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Draw a bitmap of the map at N times the desired resolution,
so each pixel in the sub-pixel bitmap corresponds to an NxM
area in the higher resolution drawing (e.g., N=M=4)
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(57) Abréegée/Abstract:
A sub-pixel bitmap tile serving system configured to serve tiles In response to requests from a user comprises a plurality of front end
tile servers for serving one or more sub-pixel bitmap tiles requested by a user. A request distributor distributes requests for sub-pixel
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(57) Abrege(suite)/Abstract(continued):

bitmap tiles between the plurality of front end tile servers and a plurality of back end tile servers are communicatively coupled with
the plurality of front end tile servers. Each back end tile server has access to the sub-pixel bitmap tiles, and is configured to provide
requested sub-pixel bitmap tiles to a corresponding front end tile server.
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ABSTRACT

A sub-pixel bitmap tile serving system configured to serve tiles in response to
requests from a user comprises a plurality of front end tile servers for serving one or more
sub-pixel bitmap tiles requested by a user. A request distributor distributes requests for sub-
pixel bitmap tiles between the plurality of front end tile servers and a plurality of back end
tile servers are communicatively coupled with the plurality of front end tile servers. Each
back end tile server has access to the sub-pixel bitmap tiles, and 1s configured to provide

requested sub-pixel bitmap tiles to a corresponding front end tile server.
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GENERATING, STORING, AND DISPLAYING GRAPHICS USING
SUB-PIXEL BITMAPS

FIELD OF THE INVENTION

[0001-2] The invention relates to graphics, and more particularly, to generating, storing and

displaying graphics in a digital environment, such as a digital mapping system.

BACKGROUND OF THE INVENTION

[0003] Daigital graphics are associated with a number of processing issues, ranging from the
speed and flexibility with which the graphics can be handled (e.g., generated, stored, and
otherwise manipulated), to the quality that such graphics can be displayed (e.g., for screen use
or for printing). A typical application where such graphics issues come to light is in digital
mapping systems.

[0004] Computerized mapping systems have been developed to search for, identify, and
discover information about geographic locations. One form of such computerized mapping
systems includes travel-planning Internet websites. With an excess of 50 million unique
monthly users, such map sites are a very popular offering. Examples of such sites include
AOL’s MapQuest, Yahoo’s Telcontar-based maps, and Microsoft’s MapPoint.net suite. Such

sites all work along the lines of a common model, as will now be described.

[000S] When a Web user asks for a new map view (e.g., by entering a postal address, or by

clicking a navigation link next to a current map view), the user’s Web browser sends to a Web

server a request indicating the boundaries of the new map view. The Web server in turn
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extracts the corresponding vector-based map data from a database, and draws a bitmap image
of the map. The server then converts the bitmap to an image format supported by the user’s
Web browser and returns the image, sometimes embedded in HTML, to the user’s Web
browser so that it can be displayed. Other map Web sites, such as Britain’s MultiMaps or
Australia’s Wherels utilize a raster-based map database instead. In these cases, it 1s not

necessary to extract vectors and draw a map image. Rather, these functions are replaced by

simply extracting the appropriate part of a larger, pre-rendered image.

[0006] Whether vector-based or raster-based, these existing systems typically exhibit very
poor performance. In particular, the resulting maps tend to be small and move slowly.
Consider, for example, the simple task of panning an existing map view west by, say, 50% of

the width of the view. Conventional systems typically produce an entirely new image and

transmit the new image from the server to the user’s browser. Such systems are wasteful, as
they fail to recognize and exploit the 50% overlap between the new and old map views. In the
vector-based case, the addition need to produce a map image from vectors in real-time tends to
result in maps that are generally hard to read and lack a professional look and feel, thereby
detracting from the user experience. In addition, the quality that such map graphics can be
displayed (e.g., for screen use or for printing) 1s generally poor.

[0007] Other vendors have chosen to write custom software for their users to download and
install. While this latter approach can result in a dramatic improvement in the user experience,

the need to install software on a user’s computer may prevent its widespread adoption.

Moreover, the quality of the resulting map graphics remains a problem.

[0008] What is needed, therefore, are digital mapping techniques that facilitate the efficient

online delivery of aesthetically pleasing maps. In a more general sense, there is a need for

generating, storing, and displaying graphics using sub-pixel bitmaps.

SUMMARY OF THE INVENTION

[0009] One embodiment of the present invention provides a method for generating sub-pixel
bitmaps. The method includes, for each pixel in the sub-pixel bitmap, determining which
colors cover parts of the pixel, and by how much. The method further includes storing color
information for each pixel of the sub-pixel bitmap. Storing color information for each pixel of
the sub-pixel bitmap may include,. for example, using run-length encoding to store the color
information for each pixel of the sub-pixel bitmap, as alternating sequences of single color

pixels and multi-color pixels. Color for a pixel with more than one source can be calculated,
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for example, based on the colors that cover parts of the pixel, weights assigned to those colors
to indicate by how much the color covers the pixel, and a display gamma value. The method
may include using a supplemental printing tile to provide a higher resolution bitmap without
anti-aliasing, as compared to the sub-pixel bitmap, to enable high resolution printing. The

method may include reducing the number of colors per pixel (e.g., for purposes of making

storage more efficient).

[0010] Another embodiment of the present invention provides a method for a generating
sub-pixel bitmap (e.g., for use in a tile-based digital mapping system). This particular method
includes assigning a unique color for each source in a graphic (e.g., map) to be created at a
desired resolution. The method continues with drawing a bitmap of the graphic at a higher
resolution than the desired resolution, wherein each sub-pixel bitmap pixel corresponds to an
NxM pixel area in the higher resolution drawing. Note that N and M can be equal, but they
need not be. For each of the NxM pixel areas in the higher resolution drawing, the method
continues with counting the number of pixels associated with each source. For each sub-pixel
bitmap pixel, the method continues with storing related source information and any
corresponding weights, wherein a weight 1s used to indicate the contribution of a source on a
sub-bitmap pixel. The method further includes representing the sub-pixel bitmap pixels using

run-length encoding that indicates alternating sequences of single source pixels and mixed

source pixels included in the higher resolution drawing. Storing related source information
and any corresponding weights may include, for example, generating a color table that
includes source colors and combinations of those source colors. Other color storage structures

can be used as well.

[0011] In one such embodiment, storing related source information and any corresponding
weights 1includes assigning a priority to each source (to indicate relevance of the corresponding
source), and reducing the number of sources per sub-pixel bitmap pixel to two, based on the
assigned priorities. In one such case, storing related source information and any
corresponding weights further includes dividing the sub-pixel bitmap into tiles of a pre-
determined size, and for each line of pixels within each tile, storing related source information
and any corresponding weights. The pre-determined size of the tiles can be, for example, in
the range of 128x128 pixels to 512x512 pixels. The sources and weights can be represented
with B bits each and sequence lengths can be represented with B or C bits (e.g., B=4 and
C=8). In one such case, the method further includes representing each line in the sub-pixel

bitmap based on changes from a previous line. Reducing the number of sources per sub-pixel
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bitmap pixel to two can be carried out, for example, by selecting the two most relevant sources
(e.g., based on assigned priority and how many pixels within the higher resolution drawing

those sources cover), and changing the rest of the sources to one of the two selected sources,

so that a balance between the two selected sources 1s maintained as closely as possible.

[0012] The method may further include defining which sources are used for text, and setting
a threshold that defines how long a source transitioning into a text source can be the only
source while still being considered part of the same transition. In one such case, the threshold
is chosen based on the nature of the sub-pixel bitmap, including lengths of single source pixel
sequences and lengths of transitions. One or more of the sources may include information
about at least one 6f time, pixel position, and external data that can be used 1n deciding a color

for the source. The method may include changing the sources used to at least one of display,

print, and convert the sub-pixel bitmaps. This allows, for instance, features to be hidden or

highlighted.

[0013] The method may include generating a supplemental printing tile with the sub-pixel
bitmap tiles, the supplemental printing tile containing information for each pixel in the sub-
pixel bitmap that has references to more than one source, the information describing which
part of the pixel is defined by which source. In this particular embodiment, the method
continues with combining a map tile with a corresponding supplemental printing tile to
provide a higher resolution bitmap without anti-aliasing, which can be used for high resolution
printing.

[0014] Another embodiment of the present invention provides a sub-pixel bitmap tile
serving system configured to serve tiles in response to requests from a user. The system
includes a plurality of front end tile servers for serving one or more sub-pixel bitmap tiles
requested by a user. A request distributor i1s used for distributing requests for sub-pixel bitmap

tiles between the plurality of front end tile servers. A plurality of back end tile servers are

communicatively coupled with the plurality of front end tile servers, each back end tile server

having access to the sub-pixel bitmap tiles, and configured to provide requested sub-pixel

bitmap tiles to a corresponding front end tile server.

[0015] In one such embodiment, the user uses a processing device to request sub-pixel
bitmap tiles, and the system is configured to cache sub-pixel bitmap tiles on the processing
device. In another such embodiment, the system 1s configured to pre-fetch sub-pixel bitmap
tiles, so that tiles needed to draw a requested graphic represented by one or more sub-pixel

bitmap tiles, as well as a number of sub-pixel bitmap tiles surrounding the requested graphic
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within a pre-determined distance, are served to a user. In this particular case, the sub-pixel

bitmap tiles associated with one or more zoom levels can also be pre-fetched and served. The
user may use a processing device to request sub-pixel bitmap tiles, and pre-fetched tiles can be
cached one the processing device. Sub-pixel bitmap tiles that are least likely to be used, based
on established criteria, can be deleted from the cache. In one particular case, caching sub-

pixel bitmap tiles includes caching a set of adjacent tiles a single file, where index information
associated with that file is stored separately.

[0016] The features and advantages described herein are not all-inclusive and, in particular,
many additional features and advantages will be apparent to one of ordinary skill in the art in

view of the figures and description. Moreover, it should be noted that the language used in the
specification has been principally selected for readability and instructional purposes, and not

to limit the scope of the inventive subject matter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0017]) Figure 1 illustrates a method for generating sub-pixel bitmaps, 1n accordance with
one embodiment of the present invention.

[0018] Figure 2 illustrates a method for improving performance and reducing the size of the
resulting maps produced by the method of Figure 1, in accordance with one embodiment of
the present invention.

[0019] Figures 3a-3f illustrate the use of sub-pixel bitmaps for maps, 1n accordance with one
embodiment of the present invention.

{0020] Figures 4a-4c depict an (-;xample set of map tiles of different resolutions for high-

quality printing of map images, in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0021] Techniques for generating, storing and displaying graphics on computer systems are

disclosed. The type of graphics in particular are 1mages, where the image can be defined as a
set of areas, whether these areas are lines, geometric shapes, letters or other types of areas.

The effect of using these methods is that graphics, such as digital maps, can be handled faster,

with more flexibility and with higher display quality, both for screen use and for printing.

General Overview
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[0022] A bitmap is a representation of an image based on pixels organized in rows and
columns, where each pixel is represented by a set of bits that either directly or indirectly
defines the pixel color. A sub-pixel bitmap i1s a way of representing an image so that the
information defining each pixel contains references to one or more sources. In a normal
bitmap, each pixel contains either a color or a color number pointing to a color in a color table
(or other color identification and look-up mechanism). In a sub-pixel bitmap, a pixel is
defined either by one source, or a list of sources, with weights for each source. The weight of
a source is a value that defines how much impact a source has on the color of a pixel or area.
This means that at the time of displaying the image, the display process can use different

colors and bit depths and optimize the display quality taking the gamma value of the display
device into account.

[0023] A source is something that defines the color of a given pixel or sub-pixel, when it is
displayed on screen, printed, or converted to a normal bitmap for any other purpose.
Typically, this 1s a color defined 1n a color space appropriate to the use of the sub-pixel
bitmap, or a texture where the color defined for individual pixels depends on the placement of
the pixel in the sub-pixel bitmap. However, a source can also be an image, a video source, or
any other source that can determine the color for a pixel, whether this is a fixed value, or

depends on the placement of a pixel, time, or any other input the source uses to determine the

color.

[0024] To store and transport graphics (such as a digital map) efficiently, the graphic can be
divided into tiles, each covering a smaller part of the overall graphic. Each of these tiles can

be represented as a sub-pixel bitmap, so that a tile combined with a set of sources can generate

a bitmap used to display the part of the graphic that the tile represents. The sub-pixel bitmap’s

information about the sources and weights can be compressed, for example, with a run-length

method that is fine tuned to minimize the data size of the tiles, while keeping the computation

needed to uncompress the tiles low. Such a compression technique will be discussed in turn.

[0025] An additional level of compression can be applied, when the size of the graphic

relative to the speed of uncompressing is deemed more important. This second level can use
repetitions and similarities in lengths of the run-length sequences and sources between lines in

the bitmap to lower the data size of the individual tiles, by representing each line based on the
changes from the previous line.

[0026] For purposes of discussion, the techniques described herein for generating, storing

and displaying digital graphics are embodied in the context of a digital mapping system.

6
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However, it wiil be apparent in light of this disclosure that the techniques can be applied in
numerous applications that call for the generation, storage, serving, and/or displaying of digital
graphics.

[0027] Further note that functionality described herein may be implemented by computer

program instructions. These instructions can be loaded 1nfo a computer or other processing

environment to produce a machine, such. that the instructions are executed to carry out

graphics processing techniques in accordance with vanous embodiments of the present
invention. These computer program instructions may also be encoded n a processor-readable
medium-so as-to provide an article of manufacture. - Any number of programming languages or
combination thereof (e.g., C, C++, HTML) can be used here to implement the computer
program instructions. Further note that other embodiments of the present invention can be
implemented by purpose-built hardware, such as field programmable gate array (FPGA) or
application specific integrated circuits (ASIC) technology. Likewise, combinations of
hardware and software can bé used to carry out other embodiments of the present invention, as

will be apparent in light of this disclosure.

Sub-pixel Bitmaps in a Digital Mapping System

[0028] As previously stated, to store and transport a digital map efficiently, the map. can be
divided into tiles, each covenng a smaller part of the overall map. Each of these map tiles can
be represented as a sub-pixel bitmap, so that a map tile combined with a set of sources can
generate a bitmap used to display the part of the map that the map tile represents. Various

compression techniques can be applied to mimimize the data size of the tiles, as will be
explained in tum.

[0029] In a system where a digital map is stored in one location (e.g., server), and used in
another (e.g., client), map tiles represented by sub-pixel bitmaps can be converted to normal
bitmaps by the server, and sent to the client as such, using a format that the client can use for
displaying or printing. Alternatively, the map can be sent to the client as map tiles represented

by sub-pixel bitmaps, and converted to normal bitmaps by the client, or used directly to
display or print maps by the client.

{0030] In any case, defining a pixel’s colors based on multiple sources with weights allows
digital niaps to be displayed in an anti-aliased form, even when the sources change the colors

they define for pixels.

[0031] Example tile-based digital mapping systems and associated processing

environments are described in detail in U.S. Patent No. 7,158,879 titled “A Digital Mapping
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System” and U.S. Patent No. 7,599,790 “Generating and Serving Tiles in a Digital Mapping
System” As will be apparent in light of this disclosure, these mapping systems can be

configured to represent map tiles as sub-pixel bitmaps in accordance with an embodiment of
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the present imnvention.

Sub-pixel Bitmap Generation

[0032] Figure 1 1liustrates a method for generating sub-pixel bitmaps for use in, for
example, a tile-based digital mapping system, in accordance with one embodiment of the
present invention. This method could be implemented, for examplé, by programming or

otherwise configuring a system for generating map tiles for a digital mapping system as
discussed in U.S. Patent No. 7,599,790 titled "Generating and Serving Tile§ 'm a Digital
Mapping System."

[0033] In general, to generate a sub-pixel bitmap, the sources that contribute to each pixel in
the sub-pixel bitmap are identified, as well as the weight of each contribution. For a digital
map, or any other vector based image, this can be done by drawing the map at a higher
resolution than the final map that will be displayed on screen, so that each pixel 1n this hagher
resolution bitmap has only one source. Then each area in the higher resolution bitmap that
covers one pixel 1n the sub-pixel bitmap has pixels coveréd by one or more sources, and the
weight of each source is the number of pixels that has that source divided by the total number

of pixels in the area. It is also possible to calculate the values in a sub-pixel bitmap directly

from vectors, or to try to construct 1t from a bitmap representing the desired outcome, such as

a scanned map or a map that is available as a bitmap in the desired size.

(0034] In more detail, and with reference to Figurel, to generate a sub-pixel bitmap for a

map, with a precision level of 1/16, the following method can be used:

(0035] The method begins with assigning 105 a unique color for each source in the map,
such as land, water, each road type, road outlines, text types, and areas. Recall that a source
defines how a given pixel should look. For most uses, a source is simply something that
returns a color, but it can be more, by including information about time, pixel position, and

external data when deciding which color to return for a given pixel.

[0036] The method continues with drawing 110 the map at N times the desired resolution, so
each pixel in the sub-pixel bitmap corresponds to an NxM area in the higher resolution
drawing. In this particular example, N and M are both equal to four, which provides the
precision level of 1/16. Note, however, that other embodiments may have NxM areas where N

1s not equal to M, and the higher resolution can be set as desired. Note that use of the term

drawing does not necessarily implicate displaying of the map.

3
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[6037] " For each of the NxM areas, the method continues with counting 115 the number of
pixels associated with each source/color. For each pixel in the sub-pixel bitmap, the method
continues with storing 120 the source if there 1s only one, or if there 1s more than one, storing a
list of sources and their corresponding weights. As previously discussed, the weight of a

particular source is the number of pixels that has that source divided by the total number of

pixels in the NxM area.

[0038] The method proceeds with using 125 a run-length encoding to store the alternating

sequences of pixels in the sub-pixel bitmap with one source and more than one source. Thus,

the resulting sub-pixel bitmaps are made up of alternating sequences of single source pixels

and mixed source or “transition” pixels.

Compression
[0039] Figure 2 illustrates a method for improving performance and reducing the size of the

resulting maps produced by the method of Figure 1, in accordance with one embodiment of

the present invention.

{0040] Before describing this method, consider the following. When moving along a
horizontal line in an anti-aliased map, going from one area to another will change the color
over several pixels. So, for instance, when moving from a white area to a black area, there
will be a transition with pixels that are increasingly darker. When packing the data in a sub-
pixel bitmap, the data describes the alternating between single sources and transitions between
sources. Also, pixels on the border between two areas in a map will have colors that are a mix
of those two colors, where the mix 1s defined by how much of a pixel is covered by each color.
So if an image is showing black text on a white background, the pixels that are only partially

covered by the letters, will have varying degrees of gray, determined by how much of the

pixels area is covered by letters.

[0041] The method includes assigning 205 a priority to each source, which describes how
important the corresponding source 1s for the usability and readability of the map. To make
the sub-pixel bitmaps take up less space, the method continues with reducing 210 the number
of sources per pixel in the sub-pixel bitmap to two. For example, when a 4x4 area contains
pixels with more than two sources, select the two most important sources, based on priority

and how many pixels they cover. Then change the rest of the sources to one of the two

selected sources, so that the balance between the two selected sources 1s maintained as closely

as possible. Note that knowledge of the source colors to be used when converting, displaying

or printing the sub-pixel bitmaps at this point can be used when reducing the number of

9
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sources. For instance, if there are sources in a pixel that will be white, gray, and black when
displayed, calculate the average color for the pixel, then drop the gray and adjust the balance

between white and black so the resulting color 1s the same as the calculated average.

[0042] The method continues with dividing 215 the sub-pixel bitmap into tiles of a pre-
determined size, which 1n this example 1s 128x128 pixels. The method continues with, for
each line of pixels within each tile, storing 220 related source information and any
corresponding weights, wherein sources and weights are represented with B bits each and
sequence lengths are represented with B or C bits (e.g., B=4 and C=8; other embodiments will

be apparent light of this disclosure). For instance, the representation of a pixel line begins

with sourcel for lengthl pixels, then transitions to source2 over tran2 pixels, each with a

- weight, then show source2 for length2 pixels, then transition to source3 over tran3 pixels, and

so forth until the line is fully defined. This representation is repeated for each line of pixels in
a tile. If a pixel 1n a line goes from a single source directly to another single source, define the
transition as having length 0. If the pixels in a line go directly from one pair of sources to

another pair of sources, define the lengths of pixels with one source in between as having
length 0. If both the sources 1n the second pair are new, use first a O length line of single

source pixels, followed by a transition of length 0 and a second line of pixels with a single

source with length 0.

[0043] In one embodiment, the number of sources is limited to 16, so each source number
can be stored using only 4 bits. In addition, 4 bits can be used to represent each weight in a
transition. This 1s possible because when transitioning from one source to the next, the first

source will have a weight less than 16/16, and higher than 0/16, and therefore only values

from 1 to 15 are needed.

[0044] Also, the sources used for text can be defined. Here, it can be assumed that text is

always transitioning for a certain length before returning back to the color preceding it. Here,

a threshold can be set for text that defines how long the source transitioning into the text
source can be the only source while still being considered part of the same transition. In an

embodiment where the number of sources 1s limited to 16, a full range of weights from 0/16 to

16/16 can be used. In more detail, convert one of the weights to another weight, so the
welghts can be represqnted by 16 values, allowing them to be represented using only 4 bits.
For lengths of single source pixels and transitions, either 4 or 8 bits can be used, by choosing a
threshold value less than 15, and using 4 bits for lengths less than or equal to the threshold,
and 8 bits otherwise, with the eight bits interpreted as the first 4 bits value minus the threshold

10
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times 16 plus the last four bits value. This allows the processor/reader to take four bits, and
see if it’s a 4 or 8 bit length, and if it 1s an 8 bit length then take the next 4 bits. The threshold
should be chosen taking the nature of the map into account, in particular the distribution of

lengths of single source pixels sequences and lengths of transitions.

[0045] Based on the method of Figure 2, the sub-pixel bitmap can be represented as, for

each line of a tile, the source that starts each line, followed by as many sets as needed of: the

length of the sequence of pixels with the current source; the next source used; the length of the

transition to the next source; and the weights used in the transition, where source numbers and

weights are using 4 bits each and lengths are using 4 or 8 bits.

Secondary Compression

[0046] To make the tiles even smaller, a secondary compression method can be used that

defines the lengths and sources in each line following the first by the changes from the
preceding line, if there are any such changes. This secondary compression can be used when
size 1s relatively more important than decompression time (e.g., when moving tiles over a
network or storing them on the server). In such a case, the tiles can be partly decompressed

when they are stored 1n a place where the decompression times are more important (e.g., when

the tiles are in the client cache or pre-fetched in memory).

[0047] In one embodiment, if this secondary compression method is used, but the image has
more than 16 sources, select a number less than 16, and use that number of sources as normal.
Then use the rest of the 16 sources 1n a way that each time a source number not included
normally is needed in a pixel in the sub-pixel bitmap, one of the source numbers beyond the
number chosen 1s used, and this 1s then followed by 4 or 8 bits defining which of the extra
sources is being used. Use 4, 8 or more bits to define the extra sources, depending on how
many sources are associated with the image to be displayed or pninted.

[0048] If the number of normal sources 1s less than 15, an additional saving can be achieved
by applying the following logic: when a number beyond the normal source numbers is
encountered, that number will only be followed by a new source number, represented by 4 or 8
bits, if the number has not been used previously in the tile, and all the other numbers beyond

the normal source numbers have been used more recently. For example, if the chosen number

of normal sources 1s 13, there are three extra source numbers. Thus, a tile can now alternate
between two extra source numbers once they have been attached to two of the extra numbers,
without repeatedly using the 4, 8 or more bits, and still change which extra sources are used by

using the third of the extra source numbers. This can be used to include, for instance, signs in

8
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a map, where the colors used 1n the signs vary greatly in different parts, without needing more

than 4 bits per pixel to describe the sources 1n most cases, thereby reducing the amount of

storage needed for storing the sub-pixel bitmaps.

[0049] When the tiles containing sub-pixel bitmaps need to be displayed, or converted into
normal bitmaps, the sources need to be available. If each source is simply a color, then each
source is that color represented in the color space to which the sub-pixel bitmap is being
displayed in or converted. This could be, for example, a 16 or 24 bit RGB representation for
screen display, 8 bits if using grayscale or indexed colors or CMYK values for printing. Since
pixels in the sub-pixel bitmap can have more than one source, some pixels result in colors that
are a mix of two or more sources. In one particular embodiment, if the sub-pixel bitmap has

been reduced to only contain one qr two sources per pixel, and the sources used to display or

convert the sub-pixel bitmap are colors, then a table can be generated and stored with not just
the colors of the sources, but also the results of mixing any combination of two colors, 1n all
the possible combinations. If the precision of the sub-pixel bitmap is 1/16, this means that 15
mixed colors are needed for each possible transition between two colors. This table can then

be used to display or convert the sub-pixel bitmap, without having to recalculate the mixed
colors each time a pixel has more than one source.
[0050] With such a color table, a sub-pixel bitmap can be displayed or converted by running

through the data 1n the sub-pixel bitmap, and drawing or storing the alternating sequences of

single source pixels and mixed pixels, taking the colors and mixed colors from the sources and

tables respectively.

[0051] If the number of sources per pixel in the sub-pixel bitmap has not been reduced to
two, then another approach can be used, instead of having a color table with each mixed color.
Here, for each source, the color values multiplied with the weight for all levels of coverage can
be stored. In such a case, each pixel’s color is either the one source, or the sum of the values

from each source that corresponds to their weight. Note that sources with a weight of zero

will not contribute to the color of the pixel.

[0052] When sources are more than just a fixed color, the color of a pixel that is being
displayed or converted can either be fetched from a single source, or calculated as the
weighted sum of all the sources defining the pixel. Such sources can return colors based on

time, location of the pixel, images and textures, video, or any other definition of something
that should show up as an area on a map or similar types of graphics.
[0053]  Using Sub-pixel bitmaps for maps
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[0054] Figures 3a-3f illustrate the use of sub-pixel bitmaps for maps, in accordance with one
embodiment of the present invention.

[0055] To use sub-pixel bitmaps for maps, in accordance with an embodiment of the present
invention, let each type of area in the desired map image be a source, such as land, water,
freeways, railroads, road outlines, and text labels. In the example of Figure 3a, the map area
has two sources defined by vector data: park (P) and water (W). The area that will become a
row of P pixels wide in the actual map, is then drawn as a bitmap N times the size of the actual
map (assume for this example that N=4). So the area 1s divided into P pixels areas, each being
4x4 pixels, that will each be used to determine the sources and weights for the pixels in the
sub-pixel bitmap. In the example of Figure 3b, the number of pixels P is equal to 8, and N is
4. Note, however, that other values for P and N will be apparent in light of this disclosure, and
the present invention is not intended to be limited to any one such embodiment. Also, the P

pixels can be represented using NxM pixels (of the higher resolution drawing).

[0056] The sub-pixel bitmaps are then generated so that each pixel 1s defined as belonging to
one or more of these sources, with weights. The result 1s a way of representing the map, after
it has been determined how the different sources in the map are covering the pixels, that
allows the sources to change colors for display or printing without changing the sub-pixel
bitmap. This technique is efficient compared to other ways of storing the rendered map as a
bitmap, and is very fast to display, print, or convert to an normal bitmap. In the example of
Figure 3c, the sub-pixel bitmap data for the row of 8 pixels 1s shown. As can be seen, the 8
pixels include: P16 (source includes park only with a weight of 16); P16 (source includes park
only with a weight of 16); P15/W1 (sources include park and water with respective weights of
15 and 1); P12 and W4 (sources include park and water with respective weights of 12 and 4);
P6 and W10 (sources include park and water with respective weights of 6 and 10); W16
(source includes water only with a weight of 16); W16 (source includes water only with a

weight of 16); and W16 (source inoludes water only with a weight of 16).

[0057] A run length representation of the sub-pixel bitmap data of Figure 3c 1s shown in
Figure 3d, in readable form. As can be seen, the representation 1s: start with the park source
(P), and use that source for two pixels. Then transition to the water source (W) over three
pixels with weights of 1, 4, and 10. Then, use that source W for three pixels. Note that the
total weight for each pixel is 16, whether a single source pixel (e.g., P16 and W16) or a
multiple source transition pixel (e.g., P15/W1, P12/W4, and P6/W10). Thus, the impact of
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each source on each pixel is represented. The reconstructed sub-pixel bitmap data for this
example is shown in Figure 3e.

[0058] The sub-pixel bitmap data is then combined with a color table containing the single
source colors park (P) and water (W), as well as the multi-source or “weighted” colors
between the single source colors. In the example of Figure 3f, there are 15 weighted colors
between the single source colors. Thus, the color table in this example has a total of 17 color
entries. Other weight and color matching schemes are possible here, and the present invention
is not intended to be limited to any one particular such scheme. In this example, the process

produces a sub-pixel bitmap that includes 8 pixels with the transitional colors used to display

the map.

[0059] By dividing the sub-pixel bitmap into tiles, parts of the map can be accessed directly,
allowing the map tiles to be placed on a server that then transmits them to a client on request.
To make the server fast, a map for a whole area can be saved as map tiles represented as sub-

pixel bitmaps, saving the server from having to access map data and generate maps on request.

[0060] Using sub-pixel bitmaps also makes it possible to have the same map tiles displayed

in a wide variety of ways, simply by changing the sources used to display, print or convert
them. These vanations include colors, color space, bit-depth, textures and more. It is also

possible to join different sources, by having both sources return the same values, which
enables a number of map display options. For instance, a road with an outline can be shown
as a narrower road without outline by letting the source for the outline return the same values
as the background around the road. Alternatively, it can be shown as a wider road centerline

without outline by letting the outline source return the same values as the road surface source.

[0061] Text on roads can be hidden by letting the text source return the same values as the
road’s source. Even areas that are meant to be displayed with the same color can be defined as

different sources, allowing them to be displayed differently when the sources return different

values or the same when the sources return the same values. So for instance, if major and

minor roads both have black text labels, giving the labels different sources allows the map to
be displayed with or without the text labels for the minor roads, by changing the source for

these text labels between black and the road color for minor roads.

[0062] One way to generate the sub-pixel bitmaps for a map in accordance with an
embodiment of the present invention is to use the standard ways of drawing maps, while
assigning one unique color to each area/source, and drawing the map larger than the final map

is supposed to be displayed. Then, for each pixel in the sub-pixel bitmap, find the area in the
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drawn map that corresponds to that pixel’s area and count the occurrences of each color.
Since each color 1s tied to one source, this provides the input needed for the sub-pixel bitmap.
In this way, the colors used to draw the large map are only used to determine which areas
cover which pixels and by how much. They have no mfluence, however, on the actual colors
used to display or print the map. 'Rather, these actual colors are determined by the sources
used to display, print or convert the sub-pixel bitmap. The size at which the map 1S drawn
determines the precision of the weights in the sub-pixel bitmap. To use the techniques
previously described, drawing the map at four times the intended size is enough to get the
needed weights, since each pixel in the sub-pixel bitmap corresponds to a 4x4 pixel area in the
drawn map. If desired, the maps can be drawn even bigger, improving the precision of the

weights, both if the weight are stored with a higher precision than 1/16 and if they only are

stored with 1/16 precision.

Serving Maps Using Sub-Pixel Bitmaps

{0063] To serve a map using sub-pixel bitmaps in accordance with an embodiment of the
present invention, place all the tiles on a storage medium, and allow them to be transmitted to

a client on request. Such a map tile serving system 1s discussed in detail in U.S. Patent No.

!

7.599,790 titled "Generating and Serving Tiles in a Digital Mapping System." Having the
map saved on the server in tiles containing sub-pixel bitmaps means the server does not have

to go through the steps of accessing geographical data, drawing a map based on o the data,

and converting that map into a standard bitmap format prior to transmitting 1t to the client.
This allows the map serving to be much more responsive, when the chient requests map tiles
represented as sub-pixel bitmaps. A server is any system or device that is capable of
delivering data to another system or device, here typically a computer on a network that lets
other computers request and receive maps. A client is any system or device that 1s capable of
receiving and displaying maps, here typically a computer on a network, or a smaller device
that can request maps in some way.

[0064] Even if the client that displays the map does not handle map tiles containing sub-
pixel bitmaps, the performance of a map server can be improved by using map tiles
represented as sub-pixel bitmaps. For example, assume that a client requests an area. In
response, the server accesses the map tiles needed for the area, converts the tiles into a normal
bitmap format using a set of sources, and transmits the combined result to the client. Note that
the client can also request individual tiles, which are then converted and sent to the client. In

that case, the conversion makes 1t possible to serve tiles in different formats and using
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different color schemes, while only storing one copy of the map, represented as sub-pixel
bitmaps.

[0065] The server can have access to all the tiles needed for a specific area, convert the tiles
to information about sources and weights, crop the information to exactly match the requested
area, and generate a new sub-pixel bitmap based on the cropped information, and serve that to
the client. This is particularly useful if the use of bandwidth, client storage, processing power

and the size of the client display is limited, as for instance when serving maps to a cell phone

or other handheld device, since only the exact area that 1s needed on the client 1s transmitted

and stored on the client.

[0066] In one embodiment, accessing map tiles from local storage on the server can be made
more efficient, by saving multiple tiles in single files, and keeping track of which tiles are
savéd and where. By letting tiles that are adjacent in the map be stored in a single file, the
number of seek operations needed to serve a set of tiles to a client can be reduced, assuming
the server keeps the whole file in cache memory for a while, and retrieves data from cache
memory when it is available in memory before accessing the local storage. So, when a tile 1s
requested, the server determines which file it is in, checks if that file 1s already in cache
mernofy, and if so, transmits the tile from there. If the file the tile belongs to 1s not in cache
memory, then the server reads that file in from the local storage, and then transmits the tile
from there and keeps the file in cache memory as long as possible (e.g., until it gets pushed out

to serve other tiles). This way, when a server requests a set of tiles in the same area, the

number of times the server has to access local storage 1s reduced.

[0067] To further reduce the response time of the server, when saving a set of tiles, the order
of the tiles in the file can be such that they are read in a spiral starting from the outside of the
area and spiraling inwards. This way, when a client moving through a map 1s approaching the

area in a file, the tiles that are first requested because they are on the outer edge of the area are

the ones placed first in the file, independent of which direction the area 1s approached from by

"the client. In one such embodiment, if the local storage on the server benefits from it, save the

files containing spirals in larger files, and access the individual spirals directly, without
reading the entire file. In this particular case, index information can be stored describing
where each spiral begins separately from the files containing the spirals. This index

information can be loaded into cache memory for the surrounding areas when a client has

requested a tile in a given area, so"the next request close to the first does not require loading
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the index information again. If possible, keep all index information in cache memory to

reduce response time. The size of the cache can be set accordingly.

[0068] In another embodiment, to make the response of the map tile serving system faster
for a client that needs more than a single map tile, a client request is allowed to contain a list
of needed tiles. Here, the server transmits all the tiles as a single response to such a request.’
To further enhance the performance, the client is allowed to modify the list of tiles while 1t is
being transmitted, if for instance the user of the client has moved to a different part of the map.
Such a modification can be, for example, in the form of a new request, referring to the
previous request, or a command sent to the server from the client. The server then informs the
client of which tiles from the original request will be dropped and which tiles will be added,
either by responding to the second request with the information, or by having the response

containing the tiles precede each tile with data describing which tile 1s next.

Pre-fetching and Caching

[0069] To make navigation of a map more responsive when a client is getting map tiles from
a server or from any location from which getting the tiles causes delays in the display of the

map, the client can be configured to pre-fetch and cache the tiles, in accordance with another
embodiment of the present invention.

[0070] In one particular case, pre-fetching means the client first gets the map tiles that are
needed to draw the currently visible part of the map, and then continues to get the all tiles
surrounding the visible area within a pre-determined distance, as well as the tiles that would be
needed to show the map at zoom levels above or below the current zoom level. The pre-
fetched tiles are kept by the client and are thus ready to be displayed instantly if the user
navigates into the area surrounding the currently visible area. As the user navigates the map,

the client constantly pre-fetches the surrounding areas and zoom levels, as soon as all the

visible tiles have been retrieved, making the map display more responsive.

[0071] Caching means the client is using local storage, such as a hard drive or cache
memory (e.g., RAM), to store the map tiles it receives from the server, and checks this cache
for a given tile before requesting it from the server. So any tile that has been displayed or pre-
fetched once is present in the cache (unless it has been pushed out by other more recently
viewed tiles, particularly in an embodiment where the cache size is fixed or otherwise limited),

and therefore it can be displayed faster than if it would have to be requested from the server.

{0072] The cache can have a fixed size limit, and if so the tiles that are least likely to be

needed again, based on various criteria (such as time since last use, frequency of use, distance
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from normally navigated areas etc.), can be deleted to make room for new tiles as they are
received from the server. To make the caching as efficient as possible, instead of saving
individual tiles, a set of adjacent tiles can be saved in a single file, where the index information
associated with that file is stored separate. Here, the same spiraling pattern as on the server
can be used, but allow some tiles in the spiral to be missing, if they are not 1n the cache. Each
time a map tile from a file is requested, load the whole file into memory, and add new tiles that
are received from the server. If new tiles in the area have been received from the server, and
the client navigates away from the area or if the memory used 1s needed for something else,

then save all the map tiles in the area again in the order based on the spiral, and update the file

index information aécordingly.

Gamma
[0073] Display devices emit light based on values defining the color of a pixel, but the
amount of light emitted is normally not a linear function of the binary value for RG and B.
Instead, a gamma value is used so that, for instance, the red light emitted from a pixel 1s the
value (L*R”gamma), where L is some fixed amount of light and gamma typically is in the
range from 1.6 to 2.2 for a computer display. Generally stated, display devices use a gamma

value to determine how much light should be emitted from a pixel, based on the mput value

for that pixel.

[0074] In one embodiment, to get the most correct color for a pixel with more than one
source, the color is calculated based on the colors defined by the sources, the weights and the
gamma value used by the display. The gamma value for a display defines how much light 1s
emitted by a pixel, based on the R, G and B values of the pixel. For example, 1f a pixel 1s
defined by two sources, each with t50% weight, the pixel’s colors can be calculated as the sum

of 50% of each color value. But since the actual light output of a pixel 1s defined by value *
gamma, this is not correct. By using the formula:

R=((Wl*Rl”Gamma)+(W2*R2"Gamma)) " (1 /gamma)

to calculate the red value (R) for a pixel where the color 1s defined by two sources as R1 and
R2 with weights W1 and W2, the R value is the same as the amount of red light that would
have been emitted from the pixel on the screen, if it had been partially emutting red light with
the values R1 and R2 divided by the weights W1 and W2. The same formula can be used to

calculate the green (G) and blue (B) values, and expanded when there are more than two

sources for a pixel.
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[6075] Instead of going through this type of calculation for each pixel in a sub-pixel bitmap,

the calculations can be done once, when tables with mixed colors for transitions are generated

as previously discussed, or when the colors multiplied with weights are calculated when pixels

can have more than two sources.

High Resolution Printing

[0076] In accordance with another embodiment, when a map is stored using sub-pixel
bitmaps, the map can be displayed on a screen with each pixel either defined by one source, or
defined by the result of combining multiple sources, based on their weights. This makes 1t
possible to display an anti-aliased map on the screen, and the same anti-aliased map can be
used for printing. But for printing, having a higher resolution bitmap without anti-aliasing will |
produce better results (this is because printers generally can produce images with a higher DPI
than displays). |

[0077] To achieve this, a supplemental printing tile can be generated with the sub-pixel
bitmap tiles. The supplemental printing tiles contain information for the pixels in the sub-
pixel bitmap that have references to more than one source. For each of these pixels, the
information describes which part of the pixel is defined by which source. Combining a map
tile with the corresponding supplemental printing tile results in a higher resolution bitmap

without anti-aliasing, which can be used for high resolution printing.

[0078] If the sub-pixel bitmap is reduced to only contain one or two sources for each pixel,
the supplemental printing tiles only need a single bit for each pixel at the higher resolution. So
if the original map was drawn at 4 times the size to generate the sub-pixel bitmaps, the
supplemental printing tiles can use each 4x4 pixel in that bitmap to define which sub-pixels 1n
the sub-pixel bitmaps belongs to which source. So a supplemental printing tile for a tile based
on a 4x map drawing that has been reduced to a maximum of two sources per pixel, contains
16 bits per pixel in the tile that has two sources. If pixels in the tile can have more than two
sources, more than one bit per sub-pixel will be needed. Further note that 1f the sub-pixel
bitmap is generated based on a map that is more than four times larger than the map 1n the sub-

pixel bitmaps, then even a higher resolution can be defined by the supplemental printing tiles,
making the print quality even higher.
[0079] Thus, to achieve higher-quality hardcopies of map images-in one embodiment, map

views can be re-assembled using print resolution tiles. Figures 4a, 4b, and 4c depict an

example set of map image tiles of different resolutions for high-quality printing of map images

according to one embodiment of the present invention. Because one such embodiment uses
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HTML IMG elements to place tiles in the tile grid, two images of the same map tile, with one
at size 128x128 pixels (Figure 4a), and the other of size 512x512 pixels (Figure 4b) may be

used for display and printing purposes, respectively. Figure 4c is a high-resolution version of

the image shown in Figure 4a. Note the lack of clanty or crispness in the text in Figure 4a
compared to the text in the high resolution print of Figure 4c. Using this observation, in
response to a print request from a user, the current map view may be re-assembled using print-

resolution tiles to achieve a superior print output.

[0080] The foregoing description of the embodiments of the invention has been presented
for the purposes of illustration and description. It is not intended to be exhaustive or to limit
the invention to the precise form disclosed. Many modifications and variations are possible 1n
light of this disclosure. It is intended that the scope of the invention be limited not by this

detailed description, but rather by the claims appended hereto.
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What is claimed is:
1. A sub-pixel bitmap tile serving system configured to serve tiles in response to
requests from a user, comprising:

a plurality of front end tile servers for serving one or more sub-pixel bitmap tiles
requested by a user;

a request distributor for distributing requests for sub-pixel bitmap tiles between the
plurality of front end tile servers; and

a plurality of back end tile servers communicatively coupled with the plurality ot
front end tile servers, each back end tile server having access to the sub-pixel bitmap tiles,
and configured to provide requested sub-pixel bitmap tiles to a corresponding front end tile

SCIVCT.

2. The system of claim 1 wherein the user uses a processing device to request sub-pixel
bitmap tiles, and the system is configured to cache sub-pixel bitmap tiles on the processing

device.

3. The system of claim 1 wherein the system is configured to pre-fetch sub-pixel
bitmap tiles, so that tiles needed to draw a requested graphic represented by one or more
sub-pixel bitmap tiles, as well as a number of sub-pixel bitmap tiles surrounding the

requested graphic within a pre-determined distance, are served to a user.

4, The system of claim 2 wherein sub-pixel bitmap tiles associated with one or more

zoom levels are also pre-fetched and served.

5. The system of claim 3 wherein the user uses a processing device to request sub-pixel

bitmap tiles, and pre-fetched tiles are cached on the processing device.

6. The system of claim 2 or 4 wherein sub-pixel bitmap tiles that are least likely to be

used, based on established criteria, are deleted from the cache.

7. The system of claim 2, 4 or 6 wherein caching sub-pixel bitmap tiles includes

caching a set of adjacent tiles as a single file, where index information associated with that

file is stored separately.
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