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(57) ABSTRACT 

A method for updating a geographic database is disclosed. 
Data collecting equipment is installed in each of a plurality 
of vehicles each of Which also has a navigation system. The 
data collection equipment is used to collect data While the 
vehicles are being driven along roads by their respective 
users. In addition, a method for assigning a con?dence level 
to geographic data is disclosed. The con?dence level is 
assigned to the geographic data as an attribute. In addition, 
a method for determining a position of a vehicle by sensing 
roadside structures is disclosed. Data indicating positions of 
roadside structures are contained in a geographic database. 
By matching positions of sensed roadside structures to data 
in the geographic database that indicates the positions of the 
structures, the position of the vehicle While traveling can be 
determined. 
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SYSTEM AND METHOD FOR UPDATING, 
ENHANCING, OR REFINING A GEOGRAPHIC 

DATABASE USING FEEDBACK 

REFERENCE TO RELATED APPLICATION 

[0001] The present application is a continuation of Ser. 
No. 10/298,798, ?led Nov. 18, 2002, Which Was a continu 
ation of Ser. No. 09/532,751 ?led Mar. 22, 2000, now US. 
Pat. No. 6,516,267, Which Was a continuation of Ser. No. 
08/951,767, ?led Oct. 16, 1997, now US. Pat. No. 6,047, 
234. 

BACKGROUND OF THE INVENTION 

[0002] The present invention relates to a system and 
method for updating and enhancing a geographic database, 
and more particularly, the present invention relates to a 
system and method for updating and enhancing a geographic 
database based on feedback from ?eld use of the geographic 
data. 

[0003] Computer-based navigation systems for use on 
land have become available in a variety of forms and for a 
variety of applications. One exemplary type of system uses 
a geographic data set, a navigation application, and option 
ally, a positioning system. The geographic data set includes 
information about the positions of roads and intersections in 
or related to a speci?c geographical area, and may also 
include information about one-Way streets, traf?c signals, 
stop signs, turn restrictions, street addresses, alternative 
routes, hotels, restaurants, museums, stadiums, of?ces, auto 
mobile dealerships, auto repair shops, etc. 

[0004] The optional positioning system may employ any 
of several Well-knoWn technologies to determine or approxi 
mate one’s physical geographic location. For example, the 
positioning system may employ a GPS-type system (global 
positioning system), a “dead-reckoning”-type system, or 
combinations of these, or other systems, all of Which are 
knoWn in the art. 

[0005] The navigation application portion of the naviga 
tion system is a softWare program that uses the detailed 
geographic data set and the positioning system (When 
employed). The navigation application program may pro 
vide the user With a graphical display (eg a “map”) of a 
speci?c location in the geographical area. The navigation 
application may provide the user With data indicating his 
oWn location and speci?c directions to locations in the 
geographical area from Wherever he is located. 

[0006] Computer-based navigation systems may exist as a 
single unit that may be installed in a vehicle, or even carried 
by persons. The navigation application and geographic data 
set may be provided as softWare products that are sold or 
licensed to users to load in personal computers. Systems 
operating on personal computers may be stand-alone or 
connected by a communication link to a central or regional 
system. OrganiZations, such as trucking companies, package 
delivery services, and emergency dispatch units may employ 
navigation systems to track ?eets and ensure the quickest 
routes to destinations. The navigation systems may also be 
made available on-line from a central system to multiple 
users on an “as needed” basis, or from on-line services such 
as services available on the Internet and private dial-up 
services. 
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[0007] Individual users can use navigation systems to 
obtain directions to a desired destination thereby reducing 
travel time and expenses. The directions can include detours 
around construction delays. Directions may be provided to 
street addresses, intersections, or to entities by name, such as 
to restaurants, hotels and service stations. 

[0008] One potential obstacle to providing enhanced fea 
tures With a navigation system is the dif?culty in maintaining 
up-to-date information in the geographic data set. A pub 
lisher of geographic data may obtain the information that 
becomes part of geographic data sets from ?eld personnel 
sent to the locations to record the information or from aerial 
photographs or municipal records or other sources. Geo 
graphic information, hoWever, becomes outdated as neW 
roads are built, existing roads are changed, traf?c signals are 
installed, businesses change their hours of operation, neW 
businesses open, existing businesses close, etc. When 
changes occur, data in the geographic data set becomes 
inaccurate and its utility is thereby lessened. 

[0009] Information identifying changes are collected 
using the same techniques as described above. Once the 
information regarding changes is collected, it is incorporated 
into a master geographic data set. The publisher of geo 
graphic databases then periodically distributes updated geo 
graphic data re?ecting the changes to end-user. HoWever, the 
process of acquiring information regarding changes is time 
consuming and expensive. Moreover, existing methods of 
acquiring updated data may become increasingly expensive 
as geographic databases become more detailed and exten 
sive in scope. 

[0010] Another limitation With existing methods of data 
acquisition is accuracy. Even With high quality aerial pho 
tographs and other existing collection methods, the geo 
graphic coordinates of features may not alWays be entered in 
the database With a high level of precision. While existing 
methods are generally adequate to provide geographic data 
of suf?cient accuracy for vehicle positioning in route guid 
ance applications, greater geographical accuracy may be 
required for certain other applications, such as vehicle 
control. 

[0011] Accordingly, a system and method are desired that 
Would provide for a more ef?cient acquisition of information 
re?ecting changes and corrections in geographic areas to 
navigation systems. Further, a system and method are 
desired that alloW the accuracy of the data in a geographic 
database to be enhanced. 

SUMMARY OF THE INVENTION 

[0012] In vieW of the above, a ?rst aspect of the present 
invention is directed to a system for updating, enhancing 
and/or re?ning a geographic database. A geographic data 
base includes data representing physical features in the 
geographic region, and, optionally, attributes of such fea 
tures. The system includes a plurality of data collecting 
sensors. Each of the data collecting sensors is installed in a 
separate one of a plurality of vehicles each of Which is 
capable of traveling on roads in a geographic region. Each 
of the data collecting sensors provides outputs indicative of 
one or more features in the geographic region as the vehicle 
in Which it is installed travels on the roads in the geographic 
region. A computer program executes a feedback process on 
the geographic database using the outputs of the data col 
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lecting sensors. A ?rst part of the feedback program com 
pares the outputs of the data collecting sensors to the data 
identifying the physical features and provides results repre 
sentative of the comparisons. A second part of the feedback 
program is responsive to the results from the ?rst part and 
determines the signi?cance of the comparisons. A third part 
of the feedback program modi?es the data in the geographic 
database based upon the signi?cance determined by the 
second part of the program. 

[0013] In a further aspect of the system, the data in the 
geographic database representing physical features in the 
geographic region are updated, enhanced, or re?ned based 
upon the signi?cance determined by the feedback program. 

[0014] In another aspect of the invention, the data Which 
has been updated, enhanced, or re?ned, is used to provide 
updated, enhanced, or re?ned data in end-user vehicles, 
some of Which may include the vehicles in Which data 
collecting sensors have been installed. 

[0015] According to another aspect of the invention, sen 
sors in end-users’ vehicles are calibrated to high levels of 
accuracy using the data Which has been updated, enhanced 
or re?ned using a feedback process. 

[0016] According to still another aspect of the invention, 
an out-of-calibration sensor in an end-user’s vehicle is 
detected and re-calibrated using the data Which has been 
updated, enhanced or re?ned using a feedback process. 

[0017] In yet still another aspect of the invention, using a 
feedback process, levels of con?dence of accuracy are 
assigned to data in the geographic database representing 
physical features in the geographic region, thereby enabling 
the data to be used for purposes requiring high levels of 
con?dence. 

[0018] In the aspects mentioned above, the data collecting 
sensors may be used to sense the geographic position of the 
vehicle (derived from GPS, dead-reckoning, or other posi 
tioning systems), vehicle speed, road gradient, lane Width 
(derived from radar, and other similar systems), signage 
(derived from cameras), road direction (derived from an 
on-board compass or other heading-determining means), 
and various other physical features. The data in the geo 
graphic database may represent roads (or road segments) 
and their positions, as Well as other attributes relating to 
roads. 

[0019] In another aspect, the present invention is directed 
to a method of updating a geographic database by the steps 
of storing road data that includes a plurality of map positions 
in the geographic database. A plurality of actual positions 
traveled is determined by a vehicle by repeatedly sensing 
actual position While the vehicle moves. At least a portion of 
the plurality of actual positions is matched With a plurality 
of map positions in the geographic database. A position 
difference is calculated betWeen each actual position in the 
plurality of actual positions and the plurality of map posi 
tions. Each actual position for Which the position difference 
eXceeds a predetermined tolerance level is stored as a 
plurality of unmatched positions. 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0020] FIG. 1 is a diagram illustrating a system according 
to a ?rst embodiment. 
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[0021] FIGS. 2A-2C are diagrams illustrating alternative 
embodiments of the data collection vehicles shoWn in FIG. 
1. 

[0022] FIG. 3 is a How chart illustrating a method for 
processing sensor data using the system of FIG. 1. 

[0023] FIGS. 4A-4E illustrate the application of the 
method of using the system of Figure to update a geographic 
data set. 

[0024] FIGS. 5A-5L illustrates the method of using the 
system in FIG. 1 as applied to a sample portion of a 
geographic data set. 

[0025] FIGS. 6A-6E illustrate an enhancement to the 
method of using the system of FIG. 1. 

[0026] FIGS. 7A-7D illustrate another enhancement to the 
method of using the system of FIG. 1. 

[0027] FIGS. 8A-8G illustrate a method of using the 
system in FIG. 1 as applied to non-positional features of a 
geographical area. 

[0028] FIG. 9 is a diagram illustrating a data entity record 
in the geographic database including an indication of the 
con?dence level. 

[0029] FIG. 10 is a How chart indicating the steps for 
performing another aspect of a feedback process using data 
collection vehicles. 

[0030] FIG. 11 is a flow chart indicating the steps for 
re-calibrating an out-of-calibration sensor in a vehicle. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

[0031] 
[0032] Referring to FIG. 1, a system 9 for updating and 
enhancing a geographic database includes a central geo 
graphic data manager 10. The central geographic data man 
ager 10 includes a central geographic database 20. The 
geographic database 20 includes data that represents physi 
cal features in a geographical area 47. The central geo 
graphic database 20 may include data descriptive of position 
data in terms of points 44 on the map and of links, or 
segments of roads 45. The central geographic database 20 
may also include data representing road gradients, road 
Widths, lane Widths and shoulder Widths, and data that is 
descriptive of stationary objects such as stop signs, build 
ings, bridge supports, etc. The central geographic database 
20 may include non-positional features such as speed limits, 
the direction of travel alloWed on the roads and the direc 
tions of alloWed turns. The central geographic database 20 
may include other types of information as Well, for eXample, 
types of restaurants, museum hours, etc. 

I. System OvervieW 

[0033] Located in the geographic region 47 are a plurality 
of data collection vehicles 50 (including vehicles 50(1), 
50(2) . . . 50(n)). Each of the data collection vehicles 50 
includes a data collection system 39. Each data collection 
system 39 includes one or more sensors capable of collect 
ing data representing physical features about the environ 
ment of the vehicle or the vehicle’s physical position as the 
vehicle is moving or While it is stopped. As each of the data 
collection vehicles 50 moves on the roads (or is stopped) in 
the geographic area 47, the sensors in the data collection 
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system of the vehicle sense physical features. These data 
collection vehicles 50 may include vehicles in Which in 
vehicle navigation systems are installed, or vehicles Which 
have only data collection system equipment Without on 
board navigation systems, or may include both types of 
vehicles. The plurality of vehicles 50 may include vehicles 
Which are oWned (or leased) by private party end-users as 
Well as ?eet vehicles. Some of the data collection vehicles 
50 include local copies of a geographic database 56 (shoWn 
in FIGS. 2A and 2B) Which may be a copy or version of a 
portion of the central geographic database 20. The data 
collection vehicles 50 communicate data derived from their 
data collection systems to the central geographic data man 
ager 10 using suitable communications links 49. 

[0034] II. Data Collection Vehicles 

[0035] FIGS. 2A-2C illustrate alternative embodiments of 
the data collection vehicles 50. 

[0036] FIG. 2A illustrates an embodiment of a data col 
lection vehicle 50(1) Which processes sensor data 54 into 
?ltered sensor data 55F for communication to the central 
geographic data manager 10. The data collection vehicle 
50(1) includes a data collection system 39(1) Which includes 
a vehicle computing system 52, a sensor data processor 53, 
a communications manager 58, a local map database 56, and 
one or more sensors 60. (The data collection vehicle 50(1) 
may also include an update manager 59 Which is not 
necessarily part of the data collection system 39(1).) In this 
embodiment of the data collection vehicle, parts of the data 
collection system 39(1) may be shared With an in-vehicle 
navigation system. For eXample, the sensors 60, the vehicle 
computing system 52 and the map database 56 may be 
components of an in-vehicle navigation system and may be 
used by the vehicle driver for such purposes. 

[0037] The outputs of the one or more sensor devices 60 
provide sensor device data 54. The sensor devices 60 may 
include a GPS (Global Positioning System), an imaging 
system (eg radar, cameras, etc.), a gyroscope, a compass, 
an odometer and other sensors. The sensor devices 60 output 
data 54 as the vehicle 50(1) moves around the geographic 
region 47 or While it is stopped. The output 54 from the 
sensor devices 60 is provided to the vehicle computing 
system 52 of the data collection system 39(1). 

[0038] The sensor data processor 53, using the data 54 
output from the sensors 60 to the vehicle computing system 
52, compares the sensor device data 54 With data in the local 
map database 56. The sensor data processor 53 may be 
implemented as a computer program eXecuted on the CPU 
of the vehicle computing system 52 or may eXecuted on a 
separate processor. The sensor data processor 53 determine 
variances betWeen the sensor device data 54 and the data in 
the local map database 56 based on comparisons betWeen 
the sensor device data 54 and corresponding elements in the 
map database 56. The variances depend upon the type of 
data being compared. For eXample, if the output of a position 
sensor is being compared to a corresponding position in the 
local map database 56, the variance may be a distance 
representing the difference betWeen the tWo values. The 
variance may also include the relative direction of the 
difference. The variance is compared to threshold levels 
above or beloW Which the sensor output may be considered 
unmatched to a map database element. The threshold levels 
may be based on factors such as the tolerances of the 
sensors. 
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[0039] The sensor data processor 53 processes the sensor 
data 54 into ?ltered sensor data 55F. The ?ltered sensor data 
may include only the variances that exceed a certain pre 
de?ned threshold. The ?ltered sensor data may be tempo 
rarily stored on a data storage device (not shoWn) in the 
vehicle. 

[0040] In one embodiment of the data collection vehicle 
50(1), the communications manager 58 is used to transmit 
the ?ltered sensor data 55F to the central geographic data 
manager 10 of FIG. 1. The communications manager 58 
may utiliZe any appropriate means for data transmission, 
including Wireless (49 in FIG. 1), cellular, modem uploads, 
e-mail, and so on. Data may be communicated at any time. 
For eXample, data may be communicated as it is obtained. 
Alternatively, the data 55F may be stored and communicated 
at a ?Xed time, such as daily or Weekly at a speci?ed time. 
The data 55F may also be communicated to an intermediate 
data collection system and then transferred to the manager 
10. In another alternative embodiment, data is collected in 
the vehicle on a disk and uploaded by modem or sent by mail 
to the manager 10. 

[0041] In the embodiment of FIG. 2A, data may be 
selected from the ?ltered sensor data 55F for communication 
to the central geographic data manager 10. For eXample, 
data that indicates variances beyond a certain level may be 
selected for communication to the central geographic data 
manager 10. Alternatively, all of the ?ltered sensor data 55F, 
including variances that indicate a perfect match betWeen 
sensor device data and data in the local database 56 may be 
communicated to the central geographic data manager 10. 
By sending all of the ?ltered sensor data 55F, the central 
geographic data manager 10 may determine the reliability of 
the geographic database 20 by con?rming the accuracy of 
the eXisting data in the central geographic database 20. 

[0042] FIG. 2B illustrates another embodiment of a data 
collection vehicle 50(2). The embodiment 50(2) of FIG. 2B 
collects raW sensor data and communicates it to the central 
geographic data manager 10. The data collection vehicle 
50(2) includes a data collection system 39(2) Which includes 
a sensor driver 51, a vehicle computing system 52, a 
communications manager 58, a local map database 56, and 
one or more sensors 60. (The data collection vehicle 50(2) 
may also include an update manager 59 Which is not 
necessarily part of the data collection system 39(2).) As in 
the embodiment of FIG. 2A, an in-vehicle navigation sys 
tem may be used as part of the data collection system. 

[0043] The outputs of the one or more sensor devices 60, 
Which may be the same as those identi?ed above, provide 
sensor device data 54 . The sensor devices 60 collect data as 

the vehicle 50(2) moves around or stops in the geographic 
region 47. A sensor driver 51, Which may be a softWare 
program, processes the sensor device data 54 into raW sensor 
data 55R. (The functions performed by the sensor driver 51 
may include, for eXample, converting essentially analog 
outputs of sensors 60 into appropriate digital data, scaling 
the data, time stamping the data, compressing the data, 
identifying the types of sensors that generate the data, 
organiZing the raW data for storage purposes, and so on.) The 
raW sensor data 55R may be temporarily stored in a data 
storage device (not shoWn) in the vehicle 50(2). The raW 
sensor data 55R is communicated to the central data man 
ager 10. The communications manager 58, Which may be 
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similar to the communications manager in the embodiment 
of FIG. 2A, may be used for this purpose. 

[0044] Another embodiment of a data collection vehicle 
50(3) is illustrated in FIG. 2C. The data collection vehicle 
50(3) includes a data collection system 39(3) including a 
sensor driver 51, a temporary storage 63, and sensors 60. 
These components perform similar functions as the like 
numbered components in FIGS. 2A and 2B. As shoWn, the 
data collection vehicle 50(3) in FIG. 2C does not include an 
in-vehicle navigation system. The data collection vehicle 
50(3) in FIG. 2C stores raW sensor data 55R in the tempo 
rary storage 63. Auser then transfers the data to a ?oppy disk 
or to a removable hard disk drive and physically sends the 
data to the central data manager 10. Alternatively, the data 
collection system 39(3) in the vehicle may include a com 
munications manager that provides functions, similar to 
those described above, to transfer the data to the central data 
manager. 

[0045] 
[0046] A. Collection of Data From Vehicles 

III. Central Geographic Data Manager 

[0047] The central geographic data manager 10 illustrated 
in FIG. 1 includes hardWare and softWare components for 
receiving data 55R and 55F from the data collection vehicles 
50 and for processing the data to generate updates, re?ne 
ments, and/or enhancements to the central geographic data 
base 20. The central geographic data manager 10 may also 
assign levels of reliability to data in the database 20, as 
described beloW. The hardWare and softWare components 
need not be located in one location or operate on one 
computer. Different components may be located in different 
places With knoWn communications techniques used to 
connect them. 

[0048] The central geographic data manager 10 receives 
raW sensor data 55R from the data collection vehicles 50(2), 
50(3) that communicate non-?ltered data at a raW data 
collector 28. The central geographic data manager 10 
receives ?ltered data 55F from the data collection vehicles 
50(1) at a ?ltered data collector 12. The ?ltered sensor data 
collector 12 and the raW sensor data collector 28 are inter 
faces to the communication links 49 and may be imple 
mented by any suitable technology for receiving data. Each 
collector handles the data received from its corresponding 
plurality of data collection vehicles 50 and forWards the data 
to the appropriate processes in the central geographic data 
manager 10. 

[0049] The ?ltered data collector 12 stores and organiZes 
the ?ltered sensor data 55F in a central ?ltered sensor 
database 14. For vehicles that communicate raW data 55R to 
the central geographic data manager 10, the raW data col 
lector 28 organiZes the raW sensor data from the plurality of 
vehicles in a central raW data database 30. This collection of 
data is analyZed for variances by a central sensor data 
processor 32. The central sensor data processor is a com 
puter program, similar to the local sensor data processor 53 
of FIG. 2A, capable of calculating variances based on 
comparisons of the raW data With the geographic data in the 
central database 20. The central sensor data processor 32 
stores variances as ?ltered sensor data in the ?ltered sensor 
database 14. 
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[0050] B. Updating/Enhancing the Central Database 

[0051] The collection of data in the ?ltered sensor data 
base 14 is analyZed by a statistical data analyZer 16. The 
statistical data analyZer 16 includes a computer program that 
applies statistical analysis techniques based on further com 
parisons With the geographic data in the central geographic 
database 20. The statistical analysis techniques may take 
into account thousands or millions of sensor readings to 
derive results With a high level of reliability and con?dence. 
The statistical data analyZer 16 determines updates to the 
central geographic database 20 based on Whether the central 
?ltered sensor data set 14 re?ects statistically signi?cant 
variances. (Various kinds of statistical techniques for ana 
lyZing data using large numbers of readings are knoWn and 
may be used.) 
[0052] The statistical analysis techniques can also take 
into account historical information. For example, if a highly 
traveled road segment that Was sensed thousands of times a 
day for years suddenly had no reported sensor readings, it 
Would be an indication that the road Was no longer open. An 
appropriate update to the central database, or at least an 
indication to verify a possible change in the database record, 
Would be processed accordingly. 
[0053] The statistical data analyZer 16 may determine 
con?dence levels for data elements in the central geographic 
database 20. Referring to FIG. 9, con?dence levels may be 
stored for data elements in the central geographic database 
20. The con?dence level is stored as an attribute of a data 
entity. The con?dence level may be expressed as a magni 
tude that is indicative of the certainty to Which the data entity 
in the central geographic database 20 matches the actual 
physical feature in the geographic region. The con?dence 
level of an item of data may be increased or decreased 
according to the frequency and freshness With Which the 
feature is sensed by the data collection vehicles. In FIG. 9, 
a data entity D represents a road segment record having 
positional information attributes. The road segment 
attributes include the latitude and longitude of the left and 
right nodes (L-LAT, L-LON, R-LAT, R-LON) of the road 
segment data entity D. A con?dence level attribute CL 
includes a value (eg 1-10) Which expresses the con?dence 
that the positional data is accurate. For example, a con? 
dence level of “10” may indicate that, based upon the 
statistical analysis, there is a greater than 99% certainty that 
the positional data (L-LAT, L-LON, R-LAT, R-LON) is 
Within 1 cm. A con?dence level of “8” may mean that, based 
upon statistical analysis, there is a 75% level of certainty that 
the positional data is Within 1 meter, or that there is a 99% 
level of certainty that the positional data is Within 15 meters. 

[0054] The statistical data analyZer 16, the operation of 
Which is discussed further beloW With reference to FIGS. 
5A-5L, also provides for any layout changes that may be 
necessary When the database is modi?ed. Such layout 
changes may involve creating neW links, modifying the 
geometry of existing links, and designating features knoWn 
about the neW and existing links. 

[0055] According to one method of updating, the statisti 
cal data analyZer 16 provides a message 18 to initiate an 
update process 22 for the central geographic database 20. 
The update process 22 collects the individual changes to the 
central geographic database 20 from the statistical data 
analyZer 16 and stores the changes in a queue of update 
transactions for a distribution process 24. 












