be learned by practice. The
advantages will be realized and attained by means of the
elements and combinations particularly pointed out in the
appended claims. It is to be understood that both the forego-
ing general description and the following detailed description
are exemplary and explanatory only and are not restrictive, as
claimed.

DETAILED DESCRIPTION OF A PREFERRED
EMBODIMENT

The term “about” is used herein to mean approximately,
roughly, around, or in the region of. When the term “about™ is
used in conjunction with a numerical range, it modifies that
range by extending the boundaries above and below the
numerical values set forth. In general, the term “about” is
used herein to modify a numerical value above and below the
stated value by a variance of 20 percent up or down (higher or
lower).

The terms “large motion” or “large movement” are used
herein to mean a movement that is sufficient large, e.g., as a
result of the opening or closing of a door, a position shift of
about 5% per second, a position shift of at least about 1 inch
per second, etc. A vibration caused by the operation of a
common household appliance or air movement due to forced
circulations in an indoor space shall not be considered to have
the capability of causing a large motion or large movement
(excluding some devices such as washing machines and
clothes driers).

Before the present methods and systems are disclosed and
described, it is to be understood that the methods and systems
are not limited to specific synthetic methods, specific com-
ponents, or to particular compositions. It is also to be under-
stood that the terminology used herein is for the purpose of
describing particular embodiments only and is not intended to
be limiting.

As used in the specification and the appended claims, the
singular forms “a,” “an” and “the” include plural referents
unless the context clearly dictates otherwise. “Optional” or
“optionally” means that the subsequently described event or
circumstance may or may not occur, and that the description
includes instances where said event or circumstance occurs
and instances where it does not. Throughout the description
and claims of this specification, the word “comprise” and
variations of the word, such as “comprising” and “com-
prises,” means “including but not limited to,” and is not
intended to exclude, for example, other additives, compo-
nents, integers or steps. “Exemplary” means “an example of”
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and is not intended to convey an indication of a preferred or
ideal embodiment. “Such as” is not used in a restrictive sense,
but for explanatory purposes.

Disclosed are components that can be used to perform the
disclosed methods and systems. These and other components
are disclosed herein, and it is understood that when combi-
nations, subsets, interactions, groups, etc. of these compo-
nents are disclosed that while specific reference of each vari-
ous individual and collective combinations and permutation
of these may not be explicitly disclosed, each is specifically
contemplated and described herein, for all methods and sys-
tems. This applies to all aspects of this application including,
but not limited to, steps in disclosed methods. Thus, if there
are a variety of additional steps that can be performed it is
understood that each of these additional steps can be per-
formed with any specific embodiment or combination of
embodiments of the disclosed methods.

The present methods and systems may be understood more
readily by reference to the following detailed description of
preferred embodiments and the examples included therein
and to the figures and their previous and following descrip-
tion.

FIG. 1 is a block diagram depicting a communication sys-
tem where a mobile device case is attached to a mobile device
4 and a plurality of sensors 6 is disposed remotely from the
mobile device case 2. The mobile device case 2 is physically
and functionally coupled to the mobile device 4. In one
embodiment, the mobile device case 2 is a cradle in which the
mobile device is seated such that the mobile device case 2
provides protection against accidental impact, etc. A mobile
device case 2 is essentially a controller capable of communi-
cation with a mobile device 4 and one or more sensors 6.
“Communication,” as used herein is defined as communica-
tion via various communication means and protocols, e.g.,
Bluetooth, Global Positioning System (GPS), wireless local
area network (Wi-Fi), etc. In one embodiment, an application
capable of being installed in a mobile device is provided to
cause the mobile device, via its transmitter and receiver, to
communicate with a mobile device case 2 and a sensor 6.
Each mobile device case 2 and sensor 6 may alternatively be
equipped with a controller, transmitter and receiver to facili-
tate communication of one of these devices with another
device. In one embodiment, a sensor 6 is an accelerometer
between 2 g-8 g. In another embodiment, a sensor 6 is a 3-axis
digital gyro with programmable full-scale ranges of about
%250, £500, £1000, and +2000 degrees/sec (dps), which is
useful for precision tracking of both fast and slow motions. In
yet another embodiment, a sensor 6 is a low-power digital
three dimensional (3D) magnetic sensor capable of measur-
ing local magnetic fields up to about 10 Gauss with output
data rates (ODR) up to 80 Hz. In one embodiment, a receiver
is a device capable of receiving signals or messages transmit-
ted as waves (e.g., radio and sound, etc.) having a frequency
response falling within or outside that of the frequency
response of a typical microphone which ranges from about 20
Hz to about 20 kHz.

FIG. 2 is a block diagram depicting a communication sys-
tem where a mobile device case 2 is attached to a mobile
device and a plurality of sensors 6 are coupled to the mobile
device case 2. In one embodiment, a mobile device case 2
comprises a plurality of sensors 6. In another embodiment, a
plurality of sockets are made available on-board the mobile
device case 2 and configured for receiving sensors 6. In use,
only the necessary sensors 6 are inserted in the sockets and
functionally connected to the mobile device case 2.

FIG. 3 is a block diagram depicting a mobile device 4, a
mobile device case 2, a plurality of sensors 6 and the relation-
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ships between these components. The mobile device 4 is
configured to communicate with the mobile device case 2 via
communication 10 and each of the sensors 6 via communi-
cation 16. The mobile device case 2 is configured to commu-
nicate with each of the sensors 6 via communication 8. A
mobile device case 2 may communicate with another mobile
device case 2 via communication 12. A mobile device 4 may
communicate with another mobile device 4 via communica-
tion 14. A sensor 26 may be configured to communicate with
another sensor via communication 26. In one embodiment,
the present system includes an application adapted to a
mobile device 4 and at least one sensor 6. In another embodi-
ment, the present system includes an application adapted to a
mobile device 4, at least one mobile device case 2 and at least
one sensor 6.

FIG. 4 is a block diagram depicting a mobile device 4, a
mobile device case 2, a plurality of sensors 6 coupled to the
mobile device case 2 and the relationships between these
components. In one embodiment, the sensors communicates
directly with the mobile device case 2 as if the sensors 6 are
directly wired to the mobile device case 2 when the sensors
are seated in the sockets of mobile device case 2. In another
embodiment, the sensors 6 communicate wirelessly to the
mobile device case 2 as if the sensors are mounted wirelessly
from the mobile device case 2.

FIG. 5 is a block diagram depicting two sets of mobile
device 4 and mobile device case 2, a plurality of sensors 6 and
the relationships between these components. This diagram is
provided essentially to demonstrate that, in addition to com-
municating between dissimilar devices, communication may
also occur between components of the same make, ie., a
mobile device 4 to another mobile device 4 and a mobile
device case 2 to another mobile device case.

FIG. 6 is a sequence diagram depicting a means by which
a mobile device case 2 is used in conjunction with a mobile
device to detect a movement of the mobile device case 2. The
system for carrying out such detection includes a mobile
device case 2, a mobile device 4 and an accelerometer capable
of detecting motion of the mobile device case 2. In this
example, the mobile device case 2 is used to detect and verify
a movement of the mobile device case 2 that is considered
sufficiently severe to warrant an action to alert a user. The
mobile device case 2 is attached to an object, the motion of
which is to be detected while the mobile device 4 is placed in
the vicinity the user such that the user can be alerted via an
output of the mobile device 4. The mobile device 4 first
initiates clock synchronization (step 28) with the mobile
device case 2 by sending its clock time to the mobile device
case 2. The time stamp at which the clock time starts to be
transmitted is assumed to be the clock time. As it takes a finite
amount of time for such transmission to be received at the
mobile device case, the time at which such transmission to be
received at the mobile device case 2 is no longer the clock
time. The mobile device case thus sets its clock time with a
time that corresponds to the clock time received and the
duration for the clock time to be transmitted. Alternatively,
the mobile device case 2 may initiate clock time synchroni-
zation. Upon synchronizing the clock of the mobile device
case 2, the mobile device case 2 and the mobile device 4 are
ready for a calibration process which involves averaging the
time of flight of a message between the two devices 2, 4. The
mobile device 4 initiates calibration by sending a message
with the time stamp at which the message is started to be
transmitted as in step 30. Upon receipt of the message, the
mobile device case 2 then calculates (step 34) the time of
flight of the message, i.e., the time it takes for the message to
be transmitted from the mobile device 4 to the mobile device
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case 2 (time of flight). This is followed by a transmission from
the mobile device case 2 which includes the time stamp at
which a message started to be transmitted and the time of
flight just calculated as shown in step 32. Upon receipt of the
message, the mobile device 4 then calculates the time of flight
of the message. The process of enabling the calculation of a
time of flight by one device (by making available the time
stamp of a transmission) in another device, the process of
calculating the time of flight of a message by another device
and the process of notifying another device of the time of
flight is repeated until a satisfactory number of transmissions
between the devices or until a satisfactory average of time of
flight has been obtained. A satisfactory average of time of
flight may be one which is tied to a satisfactory standard
deviation. In this example, the calibration concludes with the
averaging of four values of time of flight. The time of flight
data is made available in both of the devices 2, 4. Alterna-
tively, the time of flight and the average time of flight data
may be retained in one of the two devices and the average time
of flight data is only made available to the device which
requires it. After the time of flight has been calculated, the
mobile device case 2 is now ready to detect motion.

In order to eliminate false detection, the system must detect
a motion warranting a response from the user in conjunction
with the time of flight data indicating a distance change has
occurred. A triggering of the accelerometer signals that a
motion has been detected and a notification is sent from the
mobile device case 2 to the mobile device 4. This event marks
the start of the monitoring phase of the sequence. An initial
alarm may be emitted to the user signaling the detection a
motion has been detected in the mobile device case 2. Alter-
natively, the monitoring phase may start immediately after
clock synchronization has completed. Upon detecting a
motion with the accelerometer, a question remains as to
whether or not the motion is caused by an action which
warrants a response at either the mobile device 4 or the mobile
device case 2. Upon receiving the notification from the
mobile device case 2, the mobile device 4 initiates a process
where one or more values of the time of flight are obtained.
The process in getting a time of flight value is similar to the
process in which a time of flight value is calculated in the
calibration process. As the time of flight of a message corre-
sponds the distance between the mobile device case 2 and the
mobile device 4, a movement in the mobile device case 2
causes the time of flight of a message transmitted between the
two changes. Therefore, a significant deviation of the time of
flight from the average time of flight previously established in
the calibration process may signal a large change in the posi-
tion of the mobile device case 2 and an alarm may be triggered
at the mobile device 4 to indicate such event. If an additional
device, such as a sensor 6 or a mobile device case 2 were to be
added to the network, clock synchronization may be per-
formed to the entire network or to the newly added device
alone. A request for clock synchronization may be initiated
via the device to be added. In one embodiment, such request
is actuated via a button functionally connected to such
request. Although the example depicted in FIG. 6 includes a
mesh network of a mobile device case 2 and a mobile device
4, two or more mobile devices 4 may be used in place of the
combination of a mobile device case 2 and a mobile device 4.
In general, the type of clock time synchronization is selected
based on the proximity of the devices involved to each other.
In an embodiment where devices are disposed in close prox-
imity, mobile devices are synchronized via a peer-to-peer
mechanism. A peer-to-peer mechanism includes, but not lim-
ited to, the use of a Near Field Communication (NFC), Blue-
tooth or Wi-Fi, etc. transmit-receive pair to transmit the clock
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time and transmit time of a first mobile device to a second
mobile device where its clock is reconciled with the clock
time of the first mobile device. In an embodiment where
devices are disposed apart at great distances, mobile devices
clock time synchronization may be synchronized via a web
server. The clock time and transmit time of a first mobile
device are transmitted via a web connection to a second
mobile device where its clock is reconciled with the clock
time of the first mobile device. A web server may be accessed
via a mobile device wirelessly or by hard wire.

In order to determine to a high degree of certainty that a
large motion has indeed occurred, a quality check 40 includ-
ing the following two quality checks may be performed.

An Example of a Quality Check for Confirming that a
Movement has Begun

Just after the initial distance between devices is determined
(first measurement after any calibration loop), the device can
be disposed in a stand-by mode to conserve power. If the
accelerometer detects a movement while in standby mode,
the device having the accelerometer wakes up and starts to
send time data such that time of flight (TOF) data can be
calculated in the device receiving the time data. The acceler-
ometer serves here to both provide a confirmation of move-
ment and allow for a power conserving stand-by mode. In the
event that environmental factors may give difficult signal
readings (e.g., moving steel objects that could cause signal
reflections that could falsely be interpreted as movement),
such quality check can reduce extraneous or unreliable time
data. The use of a standby mode allows for less power usage
by only making transmissions when movement begins. It is
important to note here that both devices in a two device
system of a phone and a sensor could use sleep mode, but TOF
calculations need to begin if either one of the two begins to
move.

Examples of a Quality Check for when Devices are in
Motion and are Regularly Making TOF Calculations

Scenario A: Accelerometers in both devices compare rela-
tive speed to each other.

Scenario B: Gyros in both devices compare relative angle
of movement off of horizontal between both devices.

Scenario C: Compasses in both devices compare relative
directional heading between both devices.

Scenarios A, B, and C contribute to helping to maintain
good relative position between devices while TOF method
continues to establish relative distance, especially for use
when viewed on a mobile device screen with a grid reference.
Note that compass and gyro are used only to assist in orien-
tation as in quality check and they are used for screen display/
interface and do not detract from TOF.

FIG. 7 is a sequence diagram depicting a means by which
a mobile device case 2 is used in conjunction with a mobile
device 4 to detect a case where the distance between the two
devices 2, 4 has grown beyond a predetermined threshold. In
one aspect, an individual to be monitored is given the mobile
device case 2 while an individual monitoring the mobile
device case 2 uses the mobile device 4. Again, the clocks of
the two devices 2, 4 are first synchronized. Upon synchroniz-
ing the clocks in the two devices 2, 4, the devices enter a
monitoring phase. Prior to the monitoring phase, a time of
flight corresponding to the maximum distance allowed
between the two devices must first be established. At the start
of the monitoring phase, the mobile device case 2 initiates
communication by sending a message with the time stamp at
which the message is started to be transmitted as in step 30.
Upon receipt of the message, the mobile device 4 then calcu-
lates the time of flight of the message, i.e., the time it takes to
the message to be transmitted from the mobile device 4 to the
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mobile device case 2 (time of flight). This is followed by a
transmission from the mobile device case 2 which includes
the time stamp at which a message starts to be transmitted and
the time of flight just calculated as shown in step 32. Upon
receipt of the message, the mobile device 4 then calculates the
time of flight of the message and the present time of flight is
compared to the previously calculated time of flight. For
simplicity, the present diagram shows only two sets of time of
flight. In practice, many more sets of time of flight are
obtained and analyzed. If a large discrepancy between the two
values (which indicates a departure of a device from another)
has been detected, an alarm may be activated to indicate such
an event.

FIG. 8 is a sequence diagram depicting a means by which
a mobile device case 2 is used in conjunction with a mobile
device 4 to detect an intrusion in a space between the two
devices. The two devices 2, 4 are spread apart a distance such
that a space (between the two devices) in which an intrusion
is to be detected is formed. Similar to the scenario of FIG. 6,
the two devices are clock synchronized and calibrated. The
main difference between the present scenario and the one
shown in FIG. 6 lies in the lack of an accelerometer in the
present scenario. An intrusion in the space comes as a distur-
bance or a change to values of the sets of time of flight. If a
present time of flight value varies significantly from the pre-
vious time of flight value, an intrusion is said to have been
detected. In another embodiment, the present system seeks
the entry of a new, unknown signal into its monitored area
(e.g., various types of signals such as transmissions from the
phone of an intruder or the signal of a remote control device).
It should be noted that the system may also use changes in the
time of flight of signals to detect if there is movement in the
room that does not cause a sensor to move.

FIG.9 is a diagram depicting an example of the use of mesh
network for communication between multiple devices or
detection of one or more devices in a network. In this
example, sensor A and mobile device case B are disposed at
fixed locations at distance 20 apart and sensor C is mounted to
an object configured to travel in a circular trajectory as shown
in FIG. 9. The mobile device case B includes a directional
antenna configured to detect an object in a direction coaxial to
the direction from sensor A to mobile device case B. It is
assumed that sensor A is not capable of directly detecting
sensor C or providing a distance measurement between sen-
sor A and sensor C, due to an obstruction or not having the
same method of communication. It is further assumed that
when sensor C comes within the field of view of the direc-
tional antenna, the mobile device case 2 will be capable of
detecting the presence of sensor C. Therefore, although sen-
sor A is not capable of detecting the presence of sensor C in
the mesh network depicted in FIG. 9, the mobile device case
2 may relay location of sensor C relative to sensor A to sensor
A if the radius 18 of sensor C trajectory is known. For
example, in the positions shown, sensor A is disposed at a
total distance 24 of distances 20 and 22. Distance 22 is twice
radius 18. In an embodiment not shown, the mobile device
case B may be replaced with a mobile device having a built-in
antennae.

FIG. 10 is a diagram depicting an example of the use of a
mesh network for locating a device. In this example, sensors
A, B and C are disposed at fixed known locations substan-
tially upon a floor 36. The location of the mobile device case
D, in relation to the sensors A, B and C, is to be determined by
triangulation. Distances D-C, D-A and D-B are estimated
based on the time of flight of signals communicated between
each of the sensors A, B and C and the mobile device case 2.
As there are two possible solutions, by placing the sensors A,

40

45

12

B and C on the floor 36, the location of the mobile device case
D relative to the sensors A, B and C can be estimated. The
possible location of mobile device case D “under” the floor 36
as the other solution can be eliminated. Sensors A, B and C
may alternatively be disposed at any location and not on a
floor. If the signals communicated between the devices could
travel through a floor, the strength of the signals may provide
clue as to the proper solution as weak/problematic signals
may indicate the second solution “under” the floor.

FIG. 11 is a block diagram depicting a mobile device 4, a
plurality of mobile device cases and the relationships between
these components. Each of the mobile device cases 2 is func-
tionally connected directly to the mobile device 4. FIG. 12 is
a block diagram depicting the components of FIG. 11 and
functional connections between these components that are
different than those disclosed in FIG. 11. In this mesh net-
work, each of mobile device cases A and C is functionally
connected directly to the mobile device 4. Mobile device case
B is functionally connected to another mobile device case,
i.e., mobile device case A. Each of mobile device cases D and
E is functionally connected to another mobile device case,
i.e., mobile device case C. In one aspect, it is possible to
extend the range between mobile device 4 and a mobile
device case 2 by functionally indirectly connecting a mobile
device case (such as mobile device cases B, D and E) to the
mobile device 4. In another aspect, mobile device cases 2 may
alternatively be functionally grouped into one or more sub-
groups 38. A subgroup 38 can be viewed as a group where its
constituents (e.g., mobile device cases D and E) functionally
cooperate to yield a result that can then be relayed through at
least one of the constituents to another component in the mesh
network, e.g., the mobile device 4. For instance, if each of the
mobile device cases D and E is equipped to take temperature
readings, mobile device cases D and E may be configured to
provide an average temperature reading based on the readings
of mobile device cases D and E. FIG. 13 is a block diagram
depicting the components of FIG. 11 and functional connec-
tions between these components that are different than those
disclosed in FIG. 11. FIG. 13 depicts another possible means
of forming a mesh network. In this example, mobile device
case E is functionally connected to mobile device case D. In
one embodiment, a subgroup is formed by bringing two com-
ponents within the sphere of influence of each other and using
a trigger, e.g., a button press to cause such relationship to be
established. In another embodiment, a subgroup is formed by
bringing components within the sphere of influence of each
other such that a list of components present within the sphere
of'influence is visually presented and a selection can be made
as to the components that form a subgroup.

Alternatively, the mobile device cases 2 of the examples
depicted in FIGS. 11-13 may be replaced with sensors 6 and
a mobile device case 2 may be used in place of the mobile
device 4.

FIG. 14 is a diagram depicting one embodiment of a
present localization system. In this embodiment, the location
determination of a frequency receiver device (e.g., device A
or B) is made based on the direction at which a signal or
message is received from a frequency originator device. A
frequency receiver device disclosed herein can be a mobile
device already equipped with an on-board or built-in or exter-
nal microphone, a device capable of receiving signals or
messages transmitted as waves having a frequency response
falling within or outside that of the frequency response of a
typical microphone which ranges from about 20 Hz to about
20 kHz. A frequency receiver device which is said to have a
frequency response of the typical range of frequencies can
reproduce all frequencies within this range but not outside of
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this range. A frequency receiver device capable of a frequency
response outside that of this range is adapted to reproduce
frequencies outside of this range. A frequency originator
device disclosed herein can be a broadcaster or any devices
adapted to transmit signals or messages in waves having a
frequency. In one embodiment, the frequency originator
device 50 is a long range acoustic device (LRAD) which can
be configured to broadcast signals of various frequencies at
various orientations. In another embodiment, a phased array
speaker system is used as the frequency originator device.
Referring back to FIG. 14, at orientation a2, a signal having a
frequency of 2 is broadcasted from LRAD. At orientation
al2, a signal having a frequency of f12 is broadcasted from
LRAD. Other signals of various other frequencies are broad-
casted at their respective frequencies. At its depicted location,
mobile device A (a frequency receiver device) is disposed at
a location for receiving a signal at orientation a2 of frequency
f2. In practice, LRAD can be a wave emitting device that is
mounted on a rotary table such that it may be configured to
emit signals of various frequencies at high speed depending
on its orientation about its axis of rotation. Alternatively,
multiple wave emitting devices may be disposed at different
orientations instead, each configured to emit signals at a fixed
frequency and pointed outwardly from a center. The latter is
more robust as any delays due to the physical rotation of the
wave emitting device as in the former will not occur. Each
frequency originator device is programmed to emit a message
in the direction the frequency originator device is disposed.
Each message is therefore referred to as a directional message
asonly a frequency receiver device positioned within the field
of influence of the directional message can receive this direc-
tional message.

In this embodiment, the cost of operating both the fre-
quency originator device and the frequency receiver device is
minimal. Most of the energy consumption of the present
system lies in the broadcast of signals from the frequency
originator device. When compared to a conventional local-
ization device, e.g., a GPS system which not only requires
external signals, e.g., those of satellites and relay stations but
also may succumb to inclement weather, the present localiza-
tion system utilizes smaller amounts of resources. There is
neither satellite infrastructure nor any third party fees
required in the present systems. The present systems are
self-contained system without requiring external fees for sig-
nal information, e.g., GPS. The present systems can be
readily used at low costs as they utilize existing communica-
tion means in sending alarms or danger notices, e.g., over an
internet, data, or text, connection that would already be a part
of'the mobile device owners services. In the present systems,
additional monitoring fees are not required to notify the
authorities as the systems that can directly call the police
through the mobile device, e.g., mobile phone. The energy
consumption in the frequency receiver device is minimal as
compared to other means of localization. The present systems
utilize low energy consuming technology, e.g., sound fre-
quencies and as a result, the devices in the systems do not
need to be powered by large amounts of on-board battery
power, reducing the battery costs which constitute a signifi-
cant total cost portion in any mobile device. As the present
systems are readily movable, they can travel easily with their
owner from one location to another, relieving the need for
multiple systems at multiple locations. In any systems dis-
closed herein, a speaker that is built-in or external to a mobile
device can be used as a frequency originator device while a
microphone that is built-in or external to the mobile device
can be used as a frequency receiver device. As these compo-
nents are typically already bundled with a mobile device, e.g.,
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cell phone, no additional equipment or costs are required. In
terms ofthe processors of the present systems, high volume or
mass produced mobile devices such as a cell phone or tablet,
etc., are readily equipped with such parts. Although a cell
phone or tablet is used for other purposes, such as personal
communication, etc., a cell phone or tablet is available at a
much lower cost than a lower volume central processing unit
forasecurity system due to economy of scale in the case of the
cell phone or tablet. Compared to existing localization sys-
tems designed primarily for use in an outdoor, unobstructed
environment, the present systems function by utilizing sig-
nals coming from devices already in the system or that have
traveled together at the same time into an enclosed location.
The present systems therefore do not rely on an existing
infrastructure in the building to provide a signal source or data
(e.g., they do not rely on a Wi-Fi being present).

In determining the location of a frequency receiver device
with respect to a frequency originator device of a known
location, the following steps are taken. First, the distance
between the frequency receiver device and the frequency
originator device is determined. In one embodiment, this is
achieved by first synchronizing a clock of the frequency origi-
nator device with a clock of the frequency originator device.
Then a directional message containing a broadcast time at
which the directional message is broadcasted from the fre-
quency originator device at an orientation about an axis of
rotation of the frequency originator device and received by
the frequency receiver device. The time of flight of the direc-
tional message is obtained by calculating the difference
between a receive time at which the directional message is
received by the frequency receiver device and the broadcast
time. The distance between the frequency originator device
and the frequency receiver device is determined by multiply-
ing the time of flight of the directional message by the speed
of the directional message. This is followed by determining
the frequency of the directional message and determining the
orientation of the directional message with respect to the
frequency originator device by looking up a table containing
orientations of messages about the frequency originator
device with respect to the frequency of the messages. The
location of the frequency receiver device can then be calcu-
lated based on the orientation of the directional message and
the known location of the frequency originator device. It shall
be noted that the known location is movable. In other words,
it is the relative positioning of the frequency receiver device
and the frequency originator device that is important. For
example, in an application where a frequency receiver device
is configured to follow a frequency originator device at a
distance, the frequency originator device may be in a moving
state at all times, but the frequency receiver device must move
with the frequency originator device to maintain a prepro-
grammed distance.

FIG. 15 is a diagram depicting another embodiment of a
present localization system. In this embodiment, two non-
directional frequency originator devices are provided, each
used to broadcast a signal or message having a fixed fre-
quency, F1 or F2. FIG. 16 is a diagram showing signals or
messages of two different frequencies broadcasted using two
different frequency originator devices as shown in FIG. 16.
Note the difference in wavelengths between the two mes-
sages. FIG. 17 is a sequence diagram depicting a means by
which a device may be localized. FIG. 18 is a plan view
depicting a means by which localization is perfected with
additional information. In a two-dimensional space, a fre-
quency receiver device may be said to assume one of the two
possible locations as shown in FIG. 15. Referring to FIG. 18
and upon determining the distance of a frequency receiver



US 9,220,078 B1

15

device 54 from a frequency originator device using a method
disclosed elsewhere herein, an arc 52 representing points
equidistant from a frequency originator device can be dis-
posed about the frequency originator device. In a two dimen-
sional space, there exists two intersecting points, each repre-
senting a possible location of the frequency receiver device.
In practice, a look-up table of the relative position of the
frequency receiver device with respect to the ratio of the time
of flight of messages 46, 48 (TOFA/TOFB) can be used to
reduce real time computations in one or more controllers,
e.g., one disposed in the frequency receiver device or one or
both of the frequency originator devices of the localization
system in resolving the location of the frequency receiver
device given the locations of the frequency originator devices
A and B. TOFA and TOFB represent the time of flight corre-
sponding to the distances between the frequency receiver
device and the frequency originator device A 42 and B 44,
respectively.

The following steps are taken in determining the location
of a frequency receiver device with respect to at least two
frequency originator devices where the location of each is
known. In the embodiment shown in FIG. 17, this is achieved
by first synchronizing a clock of the frequency receiver device
with a clock of one of the at least two frequency receiver
devices. This is followed by receiving by the frequency
receiver device, a message containing a broadcast time at
which the message is broadcasted from the frequency origi-
nator device. Then a time of flight of the message is obtained
by calculating the difference between a receive time at which
the message is received by the frequency receiver device and
the broadcast time. The above steps are repeated with a sec-
ond frequency receiver device to result in a first time of flight,
TOFA and a second time of flight, TOFB. A ratio of TOFA and
TOFB is then calculated. Possible locations of the frequency
receiver device are then resolved by looking up a table con-
taining possible locations of the frequency receiver device
with respect to the ratio of the first and second time of flight.
The table is essentially a look-up table listing the TOFA/
TOFB ratio with respect to the locations of the frequency
receiver device relative to the locations of the frequency origi-
nator devices. As there are two possible solutions or locations
in each two dimensional space as shown in FIG. 18, addi-
tional information is required to rule out one of the possible
locations. Atleast one limit is applied to the possible locations
to select one of the possible locations with high certainty. In
the example shown in FIG. 18, frequency originator devices A
and B are overlaid atop a map depicting a road. In this
example, as it is assumed that the frequency receiver device is
used for road navigation, the applied assumption or limit
results in a plausible solution which points to the location of
the frequency receiver device disposed on a road instead of a
location where no roads exist. In another embodiment, the
limit includes the time of flight results obtained from a third
frequency originator device in a similar manner as in the case
of the other two frequency originator devices. In this case, a
unique solution exists which is disposed at a measured dis-
tance (or its corresponding time of flight) from frequency
originator device A, a measured distance (or its correspond-
ing time of flight) from frequency originator device B and a
measured distance (or its corresponding time of flight) from
the third frequency originator device in a two dimensional
space. In order to obtain a unique solution in a three-dimen-
sional space, a fourth frequency originator device will be
required. In another embodiment, the limit includes the mag-
netization of a magnetic material, e.g., a ferromagnet, and the
strength and/or direction of the magnetic field at a point in
space as indicated by a magnetometer. The frequency origi-
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nator devices may also be movable provided that the posi-
tional relationships between the frequency originator devices
are known.

A frequency originator device can be a mobile device and
whenever possible, it is preferably connected to a wall power
source such that its service is uninterrupted. A frequency
receiver device is preferably a mobile device such that its use
is not tethered to a fixed location. The present localization
method may be extended for use with venues already having
frequency originator devices, e.g., stadiums, subways, malls,
parking lots, etc.

Interference may occur during transmission of data from
one device to another. In order to avoid interference, a strat-
egy that determines the most favorable frequency of a signal
is used. In doing so, signals are transmitted at varying fre-
quencies from a frequency originator device to a frequency
receiver device at, e.g., regular intervals. The signal with the
shortest time of flight is considered to be the signal having
most suitable signal frequency as signals received at a longer
time of flight may indicate the presence of echoes or other
effects of interference. Upon determining the most suitable
signal frequency, future communications between the fre-
quency originator device and the frequency receiver device
will then be made at this frequency to avoid interferences.

The present systems are also capable of use underwater
where GPS is unavailable. When used underwater, suitable
water-proofing technologies shall be used to ensure readily
available mobile devices which are typically designed for use
in air do not get water intrusions.

FIG. 19 is a sequence diagram depicting a means by which
two devices are clock time synchronized via a web server. In
this example, one of the devices is a frequency originator
device and the other, a frequency receiver device. Each of the
frequency originator device and frequency receiver device
can be a mobile device or a fixed device. The frequency
originator device is first registered with a web server with
some form of identification. A transmit time (the time at
which a signal is to be broadcasted by the frequency origina-
tor device) is then sent to the web server where the transmit
time is then associated with this frequency originator device.
The web server is configured to notity the frequency receiver
device that a frequency originator device is ready to make a
signal broadcast. As the frequency receiver device is inter-
ested in receiving the broadcast, it responds by sending a
request to the web server for the transmit time and clock time
of'the frequency originator device. Such informationis sent to
the frequency receiver device. Upon receiving such informa-
tion, the transmit time and clock time are saved and used to set
appropriate functions to anticipate the arrival of a signal from
the frequency originator device. It shall be noted that the
clock time is a time stamp in which latencies due to transmis-
sions of this information from the frequency originator device
to the frequency receiver device has been considered. The
frequency receiver device is then put in a ready and standby
state prior to the transmit time of the signal such that upon the
arrival of the signal, the frequency receiver device is ready to
receive and process the signal.

FIG. 20 is a diagram depicting one embodiment of a
present localization system including the use of an informa-
tion storage device 74. FIG. 21 is a diagram depicting another
embodiment of a present localization system including the
use of an information storage device. In one example, a fre-
quency originator device or a frequency receiver device is a
stand-alone device which includes its own controller and is
not coupled with a mobile device. In another example, a
frequency originator device or a frequency receiver device is
coupled to a mobile device, e.g., cell phone, electronic pad,
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etc. In the latter example, computations and other processing
activities required by the frequency originator and receiver
devices may be made in the mobile device, removing the need
to require separate controllers in the frequency originator and
receiver devices. In the configurations shown in FIGS. 14 and
15, clock synchronizing of the frequency receiver device by
the frequency originator device may be performed by com-
municating the clock time of one device (frequency originator
device or frequency receiver device) to another, via, e.g., the
internet. In cases where no such communication is available
or desired to either one or both of the devices, clock synchro-
nizing is made possible by the following process. The dis-
tance between a frequency originator device and a frequency
receiver device is first pre-determined and stored in an infor-
mation storage device 74 along with the carrier frequency of
the frequency originator device. A time correction 70 is then
calculated from a message received by the frequency receiver
device from the frequency originator device based on the
transmit time of the message that is embedded in the message
and the TOF that is calculated based on the distance between
the frequency originator device and the frequency receiver
device and the speed of transmission of the message. In one
embodiment, the information storage device 74 is a short-
range Radio Frequency Identification (RFID) tag. In one
embodiment, the RFID tag is a Near Field Communication
(NFC) tag. An NFC tag is preferred as it is unpowered, does
not require contact with its reader to function and yet it
requires that its reader to be placed in close proximity to
function, thereby indicating that when disposed in close prox-
imity to areader, the reader’s location is essentially the NFC’s
location. Disclosed herein is a localization system where the
location of a frequency receiver device is first obtained, simi-
lar to the manner in which a location is obtained for each of
frequency receiver devices A and B shown in FIG. 14 and the
frequency receiver devices shown in FIG. 15. Referring to
FIG. 20, as the carrier frequency of messages is programmed
to vary according to the angle at which the messages are
broadcasted, the location of the frequency receiver device
relative to the frequency originator device can be determined
based on the carrier frequency at which messages are received
by the frequency receiver device and the distance of between
the frequency originator device and the frequency receiver
device. As NFC is a very short range contactless data transfer
technology, the placement of an NFC tag at a location previ-
ously associated with a frequency receiver device as identi-
fied using a frequency originator device-frequency receiver
device pair as shown in FIGS. 14 and 15, provides a close
approximation of the NFC tag’s location. In this example, a
NFC tag is disposed at location A. The use of an NFC tag
removes the reliance on other means for accessing informa-
tion, i.e., via the internet regarding the carrier frequency or a
range of carrier frequencies of messages transmitted from the
frequency originator device and distance between the fre-
quency originator device and the frequency receiver device or
the NFC tag which is now placed in place of a frequency
receiver device which was used to identify such distance.
Such information is instead stored in the NFC tag. In use, a
passerby or user armed with an NFC reader, can bring the
reader in the vicinity of NFC tag to within range, e.g., about
4 cm, to initiate a handshake and obtain the information
stored in the NFC tag.

Armed with the distance d and a known speed s for the
traversal of messages sent from the frequency originator
device to the frequency receiver device, a TOF can be calcu-
lated e.g., via communications tool or application already
built into or that is otherwise available on a mobile device,
e.g., cell phone, to which the NFC reader is functionally
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connected, according to the equation s=d/TOF or TOF=d/s
where d=distance between the frequency originator device
and the NFC tag and s represents the speed of a message
traversing the distance between the frequency originator
device and the NFC tag or if sound waves are used, s is a
known value or s=speed of sound. Upon obtaining the TOF, a
time correction for the frequency receiver device can be cal-
culated as follows. When a message is determined to be of a
carrier frequency the same as that specified by the NFC tag,
the frequency receiver device is set to receive it and proceeds
to process it. The message which is believed to be originating
from the frequency originator device contains the clock time
t1 at which the message started to get transmitted from the
frequency originator device. Assume T2 is the clock time at
which the frequency receiver device received the message.
The frequency originator device’s clock time at the time the
frequency receiver device received the message is t1+TOF.
Therefore, the frequency originator device’s clock time and
the frequency receiver device’s clock time differs by a time
correction of (T2-(t1+TOF)). FIG. 22 is a diagram depicting
an example of a time correction that is required to be made to
synchronize the clock of a frequency originator device and a
frequency receiver device. For instance, as shown in FIG. 22,
at any moment, the clock time of the frequency originator
device differs from the clock time of the frequency receiver
device by a correction amount, e.g., 7 minutes (or 420 sec-
onds) in this case. Once a time correction has been obtained,
the frequency receiver device can be used to indicate its
location. A user carrying the frequency receiver device can
then be moved around an area within the transmission range
of the frequency originator device and be tracked using the
frequency originator device. For instance, if a message is
starting to be transmitted from the frequency originator
device at the frequency originator device’s clock time of 13
and received at the frequency receiver device’s clock time of
T4, the TOF of the message can be obtained by subtracting 3
from T4 with the time correction applied or TOF=T4-t3+
time correction. If more than one frequency originator device
is used, additional NFC tags may be used, each storing a set of
information pertinent to one frequency originator device.
Alternatively, all necessary clock time synchronizing infor-
mation for all frequency originator devices in one area is
contained within only one NFC tag. For users’ convenience,
multiple NFC tags may be disposed at various locations pro-
vided each has been stored pertinent information for the par-
ticular locations the NFC tags have been placed. When NFC
tags are used to store information pertaining to the carrier
frequency and distance to the frequency originator device, no
access of such information is necessary via the internet. In
another embodiment, each NFC contains a Universal
Resource Identifier (URI) where the carrier frequency and
distance to its corresponding frequency originator device are
accessed via the URI. In a cell phone-equipped frequency
receiver device, the access to an information storage may also
be identified by a URI and accessed via a cellular network.
FIG. 23 is a diagram depicting the use of encryption in one
embodiment of a present localization system. Although
encryption is shown for only the configuration of FIG. 23, it
is applicable to any configurations involving the broadcast of
amessage from a frequency originator device where the mes-
sage is then received in a frequency receiver device. In this
example, a system having four frequency originator devices
44, each broadcasting messages at a unique carrier frequency,
e.g., F1 for frequency originator device (FOD) 1, F2 for FOD
2, F3 for FOD 3 and F4 for FOD 4, are shown to broadcast
messages subsequently received by two frequency receiver
devices 54, i.e., frequency receiver device (FRD) 1 and FRD
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2. Two unintended frequency originator devices are shown.
Unintended frequency originator devices can be any devices
broadcasting messages either as a result of a naturally occur-
ring action or a deliberate action meant to interrupt or sabo-
tage the use such a system to determine locations of frequency
receiver devices. Unintended FODs 45 may be present within
the localization system shown in FIG. 23 where such FODs
may broadcast messages of carrier frequencies expected by
FRDs. In a non-encrypted system, the use of a common
carrier frequency can cause one or more frequency receiver
devices 54 to pick up messages broadcasted by the unin-
tended FODs 45 if these FODs are placed within the trans-
mission range of the frequency originator devices. In one
embodiment, prior to transmitting a message, it is first
encrypted with an encryption key in the frequency originator
device 44. A decryption key DK1, DK2, DK3, DK4 is made
available to the frequency receiver devices 54 via communi-
cation means, e.g., the internet from a server, retrieving such
information from an information storage device or such infor-
mation may simply be preprogrammed in the frequency
receiver device or made available to an information storage
device, e.g., an NFC tag. Upon receipt of a message, it is
decrypted using the decryption key DK1, DK2, DK3, DK4.
Messages from the unintended frequency originator devices
45 may be received as their carrier frequencies may match
those of the expected frequencies. However, no instructions
will be available for decrypting the messages. Therefore, the
messages will be ignored. It shall therefore be apparent that
the present mechanism can be used to ignore irrelevant data.

FIG. 24 is a diagram depicting another embodiment of a
present localization system including the use of more than
one frequency receiver device on a single mobile device 4.
FIG. 25 is a diagram showing the embodiment of FIG. 24
depicted with distances between frequency originator 42, 44
and receiver 56, 58 devices shown where such distances can
be used to uniquely identify the location of the mobile device
4 upon which the frequency receiver devices 56, 58 are func-
tionally coupled. FIG. 26 is a diagram of a possible location of
the mobile device of FIG. 25 where such possible location is
eliminated by having the heading information shown in FIG.
25. In this embodiment, in identifying the location of the
mobile device 4, it is equipped with more than one frequency
receiver devices 56, 58. Only two frequency originator
devices 42, 44 of known locations are required. The mobile
device 4 to which each frequency receiver device 56, 58 is
attached further includes a heading indicating device, e.g.,
magnetometer, gyrocompass etc., to further provide heading
information. In one embodiment, the magnetometer is further
functionally coupled with a gyroscope to remove a require-
ment that mobile device 4 be placed in a particular orientation
s0 as to function properly, making it orientation-agnostic. No
additional information is required, e.g., as shown in FIG. 18,
to perfect the localization of the singly disposed frequency
receiver devices. In one embodiment, the heading indicating
device is disposed in a manner that it is physically located
between the two frequency receiver devices 56, 58 as shown
in FIG. 25. A pattern can be established that, in order for the
distances 60, 62, 64, 66 to be disposed in the configuration
shown in FIG. 25, the mobile device 4 must be disposed in a
unique orientation, i.e., in the orientation shown in FIG. 25. A
unique solution to the location of mobile device 4 is possible
as it can be determined on which side a TOF has been col-
lected. For instance, the TOF corresponding to distance 60 or
the frequency receiver device 56 is disposed on the right side
of'north heading and the TOF corresponding to distance 62 or
the frequency receiver device 58 is disposed on the left side of
north heading. Without the heading information, it is possible
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that the location of the frequency receiver devices 56, 58 can
be located in positions shown in FIG. 26. It is also possible
that the positions of the frequency receiver devices 56, 58 can
be two points in a plane traced when the two points are
revolved around axis 72. With the heading information how-
ever, there can only be one solution which meets the require-
ments of the distances 60, 62, 64, 66. It therefore would not
have been possible to have the TOFs disposed in a configu-
ration as shown in FIG. 26, making the solution shown in FI1G.
25 unique. With two frequency receiver devices 56, 58 dis-
posed at detected distances 60, 62 from the first originator
device 42 and detected distances 64, 66 from the second
originator device 44, the availability of a heading indicating
device enables possible locations of the mobile device 4 to be
eliminated. In one embodiment, a frequency originator device
42, 44 is a music box, such as the one disclosed in U.S. Pat.
No. 5,449,856 to Nakamori.

While the methods, systems and devices have been
described in connection with preferred embodiments and spe-
cific examples, it is not intended that the scope be limited to
the particular embodiments set forth, as the embodiments
herein are intended in all respects to be illustrative rather than
restrictive.

Unless otherwise expressly stated, it is in no way intended
that any method set forth herein be construed as requiring that
its steps be performed in a specific order. Accordingly, where
a method claim does not actually recite an order to be fol-
lowed by its steps or it is not otherwise specifically stated in
the claims or descriptions that the steps are to be limited to a
specific order, it is no way intended that an order be inferred,
in any respect. This holds for any possible non-express basis
for interpretation, including: matters of logic with respect to
arrangement of steps or operational flow; plain meaning
derived from grammatical organization or punctuation; the
number or type of embodiments described in the specifica-
tion.

Throughout this application, various publications are ref-
erenced. The disclosures of these publications in their entire-
ties are hereby incorporated by reference into this application
in order to more fully describe the state of the art to which the
methods and systems pertain.

It will be apparent to those skilled in the art that various
modifications and variations can be made without departing
from the scope or spirit. Other embodiments will be apparent
to those skilled in the art from consideration of the specifica-
tion and practice disclosed herein. It is intended that the
specification and examples be considered as exemplary only,
with a true scope and spirit being indicated by the following
inventive concepts.

What is claimed herein is:

1. A method for synchronizing a clock of a frequency
originator device and a clock of a frequency receiver device,
said method comprising steps of:

(a) disposing an information storage device at a known

distance from said frequency originator device, wherein
a broadcast frequency of said frequency originator
device and said known distance are configured to be
stored in said information storage device;

(b) obtaining by said frequency receiver device, said
known distance between said frequency originator
device and said information storage device and said
broadcast frequency of said frequency originator device,
from said information storage device;

(c) setting said frequency receiver device to receive broad-
casts at said broadcast frequency;

(d) receiving a broadcast of the frequency originator device
by the frequency receiver device at the frequency
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receiver device’s clock time of T2, wherein the broad-
cast was made at the frequency originator device’s clock
time of t1;

(e) calculating a time of flight (TOF) based on the known
distance and the speed of the broadcast; and

(f) incorporating a time correction=12-(t1+TOF) in cal-
culations of TOF between the frequency originator
device and the frequency receiver device.

2. The method of claim 1, said information storage device

is a Radio Frequency Identification (RFID) tag.

3. The method of claim 2, said RFID tag is a Near Field
Communication (NFC) tag.

4. The method of claim 1, wherein said receiving step
further comprises decrypting said broadcast by said fre-
quency receiver device, whereby if said broadcast is deter-
mined to be an intended message, said calculating and incor-
porating steps continue to be executed and if said broadcast is
determined to be an unintended message, said calculating and
incorporating steps will not be executed.

5. A method for determining the location of a mobile device
with respect to only two frequency originator devices, said
mobile device having at least two frequency receiver devices
disposed at a fixed distance from one another and a heading
indicating device, each of said only two frequency originator
devices is disposed at a known location, said method com-
prising steps of:

(a) obtaining a distance between each of said at least two
frequency receiver devices and each of said only two
frequency originator devices based on a time of flight
(TOF) between said one of said at least two frequency
receiver devices and said one of said only two frequency
originator devices;
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(b) establishing a pattern of an output of said heading
indicating device with respect to said distances obtained
in said obtaining step; and

(c) comparing said pattern of an output of said heading
indicating device to a plurality of possible patterns cor-
responding to a plurality of possible locations of said
mobile device, whereby if one of said plurality of pos-
sible patterns matches said pattern, said pattern indicates
the location of said mobile device.

6. The method of claim 5, wherein said pattern of said
output of said heading indicating device comprises the side,
one of said distances obtained in said obtaining step is dis-
posed with respect to said output of said heading indicating
device.

7. The method of claim 5, wherein said output of said
heading is the north heading.

8. The method of claim 5, wherein said heading indicating
device is a device selected from the group consisting of a
magnetometer, a gyrocompass, a gyroscope-enabled magne-
tometer and any combinations thereof.

9. The method of claim 5, wherein at least one of said only
two frequency originator devices is a music box.

10. The method of claim 5, further comprising decrypting
at least one message from one of said only two frequency
originator devices, whereby if said at least one message is
determined to be an intended message, said steps (a)-(c)
continue to be executed and if said at least one message is
determined to be an unintended message, said steps (a)-(c)
will not be executed.



