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A method for organizing and compressing spatial data to 
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network. The method comprises multiple steps for segment 
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relevant naming system for storing and accessing the data. 
Applications installed on remote devices are able to e?i 
ciently compute data ?le names based solely on location 
information, download the data over a network and cache the 
data on the device. 

63 Claims, 3 Drawing Sheets 

47 4x 

I) 1 
/ 

GEOCODING 
—? ENGINE 

SERVER 
DATA 

/ 
49 



US RE41,983 E 
Page 2 

US. PATENT DOCUMENTS 6,628,278 B1 9/2003 Ritter 
_ 6,703,947 B1 3/2004 Wallner 

6,122,594 A 9/2000 Tamakletal 6,704,645 B1 3/2004 Beesley 6161. 
6,141,454 A 10/2000 Seymour et 61. 6,708,112 B1 3/2004 Beesley et al. 
6,163,749 A 12/2000 McDonough et al. 6,795,450 B1 9/2004 Mills et al. 
6,178,380 B1 1/2001 Millington 6,868,088 B2 3/2005 Gibson et al. 
6,188,955 B1 2/2001 Robinson et al. 6,912,596 B2 6/2005 Skidmore et al. 
6,201,498 B1 * 3/2001 Fan ..................... .. 342/357.09 7,047,428 B2 5/2006 Blli 

6,222,483 B1 4/2001 Twitchelletal. 7,054,947 B2 5/2006 Yl1_I1 
6,278,939 B1 8/2001 Robare 6161. 7,079,551 B2 7/2006 shlvnan 
6,292,745 B1 9/2001 Robare et a1‘ 7,174,243 B1 2/2007 Lightner et al. ............. .. 701/33 

6,295,502 B1 9/2001 Hancocketal. 7,181,438 B1 2/2007 SZabO 
6,307,573 B1 100001 Barros 7,363,126 B1 4/2008 Zhong et al. 

. 7,496,082 B2 2/2009 Lee .......................... .. 370/349 
6,308,177 B1 10/2001 Isran1 etal. . 

* -- 7,532,158 B2 5/2009 Tek1nay et al. ....... .. 342/357.06 
6,324,467 B1 11/2001 Mach11 et al. ............. .. 701/200 . . 

2001/0037305 A1 11/2001 MochiZuki 
6,336,073 B1 1/2002 Ihara et al. 

2003/0060973 A1 3/2003 Mathews et al. 6,424,933 B1 7/2002 Agrawala et al. 
2004/0003132 A1 1/2004 Stanley et al. 

6,487,495 B1 11/2002 Gale et al. . 
2004/0260678 A1 12/2004 VerboWsk1 et al. 

6,505,186 B1 1/2003 MuIo et al. . 
2005/0004945 A1 1/2005 Coss1ns et al. 

6,526,284 B1 2/2003 Sharp etal. 
. 2005/0125143 A1 6/2005 Beesley et al. 

6,556,919 B2 4/2003 SuZuk1etal. Zoos/0135413 A1 600% Y 1 
6,574,551 B1 6/2003 Maxwell et al. ang eta' 
6,591,270 B1 7/2003 White * cited by examiner 



US. Patent Dec. 7, 2010 Sheet 1 of3 US RE41,983 E 

FIG. I 

DATA 
SPATIAL SEGMENTION l2 

DATABASE 

H 1 
DATA 

REDUCTION I3 

16 l‘ l 

FILENAME INTEGER 
GENERATION CONVERSION 14 

FIG. 2 

2O 27 

24 25 26 \ \ 
) (l 

.3 
23 

ORIGINAL REDUCED 
LEVEL 1 LEVEL l 

22 SEGMENT SEGMENT 

2| 

/ / 



US. Patent Dec. 7, 2010 Sheet 2 of3 US RE41,983 E 

FIG. 3 

.(6 

1| 3.1 FILENAME ) 
LATOFFSET ) SEGMENT Q "15-1373 l b 

30 17.5 Y-OFFSET T 
LAT 37.308805 ‘ ‘ _ 

LAT ms 
- . a 0 LoN 12284 71 V LON ‘25m 

A 

LON~OFFSET SEGMENT‘ 35) 
423.0 X-OFFSET 

.12) .1) 

FIG. 4 

40 42 u 41 4s 

1 I 1 , ' 
/ / / / 

TEXT VOICE GPS GEOCODING 

& + i + ENGINE 
INPUT INTERFACE * 

44 __/ 

SERVER 
MAP Bag?" DISPLAY DATA I 

' ENGINE '‘ 

/ / 
45 

/ 
46 49 



US. Patent Dec. 7, 2010 Sheet 3 of3 US RE41,983 E 

) 5O )5] 
105237.101) 105237.211) 

I()5.237.3.0.b [05237.1 lb 

0 

4 



US RE41,983 E 
1 

METHOD OF ORGANIZING AND 
COMPRESSING SPATIAL DATA 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

RELATED APPLICATIONS 

Notice: More than one reissue application has been ?led 
for the reissue of US. Pat. No. 6, 703, 947. The reissue appli 
cations are US. application Ser. No. 11/006,471, and US. 
application Ser No. 12/198,047, ?led on Aug. 25, 2008 (the 
present application), which claims priority as a division of 
application Ser. No. 11/006,471). 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
This invention relates to the ?eld of optimization of spa 

tial databases for functional purposes, and in particular to 
optimize spatial data to achieve minimal download data size 
for use with cartographic applications in a networked envi 
ronment. 

2. Discussion of PriorArt 

A spatial database comprises topographic information in 
the form of shapes, lines and points encoded with geodetic 
coordinates, as well as sets of attributes further describing 
each form. Internet-based applications use the spatial data 
base to generate bitmap images based on user input such as 
zip code or address on a server and transmit the map images 
to client devices. Bitmap-based solutions have numerous 
limitations, which are well known in the art. While prior art 
describe systems, which transfer vector data to client devices 
instead of bitmaps, bitmap solutions remain more e?icient in 
terms of data transfer overhead. The initial download size of 
vector data is signi?cant, and unless the user interacts 
repeatedly with the map, the total data amount of vector data 
is greater than the total data amount of bitmap images. Even 
if the user interacts frequently with the map and the total 
download size requirements for bitmap and vector data were 
about the same, most users prefer to have a number of 
shorter download wait times rather than one long download 
wait time. Therefore, except for a few non-mainstream 
applications, bitmap-based solutions are widely used in net 
worked applications. 

In navigation systems, a navigation application and spatial 
data are packaged and supplied as a complete system on a 
non-volatile storage medium. Said navigation systems may 
be installed in vehicles or in standalone devices. These navi 
gation systems rely on signi?cant computing resources such 
as powerful processors and large permanent storage capaci 
ties. Prior art introduces solutions, which use structuring and 
segmenting of spatial databases to improve data access times 
and navigational functionality. Said solutions are not appli 
cable when computing resources are severely limited, as 
encountered on personal digital assistants and smartphones, 
on which one would want to have access to navigation capa 
bilities and maps. Even when said resources are made avail 
able for car navigation systems, more powerful hardware 
results in higher cost for the system. More importantly still, 
since spatial data changes quite frequently, standalone car 
navigation systems will inevitably start producing out-of 
date navigation instructions over time. It is therefore neces 
sary to update the local database from time to time. 
Improved methods for updating said local databases have 
been introduced by prior art. Nevertheless, the requirement 
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2 
to repeatedly update data used by navigation systems 
remains a major inconvenience for both consumers as well 
as navigation system suppliers. Suppliers face substantial 
costs for creating and distributing the data in regular 
intervals, and any errors discovered after storing data sets on 
non-volatile media are costly to ?x. To address the above 
problems, it is desirable to keep frequently changing spatial 
data on a central server and use wireless transmission net 
works to deliver navigation functionality to remote devices. 
Navigational functions such as route calculation and driving 
directions are performed on the server, making it also easier 
to integrate real-time road traf?c condition data. Driving 
directions or maneuver instructions are text-based and rela 
tively small in terms of data size, allowing for fairly quick 
wireless data transmission. On the other hand, the ability to 
provide graphical, cartographic map display introduces 
much larger data size overhead. Given the data transfer rates 
of wireless networks presently and during several years to 
come, users would experience unacceptably slow perfor 
mance for map display functionality on remote devices. 
The objective of this invention is to introduce a new spa 

tial database system, which reduces the data size, makes it 
possible to download data in small increments as needed, 
and which can be used with applications such as navigation 
systems, for which vector-based functionality is needed. 

SUMMARY OF THE INVENTION 

The primary object of the invention is to provide a com 
pressed spatial database system, which enables incremental 
and ef?cient download of spatial vector data over a network. 
Another object of the invention is to introduce a location 
relevant naming system so that software running on network 
client devices can ef?ciently compute data segment ?le 
names depending on user interaction with a map or device 

supplied location data (eg GPS). A third object of the 
invention is to enable combined online and o?line operation 
capability of a digital map display system. Another object of 
the invention is to provide server-independent map display 
capability based on GPS location input. A further object of 
the invention is to introduce a system allowing updating of 
dynamic location content without having to retransmit 
redundant map data. Yet another object of the invention is to 
enable map centering despite using a segmented data sys 
tern. 

Other objects and advantages of the present invention will 
become apparent from the following descriptions, taken in 
connection with the accompanying drawings, wherein, by 
way of illustration and example, an embodiment of the 
present invention is disclosed. 

In a preferred embodiment of the present invention, a 
method for organizing and compressing spatial data com 
prises the steps of parsing a spatial database, separating 
topographic from attribute information, segmenting the data 
into rectangles, eliminating subsets of the data points, fur 
ther reducing the data size by converting the data from a real 
number format to an integer format, generating location 
relevant ?le names for each of the rectangles and storing the 
?les in permanent storage space. In accordance with a pre 
ferred embodiment of the present invention, map display 
client software computes data ?le names based on user inter 
actions or device-supplied location information (GPS), 
fetches the computed ?le names from a remote server, com 
bines data from several data ?les to produce an in-memory 
map image and draws the image on the display screen. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The drawings constitute a part of this speci?cation and 
include exemplary embodiments to the invention, which 
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may be embodied in various forms. It is to be understood 
that in some instances various aspects of the invention may 
be shoWn exaggerated or enlarged to facilitate an under 
standing of the invention Wherein: 

FIG. 1 is a schematic block diagram illustrating the steps 
to generate a compressed spatial database; 

FIG. 2 is a sample vieW of a road segment before and after 
applying a data siZe reduction algorithm; 

FIG. 3 is a schematic block diagram illustrating the algo 
rithms used for data conversion as Well as data segment nam 

111%; 
FIG. 4 is a schematic block diagram shoWing the different 

components and interactions of a netWork-based map dis 
play system; 

FIG. 5 illustrates Which ?le names are computed by the 
map display program given a geodetic coordinate; 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Detailed descriptions of the preferred embodiment are 
provided herein. It is to be understood, hoWever, that the 
present invention may be embodied in vanous forms. 
Therefore, speci?c details disclosed herein are not to be 
interpreted as limiting, but rather as a basis for the claims 
and as a representative basis for teaching one skilled in the 
art to employ the present invention in virtually any appropri 
ately detailed system, structure or manner. 

FIG. 1 shoWs the steps involved in organiZing and com 
pressing a spatial database 10. A spatial database comprises 
topographic information in the form of polygons, lines and 
points expressed in a geodetic coordinate system (longitude 
and latitude), and a set of attributes related to the topo 
graphic data entities. It is Well knoWn in the art that functions 
using spatial data such as routing or map display only 
require a subset of the entire data set. For instance, routing 
does not need to knoW about lakes and rivers, and map dis 
play does not need to knoW about road turn restrictions and 
speed limits. It is therefore possible to optimiZe data sets for 
use With a particular function. The purpose of this invention 
is to optimiZe the data set for map display functionality. The 
optimiZation process comprises a number of steps, Which are 
described in more detail beloW. The initial step 11 consists of 
parsing the geographic database and extracting all the data 
for a pre-determined set of features and geographic area. The 
set of features comprises roads, railWays, airports, rivers, 
lakes, shore lines, parks, points of interest and possibly 
others, depending hoW feature-rich the ?nal map display is 
intended to be. In the preferred embodiment, the pre 
determined geographic area is a rectangle of 1° longitude 
and 0.5° latitude, Which Will be referred to as a level 2 seg 
ment. 

The parsed data from step 11 is segmented into topo 
graphic components and attribute components in step 12. 
Attribute information is highly redundant and is therefore an 
obvious compression target. Attribute information is con 
solidated using a simple attribute pointer or index mecha 
nism. The topographic and attribute components are then 
further segmented based on location in tWo steps. In the 
preferred embodiment, the ?rst segmentation evenly divides 
the area into an 8x8 grid. Each topographic data entity along 
With its attributes of each selected feature is assigned to one 
of the 64 segments. If the data entity is a polygon or a line 
and falls into several segments, the data entity is decom 
posed into tWo or more pieces using mathematical line and 
polygon splitting algorithms, and each piece is assigned to 
the correct segment. The resulting data segments are referred 
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4 
to as level 1 segments and are stored in non-volatile memory. 
Another segmentation is performed on the parsed data from 
step 11, this time dividing the area into a 64x64 grid. The 
resulting 4096 data segments are referred to as level 0 data 
segments, Which are also stored in non-volatile memory. 

In step 13, reduction algorithms are performed on level 1 
and level 2 data. In the preferred embodiment, level 1 data 
covers a geographic area of 1/so longitude by l/l6o latitude. 
When a map picture is generated for such an area, it is nei 
ther desirable nor practical to shoW all the details, especially 
When the map picture is shoWn on a small screen. For 
instance, it is desirable to shoW only the main roads, While 
suppressing the smaller roads. The reduction algorithm used 
in the preferred embodiments takes these facts into consider 
ation. TWo types of data reductions are performed. First, 
some topographic features such as secondary roads are com 
pletely eliminated. Second, the resolution of the remaining 
topographic features is reduced. Many road data entities 
contain a number of data points, as shoWn in FIG. 2, Which 
can be safely eliminated Without affecting much the overall 
geometry of the line or polygon. For instance, the algorithm 
used in the preferred embodiment eliminates every other 
data point, provided that the angle betWeen the tWo lines 
connecting the point to its adjacent points does not exceed 
‘n’ degrees. Block 20 in FIG. 2 shoWs a road segment con 
sisting of data points 21 through 26. Block 27 in FIG. 2 
shoWs the same road after tWo data points, 22 and 25, have 
been eliminated using the above algorithm. It should be 
obvious from this example that eliminating these data points 
did not signi?cantly change the overall shape of the road. 
Furthermore, it should be noted that the map resolution at 
this level is fairly loW, meaning that data points appearing on 
a display screen are very close together or even overlapping. 
Therefore, eliminating data points as described Will have no 
effect on What the vieWer sees. After processing all 64 level 1 
data ?les in this Way, the level 2 data ?le is processed in 
similar fashion. Even more topographic features are com 
pletely eliminated. For instance, all roads except for free 
Ways and highWays are eliminated, as Well as parks, points 
of interest and possibly other features. Resolution of the 
remaining topographic features is reduced even further than 
for level 1 data, for instance by applying the algorithm sev 
eral times to the data set. 

Integer conversion as referred to in block 15 of FIG. 1 has 
tWo advantages. It reduces the data siZe by at least a factor of 
tWo, and it improves processing speed on potentially sloW 
devices. Every geodetic coordinate is broken into tWo com 
ponents: an offset and a value. The offset may be an aggre 
gation of multiple offsets, but it alWays represents the topleft 
corner of a given rectangle. For any level 2 data segment 
(Lx-min, Lx-max, Ly-min, Ly-max), Where Lx-min stands 
for minimum longitude, Lx-max for maximum longitude, 
Ly-min for minimum latitude and Ly-max for maximum 
latitude, the folloWing formulas are used to compute offsets 
and values for each data point (x, y), Where x is the longitude 
and y the latitude: 
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N=upper limit of valid integer values (50000 in the preferred 
embodiment) 

The formulas for computing level 1 offsets and values are: 

K=segment divisor (8 in the preferred embodiment for level 
1 segments) 
The formulas for computing level 0 offsets and values are 

the same as for level 1, except that K equals 64 in the pre 
ferred embodiment. 

The example shoWn in FIG. 3 applies the above formulas 
to convert the geodetic coordinates 37.308805 and 
—122.843710 in block 30 to level 1 integers 1278 and 12516 
respectively in block 35. 

Level 2 offsets are shoWn in 31 and 32, While level 1 
offsets are shoWn in 33 and 34. In the preferred embodiment 
of this invention, the upper limit N is set to 50000, but it 
could be a different number. The number should not exceed 
65536 or 2*16, alloWing it to be stored as a 2 byte integer (a 
short). The number should not be too loW, Which Would 
result in a loss of spatial accuracy, because several real num 
bers Would map to the same integer. The loss of accuracy is 
about 1 meter as implemented in the preferred embodiment 
of this invention. 
Once a data segment has been processed and all real num 

bers converted to integers, a ?le name is assigned to the data 
segment as the last step in block 15 of FIG. 1. Since the 
computed integer values are only distance values from a 
given base value or offset, they are not reversible to the 
original real number value Without the offset. A simple and 
e?icient Way to supply the necessary offset values is to make 
them part of a ?le name. As shoWn in the example of FIG. 3 
block 36, a level 1 segment ?le name is comprised of a total 
of 4 numbers representing the 4 offsets used to compute 
integer values for that segment, as Well as a letter to indicate 
the level, the letter ‘b’ representing level 1. The ?rst number 
in 36 represents the level 2 latitude offset and the second 
number in 36 represents the level 2 longitude offset. The 
third number in 36 represents the level 1 latitude offset, and 
the fourth number in 36 represents the level 1 longitude off 
set. 

In order to simplify computing requirements, a neW geo 
detic coordinate system is introduced. The North Pole of the 
earth is at coordinate (0,0) and the South Pole is at (360, 
360). Unlike in the standard coordinate system, no negative 
values are used. Every latitude degree in the standard coordi 
nate system corresponds to 2 latitude degrees in the neW 
system. The conversion from the standard to the neW coordi 
nate system is accomplished as folloWs: 

New latitude=90—old latitude*2 

NeW longitude=old longitude When range is 0° to 180° 
NeW longitude=180+(180—old longitude) When range is 

—180° to 00 
In the neW coordinate system, moving south and east 

alWays results in greater coordinates, While moving West and 
north alWays results in smaller coordinates, until the respec 
tive end points 0 and 360 are reached. This system signi? 
cantly reduces the number of exception checking operations 
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6 
required by map display softWare When compared to the 
standard coordinate system. 

This shoWs that the ?le name contains the offset informa 
tion for the spatial data stored in the ?le. Thus, map display 
softWare can perform a feW simple calculations to compute a 
?le name from any geodetic coordinate, Which may be sup 
plied by GPS output. It should also be evident that the task of 
computing ?le names for data segments adjacent to a given 
segment is very straightforWard using said ?le-naming sys 
tem. 

The folloWing section describes hoW a map display pro 
gram can use said ?le system and offer desirable functional 
ity such as combined online/of?ine operation. In a typical 
embodiment, the map display program is installed on a Wire 
less device such as a smartphone or personal digital assis 
tant. As shoWn in FIG. 4, a map display system 40 consists 
of several functional components. The input interface layer 
44 handles communication With the user or device. A text 
input component lets the user type location information such 
as an address, a city, a Zip code or a start/end point of a trip. 
The input interface 44 transmits said location information 
over the netWork to a geocoding engine 48 residing on a 
server 47. As is Well knoWn in the art, a geocoding engine 
computes a geodetic coordinate (longitude/latitude) from 
said information. Once the input interface 44 receives said 
geodetic coordinate from the geocoding engine 48, it noti?es 
the map display engine 46. Some devices may have voice 
recognition capabilities. Instead of typing the user speaks 
said location information. The input interface 44 transmits 
the information from the voice recognition system 42 to the 
geocoding engine 48, Waits for an ansWer and forWards it to 
the map display engine 46. Some devices may have a GPS 
receiver attached to or incorporated into the device. The 
input interface 44 processes the GPS output and relays said 
output to the map display engine 46 Without the need to 
communicate With the geocoding engine 48. 
The map display engine 46 uses said geodetic coordinates 

received from the input interface 44 to calculate four ?le 
names. The input interface 44 also tells the map display 
engine 46 Which data level is needed, e.g. high-resolution 
level 0 is appropriate When the user speci?ed an address, 
While level 1 may be more appropriate When the user speci 
?ed a city or Zip code. As has been shoWn in detail in a 
previous section, a geodetic coordinate can be decomposed 
and produce a unique ?le name. The map display engine 46 
could then request said ?le name from a server 47 on Which 
all ?les 49 are stored. HoWever, in the preferred 
embodiment, the map display engine actually computes a 
total of four ?le names. If only one ?le is fetched, the geo 
detic coordinate of interest to the user could be located 
someWhere near the edge of said ?le. It Would look aWkWard 
to the user and be less informative if the point of interest is 
not shoWn at or near the center of the map display screen. 
The ability to center the map picture has been lost by seg 
menting the spatial database. The solution employed by the 
map display engine 46 is to fetch three additional data seg 
ment ?les, Which are most adjacent to said geodetic coordi 
nate. The map display engine simply determines into Which 
area, top-left, top-right, bottom-left or bottom-right, said 
coordinate falls. If a point falls in the top-left quadrant of a 
?le, as does point 54 in FIG. 5, the map display program ?rst 
?nds ?le 105.237.3.1.b shoWn in block 53, and then also 
fetches the ?le to the top, block 51, to the left, block 52, and 
to the top-left, block 50. After fetching all 4 ?les from the 
server 47, the map display engine combines the data of the 4 
?les using simple offset calculations before draWing the map 
picture to the screen. Said geodetic coordinates can noW be 
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displayed fairly close (Within 25%) of the screen center. An 
even better center approximation could be achieved by using 
nine ?les. Perfect centering can be achieved by not showing 
a map picture of the entire available data, but instead gener 
ate a slightly Zoomed-in map picture centered at said coordi 
nate. 

One objective of the invention is to provide a ?exible 
mapping system in the sense that the map display system can 
function online as Well as o?lline. O?lline functionality is 
desirable because it offers the highest speed, since the data is 
accessed from local storage. The map display engine 46 
gives users several options to enable of?ine capability. Users 
can select a city or Zip code and doWnload all data ?les for 
said city or Zip code. Furthermore, users can reserve a cer 
tain amount of local disk space to be allocated for map data 
caching. When caching is enabled, the map display engine 
46 automatically stores doWnloaded ?les on the local disk. 
As the cache ?lls up, neW data ?les replace the least fre 
quently accessed data ?les. A different caching algorithm, 
for instance based on last accessed time stamps, could be 
used as Well. When the user has selected caching or preload 
ing of data, the map display engine 46 alWays ?rst scans the 
local disk space and, if available, loads data ?les from local 
space into memory instead of doWnloading said ?les from a 
remote server. Local caching is very useful When users fre 
quently request the same maps. For instance, a user may 
Want to check road traf?c conditions on a daily basis. In this 
case, only updated tra?ic information such as tra?ic incident 
locations or traf?c speed maps (a list of measured tra?ic 
speeds at different locations) needs to be doWnloaded. Said 
updated traf?c information can be displayed on a map, 
Which is generated from the map display engine 46 using 
local map data. Said of?ine/online capability offers optimal 
performance for frequently used maps as Well as great ?ex 
ibility regarding local storage capacities of different devices. 

While the invention has been described in connection With 
a preferred embodiment, it is not intended to limit the scope 
of the invention to the particular form set forth, but on the 
contrary, it is intended to cover such alternatives, 
modi?cations, and equivalents as may be included Within the 
spirit and scope of the invention as de?ned by the appended 
claims. 
What is claimed is: 
[1. A method for organiZing spatial data comprising the 

steps of: 

a) parsing the spatial data into a plurality of packets; 
b) segmenting the packets; 
c) reducing a siZe of the packets by eliminating at least 

one data point from at least one display element by 
applying an angle comparison betWeen an adjacent dis 
play element, Wherein the at least one data point is 
eliminated if an angle betWeen the at least one display 
element and the adjacent display element is about 180°; 
and 

d) generating a name for each of the packets 
[2. The method of claim 1, Wherein the spatial data com 

prises topographic information comprising a plurality of ele 
ments containing geodetic coordinates.] 

[3. The method of claim 1, Wherein the step of parsing the 
spatial data comprises: 

selecting at least one entity Within the data, the entity 
selected from a group consisting of: a road, a railWay, 
an airport, a river, a lake, a shore line, a park, an entity 
comprising a geometric shape, and an entity compris 
ing a substantially rectangular shape.] 
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[4. The method of claim 1, Wherein the step of parsing the 

spatial data comprises: 
generating a substantially rectangular element comprising 

about 1° longitude and about 1/2° latitude.] 
[5. The method of claim 1, Wherein the step of parsing the 

spatial data comprises: separating a topographic element 
from an attribute element; 

Wherein the topographic element comprises elements 
expressed using a geodetic coordinate system; and 

the attribute element is related to the topographic ele 

ment.] 
[6. The method of claim 1, Wherein the step of segmenting 

the packets comprises: 
dividing the packets into at least one element, the element 

selected from a group consisting of: an 8x8 grid, a 
64x64 grid, a substantially rectangular grid comprising 
about 1° longitude and about 1/2° latitude, and a sub 
stantially rectangular grid comprising about 1/s° longi 
tude and about 1/16° latitude.] 

[7. The method of claim 1, Wherein the step of reducing 
the siZe of the segmented packets comprises: 

eliminating elements selected from a group consisting of: 
a polygon, a lake, a geographic area, a topographic ele 
ment and an attribute element.] 

[8. The method of claim 1, Wherein the step of reducing 
the siZe of the segmented packets comprises: 

eliminating a plurality of data points from a topographic 
element.] 

[9. The method of claim 1, Wherein the step of reducing 
the siZe of the segmented packets comprises: 

transforming a geodetic coordinate from a real number to 
an integer number, Wherein the integer number ranges 
from about 0 to about 65535.] 

[10. The method of claim 1, Wherein the step of reducing 
the siZe of the segmented packets comprises: 

eliminating a plurality of data points from at least one 
topographic element by applying an angle comparison 
betWeen an adjacent topographic element line, Wherein 
at least one data point is eliminated if an angle betWeen 
the at least one topographic element and the adjacent 
topographic element line is about 180°] 

[11. The method of claim 1, Wherein the step of generat 
ing the name for each of the packets comprises the step of 
generating a location-relevant naming system.] 

[12. The method of claim 1, Wherein the step of generat 
ing the name for each of the packets comprises the step of 
generating a location-relevant naming system, Wherein the 
packet name comprises location information representing an 
offset from an earth origin.] 

[13. The method of claim 12, Wherein the earth origin is 
selected from a group consisting of: a North Pole, and a 
location other than the North Pole] 

[14. The method of claim 1, further including the step of: 
repeating any one of steps a, b, c and d to process an entire 

spatial database.] 
[15. A method for displaying a map, the method compris 

ing the steps of: 
obtaining information relating to a location; 
calculating at least one packet name; 

determining a data level; 
displaying the map; and 
caching at least one packet until an amount of computer 

storage space is ?lled, and 
determining Which packets should be replaced.] 
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[16. The method of claim 15, wherein the step of calculat 
ing the at least one packet name comprises: 

computing the at least one data packet name using a geo 

detic coordinate] 
[17. The method of claim 15, Wherein the step of calculat 

ing the at least one packet name comprises: 
calculating a request location; and 
using the request location to calculate the at least one 

packet name.] 
[18. The method of claim 15, Wherein the step of calculat 

ing the at least one packet name comprises: 
computing four adjacent data packet names; 
fetching the packets from a server; and 
combining an information contained in the packets to gen 

erate a map.] 
[19. The method of claim 15, Wherein the step of deter 

mining the data level comprises: 
determining a resolution level selected from a group con 

sisting of: an address, a city, a Zip code and a building 
?oor plan.] 

[20. The method of claim 15, further including the step of: 
caching at least one data packet until an amount of com 

puter storage space is ?lled, and 
determining Which packets should be replaced.] 
[21. The method of claim 15, further including the step of: 
checking a local cache before requesting a data packet 

from a remote device.] 
[22. A method for organiZing spatial data comprising the 

steps of: 
a) means for parsing the spatial data into a plurality of 

packets; 
b) means for segmenting the packets; 
c) means for reducing a siZe of the packets by eliminating 

at least one data point from at least one display element 
by applying an angle comparison betWeen an adjacent 
display element, Wherein the at least one data point is 
eliminated if an angle betWeen the at least one display 
element and the adjacent display element is about 180°; 
and 

d) means for generating a name for each of the packets 
23. A method ofprocessing map data in conjunction with 

a portable computing device having a wireless transceiver 
for data network communication, comprising: 

computing a map data structure name based on location 

information or user interactions; 
downloading the map data structure over a network onto 

the portable computing device via the corresponding 
data structure name; 

caching the map data from the map data structure on the 
portable computing device; 

generating aplurality ofmap images based on at least one 
of a Zip code, address, or geographic location; and 

transmitting the map images via the wireless data network 
to the portable computing device. 

24. The method ofclaim 23, additionally comprising: 
combining map datafrom aplurality ofmap data?les to 
produce an in-memory map image; and 

rendering the map image on a display screen ofthe por 
table computing device. 

25. The method ofclaim 23, wherein the map data struc 
ture comprises a file and the data structure name comprises 
a file name. 

26. The method ofclaim 23, wherein theportable comput 
ing device includes a server-independent map display capa 
bility based on GPS location input. 
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27. The method of claim 23, additionally comprising 

updating ofdynamic location-based content without having 
to retransmit redundant map data. 

28. The method of claim 23, additionally comprising 
enabling automatic map centering in conjunction with aplu 
rality ofmap segments. 

29. The method ofclaim 28, wherein the map segments are 
stored in the device cache. 

30. The method ofclaim 28, wherein the map segments are 
downloaded from the network 

3]. The method ofclaim 23, additionally comprising stor 
ing a spatial database ofmap data comprising geographic 
information in theform ofpolygons, lines, and/orpoints. 

32. The method ofclaim 3], wherein the geographic infor 
mation is expressed in a geographic coordinate system. 

33. The method ofclaim 3], wherein the spatial database 
further comprises a set of attributes related to the geo 
graphic data entries. 

34. The method ofclaim 23, additionally comprising opti 
mizing data sets on the map datafor map displayfunctional 
ity. 

35. The method ofclaim 3], additionally comprisingpars 
ing the spatial database and extracting all the data for a 
predetermined set of features and geographic area. 

36. The method of claim 35, wherein the predetermined 
geographic area is a rectangle of]0 longitude and 0.50 lati 
tude. 

37. The method ofclaim 35, additionally comprising seg 
menting the parsed data into geographic components and 
attribute components. 

38. The method of claim 37, wherein the segmenting is 
recursively performed a plurality of times. 

39. The method of claim 37, wherein the segmenting 
includes dividing the area into a grid. 

40. The method ofclaim 23, wherein theportable comput 
ing device comprises at least one ofa wireless phone or 
wireless enabled PDA. 

4]. A method ofprocessing map data, comprising: 
recursively segmenting map data into a plurality of map 

segments; 
computing a map data structure name for each map 

segment, wherein the data structure name comprises 
geographic-based coordinates and wherein the data 
structure name comprises a ?lename; and 

storing each segment into a data structure comprising a 
file having a respective map data structure name. 

42. A method to reduce data in a digital map, comprising: 
completely suppressing selected geographic features; and 
reducing the resolution of the remaining geographic 

features, 
wherein the reducing comprises eliminating every other 

data point, provided that the angle between the two 
lines connecting the point to its adjacent points does 
not exceed a predetermined angle. 

43. The method of claim 42, wherein the selected geo 
graphic features include secondary roads. 

44. The method ofclaim 42, wherein the remaining geo 
graphic features include primary roads. 

45. The method ofclaim 42, wherein the elimination of 
data points does not significantly change the overall shape 
of the road. 

46. A systemfor reducing data in a digital map, compris 
ing: 
means for completely suppressing selected geographic 
features; and 

means for reducing the resolution ofthe remaining geo 
graphic features, 
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wherein the reducing comprises eliminating every other 
data point, provided that the angle between the two 
lines connecting the point to its adjacent points does 
not exceed a predetermined angle. 

47. The system of claim 46, wherein the selected geo 
graphic features include secondary roads. 

48. The system ofclaim 46, wherein the remaining geo 
graphic features include primary roads. 

49. The system of claim 46, wherein the elimination of 
data points does not significantly change the overall shape 
of the road. 

50. A computer readable storage medium having stored 
thereon instructions that when executed by a computer pro 
cessor perform a method of reducing data in a digital map, 
the method comprising: 

completely suppressing selected geographic features; and 
reducing the resolution of the remaining geographic 
features, wherein the reducing comprises eliminating 
every other data point, wherein the elimination of data 
points does not significantly change the overall shape 
of the road. 

5]. The method of claim 50, wherein the selected geo 
graphic features include secondary roads. 

52. The method ofclaim 50, wherein the remaining geo 
graphic features include primary roads. 

53. The method ofclaim 50, wherein the reducing com 
prises eliminating every other data point, provided that the 
angle between the two lines connecting thepoint to its adja 
cent points does not exceed a predetermined angle. 

54. A method ofassigning names to digital map segments, 
comprising: 

segmenting a digital map into aplurality ofsegments; 
converting geodetic data points from real numbers to inte 

ger numbers; and 
storing each segment in a data structure comprising a file 

and having a name comprising data point o?set values. 
55. The method ofclaim 54, wherein the geodetic coordi 

nates are all positive integers. 
56. The method ofclaim 55, wherein the geodetic coordi 

nates are arranged according to the North Pole being at (O, 
O), the South Pole being at (360, 360). 

57. A systemfor assigning names to digital map segments, 
comprising: 

a data segmentation module configured to segment a digi 
tal map into aplurality ofsegments; 

an integer conversion module configured to convert geo 
detic data points from real numbers to integer numbers; 
and 

a database configured to store each segment in a data 
structure comprising a file and having a name compris 
ing data point o?set values. 

58. The system ofclaim 57, wherein the geodetic coordi 
nates are all positive integers. 

59. The system ofclaim 57, wherein the geodetic coordi 
nates are arranged according to the North Pole being at (O, 
O) and the South Pole being at (360, 360). 

60. A map display system operating in conjunction with a 
portable wireless device, comprising: 

an input interface layer handling communication between 
a user and the device and being configured to capture 
user inputposition information; 

a geocoding engine, residing on a server, configured to: 
receive user input position information from the por 

table wireless device; 
compute a geodetic coordinate from the user input posi 

tion information; and 
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transmit the geodetic coordinate to the portable wire 

less device; and 
a map display engine configured to use the geodetic coor 

dinates to generate a plurality of data structure names 
and request the data structures from a map segment 
server 

6]. The map display system ofclaim 60, wherein at least 
one of the plurality of data structures comprises a file. 

62. The map display system ofclaim 60, wherein the map 
display engine is further configured to display a map image 
indicative of the data in the data structures. 

63. The map display system ofclaim 62, wherein the map 
picture is centered on a display on the portable wireless 
device. 

64. The map display system ofclaim 62, wherein the map 
image comprises a slightly zoomed-in map image, which is 
centered at the geodetic coordinate. 

65. The map display system ofclaim 60, wherein the user 
input position information comprises at least one of an 
address, a city, a Zip code, location information, point of 
interest, or a start/end point of a trip. 

66. The map display system ofclaim 60, wherein the user 
input position information comprises text. 

67. The map display system ofclaim 60, wherein the user 
input position information comprises voice data. 

68. The map display system ofclaim 60, additionally com 
prising a GPS interface to provide geographic position 
information for display without access to the geocoding 
engine. 

69. A method ofoperating a map display system in con 
junction with a portable wireless device, comprising: 

receiving user input position information from the por 
table wireless device; 

computing a geodetic coordinate from the user input posi 
tion information; 

generating a plurality of names based on the geodetic 
coordinates; and 

transmitting a data structure comprising map data associ 
ated with the geodetic coordinate and associated with 
the respective data structure names from a map seg 
ment server 

70. The method of claim 69, wherein the data structure 
comprises a file. 

7]. The method ofclaim 69, further comprising: 
displaying a map image indicative of data of the files, 

records, segments or strings. 
72. The method ofclaim 7], the map image is centered on 

a display on the portable wireless device. 
73. The method ofclaim 7], wherein the map image com 

prises a slightly zoomed-in map image which, when 
displayed, is centered at the geodetic coordinate. 

74. The method ofclaim 69, wherein the user inputposi 
tion information comprises at least one of an address, a city, 
a Zip code, location information, point ofinterest, or a start/ 
endpoint ofa trip. 

75. The method ofclaim 69, wherein the user input geo 
graphic position information comprises text. 

76. The method ofclaim 69, wherein the user input geo 
graphic position information comprises voice data. 

77. The method of claim 69, additionally comprising 
receiving global positioning system (GPS) data to provide 
position informationfor display without access to the geoc 
oding engine. 

78. A method ofcaching digital map segments in a por 
table wireless device, comprising: 

allocating a portion ofmemoryfor digital map segments 
in a cache; 
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executing a caching algorithm to manage the allocated 
cache; and 

loading map datafor rendering map images on a display 
from the cache ifa particular digital map segment is 
stored in cache, otherwise requesting download of the 
particular digital map segment from a network 

79. The method of claim 78, wherein the caching algo 
rithm uses a least frequently used technique to determine 
which map segments to discard when the allocated cache is 

full. 
80. The method of claim 78, wherein the caching algo 

rithm uses a last accessed technique to determine which map 
segments to discard when allocated cache is full. 

8]. A system for caching digital map segments in a por 
table wireless device, comprising: 

a map display engine configured to: 
allocate a portion ofmemoryfor digital map segments 

in a cache; and 
execute a caching algorithm to manage the allocated 

cache, wherein the map display engine is further 
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configured to load datafor rendering an image on a 
display from the cache a particular digital map 
segment is stored in the device, otherwise requesting 
download oftheparticular digital map segmentfrom 
a network. 

82. The system ofclaim 8], wherein the caching algorithm 
uses a least frequently used technique to decide which map 
segments to discard when the allocated cache is full. 

83. The system ofclaim 8], wherein the caching algorithm 
uses a last accessed technique to decide which map segments 
to discard when the allocated cache is full. 

84. The system of claim 8], wherein the map display 
engine is further configured to request download of a plural 
ity ofdigital map segments adjacent to the particular digital 
map segment. 

85. The method ofclaim 78, wherein requesting download 
oftheparticular map segmentfrom the network is based on a 
data level of the particular map segment. 

* * * * * 


