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(57) ABSTRACT 

A system for indicating the relative direction of a target 
object or location as determined from the current position of 
a Wireless communication device. The system employs 
Direction of Arrival determination using an antenna array 
for indicating the direction of a target device and includes 
facilities to activate a location-indicating transmission in a 
target device, the ability to request that a location-indicating 
transmission be activated in a remote target device, relevant 
information reception from a target device and the display of 
all potential target devices Within e?‘ective transmission 
range of the Wireless communication device. 
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SYSTEM AND METHODS FOR DIRECTION 
FINDING USING A HANDHELD DEVICE 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a system for Wire 
less direction-?nding and location, and more speci?cally, to 
an automated system for identifying target devices and 
relevant target device information in order to determine a 
relative direction toWards the target device from the current 
location of the seeking device. 

Description of Prior Art 

[0002] Modern society has quickly adopted, and become 
reliant upon, handheld devices for Wireless communication. 
For example, cellular telephones continue to proliferate in 
the global marketplace due to technological improvements 
in both the quality of the communication and the function 
ality of the devices. These Wireless communication devices 
(WCDs) have become commonplace for both personal and 
business use, alloWing users to transmit and receive voice, 
text and graphical data from a multitude of geographic 
locations. The communication netWorks utiliZed by these 
devices span different frequencies and cover different trans 
mission distances, each having strengths desirable for vari 
ous applications. 

[0003] Cellular netWorks facilitate WCD communication 
over large geographic areas. These netWork technologies 
have commonly been divided by generations, starting in the 
late 1970s to early 1980s With ?rst generation (1G) analog 
cellular telephones that provided baseline voice communi 
cations, to modern digital cellular telephones. GSM is an 
example of a Widely employed 2G digital cellular netWork 
communicating in the 900 MHZ-1.8 GHZ band in Europe 
and at 1.9 GHZ in the United States. This netWork provides 
voice communication and also supports the transmission of 
textual data via the Short Messaging Service (SMS). SMS 
alloWs a WCD to transmit and receive text messages of up 
to 160 characters, While providing data transfer to packet 
netWorks, ISDN and POTS users at 9.6 Kbps. The Multi 
media Messaging Service (MMS), an enhanced messaging 
system alloWing for the transmission of sound, graphics and 
video ?les in addition to simple text, has also become 
available in certain devices. Soon emerging technologies 
such as Digital Video Broadcasting for Handheld Devices 
(DVB-H) Will make streaming digital video, and other 
similar content, available via direct transmission to a WCD. 
While long-range communication netWorks like GSM are a 
Well-accepted means for transmitting and receiving data, 
due to cost, traf?c and legislative concerns, these netWorks 
may not be appropriate for all data applications. 

[0004] Short-range Wireless netWorks provide communi 
cation solutions that avoid some of the problems seen in 
large cellular netWorks. BluetoothTM is an example of a 
short-range Wireless technology quickly gaining acceptance 
in the marketplace. A BluetoothTM enabled WCD transmits 
and receives data at a rate of 720 Kbps Within a range of 10 
meters, and may transmit up to 100 meters With additional 
poWer boosting. A user does not actively instigate a Blue 
toothTM netWork. Instead, a plurality of devices Within 
operating range of each other Will automatically form a 
netWork group called a “piconet”. Any device may promote 
itself to the master of the piconet, alloWing it to control data 
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exchanges With up to seven “active” slaves and 255 
“parked” slaves. Active slaves exchange data based on the 
clock timing of the master. Parked slaves monitor a beacon 
signal in order to stay synchronized With the master, and 
Wait for an active slot to become available. These devices 
continually sWitch betWeen various active communication 
and poWer saving modes in order to transmit data to other 
piconet members. In addition to BluetoothTM other popular 
short-range Wireless netWorks include WLAN (of Which 
“Wi-Fi” local access points communicating in accordance 
With the IEEE 802.11 standard, is an example), WUSB, 
UWB, Bluetooth LoW End Extension (BTLEE)/BluLite, 
ZigBee/IEEE 80215.4, and UHF RFID. All of these Wire 
less mediums have features and advantages that make them 
appropriate for various applications. 

[0005] More recently, manufacturers have also began to 
incorporate various resources for providing enhanced func 
tionality in WCDs (e.g., components and softWare for per 
forming close-proximity Wireless information exchanges). 
Sensors and/or scanners may be used to read visual or 
electronic information into a device. A transaction may 
involve a user holding their WCD in proximity to a target, 
aiming their WCD at an object (e.g., to take a picture) or 
sWeeping the device over a printed tag or document. 
Machine-readable technologies such as radio frequency 
identi?cation (RFID), Infra-red (1R) communication, optical 
character recognition (OCR) and various other types of 
visual, electronic and magnetic scanning are used to quickly 
input desired information into the WCD Without the need for 
manual entry by a user. 

[0006] Wireless communication devices employing the 
previously discussed characteristics may be used for a 
variety of applications other than basic voice communica 
tions. Exemplary applications for business may include 
scheduling, Word processing, spreadsheets, facsimile trans 
mission, contact management, etc. There is also a multitude 
of applications for the personal enjoyment of the user, such 
as games, instant messaging, display Wallpaper, etc. 

[0007] A Wireless service provider may determine the 
location of a Wireless communication device by hoW it is 
communicating on the Wireless netWork (e.g., by identifying 
the cell Where a cellular phone last accessed the netWork). 
While the bene?t of being able to locate a communication 
device in certain situations is apparent, such as in an 
emergency, the ability to provide location-related informa 
tion to a user Would also be a great advantage. Exemplary 
systems noW envisioned might empoWer a user to determine 
a current location using their WCD, and combined With 
other applications, may be useful for route or direction 
?nding from a current location to another mapped location. 

[0008] Current handheld location systems that operate 
With services such as the Global Positioning System (GPS) 
are noW available on the market. These standalone devices 
may provide bearings and directions to address locations or 
longitude/latitude positions. HoWever, the bearings and 
directions may only be provided relative to the moving 
direction of the GPS device. For stationary devices they 
can’t be provided at all. Manufacturers have integrated these 
location-?nding features With traditional Wireless commu 
nication devices. 

[0009] HoWever, even With the ability to determine the 
current position of a device, the usefulness of these emerg 
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ing navigation systems is somewhat limited. What if the user 
has not yet determined their destination? In most status quo 
location systems the user must ?rst indicate the object of 
their search to the navigation system. For example, the user 
must provide a destination address for a target destination 
before the navigational system may provide directional 
information. HoWever, a person in an unfamiliar area may be 
currently unaWare of the multitude of possible target desti 
nations that might be of interest? What if the user desires to 
?nd a location on a much smaller scale, such as a room in 
a building that may not be established by a regional address? 
What if the destination is mobile, like the location of the 
closest taxi cab or police car in the immediate area? In an 
alternative application, What if the target is a thing (object) 
not a place (destination)? A person might Want to ?nd the 
current location of a set of keys, a Wallet, a jacket, the 
Wireless communication device of another user, etc. The 
current location technologies that are integrated into Wire 
less communication devices have not been envisioned to 
provide for these alternative situations. 

[0010] What is therefore needed is a directional and/or 
location ?nding system that does not require as a prerequi 
site a user’s knoWledge of What they seek. Instead, When 
activated, the directional and/or location ?nding system 
should enable the user to manually input a desired target, 
manually activate (or request the activation of) a target that 
is currently inactive, as Well as providing a list of potential 
targets to a user, Which alloWs the user to select the target of 
the directional search, be it either a place or object. In the 
case of selecting a target from the array of discovered 
targets, the targets may be identi?ed to the user and may in 
some cases also provide additional information relevant to 
the nature of the target. After a target is indicated, the user 
should be directed to the target through a simple interface 
that may indicate both the present user location and the 
relative direction to the target from this location. 

SUMMARY OF INVENTION 

[0011] The present invention includes at least a method, 
device, softWare program and system for determining the 
relative direction toWards a target from the current position 
of a Wireless communication device. The system includes 
provisions for the ability to activate a location-indicating 
transmission in a target, the ability to request that a location 
indicating transmission be activated in a target, information 
reception from multiple potential targets, the display of 
targets in effective reception range of the seeking device, the 
display of the target location and other information related 
to targets in effective reception range of the seeking device, 
the display of relative direction toWards a selected target 
device and the display of the current position of the seeking 
device. 

[0012] In a ?rst example of the present invention, the 
relative direction toWards a target Within e?fective Wireless 
transmission range of a WCD is determined. An antenna 
array composed of multiple antennas in a knoWn con?gu 
ration is combined With (or Within) the WCD to receive 
position-indicating transmission signals. These transmission 
signals are measured, and the measurements are used to 
perform a Direction of Arrival (DoA) calculation, Which 
resolves the relative direction toWards the target. The direc 
tion toWards the target is then displayed to a user on the 
WCD. 
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[0013] The user may knoW the identity of the target. In this 
case, the user may indicate a target identi?cation via a 
variety of Well-knoWn input methods. In some cases, the 
position-indicating transmission may need to be activated in 
the target. This depends on the type of position-indicating 
transmission device. Some targets Will alloW a user to 
activate the location beacon (position-indicating transmis 
sion) remotely via a Wireless message to the target. Other 
location beacons Will only alloW remote activation through 
permission by the oWner or controller of the target. A third 
class of targets are alWays active, and therefore, do not 
require remote activation. 

[0014] The encountered targets in effective transmission 
range of the WCD may be displayed for the user. The user 
may select any of the displayed targets for direction deter 
mination, and possibly to vieW additional information about 
the target. The WCD may then use the previously indicated 
signal processing method to determine the relative direction 
toWards the target device. The WCD may also, in some 
cases, use the location of various targets to triangulate the 
current location of the WCD. 

[0015] In addition, exemplary applications of the present 
invention are presented. In at least one situation, the present 
invention may help to determine the relative location of 
targets, or position markers, Within a building structure. The 
position markers may indicate locations of interest, and 
information relevant to these locations. The targets and 
locations of interest may include for example shops inside a 
shopping mall or products in a supermarket. The WCD may 
also use information provided from various position markers 
to provide an estimation of current location Within the 
building structure. 

[0016] The present invention also has application to out 
door direction and location ?nding. The present invention 
may be employed to list various locations or targets in an 
outdoor setting, alloWing a user to vieW information per 
taining to each target. The user may then choose one of the 
targets to locate, and the WCD Will indicate relative direc 
tion to the target from the user’s current location. Further, 
the WCD may use positional information provided from 
various target devices to provide an estimation of current 
location on a global (e.g., latitude and longitude) or regional 
basis (e.g., via map coordinates, address information, street 
names, etc.). 

DESCRIPTION OF DRAWINGS 

[0017] The invention Will be further understood from the 
folloWing detailed description of a preferred embodiment, 
taken in conjunction With appended draWings, in Which: 

[0018] FIG. 1 discloses an exemplary short-range to long 
range Wireless communication environment usable to 
describe at least one embodiment of the present invention. 

[0019] FIG. 2 discloses a modular description ofan exem 
plary Wireless communication device usable With at least 
one embodiment of the present invention. 

[0020] FIG. 3 discloses an exemplary structural descrip 
tion of the Wireless communication device previously 
described in FIG. 2. 

[0021] FIG. 4 discloses exemplary forms of location 
?nding and directional systems currently employed to deter 
mine direction and/or location. 
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[0022] FIG. 5 discloses an exemplary wireless communi 
cation device including integrated direction-?nding features 
in the form of an antenna array in accordance with at least 
one embodiment of the present invention. 

[0023] FIG. 6 discloses an exemplary structural descrip 
tion for direction-?nding features usable for receiving a 
position-indicating transmission in accordance with at least 
one embodiment of the present invention. 

[0024] FIG. 7 discloses exemplary antenna arrangements 
and an alternative structural description for receiving a 
position-indicating transmission in accordance with at least 
one embodiment of the present invention. 

[0025] FIG. 8 discloses an exemplary position-indicating 
transmission and different transmission strategies in accor 
dance with at least one embodiment of the present invention. 

[0026] FIG. 9 discloses a process ?owchart usable to 
operate at least one embodiment of the present invention. 

[0027] FIG. 10 discloses an exemplary application of the 
present invention wherein position markers are employed to 
mark locations in a building. 

[0028] FIG. 11 discloses an example of direction and/or 
position ?nding in a building in accordance with the appli 
cation described in FIG. 10 

[0029] FIG. 12 discloses a process ?owchart for executing 
the exemplary application of FIG. 10. 

[0030] FIG. 13 discloses another exemplary application of 
the present invention wherein position markers are 
employed to mark outdoor targets. 

[0031] FIG. 14 discloses a process ?owchart for executing 
the exemplary application of FIG. 13. 

[0032] FIG. 15 illustrates triangulation based on angles. 

DESCRIPTION OF PREFERRED EMBODIMENT 

[0033] While the invention has been described in preferred 
embodiments, various changes can be made therein without 
departing from the spirit and scope of the invention, as 
described in the appended claims. 

I. Wireless Communication Over Di?‘erent Communication 
Networks. 

[0034] A WCD may both transmit and receive information 
over a wide array of wireless communication networks, each 
with different advantages regarding speed, range, quality 
(error correction), security (encoding), etc. These character 
istics will dictate the amount of information that may be 
transferred to a receiving device, and the duration of the 
information transfer. FIG. 1 includes a diagram of a WCD 
and how it interacts with various types of wireless networks. 

[0035] In the example pictured in FIG. 1, user 110 pos 
sesses WCD 100. This device may be anything from a basic 
cellular handset to a more complex device such as a wire 
lessly enabled palmtop or laptop computer. Near Field 
Communications (NFC) 130 include various transponder 
type interactions wherein normally only the scanning device 
requires its own power source. WCD 100 scans source 120 
via short-range communications. A transponder in source 
120 may use the energy and/ or clock signal contained within 
the scanning signal, as in the case of RFID communication, 
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to respond with data stored in the transponder. These types 
of technologies usually have an effective transmission range 
on the order of ten feet, and may be able to deliver stored 
data in amounts from 96 bits to over a megabit (or 125 
Kbytes) relatively quickly. These features make such tech 
nologies well suited for identi?cation purposes, such as to 
receive an account number for a public transportation pro 
vider, a key code for an automatic electronic door lock, an 
account number for a credit or debit transaction, etc. 

[0036] The transmission range between two devices may 
be extended if both devices are capable of performing 
powered communications. Short-range active communica 
tions 140 includes applications wherein the sending and 
receiving devices are both active. An exemplary situation 
would include user 110 coming within e?‘ective transmission 
range of a BluetoothTM, WLAN, UWB, WUSB, etc. access 
point. In the case of Bluetooth Low End Extension 
(BTLEE)/BluLite, a network may automatically be estab 
lished to transmit information to WCD 100 possessed by 
user 110. BTLEE/BluLite may be used for battery-powered 
access points, since its power consumption is low. A BTLEE 
access point may use the advertisement mode to more 
rapidly establish the initial connection to WCD 100. This 
data may include information of an informative, educational 
or entertaining nature. The amount of information to be 
conveyed is unlimited, except that it must all be transferred 
in the time when user 110 is within e?‘ective transmission 
range of the access point. This duration is extremely limited 
if the user is, for example, strolling through a shopping mall 
or walking down a street. Due to the higher complexity of 
these wireless networks, additional time is also required to 
establish the initial connection to WCD 100, which may be 
increased if there are many devices queued for service in the 
area proximate to the access point. The effective transmis 
sion range of these networks depends on the technology, and 
may be from some 30 ft. to over 300 ft. with additional 
power boosting. 

[0037] Long-range networks 150 are used to provide vir 
tually uninterrupted communication coverage for WCD 100. 
Land-based radio stations or satellites are used to relay 
various communications transactions worldwide. While 
these systems are extremely functional, the use of these 
systems is often charged on a per-minute basis to user 110, 
not including additional charges for data transfer (e.g., 
wireless Internet access). Further, the regulations covering 
these systems cause additional overhead for both the users 
and providers, making the use of these systems more cum 
bersome. 

II. Wireless Communication Device 

[0038] As previously described, the present invention may 
be implemented using a variety of wireless communication 
equipment. Therefore, it is important to understand the 
communication tools available to user 110 before exploring 
the present invention. For example, in the case of a cellular 
telephone or other handheld wireless devices, the integrated 
data handling capabilities of the device play an important 
role in facilitating transactions between the transmitting and 
receiving devices. 

[0039] FIG. 2 discloses an exemplary modular layout for 
a wireless communication device usable with the present 
invention. WCD 100 is broken down into modules repre 
senting the functional aspects of the device. These functions 
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may be performed by the various combinations of software 
and/or hardware components discussed beloW. 

[0040] Control module 210 regulates the operation of the 
device. Inputs may be received from various other modules 
included Within WCD 100. For example, interference sens 
ing module 220 may use various techniques knoWn in the art 
to sense sources of environmental interference Within the 
effective transmission range of the Wireless communication 
device. Control module 210 interprets these data inputs, and 
in response, may issue control commands to the other 
modules in WCD 100. 

[0041] Communications module 230 incorporates all of 
the communications aspects of WCD 100. As shoWn in FIG. 
2, communications module 230 may include, for example, 
long-range communications module 232, short-range com 
munications module 234 and machine-readable data module 
236 (e.g., for NFC). Communications module 230 utilizes at 
least these sub-modules to receive a multitude of different 
types of communication from both local and long distance 
sources, and to transmit data to recipient devices Within the 
transmission range of WCD 100. Communications module 
230 may be triggered by control module 210, or by control 
resources local to the module responding to sensed mes 
sages, environmental in?uences and/or other devices in 
proximity to WCD 100. 

[0042] User interface module 240 includes visual, audible 
and tactile elements Which alloW the user 110 to receive data 
from, and enter data into, the device. The data entered by 
user 110 may be interpreted by control module 210 to affect 
the behavior of WCD 100. User-inputted data may also be 
transmitted by communications module 230 to other devices 
Within effective transmission range. Other devices in trans 
mission range may also send information to WCD 100 via 
communications module 230, and control module 210 may 
cause this information to be transferred to user interface 
module 200 for presentment to the user. 

[0043] Applications module 250 incorporates all other 
hardWare and/or softWare applications on WCD 100. These 
applications may include sensors, interfaces, utilities, inter 
preters, data applications, etc., and may be invoked by 
control module 210 to read information provided by the 
various modules and in turn supply information to request 
ing modules in WCD 100. 

[0044] FIG. 3 discloses an exemplary structural layout of 
WCD 100 according to an embodiment of the present 
invention that may be used to implement the functionality of 
the modular system previously described in FIG. 2. Proces 
sor 300 controls overall device operation. As shoWn in FIG. 
3, processor 300 is coupled to communications sections 310, 
320 and 340. Processor 300 may be implemented With one 
or more microprocessors that are each capable of executing 
softWare instructions stored in memory 330. 

[0045] Memory 330 may include random access memory 
(RAM), read only memory (ROM), and/or ?ash memory, 
and stores information in the form of data and softWare 
components (also referred to herein as modules). The data 
stored by memory 330 may be associated With particular 
softWare components. In addition, this data may be associ 
ated With databases, such as a bookmark database or a 
business database for scheduling, email, etc. 

[0046] The softWare components stored by memory 330 
include instructions that can be executed by processor 300. 
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Various types of softWare components may be stored in 
memory 330. For instance, memory 330 may store softWare 
components that control the operation of communication 
sections 310, 320 and 340. Memory 330 may also store 
softWare components including a ?reWall, a service guide 
manager, a bookmark database, user interface manager, and 
any communications utilities modules required to support 
WCD 100. 

[0047] Long-range communications 310 performs func 
tions related to the exchange of information over large 
geographic areas (such as cellular netWorks) via an antenna. 
These communication methods include technologies from 
the previously described 1G to 3G. In addition to basic voice 
communications (e.g., via GSM), long-range communica 
tions 310 may operate to establish data communications 
sessions, such as General Packet Radio Service (GPRS) 
sessions and/or Universal Mobile Telecommunications Sys 
tem (UMTS) sessions. Also, long-range communications 
310 may operate to transmit and receive messages, such as 
short messaging service (SMS) messages and/ or multimedia 
messaging service (MMS) messages. 

[0048] As a subset of long-range communications 310, or 
alternatively operating as an independent module separately 
connected to processor 300 (not pictured), transmission 
receiver 312 alloWs WCD 100 to receive transmission 
messages via mediums such as Digital Video Broadcast for 
Handheld Devices (DVB-H). These transmissions may be 
encoded so that only certain designated receiving devices 
may access the transmission content, and may contain text, 
audio or video information. In at least one example, WCD 
100 may receive these transmissions and use information 
contained Within the transmission signal to determine if the 
device is permitted to vieW the received content. 

[0049] Short-range communications 320 is responsible for 
functions involving the exchange of information across 
short-range Wireless netWorks. As described above and 
depicted in FIG. 3, examples of such short-range commu 
nications 320 are not limited to BluetoothTM, WLAN, UWB 
and Wireless USB connections. Accordingly, short-range 
communications 320 performs functions related to the estab 
lishment of short-range connections, as Well as processing 
related to the transmission and reception of information via 
such connections. 

[0050] Short-range input device 340, also depicted in FIG. 
3, may provide functionality related to the short-range 
scanning of machine-readable data (e.g., for NFC). For 
example, processor 300 may control short-range input 
device 340 to generate RF signals for activating an RFID 
transponder, and may in turn control the reception of signals 
from an RFID transponder. Other short-range scanning 
methods for reading machine-readable data that may be 
supported by the short-range input device 340 are not 
limited to IR communications, linear and 2-D (e.g., QR) bar 
code readers (including processes related to interpreting 
UPC labels), and optical character recognition devices for 
reading magnetic, UV, conductive or other types of coded 
data that may be provided in a tag using suitable ink. In order 
for the short-range input device 340 to scan the aforemen 
tioned types of machine-readable data, the input device may 
include optical detectors, magnetic detectors, CCDs or other 
sensors knoWn in the art for interpreting machine-readable 
information. 
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