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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 confidence level 
to geographic data is disclosed. The confidence 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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SYSTEMAND 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, filed Nov. 18, 2002, which was a continu 
ation of Ser. No. 09/532,751 filed Mar. 22, 2000, now U.S. 
Pat. No. 6,516,267, which was a continuation of Ser. No. 
08/951,767, filed Oct. 16, 1997, now U.S. 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 field use of the geographic 
data. 

0.003 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 Specific geographical area, and may also 
include information about one-way Streets, traffic signals, 
Stop signs, turn restrictions, Street addresses, alternative 
routes, hotels, restaurants, museums, Stadiums, offices, 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 (e.g. a "map") of a 
Specific location in the geographical area. The navigation 
application may provide the user with data indicating his 
own location and Specific 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 fleets 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 difficulty 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 field 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, traffic 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 reflecting 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 Sufficient 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 efficient acquisition of information 
reflecting 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 first aspect of the present 
invention is directed to a System for updating, enhancing 
and/or refining 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 first 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 first part and 
determines the Significance of the comparisons. A third part 
of the feedback program modifies the data in the geographic 
database based upon the Significance 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 refined based 
upon the Significance determined by the feedback program. 

0.014. In another aspect of the invention, the data which 
has been updated, enhanced, or refined, is used to provide 
updated, enhanced, or refined data in end-user vehicles, 
Some of which may include the vehicles in which data 
collecting Sensors have been installed. 
0.015 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 refined 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 refined using a feedback process. 
0.017. In yet still another aspect of the invention, using a 
feedback process, levels of confidence 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 
confidence. 

0.018. 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 first 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 flow 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 
confidence level. 

0029 FIG. 10 is a flow 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 fleet 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. 

0.036 FIG. 2A illustrates an embodiment of a data col 
lection vehicle 50(1) which processes sensor data 54 into 
filtered 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 (e.g. 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). 
0.038. 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 
SCSOS. 
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0039 The sensor data processor 53 processes the sensor 
data 54 into filtered sensor data 55F. The filtered sensor data 
may include only the variances that exceed a certain pre 
defined threshold. The filtered 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 filtered 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 fixed time, Such as daily or weekly at a specified 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 filtered 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 filtered 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 filtered sensor data 55F, the central 
geographic data manager 10 may determine the reliability of 
the geographic database 20 by confirming 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 identified 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. A user then transfers the data to a floppy 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, refine 
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. 

0.048. The central geographic data manager 10 receives 
raw sensor data 55R from the data collection vehicles 50(2), 
50(3) that communicate non-filtered data at a raw data 
collector 28. The central geographic data manager 10 
receives filtered data 55F from the data collection vehicles 
50(1) at a filtered data collector 12. The filtered 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 filtered data collector 12 stores and organizes 
the filtered sensor data 55F in a central filtered 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 filtered Sensor data in the filtered Sensor 
database 14. 
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0050 B. Updating/Enhancing the Central Database 
0051. The collection of data in the filtered 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 confidence. 
The Statistical data analyzer 16 determines updates to the 
central geographic database 20 based on whether the central 
filtered Sensor data Set 14 reflects Statistically significant 
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 
confidence levels for data elements in the central geographic 
database 20. Referring to FIG. 9, confidence levels may be 
Stored for data elements in the central geographic database 
20. The confidence level is stored as an attribute of a data 
entity. The confidence 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 confidence 
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 confidence level attribute CL 
includes a value (e.g. 1-10) which expresses the confidence 
that the positional data is accurate. For example, a confi 
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 confidence 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 modified. 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. 
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0056. In one embodiment, the steps performed in the 
manager 10, including the determination of variances, the 
collection of data from the vehicles, the analysis of Statistical 
Significance, and the updating of the central database, are 
performed on an ongoing and continuous basis. However, in 
alternative embodiments, it may be preferred to perform 
Some of these tasks intermittently or periodically. 

0057 C. Distributing Updates to Users 

0.058 Referring to FIG. 1, at some point, data reflecting 
the updating process applied to the central database is 
released to the end-users. The release and/or distribution of 
data may be performed by an update distributor 26 Distri 
bution may be accomplished electronically using the wire 
less communication links 49. In vehicles that have commu 
nications managers (such as in FIGS. 2A and 2B), the 
update distributor 26 may communicate updated informa 
tion from the central data manager 10 directly back to the 
local communications managerS 58 in the individual data 
collection vehicles 50. Other alternative means of distribu 
tion may be used including distribution of hard media, Such 
as CD-ROM discs and PCMCIA cards, downloading to 
personal computers, and So on. 

0059. The end-users may include persons who use local 
versions 56 of geographic databases in their vehicles. The 
end-users may also include various others including, for 
example, personal computer users 46 and networkS 48, Such 
as on-line Services, Services that use the Internet and orga 
nizations that incorporate all or parts of the geographic 
database in applications Such as emergency dispatch centers, 
truck fleet tracking and package delivery fleet tracking. 

0060. The releases may occur on a continuous basis, or 
may occur from time to time, or on a regular or irregular 
basis, a Staggered basis, and So on. The release of data 
reflecting the updating proceSS can be made in any of Several 
different formats. According to one process for releasing 
updated data to end-users, the updated data may be released 
as a Series of update transactions which are applied to each 
user's local copy of the geographic database, as needed. 
According to another process for releasing data to end-users, 
versions of the entire database reflecting the updated data 
may be provided. 

0061 A flow chart illustrating the process of the system 
9 of FIG. 1 is shown in FIG.3. The computing devices (32 
in FIG. 1, 53 in FIG. 2A) use output from sensors (60 in 
FIGS. 2A-2C) to relate (Step S2 in FIG. 3) to a geographic 
database (20 in FIG. 1, 56 in FIG. 2A) and perform some 
action based on the interpretation of the Sensor data and 
database content. Variances, including Zero-variances, 
between the perceived reality derived from the sensor data 
and the content of the map database can be Stored as filtered 
sensor data (Steps D1, S3, S4 in FIG. 3; 14 in FIG. 1; 55F 
in FIG. 2A) in a storage medium and communicated to a 
location in a central repository for database updating pro 
cessing (16 in FIG. 1). The filtered sensor database (14 in 
FIG. 1) preferably will retain variances to allow statistical 
processing for more accurate updates. (Steps D2, S5, S6 in 
FIG. 3). After the update process has been applied to the 
central database (22 in FIG. 1), database updates are com 
municated to end-users of the database. (Alternatively, in the 
embodiments of FIGS. 2B and 2C, the raw data derived 
from the Sensor devices may be stored in Some medium and 
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communicated to a separate System for comparison against 
the map database outside the Scope of the vehicle navigation 
System.) 

0062) D. Feedback Calibration of Vehicle Sensors 
0063. In a further alternative embodiment, vehicle sen 
Sors in the various end-users' vehicles are fine-tuned for 
very high levels of accuracy by a feedback process. The 
feedback process uses the collection of Sensor data from a 
large number of vehicles (using the process described above, 
for example) to provide highly accurate geographic data in 
the central database which in turn is distributed to individual 
end-user vehicles and used to adjust and calibrate the 
Sensors in each of the individual end-user vehicles to con 
form to the known-to-be-highly accurate geographic data. In 
this manner, the continued use of data collection vehicles 
and the redistribution of known-to-be-highly accurate data 
to the individual end-users' vehicles for calibrating of the 
Sensors in the vehicles forms a feedback loop which pumps 
up the accuracy of the Sensors in each of the individual 
vehicles. The accuracy that can be obtained in this manner 
can exceed the accuracy that could be obtained by any one 
vehicle or any one Sensor measurement using conventional 
techniques. A diagram illustrating this process is shown in 
FIG 10. 

0064. Using the feedback calibration process described 
above, highly accurate data having a high confidence level 
can be developed. The levels of accuracy that can be 
achieved can be as high as 33 1 cm, or better. Given these 
levels of accuracy, it is possible to use a geographic database 
for vehicle control and safety systems. With high levels of 
accuracy in both the geographic database and the vehicle 
positioning Sensors, the Safety Systems can automatically 
determine if the vehicle is deviating from the roadway, 
veering out of its lane, and So on. In conjunction with the 
high levels of accuracy, the Safety Systems or vehicle control 
Systems use the confidence level attributes, described above, 
to confirm that the data is not only accurate but also reliable. 
0065. In another alternative embodiment, out-of-align 
ment Sensors in a vehicle can be detected and corrected 
using a feedback process. Using a feedback process to 
develop highly accurate data, as described above, once 
geographic data is known-to-be highly accurate (i.e. its 
confidence level is high) as a result of Statistical analysis of 
a large number of data records collected from a large number 
of vehicles over a significant period of time, if one vehicle 
using the data reports variances, then it can be determined 
that the Sensors in the variance-reporting vehicle are likely 
out of calibration. Then, using only the variance data 
reported from the one vehicle and the known-to-be-highly 
accurate data, the Sensors in the variance-reporting vehicle 
are re-calibrated to the same level of accuracy as all the other 
vehicles. (It is understood that as a step in the process, it may 
be required to acquire data for a period of time from other 
data-collecting vehicles after the variances are collected 
from the variance-reporting vehicle to confirm that other 
data-collecting vehicles do not observe the same variances.) 
A diagram illustrating this process is shown in FIG. 11. 

0066. In further aspect of this embodiment, the data 
collection Systems in each of the data collection vehicles 
provide data that identifies of the types of Sensors being used 
to collect the data. Then, when variances from a vehicle are 
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collected, the type of Sensors measuring the variances are 
taken into account. For example, if a type of Sensor reports 
variances that Suggest it should be re-calibrated, it is first 
compared to Similar kinds of Sensors. This permits a better 
evaluation of the extent to which the particular type of 
Sensor can be calibrated based on the accuracy which is 
achievable in like-equipped vehicles. 
0067 V. Processing Sensor Data 
0068 A. Comparing The Sensor Data And A Geographic 
Database 

0069 Processing of a modification to an existing data 
base based upon the collection of data from a single vehicle 
is illustrated in connection with FIGS. 4A-4C. This example 
refers to positional information (latitude, longitude, and 
altitude) and illustrates attempts to match positional Sensor 
data to the elements in a geographic database (e.g. the 
central geographic database 20 in FIG. 1 or the map 
database 56 in FIGS. 2A and 2B). Similar steps would be 
used for other types of data. 
0070 FIG. 4A graphically depicts an area that may be 
represented in a geographic database. FIG. 4A illustrates 
map positions 80(1), 80(2) ... 80(n) and map links 100(1), 
100(2), ... 100(n) representing road segments, connecting 
the map positions 80. In FIG. 4B, a set of actual positions 
90(1) . . . 90(n) established by the sensor devices on the 
vehicle are denoted as arrows with time Sequence identifiers 
T1-T14. The map matching process uses the vehicle's 
bearing, proximity to that link 100(1), and various link 
features to place the vehicle on a matched link 100(1). 
0071. The sensor data points are compared to map posi 
tions 80 and the matched link 100(1) by determining the 
Shortest distance from the Sensor data point to the matched 
link 100(1). If the resulting distance exceeds specified 
tolerance levels, or if Sensor data conflicts with features of 
the matched link 100(1), a record of this variance is created 
along with relevant Sensor data. The record, illustrated in 
FIG. 4C as a new link 110(1), is then stored in the filtered 
sensor database (55F of FIG. 2A or 14 of FIG. 1). 
0072) If a link is traversed with all sensor samples within 
the tolerance level, a record is created in the filtered Sensor 
database, certifying the accuracy of the matched link and its 
features and identifying the Sensor device or devices used. 
0073 FIG. 4-D illustrates the collection of data over time 
with numerous collections of Sensor data, which would 
result in a database update as indicated in FIG. 4E. 
0.074 B. Updating The Central Geographic Database 
0075. The filtered sensor data includes information 
regarding potential new links and may be used to determine 
whether the geographic database is to be updated. During the 
update of the geographic database, features relative to the 
actual position may be determined from the Sensor data. 
Data relating to Such features may be included as filtered 
Sensor data So that the features may be included in the update 
of the geographic database. For example, if only the data 
collection shown in FIGS. 4B and 4C were available, the 
new link 100(m) (also labeled L9) can be traversed from left 
to right (in the direction the collector vehicle traveled) based 
on the single collection of sensor data. When the new link 
100(m) is added to the central geographic database 20 during 
an update operation, the restriction of allowing travel in the 
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Single direction may be added as a feature of the new link 
100(m) until sensor data is received to indicate that travel 
may be allowed in the other direction. 
0076. The filtered sensor data may provide information 
regarding other features that may be used during the update 
of the geographic database. For example, the addition of the 
new link 100(m) forms two new links labeled 100(1)(2) 
(also L3b) and 100(1)(1) (also L3a) where previously only 
100(1) (labeled L3) existed as illustrated in FIG. 4C. The 
update of the geographic database may include a feature 
allowing vehicles to traverse from link L3a) to L9 (labeled 
100(m)), but not from L3b to L9. The feature may be revised 
if data supporting travel from L3b to L9 is received. 
0.077 FIGS. 5A-5L illustrate time sequence examples of 
using Sensor data to update the geographic database. FIGS. 
5A-5F illustrate a method of using sensor data to update the 
geographic database for a single Sample of Sensor data. 
FIGS. 5G-5L illustrate a method of using sensor data to 
update the geographic database after a Second Sample of data 
has been collected on the Same link. 

0078 FIG. 5A contains a sample road network 120 and 
an example of a graphical representation 122 of the geo 
graphic database 20 (shown in FIG. 1) at its time of release. 
The geographic database 20 contains no link for Market St. 
between 1st St. and 2nd St. FIG. 5B illustrates the tracking 
of a vehicle with Sensor devices generating actual positions 
130, in relation to both the road network 120 and the 
database 122. The unfilled triangles 130U in FIG. 5C 
represent positions which were able to match to links in the 
database as denoted by the arrows. The filled triangles 130F 
in FIG. 5C represent positions which would exceed map 
matching tolerance levels and therefore induce the map 
matching process to Store these positions as unmatched in 
the filtered Sensor database. The unmatched positions may 
be stored as an ordered set of points 136 as shown in FIG. 
5D. The contents of the entry in the filtered sensor database 
would be the previous link L8 Successfully matched, the 
latitude/longitude of each unmatched position, and the next 
link L11 Successfully matched. The data analyzer processor 
16 (in FIGS. 1 and 2A) then derives a new link using the 
method illustrated in FIGS. 5E and 5F. 

0079 A new link may be derived by determining the 
shortest distance 180 from the first unmatched position 175 
to the previous link L8, and Splitting the link at that nearest 
point 190 on the link L8 creating two new links L8A and 
L8B out of link L8. The processor 16 then determines the 
shortest distance 182 from the last unmatched position 176 
to the next link L11 matched, and Splitting the link at that 
nearest point 192 on link L11, creating two new links L11A 
and L11B out of link L11. 

0080 Beginning at the intersection of L8A and L8B, the 
new link 100(q)is constructed by joining all unmatched 
positions and terminating at the interSection of linkS L11A 
and L11B as shown in FIG. 5E. The filtered position 
database is then updated to associate all unmatched positions 
with the new link 100(q). 
0081. The resulting database content is illustrated in FIG. 
5F. At this point, features may be added to this new link 
which may include the direction of travel (from left to right), 
the average Speed, and the fact that turns can legally be made 
from L8B to 100(q), and from 100(q) to L11A. 
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0082 FIGS. 5G-5L illustrate a process of using sensor 
data to update the geographic database after a Second Sample 
of data has been collected. FIG. 5G contains the same 
example of the road network 120, and the depiction of the 
map database 122 as updated in FIGS. 5A-5F. FIG. 5H 
contains a new set of Sensor data points 202 for a vehicle 
traveling in the opposite direction. FIG. 5 highlights the 
positions 202U which exceeded map matching tolerance 
levels, but may have been determined to match the new link 
100(q). The map matching process will Store these positions 
202U with the filtered sensor data as an ordered set of points 
206 as shown in FIG. 5.J. The filtered sensor data may 
include the previous link matched L11A, the ordered set of 
points 206, the next link matched L8B, and the assumed 
match 100(q). The sensor data processor would then update 
the geographic database using a process described below 
with reference to FIGS. 5.J., 5K and 5L. 
0.083. In updating the geographic database, all ordered 
sets of points from the filtered sensor data which have been 
associated with the new link 100(q), which in this example 
is the ordered sets of points 206, are identified. In addition, 
all positions for the same direction of travel as the positions 
being processed (in this example, the ordered sets of points 
206) are identified. In this example, the positions repre 
sented by the ordered set of points 206 are for the direction 
opposite the direction of the new link 100(q). The ordered 
Set of points 206 are then averaged using a Sequential 
averaging or curve fitting technique to create a single 
Sequence of positions. 

0084. An intersection point 214 with the nearest link to 
the beginning position of the ordered set 206 is identified. 
An interSection point 216 with the nearest link to the ending 
position in the ordered Set is also identified. 
0085 All points having a direction of travel opposite the 
direction of the ordered set of points 136 are then averaged 
using the Sequential averaging or curve-fitting technique to 
create an opposite direction ordered Set of points 136A. In 
the example in FIG. 5.J., no points were collected in the 
Second Sample traveling in the same direction as the new 
link 100(q). Therefore, the new link 100(q), or points in the 
new link 100(q), may be used for the opposite direction 
ordered set of points 136A. 
0.086 The distance between the sets of points in opposite 
directions 136, 136A is averaged by calculating half the 
distance from each point Starting with the ordered Set of 
points represented by the most points to yield a set of 
average points 136M in FIG. 5.J. The average points 136M 
are then designated as the new link 100(q)(new) in FIG. 5K. 
Alternatively, the new link 100(q)(new) could be modified 
by moving it to correspond with the average points 136C. 
The link features may now be updated to identify the 
direction of travel as being both directions. The average 
Speed may also be updated. It may be assumed that turns can 
be legally made from L11B to 100(q)(new) and from 
100(q)(new) to L8B. The resulting database content is 
illustrated in FIG. 5L. 

0087) C. Trend Analysis 
0088. The collection of data over time illustrated in FIG. 
4D may be Subjected to a process of trend analysis as 
illustrated in FIGS. 6A-6E. The addition of link L5 in FIG. 
6C may be used as an update to the map database in FIG. 
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6A, based on the Sensor data provided from the Samples in 
FIG. 6B. However, FIG. 6D illustrates that the path of the 
vehicle was actually a maneuver through a filling Station. 
FIG. 6E illustrates a trend analysis, with the dense lines 250 
representing a high instance of Sensor data positions and the 
dotted line 260 representing the single traversal of the 
vehicle whose path is defined in FIG. 6B. Applying statis 
tical analysis of the entire Sensor collection would result in 
the link L5 being classified as Statistically insignificant and 
not being added to the geographic map database 20. 

0089 FIGS. 7A-7D further illustrate how geographic 
updates can be implemented using Sensor data from a 
feedback loop with trend analysis. A graphical illustration of 
a portion of the map database 20 in its original State is shown 
in FIG. 7A. FIG. 7B represents the original database 
content with the heavier arcS 270 representing the average 
paths determined from Sensor data. The two distinct arcs 
may be dependent upon bearing and Statistical normaliza 
tion. As illustrated in FIG. 7C, a new arc 290 is generated 
at the geometrical center 292 of the tracking arcs T1 and T2. 
The original link L. is then updated to reflect the new 
geometry defined by the new arc 290. Curve fitting and other 
Standard techniques could be employed alternatively to 
determine positional changes. 

0090 D. Variances of Data Representing Other Features 
0091. The same process for determining variances used 
to collect basic positional information (latitude, longitude, 
and altitude) as shown in FIG.3 can also be applied to other 
physical features which describe the physical road Structure. 
For example, FIGS. 8A-8B illustrate vehicles that are col 
lecting road gradient information. FIG. 8C illustrates a 
vehicle that is collecting information regarding road width, 
lane width, and shoulder width. The information provided 
by the Sensor devices is compared against the database and 
variance/confidence information is communicated through 
the loop described above with reference to FIGS. 3 and 
4A-4E. This type of data is used by advanced vehicle safety 
Systems, described above, because the more accurate and 
refined the database, the earlier and more intelligently Sys 
tem action can be taken. By reducing the margin of error for 
lane width, a System which detects erratic driving patterns 
can engage earlier and be more Successful. A System which 
detects excessive speed during curve traversal can more 
accurately determine the maximum Safe speed based on the 
bank of the curve. 

0092 Sensor devices which can identify objects in the 
path of a vehicle can be confused by permanent Structures 
(for example signs, pillars, overpasses, poles, etc.). Main 
taining an accurate model of these permanent Structures can 
enable the Sensor devices to filter out objects that may 
otherwise be interpreted as a potential hazard. By increasing 
the confidence level of the database, as described above, 
Systems that identify road hazards can engage with the 
appropriate action more reliably. Variances may be deter 
mined for database elements that represent objects when 
compared to imageS Sensed from image Sensors using a 
process similar to the process in FIG. 3. In connection with 
the detection of images, Signs or other landmarks can be 
detected by cameras using image or shape detecting pro 
grams. The sign text on the Signs is recorded and variances 
are Stored, as described above. In addition, the location of 
Signs or other roadside landmarks can be sensed, Stored, and 
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compared for variances. These landmarks can include not 
only signs, but any detectable feature, including lamp posts, 
Viaducts, etc. The position of any detectable feature can be 
measured for variances and used for calibration, generating 
confidence levels, and So on. In this manner, the positions of 
many kinds of landmarks can be detected relatively inex 
pensively. 

0.093 Knowledge of, and greater precision in, the posi 
tion data for permanent Structures also facilitates vehicle 
positioning useful in route guidance and other applications. 
For example, when a vehicle travels a significant distance 
along a Straight road, the vehicle's position can become 
more uncertain as errors associated with the positioning 
Sensors accumulate. Enhanced knowledge of the position of 
permanent Structures along Such Straight roadways can Serve 
as a landmarks to which the vehicle position can be cor 
rected (or map-matched) when the landmark is Sensed. 
0094. In an embodiment illustrating this feature, a vehicle 
includes sensors which may be similar to the sensors 60 in 
FIGS. 2A-2C. The vehicle sensors have the capability to 
detect Structures. In one embodiment, the Structure-detecting 
Sensor is a radar System. The vehicle also includes an 
automatic vehicle control System and includes a local geo 
graphic database (similar to the database 56 of FIGS. 2A 
and 2B). The local geographic database has data that 
includes road Side detectable features, Such as Sign posts, 
Viaducts, lamp posts, and So on. The local geographic 
database also includes data relating to roads. Using the 
detection of the road Side Structures, Such as lamp posts, 
Viaducts, and So on, the position of the vehicle in the 
geographic region can be determined by a map matching 
program. Map matching programs are known. Given the 
known locations of radar-detectable features, Such as lamp 
posts, Viaducts, for example, the position of the vehicle can 
be determined very accurately by matching the vehicles 
position onto road Segments in the geographic database. The 
position of the vehicle can be fine-tuned by matching the 
position to the known positions of the detectable roadside 
landmarks. With this level of accuracy, an automatic Safety 
System can be implemented that automatically avoids 
obstacles detected by the radar. 

0.095 As shown in FIGS. 8D-8G, the sensor devices, 
which for permanent Structure analysis includes image Sen 
Sors, determine Static elements in the field of vision, com 
pare the image footprint to the database and record the 
difference or confidence information as necessary. FIGS. 
8D, 8F and 8G illustrate how image sensors identify signs 
according to sign location, dimension and content at 300 and 
sign post location at 302. FIGS. 8E and 8G illustrate how 
image Sensors may identify permanent Structures Such as 
guard rails 304, bridge supports 306 and nearby structures 
3O8. 

0.096 Sensor data may also be evaluated with respect to 
non-positional features that may be represented in the data 
base to identify potential errors and establish confidence 
levels for these features. Examples of features to evaluate 
include: direction of travel, divider location, Speed limit, and 
turn restrictions. The features of the links contained in the 
geographic database would be processed in the same manner 
as positional data. If one collector vehicle traverses a link in 
the opposite direction of travel as maintained in the map 
database 56, but a significant number of other collections 
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indicate tracking in the same direction of travel as main 
tained in the map database 56, the Single case may be 
archived as Statistically insignificant. 
0097 Embodiments of a system for updating a geo 
graphic database have been described. Alternative embodi 
ments can be appreciated from this disclosure by one of 
ordinary skill in the art. For example, the central geographic 
data manager 10 may collect only raw data or only filtered 
Sensor data Such that it would include only a raw Sensor data 
collector 28 or a filtered sensor data collector 12 and the 
components used to process either raw Sensor data or filtered 
Sensor data. In addition, no limitation is placed on the 
Scheduling of the distribution of updates by the update 
distributor 26. Updates may be distributed according to a 
Schedule, or in a manner. 
0098 Advantages of the embodiments of the systems 
described herein include the ability to receive data for 
processing database updates directly from users of the 
navigation System. Because the users of the navigation 
System may be numerous, this may reduce the need to take 
measures to determine if changes have occurred to the 
geographical area, Such as, Sending employees to Verify the 
area Such as by Visiting the area and recording information 
or by taking aerial pictures or by checking municipal 
records. 

0099 Presently preferred embodiments of the present 
invention have been described. One of ordinary skill in the 
art can appreciate that other embodiments that fall within the 
Scope of the claims are possible. It is intended that the 
foregoing detailed description be regarded as illustrative 
rather than limiting and that it is understood that the fol 
lowing claims including all equivalents are intended to 
define the Scope of the invention. 

1-25. (canceled) 
26. A method of collecting data for a geographic database 

comprising: 
using data collection equipment in each of a plurality of 

end users vehicles to collect data while Said end users 
Vehicles are being driven along roads, 

Sending at least a portion of the data collected by Said data 
collection equipment to a central database; and 

updating the central database using the portion of the data 
collected. 

27. The method of claim 26 wherein the data collected 
relates to geographic positions. 

28. The method of claim 26 wherein the data collected 
relates to vehicle Speed. 

29. The method of claim 26 wherein the data collected 
relates to road gradient. 

30. The method of claim 26 wherein the data collected 
relates to lane width. 

31. The method of claim 26 wherein the data collected 
relates to Signage. 

32. The method of claim 26 wherein the data collected 
relates to road direction. 

33. The method of claim 26 wherein the data collection 
equipment includes cameras. 

34. The method of claim 26 wherein the data collection 
equipment includes radar Systems. 

35. The method of claim 26 wherein the data collection 
equipment includes compasses. 
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36. The method of claim 26 wherein the data collection 
equipment includes GPS units. 

37. The method of claim 26 wherein the data collection 
equipment includes dead-reckoning units. 

38. The method of claim 26 further comprising: 
before the Step of updating, comparing the portion of data 

collected to data already contained in Said central 
database. 

39. The method of claim 38 further comprising: 
after the comparing Step, indicating a confidence level 

asSociated with data contained in Said central database. 
40. The method of claim 26 further comprising: 
prior to the Step of Sending, filtering the data collected 

while Said end users' vehicles are being driven along 
roads. 

41. The method of claim 26 wherein the data collection 
equipment in at least Some of the plurality of end users 
vehicles is part of a navigation System. 

42. A System for collecting data for a geographic database 
comprising: 

data collection equipment installed in each of a plurality 
of end users' vehicles, wherein Said data collection 
equipment is operable to collect data while Said end 
users' vehicles are being driven along roads, 

a central database; 
a communications System that sends at least a portion of 

the data collected by Said data collection equipment to 
a central database; and 
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a central geographic data manager that receives the por 
tion of the data collected by Said data collection equip 
ment and updates the central database using the portion 
of the data collected. 

43. The system of claim 42 wherein the data collected 
relates to one of geographic positions, vehicle Speed, road 
gradient, lane width, Signage, and road direction. 

44. A method of collecting data for a central geographic 
database and improving quality of data contained in the 
central geographic database, wherein the method comprises 
a process that 

uses end users' vehicles, Suitable equipped with data 
collection equipment, to collect data while Said end 
users' vehicles are being driven along roads, and 

thereafter Sends at least a portion of the data collected by 
Said data collection equipment to the central database 
where the central database is updated using the portion 
of the data collected, 

whereupon data from the updated database is used to 
provide navigation related features to at least Some of 
the end users. 

45. The method of claim 44 wherein the data collected 
relates to one of geographic positions, vehicle Speed, road 
gradient, lane width, Signage, and road direction. 


