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COMPACT TEXT ENCOOING OF 
LATITUDEALONGITUDE COORONATES 

BACKGROUND 

0001. The present application is a divisional of and 
claims priority of U.S. patent application Ser. No. 10/631, 
611, filed Jul. 31, 2003, the content of which is hereby 
incorporated by reference in its entirety. 
0002 The present invention relates to the encoding of a 
geographic location in an address line associated with a web 
page. More particularly, the present invention relates to a 
method of encoding latitude and longitude coordinates in a 
Uniform Resource Locator (URL) associated with a web 
page. 

0003 Certain web sites, such as those that involve serv 
ing up maps of arbitrary locations, require an encoding of 
latitude/longitude coordinates. There are at least two ways to 
accomplish the encoding. One is to provide the coordinates 
in a URL that is utilized to access a web page that is 
specifically related to the coordinates. The other way is to 
include the coordinates in a server-side persistent state, 
relying on a “session' with the user. The former approach 
has advantages over the latter, in that it requires significantly 
less infrastructure on the server side, and provides additional 
conveniences to users such as the ability to bookmark map 
pages. However, URLs are subject to significant length 
constraints, particularly in association with mobile devices. 
It is advantageous for URLs to be as short as possible, and 
preferably be human-typeable. 
0004. A point on the earth's surface is commonly repre 
sented by a pair of floating-point numbers, namely, numeri 
cal representations of latitude and longitude. A common 
representation of Such numerical values in computer appli 
cations is in decimal degrees. A 1-degree arc of the earth's 
surface is roughly 110,000 meters long. This means that 
each latitude and longitude coordinate value must extend to 
five decimal places in order to yield roughly a 1-meter 
accuracy of representation. Thus, a typical text representa 
tion of latitude/longitude coordinates in the context of a 
computer application (i.e., encoded within a URL) might 
look something like: 
0005) 122.12926.47.64932 
0006. In this representation, longitude and latitude are 
listed with a separator character () between them. The 
representation requires 19 characters to indicate the longi 
tude/latitude position. Because it is desirable to keep URLs 
as short as possible, it would be beneficial to represent the 
same type of position information, to approximately the 
same accuracy, using a smaller number of characters. 

SUMMARY OF THE INVENTION 

0007 Embodiments of the present invention pertain to a 
method for encoding latitude/longitude coordinates within a 
URL in a relatively compact form. The method includes 
converting latitude and longitude coordinates from floating 
point numbers to non-negative integers. A set of base-N 
string representations are generated for the integers. (N 
represents the number of characters in an implementation 
defined character set being utilized). The latitude string and 
longitude string are then concatenated to yield a single 
output string. The output string is utilized as a geographic 
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indicator within a URL. To decode an output string to its 
corresponding latitude/longitude coordinates, the steps are 
inverted and performed in reverse order. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0008 FIG. 1 is a block diagram illustrating an environ 
ment within which embodiments of the present invention 
can be implemented. 
0009 FIG. 2 is a block diagram of one embodiment of a 
computing device. 
0010 FIG. 3 is a simplified pictorial illustration of one 
embodiment of a mobile device. 

0011 FIG. 4 is a simplified pictorial illustration of 
another embodiment of a mobile device. 

0012 FIG. 5 is a flow diagram of a method for generating 
a representation of latitude/longitude coordinates in a rela 
tively compact fashion. 
0013 FIG. 6 is a flow diagram of a method for decoding 
a consolidated representation to its original latitude/longi 
tude coordinates. 

0014 FIG. 7 is a flow diagram of a method for estab 
lishing a consolidation scheme and consolidating latitude/ 
longitude coordinates. 
0015 FIG. 8 is a flow diagram illustrating a method 
utilized to convert integers to base-N notation. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

0016 
0017 FIG. 1 is a block diagram of a typical environment 
10 within which embodiments of the present invention can 
be implemented. Environment 10 includes a mobile device 
12 and a computing device 14. Computing device 14 
includes application programs 28, a corresponding memory 
32, and communication link 38. Mobile device 12 includes 
application programs 16, a corresponding memory 20 and 
communication link 26. Mobile device 12 also includes 
memory 58, microprocessor 56, operating system 64, input/ 
output (I/O) components 60, and communication drivers 66. 
Components of mobile device 12 are illustratively coupled 
for communication with one another over a suitable buss 62. 
It will be appreciated that both mobile device 12 and 
computing device 14 include a number of other non-illus 
trated components. 

I. Overview 

0018 Referring to mobile device 12, memory 58 is 
preferably implemented as non-volatile electronic memory 
such as random access memory (RAM) with a battery 
back-up module (not shown) Such that information stored in 
memory 58 is not lost when the general power to mobile 
device 12 is shut down. A portion of memory 58 is illustra 
tively allocated as addressable memory for program execu 
tion, while another portion of memory 58 is optionally used 
for storage. Such as to simulate storage on a disc drive. 
Memory 58 can include operating system 64, as well as one 
or more application programs 16 and corresponding memory 
structure 20. Application programs 16 can illustratively 
include GPS programs that are capable of identifying a 
location of mobile device 12 with latitude/longitude coor 
dinates. 
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0019. During operation, operating system 64 is illustra 
tively executed by processor 56 from memory 58. The 
operating system 64 implements features that can be utilized 
by application programs 16 through a set of exposed appli 
cation programming interfaces and methods. It will be 
appreciated that either or both of devices 12 and 14 could 
actually incorporate multiple application programs each 
with a corresponding memory, rather than the illustrated 
single collection of application programs with a single 
corresponding memory. 
0020 I/O components 60, in one embodiment, are pro 
vided to facilitate input and output operations in association 
with a user of mobile device 12. I/O components 60 for 
various embodiments of mobile device 12 can include input 
components such as buttons and touch sensors, as well as 
output components such as a display, a speaker, and/or a 
printer port. Other I/O components are conceivable and 
within the scope of the present invention. 
0021 Communication link 26 is any suitable communi 
cation interface. Interface 26 is illustratively used to com 
municate with computing device 14. Memory 58 includes a 
set of communication drivers 66 that interact with commu 
nication link 26, and that translate data to and from the 
appropriate communication protocol necessary to enable 
communication across the link 26. 

0022. In one illustrative embodiment of the present 
invention, application programs 16 include Personal Infor 
mation Manager (PIM) programs, which support, for 
example, electronic mail messaging, scheduling, calender 
ing, etc. Of course, application programs 16 can be config 
ured to Support a wide variety of other features, such as task 
lists and personalized address books, to name a few. 
Memory 20 is configured to store a plurality of individual 
records or objects, each comprising a plurality of fields or 
properties related to application programs 16. 

0023. In one illustrative embodiment of the present 
invention, application programs 28 include a program con 
figured to serve up maps of arbitrary locations. Of course, 
application programs 28 can be configured to Support a wide 
variety of other features and functions. Memory 32 is 
configured to store a plurality of individual records or 
objects, each comprising a plurality of fields or properties 
related to application programs 28. In accordance with one 
embodiment, memory 32 is configured to store a plurality of 
maps associated with the previously mentioned map-ori 
ented application program 28. 
0024 Application programs 16 and 28 communicate with 
each other through two-way communication links 26 and 38. 
Communication links 26 and 38 are illustratively commer 
cially available communication links that implement a Suit 
able communications protocol. For example, in one illus 
trative embodiment, mobile device 12 is connected to 
computing device 14 with a physical cable which commu 
nicates using a serial communication protocol. Other com 
munication mechanisms are also contemplated by the 
present invention, such as but not limited to infra-red (IR) 
communication, direct modem communication, remote dial 
up-networking communication, communication through 
commercially available network cards (i.e., using TCP/IP), 
remote access services (RAS), wireless modem communi 
cation, wireless cellular digital packet data (CDPD), wire 
less Bluetooth'TM communication, FireWire communication, 
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or any other Suitable communication mechanism or means. 
Although the communication links are shown as being 
internal to mobile device 12 and computing device 14, those 
skilled in the art will recognize that at least portions of the 
communication links may exist outside of the devices. 
0025. In accordance with one aspect of the present inven 
tion, computing device 14 is configured to provide mobile 
device 12 access to geographic-oriented applications and/or 
information. In accordance with one specific embodiment, 
computing device 14 is configured to operate as a server that 
serves up maps of arbitrary locations to mobile device 12. 
Computing device 14 is illustratively a server that operates 
on a network Such as, but not limited to, the Internet. In 
accordance with one embodiment, mobile device 12 access 
the information stored on computing device 14 by way of a 
World Wide Web interface. 

0026. For computing device 14 to provide mobile device 
12 with access to geographic-oriented applications and/or 
information, it is convenient for latitude/longitude coordi 
nates to be embedded in a URL string that is passed from 
mobile device 12 to computer device 14. The URL is 
transferred from mobile device 12 to computing device 14 
by way of the corresponding communication links. The URL 
illustratively includes a value to represent a specific geo 
graphic position in terms of its latitude and longitude. Based 
on this value, application 28 returns a web page or document 
to mobile device 12 that is associated with the geographic 
position set in the URL. For example, application program 
28 can retrieve a specific map from memory 32 that corre 
sponds to the specific latitude/longitude coordinates. 
0027. In accordance with one embodiment, the specific 
latitude/longitude coordinates embedded in the URL are 
coordinates retrieved from a GPS-oriented program 16. In 
accordance with another embodiment, the coordinates are 
simply user selected through interaction with an application 
program 16 (i.e., a user selects a point on a map and 
corresponding coordinates are automatically inserted into a 
URL that is to be sent to computing device 14). 
0028) 
0029. It should be noted that devices 12 and 14 are only 
examples of suitable computing devices and are not intended 
to Suggest any limitation as to the scope of use or function 
ality of the present invention. Neither should devices 12 and 
14 be interpreted as having any dependency or requirement 
relating to any one or combination of components illustrated 
in FIG. 1 or any subsequently described Figure. 

II. Computing Device 14 

0030 The present invention is operational with numerous 
other general purpose or special purpose computing system 
environments or configurations. Examples of well-known 
computing systems, environments, and/or configurations 
that may be suitable for use with the invention include, but 
are not limited to, personal computers, server computers, 
hand-held or laptop devices, multiprocessor Systems, micro 
processor-based systems, set top boxes, programmable con 
Sumer electronics, network PCs, minicomputers, mainframe 
computers, telephone systems, distributed computing envi 
ronments that include any of the above systems or devices, 
and the like. 

0031. The present invention may be described in the 
general context of computer-executable instructions, such as 
program modules, being executed by a computer. Generally, 
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program modules include routines, programs, objects, com 
ponents, data structures, etc. that perform particular tasks or 
implement particular abstract data types. The invention may 
also be practiced in distributed computing environments 
where tasks are performed by a remote processing devices 
that are linked through a communications network. In a 
distributed computing environment, program modules may 
be located in both local and remote storage media including 
memory storage devices. 
0032. With reference to FIG. 2, an exemplary system for 
implementing embodiments of the present invention 
includes a general-purpose computing device in the form of 
a computer 110. Computer 110 is illustrative configured to 
operate as computing device 14 in FIG. 1. Components of 
computer 110 may include, but are not limited to, a pro 
cessing unit 120, a system memory 130, and a system bus 
121 that couples various system components including the 
system memory to the processing unit 120. The system bus 
121 may be any of several types of bus structures including 
a memory bus or memory controller, a peripheral bus, and a 
local bus using any of a variety of bus architectures. By way 
of example, and not limitation, Such architectures include 
Industry Standard Architecture (ISA) bus, Micro Channel 
Architecture (MCA) bus, Enhanced ISA (EISA) bus, Video 
Electronics Standards Association (VESA) local bus, and 
Peripheral Component Interconnect (PCI) bus also known as 
Mezzanine bus. 

0033 Computer 110 typically includes a variety of com 
puter readable media. Computer readable media can be any 
available media that can be accessed by computer 110 and 
includes both volatile and nonvolatile media, removable and 
non-removable media. By way of example, and not limita 
tion, computer readable media may comprise computer 
storage media and communication media. Computer storage 
media includes both volatile and nonvolatile, removable and 
non-removable media implemented in any method or tech 
nology for storage of information Such as computer readable 
instructions, data structures, program modules or other data. 
Computer storage media includes, but is not limited to, 
RAM, ROM, EEPROM, flash memory or other memory 
technology, CD-ROM, digital versatile disks (DVD) or other 
optical disk storage, magnetic cassettes, magnetic tape, 
magnetic disk storage or other magnetic storage devices, or 
any other medium which can be used to store the desired 
information and which can be accessed by computer 110. 
Communication media typically embodies computer read 
able instructions, data structures, program modules or other 
data in a modulated data signal Such as a carrier wave or 
other transport mechanism and includes any information 
delivery media. The term “modulated data signal” means a 
signal that has one or more of its characteristics set or 
changed in Such a manner as to encode information in the 
signal. By way of example, and not limitation, communi 
cation media includes wired media Such as a wired network 
or direct-wired connection, and wireless media Such as 
acoustic, RF, infrared and other wireless media. Combina 
tions of any of the above should also be included within the 
Scope of computer readable media. 
0034. The system memory 130 includes computer stor 
age media in the form of volatile and/or nonvolatile memory 
such as read only memory (ROM) 131 and random access 
memory (RAM) 132. A basic input/output system 133 
(BIOS), containing the basic routines that help to transfer 
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information between elements within computer 110, such as 
during start-up, is typically stored in ROM 131. RAM 132 
typically contains data and/or program modules that are 
immediately accessible to and/or presently being operated 
on by processing unit 120. By way of example, and not 
limitation, FIG. 2 illustrates operating system 134, applica 
tion programs 135, other program modules 136, and pro 
gram data 137. 

0035. The computer 110 may also include other remov 
able/non-removable volatile/nonvolatile computer storage 
media. By way of example only, FIG. 2 illustrates a hard 
disk drive 141 that reads from or writes to non-removable, 
nonvolatile magnetic media, a magnetic disk drive 151 that 
reads from or writes to a removable, nonvolatile magnetic 
disk 152, and an optical disk drive 155 that reads from or 
writes to a removable, nonvolatile optical disk 156 such as 
a CD ROM or other optical media. Other removable/non 
removable, Volatile/nonvolatile computer storage media that 
can be used in the exemplary operating environment 
include, but are not limited to, magnetic tape cassettes, flash 
memory cards, digital versatile disks, digital video tape, 
solid state RAM, solid state ROM, and the like. The hard 
disk drive 141 is typically connected to the system bus 121 
through a non-removable memory interface Such as interface 
140, and magnetic disk drive 151 and optical disk drive 155 
are typically connected to the system bus 121 by a remov 
able memory interface, such as interface 150. 

0036. The drives and their associated computer storage 
media discussed above and illustrated in FIG. 2, provide 
storage of computer readable instructions, data structures, 
program modules and other data for the computer 110. In 
FIG. 2, for example, hard disk drive 141 is illustrated as 
storing operating system 144, application programs 145. 
other program modules 146, and program data 147. Note 
that these components can either be the same as or different 
from operating system 134, application programs 135, other 
program modules 136, and program data 137. Operating 
system 144, application programs 145, other program mod 
ules 146, and program data 147 are given different numbers 
here to illustrate that, at a minimum, they are different 
copies. 

0037. A user may enter commands and information into 
the computer 110 through input devices such as a keyboard 
162, a microphone 163, and a pointing device 161, Such as 
a mouse, trackball or touch pad. Other input devices (not 
shown) may include a joystick, game pad, satellite dish, 
scanner, or the like. These and other input devices are often 
connected to the processing unit 120 through a user input 
interface 160 that is coupled to the system bus, but may be 
connected by other interface and bus structures, such as a 
parallel port, game port or a universal serial bus (USB). A 
monitor 191 or other type of display device is also connected 
to the system bus 121 via an interface. Such as a video 
interface 190. In addition to the monitor, computers may 
also include other peripheral output devices such as speakers 
197 and printer 196, which may be connected through an 
output peripheral interface 195. 

0038. The computer 110 may operate in a networked 
environment using logical connections to one or more 
remote computers, such as a remote computer 180, which 
can include mobile device 12. The remote computer 180 
may be a personal computer, a hand-held device, a server, a 
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router, a network PC, a peer device or other common 
network node, and typically includes many or all of the 
elements described above relative to the computer 110. The 
logical connections depicted in FIG. 2 include a local area 
network (LAN) 171 and a wide area network (WAN) 173, 
but may also include other networks. Such networking 
environments are commonplace in offices, enterprise-wide 
computer networks, intranets and the Internet. In addition, 
the network connections between any of the nodes in the 
network may include direct cable connections or wireless 
connections and the connection between computer 110 and 
remote computer 180 may include any number of nodes 
and/or routers. 

0.039 When used in a LAN networking environment, the 
computer 110 is connected to the LAN 171 through a 
network interface or adapter 170. When used in a WAN 
networking environment, the computer 110 typically 
includes a modem 172 or other means for establishing 
communications over the WAN 173, such as the Internet. 
The modem 172, which may be internal or external, may be 
connected to the system bus 121 via the user input interface 
160, or other appropriate mechanism. In a networked envi 
ronment, program modules depicted relative to the computer 
110, or portions thereof, may be stored in the remote 
memory storage device. By way of example, and not limi 
tation, FIG. 2 illustrates remote application programs 185 as 
residing on remote computer 180. It will be appreciated that 
the network connections shown are exemplary and other 
means of establishing a communications link between the 
computers may be used. 
0040) III. Mobile Device 12 
0041 FIG. 3 is a simplified pictorial illustration of one 
embodiment of a mobile device 12 which can be used in 
accordance with the present invention. Mobile device 12, as 
shown in FIG. 3, includes a screen 302 that can sense the 
position of stylus 304 relative to the screen and thereby 
allow the user to select objects on the screen, as well as write 
and draw through screen input. 
0042. The mobile device 12 shown in FIG. 3 also 
includes a number of user input keys or buttons, such as 
button 320, which allow the user to scroll through menu 
options or other display options which are displayed on 
display 302, or which allow the user to change applications 
or select user input functions, without contacting display 
3O2. 

0043. It should be noted that display 302 will typically be 
much smaller than a conventional display used with a 
desktop computer. For example, display 302 may be defined 
by a matrix of only 240x320 coordinates or 160x160 coor 
dinates, or any other suitable size. It is conceivable that 
device 12 could be a pager, and in Such case, the display may 
be even smaller than described. 

0044 Although not illustrated, mobile device 12 of FIG. 
3 also includes an antenna that Supports wireless commu 
nication with the device. Also included are one or more 
communication ports, such as a serial or USB port, or a 
Local Area Network (LAN) port, that support wired com 
munication. 

0045. The mobile device of FIG. 3 is illustrated with a 
World WideWeb Internet browser operating thereon. Device 
12 is illustratively configured to access web pages utilizing 
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Such a browser. As is known in the art, the web pages are 
accessed using a URL such as the illustrated URL 301 which 
designates an address of a page as well as a set of parameters 
and parameter values which follow a question mark in the 
URL string. For example, URL 301 contains a geographic 
parameter “mapcoord', which has a parameter value 
“ry7.cx4tp95” that is consistent with embodiments of the 
present invention that will be described in detail below in 
association with other Figures. 
0046 FIG. 4 provides a pictorial diagram of a phone 
embodiment of a mobile device 12. The phone includes a set 
of keypads 400 for dialing phone numbers, a display 402 
capable of displaying application images, and control but 
tons 404 for selecting items shown on the display. The phone 
includes an antenna 406 for receiving and sending cellular 
phone signals such as General Packet Radio Service (GPRS) 
and 1Xrtt, and Short Message Service (SMS) signals. When 
operating in association with a cellular phone signal, the 
phone establishes a connection with a carrier. Generally, the 
carrier charges a fee based on the length of time that this 
connection is maintained. The phone of FIG. 4 is illustra 
tively configured to submit URLs having embedded coor 
dinates to access geographic-oriented information from a 
server. Note that other forms of mobile devices are possible 
and within the scope of the present invention. Other 
examples include tablet PCs and wireless-enabled lap-top 
computers. 

0047 
0048. As has been discussed above, web sites that pro 
vide access to geographic-oriented applications and/or infor 
mation (i.e. sites that involve serving up maps of arbitrary 
locations) are particularly effective when specific latitude/ 
longitude coordinates are directly imbedded in URLs uti 
lized to access web pages. AS has been discussed, however, 
URLs are subjected to significant length constraints. 

IV. Overview of Coordinate Consolidation 

0049. A concise and effective technique for representing 
coordinates associated with a point on the earth’s Surface to 
an arbitrary accuracy will illustratively be subject to the 
following constraints: 

0050) 1. The representation should be limited to an 
arbitrary character set. One example of Such a set 
includes ASCII characters that are usable in URLs. 

0051 2. The representation should be as compact as p p 
possible (requires as few characters as possible). 

0.052 3. The representation should be human-readable 
and human-typeable. 

0053 A point on the earth's surface is commonly repre 
sented by a pair of floating-point numbers, namely, numeri 
cal representations of latitude and longitude. A common 
representation of Such numerical values in computer appli 
cations is in decimal degrees. A 1-degree arc of the earth’s 
surface is roughly 110,000 meters long. This means that 
each latitude and longitude coordinate value must extend to 
five decimal places in order to yield roughly a 1-meter 
accuracy of representation. Thus, a typical text representa 
tion of a latitude/longitude coordinate in a URL might look 
Something like: 

0054) 122.12926.47.64932 
0055. In this representation, longitude and latitude are 
listed with a separator character () between them. The 
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representation requires 19 characters to represent the longi 
tude/latitude position. Because it is desirable to keep URLs 
as short as possible, it would be beneficial to represent the 
same position information, to approximately the same accu 
racy, using a smaller number of characters. 
0056 FIG. 5, in accordance with one aspect of the 
present invention, is a flow diagram of a method for gen 
erating a representation of latitude/longitude coordinates in 
a relatively compact fashion. The relatively compact repre 
sentation is advantageous because it takes up a reduced 
portion of any URL within which it is incorporated. 
0057 The method of FIG. 5 assumes a beginning pair of 
floating-point latitude/longitude coordinates. As is indicated 
by block 502, the first step in the method is to convert 
latitude and longitude coordinates from floating-point num 
bers to non-negative integers. As will be described in 
relation to FIG. 7, to support the conversion, a system of 
mapping is illustratively utilized that generally preserves a 
desired level of accuracy. In accordance with block 504, the 
next step is to generate base-N string representations for the 
integers, where N represents the number of characters in an 
implementation-defined character set being utilized. In 
accordance with block 506, the final step is to concatenate 
the latitude string and longitude string so as to yield a single 
output string. 

0.058 FIG. 6, in accordance with one aspect of the 
present invention illustrates a method for decoding an output 
String to its originating latitude/longitude coordinates. In 
general, to decode, the method of FIG. 5 is inverted and 
executed in reverse order. In accordance with block 602, the 
output string is split into two halves, one for latitude and one 
for longitude. In accordance with block 604, treating the 
strings as base-N numbers, the strings themselves are 
decoded to integer values. Finally, in accordance with block 
606, the integer values are mapped to floating-point numbers 
that correspond to the originating latitude/longitude coordi 
nates. 

0059 V. Coordinate Consolidation in Detail 
0060 FIG. 7 is a more detailed description of the method 
described in relation to FIG. 5 and includes details related to 
setting up a scheme to accommodate the described consoli 
dation of coordinates. 

0061. In accordance with block 702, the first step in the 
method is to select a character set. The particular set of 
characters to be utilized is adjustable and can be selected to 
accommodate a particular implementation. For example, if a 
particular implementation involves converting latitude/lon 
gitude coordinates into a condensed parameter for incorpo 
ration into a URL, one might choose the following character 
Set: 

0062) 0123456789bcdfghjkmnparstvw.xyz 

0063 (30 characters in the set) 
0064. The larger the number of characters in the set, the 
more compact the resulting coordinate String will be. In 
other words, the length of the representation is inversely 
proportional to the logarithm of the number of characters. 
The example character set above is advantageous in that it 
uses a fairly large number of characters (all numerals and 
most letters). The set deliberately omits vowels to avoid the 
possibility of the algorithm inadvertently generating real 
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words that could be offensive. The letter 1 has also been 
omitted to avoided possible confusion with the number 1. 
The example character set also uses lower-case letters only 
in order to make generated Strings more human-friendly to 
type. For example, any capital letters entered by the user can 
be converted to lower case letter before decoding the coor 
dinate String. Another advantage of the character set above 
is that it only includes characters that can be transmitted 
freely, and does not include characters that are excluded by 
certain encoding algorithms such as UUencoding. 

0065. In accordance with block 704, the next step is to 
choose a desired level of accuracy. The accuracy of a 
resulting coordinate representation is illustratively adjust 
able and can be selected to accommodate a particular 
implementation. A given implementation will have a certain 
requirement for how accurate string representations must be. 
The question becomes, if one were to take a pair of full 
double-precision, floating-point numbers representing lati 
tude and longitude, convert them to a compact string rep 
resentation using the techniques outlined herein, then con 
vert the string representation back into double-precision, 
floating-point numbers, what is the maximum allowable 
error? The smaller the allowable error, the longer the string 
representations of coordinates should be. String length is 
inversely proportional to the logarithm of the allowable 
eO. 

0066. In order to facilitate description of embodiments of 
the present invention, it will be assumed that an accuracy of 
2 meters is required in the context of Subsequent examples. 

0067. In accordance with block 806, the next step in the 
method is to calculate the number of digits required per 
coordinate. For a given character set (step 802) and required 
accuracy (step 804), we can calculate the number of digits 
required to represent a latitude or longitude: 

D=ceiling In(C/L). In(N) Eq. 1 

0068 where D is the number of digits required, C is 
the circumference of the earth, L is the allowed error 
size, and N is the number of characters in the set. The term 
"ceiling represents the “smallest integer greater than or 
equal to”. 
0069. In the presently running example, L is 2 meters 
and N is 30 characters. Using a value of 4.0024x107 meters 
for C, this yields a value of 5 for D. 
0070). In accordance with block 708, the next step is to 
calculate the size of an integer mapping range. Latitudes and 
longitudes will illustratively be mapped to a range of inte 
gers in the range of 0 to M (inclusive), where M is calculated 
as follows: 

M-NP-1 Eq. 2 

0071 where N and D are defined in step 706. In the 
context of the presently running example, N is 30 and D is 
5, so the resulting value of M is 24.299,999. 
0072. It should be noted that steps 702 through 708 need 
be performed only once for a given application. In contrast, 
steps 710 through 714 are performed for each latitude/ 
longitude coordinate pair that requires encoding. 

0073. In accordance with block 710, the first step in the 
conversion of a latitude/longitude coordinate pair is to 
convert floating-point latitude and longitude strings to inte 
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gers. Given a floating-point latitude (in the range of -90 to 
+90) and longitude (in the range of -180 to +180), the 
floating-point strings are converted to integers. Conversion 
illustratively follows the formula: 

(Valroat - Valmin) Eq. 3 Walt = dMX alini = round Mxy val 

0074 where Vali is the resulting integer value, M is the 
value from step 708, Val is the floating-point value, 
Val is the minimum value of the floating-point range, and 
Val, is the maximum value of the floating-point range. 
The term "round” represents the nearest integer value to the 
specified floating-point value, e.g. round(2.3) is 2. 
round(2.7) is 3. Also, it should be noted that all mathemati 
cal operations within the square brackets in Eq 3 are 
floating-point, i.e. not integer, operations. For latitude, Val 
is -90 and Val, is +90. For longitude, these values are 
-180 and +180, respectively. 
0075) In the context of the currently running example, a 
latitude of 47.64932 converts to the integer value of 18,582, 
657. A longitude of 

0076 -122.12926 converts to the integer value 3,906, 
275. In accordance with block 712, the next step in the 
method is to convert the integers to base-N string notation. 
To accommodate conversion, the first character in the char 
acter set is assigned a numeric value of 0, the next character 
is assigned a numeric value of 1, the next character is 
assigned 2, and so forth all the way up to the last character 
in the set, which has a numeric value of N-1 (where N is the 
number of characters in the set). Utilizing this as the numeric 
set of digits, the integer values are represented in base-N 
notation. The number of required digits D was determined in 
step 706. If the resulting string has fewer than D digits in it, 
the left side of the string is padded with as many "zeros” 
(meaning the first character in the character set) as are 
required to make a total of D digits. 
0077 FIG. 8 is a flow diagram illustrating a method that 
can be utilized to convert the integers to base-N notation. As 
is indicated by block 802, one of the latitude or longitude 
integers is set as an initial value (i.e., either 18,582,657 or 
3.906.275 is set as the initial value). In accordance with 
block 804, the initial value is divided by N (i.e., divided by 
30). In accordance with block 806, the character from the 
character set that corresponds to the value of the remainder 
is set as the first character in the base-N string notation. For 
example, if the remainder is “22, then the character “r”, 
which is the 22nd character in the character set above, would 
be sent as the first character. Then, if the quotient is not 
greater than 0 (block 808), the process ends and zeros are 
utilized to pad the base-N notation if necessary. Assuming 
the quotient is greater than Zero, the quotient, without the 
remainder, is set as the next value in accordance with block 
812. In accordance with block 814, the character position is 
shifted to the next character position in the base-N notation. 
This process is repeated until the quotient is less than Zero. 
The base-N notation is basically derived in this manner or 
with a process substantially similar thereto. 
0078. In the running example, using the character set 
outlined above in step 702, a latitude-based integer value of 
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18,582,657 converts to a base-N notation of ry7cx. A lon 
gitude-based integer value of 3,906.275 converts to 4tp95. 
0079). In accordance with block 714, the last step in the 
FIG. 7 method is to concatenate latitude and longitude 
Strings. The strings are concatenated to yield a single output 
Value. In our running example, the encoded string resulting 
from the latitude/longitude coordinate would be 
“ry7cx4tp95”. 

0080) In order to decode an encoded latitude/longitude 
string generated in accordance with the FIG. 7 method (such 
as ry7cX4tp95 in the running example) to the originating 
latitude and longitude representations, the calculations per 
formed in steps 814, 812, and 810 are inverted and per 
formed in reverse order. 

0081 Specifically, the string in base-N notation is 
divided into two sub-strings. Each base-N sub-string is 
converted into a base-10 sub-string. This can be accom 
plished by converting each character in the sub-string into its 
numbered position equivalent. For example, the character 
"d” is converted into "13". The lowest order number (lowest 
position in the sub-string) is multiplied by 30°. The second 
lowest order number is multiplied by 30' and so fourth until 
the highest order number is multiplied by 30'. The resulting 
products from these multiplications are summed to form an 
integer value. The process is repeated for each sub-string so 
that separate integer values are produced for latitude and 
longitude. 

0082) The integer values are converted into floating point 
numbers using the following formula: 

Val; Ea. 4 
(Valina - Valain) + Valain C Valroat = 

0083) In accordance with one embodiment, steps 710 
through 714 are performed on a client computing device, 
and the resulting latitude/longitude string is embedded in a 
URL that is transmitted to a server computing device. On the 
server computing device, the inverse of steps 710 through 
714 are performed in reverse order to obtain the originating 
latitude and longitude coordinates. The coordinates are then 
utilized by the server computing device to provide the client 
with geographic-oriented applications and/or information. 
0084) Accordingly, the methods of FIGS. 5 through 7 
provide a method for encoding latitude and longitude coor 
dinates to an arbitrary accuracy using ASCII (American 
Standard Code for Information Interchange) characters that 
are usable in URLs. The encoded character strings are 
significantly compact representations of latitude/longitude 
coordinates, are human readable, and may be entered from 
a standard keyboard. 
0085. It should be noted that the present description 
refers to coordinates in terms of “latitude” and “longitude” 
as an example only. The present invention is not limited to 
coordinates of the latitude/longitude variety. The present 
invention could be applied to any spatial coordinate system. 
Latitude and longitude is simply one common implementa 
tion of a spatial coordinate system within the scope of the 
present invention. In addition, it should be noted that 
embodiments of the present invention can be utilized for any 
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system in which locations are represented by sets of floating 
point numbers. There are numerous coordinate systems used 
by GIS or GPS systems to represent location on the surface 
of the earth, latitude and longitude being just one example 
within the scope of the present invention. Embodiments of 
the present invention are applicable to applications that 
utilize X-Y coordinates in UTM (Universal Transverse Mer 
cator), or any one of a number of other coordinate systems. 
Embodiments of the present invention are also applicable to 
non-geographic coordinates. For example, they could apply 
to a system that records the locations of objects in some 3D 
space as (X,Y,Z) coordinates. In Such cases, the algorithms 
defined herein are just as easily applicable to the three 
coordinate scheme of identification. 

0086. It should be noted that embodiments of the present 
invention are generally beneficial in that they enable float 
ing-point numbers to be converted into a compact ASCII 
string. Application within URLs is only one example where 
Such compact strings are beneficial. Other application sce 
narios are within the scope of the present invention. The 
scheme for generating the compact strings can be applied in 
any place where one needs to transmit or store binary 
floating-point information, with the constraints that one has 
to limit some arbitrary character set and one wants to make 
it as compact as possible while preserving a desired level of 
accuracy. Relevant applications are not limited to those 
involving transmission over a network, but also include 
storage in data files, etc. 
0087 Although the present invention has been described 
with reference to particular embodiments, workers skilled in 
the art will recognize that changes may be made in form and 
detail without departing from the spirit and scope of the 
invention. 

What is claimed is: 
1. A computer implemented method of reducing the 

number of characters contained in a geographically-oriented 
string, the method comprising: 

converting a floating-point coordinate value represented 
in the geographically-oriented String to an integer 
value; and 

converting the integer value to a base-N String, wherein N 
represents the number of characters in an implementa 
tion-defined character set; and 

using the base-N String as a reduced-character component 
of the geographically-oriented String. 

2. The method of claim 1, wherein the geographically 
oriented String is a geographically-oriented Uniform 
Resource Locator associated with a web page. 

Feb. 21, 2008 

3. The method of claim 2, wherein converting a floating 
point coordinate value to an integer value comprises con 
verting a floating-point representation of a latitude or lon 
gitude coordinate to an integer value. 

4. The method of claim 2, wherein converting a floating 
point coordinate value to an integer value comprises apply 
ing a mapping algorithm that preserves a desired level of 
accuracy. 

5. The method of claim 4, wherein applying a mapping 
algorithm comprises applying a mapping algorithm based at 
least in part on the circumference of the earth. 

6. The method of claim 5, wherein applying a mapping 
algorithm further comprises applying a mapping algorithm 
based at least in part on a desired error level in describing a 
position on the earth. 

7. The method of claim 2, further comprising: 
converting a second floating-point coordinate value rep 

resented in the geographically-oriented String to a sec 
ond integer value; 

converting the second integer value to a second base-N 
string, wherein N represents the number of characters 
in an implementation-defined character set; 

concatenating the base-N string and the second base-N 
string to form a concatenated String; and 

using the concatenated String as part of a Uniform 
Resource Locator. 

8. A method of reducing the number of characters asso 
ciated with a set of latitude and longitude coordinates, the 
method comprising: 

converting a floating-point latitude value to a latitude 
integer value; and 

converting the latitude integer value to a first base-N 
string, wherein N represents the number of characters 
in an implementation-defined character set; 

converting a floating-point longitude value to a longitude 
integer value; and 

converting the longitude integer value to a second base-N 
string, wherein N represents the number of characters 
in an implementation-defined character set. 

9. The method of claim 8, further comprising concatenat 
ing the first and second base-N Strings to form a concat 
enated String. 

10. The method of claim 8, wherein converting a floating 
point latitude value to a latitude integer value comprises 
applying a mapping algorithm that is based at least in part on 
a desired level of accuracy. 
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