07/127996 A2 |0 00 00 0

(19) World Intellectual Property Organization | ‘1”1‘

) IO O T A

International Bureau

(43) International Publication Date
8 November 2007 (08.11.2007)

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(10) International Publication Number

WO 2007/127996 A2

(51)

21

(22)
(25)
(26)
(30)

(1)

(72)
(75)

(74)

(81)

International Patent Classification:
HO04Q 7/20 (2006.01)

International Application Number:

PCT/US2007/067833
International Filing Date: 30 April 2007 (30.04.2007)
Filing Language: English
Publication Language: English
Priority Data:
11/380,856 28 April 2006 (28.04.2006) US

Applicant (for all designated States except US): TEXAS
INSTRUMENTS INCORPORATED [US/US]; P.O.Box
655474, Mail Station 3999, Dallas, TX 75265-5474 (US).

Inventors; and

Inventors/Applicants (for US only): PEDIGO, Madison,
F. [US/US]; 1128 Lamplight Way, Allen, TX 75013 (US).
PANASIK, Carl, M. [US/US]; 2926 Grand Oak Drive,
Garland, TX 75044 (US).

Agents: FRANZ, Warren, L. et al.; Texas Instruments
Incorporated, Deputy General Patent Counsel, P.O.Box
655474, MS 3999, Dallas, TX 75265-5474 (US).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,

(34)

AT, AU, AZ,BA, BB, BG, BH, BR, BW, BY, BZ, CA, CH,
CN, CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES,
FI, GB, GD, GE, GH, GM, GT, HN, HR, HU, ID, IL, IN,
IS, JP, KE, KG, KM, KN, KP, KR, KZ, LA, LC, LK, LR,
LS, LT, LU, LY, MA, MD, MG, MK, MN, MW, MX, MY,
MZ, NA, NG, NI, NO, NZ, OM, PG, PH, PL, PT, RO, RS,
RU, SC, SD, SE, SG, SK, SL, SM, SV, SY, TJ, TM, TN,
TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, MT, NL, PL,
PT, RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM,
GA, GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant’s entitlement to apply for and be granted a
patent (Rule 4.17(ii))

as to the applicant’s entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:

without international search report and to be republished
upon receipt of that report

[Continued on next page]

(54) Title: LOCATION DETERMINATION WITH A WIRELESS SYSTEM

10
20 '/ 30
MOBILE DEVICE
TAG
READER
26~
TRANSCEIVER | | ™~
TRANSCEIVER 32
/ A A
24 »
HOST STORAGE N 44
221 LOGIC I

LOCATION INFORMATION

& (57) Abstract: A mobile device (20) comprises host logic (22) and a first transceiver (26) coupled to the host logic. The first

WO 2

transceiver is adapted to wirelessly communicate with a second transceiver (32). The second transceiver is positioned at a fixed
location and comprises location information indicative of such fixed location. The first transceiver transmits wireless beacon signals.
When the second transceiver is within range of the first transceiver, the beacon signal automatically causes the second transceiver to
transmit the location information to the first transceiver.



WO 2007/127996 A2 |00 0T 000 OO 0 O

For two-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations” appearing at the begin-
ning of each regular issue of the PCT Gagzette.



10

15

20

25

30

WO 2007/127996 PCT/US2007/067833

LOCATION DETERMINATION WITH A WIRELESS SYSTEM

This relates generally to determining the location of a mobile device. More
specifically, the present disclosure relates to determining the location of a mobile device
using radio frequency identification (RFID) techniques.

BACKGROUND

By definition, a mobile device can be moved from one location to another. The device
determining or being informed of its location is desirable for various reasons. Improved
systems and methods for determining the location of a mobile device are desirable.
SUMMARY

In general, apparatus and methods are described herein in which one or more
transceivers are positioned at fixed and known locations. Each transceiver has access to
location information which specifies the location of that transceiver. A mobile device can,
when such mobile device is within communication range of a fixed-location transceiver, cause
the transceiver to wirelessly report its location to the mobile device. At that point, the mobile
device knows its own location to be within the communication range of the transceiver. In
some embodiments, the mobile device and transceiver are radio frequency identification
(RFID)-compliant.

In accordance with at least some embodiments, a mobile device comprises host logic
and a first transceiver coupled to the host logic. The first transceiver is adapted to wirelessly
communicate with a second transceiver. The second transceiver is positioned at a fixed location
and comprises location information indicative of such fixed location. The first transceiver
transmits wireless beacon signals. When the second transceiver is within range of the first
transceiver, the beacon signal automatically causes the second transceiver to transmit the
location information to the first transceiver.

In accordance with another embodiment, a mobile device comprises host logic and a
first transceiver coupled to the host logic. The first transceiver is adapted to wirelessly
communicate with a second transceiver. The second transceiver is positioned at a fixed location
and comprises location information indicative of such fixed location. The first transceiver
receives a wireless beacon signal transmitted by the second transceiver. The beacon signal

causes the first transceiver to transmit a second signal to the second transceiver. The first
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transceiver receives a response signal from the second transceiver that contains the location
information.

In accordance with yet another embodiment, a communication device comprises a
transceiver and storage comprising location information indicative of the location of the
communication device. Upon receiving a wireless signal from a mobile wireless device, the
transceiver responds by automatically transmitting its location to said mobile wireless device.

In accordance with yet another embodiment, a disclosed method embodiment
comprises various actions. The method comprises detecting a wireless signal and, upon
detecting the wireless signal, automatically retrieving a location of a fixed position wireless
communication device and transmitting the location to a mobile wireless communication
device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows a system in accordance with preferred embodiments of the invention;
and

FIG. 2 shows a method in accordance with embodiments of the invention.
DETAILED DESCRIPTION OF THE EMBODIMENTS

FIG. 1 shows a system 10 in accordance with preferred embodiments of the invention.
The system 10 preferably comprises one or more wireless communication devices such as a
mobile device 20 and a “tag” 30. The mobile device 20 comprises host logic 22 and a reader 24
which, in turn, comprises a transceiver 26. The tag 30 comprises a transceiver 32 and storage
34. If desired, other components may be included with the mobile device 20 and tag 30.

The mobile device 20 may comprise any of a variety of mobile devices such as cellular
telephones, personal data assistants (PDAs), computers, etc. The host logic 22 performs one or
more functions associated with the general functionality of the mobile device. For example, in
the case of a cellular telephone, the host logic 22 may comprise a radio (preferably separate and
apart from the transceiver 26), a keypad, a display, and control logic (e.g., a processor) to
control the operation of the cellular telephone. In the case of a PDA or computer, the host logic
22 comprises a processor, memory, and other components typical of such devices.

Via the transceivers 26 and 32, the mobile device 20 and tag 30 wirelessly
communicate with each other. In accordance with one embodiment of the invention, the reader

24 of the mobile device and the tag 30 are provided in accordance with the radio frequency
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identification (RFID) protocol. As such, the reader 24 comprises an RFID reader and the tag 30
comprises an RFID tag. Unless otherwise specified, as used herein, the term “tag” is not
limited to the RFID context. The tag 30 preferably is positioned at a fixed location such as on a
wall, furniture, or piece of equipment. In other embodiments, the mobile device 20 comprises a
tag and the system 10 comprises a reader that is positioned at a fixed location. Other
embodiments comprise wirelessly devices other than RFID-based devices. For example, the
mobile device 20 may comprise an ultra wide band (UWB) transceiver which wirelessly
communicates with another UWB transceiver positioned at a fixed location.

As explained above, the tag 30 is positioned at a fixed and known location. The
location of the tag can be denoted in accordance with a variety of techniques such as longitude
and latitude coordinates, relative location to another known location, etc. Location information
indicative of the location of the tag 30 is stored in the tag’s storage 34. The storage may
comprise any suitable type of storage medium such as random access memory (RAM), flash
memory, electrically erasable read-only memory (EEPROM), etc., and/or combinations
thereof. The location information indicative of the tag’s location is loaded into storage 34 in
accordance with any of a variety of techniques. For example, the location information can be
wirelessly transmitted to the tag’s transceiver 32 from a programming device (not specifically
shown).

In accordance with embodiments in which the mobile device 20 and tag 30 are RFID-
compliant, the reader 24 emits a periodic wireless beacon signal that, when in range of
transceiver 32 causes the tag 30 to automatically echo back a wireless response signal along
with an identifier associated with the tag. In at least some embodiments, the identifier
differentiates the tag 30 from other tags. Upon receipt of the response signal, the mobile device
20 is able to determine that the mobile device is within range of the tag 30. The tag 30 also
retrieves its location information from storage 34 and transmits the location information to the
mobile device’s reader 24. The location information can be transmitted within the response
signal or as part of a separate wireless transmission. Moreover, the beacon signal emitted by
the reader 24 automatically causes the tag’s transceiver 32 to transmit the tag’s location
information to the reader’s transceiver 26. The beacon signal may be automatically emitted at
predetermined fixed or programmable periodic intervals. Additionally or alternatively, the

mobile device 20 can be manually activated by its user to emit a beacon.
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In some embodiments, the tag 30 is passive (i.e., the tag does not have its own source
of power) and in other embodiments, the tag is active (i.e., has its own source of power). In
accordance with at least some embodiments, the range at which the mobile device 20 and tag
30 can engage in effective communications depends on whether the tag is passive or active as
well as one or more other factors such as the communication frequency, the transmit power,
etc. In embodiments in which the tag is passive, communications are limited to less than about
3 meters and in some embodiments 2 feet or less, while if the tag is active, communications are
limited to less than about 200 feet. In either case, once the mobile device 20 has been informed
of the location of the tag 30, the location of the mobile device 20 is then known, estimated, or
inferred, at least within the effective communication range of the tag. For example, if the
effective communication range is 3 meters or less, then the mobile device knows its location to
be within 3 meters of the location of the tag.

The mobile device 20 (e.g., the host logic 22) determines the type of tag (e.g., passive
or active) to which it communicates. Based on the tag type, the mobile device 20 infers or
estimates its location based on the received tag’s location information. In some embodiments,
the mobile device’s host logic 22 and/or reader 24 determines the type of tag to which it
communicates based on, for example, an aspect of the communication transmission (e.g.,
frequency), while in other embodiments, the mobile device can only communicate with one
type of tag (active or passive). In this latter embodiment, the host logic and/or reader inherently
knows the mobile device is communicating with a particular type of tag and thus its location
range from the tag’s position. Further still, in those embodiments in which the mobile device
comprises the tag, the host logic knows that the mobile device has a particular type tag and thus
can estimate its location accordingly.

In some embodiments, Near Field Communication (NFC) Transceivers and Tags can
be used. NFC transceivers and tags operate at relatively short range. Such devices can function
as either transceivers (active mode) or passive tags with an on-demand response. An on-
demand response refers to a passive mode in which one device generates the RF field while the
other device uses load modulation to transfer the data. NFC-enabled devices are generally
interoperable with contactless smart-cards and smart-card readers conforming to these
protocols. The effective communication range for NFC-based devices is generally less than

about 1 foot and in some embodiments less than about § inches.
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Communication is terminated either by a command from the application or when
devices move out of range. In accordance with such embodiments, a user of an NFC-enabled
mobile device could move his mobile device (e.g., cellular telephone) in proximity of an NFC
transceiver or tag, for example, to purposely sync his or her position or this might happen
automatically as he or she is purchasing an item at a store.

FIG. 2 illustrates a corresponding method 70. At 72, the mobile device emits a beacon
signal. The beacon signal is detected by the tag at 74. In some embodiments, such as those
described above, the beacon signal cannot be detected by the tag until the mobile device is
within range (e.g., within 3 meters, 200 feet, or 1 foot as noted above) of the tag. The tag
retrieves its location information at 76 and transmits its location information to the mobile

device 20 at 78.

Thus, in one aspect of the invention, a mobile device is provided that comprises host
logic; and a first transceiver coupled to the host logic and adapted to wirelessly communicate
with a second transceiver, the second transceiver positioned at a fixed location and
comprising location information indicative of the fixed location. The first transceiver
transmits a wireless signal and, when the second transceiver is within range of the first
transceiver, the wireless signal automatically causes the second transceiver to transmit the
location information to the first transceiver.

In another aspect of the invention, a mobile device is provided that comprises host
logic; and a first transceiver coupled to said the logic and adapted to wirelessly communicate
with a second transceiver, the second transceiver positioned at a fixed location and
comprising location information indicative of said fixed location. The first transceiver
receives a wireless signal transmitted by the second transceiver and the wireless signal causes
the first transceiver to transmit a second signal to the second transceiver, and the first
transceiver receives a response signal from the second transceiver that contains the location
information.

Specific implementations may include one or more of the following: a radio
frequency identification (RFID) reader that comprises said first transceiver; a near field
communication device that comprises the first transceiver; a range of communications

between the first and second transceivers the is less than about 3 meters, less than about 200
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feet, or less than about 1 foot; a feature whereby the wireless signal also causes the second
transceiver to transmit an identifier of said second transceiver; a feature whereby the wireless
signal comprises a beacon signal; a feature whereby the host logic estimates a location for
said mobile device based on the location information; and/or the second transceiver having
one of a plurality of types and the host logic estimates a location for the mobile device based
on the location information and the type of the second transceiver.

In another aspect, the invention provides a communication device that comprises a
transceiver; and storage comprising location information indicative of the location of the
communication device. Upon receiving a wireless signal from a mobile wireless device, the
transceiver responds by transmitting its location to the mobile wireless device. Specific
implementations may include a range of communication between the communication device
and the mobile wireless device that is less than about 3 meters, less than about 200 feet, or
less than about 8 inches. The communication device may comprise one or both of a radio
frequency identification (RFID) tag and a radio frequency identification (RFID) reader. The
communication between the communication device and tag/reader can be infra-red (IR)-
based instead of radio frequency (RF)-based as in the case of RFID.

In another aspect, the invention provides a method comprising detecting a wireless
signal; upon detecting the wireless signal, automatically retrieving a location of a fixed
position wireless communication device; and transmitting that location to a mobile wireless
communication device. In a specific embodiment, the step of detecting a wireless signal
comprises detecting a periodic beacon signal.

Those skilled in the art to which the invention relates will appreciate that the
described example embodiments are illustrative of the many implementations, and that many
other embodiments and variations of embodiments exist within the scope of the claimed

invention.
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CLAIMS
What is claimed is:
1. A mobile device, comprising:
host logic; and
a first transceiver coupled to said host logic and adapted to wirelessly
communicate with a second transceiver, said second transceiver positioned at a fixed location
and comprising location information indicative of said fixed location;
wherein said first transceiver transmits a wireless signal and, when the second
transceiver is within range of the first transceiver, said wireless signal automatically causes
the second transceiver to transmit said location information to the first transceiver.
2. A mobile device, comprising:
host logic; and
a first transceiver coupled to said host logic and adapted to wirelessly
communicate with a second transceiver, said second transceiver positioned at a fixed location
and comprising location information indicative of said fixed location;
wherein said first transceiver receives a wireless signal transmitted by said
second transceiver and said wireless signal causes the first transceiver to transmit a second
signal to the second transceiver, and said first transceiver receives a response signal from the
second transceiver that contains said location information.
3. The mobile device of Claim 1 or 2, wherein said mobile device comprises a
radio frequency identification (RFID) reader that comprises said first transceiver.
4. The mobile device of Claim 1 or 2, wherein a range of communications
between said first and second transceivers is less than about 3 meters.
5. The mobile device of Claim 1 or 2, wherein said wireless signal comprises a
beacon signal.
6. The mobile device of Claim 1 or 2, wherein said host logic estimates a
location for said mobile device based on the location information.
7. The mobile device of Claim 1, wherein said wireless signal also causes said

second transceiver to transmit an identifier of said second transceiver.
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8. The mobile device of Claim 1, wherein said second transceiver having one of
a plurality of types and said host logic estimates a location for said mobile device based on
the location information and the type of said second transceiver.

9. A communication device, comprising:

a transceiver; and

storage comprising location information indicative of the location of the
communication device;

wherein, upon receiving a wireless signal from a mobile wireless device, said
transceiver responds by transmitting its location to said mobile wireless device.

10. The communication device of Claim 9, wherein a range of communication
between the communication device and the mobile wireless device is less than about 3
meters.

11. The communication device of Claim 9, wherein said communication device
comprises a radio frequency identification (RFID) tag.

12. The communication device of Claim 9 or 11, wherein said communication
device comprises a radio frequency identification (RFID) reader.

13. A method, comprising:

detecting a wireless signal;
upon detecting said wireless signal, automatically retrieving a location of a
fixed position wireless communication device; and
transmitting said location to a mobile wireless communication device.
14. The method of Claim 13, wherein detecting a wireless signal comprises

detecting a periodic beacon signal.
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