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(57) ABSTRACT 

An Interactive Real-Time Distributed Navigation system is 
disclosed. In the present invention a user’s location is 
determined by generating a position signal at the user’s 
location. Through Wireless communication betWeen the user 
and distributed navigation servers, the user is presented With 
a list of candidate locations. The user’s choice from the 
candidate list are then used by the navigation servers to 
obtain an accurate measurement of the user’s location. 
Having established a user’s location, the system proceeds to 
provide navigational prompts to the user to reach a ?nal 
destination. 
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METHOD AND SYSTEM FOR A REAL-TIME 
DISTRIBUTED NAVIGATION SYSTEM 

FIELD OF THE INVENTION 

[0001] This invention relates to navigation systems and 
location based information delivery. Speci?cally, this inven 
tion relates to a method and system for delivering interactive 
and real-time navigational information using distributed 
navigation information processing. 

BACKGROUND OF THE INVENTION 

[0002] Many navigation systems are based on satellite 
based global positioning system (GPS) devices Which have 
been applied in automobile navigation systems, see, e.g., 
US. Pat. Nos. 5,938,720, 5,928,307, 5,922,042, 5,912,635, 
5,910,177, 5,904,728, 5,902,350, all incorporated herein by 
reference for all purposes. Such automobile navigation sys 
tems, hoWever, are expensive and inconvenient to use. Many 
such systems are further not appropriate for Walking. There 
fore, there is a great need in the art to incorporate navigation 
systems in personal handheld devices. 

[0003] HoWever, there are several technical obstacles that 
prevent the incorporation of navigational capabilities in 
handheld devices for providing turn-by-turn real-time navi 
gation services. One such obstacle is the amount of geo 
graphic data needed to provide reasonably detailed naviga 
tional information. Small handheld devices include cellular 
phones, personal digital assistants, or computers, hoWever, 
the amount of embedded memory is limited and is imprac 
tical to store a large amount of geographic information. In 
eXisting automobile navigation systems, GPS systems are 
employed to provide information about the location and 
movement of a user. Geographic information is usually 
stored in a geographic mapping database stored on a CD 
ROM, hard-disk drive device or other large capacity storage 
medium. 

[0004] Another obstacle is that the lack of information 
processing poWer of small devices such as those mentioned 
above. For eXample, the information processing poWer of a 
cellular telephone is typically provided by an embedded 
microprocessor With limited memory. While the information 
processing poWer of embedded microprocessors is generally 
increasing, such processors are still not suitable for proces 
sor intensive real-time navigational tasks. 

[0005] An additional obstacle is the insuf?cient location 
accuracy provided by current technology. Initial sources of 
inaccuracy of the GPS based systems, for eXample, are 
either imposed by the US. Department of Defense through 
Selective Availability (S/A), other sources of error are due to 
atmospheric and timing errors limiting the accuracy of a 
single GPS receiver to +/—50 meters. Methods eXist Which 
can be used to enchance accuracies to +/—5 meters. Such 
methods include Enhanced GPS systems (i.e., SnapTrack) 
and netWork based system (i.e., Truepoint). These methods 
use a knoWn position, such as a survey control point, as a 
reference point to correct the GPS position error. These 
methods of correcting GPS positions are referred to as 
Differential GPS or DGPS. The DGPS corrections can be 
applied to the GPS data in real-time using data telemetry 
(radio modems). ToWard eXpanding the use of DGPS, the 
United States and Candian Coast Guard are establishing a 
series of radio beacons to transmit the DGPS corrections for 
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accurate navigation along the Great Lakes, the Mississippi 
River and tributaries, the Gulf Coast,and the Eastern and 
Western coasts of North America. HoWever, such radio 
beacons are not available to consumers traveling in most 
inland locations. 

[0006] Location information that is ambiguous due to a 
number of factors discussed above makes navigational sys 
tems difficult to develop. For eXample, if the user is driving 
in a doWntoWn area With streets spaced close together, a GPS 
location Within +/—50 meters is not adequate to give turn 
by-turn directions. The GPS location information is thus 
considered ambiguous and inappropriate for navigation sys 
tems. In other situations, a GPS location Within +/—50 meters 
is adequate for navigation purpose. For eXample, if a user is 
driving on a highWay in a remote area Without any nearby 
eXits, the GPS location is sufficient for calculating further 
navigation directions. Thus, in such a situation, the GPS 
location is not ambiguous. 

[0007] Current automobile GPS navigation systems make 
use of other sensors, such as accelerometers, speedometers, 
etc. plus some sophisticated ?ltering technology to improve 
the accuracy of a navigational system (see, e.g., US. Pat. 
No. 5,912,635, previously incorporated by reference for all 
purposes). In addition, many automobile-based navigational 
systems use map-aiding technology as Well. HoWever, for a 
navigational system implemented using handheld devices 
such as cellular telephones, it is impractical to have the 
handheld devices connected to external sensors, especially 
When the device is used While Walking. 

[0008] Accordingly, it Would be desirable to provide a 
navigational system that provides accurate navigational 
instructions. It Would further be desirable to provide a 
navigational system that can be implemented on an eXisting 
infrastructure and is adaptable to neW infrastructures as they 
become available. 

[0009] It Would further be desirable to provide a naviga 
tional system that can be implemented on handheld devices 
With limited computational poWer as Well as devices With 
enhanced computational poWer. 

[0010] It Would further be desirable to provide a naviga 
tional system that can make use of many forms of real time 
information to provide accurate location calculations as Well 
as optimal navigation paths. 

SUMMARY OF THE INVENTION 

[0011] These and other objects are provided for by a 
system and method for interactive real-time distributed 
navigation. In an embodiment of the invention, a user 
advantageously makes use of an often under-utiliZed sen 
sor—a user’s eyes. ToWard reducing an ambiguity associ 
ated With a location derived from a positional sensor, the 
present invention prompts for and utiliZes a user’s input. In 
an embodiment, a consolidated list of candidate locations 
are presented to a user. A user’s selection from such list is 
then used to correct for errors in other position detecting 
sensors. 

[0012] In another embodiment of the invention, an 
enhanced and simpli?ed dynamic real-time navigation sys 
tem is provided based upon distributed computing and 
database systems. In such a manner, Wireless devices With 
limited computational poWer interact With distributed serv 
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ers that execute any necessary intensive processing. In 
another embodiment, geographic map information databases 
are advantageously stored on distributed servers With large 
storage capacity. 

[0013] In another embodiment, depending upon the capa 
bility of a user’s device, data storage and navigation calcu 
lation load are dynamically distributed betWeen the server 
and the device. In an embodiment, a user sends a request to 
navigate from a current location (or point A) to point B. A 
server, after receiving the request (including destination 
information) and user’s location, the system of the present 
invention generates a global navigation route across several 
small geographic areas. The server then sends navigational 
information relating to a ?rst small geographic area to the 
user’s device. Once the user moves out of the ?rst small 
geographical area, the information Will be updated by the 
server either at the request of the user’s device or initiated 
by the server based upon the location of the user. 

[0014] Another aspect of the invention provides naviga 
tion guidance based on real-time traf?c conditions. The 
traf?c information can be obtained from a group of naviga 
tional service users, by observing their speeds and making 
comparisons. With the nominal street speed limits in a map 
database. This traffic information assists the system to 
determine an optimal route for its users in real-time. At each 
juncture, the system Will dynamically determine an optimal 
path to get to the destination based on the traf?c information. 
The best route can be de?ned based on the user’s request, for 
eXample, it can be either time or gas consumption Which Will 
be minimiZed. 

[0015] Another embodiment of the invention provides 
directions in a queue ahead of time. This is particularly 
important for Wireless device navigation because of the 
small screen. For eXample, the server prompts, either by 
voice or teXt, “you are going to see University Ave. in about 
5 minutes (or 500 yards), Where you should turn right.” In 
the mean time, if not necessary, the communication link can 
be released to reduce the server traf?c. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0016] The accompanying draWings, Which are incorpo 
rated in and form a part of this speci?cation, illustrate 
embodiments of the invention and, together With the 
description, serve to eXplain the principles of the invention: 

[0017] FIG. 1 is a schematic shoWing One Embodiment of 
the Interactive Real-time Distributed Navigation System— 
User end; 

[0018] FIG. 2 is a schematic shoWing an embodiment of 
the Interactive Real-time Distributed Navigation System— 
Architecture A (Internet); 

[0019] FIG. 3 is a schematic shoWing another embodi 
ment of the Interactive Real-time Distributed Navigation 
System—Architecture B (Direct links); 
[0020] FIG. 4 is a schematic shoWing an embodiment of 
the interactive real-time distributed navigation system of the 
invention; 
[0021] FIG. 5 is a schematic shoWing a method for 
navigating according to the invention; and 

[0022] FIG. 6 is a ?oWchart of a method for navigation 
according to the invention. 
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DETAILED DESCRIPTION OF THE 
EMBODIMENTS 

[0023] Reference Will noW be made in detail to the pre 
ferred embodiments of the invention, eXamples of Which are 
illustrated in the accompanying draWings. While the inven 
tion Will be described in conjunction With the preferred 
embodiments, it Will be understood that they are not 
intended to limit the invention to these embodiments. The 
invention is intended to cover alternatives, modi?cations 
and equivalents, Which may be included Within the spirit and 
scope of the invention as de?ned by the appended claims. 

[0024] As Will be appreciated by one of skill in the art, the 
present invention may be embodied as a method, data 
processing system or program products. Accordingly, the 
present invention may take the form of navigation systems, 
navigation methods, navigation devices, navigation soft 
Ware, etc. SoftWare Written according to the present inven 
tion is to be stored in a form of computer readable medium, 
such as memory, or CD ROM, to be transmitted over a 
netWork, and eXecuted by a processor. 

[0025] A key component of a navigation system is the 
determination of the location (or position) of a user. It is 
intended that the term location (referred to herein as the 
measurement of a geographic location) includes information 
related to the position of an object. A location may contain 
three dimensional information that completely de?ne the 
eXact position of an object. In some embodiments, a location 
may contain tWo dimensional information to de?ne an object 
in a tWo dimensional space. In some additional embodi 
ments, a location may contain information that is not suf? 
cient to completely de?ne the position of an object. Broadly 
de?ned location, as used herein, also may include speed, 
time, direction of movement, etc. of an object. 

[0026] One skilled in the art Would appreciate that the 
format of location information is not critical to some 
embodiments of the invention. For eXample, in some 
embodiments, location information is presented in the for 
mat of (X, y), Where X and y are tWo ordinates de?ne the 
geographic location of an object, i.e., a user. 

[0027] FIG. 2 shoWs an architecture for an Interactive 
Real-Time Distributed Navigation System in accordance 
With a preferred embodiment. The various components and 
their interaction Will noW be described. It is to be understood 
that Where like numerals are used in different ?gures, such 
like numerals refer to the same item. Wireless device 202 
may take the form of a cellular telephone, satellite tele 
phone, Wireless Personal Digital Assistant (PDA), personal 
computer or other suitable device having Wireless commu 
nications capability. Wireless device 202 is equipped With 
positioning capability that takes the form of, for eXample, 
global positioning systems (GPS), emergency 911 (E911) 
location, or some other positioning systems as they become 
available. One skilled in the art Will appreciate that the 
present invention is not limited to any particular positioning 
technology. In an embodiment, Wireless device 202 is manu 
factured With built-in positioning capabilities. Advanta 
geously, Wireless device 202 does not need to carry map 
information, can carry a predetermined amount of map 
information, depending on the Wireless device’s 202 storage 
capability. Such a system is described as a distributed system 
and Will be further discussed beloW. 

[0028] In an embodiment, the capabilities of Wireless 
device 202 are enhanced through interfacing With modular 
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attachments. A major function of Wireless device 202 is to 
provide an interface betWeen the invention and a user. 
Furthermore, as Will be described more fully below, Wireless 
device 202 provides a user interface 205 for displaying 
graphical, teXtual or audible information. User interface 205 
incorporates the user’s sensory capabilities Within the inven 
tion. User interface 205 is used to alloW user interaction With 
electromechanical components of the invention. Such inter 
action is used to improve the positioning accuracy of the 
invention Where interaction achieved through teXt, graphics 
or audible signals are Within the scope of the invention. 

[0029] Because Wireless device 202 is capable of relaying 
information to a user by means of audible signals or through 
teXt messages displayed on Wireless device 202, embodi 
ments of the invention make use of audible sound producing 
devices, as Well as, teXt displaying devices. Where a teXt 
displaying device is used, enhanced performance is achieved 
through a Wireless device 202 capable of displaying several 
lines of teXt. An enhanced video display is also appropriate 
for Wireless device 202 as maps and enhanced directional 
information are displayed on such devices. In another 
embodiment, Wireless device 202 is directionally oriented 
through gyroscopic or geomagnetically enhancements, 
Which are then used by the device or server to provide real 
time position and orientation information. One of skill in the 
art realiZes that many more implementations are possible for 
Wireless device 202 Without deviating from the teachings of 
the invention. 

[0030] As further shoWn in FIG. 2, Wireless carrier 204 
provides Wireless connectivity betWeen Wireless device 202 
and distributed navigation servers 212 to be described 
further beloW. Examples of Wireless carrier 204 include 
cellular telephone carriers, satellite communications carriers 
or global positioning system carriers. In achieving Wireless 
connectivity, Wireless carriers provide an eXisting infrastruc 
ture for the Wireless devices and distributed navigation 
servers. In an embodiment, GPS is used along With the 
government imposed selective availability. One With skill in 
the art Will understand that Where such limitation is 
removed, the present invention can further be enhanced. 
Because of the adaptive interaction With the user, informa 
tion ranging from general to very speci?c is relayed to the 
user for a Wide range of navigational applications. 

[0031] While keeping Within the teachings of the inven 
tion Wireless carrier 204 provides positioning information 
such as through GPS, E911 or other positioning systems. 
Alternatively, positioning information is obtained through a 
third party and is then used by Wireless carrier 204. For 
eXample, Wireless service resellers, Wireless internet service 
provides (ISPs), or satellite Wireless carriers, among others, 
provide the services necessary to practice the invention. 
Importantly, Wireless throughput and bandWidth continues 
to increase through the advent of digital transmission and 
through other techniques. Analog (i.e., AMPS) systems 
provide for a certain level of service. HoWever, more 
advanced digital transmission techniques, such as, but not 
limited to GSM, TDMA, CDMA, provide higher data 
throughput. At the time of the invention, CDMA provides 
the highest throughput of information, hoWever, it is 
eXpected that Wireless technology Will further be developed. 
Because of its broad application, the present invention is 
appropriate for these and many other transmission tech 
niques. In an embodiment of the invention, Wireless carrier 
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204 receives analog or digital information from the Wireless 
device 202 and directs such information to other compo 
nents of the invention. Similarly, Wireless carrier 204 
receives information from components of the invention and 
then directs such information to Wireless device 204. 

[0032] As shoWn in FIG. 2, Wireless carrier 204 is con 
nected to gateWay 206 Which provides an interface to 
netWork 208. GateWay 206 is provided by, among others, 
Wireless carriers, ISPs, or other telecommunications provid 
ers. In an embodiment of the invention, netWork 208 is the 
Internet. The Internet provides advantages because it is a 
Widely distributed netWork reaching many areas of the 
World. In another embodiment, netWork 208 is implemented 
as a proprietary netWork. By implementing a specialiZed 
netWork, netWork 208 may be customiZed to provide mini 
mal latency and optimal performance. 

[0033] As shoWn in FIG. 2, a plurality of distributed 
navigation servers 212 are incorporated as part of the 
invention by communicating using netWork 208. Distributed 
navigation servers 212 store street map information and 
point of interest information and further perform processing 
tasks. In this manner, Wireless device 202 is not burdened 
With carrying all the necessary information for proper navi 
gation. In an embodiment, distributed navigation servers 212 
also process location speci?c information such as real-time 
traffic information. In an embodiment, traf?c information is 
obtained from a group of navigation service users. By 
observing and comparing their positions, speeds and times, 
and making further comparisons With nominal street speed 
limits in a map database, real-time traf?c information is 
generated and then used by the invention. At each juncture 
toWards a destination, the system dynamically determines 
the optimal route for a particular user responsive to ever 
changing conditions. For example, Where due to changed 
conditions a ?rst route becomes less optimal, a second route 
is generated and presented to a user. An optimal route is 
determined in several Ways depending on a user’s prefer 
ence. For eXample, an optimal route can be based on 
minimum time, minimum distance or minimum consump 
tion of fuel. Processor intensive functions such as navigation 
guide algorithms are processed by distributed navigation 
servers 212 so as to reduce the computational burden on 
Wireless device 202. As part of the processing function of 
distributed navigation servers 212, in an embodiment, these 
servers provide conversion functions such as betWeen 
HDML or WML to HTML and vice versa. 

[0034] An alternative embodiment for the system archi 
tecture of the present invention is shoWn in FIG. 3. As 
shoWn in FIG. 3, Wireless device 202, Wireless carrier 204 
and distributed navigation servers 212 are substantially the 
same as described for FIG. 2. Direct links 210, hoWever, 
provide an alternative embodiment to the function of gate 
Way 206 and netWork 208 of FIG. 2. The direct link 
architecture is applicable Where Internet infrastructure is not 
Well established or fast response is desired for user naviga 
tion or other location speci?c information services. Illustra 
tively, T1, Frame Relay, etc. linked by a LAN or WAN are 
appropriate for direct links 210. In another embodiment, 
direct links 210 are implemented as dedicated lines. Alter 
natively, direct links 210 are implemented as hard Wired 
connections betWeen Wireless carrier 204 and distributed 
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navigation servers 212 Where Wireless carrier 204 and 
distributed navigation servers 212 are collocated in a central 
of?ce. 

[0035] FIG. 6 shoWs steps of an interactive real-time 
distributed navigation system in accordance With a preferred 
embodiment. At step 602 a client transmits position infor 
mation to a server and a server receives such information. In 

an embodiment, the client is a device such as Wireless device 
202 discussed With reference to FIG. 2. The server is a 
device such as distributed navigation server 212 also dis 
cussed With reference to FIG. 2. At step 604 a determination 
is made as to Whether the position information is ambiguous. 
If the position information is not ambiguous, the server 
determines proper directions to a destination Which are then 
transmitted by the server and received by the client at step 
622. 

[0036] A location contains various degrees of inaccura 
cies. For example, most GPS receivers can provide location 
information accurate to Within a range of approximately 50 
meters, i.e., an inaccuracy of around 50 meters. There are a 
number of knoWn factors that may affect the accuracy of a 
location determination. Weather conditions may affect the 
accuracy of a GPS location determination. In an embodi 
ment of the invention, a location, in addition to information 
de?ning the position of an object, is also associated With an 
estimated error and a range. One of skill in the art appreci 
ates that the error of a positioning system is estimated based 
upon the characteristics of the positioning device and other 
factors including Weather and transmission conditions. 

[0037] Whether or not a location is ambiguous may be 
dependent upon many factors including, but not limited to: 
the accuracy associated With the location; attributes of a road 
netWork; recent traveling history; and map accuracy. 

[0038] In general, the more accurate a location, the less 
likely it is ambiguous. The attributes of a road netWork, such 
direction, turns, etc., can be useful in removing ambiguity. 
Illustrations are helpful: if one is traveling in on a highWay 
in a remote area Without any eXits, a location associated With 
error of around 50 meters is not ambiguous for navigation 
purpose, because the navigation direction Will be “going 
along the highWay”. Contrastingly, a location associated 
With an error of 50 meters is ambiguous if the location is 
Within a business district of a doWntoWn urban area Where 
street blocks are less than 10 meters aWay. In an embodiment 
of the invention, Whether a location is ambiguous is also 
dependent upon traf?c regulations and traf?c conditions. For 
eXample, if there are only tWo roads (Road A and B) Within 
the range of a location (location+/—error), Where the user is 
travelling at a speed of 55-80 miles/hr and road A has speed 
limit of 25 miles per hour, the location is unambiguous for 
the purpose of navigation because the user’s location can be 
determined to be on Road B With a high degree of con? 
dence. 

[0039] A user’s recent travel history is utiliZed in an 
embodiment of the invention to reduce ambiguity, for 
eXample, by performing a pattern recognition analysis of the 
user’s travel history Within a particular area. Illustratively, a 
user’s travel history may be recorded or logged over a 
predetermined time and used in an auto-regressive manner. 

[0040] Returning to the discussion of FIG. 6, if at step 
604, the position information is determined to be ambigu 
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ous, further novel steps are taken to remove ambiguity of 
position information. With the received ambiguous position 
information in conjunction With an associated error for a 

particular positioning system in use, a query is made of a 
map database at step 606. From the query at step 606, a list 
is generated at step 608 of various candidate locations. In an 
embodiment of the invention, the candidate locations of step 
608 are associated With notorious attributes such as land 

marks, buildings, street intersections or street names, etc. 
One of skill in the art appreciates that various types of 
database structures can be useful for implementation With an 
embodiment of the invention. The aforementioned patents 
incorporated by reference also serve to demonstrate eXisting 
databases, search methods, and algorithms. 

[0041] The list generated at step 608 may be unWieldy for 
purposes of displaying on Wireless device 202 Where such 
device has a small screen. Therefore, at step 610, the 
candidate list is consolidated to a smaller list. Illustratively 
and Without limitation, a list of 400 candidate locations 
(“candidates”) is too large to display on an LCD screen of 
a typical cellular telephone or personal digital assistant. 
Through step 610, hoWever, a shortened consolidated list is 
generated that can easily be displayed on a small screen. 
KnoWn statistical and predictive methods are used to reduce 
the candidate list to only those candidates With a high 
probability of being a true location. Furthermore, historical 
or auto-regressive information may be used to further con 
solidate the list. In an alternative embodiment, a consoli 
dated list is ranked based upon a probability of being closest 
to the user. 

[0042] At step 612, the server then transmits and the client 
receives the consolidated list. At step 614, a user is incor 
porated into the present invention by sensing his surround 
ings and then selecting an appropriate choice from among 
the consolidated list presented on the client such as Wireless 
device 202. This invention fully utiliZes eXisting sensors— 
user’s eyes and other human senses—to improve the accu 
racy of the position determination of the present invention. 
Through the user’s sensory perception, the user interacts 
With the present invention to enhance the quality of its 
navigational directions. In this Way, the user incorporates his 
eyes to con?rm the navigation guide from the system. For 
eXample, When the user requests navigational guidance from 
the server, the server Will compare the direct location 
measurement With a map. Because of the location determi 
nation accuracy is typically ambiguous, the user’s true 
location may be different from What the location measure 
ment indicates. Therefore, the navigation system of the 
invention employs user’s eyes are used as additional sensors 
to the Whole system to improve the location determination 
accuracy and navigation quality. 

[0043] Illustratively and Without limitation, at step 614, 
the user selects the closest landmark to assist the server in 
locating the user accurately. In another embodiment, a user 
is asked to select a candidate location in speci?ed direction. 
An illustrative prompt is “Please select a candidate location 
directly in front of you.” In yet another embodiment, a user 
is asked to select multiple locations. Illustratively, a user is 
asked to pick 3 locations around him, such that averaging or 
triangulation techniques are available at step 618 to be 
discussed beloW. One of skill in the art appreciates that 
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location information can be derived from the user and a user 
selection in other appropriate manners Without deviation 
from the invention. 

[0044] In embodiments of the invention, user interaction 
at step 614 is done audibly or teXtually. At step 616, the user 
selection is then transmitted by the client and received by the 
server. At step 618, an improved user location is calculated 
using the user selection information in several Ways Without 
deviating from the invention. In an embodiment, a user’s 
locations is calculated based on the location of the user’s 
selection. Alternatively, the user’s location is calculated as a 
?mction of both the location of the user’s selection and the 
ambiguous location determined by a location sensor. One of 
skill in the art Will appreciate that there are other methods of 
calculating the location of a user. 

[0045] At step 618, a digital ?ltering processes is used to 
determine calculate a user’s location. In this manner, the 
interaction With the user is only necessary When the con? 
dence level of the server in determining the user location is 
beloW a predetermined level. A con?dence level is obtained 
by comparing the processed location to a map database. If an 
ambiguity eXists at step 620, the steps 614-620 are repeated 
until an ambiguity no longer eXists. 

[0046] Having determined a location that is not ambigu 
ous, at step 622, the server transmits appropriate naviga 
tional directions to the client and the client receives such 
directions and displays them to the user on Wireless device 
202. 

[0047] FIG. 4—Distributed System 

[0048] FIG. 4 shoWs an embodiment of hoW tasks are 
distributed betWeen a client Wireless device 202 (i.e., cel 
lular telephone, PDA, or GPS receiver) and distributed 
navigation server 212 (see FIG. 2) in accordance With the 
method of FIG. 6. Advantageously, because of the distri 
bution of tasks, Wireless device 202 is implemented as a 
device of reduced siZe and Weight thereby making it appro 
priate for driving as Well as Walking. At Wireless device 212, 
step 602 is performed to generate position information of the 
user Which is then communicated over a Wireless medium to 
server 212 Where step 604 is performed to determine 
Whether the user’s position information is ambiguous. If it 
is, server 212 then queries a database (step 606) of map 
information to generate a list (step 608). After consolidation 
(step 610), the consolidated list is then transmitted (step 
612)over the Wireless medium to the client Wireless device 
202, Where it is displayed. After observing his surroundings, 
the user makes a selection (step 614) from the candidate list 
on Wireless device 202. Such information is then transmitted 
(step 616) to the server Where it is used to calculate an 
improved location (step 618). When the server 212 deter 
mines that the location is no longer ambiguous (step 620), 
the server prompts the user With navigational instructions 
(step 622). 
[0049] In the description of FIGS. 6 and 4, an embodi 
ment Was described Wherein the user Wireless device 202 
(see FIG. 2) is of limited processing and storage capability 
such that various steps Were described as being performed 
by distributed servers 212. In this manner, Wireless device 
202 is implemented as a device With limited computational 
poWer Where processor intensive tasks are distributed among 
the servers 212 One of skill in the art, hoWever, appreciates 
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that the method of the present invention is also appropriate 
on a Wireless device 202 With enhanced capabilities. Illus 
tratively and Without limitation, Where Wireless device 202 
contains an enhanced processor, memory, and high capacity 
storage space (i.e., hard drive), the steps of FIG. 6 described 
as being performed by the server, may be allocated to be 
performed at the client (i.e., Wireless device 202). In such an 
embodiment, one of skill in the art Will also appreciate that 
the client to server and server to client transmissions are 

appropriately reallocated. Furthermore, one of skill in the art 
appreciates that many different distributions of tasks remain 
Within the scope of the invention. 

[0050] With an understanding of the architecture and 
method of the present invention, a user’s session With an 
embodiment of the present invention Will noW be described 
With reference to FIG. 1. In FIG. 1, Wireless device 202 is 
implemented as a cellular telephone With a graphics display. 
Illustratively, Wireless device 202 Will be described in voice 
mode, but one of skill in the art Will understand that the 
invention can be implemented in a teXt mode of operation. 
In a voice mode of operation, the system is implemented 
With voice recognition as Well as grammar design capabili 
ties. In an embodiment, the user begins a session With the 
invention by speaking into the device to provide a destina 
tion. With the destination information, the system the imple 
ments the method of the invention as described in FIG. 6. 
The system obtains position information and determines 
Whether a position is ambiguous (steps 602-604). Upon 
querying the, generating a list, and consolidating a list, the 
system presents a list of selections to the user (steps 606 
612). In the voice mode of operation being described here, 
the system may present a section as shoWn in teXt bubble 
102 Where the system synthesiZes a voice to say, “If you are 
on El Camino Real, say or push 1; if you are on Alma say 
or push 2.” In the present eXample, the user observes his 
surroundings by reading a street sign. Assuming the user is 
on El Camino Real, the user says “1” to indicate the same. 
After appropriate processing as described for steps 614-622 
of FIG. 6, the system removes the ambiguity of a user’s 
location and correctly prompts him as shoWn in teXt bubble 
106 by stating “You are approaching Grove Avenue, in about 
5 minutes (or 200 yards) you should turn right.” In this 
manner, the system provides a navigational guide ahead of 
time, so the user can use his/her eyes to con?rm the 
navigation guide from the system. 

[0051] In another embodiment, Wireless device 202 is 
provided With an enhanced graphics display such that graph 
ics 104 is displayed on the device. With such an enhanced 
display, navigational prompts are further provided. For 
eXample, after determining a user is on El Camino, the user 
may be audibly told “You are on El Camino; folloW the 
arroWs on the display to reach your destination.” Illustra 
tively, a direction arroW is displayed on the user device that 
provides instructions to the user as to Where to proceed. 

[0052] In another embodiment, Where Wireless device 202 
is equipped With directional capabilities such as through the 
use of a gyroscope or geomagnetic sensing, the system 
provides real-time directional as Well as navigational infor 
mation. Illustratively, the system determines that the user 
must proceed north and the user is facing north, a device 
display shoWs an upWard pointing arroW indicating that the 
user should proceed straight ahead. HoWever, Where the user 
must proceed north and he is facing south, the device display 
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shows a downward pointing arrow indicating that the user 
should proceed backward or, more reasonably, turn around 
to face north and then proceed. In another implementation 
with a more enhanced display, more detailed and broader 
map information is displayed with more stylistic prompts to 
the user. 

[0053] The invention further allows for the wireless device 
to be connected to an accessory display. For example, a 
wireless device 202 appropriate for walking is enhanced by 
interfacing with device with additional features such as a 
car-mounted display or portable computer to become better 
equipped for automobile navigation. In certain embodiments 
of the invention, the accessory device provides, without 
limitation, enhanced display capabilities, enhanced memory 
capacity, increased computational power, or increased 
throughput. 
[0054] The foregoing descriptions of speci?c embodi 
ments of the present invention have been presented for 
purposes of illustration and description. They are not 
intended to be exhaustive or to limit the invention to the 
precise forms disclosed. Many modi?cations and variations 
are possible in light of the above teachings without deviation 
from the scope of the claims set out below. The embodi 
ments were chosen and described in order to best explain the 
principles of the invention and its practical application, to 
thereby enable others skilled in the art to best utiliZe the 
invention and various embodiments with various modi?ca 
tions as are suited to the particular use contemplated. 

What is claimed is: 
1. A method for determining a user’s location comprising 

the steps of: 

generating a position signal; 

determining a ?rst approximation of the user’s location 
using said position signal; 

querying a database of location information based upon 
said ?rst approximation; 

generating a ?rst set of candidates corresponding to 
locations in close proximity to the ?rst approximation 
of a user’s location; 

the user perceiving a vicinity of the user; 

the user selecting at least one preferred candidate from 
among the ?rst set of locations according to a prede 
termined criteria; 

determining a second approximation of a user’s location 
based upon said at least one preferred location, wherein 
said second approximation is more accurate than said 
?rst approximation. 

2. The method of claim 1, wherein said predetermined 
criteria is said preferred location being closest to the user. 

3. The method of claim 1, wherein said predetermined 
criteria is said preferred location being in front of the user. 

4. The method of claim 1, wherein said step of generating 
a position signal uses a satellite based system. 

5. The method of claim 4, wherein said satellite based 
system is a global positioning system. 

6. The method of claim 1, wherein said step of generating 
a position signal uses a ground based system. 

7. The method of claim 6, wherein said satellite based 
system is a cellular system. 
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8. The method of claim 1, wherein the steps are distrib 
uted among a client and a server. 

9. The method of claim 1, wherein said step of generating 
a position signal uses a wireless client. 

10. The method of claim 1, wherein said step of gener 
ating a ?rst set of candidates further involves the step of 
ranking the ?rst set of candidates locations based upon a 
second criteria. 

11. A method for providing navigational prompts to a user 
comprising the steps of: 

inputting a destination; 

generating a position signal; 

determining a ?rst approximation of a user’s location 
using said position signal; 

querying a database of location information based upon 
said ?rst approximation; 

generating a ?rst set of candidates corresponding to 
locations in close proximity to the ?rst approximation 
of a user’s location; 

the user perceiving a vicinity of the user; 

the user selecting at least one preferred candidate from 
among the ?rst set of locations according to a ?rst 
predetermined criteria; 

determining a second approximation of a user’s location 
based upon said preferred location, wherein said sec 
ond approximation is more accurate than said ?rst 
approximation; 

determining a path from the second approximation to the 
destination according to a second predetermined crite 
ria; 

providing prompts to the user describing said path. 
12. The method of claim 11, wherein said ?rst predeter 

mined criteria is said preferred location being closest to the 
user. 

13. The method of claim 11, wherein said ?rst predeter 
mined criteria is said preferred location being in front of the 
user. 

14. The method of claim 11, wherein said step of gener 
ating a position signal uses a satellite based system. 

15. The method of claim 14, wherein said satellite based 
system is a global positioning system. 

16. The method of claim 11, wherein said step of gener 
ating a position signal uses a ground based system. 

17. The method of claim 16, wherein said satellite based 
system is a cellular system. 

18. The method of claim 11, wherein the steps are 
distributed among a client and a server. 

19. The method of claim 11, wherein said step of gener 
ating a position signal uses a wireless client. 

20. The method of claim 11, wherein said step of gener 
ating a ?rst set of candidates further involves the step of 
ranking the ?rst set of candidates locations based upon a 
second criteria. 

21. The method of claim 11, wherein said navigational 
prompts are descriptive relative to a reference location. 

22. The method of claim 11, wherein said navigational 
prompts are relative to a user’s direction. 

23. The method of claim 11, wherein said navigational 
prompts are provided audibly. 
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24. The method of claim 11, wherein said navigational 
prompts are provided graphically. 

25. The method of claim 11, Wherein said ?rst predeter 
mined criteria is candidates surrounding the user. 

26. The method of claim 11, Wherein said steps of 
inputting a destination is performed audibly, the user select 
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ing at least one preferred candidate from among the ?rst set 
of locations according to a ?rst predetermined criteria, or 
providing prompts to the user describing said path are 
performed audibly. 


