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METHOD AND SYSTEM FOR COMPRESSING 
DATA AND A GEOGRAPHC DATABASE FORMED 

THEREWITH AND METHODS FOR USE 
THEREOF IN A NAVIGATION APPLICATION 

PROGRAM 

BACKGROUND OF THE INVENTION 

0001. The present invention relates to a compression 
System and method, and more particularly, the present 
invention relates to a compression method that can be used 
with geographic data used by a navigation application 
program that provides navigating features and functions to 
an end-user. 

0002 Computer-based navigation application programs 
are available that provide end-users (Such as drivers of 
vehicles in which the navigation Systems are installed) with 
various navigating functions and features. For example, 
Some navigation application programs are able to determine 
an optimum route to travel by roads between locations in a 
geographic region. Using input from an end-user, and 
optionally from equipment that can determine one's physical 
location (such as a GPS System), a navigation application 
program can examine various routes between two locations 
to determine an optimum route to travel from a starting 
location to a destination location in a geographic region. The 
navigation application program may then provide the end 
user with information about the optimum route in the form 
of instructions that identify the maneuvers required to be 
taken by the end-user to travel from the Starting location to 
the destination location. If the navigation System is located 
in an automobile, the instructions may take the form of audio 
instructions that are provided along the way as the end-user 
is traveling the route. Some navigation application programs 
are able to show detailed maps on computer displays out 
lining routes to destinations, the types of maneuvers to be 
taken at various locations along the routes, locations of 
certain types of features, and So on. 

0003. In order to provide these and other navigating 
functions, the navigation application program uses one or 
more detailed databases that include data which represent 
physical features in a geographic region. The detailed data 
base may include data representing the roads and interSec 
tions in a geographic region and also may include informa 
tion relating to the represented roads and interSections in a 
geographic region, Such as turn restrictions at interSections, 
Speed limits along the roads, Street names of the various 
roads, address ranges along the various roads, and So on. 

0004 One difficulty in providing geographic data for use 
by a navigation application program relates to the efficient 
utilization of the available computer resources of the navi 
gation System on which the navigation application program 
is run. Computer-based navigation application programs are 
provided on various platforms including Some with rela 
tively limited computer resources. For example, navigation 
Systems may be located in vehicles or may be hand-held. 
These types of navigation Systems may have relatively 
limited computer resources, Such as limited memory and 
relatively slow I/O. In order to provide a high a level of 
functionality in Such Systems, it is required that the available 
computer resources be used efficiently. 
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0005 The limited resources of some navigation systems 
can affect the ability of these types of navigation Systems to 
provide desired navigation functions, especially when using 
a relatively large geographic database that includes a rela 
tively high level of detail. Handling the large amounts of 
data included in a geographic database may adversely affect 
the performance of navigation Systems with limited 
CSOUCCS. 

0006 Another consideration related to the use of geo 
graphic data by navigation Systems is that given the rela 
tively large Size of the geographic database necessary to 
provide a desired level of functionality to the end-user, all 
the data records for an entire geographic region cannot be 
loaded into the memory of the navigation System at the same 
time. This is especially true for navigation System platforms 
with limited resources, Such as Systems installed in Vehicles 
or hand-held Systems. Due to the limited memory resources 
of these navigation Systems, it is necessary to load geo 
graphic data as needed from a storage medium, Such as a 
CD-ROM disk, into the memory of the navigation system 
for use by the navigation application program. Unfortu 
nately, in these types of Systems, IPO acceSS from a Storage 
medium may be relatively slow. Thus, the relatively limited 
memory resources of Some types of navigation Systems, 
combined with relatively slow I/O, can limit performance 
thereby resulting in Slow response. Aside from being unde 
Sirable, Slow response in a navigation System may render the 
System useleSS for its intended purpose in certain circum 
stances. For example, if the navigation System is installed in 
a vehicle, the driver may require information from the 
navigation System about a desired route in a matter of 
seconds in order to utilize the information while driving. If 
the navigation System requires more than Several Seconds to 
calculate a route, the driver may have moved beyond the 
point at which the routing information provided by the 
navigation System is relevant. Therefore, it is important that 
navigation Systems operate efficiently in order to provide 
navigating information relatively quickly. 

0007 Navigation application programs may also be run 
on computer platforms that have in general greater memory 
resources and faster I/O, Such as personal computers or 
networks. Although these Systems may have more and faster 
resources, the considerations related to the efficient use of 
geographic data Still apply, but on a larger Scale. With these 
types of Systems, even greater functionality can be provided 
if the limitations imposed by memory size and I/O are 
minimized. 

0008 To improve the performance of navigation systems 
generally and in particular to compensate for the limitations 
of Some navigation System platforms with limited hardware 
resources, techniques have been devised or implemented to 
improve navigation System performance by organizing, 
Structuring, or arranging the geographic database or the data 
in the geographic database in particular ways. Because a 
navigation System uses geographic data in certain known 
and expected ways to perform known functions, the geo 
graphic data can be organized, structured, or arranged in 
ways that facilitate their use in these known ways by the 
navigation System. 

0009. One of the techniques that can be used to facilitate 
the use of geographic data by navigation Systems is to 
organize at least Some of the geographic data Spatially. When 
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geographic data are organized spatially, geographic features 
that are close together physically in the geographic region 
are represented by data records that are, in general, close 
together in the database and/or on the medium. This kind of 
organization may minimize the amount of Searching in the 
geographic database when performing Some navigation 
functions. 

0.010 Another technique that can be used to facilitate 
access by an application in a navigation System is to orga 
nize at least Some of the geographic database into groupings 
(or parcels). When geographic data are organized into par 
cels, the plurality of data records that together comprise the 
geographic database are Separated into Separate groupings 
(or parcels). The Selection of data records to be included in 
each parcel is based upon a likelihood that all the data 
records needed to perform a particular navigation function 
are included in relatively few parcels. For example, parcels 
may be used to organize Some or all of the geographic data 
Spatially. Using parcelization to organize geographic data 
Spatially, geographic features that are located close together 
physically in the geographic region are represented by data 
records that are included in the same parcel. Various criteria 
may be used as a basis for organizing geographic data into 
parcels, including non-Spatial factorS Such as by adminis 
trative area, alphabetical by name, and So on. 

0.011) Another technique that can be implemented in a 
geographic database to enhance operation of the navigation 
System is to minimize consideration of minor or Secondary 
roads during calculation of a route. One way to SuppreSS 
consideration of minor or Secondary roads is to organize 
Some or all of the geographic data into layers using rankings 
assigned to roads in a geographic region. The rankings can 
be related to a functional classification of the roads. Major 
roads upon which travel is generally faster are assigned 
higher rankings and minor roads upon which travel is 
generally slower are assigned lower rankings. Using these 
rankings, data records that represent higher ranked roads can 
be stored in Separate layers in the geographic database. The 
navigation application program uses the higher layers when 
possible. Since the higher layers omit slower Secondary 
roads, these generally slower roads are not considered when 
the higher layers are used to calculate the route, thereby 
minimizing the possible road Segments that need to be 
investigated. This kind of database arrangement may facili 
tate the route calculation navigation function, thereby pro 
Viding improved navigation System performance. 

0012. In addition to spatial organization, parcelization, 
and layering, there are other techniques that can be imple 
mented in a geographic database that can enhance the 
performance of a navigation application in the navigation 
System that uses the geographic database. Some or all of the 
above techniques can be used together in a geographic 
database to enhance operation of a navigation application 
that uses the geographic database. 

0013. One factor that affects the way that the geographic 
database is used by a navigation System relates to the size of 
the coverage area of the geographic database. The coverage 
area of a geographic database refers to the Size of the 
geographic region represented by the data in the geographic 
database. A coverage area may include an entire metropoli 
tan area, Such as New York and its Suburbs, Chicago and its 
Suburbs, or LOS Angeles and its Suburbs. A coverage area 
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may also include an entire country, Such as Germany. In 
general, it is preferable to make the coverage area as large 
as possible. 

0014) Factors that may affect the size of the coverage area 
of a geographic database include the type of media upon 
which the geographic database is Stored and the level of 
detail of the geographic database. In order to provide the 
navigation features desired by navigation System end-users, 
a geographic database includes a relatively large amount of 
data with a correspondingly high level of detail. Various 
kinds of media can be used for Storing a geographic database 
in a navigation System. These different kinds of media 
include, for example, CD-ROM disks, PCMCIA cards, hard 
disks, DVD disks, and so on. Each of these different kinds 
of media has advantages and disadvantages. Regardless of 
the kind of media used, it would be desired to Store as much 
data on the media as possible, thereby providing as large a 
coverage area as possible, or as much detail as possible, or 
a maximum combination of coverage area and detail. Thus, 
the geographic data should be stored efficiently on the 
medium. 

0015 There are conventional data compression tech 
niques that increase the amount of data that can be Stored on 
a medium. Some conventional data compression techniques 
have the disadvantage of requiring Substantial additional 
processing to decompress the data from a compressed form 
in which they are stored on the medium. This additional 
processing may adversely affect performance of Some navi 
gation Systems. In addition, Some conventional data com 
pression techniques involve rearranging portions of the data 
or Substituting portions of the original collection of data with 
other data. Such data compression techniques may be 
incompatible with the techniques, described above, that 
enhance certain navigation functions. If Such conventional 
data compression techniques are not entirely incompatible 
with the navigation enhancing techniques, described above, 
they may nonetheless offset the advantages associated with 
the navigation enhancing techniques. 

0016. Accordingly, it is one objective to provide a means 
to Store geographic data efficiently on a medium. It is 
another objective to provide one or more data compression 
techniques in a geographic database that is organized in a 
manner that facilitates its use by a navigation application 
program. It is another objective to provide a data compres 
Sion technique that can be used for various kinds of data, and 
geographic data in particular. 

SUMMARY OF THE INVENTION 

0017. To address the above concerns, according to one 
aspect of the present invention, a data compression System 
and method are provided. The data compression System and 
method can be used to compress various kinds of data, and 
in particular, can be used to compress geographic data Stored 
on a physical data Storage medium. The data compression 
method comprises Searching in a preceding portion of an 
input Stream of data characters from a first position for a 
Sequence of a plurality of data characters that matches a 
Sequence of a plurality of data characters at the first position. 
Upon finding a matching Sequence of a plurality of data 
characters, the Sequence of a plurality of data characters for 
which a matching Sequence of a plurality of data characters 
was found in the preceding portion of the input Stream is 



US 2001/0043745 A1 

replaced with a reference to the matching Sequence of a 
plurality of data characters in the preceding portion of the 
input Stream. The reference comprises a backwards offset 
from the first position to the position in the preceding portion 
of the input Stream at which the matching Sequence of a 
plurality of data characters is located and a size of the 
matching Sequence. 
0.018. According to further aspects, the backward offsets, 
the data that indicate the sizes of the matching Sequences, 
the data that indicate the lengths of non-Substitution code 
characters, and the literal characters themselves can be 
Huffman encoded. In an application of the data compression 
method to geographic data that has been organized to 
facilitate acceSS and use by a navigation application pro 
gram, the one or more Huffman trees for decoding the 
Huffman codes are Stored in a separate portion of the 
database from portions that include the data records that 
have been compressed using the Huffman encoding. 
0.019 According to a further aspect of the disclosed 
Subject matter, a decompression method and program are 
provided. The decompression method reverses the compres 
Sion process. Starting from one end of a compressed data 
Stream and advancing through the compressed data Stream to 
the other end, as Substitution codes are encountered, the 
Substitution codes are replaced with SubStrings which are 
located in previous portions of the data Stream. Each Sub 
Stitution code includes a backwards offset and an indication 
of the substitution Substring length. When each substitution 
code is encountered during the Step of advancing through the 
compressed data stream during decompression, a Substring 
of the indicated Substitution Substring length and located at 
the position in the previous portion of the data Stream 
indicated by the backwards offset is inserted to the portion 
of the data Stream. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0020 
System. 

0021 FIG. 2 illustrates a map showing a geographic 
region represented by the geographic database of FIG. 1. 

FIG. 1 is a block diagram illustrating a navigation 

0022 FIG. 3 shows an expanded view of a portion of the 
map of FIG. 2. 
0023 FIG. 4 is a diagram illustrating the different types 
of data included in the geographic database of FIG. 1 for use 
with various navigation application functions. 
0024 FIG. 5 is a diagram illustrating separate layers of 
data in the routing data shown in FIG. 4. 
0.025 FIG. 6 is a diagram showing the arrangement of 
parcels of data in the geographic database of FIG. 1. 
0.026 FIG. 7 shows a map of the geographic region of 
FIG. 2 illustrating application of a parcelization method to 
Spatially organized geographic data. 
0.027 FIG. 8 is a diagram illustrating replacement of a 
Substring in a first position in an original data Stream with a 
Substitution code that references a previously occurring 
matching SubString in a compressed data Stream. 
0028 FIGS. 9A and 9B are diagrams illustrating 
embodiments of the run length counts and the Substitution 
code. 
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0029 FIG. 10 is a diagram including a table showing use 
of Huffman encoding of a data String, offsets, and data String 
lengths, according to an example illustrating use of an 
embodiment of the disclosed compression System. 

0030 FIGS. 11A-11C are illustrations of a process for 
forming a geographic database that is compressed using an 
embodiment of the disclosed compression method. 

DETAILED DESCRIPTION OF THE 
PRESENTLY PREFERRED EMBODIMENTS 

0031) 

0032 Referring to FIG. 1, there is a block diagram of a 
navigation system 10. The navigation system 10 is installed 
in a vehicle 11, Such as a car or truck, although in alternative 
embodiments, the navigation System 10 may be located 
outside of a vehicle or may be implemented in various other 
platforms or environments, as described below. 

I. Navigation System-Overview 

0033 Referring to the embodiment illustrated in FIG. 1, 
the navigation System 10 is a combination of hardware and 
Software components. In one embodiment, the navigation 
System 10 includes a processor 12, a drive 14 connected to 
the processor 12, and a non-volatile memory Storage device 
16 for Storing a navigation application Software program 18 
and possibly other information. The processor 12 may be of 
any type used in navigation Systems, Such as 32-bit proces 
Sors using a flat address Space, Such as a Hitachi SH1, an 
Intel 80386, an Intel 960, a Motorola 68020 (or other 
processors having similar or greater addressing space). Pro 
ceSSor types other than these, as well as processors that may 
be developed in the future, may also be suitable. 

0034. The navigation system 10 may also include a 
positioning System 24. The positioning System 24 may 
utilize GPS-type technology, a dead reckoning-type System, 
or combinations of these, or other Systems, all of which are 
known in the art. The positioning System 24 may include 
Suitable Sensing devices 25 that measure the traveling dis 
tance, Speed, direction, and So on, of the vehicle. The 
positioning System 24 may also include appropriate tech 
nology to obtain a GPS Signal, in a manner which is known 
in the art. The positioning System 24 outputs a signal 26 to 
the processor 12. The signal 26 may be used by the navi 
gation application Software 18 that is run on the processor 12 
to determine the location, direction, Speed, etc., of the 
navigation System 10. 

0035. The navigation system 10 also includes a user 
interface 31. The user interface 31 includes appropriate 
equipment that allows the end-user to input information into 
the navigation System. This input information may include a 
request to use the navigation features of the navigation 
System. For example, the input information may include a 
request for a route to a desired destination. The input 
information may also include other kinds of information. 
The equipment used to input information into the navigation 
System may include a keypad, a keyboard, a microphone, 
etc., as well as appropriate Software, Such as a voice recog 
nition program. The user interface 31 also includes Suitable 
equipment that provides information back to the end-user. 
This equipment may include a display 27, Speakers 29, or 
other means. 
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0.036 The navigation system 10 uses a map database 40 
Stored on a Storage medium 32. The Storage medium 32 is 
installed in the drive 14 So that the map database 40 can be 
read and used by the navigation System. The Storage medium 
32 may be removable and replaceable So that a Storage 
medium with an appropriate map database for the geo 
graphic region in which the vehicle is traveling can be used. 
In addition, the Storage medium 32 may be replaceable So 
that the map database 40 on it can be updated easily. In one 
embodiment, the geographic data may be published by 
Navigation Technologies of Sunnyvale, Calif. 

0037. In one embodiment, the storage medium 32 is a 
CD-ROM disk. In an alternative embodiment, the storage 
medium 32 may be a PCMCIA card in which case the drive 
14 would be replaced with a PCMCIA slot. Various other 
Storage media may be used, including fixed or hard disks, 
DVD (digital video disks) or other currently available stor 
age media, as well as Storage media that may be developed 
in the future. The Storage medium 32 and the geographic 
database 40 do not have to be physically provided at the 
location of the navigation System. In alternative embodi 
ments, the Storage medium 32, upon which Some or all of the 
geographic data 40 are Stored, maybe located remotely from 
the rest of the navigation System and portions of the geo 
graphic data provided via a communications link, as needed. 
0.038. The navigation application software program 18 is 
loaded from the nonvolatile memory 16 into a RAM 20 
asSociated with the processor 12 in order to operate the 
navigation System. The navigation System 10 uses the map 
database 40 stored on the storage medium 32, possibly in 
conjunction with the output 26 from the positioning System 
24, to provide various navigation features and functions. The 
navigation application Software program 18 may include 
Separate applications (or Subprograms) that provide these 
various navigation features and functions. These functions 
and features may include route calculation 41, route guid 
ance 42 (wherein detailed directions are provided for reach 
ing a desired destination), map display 43, vehicle position 
ing 44 (e.g., map matching), and other functions 45. 
0039 II. The Geographic Map Database 
0040 A. Overview 
0041. In one embodiment, the speed and/or functionality 
of a navigation System can be enhanced by a combination 
that includes improvements in the Storage, arrangement, 
and/or Structuring of the geographic data used by the System 
to facilitate the use of the data by some of the functions in 
the navigation application program in the Systems that use 
the data. Based upon the manner in which the geographic 
data are Stored, arranged, and/or Structured, functions in the 
navigation application program that acceSS and use the data 
can implement routines that exploit the improvements incor 
porated into the geographic data. This combination can 
result in overall improved performance by the navigation 
System. 

0042. The map database 40 contains information about 
the roadway network in the geographic region. In one 
embodiment, the map database 40 includes node data and 
Segment data. These data represent components of the 
physical road network. Node data represent physical loca 
tions in the geographic region (Such as roadway interSec 
tions and other positions) and segment data represent por 
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tions of roadways between the physical locations 
represented by nodes. Each road Segment in the geographic 
region is represented by a road segment data entity (i.e., a 
record) in the map database 40. Each road segment data 
record in the map database is associated with two nodes 
which represent the coordinate positions at each end of the 
road Segment represented by the road Segment data record. 
The information included in the node and Segment data 
entities is explained with reference to FIGS. 2 and 3. (The 
terms "nodes' and "Segments' represent only one terminol 
ogy for describing these physical geographic features and 
other terminology for describing these features is intended to 
be encompassed within the Scope of these concepts.) 
0043 FIG. 2 illustrates a map 110 showing a geographic 
region 112. A plurality of locations 114 are shown to be 
located in the geographic region 112. Each of the locations 
114 represents a place or point in the geographic area 112 at 
which there is located a feature about which it is desired to 
include information in a geographic database. Each of these 
locations 114 has a unique physical location (latitude, lon 
gitude, and optionally absolute or relative altitude) and each 
of the locations 114 can be uniquely identified by its two 
dimensional (or three dimensional) geographic coordinates, 
(i.e., latitude, longitude, and optionally altitude). A location 
114 may correspond to an interSection at which two or more 
roads meet, a point along a road Segment at which the 
direction of the road changes, a point along a road Segment 
at which the Speed limit changes, a point at which a road 
reaches a dead end, and So on. The location 114 may 
correspond to a position of a point-of-interest, Such as a 
hotel or civic center, a boundary of a natural feature, Such as 
a lake, or a position along a railroad track or ferry. The 
locations 114 may correspond to anything physically located 
in the geographic area 112. 
0044 FIG. 3 shows an expanded view of a portion 116 
of the map 110. The portion 116 in FIG. 3 illustrates part of 
the road network 120 in the geographic region 112. The road 
network 120 includes, among other things, roads and inter 
Sections located in the geographic region 112. AS shown in 
FIG. 3 in the illustrated portion 116 of the map 110, each 
road in the geographic region 112 is composed of one or 
more Segments, 122(1), 122(2) . . . 122(n). In one embodi 
ment, a road Segment represents a portion of the road. In 
FIG. 3, each road segment 122 is shown to have associated 
with it two nodes 123: one node represents the point at one 
end of the road Segment and the other node represents the 
point at the other end of the road Segment. The node at either 
end of a road Segment may correspond to a location at which 
the road meets another road, e.g., an interSection, or where 
the road dead ends. 

0045. In one type of geographic database, there is at least 
one database entry (also referred to as “entity” or “record”) 
for each road Segment represented in a geographic region. 
This road Segment data record may have associated with it 
information (such as “attributes”, “fields”, etc.) that allows 
identification of the nodes associated with the road Segment 
and/or the geographic positions (e.g., the latitude and lon 
gitude coordinates) of the two nodes. In addition, the road 
Segment record may have associated with it information 
(e.g., more “attributes”, “fields”, etc.), that specify the Speed 
of travel on the portion of the roadway represented by the 
road Segment record, the direction of travel permitted on the 
road portion represented by the road Segment record, what 
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turn restrictions exist at each of the nodes which correspond 
to interSections at the ends of the road portion represented by 
the road Segment record, the Street address ranges of the 
roadway portion represented by the road Segment record, the 
name of the road, and So on. The various attributes associ 
ated with a road Segment may be included in a single road 
Segment record, or preferably are included in more than one 
type of road Segment record which are cross-referenced to 
each other. 

0046. In a geographic database that represents the region 
112, there may also be a database entry (entity or record) for 
each node in the geographic region. The node data record 
may have associated with it information (Such as 
“attributes”, “fields”, etc.) that allows identification of the 
road segment(s) that connect to it and/or its geographic 
position (e.g., its latitude and longitude coordinates). 
0047 B. Separate subsets of geographic data 
0.048 One way that the accessing of geographic data can 
be enhanced for performing various navigation functions is 
to provide Separate collections or Subsets of the geographic 
data for use by each of the separate functions (e.g., 41-45) 
in the navigation application program 18. Each of these 
Separate Subsets is tailored Specifically for use by a particu 
lar one or more of the functions. For instance, the route 
calculation function 41 (in FIG. 1) normally uses only a 
portion of all the information in the geographic database that 
is associated with a Segment of a road. When the route 
calculation function 41 is being run, it may require infor 
mation Such as the speed along a road Segment, turn restric 
tions from one road Segment to another, and So on. However, 
the route calculation function 41 does not necessarily require 
the name of the road to calculate a route. Similarly, when 
using the map display function 43, Some of the information 
asSociated with a road Segment, Such as the Speed limits or 
turn restrictions, is not required. Instead, when the map 
display function 43 is run, it uses only a portion of the 
information associated with the road Segment, Such as the 
shapes and locations of roads, and possibly the names of the 
roads. Even further, when the route guidance function 42 is 
being run, Some of the information associated with a Seg 
ment of a road, Such as the Speed and turn restrictions, is not 
required. Instead, when the route guidance function 42 is 
being run, it uses information that includes the name of the 
road represented by the road Segment, the address range 
along the road Segment, any signs along the road Segment, 
and So on. Although there may be Some overlap as to the 
types of information used by the various navigation func 
tions, Some of the data used by any one of these navigation 
functions is not used by another of the functions. If all the 
information relating to each road Segment were associated 
with it as a Single data entry in a Single database, each data 
entity record would be relatively large. Thus, whenever any 
one of the navigation functions accessed an entity record, it 
would have to read into memory a significant amount of 
information much of which would not be needed by the 
navigation function. Moreover, when reading the data entity 
from disk, relatively few data entities could be read at a time 
Since each data entity would be relatively large. 

0049. In order to provide the information in the geo 
graphic database in a format more efficient for use by each 
of the navigation functions, Separate Subsets of the entire 
geographic database for a given geographic region are 
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provided for each of the different types of navigation func 
tions to be provided in the navigation application program 
18. 

0050 FIG. 4 illustrates the geographic database 40 com 
prised of Separate routing data 136, cartographic data 137 
(for map display), maneuver data 138 (for route guidance), 
point-of-interest data 139 (for identifying specific points of 
interest, Such as hotels, restaurants, museums, Stadiums, 
airports, etc.), and junction data 140 (for identifying named 
intersections). In addition to these types of data, the geo 
graphic database 40 may include navigation feature data 141 
and cartographic feature data 142. These Subsets of data 
include, respectively, the names of the navigable features 
(Such as roads and intersections) and non-navigable features, 
Such as lakes, etc. The geographic database may also include 
data Subsets for places 144 (e.g., cities, States, counties) and 
postal codes 143. A geographic database may be defined 
with fewer or more Subsets than these, and other types of 
data 146 may be defined and included. 

0051 Each subset of data includes only the data required 
to be used by a particular navigation function. There is Some 
overlap of data between each of these subsets, with the result 
that Some parts of the information may be included in more 
than one Subset. For example, both a road Segment data 
entity in the routing data Subset 136 as well as a road 
Segment data entity in the cartographic data Subset 137 may 
include attributes identifying the nodes located at the ends of 
the Segments. Although this duplication may result in a 
larger overall data Storage requirement, each of the naviga 
tion functions benefits from the resultant efficiency of han 
dling Smaller amounts of data. 
0052 Providing for separate subsets of geographic data 
for each of the navigation functions also takes into account 
that usage of each of these navigation functions relates to the 
others of the navigating functions in expected ways. For 
example, an end-user may first want to view a present 
position, then enter a destination, then receive instructions 
how to Start toward the destination, then observe a map 
showing the initial portion of the route, then receive further 
instructions, then have a map displayed of the next portion 
of the route, and So on. Because of this type of expected 
usage, dividing the data into Subsets provides for efficient 
use of the data when using each Separate function. 
0053 Although the division of the geographic data into 
Subsets provides for efficient use of the data by each of the 
different navigation functions, it becomes necessary to pro 
vide that the different navigating functions that use these 
different Subsets of the database work together. For example, 
in the example mentioned above, after an end-user obtains 
a calculated route, it may be desired to display a map on a 
computer display with the calculated route highlighted. In 
order to accomplish this, the routing Subset 136 of geo 
graphic data is accessed first to obtain the routing road 
Segment data entities for the optimum route, and then the 
cartographic Subset 137 of the geographic database is 
accessed to obtain the cartographic road Segment data enti 
ties corresponding to the routing data entities. To permit 
these data Subsets to work together, indices may be included 
that provide croSS references, Search trees, or other data 
finding techniques. Indices can be located within any of the 
Subsets of data or external of any of the subsets. In FIG. 4, 
external indices 147 are shown. Storing indices external of 
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the data that are being indexed has the advantage that the 
indeX can be loaded and used to determine which data 
among the various Subsets of data needs to be loaded next. 
0.054 C. Layering of geographic data 

0.055 Another way that the geographic data can be orga 
nized to enhance their use is to provide the data in layers. 
Some of the navigation functions, Such as the map display 
function and the route calculation function, may use data at 
different levels of detail. For example, when using the map 
display function, it is Sometimes desired to provide for 
panning and Zooming. Zooming can be done more efficiently 
if the data are organized into layers, with greater detail at the 
lower layerS and less detail at the higher layers. Likewise, 
when using the route calculation function, it is also advan 
tageous to use the data at different levels of detail. For 
example, when calculating a route between two locations, it 
would be inefficient to examine all the possible road Seg 
ments that diverge from each interSection along the route, 
including Secondary Streets and alleys. Instead, once a route 
is “on” a main road or expressway, it is generally preferable 
to stay on main roads or expressways until it is necessary to 
exit to Secondary roads as the destination is approached. If 
the routing data are layered, higher layers that omit Second 
ary roads can be used when possible to minimize the 
possible road Segments to be investigated when calculating 
the route. Therefore, within Some of the Subsets of data 
types, the geographic data are provided in Separate collec 
tions or groups corresponding to Separate layers. 

0056 To implement layering, each road segment data 
record in the map database 40 also identifies the rank of the 
corresponding portion of the roadway that it represents. A 
rank of a road Segment may correspond to its functional 
class. Road Segments having a rank of “4” may include high 
Volume, controlled access roads, Such as expressways and 
freewayS. Road Segments having a rank of "3’ may be high 
Volume roads with few speed changes, but are not neces 
Sarily controlled access roads. The lower ranked roads 
handle corresponding lower Volumes and generally have 
more Speed changes or slower Speeds. Roads having a rank 
of “0” can handle the lowest volumes. For example, these 
roads lowest ranked roads may include Side Streets, alleys, 
etc. 

0057 The rank of a road segment data entity also speci 
fies the highest data layer in which a road Segment entity is 
included. For example, referring to FIG. 5, the routing type 
data 136 may include five separate layers of the data, RO, 
R1, R2, R3, and R4, each comprising a separate collection 
of the routing data with a different level of detail, which can 
be used by the route calculation function. In the routing data 
type of the geographic database, layer 0 (“RO”) includes the 
road Segment data entities (and Some or all of their corre 
sponding routing data attributes) having a rank of “0” or 
higher. Thus, layer 0 includes road Segment data entities 
corresponding to all the portions of all the roads in the 
geographic region. Layer 1 of the routing data 136 com 
prises a separate Subset (or collection) of the routing data 
and includes only the routing segment data entities (and 
Some or all of their corresponding routing data attributes) 
having a rank of “1” or higher. Layer 2 of the routing data 
comprises a separate Subset of the routing data and includes 
only the routing segment data entities (and Some or all of 
their corresponding navigation data attributes) having a rank 
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of level 2 or higher, and So on. A highest layer (layer n) 
includes only records having a rank of n. In a present 
embodiment, n is equal to 4, although in other embodiments, 
n may be any number greater than 0. Each higher layer 
includes fewer records, however these records represent 
roads upon which travel is generally faster. 
0058 Similarly, the other types of data may include 
Separate layers of data, each with a different level of detail. 
For example, the cartographic data type 137, which is used 
by the map display function 43, may be provided in multiple 
layers. Using different layers of cartographic data, the map 
display function 43 can provide rapid panning and Zooming. 
0059 Although the organization of some of the data into 
layerS results in Some duplication of the data, the increased 
efficiency provided by layering generally offsets any disad 
Vantages. AS with the use of Separate types of data men 
tioned above, the need arises to allow these layers to work 
together. Indices 149 may be provided for this purpose. In 
FIG. 5, internal indices 149 are shown. Internal indices 149 
are included among the various types of data. External 
indices may also be used for this purpose. 
0060 D. Spatial access to geographic data 
0061 Organizing the data into Subsets or types provides 
Separate collections of the data in sizes that are more 
manageable by each of the navigation functions 29 in the 
navigation application program. With respect to Some Subset 
types, the data can be further organized to facilitate Spatial 
CCCSS. 

0062 Several of the navigation functions (e.g., 41, 42, 
43, and 44 in FIG. 1) in the navigation application 18 may 
acceSS or use the geographic data Spatially. One way this 
arises is that a function in the navigation application pro 
gram 18 requires finding a data entity record in the geo 
graphic database 40 given the physical location represented 
by the data entity in the geographic region. The data entity 
may be a road Segment record that represents a portion of a 
road in the geographic region and the function may require 
finding the road Segment record based upon the physical 
location in the geographic region of the portion of the road 
represented by the road Segment record. The data entity may 
be a POI record that represents a hotel closest to the present 
position of a vehicle in which the navigation System is 
installed. Another way Spatial acceSS arises is when a 
function in a navigation application program requires find 
ing Several or all of a type of data records located close to 
a location in the geographic region or within a defined area 
in the geographic region. For example, a function may 
require all restaurant POI records encompassed within a 
rectangle defined by geographical coordinates (X, X+n) lati 
tude and (y, y+m) longitude. 
0063 Referring again to FIG. 4, Some of the Subsets of 
geographic data are organized spatially and other Subsets of 
data are organized in a manner other-than-Spatially. Spa 
tially-organized data are arranged So that the data that 
represent geographically proximate features are located 
logically and/or physically proximate in the data Set 40 
and/or on the medium 32. For some of the navigation 
application functions, Spatial organization of their respective 
data provides for reading closely related geographic data 
from the medium more quickly and loading related geo 
graphic data into memory where they can be used. This kind 
of organization minimizes accessing of the Storage medium 
32 and Speeds up operation of these navigation functions. 
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0064. The subsets of the geographic data 40 that are 
organized spatially include the route calculation data 136, 
the cartographic data (map display) 137, and the point-of 
interest data 139. Other kinds of data may also be organized 
Spatially. Spatial organization can be applied to the data in 
different ways. For example, Spatial organization can be 
applied to each record of data or can be applied to groupings 
of pluralities of data records (e.g., Such as parcels of data, as 
explained below). 
0065. Some of the subsets of the data are organized and 
accessed in ways other than Spatially. For example, Some of 
the Subsets of data may be organized alphabetically, or by 
city, State, and country, and So on. The non-Spatially orga 
nized data include the junction data 140, the navigable 
feature data 141, the cartographic feature data 142, the 
postal code data 143, and the place data 144. Other types of 
data may also be organized non-Spatially. 
0.066 E. Parcelization of geographic data 
0067. There are several factors that can affect the opera 
tion and performance of a navigation application program 
when using geographic data. In order to provide a reason 
ably high level of functionality, a relatively large database 
may be provided. Storage media, such as CD-ROM discs or 
PCMCIA cards, are capable of handling databases of the size 
and complexity Sufficient to provide Suitable functionality. 
However, accessing these types of media can be relatively 
Slow. Because navigation Systems may be installed in 
vehicles, or may be hand-held, the hardware resources of the 
navigation system may be limited. Navigation Systems 
installed in vehicles or hand-held units may have limited 
memory resources and relatively slow media acceSS rates. 
Even when navigation applications are provided on plat 
forms that have greater memory and hardware resources, 
Similar considerations apply, but on a different Scale. 
0068 Assuming that all the data records for a given entire 
geographic region cannot be loaded into the memory of the 
navigation System at the same time due to limited memory 
resources of the navigation System in which the navigation 
application program is being run, it would be desirable to 
load into memory only those data that are needed to perform 
a desired function. In order to accomplish this, data in the 
geographic database 40 are organized into parcels. A parcel 
of data is established to contain data records that are 
obtained together in a single access of the medium. This may 
relate to the quantity of data that can be accessed in a single 
disk access, although it may be related to Some other factor. 
For some types of media such as a CD-ROM disks, a parcel 
may be established to be a 16 Kilobyte quantity of data. 
(Other sizes of data may be used including 1 K, 2K, 4K, 8K, 
32K, and so on.) 
0069. As shown in FIG. 6, parcels 220 of data are stored 
to form the database 40 so that the data in each parcel 220 
are logically and/or physically grouped together. When a 
parcel of data is accessed, all of its data records are read 
from the medium into the memory of the navigation System 
at the same time. Prior to forming the data into parcels, the 
data are first Separately organized into the different types 
(e.g., routing, cartographic, maneuver, and So on, as shown 
in FIG. 4). In addition, for those types of data that are 
organized by layer (e.g., routing, cartographic), these types 
of data are separately organized into layers (as shown in 
FIG. 5) prior to forming the data into parcels. 
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0070 (1). Parcelization of spatially organized data. 
0071. In parcelizing data, it is preferable generally to 
form parcels of data in a manner that minimizes the number 
of parcels that have to be accessed and read in order to 
perform a navigation function. AS mentioned above, it is 
Sometimes desirable to Store the data representing geo 
graphic features based upon the physical proximity of the 
features. With respect to the Spatially organized data, it 
would be advantageous to provide a means to load data into 
memory based generally upon the physical geographic loca 
tions of the features which the data represent or upon the 
geographical proximity of the features which the data rep 
resent. This can be done by parcelizing the data Spatially. 
Spatially-parcelized data are arranged So that the data that 
represent geographically proximate features are located 
logically and/or physically proximate in the database 40 
and/or on the medium 32. For some of the navigation 
application functions, Spatial parcelization of their respec 
tive data provides for reading closely related geographic 
data from the medium more quickly and loading related 
geographic data into memory where they can be used. This 
kind of organization minimizes accessing of the Storage 
medium 32 and may speed up operation of these navigation 
functions. 

0072 There are a number of different procedures that can 
be used for parcelizing geographic data Spatially. For 
example, a simple parcelization method may provide for 
Separating the geographic data into a plurality of parcels 
wherein the data in each parcel represent features encom 
passed within a separate one of a plurality of regular sized 
rectangles which together form a regular, rectangular grid 
over the geographic region. Another method for Spatial 
parcelization is to Separate the data into parcels encom 
passed within rectangular areas where each of the rectangles 
is formed by a bisection of rectangles encompassing parts of 
the region until a parcel size below a maximum threshold is 
obtained. In addition, parcelization procedures are disclosed 
in the copending application Ser. No. 08/740,295, filed Oct. 
25, 1996, the entire disclosure of which is incorporated by 
reference herein, and parcelization procedures are also 
described in the copending patent application Ser. No. 
08/935,809, filed Sep. 5, 1997, the entire disclosure of which 
is incorporated by reference herein. Still other methods of 
parcelization to which the disclosed Subject matter can be 
applied are described in U.S. Pat. Nos. 4,888,698 and 
4,937,572. 

0073 Parcelization of spatially organized data is illus 
trated with reference to FIG. 7. FIG. 7 shows the map 110 
of the geographic region 112, previously illustrated in FIG. 
2. The plurality of positions 114 (represented by the dots or 
points) are shown to be located on the map 110. Each of the 
positions 114 represents a place or point in the geographic 
area 112 at which there is located a feature about which 
information is included in the geographic database 40 of 
FIG. 1. For example, the positions 114 may correspond to 
the physical locations of end points of road Segments, points 
along road segments, points-of-interest (Such as hotels, civic 
centers, etc.), and So on, which are represented by the data 
in the geographic database 40. Each of these locations 114 
has a unique physical location (latitude, longitude, and 
optionally absolute or relative altitude) and each of the 
locations 114 can be uniquely identified by its two dimen 
Sional (or three dimensional) geographic coordinates (i.e., 
latitude, longitude, and optionally altitude). 
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0.074. In FIG. 7, a grid 217 overlays the geographic 
region 112 represented by the map 110. The grid 217 divides 
the geographic region 112 into a plurality of rectangular 
areas 219. The grid lines of the grid 217 represent the 
boundaries of rectangular areas 219. These rectangular areas 
219 may be all the same size or may have different sizes 
depending upon the procedure used for parcelization. Like 
wise, the locations of the boundaries may depend on the 
parcelization procedure used. In general, when using any of 
the procedures for Spatial parcelization, the data records of 
a particular type of data which represent features that are 
encompassed within each rectangular area 219 are grouped 
together in a separate parcel of data. Referring again to FIG. 
6, the plurality of data records, Such as road Segment records 
and node records that comprise the routing subset 136 of the 
geographic database 40, are separated into groupings (i.e., 
parcels 220). With respect to the spatially organized data, 
each parcel 220 of routing data in FIG. 6 includes data 
records which represent the geographic features encom 
passed within a separate one of the plurality of rectangles 
219 shown in FIG. 7. 

0075). As shown in FIG. 6, the parcels 220 are then stored 
to form the database 40 so that the data in each parcel 220 
are logically and/or physically grouped together. Since the 
parcel represents a quantity of data records that are accessed 
at the same time by the navigation System, when a parcel of 
data is accessed, all of its data records are read into the 
memory of the navigation System at the Same time. With 
reference to the map 110 of FIG. 7, this means that all the 
data records, Such as the Segment records or node records, of 
a Spatially organized type of data that represent geographic 
features encompassed within each rectangle 219 are 
accessed together as a group. It can be appreciated that for 
certain kinds of navigation functions, it is desirable to have 
in memory at the same time all the data records that 
represent features that are physically close together in the 
geographic region. 

0.076. As the parcels 220 are formed for these types of 
data, the parcels are ordered. Various types of ordering may 
be used. In general, it is preferred that the parcels be ordered 
in a manner that minimizes Searches for data. One way to 
order Spatially organized parcels is to use a depth-first 
ordering from a kd-tree indeX within each type of data. This 
provides an ordering Similar to Peano-key ordering. Parcels 
may be stored on disk (i.e., medium 32 in FIG. 1) in this 
approximate Peano-key order. One or more indices, Such as 
a kd-tree, can be used to access parcels spatially. This indeX 
is useful for initial location of an arbitrary position, Such as 
when a program in a navigation System initially locates the 
map data corresponding to a current vehicle position. AS the 
parcels 220 are ordered, each may also be assigned a unique 
parcel identifier (e.g., a “parcel ID'). The parcel ID may be 
used to identify the parcel and/or its location on the medium. 
0.077 (2). Parcelization of non-spatially organized data. 
0078 Some kinds of data are not spatially organized. 
Parcelization may provide advantages for these kinds of data 
as well. Each parcel of non-Spatially organized data does not 
necessarily correspond to any of the rectangular areas 219 in 
FIG. 7. For example, the navigation feature data 141 that 
represents the names of navigable features, Such as Streets 
and interSections, may be organized alphabetically instead 
of Spatially. Also, place data 144 are among the kinds of data 
that are not spatially organized. Place data 144 are organized 
by administrative hierarchy. Place data 144 includes place 
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data records which are used to represent governmental or 
administrative areas, (e.g., countries, cities, States, counties, 
Zones, Settlements, and So on). Place data 144 are organized 
in a hierarchical manner that takes into account the admin 
istrative levels of the places represented by the data. Once 
the place data records are organized in this hierarchical 
manner, they are formed into parcels 220 (in FIG. 6) and 
Stored to form the geographic database. (Since the place data 
entities are not spatially organized, each parcel of place data 
does not necessarily correspond to any of the rectangular 
areas 219 in FIG. 7.) 
0079 According to one embodiment, place data are 
arranged by levels which correspond to the administrative 
hierarchy. Level 1 place data records (i.e., those correspond 
ing to the “countries whose geographic features are repre 
Sented by the geographic database 40) are included first in 
the place data 144. If more than one country is represented 
by the geographic database (e.g., Canada and the United 
States), the level 1 records are ordered alphabetically. 
0080 Next, all the level 2 place data records (i.e., those 
corresponding to the “states” in the U.S. or “provinces” in 
Canada) whose geographic features are represented by the 
geographic database 40 are arranged. These place records 
are ordered first according to which of the countries repre 
Sented by level 1 records they are a part of, and then once 
they are Sorted by country, they are Sorted alphabetically. 
Thus, if the geographic database includes Canada and the 
United States, all the place data records that represent 
provinces of Canada are arranged in alphabetical order first 
followed by all the place data records that represent states of 
the United States arranged in alphabetical order. (Note that 
the geographic database does not necessarily include all the 
States or all the provinces. Only those that are represented by 
the geographic database are included.) 
0081) Next, all the level 3 place data records (i.e., those 
corresponding to the “counties” in the U.S. and Canada) 
whose geographic features are represented by the geo 
graphic database 40 are arranged. These place records are 
ordered first according to which of the States (or provinces) 
represented by level 2 records they are a part of, and then 
alphabetically. Thus, if the geographic database includes 
Illinois and Iowa, all the place data records that represent 
counties of Illinois are arranged in alphabetical order first, 
followed by all the place data records that represent counties 
of Iowa arranged in alphabetical order. 

0082 Finally all the level 4 place data records (i.e., those 
corresponding to the “cities” in the U.S. or Canada) whose 
geographic features are represented by the geographic data 
base 40 are arranged. These place records are ordered first 
according to which of the States (or provinces) represented 
by level 2 records they are a part of, and then alphabetically. 
Thus, if the geographic database includes Illinois and Iowa, 
all the place data records that represent cities of Illinois are 
arranged in alphabetical order first, then followed by all the 
place data records that represent cities of Iowa arranged in 
alphabetical order. 
0083. The parcelization of place data described above 
represents one way that these data records can be organized. 
Other kinds of organization may be used. For example, other 
kinds of hierarchical arrangements may be used for the place 
data. Alternatively, the place data records may be spatially 
organized like the point of interest data. 
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0084 F. Ordering of parcels 
0085. As the parcels are formed for all the types of data 
and for all the layers of each type, the parcels are ordered. 
Various types of ordering may be used. In general, it is 
preferred that the parcels be ordered in a manner that 
minimizes Searches for data. In Some of the functions in a 
navigation application program, there is Sometimes a 
requirement to access data that represents features along 
routes or paths acroSS parts of the geographic region. This 
may occur when calculating a route across the geographic 
region or when panning across the region. Sometimes these 
routes or paths extend over more than one of the rectangles 
from which the parcels of data were formed. Accordingly, 
Starting with data in one parcel, there is a requirement for 
accessing the data in another parcel formed from a rectangle 
which is located adjacent to the rectangle from which the 
first parcel was formed. Since each rectangle may have 
Several other rectangles adjacent to it, there is a need for 
ordering the parcels formed by the rectangles to minimize 
Searches. 

0.086 One way to order parcels is to use a depth-first 
ordering from the kd-tree indeX within each parcel type and 
layer. This provides an ordering Similar to Peano-key order 
ing. Alternatively, Peano-key ordering may be used. This 
ordering of the parcels provides the advantage that in 
general when going from one rectangle to an adjacent 
rectangle, the distance that the head moves when reading 
data from the Storage media when going from the parcel 
corresponding to the one rectangle to the parcel correspond 
ing to the adjacent rectangle is minimized. In general, this 
has the result of minimizing the Seek time for finding the 
data in parcels that correspond to adjacent rectangles in the 
geographic region. The parcels formed by the other parcel 
ization procedures can be ordered Similarly. 

0.087 Essentially, the parcels are ordered in the order in 
which they are formed. This is in reverse order from which 
the divisions are made that are used to form the rectangles 
from which the parcels are made. (In a present embodiment, 
for every division line made when forming rectangles, all 
data to west or South of the division line are formed into 
parcels before-data to the east or north of division line.) 
0088. Each of the parcels so defined is assigned a “parcel 
ID." The parcel ID is a identification (e.g. a number) by 
which the parcel can be identified and it can be used to refer 
to the parcel when necessary to retrieve the parcel or any of 
the data contained therein. In one embodiment, the parcel 
ID's are assigned to the parcels in the Same order in which 
the parcels are formed and in the same order in which the 
parcels are ordered in the database. This has the advantage 
that, knowing the size of the parcels, the parcel ID can be 
chosen So as to be used as an offset from the beginning 
address of the database file to locate the position of the 
parcel on the media. 
0089 G. Using features of the geographic database 
0090 Some or all of the features described above can be 
implemented in a geographic database to enable improved 
performance by a navigation application program that uses 
the geographic database. These features provide for 
improved performance by arranging and/or organizing the 
portions of the geographic data in ways to facilitate acceSS 
to or use of the data in the geographic database for perform 
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ing certain navigation functions. In order for a navigation 
application program to benefit from Some or all of the 
performance enhancing features provided by the geographic 
database, the navigation application functions in the navi 
gation application program that use or access the geographic 
database may be required to be written to exploit the 
features. 

0091 For example, the route calculation function 41 (in 
FIG. 1) may calculate a Solution route by examining poten 
tial routes from each interSection between a Starting point 
and a destination location. The route calculation Subprogram 
may be able to determine a Solution route more quickly if it 
can limit the examination of potential routes to those road 
Segments that have, in general, the fastest Speed limits 
and/or greatest capacities. To provide for this kind of limited 
examination, the geographic database can be organized into 
layers, as mentioned above in connection with FIG. 5. When 
the routing data are organized into layers, higher ranked (and 
generally faster) roads are organized into physically separate 
collections (or layers). However, the higher layers, though 
generally faster, are also generally leSS detailed and may not 
be appropriate for use throughout the entire route calculation 
process, Such as at the Starting or ending portions of a route. 
0092. In order to take advantage of this layering arrange 
ment feature of the routing data 136 in the geographic 
database 40, the route calculation Subprogram 41 can 
include an appropriate command or routine that determines 
which layers of the routing data 136 should be used at 
various Stages of the route calculation process. The route 
calculation function 41 may use suitable logic or algorithms 
to determine which layerS should be used at which Stage of 
the route calculation proceSS based upon various factors. 
Then, depending upon the determination of the appropriate 
layer, the route calculation function 41 (or another Subpro 
gram in the route calculation program) makes an appropriate 
function call or command to indicate from which layer the 
routing data should be retrieved. Therefore, in order for the 
logic or algorithms in the route calculation Subprogram to 
take advantage of the layering in the routing data 136, it may 
be necessary to take into account the number of different 
layers in the routing data and the level of detail in each layer. 
0093. Other subprograms in the navigation application 
also may be required to be prepared with the features of the 
geographic database taken into account. For example, in 
order to display a particular Section of the geographic area 
on a display Screen, functions in the navigation application 
program may be required to be able to translate the geo 
graphic coordinates of the area desired to be displayed into 
an identification of the parcels that contain the cartographic 
data needed to represent the area. The identification of the 
parcels on the medium that contain the cartographic data 
may be provided by a library of interface layer functions that 
facilitate the translation of Spatial coordinates into an iden 
tification of parcels using indices prepared as part of the 
geographic database. 
0094) 
0.095 A. Overview 
0096. According to one present embodiment, a data com 
pression method is disclosed. The data compression method 
may be used to compress a collection or Stream of data. The 
data compression method disclosed herein may be used with 
various kinds of data. 

III. Data Compression of a Geographic Database 
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0097. In accordance with an aspect of this disclosure, a 
data compression method is applied to a geographic data 
base to form a compressed version of the geographic data 
base. This compressed version of the geographic database 
can then be stored on a physical medium. Using data 
compression in this manner provides for more efficient 
Storage of the geographic data on a medium. Using data 
compression in this manner allows a medium, Such as a 
CD-ROM disk, a DVD disk, or another type of medium to 
be developed in the future, to contain a geographic database 
that represents a larger coverage area than could be con 
tained without compression. Alternatively, using data com 
pression in this manner allows a Storage medium to include 
more detail (i.e., more data) relative to a given coverage 
area. In another alternative, using data compression as 
described herein allows a data Storage medium to include 
additional kinds of data that Supplement the geographic 
database. Such additional kinds of data may include restau 
rant guides, graphics data, audio data, and So on. Using data 
compression may also improve the performance of a navi 
gation System by reducing the number of media accesses 
required to obtain all the data necessary to perform a 
navigation function. 
0098. According to embodiments disclosed herein, data 
compression is used to Store a geographic database in a 
manner that is consistent with the features Such as those 
described above that can be incorporated in the geographic 
database and that enhance performance of the navigation 
application functions. Thus, using data compression 
embodiments, as described herein, allows more geographic 
data to be Stored on a medium while continuing to imple 
ment Some or all of the features in the geographic database 
that facilitate access and use of the data by functions in a 
navigation application program that use the data in the 
geographic database. By way of example, data compression 
is used in the geographic database while maintaining the 
organization of the geographic data by type. Further, data 
compression is used while maintaining the organization of 
the geographic data into layers within Some of the types. In 
addition, data compression is used while maintaining the 
organization of the geographic data into parcels having a 
relatively high fill percentage. According to one present 
embodiment, data compression is used in conjunction with 
any or all of the other features and techniques that are 
incorporated into the geographic database that enhance the 
access and use of the geographic database for navigation 
functions. 

0099. According to one preferred embodiment, the com 
pression and decompression of the geographic data are 
transparent to the navigation application program functions 
that access and use the geographic data (Such as the route 
calculation function 41, the route guidance function 42, the 
map display function 43, the vehicle positioning function 44 
and any of the other navigation functions 45, in FIG. 1). One 
way to provide for this advantage is to include a Separate 
decompression function to perform the decompression of the 
geographic data. The decompression function may be 
included in the navigation application program as a Separate 
function that operates independently from the rest of the 
functions in the navigation application program that acceSS 
and use the geographic database. The decompression func 
tion operates at the time when the geographic data are being 
read from the medium and decompresses the geographic 
data from the compressed format in which they are Stored on 
the physical medium. The decompression function then 
provides the geographic data in an uncompressed form to 
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other functions which operate on the geographic data as if 
they were uncompressed. An advantage of implementing 
data compression in this manner is that the functions in the 
navigation application program can continue to use the 
geographic database without incorporating any modifica 
tions to take into account that data compression has been 
applied to the geographic data. A further advantage of this 
kind of implementation is that the decompression function 
can be configurable So that it is executed only when needed. 
Because Some navigation Systems allow the medium upon 
which the geographic database is stored to be changed (e.g., 
for updating purposes or to install a geographic database for 
a different coverage area), the decompression function is 
executed only upon detection at initialization that Some or 
all of the data in the geographic database on the medium are 
compressed. 
0100. The decompression function may be included 
among a library of data acceSS functions that are used to 
retrieve geographic data from a physical medium and return 
the geographic data to the navigation application functions 
that use the data. An example of Such a library of data access 
functions is described in the copending patent application 
Ser. No. 08/740,298, filed Oct. 25, 1996, the entire disclo 
Sure of which has been incorporated by reference herein. 
When implemented in this manner, the decompression func 
tion is separate from the navigation functions (e.g., 41, 42, 
43, 44, 45 in FIG. 1) that use the geographic data. Although 
the decompression function may be a separate function from 
those navigation functions that use the geographic data, the 
decompression function may be linked, along with the other 
functions that access the geographic data from the medium, 
with the navigation functions that use the data to form a 
Single executable program. 
0101 B. Types of geographic data compressed 
0102) According to one embodiment, all of the data in the 
geographic database is compressed using one or more of the 
compression techniques described below. In alternative 
embodiments, only Some of the types of geographic data are 
compressed while the remainder of the types of geographic 
data are not compressed. For example, referring to FIG. 4, 
the routing data 136 and the cartographic data 37 may be 
Stored in compressed form on the medium, while the point 
of-interest data 139 and place data 144 may be stored in 
uncompressed form on the medium. According to Still 
another alternative, Some of the types of data may be Stored 
in compressed form using all of the compression techniques 
described below, while other types of data may be stored in 
compressed form using only Some of the compression 
techniques. According to yet another alternative, Some of the 
types of geographic data are compressed using Some or all 
of the compression techniques described below, while others 
of the types of geographic data are compressed using 
different types of compression techniques, including con 
ventional compression techniques. 
0.103 C. Data compression implementation 
0104. In a present embodiment of the compressed geo 
graphic database, compression techniques similar to con 
ventional Huffman and LZ type Substitutional compression 
are used. However, the manner in which the geographic 
database is compressed differs from conventional imple 
mentations of these techniques. The differences can be 
understood from the description set forth below. 
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0105. In conventional Huffman compression, a collection 
(or Stream) of data to be compressed is examined to deter 
mine which Symbols (e.g., bytes) occur most frequently. 
Then, the Symbols in the original data Stream are replaced by 
codes of varying lengths. The shortest codes are used to 
represent the most frequently occurring Symbols. 

0106 LZ data compression is a type of Substitutional 
compression. LZ data compression has Several variations. In 
one kind of LZ compression, a collection (or Stream) of data 
is examined to find matching SubStrings of data Symbols 
within the stream. When a substring of data symbols 
matches a previous Substring of data Symbols, the Substring 
is replaced with a code that indicates the position of the 
previous String and an indication of the length of the 
previous String. 

0107 D. Substitution (LZ-type) encoding embodiment 

0108. It has been discovered that in embodiments of 
uncompressed geographic databases, Such as-but not lim 
ited to-geographic databases formed according the meth 
ods described above, matching SubStrings of data are found 
to occur relatively frequently. Moreover, it has been discov 
ered that in embodiments of uncompressed geographic data 
bases, these matching Substrings occur predominantly 
locally. For example, in the routing data 136 (in FIG. 4), 
Substrings of data in the Segment data records are found to 
match SubStrings of data in other Segment data records 
which are located relatively nearby. Part of the reason why 
this occurs may be related to the characteristics of some or 
all of the geographic data. Alternatively, part of the reason 
why this occurs may be related to the way that Some or all 
of the geographic data are organized to facilitate their use 
and access by the navigation application program. AS an 
example, each parcel of Spatially parcelized data includes 
data records that represent physical features that are encom 
passed within the boundaries of a separately defined rect 
angular area within the geographic region. Physical features 
that are located close together may have similar attributes. It 
follows then that the data records which represent the 
physical features that are relatively close together-may 
have similar Substrings of data. Other factors may contribute 
to these characteristics. 

0109 For example, consider four segment data records 
that represent Successive Segments of a north-South road. 
Each of these segment records may include a data field (or 
Similar data structure) that includes the geographic coordi 
nates of the endpoints of the road Segment that is repre 
Sented. Since all the points along these road Segments, 
including the endpoints of each of these road Segments, have 
the same longitude, the data fields for the endpoints in each 
of these Segment records include the same Strings of data. 
Similarly, if the Speed limit along these four road Segments 
is the same, the data fields in each of the four road Segment 
records that represent the Speed limits will all include the 
Same Strings of data. Since these road Segments are adjacent 
to each other in the geographic region, the four data records 
in the Spatially parcelized routing data that represent these 
four road Segments are located in the same parcel in the 
geographic database on the data storage medium (unless a 
parcel boundary crosses the four road segments) and thereby 
these four data records are relatively close to each other in 
the geographic database. 

Nov. 22, 2001 

0110. In another example, in the maneuver data 138 (in 
FIG. 4), data records that represent Successive segments of 
a road may have the same Street name. Even though the data 
that includes the actual text String of the name of the road 
Segment may be located in another portion of the geographic 
database (for example, in the navigable feature type of data 
141), each of the Segment data records in the maneuver data 
138 may include a reference (or a pointer into an array in the 
parcel which in turn provides a reference) to the data record 
in the navigable feature data type 141 that contains the text 
String of the name of the represented road Segment. Since the 
maneuver data 138 are Spatially parcelized, these four road 
segment records in the maneuver data 138 that all include 
data that refer to the same Street name are also relatively 
close together in the geographic database. 

0111 AS Suggested by the foregoing, Some of the tech 
niques used to enhance performance of certain of the navi 
gation features may tend to bring into proximity in the 
geographic database those data records that represent geo 
graphic features that are relatively close together physically 
in the geographic region. Because geographic features that 
are relatively close together physically in the geographic 
region may share certain attributes which are represented by 
Substrings of data in the geographic database, a geographic 
database formed using these performance enhancing tech 
niques may have identical SubStrings of data relatively close 
together. 

0112 Because matching SubStrings among the geo 
graphic data in an uncompressed geographic database may 
occur with relative frequency, a type of Substitutional com 
pression is used. Where a SubString of geographic data at a 
first position in the geographic data matches another, pre 
vious Substring, the SubString at the first position may be 
replaced with a substitution code. The substitution code 
includes an indication of the location of the previous Sub 
String in the geographic data. According to one embodiment, 
the indication used in the Substitution code is a backwards 
offset from the position at which the Substitution takes place 
(i.e., where the Substring is replaced by the Substitution 
code) to the position of the previously occurring matching 
Substring. The Substitution code also includes the size of the 
matching substring. This replacement is illustrated in FIG. 
8. 

0113 (For purposes of this explanation, the uncom 
pressed data that form a geographic database-as they have 
been ordered by type and layer-are taken to comprise an 
uncompressed Stream or collection of geographic data. A 
first (or current) position in Such a data stream is taken to 
mean any arbitrary position in the geographic data Stream at 
which data are located. A previous position is taken to mean 
a position in the data Stream relative to the first position Such 
that the data at the previous position have already been 
accessed by whatever means the data at the first position are 
now being accessed.) 
0114. The offset in a substitution code is a number which 
is defined within a range of values. This range is determined 
by how many bits are used to represent the offset. The 
allowable range of values for an offset determines how far 
back from a current position the matching SubString can be 
located. In one embodiment, an 8 bit number is used for the 
offset, so the range of values for the offset is 1-256. If an 8 
bit number is used for the offset (and if offsets as Small as 
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“1” are permitted), a matching Substring cannot be located 
more than 256 characters back from the current position. 
This implies that when Searching for matching SubStrings, 
only the 256 characters immediately preceding the current 
position are examined for matches. (This assumes that 
offsets as Small as “1” are permitted. It might be preferred in 
alternative embodiments that offsets as Small as “1” not be 
permitted. For example, if a minimum matching SubString 
length is defined to be 4 characters, there will be no offsets 
less than “4” and therefore, the 8 bits of the offset can be 
used to define a range of 4-260.) 
0115 The offset can be defined to have a larger or smaller 
range of values. A larger range of values permits more of the 
preceding String of characters to be examined to find a 
matching SubString for the SubString of characters at a 
current position. For example, if a 9 bit number is used for 
the offset, the 512 immediately preceding characters (assum 
ing the offset can be as Small as “1”) can be examined to find 
a matching SubString. Offsets of different ranges of values 
can be used for different data types in the geographic 
database. For example, an 8 bit number can be used for the 
offset in the routing data and 9 bit number can be used for 
the offset in the maneuver data. In a present embodiment, the 
offset can be configurable for different types of data. In a 
present embodiment, the offset can be up to 12 bits (i.e., 
4096). In alternative embodiments, even larger numbers can 
be used. 

0116. As mentioned above, it might be preferred to 
establish a minimum length for matching SubStrings. For 
example, the SubString being evaluated for replacement at a 
position in a data Stream may be required to be at least three, 
four, five, or more characters in length before it is considered 
a potential candidate for replacement by a Substitution code 
that refers to a previously occurring matching SubString. A 
minimum length for matching SubStrings may be established 
to avoid replacing relatively short SubStrings, e.g., SubStrings 
of only one or two characters in length, with Substitution 
codes. Replacement of relatively short Substrings may pro 
vide little, if any, overall data compression benefits. In a 
preferred embodiment, the minimum length for matching 
Substrings is configurable So that it can be set to any value. 
The minimum length for matching Substrings may be con 
figured to different values for different data types. For 
example, the routing data may have a minimum Substring 
length of one value and the cartographic data may have a 
minimum SubString length of another value. The minimum 
Substring may be determined automatically by the program 
that compresses the data. 

0117 E. Run length counts 
0118 Using Substitution codes to replace strings of char 
acters can provide for Significant compression of a collection 
of data, and in particular geographic data Stored on a 
geographic database. When Substitution codes are inserted 
into a collection of data to replace Strings of data, a way is 
used to distinguish those characters in the compressed data 
that are Substitution codes from the remainder of the data 
which are not replaced by Substitution codes. A code can be 
inserted adjacent to (before, or alternatively after) each 
character in the collection of compressed data to indicate 
whether the adjacent character is a Substitution code or is 
non-Substituted (i.e., "literals”) data. For example, a single 
bit (referred to herein as an “LZ/literal flag”) can be used for 
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this purpose. According to this example, if the LZ/literal flag 
preceding a character in the collection of data is "0, this 
data character is non-Substituted (i.e., "literal') data. Alter 
natively, if the LZ/literal flag preceding a character in the 
collection of data is a “1,” this data character is part of a 
substitution code. (Of course, the 0's and the 1's can be used 
Vice versa.) 
0119 Instead of using a code associated with each char 
acter in the compressed collection of data to indicate 
whether the character should be understood to be a Substi 
tution code or non-Substituted (i.e., "literal) data, run length 
counts can be used. Using run length counts avoids the need 
to precede each character in the collection of data with a 
code that indicates whether the character is a Substitution 
code or is non-Substituted ("literal') data. Using run length 
counts also potentially reduces the overall data Storage 
requirements. To use run length counts, a run length count 
code is inserted at the beginning of each String of non 
Substitution code characters. The run length count code is a 
number that corresponds to the number of consecutive 
characters in the collection of data that are literal characters, 
i.e., not a Substitution code, Starting from the position at 
which the run length count code is located. In one present 
embodiment, the LZ/literal code (i.e., the one bit set to “0”) 
indicating that the adjacent characters are literals is associ 
ated with the run length count, but is omitted from the 
Subsequent literal characters that follow the run length 
COunt. 

0120) The run length count is defined to have a range of 
values. In a present embodiment, the run length count is 
Seven bits. This enables a run length count to define a 
number of Subsequent consecutive literal characters between 
1 and 128. This range is adequate for a collection of data in 
which matching Substrings are expected to occur relatively 
close together. If it is desired to have a run length count with 
a greater range of values, a larger number of bits can be used 
for the run length count. Alternatively, if a String of con 
secutive literals occurs that is greater than 128 characters in 
length, more than one run length count can be used. For 
example, to account for a String of 200 consecutive literals, 
a first run length count indicating a Subsequent String of 
literals having a length of 128 can be inserted at the 
beginning of the String and a Second run length count 
indicating a Subsequent String of literals having a length of 
72 can be inserted after the 128" literal character. 

0121. In an alternative embodiment, the run length count 
can be defined to have a Smaller range of values (i.e., less 
than 7 bits). 
0.122 F. Encoding the substitution code and run length 
0123. In a present embodiment, two bytes are used for 
each Substitution code (including the LZ/literal one bit flag 
that indicates that the immediately Subsequent data is a 
substitution code) and one byte is used for the literals run 
length count (including the LZ/literal one bit flag that 
indicates that the data is not a substitution code). FIGS. 9A 
and 9B illustrate the components of these codes. In FIG. 
9A, the one byte used for the literals run length count 
includes the one bit LZ/literal flag (which is set to indicate 
that literals follow). The remaining 7 bits of this byte are 
used for the run length count itself. Referring to FIG.9B, the 
two bytes used for the substitution code include the one bit 
LZ/literal flag (which is set to indicate that a substitution 
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code follows). The remaining 15 bits of these bytes are used 
for the offset and the match length of the Substitution code. 
The allocation of these 15 bits between the offset and the 
match length is configurable. If 8 bits are used for the offset, 
7 bits remain available for the match length. 
0.124. The bits that comprise the offset can be divided 
between the two bytes used for the substitution code. The 7 
high bits of the offset are included in the first byte along with 
the one bit used for the LZ/literal flag. The remaining (low) 
bits, if any, of the offset are included in the Second byte along 
with the bits used for the match length. If 8 bits are used for 
the offset, the high 7 of these bits are included in the first 
byte in FIG. 9B and the one low bit of the offset is included 
in the second byte along with the 7 bits used for the match 
length. AS mentioned above, the match length is config 
urable. According to one embodiment, a match length of 7 
bits is used in the routing data and a match length of 6 bits 
is used in the maneuver data. The allocation of bits between 
match length and offset can be varied to determine the 
allocation that provides the best compression for a type of 
data. 

012.5 G. Huffman encoding 
0126. In addition to the use of Substitution codes that are 
inserted in positions in a geographic database to reference 
previous matching Substrings and run length counts to 
indicate the lengths of consecutive literal (non-Substitution 
code) characters, the amount of Storage occupied by the 
geographic database can be further reduced by Huffman 
encoding. In a present embodiment, the Substitution codes, 
the run length counts, and the non-Substituted data in the 
geographic database are Huffman encoded. 
0127 Huffman encoding exhibits the best compression 
when the data being encoded are least random, i.e., when 
certain data items occur Significantly more frequently than 
other data items. Thus, better compression can be obtained 
by identifying portions of the entire collection of data that 
exhibit the least randomneSS and then encoding these por 
tions Separately from the other portions. In a preferred 
embodiment, the components of the Substitution codes (spe 
cifically, the offset and the match length), the run length 
counts, and the non-Substituted data in the geographic data 
base are separately analyzed for most frequently occurring 
values. Then, each of these components is separately 
encoded using Separate Huffman trees. 
0128. As mentioned above, each substitution code 
includes two components: the offset portion and the match 
length (i.e., the length of the matching Substring) portion. 
With respect to the offset portion, it was also mentioned 
above that the matching Substrings of data in the geographic 
database are likely to be relatively close together. This 
tendency is expected to be exhibited especially within each 
type of data, e.g., routing 136, cartographic 137, maneuver 
138, and so on, in FIG. 4. Therefore, it is expected that the 
offsets in the substitution codes will tend to point to posi 
tions which are relatively close to the positions at which 
their respective Substitution codes are located. Given the 
range of values defined for the offsets, it is expected that the 
offsets will exhibit clustering in the lower end of their value 
range. Again, this is expected to occur because many of the 
offsets are expected to be relatively small numbers within 
the range. Thus, Small numbers within the range are likely 
to occur more frequently than large numbers and the same 
Small numbers are likely to occur repeatedly. 
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0129. As the offsets (particularly in their upper most 
Significant bits) are not expected to exhibit a random distri 
bution within the defined range of values, data compression 
can be employed to the offset values thereby reducing the 
overall data Storage size requirements for the offsets. Huff 
man coding can be used for this purpose. AS offsets are 
determined for each type of data to be compressed, the 
offsets are examined to determine which offset values occur 
most frequently. A Huffman-type Statistical analyzer, known 
to those of skill in the art, may be used for this purpose. AS 
mentioned above, Since it is expected that matching Sub 
Strings will be located relatively close together, Smaller 
numbers are expected to occur more frequently for the 
offsets than larger numbers. 
0130 (Referring again to the Huffman encoding of the 
offsets, there are several alternative ways that a Huffman 
type encoding can be used on the offsets. For example, the 
entire value of the offset can be Statistically analyzed and 
Huffman encoded. Alternatively, only a portion of the offset, 
Such as only the most significant bits, can be Statistically 
analyzed and Huffman encoded. In addition, the offsets for 
the different types of geographic data can be Huffman 
encoded differently. For example, only the most significant 
bits of the offsets can be Huffman encoded in the routing 
data, whereas all the bits of the offsets can be Huffman 
encoded in the cartographic data. Likewise, portions of a 
type of data can be Huffman encoded differently. For 
example, only the most significant bits of the offsets can be 
Huffman encoded for Some of the parcels of routing data and 
all the bits of the offsets can be Huffman encoded in others 
of the parcels of routing data. In an embodiment in which 
only a portion of the offset is Statistically analyzed and 
Huffman encoded, the remaining portion of the offset which 
is not encoded can be inserted in uncompressed form in the 
bit stream after the Huffman code for the most significant 
bits of the offset.) 
0131 The other component of the substitution code is the 
match length portion. This component identifies the size 
(i.e., the length) of the matching Substring that replaces the 
original String of characters at the location of the Substitution 
code. The values of the sizes of the matching SubStrings are 
also unlikely to have a random distribution within the range 
of values defined for this component of the substitution 
code, particularly within a type of data. Thus, the match 
length component of the Substitution code can be com 
pressed by encoding the values of the match length using 
Huffman encoding. Using the Huffman Statistical analyzer, 
all the values of the sizes of match lengths are analyzed to 
determine which match length values occur more frequently 
and which occur less frequently. 

0.132. Likewise, the run length counts can be compressed. 
The run length counts identify the number of Subsequent 
characters that are literals. Like the components of the 
Substitution codes, these codes can be compressed by 
encoded them using the Huffman Statistical analyzer. All the 
values of the sizes of the run length counts are analyzed to 
determine which run length count Values occur more fre 
quently and which occur less frequently. 

0.133 Lastly, the literal characters themselves can be 
compressed by encoding them using the Huffman Statistical 
analyzer. Literal characters typically exhibit Some clustering 
of values. All the literal characters that occur in each type of 
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data are analyzed to determine which literal characters occur 
more frequently and which occur less frequently. (In the 
embodiment mentioned above in which only a portion of the 
offset is Statistically analyzed and Huffman encoded, the 
remaining portion of the offset which is not encoded can be 
inserted in uncompressed form in the bit Stream between the 
Huffman code for the most significant bits of the offset and 
the Huffman code for the match length.) 
0134) H. Building Huffman trees 
0135) In a present embodiment, the offset lengths (all or 
only a portion thereof, Such as only the most significant bits 
thereof, as mentioned above) and match lengths in the 
Substitution codes, the run length counts, and the literal 
characters themselves are separately encoded. These com 
ponents of the data can be encoded using three Huffman 
trees. One Specific implementation for encoding these 
aspects of a geographic database is explained below. 

0.136 First, after the non-substituted data in the geo 
graphic database (i.e., the “literals”) are statistically ana 
lyzed to determine the most frequently occurring characters, 
a Huffman tree is built that associates the most frequently 
occurring literal characters with the shortest Huffman codes. 
Using this tree, the literal characters are replaced using the 
Huffman codes associated with them. This tree can be stored 
with the compressed database So that when a navigation 
application requires the data, the original data characters can 
be restored from the Huffman codes using this Huffman tree. 
The literal characters in each type of data, e.g., routing 136, 
cartographic 137, maneuver 138, and So, can be separately 
encoded. 

0.137 Next, as mentioned above, the run length counts 
can be statistically analyzed to determine the most fre 
quently occurring values for the run length counts. More 
Specifically, the run length counts including the LZ/literal bit 
flag, illustrated in FIG. 9A, are analyzed to determine the 
most frequently occurring values for this combination of 
LZ/literal bit flag and run length counts. The Statistical 
analysis for the run length counts is conducted Separately 
from the Statistical analysis of the literal characters because 
the run length counts are expected to exhibit a clustering of 
values that is different than the clustering exhibited by the 
literal characters. Also, the Statistical analysis for the run 
length counts can be done Separately for each type of data 
because each type of data may exhibit distinct clustering of 
values, and therefore better compression can be obtained by 
Separately analyzing each type of data 

0138 Another Huffman tree is built that associates the 
most frequently occurring run length count Values with the 
Shortest Huffman codes. Using this tree, the run length 
counts (including the LZ/literal bit flag) are replaced using 
the Huffman codes associated with them. This second tree 
can then be stored with the database so that when it is 
required to use the data, the original run length values can 
be restored from the Huffman codes. 

0.139. As also mentioned above, the offset portions of the 
Substitution codes are Statistically analyzed to determine the 
most frequently occurring values for the offsets. More 
specifically, the first byte of the Substitution code, which 
includes the LZ/literal bit flag and the high bits of the offset 
as illustrated in FIG. 9B, is analyzed to determine the most 
frequently occurring values for this combination of codes. 
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The statistical analysis for the offset codes (specifically, the 
LZ/literal bit flag and the high bits of the offset) is conducted 
Separately from the Statistical analyses of the literal charac 
ters or the run length counts because the offset codes are 
expected to exhibit a different clustering of values than those 
exhibited by the literal characters and run length counts. 

0140. The same Huffman tree used for the run length 
counts (more specifically, the run length counts including the 
LZ/literal bit flag) is used for the offset codes (specifically, 
the LZ/literal bit flag and the high bits of the offset). The 
most frequently occurring values for the offset codes (spe 
cifically, the LZ/literal bit flag and the high bits of the 
offsets) are associated with the shortest Huffman codes. 
Then, using this tree, the offset codes (specifically, the 
LZ/literal bit flag and the high bits of the offsets) are 
replaced using the Huffman codes associated with them. 
This tree is Stored with the compressed database and is used 
to restore the offset codes when the navigation application 
requires using the data. 

0141 Lastly, as mentioned above, the match length por 
tions of the Substitution codes are Statistically analyzed to 
determine the most frequently occurring values for the 
match lengths. More specifically, the Second byte of the 
Substitution code, which includes the low bits of the offset 
and the match length as illustrated in FIG. 9B, is analyzed 
to determine the most frequently occurring values for this 
combination of codes. The Statistical analysis for the match 
length codes (specifically, the low bits of the offset and the 
match length) is conducted separately from the statistical 
analyses of the literal characters, the run length counts, or 
the LZ/literal bit flag and the high bits of the offsets because 
the match length codes may exhibit a different clustering of 
values than those other components of data. 

0142. A third Huffman tree is built that associates the 
most frequently values of the match length portions of the 
substitution codes (more specifically, the low bits of the 
offset and the match lengths) with the shortest Huffman 
codes. Using this tree, the match length portions of the 
substitution codes (more specifically, the low bits of the 
offset and the match lengths) are replaced using the Huffman 
codes associated with them. This third tree is stored with the 
database So that when it is required to use the data, the match 
length values can be restored from the Huffman codes. 

0.143 AS mentioned above, each type of data (i.e., routing 
136, cartographic 137, maneuver 138, and so on) may 
exhibit distinct clusterings of values for these four kinds of 
data encoded by the three Huffman trees, as described above. 
In other words, when the Huffman statistical analyzer is run 
to find which values should be encoded with the shortest 
Huffman codes, Separate Statistical analyses are performed 
for the routing data, the cartographic data, the maneuver 
data, and So on. Then, Separate Sets of three Huffman trees 
are prepared for each of these different types of data. For 
example, there are three Huffman trees for the routing data: 
one for literals, a second for the LZ/literal bit flag and either 
the run length counts or the high bits of the offsets, and a 
third for the match length and the low bits of the offset. 
Likewise, there are three separate Huffman trees that encode 
these aspects of the cartographic data, three Separate Huff 
man trees that encode these aspects of the maneuver data, 
and So on. Separate Sets of three Huffman trees can be 
prepared for each of the different kinds of data. 
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0144. In Some embodiments of the geographic database, 
Some of these different types of data may exhibit similar 
clusterings of values for Some or all of these data compo 
nents. For example, in one embodiment, the Substitution 
code offsets in the cartographic data may exhibit similar 
clustering as the Substitution code offsets in the routing data. 
Under these circumstances, the same Huffman tree for 
offsets can be used in both the routing data and the carto 
graphic data. Similarly, others of the types of data may also 
share the same Huffman tree(s) for their offsets if the data in 
these other types of data exhibit Similar clustering charac 
teristics. Likewise, the other Huffman trees (e.g., literals, 
match lengths, run lengths) may also be shared among more 
than one type of data. 

0145. In still other embodiments, additional Huffman 
trees may be used for the same type of geographic data. For 
example, Statistical analysis of one type of geographic data, 
Such as routing, may indicate that Some of the parcels of 
routing data should be Huffman encoded with one or more 
different Huffman trees than others of the parcels of the 
routing data. In Such circumstances, different Huffman trees 
can be formed and used for these different parcels of routing 
data. 

0146 To reduce the data size requirements even further, 
the sets of Huffman trees for each type of data are not stored 
among the parcels of data which have been compressed. 
Instead, Since all the parcels of a data type are expected to 
use the same Huffman trees, the Huffman trees for each type 
of data are maintained in a portion of the database Separate 
from the compressed data. For example, the Huffman trees 
for each of the types of geographic data may be Stored in a 
portion of global data. Storing the Huffman trees for each 
data type in a global portion of data separate from the 
compressed data that is Huffman encoded has Several advan 
tages. Aside from reducing the Storage requirement associ 
ated with Storing a Huffman tree in each parcel of data, when 
the Huffman trees are Stored in the global data, they can be 
loaded into memory when the data type is being used by a 
particular function in the navigation application and used for 
all the parcels of the type to which it relates. This reduces the 
processing associated with using the Huffman trees and 
results in improved performance. For example, the Huffman 
trees for each type of data can be maintained in memory 
throughout the operation of the function that uses that data 
type. 

EXAMPLE 

0147 An example of an embodiment of the disclosed 
data compression proceSS is described with reference to 
FIG. 10. In this example, an uncompressed data stream 
“XZtXihgppcbscbagppcbacbs . . . . is shown. This data 
Stream represents a contiguous portion of data. In one 
embodiment, the data Stream is a portion of a geographic 
database although in alternative embodiments, the data 
Stream may comprise a portion of any other kind of data. 

0148 FIG. 10 also shows a table. Each character in the 
original data Stream is included in a corresponding entry in 
the second column of the table with each row of the table 
corresponding to an entry. The third column in the table 
shows an intermediate Stage of the data Stream during the 
compression process with the Substitution codes, run length 
counts, and LZ/literal bit flags added, but prior to Huffman 
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encoding. The fourth column illustrates application of the 
functions that are called to encode each of the entries in the 
Second column using Huffman encoding. (The first column 
includes consecutive assigned numbers that identify the 
relative positions of each of the entries in the uncompressed 
data Stream shown in the Second column and the represen 
tations of the compressed data Stream shown in the third 
column. The numbers in the first column are for illustrative 
purposes only and do not form part of either the compressed 
data stream or the uncompressed data stream.) 
014.9 The compressed data stream is comprised of a 
plurality of entries, each of which is a Huffman code. The 
Huffman codes themselves are not shown in FIG. 10. 
Instead, the fourth column in FIG. 10 shows the functions 
(“huffl()", “huff2O”, “huff3()”) that are called to form the 
Huffman codes along with the arguments passed to the 
functions. The arguments passed to the functions include the 
literal character data, the Substitution codes and the run 
length counts (including the LZ/literal flags) which are 
formed in an intermediate Stage of compression and which 
are illustrated in the third column in the table in FIG. 10. 
The functions that are called to encode literal character data, 
the Substitution codes and the run length counts replace each 
entry (i.e., the byte) in the third column with a corresponding 
Huffman code. The Huffman codes are obtained from the 
respective Huffman trees which have been built for this 
purpose by the Statistical analysis of each of these data 
components. For purposes of this example, it is understood 
that the statistical analyses for each of these components 
(i.e., the literal character data, the Substitution codes and the 
run length counts) has already been obtained and that the 
trees for each component have been built. Thus, in order to 
encode entries that form the compressed data Stream, refer 
ence is made to these three Huffman trees. Likewise, in order 
to decode each entry in the compressed data Stream to 
restore the original uncompressed data Stream, reference 
may be made to these same three Huffman trees. Although 
there are three Huffman trees in a present embodiment, there 
may be more or fewer Huffman trees in alternative embodi 
mentS. 

0150. For the sake of simplicity, the match length is 
assumed to be 8 bits. This avoids the necessity to consider 
any low bits of the offset in the second tree. 

0151 Referring to the first entry in column 3 (“lit, 13’), 
this entry includes a LZ/literal bit flag and either the run 
length or the high bits of the offset. As mentioned above, this 
entry represents an intermediate Stage of the compressed 
data Stream. AS indicated, the LZ/literal bit flag in this entry 
(“LZ") indicates that the Subsequent data are literals. This 
means that the remainder of the data in this entry represents 
a value for a run length of literals. (The flag and run length 
correspond to the bits illustrated in FIG. 9A.) More spe 
cifically, this entry includes one bit indicating that the 
Subsequent data are literals (e.g., a “0”) and the bits (e.g., 
“0001101'=13) of the run length count indicating that the 
next 13 entries in the compressed data Stream are Huffman 
codes for literals. This first entry is Huffman encoded using 
the third Huffman tree, as shown in the first entry in the 
fourth column of the table. (This Huffman tree is arbitrarily 
referred to as the “third” tree.) 
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0152 The Huffman code for the value “0” plus “13” was 
derived by Statistical analysis. The Statistical analysis used to 
generate the Huffman code for the value “13” in the third 
Huffman tree is based upon the frequency that the number 
“13’ occurs as a length for a String of consecutive literals. 

0153. Following the initial Huffman code are the 13 
Huffman codes for the 13 literals. Each Huffman code that 
represents a “literal' represents only one character in the 
original data Stream. This means that each of the these next 
13 entries in the compressed data Stream is to be taken as a 
Huffman code representing an individual character of the 
original data Stream. Since these next 13 entries are Huffman 
codes that represent literals, none of these 13 entries repre 
Sents a Substitution code for a matching SubString in the data 
Stream. 

0154) These 13 entries in the compressed data stream that 
are Huffman codes for literals are formed by replacing the 
original characters (“XZtXihgppcbs”) with Huffman codes, as 
illustrated in the second through 14" entries in the fourth 
column of FIG. 10. These Huffman codes are determined 
using a Huffman Statistical analysis on all the individual 
characters in the data stream. (AS mentioned above, in a 
present embodiment in which the compression method is 
applied to a geographic database, each particular type of data 
is separately Subjected to a Huffman Statistical analysis. 
Therefore, the routing data may have its own first Huffman 
tree, the cartographic data may have its own first Huffman 
tree, and So on.) The original characters represented by these 
13 Huffman codes can be found in another of the Huffman 
trees (arbitrarily referred to as the “first” tree) so that in order 
to restore the original uncompressed data characters repre 
sented by these codes, the first Huffman tree is used. 
0155 Referring to the first of these 13 entries in the 
fourth column, (“huffl(x)'), this entry in the compressed 
data stream would be the Huffman code for the character 
“X.” The first Huffman tree would be used to encode this 
entry, which is then added after the initial Huffman code, to 
form the compressed data Stream. Similarly, the next entry 
in the compressed data stream would be the Huffman code 
for the character “Z.” Again, the first Huffman tree would be 
used to encode the entry at this location which is then added 
after the first two Huffman codes to form the compressed 
data stream. Similarly, the next 11 Huffman codes in the 
compressed data Stream would be encoded using the first 
Huffman tree and then added after the other Huffman codes 
to form the compressed data Stream corresponding to these 
first 13 characters. 

0156 Because the 14" and 15" characters in the original 
data steam (“cb") match the 11" and 12" characters in the 
original data Stream, a Substitution code is inserted in the 
compressed data Stream to indicate that a Substitution of a 
Substring from the previous portion of the data Stream occurs 
at this location. This Substitution code is comprised of two 
bytes which are separately compressed using Huffman 
encoding. The first byte of the Substitution code is comprised 
of the one bit LZ/literal flag and the 7 high bits of the offset. 
(This first part corresponds to the first byte of the substitu 
tion code in FIG. 9B.) Referring back to FIG. 10, the first 
part of this substitution code is represented by “lz, -3” 
shown at the entry at the 15" position in the third column. 
Specifically, part of the Substitution code includes the LZ/lit 
eral flag (e.g., a “1” indicating a Substitution code) and the 
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bits (e.g., "0000011'=3) of the offset indicating that the 
Starting position of the Subsequent matching String is 3 
characters back. This entry is encoded using the third 
Huffman tree “huff3(1z, -3).” The compressed data stream 
then includes the Huffman code from the third Huffman tree 
that corresponds to “lz, -3.” 

0157 The next entry is the second part (i.e., byte) of the 
two byte substitution code. This part of the substitution code 
is represented by the "2" in the entry at the 16" position in 
the third column. This second part of the Substitution code 
includes the match length portion of the Substitution code 
and the low bits, if any, of the offset. This second part 
corresponds to the Second byte of the Substitution code in 
FIG. 9B. Specifically, this part of the Substitution code 
includes the bits (“00000010”="2") that indicate the number 
of characters at the location three characters back which are 
to inserted at this location when restoring the data to its 
original form. Using this code (“huff2(2)”), and the value 
(“-3”) in the previous code (“huff3(1z, -3)”), a substring of 
characters in the original data Stream is identified as match 
ing. The two characters at the 14" and 15" position of the 
original data Stream are not literally present in the com 
pressed data Stream. Instead, these characters are repre 
sented by the substitution code formed by the two Huffman 
encoded entries which form the substitution code. Specifi 
cally, these two Huffman encoded entries refer to the Sub 
String of characters Starting from a location 3 characters 
back (offset="-3” from huff3(1z, -3)) which is 2 characters 
long in the previous occurring data stream (Substitution 
string length “2” from huff2(2)). 
0158. Following this entry is another Huffman code 
(“huff2(2)”). This Huffman code is encoded using the sec 
ond Huffman tree. This Huffman code represents the remain 
der of the Substitution code, Specifically the low bits, if any, 
of the offset which are not included in the previous code and 
the match length. The value of this code (“-3”) indicates 
how many characters back to go from the position to get to 
the Starting position of the matching SubString. 

0159 Following this Huffman code, the next entry in the 
compressed data stream is a Huffman code (“huff3(lit, 1)"). 
Again, this code is obtained using the third Huffman tree. 
This code means that the next entry is a Huffman code which 
represents a literal character. 

0160 The next entry (“huffl(a)”) in the compressed data 
stream is a Huffman code which represents the literal 
character “a” encoded using the first Huffman tree. 

0161 The next entry (“huff3(1z, 5)”) in the compressed 
data Stream is a Huffman code which represents a Substitu 
tion of length “5” which is encoded using the third Huffman 
tree. 

0162 The next entry (“huff2(-9)”) in the compressed 
data Stream is a Huffman code which represents that the 
substitution of length “5” mentioned immediately prior 
starts 9 characters back, where the value "9" is encoded 
using the Second Huffman tree. 

0163 The remainder of the data stream is encoded as 
indicated. 

0164. To decode the compressed data stream, the trees are 
used in reverse order from the encoding process. 
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0165) 
0166 Processes for forming a geographic database 
including layered parcelized data are disclosed in Ser. NoS. 
08/924,328,08/935,809, and 08/740,295, the entire disclo 
Sures of which are incorporated by reference herein. One 
exemplary process is disclosed with reference to FIGS. 
11A-11C. Starting with a geographic database 900 that is 
provided in a generalized data format, Separate intermediate 
format files 902 for each data type and layer are formed (at 
Step A). The generalized data format geographic database 
900 may be in a proprietary format or in a non-proprietary 
format. In the generalized data format geographic database 
file 900, the geographic data may be undifferentiated as to 
type and layer. These intermediate format files 902 formed 
from the generalized data format database file 900 are 
created in order to derive each of the different types of data, 
such as routing 136, cartographic 137, point-of-interest 139, 
maneuver 138, and so on, as shown in FIG. 4, as well as to 
derive each of the layers of Some of these types, as shown 
in FIG. 5. 

0167 As these intermediate format files 902 are formed, 
temporary reference numbers are assigned (at Step B). In the 
final format file, there are various instances in which data of 
one type references data of another type or data in one layer 
references data in another layer. Likewise, there are various 
indices, such as indices 147 and 149 in FIGS. 4 and 5, 
which relate data records of different types to each other. 
These data references will be resolved at a later Stage to take 
into account the parcelization of the database. However, at 
this stage, in order to build the various references in the 
different types, layers, and indices of data, temporary ref 
erence numbers are used. 

I. Formation of compressed geographic database 

0168 Following the formation of each type of data (e.g., 
routing, cartographic, etc.), each separate type is directed to 
a compression Stage. The compression Stage is shown in 
FIG. 11B. For purposes of this disclosure, only the com 
pression of the routing data is described. It is understood that 
the other kinds of data can be compressed in a similar 

C. 

0169 All the intermediate routing data 902(routing) are 
input to a Huffman encoding Statistical data collection 
routine 916 (at Step C). A first collection 920 of Huffman 
codes is developed (at Step D). This first collection 920 
relates each literal character in the routing data to a Huffman 
code based upon the relative frequency of occurrence of 
each literal character. The Shortest codes are assigned to the 
most frequently occurring characters. 
0170 All the intermediate routing data 902(routing) are 
input to a compression routine that Scans the route calcula 
tion data to identify backward references to matching data 
Strings (at Step E). Those offsets greater than a predeter 
mined value (e.g., X bytes) are ignored. Run lengths of 
non-substituted (i.e., “literals”) are determined. The 8-bit 
combinations of literal/LZ flag and uppermost 7 bits of the 
offsets and literal run lengths are combined and fed into the 
Huffman encoding statistical data collection routine 916 
using a work area for flag/offset and literal run length values 
(at Step F). Likewise, the remaining low bits of the offsets 
and the match length are combined and input into the 
Huffman encoding statistical data collection routine 916 
using a work area for low bit offset/match values (at Step G). 
Following these Statistical analyses of the routing data 
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902(routing), three Huffman tress are formed (at Step H). A 
first Huffman tree “huffl' encodes the literal byte values. A 
second Huffman tree “huff2' encodes the match lengths and 
offset low bits. A third Huffman tree "huffs’ encodes the 
LZ/literal flag and offset high bits or literal run lengths. 
0171 Referring to FIG. 11C, the approximate com 
pressed parcel sizes are estimated by an estimator routine 
960 (at Step I). Then, given the estimated final sizes of the 
parcels, the parcel ID's are assigned. Once the parcel IDS 
are assigned, the temporary reference ID's that were 
assigned throughout the intermediate routing data 902 in 
Step B can be replaced with the new parcel ID's (at Step J). 
0172 At this stage, the intermediate data 902 can be 
compressed. Each type of data (e.g., routing, cartographic, 
maneuver, and So on) are compressed (at Step K). When 
compressing, the Huffman trees 950 that were developed in 
Step H are used. In the Step of compression, two processes 
are performed. First, SubStrings that match previous Sub 
Strings are replaced by Substitution codes, and then, the 
literals, offsets, and literal/Substitution lengths are replaced 
with their corresponding Huffman codes. The Huffman trees 
that were used to replace the literals, offsets, and String 
lengths are Stored in a global data portion of the geographic 
database and properly identified (at Step L). 
0173 As the data are compressed, they are formed into 
parcels (at Step M). The parcels can be formed using the 
methods disclosed above. Different kinds of parcelization 
processes can be used. AS the data are formed into parcels, 
the resultant size of the data that forms each parcel is 
checked. After the data which have been designated for a 
parcel have been compressed, the amount of Storage 
required for the data should not exceed the maximum parcel 
size. For example, if the parcels are formed So that the size 
of each parcel does not exceed 16K, then after the geo 
graphic data are compressed, the resultant size of the data 
designated as corresponding to the parcel is checked to 
confirm that the size, after compression, does not exceed the 
16K limit. To the extent that the resultant compressed data 
Size falls Short of the maximum parcel size limit, padding is 
added to the compressed data So that each parcel includes 
either all compressed data or compressed data and padding 
that equal the maximum parcel size. 
0.174 As the parcels for each of the separate types and 
layers are formed, the parcels for each layer and type are 
concatenated into a single file 912 (at Step N). In forming the 
single file 912, the Huffman trees 95.0 may be stored in a 
global portion of the database file (as shown in FIG. 6). 
0.175. J. The de-compression stage 
0176). As mentioned above, a decompression routine is 
used to decompress the geographic data that have been 
Stored on a medium in a compressed format. In one embodi 
ment, the decompression routine is included as part of the 
navigation application program 18. According to one 
embodiment, the decompression routine is part of a library 
of data acceSS functions that provide an interface to the 
navigation functions. 
0177. In a present embodiment, the decompression rou 
tine is configurable. One way that the decompression routine 
is configurable is that it is used only if needed. AS mentioned 
above, in Some navigation Systems, the media upon which a 
geographic database is Stored may be removable. This 
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enables an older geographic database to be replaced with a 
newer, updated version, or this enables an end-user to 
change media if a different coverage area is desired. It is 
possible that data compression of the geographic data on the 
medium may not always be necessary. Therefore, Some 
copies or versions of a geographic database for Some cov 
erage areas may not require that the geographic data be 
compressed on the media. To Support this configurability, the 
navigation application includes an initialization routine. The 
initialization routine checkS-among other things—whether 
the geographic database Stored on the media installed in the 
navigation System is compressed. Setup parameters, Such as 
data flags or other indication means, may be included in an 
initial portion or global portion of the media. This portion of 
the media is not compressed So that it can be read before the 
decompression routine is loaded. These Setup parameters on 
the initial portion of the medium indicate whether the 
geographic data on the media are compressed. These param 
eters may also indicate what kinds of compression are used 
and whether all the different types of data on the medium are 
compressed with the same kinds of compression. The Setup 
parameters may also indicate whether different kinds of 
compression were used with respect to the different kinds of 
data. This initialization routine performs this checking pro 
ceSS when the navigation System is powered up. If the 
geographic data are not compressed, the initialization rou 
tine may omit loading the decompression routine and the 
geographic data are read from the medium without the need 
for decompression. 

0178. On the other hand, if the setup parameters indicate 
that the geographic data on the media are compressed, the 
decompression routine is loaded. The decompression routine 
may be maintained in memory throughout operation of the 
navigation application in order to perform decompression of 
the data as needed. If not all the geographic data on the 
media have been compressed, the decompression routine is 
used only when needed. 

0179 AS mentioned above, the compression of data on 
the media is preferably implemented consistently with the 
arrangement of data to enhance operation of the navigation 
System. Likewise, the decompression routine operates in 
conjunction with these navigation enhancing features and 
with the procedures, functions, and/or routines that imple 
ment them. For example, when one of the navigation appli 
cation functions requests geographic data, functions among 
the data access library identify which parcel(s) on the media 
contain the desired data. Indices on the media may be used 
for this purpose. Then, other functions may identify the 
appropriate location(s) to be read from the media. 
0180. Up until this point, the operation of the navigation 
application program functions and the data access functions 
have operated the same as if the data on the media were not 
compressed. At the time that the data are actually read from 
the media, the decompression function operates. 

0181. After the parcel with the compressed data has been 
read from the media, it is Stored in an appropriate location 
in the memory (e.g., RAM 20 in FIG. 1) of the navigation 
System. For example, the parcel may be located in a cache 
of Several parcels which have been read from the media and 
which all contain data to be returned to the navigation 
application. 
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0182 To decode a parcel, a bit pointer is pointed to the 
top of the parcel. The initial code in the parcel will be a 
Huffman code. In a present embodiment, a parcel will not 
start with a Substitution code, and therefore the initial 
Huffman code, when decoded, will include a run length 
count that indicates how many of the Huffman codes fol 
lowing this initial code are Huffman codes for literals which 
are to be decoded using the first Huffman tree. Because the 
run length counts for literals are encoded, along with the 
LZ/literal bit flag, in the third Huffman tree, the initial 
Huffman code is decoded using the third Huffman tree. Note 
that this initial Huffman code in a parcel, when decoded 
using the third Huffman tree, will include a LZ/literal flag 
(set to indicate that the data following this bit is a run length 
count for literals) followed by the run length count. 
Although it can be assumed that a parcel does not start with 
a substitution code and therefore the LZ/literal flag in the 
initial code is redundant and unnecessary, using the same 
Huffman tree for this initial run length count provides 
overall efficiency. 
0183 The reason that a parcel starts with literals and not 
a Substitution code is that, in general, there is no way to 
know what data has been read prior to the Start of a parcel. 
AS mentioned above, a parcel represents a collection of data 
that is always accessed together from the medium. However, 
there is, in general, no predetermined order for accessing 
parcels, i.e., one parcel is not necessarily always read after 
another parcel. Therefore, a parcel of data would not start 
with a Substitution code including a backwards offset to a 
previous matching Substring because there is no way to be 
Sure what previous data has already been read. (Because a 
parcel Starts with literals, using the first bit to indicate 
“literals' may be redundant. Therefore, it is possible to omit 
this first bit in an alternative embodiment.) 
0184. Following the decoding of the initial Huffman code 
using the third Huffman tree, the number of Subsequent 
Huffman codes, indicated by the initial run length count, are 
decoded using the first Huffman tree. These codes are 
decoded using the first Huffman tree, which associates 
Huffman codes with the literal characters. 

0185. Following the decoding of these Huffman codes for 
literals, the next Huffman code is decoded. Because it is 
necessary to know whether the Subsequent data are literal 
data or a Substitution code, this code will include a LZ/literal 
flag. This Huffman code will be decoded using the third 
Huffman tree because this tree includes the LZ/literal flag 
and either the run length count or the high bits of the offset 
of the substitution code. When decoded using the third 
Huffman tree, the first bit in the decoded byte indicates 
whether the immediately following data refers to the run 
length of literals or a Substitution code. ASSuming that this 
bit is Set to indicate that the following data are a Substitution 
code, the remainder of this decoded byte will be the high bits 
of the offset and the immediately next Huffman code, when 
decoded, will include the rest of the Substitution code 
including the low bits of the offset and the match length. 
This immediately next Huffman code is decoded using the 
second Huffman tree. Once both parts of the substitution 
code are obtained from these two Huffman codes, a copy of 
the SubString of previously decoded literals, Starting from 
the position of the offset and having a length equal to that of 
the match length, is inserted at this point to restore the 
original uncompressed data Stream. 
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0186 This process is continued until the entire parcel is 
decompressed. 

0187. Once the data in the parcel is decompressed, they 
are handled just as if the data on the medium were not 
compressed. That is, the data in the parcel which is required 
to be returned to the navigation application are identified and 
returned. The operation of the decompression routine is 
therefore transparent to the navigation application functions 
and the functions that acceSS and locate the data. 

0188) 
0189 In the above embodiments, the geographic data 
base was described as parcelized. In alternative embodi 
ments, the geographic database may be organized other than 
in parcels. 

0190. In some of the above embodiments, the geographic 
database is described as being Stored on a medium in 
compressed form. In alternative embodiments, the disclosed 
compression techniques can be applied to a geographic 
database, or portions thereof, that are being transmitted, for 
example, via wireless transmission from a central Server to 
a vehicle. 

0191 In the embodiments disclosed above, data com 
pression is described as being applied to a geographic 
database that is formed to have various features and/or 
arrangements that enhance use of the data for navigation 
purposes. It is intended that the data compression embodi 
ments disclosed herein are not restricted to use with a 
geographic database having any particular kinds of naviga 
tion enhancing features. For example, the data compression 
techniques disclosed herein may be applied to a geographic 
database that is not organized into Separate types, or that is 
not organized into layers, or that is not parcelized. 

0.192 In the embodiments described above, three kinds of 
Huffman trees are used for each type of data in the geo 
graphic database. In alternative embodiments, fewer or more 
than three Huffman trees can be used. 

IV. Alternative Embodiments 

0193 The general steps set forth above for forming a 
geographic database represent only examples of ways that a 
geographic database can be formed. It is understood that 
there are other methods for forming a geographic database 
and that the compression techniques disclosed herein can be 
used in conjunction with the geographic databases formed 
according to other processes. 

0194 In the embodiments disclosed above, compression 
of geographic data in a geographic database used by a 
navigation application in a navigation System was described. 
In alternative embodiments, the navigation System should be 
understood to include any computer-based System that pro 
vides navigation functions to an end-user regardless of 
hardware platform or architecture. For example, the navi 
gation System may include any kind of portable System, Such 
as hand-held Systems or Systems installed on personal digital 
assistants or personal computers. In alternative embodi 
ments, the navigation System may include navigation appli 
cation Software installed on a personal computer, Such as a 
desktop computer. Further, the navigation System may be 
implemented in various different environments, including 
networked environments and client-Server platform environ 
ments. The navigation application program and the geo 
graphic database need not be located in the same location, 
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but may connected over a network. The geographic database 
may be located remotely from the end-user and the data 
transmitted to the end-user over a wireleSS network. In 
addition, all or a portion of the Software may be remotely 
located. 

0.195 Other terminology may be used to refer to the 
physical features or to the data that represent the physical 
features. It is understood that the Subject matter disclosed 
herein is not limited to any particular terminology that 
expresses Similar concepts. 

0196. In some of the embodiments described above, the 
compression System and method were indicated to have 
particular value for geographic data Stored in a manner that 
enhances operation of a navigation application program that 
uses the data. The compression technique can also be used 
with other kinds of data, and in particular kinds of data that 
have been arranged in a manner that facilitate use of the data 
by Specific applications. Examples of kinds of data arrange 
ments include digital encyclopedias, digital catalogues, digi 
tal archives, etc. 
0197) It is intended that the foregoing detailed description 
be regarded as illustrative rather than limiting and that it is 
understood that the following claims including all equiva 
lents are intended to define the Scope of the invention. 
We claim: 

1. A data compression technique comprising: 
from a first position in an input Stream of data characters, 

Searching in a preceding portion of Said input Stream of 
data characters from Said first position for a Sequence of 
a plurality of data characters that matches a Sequence of 
a plurality of data characters at Said first position; and 

at Said first position, replacing the Sequence of a plurality 
of data characters for which a matching Sequence of a 
plurality of data characters was found in Said preceding 
portion of Said input Stream with a reference to Said 
matching Sequence of a plurality of data characters in 
Said preceding portion of Said input Stream; 

wherein Said reference comprises an offset from Said first 
position to a position in Said preceding portion of Said 
input Stream at which Said matching Sequence of a 
plurality of data characters is located and a Size of Said 
matching Sequence. 

2. The method of claim 1 wherein Said preceding portion 
is defined by a fixed number of characters relative to said 
first position. 

3. The method of claim 1 further comprising the step of: 
encoding those characters in Said input Stream that are not 

replaced by Substitution codes. 
4. The method of claim 1 further comprising the step of: 
Huffman encoding those characters in Said input Stream 

that are not replaced by Substitution codes. 
5. The method of claim 1 further comprising the steps of: 
advancing through Said input Stream to identify each 

Sequence of a plurality of data characters that matches 
a Sequence of a plurality of data characters in a pre 
ceding portion of Said input Stream; and 

at each location at which a sequence of a plurality of data 
characters is identified that matches Sequence of a 
plurality of data characters in a preceding portion of 
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Said input Stream, replacing Said Sequence of a plurality 
of data characters for which a matching Sequence of a 
plurality of data characters was found with a reference 
to Said matching Sequence of a plurality of data char 
acters in Said preceding portion of Said input Stream, 

wherein each reference includes an offset from the loca 
tion of the reference into the preceding input data 
Stream and an indication of a number of characters 
replaced. 

6. The method of claim 5 further comprising the step of: 
Huffman encoding each offset. 
7. The method of claim 5 further comprising the step of: 

Huffman encoding each indication of a number of char 
acters replaced. 

8. A method of compressing a geographic database com 
prising: 

advancing through a portion of the geographic database; 

identifying matching SubStrings of data in Said portion; 
and 

when a SubString of data is encountered that matches a 
previous SubString in Said portion, replacing the Sub 
String with a Substitution code, wherein Said Substitu 
tion code comprises a backwards offset from Said 
position at which said Substitution code replaces Said 
Substring to the previous Substring. 

9. The method of claim 8 wherein said Substitution code 
further comprises a data component that indicates the length 
of the matching SubString. 

10. The method of claim 8 further comprising the step of: 
forming a compressed version of Said geographic data 

base that includes Substitution codes replacing Sub 
Strings of data for which matching Substrings were 
identified. 

11. The method of claim 10 further comprising: 
prior to forming a compressed version of the geographic 

database, inserting literal length codes in at least Said 
portion of Said geographic database, wherein each of 
Said literal length codes indicates a number of imme 
diately following consecutive characters that are not 
Substitution codes. 

12. The method of claim 11 further comprising the step of: 

replacing literal length codes with Huffman encoded 
representations thereof. 

13. The method of claim 8 wherein said geographic 
database is comprised of data records that represent physical 
features in a geographic region and wherein the method 
further comprises the Step of: 

Separating Said geographic database into a plurality of 
parcels wherein each parcel includes a plurality of data 
records, wherein the pluralities of data records in the 
plurality of parcels together comprise the geographic 
database, and wherein each of Said plurality of parcels 
comprises a Separate portion of the geographic database 
which is examined to find matching SubStrings. 

14. The method of claim 13 wherein a previous matching 
Substring is constrained to occur within the same parcel as 
the Substitution code that refers thereto. 
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15. The method of claim 8 further comprising the step of: 
replacing literal characters in Said portion with Huffman 

codes. 
16. The method of claim 8 further comprising the step of: 
replacing backwards offsets with Huffman codes. 
17. The method of claim 8 further comprising the step of: 
replacing data components that indicate lengths of match 

ing SubStrings with Huffman codes. 
18. The method of claim 8 further comprising the step of: 
encoding characters in Said portion of the geographic 

database with compressed representations thereof; and 

Storing an indeX in another portion of the database apart 
from the portion in which SubStrings were replaced by 
Substitution codes, wherein Said indeX associates each 
of Said encoded characters with Said compressed rep 
resentations. 

19. A method of forming a geographic database compris 
Ing: 

Separating a first plurality of data records into a plurality 
of groupings of data records, wherein each grouping 
includes a separate plurality of data records that are 
accessed together as a group when using the geographic 
database; 

with respect to each of Said groupings, identifying match 
ing SubStrings of data within Said grouping, and 

when a Substring of data is encountered at a position in a 
grouping that matches a previous SubString in Said 
grouping, replacing the SubString with a Substitution 
code. 

20. The method of claim 19 wherein each Substitution 
code comprises a backwards offset from the position of Said 
Substitution code to Said previous matching SubString. 

21. The method of claim 19 further comprising: 
prior to Separating at least the first plurality of data records 

into a plurality of groupings, forming Separate types of 
data records, wherein each type includes a separate 
plurality of data records, 

then, with respect to each type, Separating the plurality of 
data records within the type into a plurality of group 
ings, each of which includes a separate plurality of data 
records of the given type which are accessed together 
as a group; and 

then further within each of Said groupings, identifying 
matching Substrings of data and replacing the SubString 
with a Substitution code. 

22. The method of claim 19 further comprising the step of: 
determining character occurrence frequencies within at 

least part of Said geographic database; 

forming an indeX that associates characters with coded 
representations thereof based upon Said occurrence 
frequencies, and 

replacing those characters within Said at least part of Said 
geographic database with Said coded representations. 

23. The method of claim 22 further comprising the step of: 
Storing Said indeX in Said geographic database. 




