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(57) ABSTRACT 

Large-scale images are retrieved over network communica­
tions channels for display on a client device by selecting an 
update image parcel relative to an operator controlled image 
viewpoint to display via the client device. A request is pre­
pared for the update image parcel and associated with a 
request queue for subsequent issuance over a communica­
tions channel. The update image parcel is received from the 
communications channel and displayed as a discrete portion 
of the predetermined image. The update image parcel opti­
mally has a fixed pixel array size, is received in a single and or 
plurality of network data packets, and is constrained to a 
resolution less than or equal to the resolution of the client 
device display. 

20 Claims, 5 Drawing Sheets 
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OPTIMIZED IMAGE DELIVERY OVER 
LIMITED BANDWIDTH COMMUNICATION 

CHANNELS 

PRIORITY CLAIMS/RELATED APPLICATIONS 

This application is a continuation of and claims priority 
under 35 USC 120 to U.S. patent application Ser. No. 10/035, 
987 filed on Dec. 24, 2001 and entitled "Optimized image 
delivery over limited bandwidth communication channels" 
which in tum claims the benefit nnder 35 USC 119( e) ofU.S. 
Provisional Application Nos. 60/258,488, 60/258,489, 
60/258,465, 60/258,468, 60/258,466, and 60/258,467, all 
filed Dec. 27, 2000, all of which are incorporated herein by 
reference. The present application is also related to the co­
pending application Ser. No. 10/035,981 entitled "System 
and Methods for Network Image Delivery with Dynamic 
Viewing Frustum Optimized for Limited Bandwidth Com­
munication Channels, Levanon eta!., filed on Dec. 24, 2001 
(now U.S. Pat. No. 7,139,794 issued on Nov. 21, 2006 and 
which is assigned to the Assignee of the present Application. 

FIELD 

The disclosure is related to network based, image distribu­
tion systems and, in particular, to a system and methods for 
efficiently selecting and distributing image parcels through a 
narrowband or otherwise limited bandwidth communications 
channel to support presentation of high-resolution images 
subject to dynamic viewing frustums. 

BACKGROUND 

The Internet and or other network systems may provide a 
unique opportunity to transmit for example complex images, 
typically large scale bit-maps, particularly those approaching 
photo-realistic levels, over large area and or distances. In 
common application, the images may be geographic, topo­
graphic, and or other highly detailed maps. The data storage 
requirements and often proprietary nature of such images 
could be such that conventional interests may be to transfer 
the images on an as-needed basis. 

In conventional fixed-site applications, the image data may 
be transferred over a relatively high-bandwidth network to 
client computer systems that in tum, may render the image. 
Client systems may typically implement a local image navi­
gation system to provide zoom and or pan functions based on 
user interaction. As well recognized problem with such con­
ventional systems could be that full resolution image presen­
tation may be subject to the inherent transfer latency of the 
network. Different conventional systems have been proposed 
to reduce the latency affect by transmitting the image in 
highly compressed formats that support progressive resolu­
tion build-up of the image within the current client field of 
view. Using a transform compressed image transfer function 
increases the field of the image that can be transferred over a 
fixed bandwidth network in unit time. Progressive image 
resolution transmission, typically using a differential resolu­
tion method, permits an approximate image to be quickly 
presented with image details being continuously added over 
time. 

Tzou, in U.S. Pat. No. 4,698,689, describes a two-dimen­
sional data transform system that supports transmission of 
differential coefficients to represent an image. Subsequent 
transmitted coefficient sets are progressively accumulated 
with prior transmitted sets to provide a succeedingly refined 
image. The inverse-transform function performed by the eli-

2 
ent computer is, however, highly compute intensive. In order 
to simplifY the transform implementation and further reduce 
the latency of presenting any portion of an approximate 
image, images are sub-divided into a regular array. This 
enables the inverse-transform function on the client, which is 
time-critical, to deal with substantially smaller coefficient 
data sets. The array size in Tzou is fixed, which leads to 
progressively larger coefficient data sets as the detail level of 
the image increases. Consequently, there is an inherently 

10 increasing latency in resolving finer levels of detail. 
An image visualization system proposed by Yap eta!., U.S. 

Pat. No. 6,182,114, overcomes some of the foregoing prob­
lems. The Yap eta!. system also employs a progressive encod­
ing transform to compress the image transfer stream. The 

15 transform also operates on a subdivided image, but the divi­
sion is indexed to the encoding level of the transform. The 
encoded transform coefficient data sets are, therefore, of con­
stant size, which supports a modest improvement in the algo­
rithmic performance of the inverse transform operation 

20 required on the client. 
Yap eta!. adds utilization of client image panning or other 

image pointing input information to support a foveation­
based operator to influence the retrieval order of the subdi­
vided image blocks. This two-dimensional navigation infor-

25 mation is used to identifY a foveal region that is presumed to 
be the gaze point of a client system user. The foveation opera­
tor defines the corresponding image block as the center point 
of an ordered retrieval of coefficient sets representing a vari­
able resolution image. The gaze point image block represents 

30 the area of highest image resolution, with resolution reduc­
tion as a function of distance from the gaze point determined 
by the foveation operator. This technique thus progressively 
builds image resolution at the gaze point and succeedingly 
outward based on a relatively compute intensive function. 

35 Shifts in the gaze point can be responded to with relative 
speed by preferentially retrieving coefficient sets at and near 
the new foveal region. 

Significant problems remain in permitting the convenient 
and effective use of complex images by many different types 

40 of client systems, even with the improvements provided by 
the various conventional systems. In particular, the imple­
mentation of conventional image visualization systems is 
generally unworkable for smaller, often dedicated or embed­
ded, clients where use of image visualization would clearly be 

45 beneficial. Conventional approaches effectively presume that 
client systems have an excess of computing performance, 
memory and storage. Small clients, however, typically have 
restricted performance processors with possibly no dedicated 
floating-point support, little general purpose memory, and 

50 extremely limited persistent storage capabilities, particularly 
relative to common image sizes. A mobile computing device 
such as mobile phone, smart phone, and or personal digital 
assistant (PDA) is a characteristic small client. Embedded, 
low-cost kiosk and or automobile navigation systems are 

55 other typical examples. Such systems are not readily capable, 
if at all, of performing complex, compute-intensive Fourier or 
wavelet transforms, particularly within a highly restricted 
memory address space. 

As a consequence of the presumption that the client is a 
60 substantial computing system, conventional image visualiza­

tion systems also presume that the client is supported by a 
complete operating system. Indeed, many expect and require 
an extensive set of graphics abstraction layers to be provided 
by the client system to support the presentation of the deliv-

65 ered image data. In general, these abstraction layers are con­
ventionally considered required to handle the mapping of the 
image data resolution to the display resolution capabilities of 
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the client system. That is, resolution resolved image data 
provided to the client is unconstrained by any limitation in the 
client system to actually display the corresponding image. 
Consequently, substantial processor performance and 
memory can be conventionally devoted to handling image 
data that is not or cannot be displayed. 

Another problem is that small clients are generally con­
strained to generally to very limited network bandwidths, 
particularly when operating nnder wireless conditions. Such 
limited bandwidth conditions may exist due to either the 10 

direct technological constraints dictated by the use of a low 
bandwidth data channel or indirect constraints imposed on 
relatively high-bandwidth channels by high concurrent user 
loads. Cellular connected PDAs and webphones are examples 
of small clients that are frequently constrained by limited 15 

bandwidth conditions. The conventionally realizable maxi­
mum network transmission bandwidth for such small devices 
may range from below one kilobit per second to several tens 

4 
A further advantage of the present invention is that the 

client software system requires relatively minimal client pro­
cessing power and storage capacity. Compute intensive 
numerical calculations are minimally required and image 
parcel data is compactly stored in efficient data structures. 
The client software system is very small and easily down­
loaded to conventional computer systems or embedded in 
conventional dedicated function devices, including portable 
devices, such as PDAs and webphones. 

Still another advantage of the present invention is that 
image parcel data requests and presentation can be readily 
optimized to use low to very low bandwidth network connec­
tions. The software system of the present invention provides 
for re-prioritization of image parcel data requests and presen­
tation in circumstances where the rate of point-of-view navi­
gation exceeds the data request rate. 

Yet another advantage of the present invention is that image 
parcel data rendering is performed without requiring any of kilobits per second. While Yap et a!. states that the 

described system can work over low bandwidth lines, little 
more than utilizing wavelet-based data compression is 
advanced as permitting effective operation at low communi­
cations bandwidths. While reducing the amount of data that 
must be carried from the server to the client is significant, Yap 
et a!. simply relies on the data packet transfer protocols to 
provide for an efficient transfer of the compressed image data. 
Reliable transport protocols, however, merely mask packet 
losses and the resultant, sometimes extended, recovery laten­
cies. When such covered errors occur, however, the aggregate 
bandwidth of the connection is reduced and the client system 
can stall waiting for further image data to process. 

20 complex underlying hardware or software display subsystem. 
The client software system of the present invention includes a 
bit-map rendering engine that draws directly to the video 
memory of the display, thus placing minimal requirements on 
any underlying embedded or disk operating system and dis-

25 play drivers. Complex graphics and animation abstraction 
layers are not required. 

Still another advantage of the present invention is that 
image parcel block compression is used to obtain fixed size 
transmission data blocks. Image parcel data is recoverable 

30 from transmission data using a relatively simple client 
decompression algorithm. Using fixed size transmission data 
blocks enables image data parcels to be delivered to the client 
in bounded time frames. 

Consequently, there remains a need for an image visual­
ization system that can support small client systems, place 
few requirements on the supporting client hardware and soft­
ware resources, and efficiently utilize low to very low band- 35 

width network connections. 

SUMMARY 

A yet further advantage of the present invention is that 
multiple data forms can be transferred to the client software 
system for concurrent display. Sparse array overlay data, 
correlated positionally to the image parcel data and generally 
insensitive to image parcel resolution, can be initially or 

Thus, a general purpose of the present invention is to pro­
vide an efficient system and methods of optimally presenting 
image data on client systems with potentially limited process­
ing performance, resources, and communications bandwidth. 

40 progressively provided to the client for parsing and parallel 
presentation on a client display image view. 

This is achieved in the present invention by providing for 
the retrieval oflarge-scale images over network communica- 45 

tions channels for display on a client device by selecting an 
update image parcel relative to an operator controlled image 
viewpoint to display via the client device. A request is pre­
pared for the update image parcel and associated with a 
request queue for subsequent issuance over a communica- 50 

tions channel. The update image parcel is received from the 
communications channel and displayed as a discrete portion 
of the predetermined image. The update image parcel opti­
mally has a fixed pixel array size, is received in a single and or 
plurality of network data packets, and may be constrained to 55 

a resolution less than or equal to the resolution of the client 
device display. 

An advantage of the present invention is that both image 
parcel data requests and the rendering of image data are 
optimized to address the display based on the display resolu- 60 

tion of the client system. 
Another advantage of the present invention is that the pri­

oritization of image parcel requests is based on an adaptable 
parameter that minimizes the computational complexity of 
determining request prioritization and, in turn, the progres- 65 

sive improvement in display resolution within the field of 
view presented on a client display. 

BRIEF DESCRIPTION OF THE DRAWINGS 

These and other advantages and features of the present 
invention will become better understood upon consideration 
of the following detailed description of the invention when 
considered in connection with the accompanying drawings, 
in which like reference numerals designate like parts through­
out the figures thereof, and wherein: 

FIG. 1 depicts a preferred system environment within 
which various embodiments of the present invention can be 
utilized; 

FIG. 2 is a block diagram illustrating the preparation of 
image parcel and overlay data set that are to be stored by and 
served from a network server system in accordance with a 
preferred embodiment of the present invention; 

FIG. 3 is a block diagram of a client system image presen­
tation system constructed in accordance with a preferred 
embodiment of the present invention; 

FIG. 4 provides a data block diagram illustrating an opti­
mized client image block processing path constructed in 
accordance with a preferred embodiment of the present 
invention; 

FIG. 5 is a process flow diagram showing a main process­
ing thread implemented in a preferred embodiment of the 
present invention; 
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FIG. 6 provides a process flow diagram showing a network 
request thread implemented in a preferred embodiment of the 
present invention; 

FIG. 7 provides a process flow diagram showing a display 
image rendering thread implemented in a preferred embodi­
ment of the present invention; 

FIG. 8 provides a process flow diagram showing the parcel 
map processing performed preliminary to the rendering of 
image data parcels in accordance with a preferred embodi­
ment of the present invention; 

FIG. 9 provides a process flow diagram detailing the ren­
dering and progressive prioritization of image parcel data 
download requests in accordance with a preferred embodi­
ment of the present invention; and 

FIG. 10 provides a process flow diagram detailing the 
determination of an optimal detail level for image parcel 
presentation for a current viewing frustum in accordance with 
a preferred embodiment of the present invention. 

DETAILED DESCRIPTION OF ONE OR MORE 
EMBODIMENTS 

The preferred operational environment 10 of the present 
invention is generally shown in FIG. 1. A network server 
system 12, operating as a data store and server of image data, 
is responsive to requests received through a communications 
network, such as the Internet 14 generally and various tiers of 
internet service providers (ISPs) including a wireless connec­
tivity provider 16. Client systems, including conventional 
workstations and personal computers 18 and smaller, typi­
cally dedicated function devices often linked through wire­
less network connections, such as PDAs, webphones 20, and 
automobile navigation systems, source image requests to the 
network server 12, provide a client display and enable image 
navigational input by a user of the client system. Alternately, 
a dedicated function client system 20 may be connected 
through a separate or plug-in local network server 22, pref­
erably implementing a small, embedded Web server, to a fixed 
or removable storage local image repository 24. Characteris­
tically, the client system 18, 20 displays are operated at some 
fixed resolution generally dependent on the underlying dis­
play hardware of the client systems 18, 20. 

The image navigation capability supported by the present 
invention encompasses a viewing frustum placed within a 
three-dimensional space over the imaged displayed on the 
client 18, 20. Client user navigational inputs are supported to 
control the x, y lateral, rotational and z height positioning of 
the viewing frustnm over the image as well as the camera 
angle of incidence relative to the plane of the image. To effect 
these controls, the software implemented on the client sys­
tems 18, 20 supports a three-dimensional transform of the 
image data provided from the server 12, 22. 

In accordance with the preferred embodiments of the 
present invention, as generally illustrated in FIG. 2, a network 
image server system 30 stores a combination of source image 
data 32 and source overlay data 34. The source image data 32 
is typically high-resolution bit-map raster map and or satellite 
imagery of geographic regions, which can be obtained from 
commercial suppliers. The overlay image data 34 is typically 

6 
The network image server system 30 preferably pre-pro­

cesses the source image data 32 and or source overlay data 34 
to forms preferred for storage and serving by the network 
server 12, 22. The source image data 32 is preferably pre­
processed to obtain a series K.sub.1-N of derivative images of 
progressively lower image resolution. The source image data 
32, corresponding to the series image K.sub.O, is also subdi­
vided into a regular array such that each resulting image 
parcel of the array has for example a 64 by 64 pixel resolution 

10 where the image data has a color or bit per pixel depth of 16 
bits, which represents a data parcel size of SK bytes. The 
resolution of the series K.sub.1-N of derivative images is 
preferably related to that of the source image data 32 or 
predecessor image in the series by a factor of four. The array 

15 subdivision is likewise related by a factor of four such that 
each image parcel is of a fixed SK byte size. 

In the preferred embodiment of the present invention, the 
image parcels are further compressed and stored by the net­
work server 12, 22. The preferred compression algorithm 

20 may implements for example a fixed 4:1 compression ratio 
such that each compressed and stored image parcel has a fixed 
2K byte size. The image parcels are preferably stored in a file 
of defined configuration such that any image parcel can be 
located by specification of a K.sub.D, X, Y value, represent-

25 ing the image set resolution index D and corresponding image 
array coordinate. 

The source overlay data 34 is preferably pre-processed 36 
into either an open XML format, such as the Geography 
Markup Language (GML ), which is an XML based encoding 

30 standard for geographic information developed by the 
OpenGIS Consortium (OGC; www.opengis.org), or a propri­
etary binary representation. The XMLIGML representation is 
preferred as permitting easier interchange between different 
commercial entities, while the binary representation is pre-

35 ferred as more compact and readily transferable to a client 
system 18, 20. In both cases, the source overlay data 34 is 
pre-processed to contain the armotation data preferably in a 
resolution independent form associated with a display coor­
dinate specification relative to the source image data 32. The 

40 XML, GML or binary overlay data may be compressed prior 
to storage on the network server 12, 22. 

The preferred architecture 40 of a client system 18, 20, for 
purposes of implementing the present invention, is shown in 
FIG. 3. The architecture 40 is preferably implemented by a 

45 software plug-in or application executed by the client system 
18, 20 and that utilizes basic software and hardware services 
provided by the client system 18, 20. A parcel request client 
42 preferably implements an HTML client that supports 
HTML-based interactions with the server 12, 22 using the 

50 underlying network protocol stack and hardware network 
interface provided by the client systems 18, 20. A central 
parcel processing control block 44 preferably implements the 
client process and control algorithms. The control block 44 
directs the transfer of received image parcels and XMLI 

55 GML/binary overlay data to a local parcel data store 46. 
Preferably image data parcels are stored in conventional 
quad-tree data structures, where tree nodes of depth D corre­
spond to the stored image parcels of a derivative image of 
resolution KD. The XMLIGML/binary overlay data is pref-

60 erably stored as a data object that can be subsequently read by 
an XMLIGML/binary parser implemented as part of the con­
trol block 44. 

a discrete data file providing image annotation information at 
defined coordinates relative to the source image data 32. In 
the preferred embodiments of the present invention, image 
annotations include, for example, street, building and land­
mark names, as well as representative 2 and 3D objects, 65 

graphical icons, decals, line segments, and or text and or other 
characters, graphics and or other media. 

The control block 44 is also responsible for decompressing 
and directing the rendering of image parcels to a local display 
by a rendering engine 48. Preferably, the rendering engine 48 
writes to the video memory of the underlying client display 
hardware relying on only generic graphics acceleration hard-
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ware capabilities. In general, the relied on capabilities include 
bit-bit and related bit-oriented functions that are readily sup­
ported by current conventional display controller hardware. 
The rendering engine 48 is optimized to perform image parcel 
texture mapping without reliance on complex floating point 
operations, permitting even relatively simple processors to 
efficiently execute the rendering engine 48. 

8 
progressively identified for download, a free request thread is 
employed to issue 88 a corresponding network request to the 
server 12, 22. When a network response is received, the 
corresponding thread recovers 90 the image parcel data. The 
received image parcel is then stored 92 in a corresponding 
quad-tree data structure node. 

For small clients 20, the available memory for the parcel 
data store 46 is generally quite restricted. In order to make 
optimal use of the available memory, only currently viewable 

Changes in the viewing frustum are determined from user 
input navigation commands by a frustum navigation block 
50. In the preferred embodiments of the present invention, the 
input navigation controls are modeled for three-dimensional 
fly-over navigation of the displayed image. The navigation 
controls support point-of-view rotation, translation, attitude, 
and altitude over the displayed image. The effective change in 
viewing frustum as determined by the frustum navigation 
block 50 is provided to the control block 44. 

10 image parcels are subject to download. Where the size of the 
parcel data store 46 is not so restricted, this constraint can be 
relaxed. In either case, a memory management process 94 
runs to monitor use of the parcel data store 46 and selectively 
remove image parcels to free memory for newly requested 

15 image parcels. Preferably, the memory management process 
94 operates to preferentially remove image parcels that are 
the furthest from the current viewing frustum and that have 
the highest data structure depth. Child node image parcels are 

The control block 44, based in part on changes in the 
viewing frustum, determines the ordered priority of image 
parcels to be requested from the server 12, 22 to support the 
progressive rendering of the displayed image. The image 20 

parcel requests are placed in a request queue 52 for issuance 

always removed before a parent node parcel is removed. 
A preferred network request management process 100 is 

shown in FIG. 6. The process 100 waits 102 on the existence 
of a download request in the priority request queue 52. The 
process 100 then waits on a network request pool thread to 
become free 104. When a network request thread becomes 

by the parcel request client 42. Preferably, the pending 
requests are issued in priority order, thereby dynamically 
reflecting changes in the viewing frustum with minimum 
latency. 

An optimal image parcel data flow 60, as configured for use 
in the preferred embodiments of the present invention, is 
shown in FIG. 4. Preferably, the TCP/IP network protocol is 
used to deliver image parcels to the clients 18, 20. For the 
preferred embodiments, where network bandwidth is limited 

25 available, the process 100 examines 106 all of the pending 
requests in the priority request queue 52 and selects 108 the 
request with the highest assigned priority. Thus, sequentially 
enqueued requests can be selectively issued out of order 
based on an independently assigned request priority. The 

or very limited, entire image parcels are preferably delivered 
30 request is then issued 110 and the request management pro­

cess 100 leaves the request thread waiting on a network 
in corresponding data packets. This preference maximizes 
data delivery while avoiding the substantial latency and pro­
cessing overhead of managing image parcel data split over 
multiple network packets. Thus, a 2K byte compressed image 35 

parcel 62 is delivered as the data payload of a TCP/IP packet 
64. Uncompressed, the SK byte imageparcel62 is recognized 
as part of the present invention as being within the nominally 
smallest Ll data cache 66 size of conventional microproces­
sors 68. By ensuring that an uncompressed image parcel fits 40 

within the Ll cache, the texture map rendering algorithm can 
execute with minimum memory management overhead, thus 
optimally utilizing the processing capability of the micropro­
cessor 68. Additionally, the writing of video data as a product 
of the rendering algorithm is uniform, thereby improving the 45 

apparent video stability of the display to the user. 
The client architecture 40 preferably executes in multiple 

process threads, with additional threads being utilized for 
individual network data request transactions. As shown in 
FIG. 5, an image parcel management process 80 implements 50 

a loop that determines image parcels subject to update 82 and 
creates corresponding image parcel download requests 84. 
Navigation events that alter the viewing frustum are consid­
ered in part to determine the current field of view. The quad­
tree data structures are examined 86 to identify viewable 55 

image parcels of higher resolution than currently available in 
the parcel data store 46. 

A pool of image request threads is preferably utilized to 
manage the image parcel download operations. In the pre­
ferred embodiments of the present invention, a pool of four 60 

network request threads is utilized. The number of pool 
threads is determined as a balance between the available 
system resources and the network response latency, given the 
available bandwidth of the network connection. Empirically, 

response. 
FIG. 7 presents a preferred display management process 

120. Event driven user navigation information is evaluated 
122 to determine a current viewing frustum location and 
orientation within a three-dimensional space relative to the 
displayed image. An algorithmic priority selection 124 of a 
next image parcel to render is then performed. The selected 
image parcel is then rendered 126 to the display memory 70. 
The rendering operation preferably performs a texture map 
transform of the parcel data corresponding to the current 
viewing frustum location and orientation. The overlay data is 
then parsed or is pre-parsed to determine 128 whether the 
image coordinates of any overlay annotation correspond to 
the current image parcel location. If the coordinates match, 
the overlay annotation is rendered 130 to the video display 
memory 70. The process 120 then continues with the next 
selection 124 of an image parcel to render, subject to any 
change in the viewing frustum location and orientation. 

A preferred implementation of the selection 124 and ren­
dering 126 of image parcels in accordance with the present 
invention is detailed in FIGS. 8 through 10. Referring first to 
FIG. 8, any outstanding requests in the priority request queue 
52 are preferably cleared 142 in response to a change in the 
viewing frustum location and orientation. The effective alti­
tude of the viewing frustum and or the resolution of the client 
display are then used as a basis for determining an optimal 
level of detail L that will be displayed. The detail level L value 
operates as a floor defining the maximum resolution K.sub.L 
of image data that can be effectively viewed on the client 
display given the location and or orientation of the viewing 
frustum. Constraining image parcel requests to the resolution 
range K.sub.N to K.sub.L, where K.sub.N is the lowest reso­
lution derivative image stored by the network server 12, 22, 

for many wireless devices, four concurrent threads are able to 
support a relatively continuous delivery of image data parcels 

65 prevents the download and processing of image parcels that 
cannot provide any perceptible improvement in the displayed 

to the client 20 for display processing. As image parcels are image. 
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download requests will be issued preferentially for image 
parcels with the largest priority value. 

In accordance with the preferred embodiments of the 
present invention, the value of the control parameter d can be 
adjusted to ultimately affect the behavior of the function S in 
determining the download request priority. In general, image 
parcels with lower resolution levels will accumulate greater 
priority values due to the larger number of polygons that may 
use a given low resolution image parcel as a rendering data 
source. Such lower resolution image parcels are therefore 
more likely to be preferentially downloaded. In accordance 
with the present invention, this generally assures that a com­
plete image of at least low resolution will be available for 
rendering. 

The control parameter d, as applied in execution of the 
function S, well as the area distortion produced by the pro­
jection transform also influences the value returned by the 
function S such that relatively higher-resolution image par­
cels near the image view point will occasionally achieve a 

As part of the recursive evaluation of the optimal level of 
detail L, the image display space is progressively split 146 by 
four to one reductions into polygons. The quad-tree data 
structures holding existing image parcel data in the parcel 
data store 46 are concurrently traced 148 to establish a cor- 5 

respondence with the polygon map. Where the trace of a 
quad-tree data structure completes 150 to a node index ofL 
for a polygon P, the node corresponding image parcel is 
associated with polygon P. The polygon P will not be further 
subdivided and no higher resolution image parcels will be 10 

requested for any portion of the image within the area repre­
sented by polygon P. Where the trace reaches a maximum 
node index of D for a polygon P' 152, where N.Itoreq.D<L 
and N is the index of the lowest resolution derivative image 

15 
stored by the network server 12, 22, the image parcel associ­
ated with the node is associated with the polygon P'. This 
polygon P' will be subject to further subdivision and progres­
sive requests for image parcels of higher resolution up to the 
detail level L. 20 higher priority than relatively remote and partially viewed 

image parcels of lower resolution. Using values smaller than 
1 for the control parameter d results in requests with a higher 
priority for parcels covering areas near the focal point of the 
viewer, which is presumed to be the center point of the display 

Referring now to FIG. 9, a display image is then rendered 
160 beginning with the maximum depth polygons previously 
found. Iterating over the set of maximum depth polygons, any 
polygons outside of the viewing frustum are skipped 162. 
Polygons that are at least partially visible are clipped to the 
applicable bounds of the viewing frustum 164. The polygon 
corresponding image parcel data is then texture mapped 166 
into the polygon corresponding coordinates of the video 
memory 70. If the node index depth of the rendered image 
parcel is at least equal to the prior determined optimal detail 
level L 168, the iteration over the polygons P continues. 

Where the node index depth is less than the optimal detail 
level L 170, the polygon P' is subdivided into four polygons 
and correspondingly represented by the creation of four child 
nodes within the associated quad-tree data structure 172. Four 
image parcel download requests are then created 174. 

The download priority associated with each request is 
determined 176 by execution of a functionS that operates on 
a 2D polygon argument P and returns a real number repre­
senting the request priority. The function argument P is a list 
of real (x, y) coordinates of the vertices of the current polygon 
in screen coordinates after being clipped to fit within the 
current viewing frustum. That is, the function S works over 
general polygons in a two-dimensional space, whose vertices 
are specified by the series { (x(1 ), y(1 )), (x(2), y(2)), ... , 
(x(n),y(n))}. The argument P vertices sent to S represent the 
position of the vertices composing each of the polygons, after 
being clipping to the viewing frustum, viewable within the 
display space having the fixed resolution [ xRes, yRes ]. Thus, 
the clipped polygons are all within the rectangle [0, xRes] x 
[0, yRes]. 

In execution of the functionS, each of the P coordinates is 
first transformed by linear mapping of the screen coordinate 
space to the square [ -1 ,!].times.[ -1, 1] by the operation x(i): 
=(x(i)-xRes/2)/(xRes/2); y(i)=(y(i)-yRes/2)/(yRes/2). The x 
andy coordinate values of each vertex (x(i),y(i)) for i=1 ton) 
are then transformed by the function T(a)=sgn(a)*pow(.vert­
line.a.vertline., d), where the control parameter dis a constant 
in the range (0,1], or equivalently the interval O<d.Itoreq.l. 
The functionS then returns a real value that is equal to the area 
covered by the argument polygon P vertices subject to the 
applied coordinate transformation. Thus, the accumulated 
priority for any image parcel pending download is the sum of 
the values of returned by the function S for each of the 
viewable polygons that require some part of the image parcel 
as the source data for texture map rendering of the polygon. 
The priority operation of the request queue 52 is such that 

25 space, relative to requests for parcels further from the center 
point in absolute terms and of the same resolution depth D. 
Thus, in accordance with the present invention, the priority 
assigned to image parcel requests effectively influences the 
order of requests based on the relative contribution of the 

30 image parcel data to the total display quality of the image. 
Empirically, a value of 0.35 for the control parameter d for 
small screen devices, such as PDAs and webphones has been 
found to produce desirable results. 

The computed priorities of each of the four newly created 
35 image parcel requests are then assigned 178 and the requests 

are enqueued in the priority request queue 52. The next poly­
gon P is then considered in the loop of the image parcel 
rendering process 160. 

The preferred algorithm 180 for determining the detail 
40 level L valueforagiven viewing frustum is showninFIG.10. 

In accordance with the present invention, the optimal detail 
level Lis effectively the limit at which the resolution of image 
parcel data functionally exceeds the resolution of the client 
display. Preferably, to determine the optimal detail level L, 

45 the viewpoint or camera position of the viewing frustum is 
determined 182 relative to the displayed image. A nearest 
polygon P of depth D is then determined 184 from the effec­
tive altitude and attitude of the viewpoint. The nearest point A 
of the polygon Pis then determined 186. The point A may be 

50 within the interior or an edge of the polygon P, though most 
likely be located at a vertex of the polygon P. 

The optimum level of detail L at point A is then computed 
188 as the base-4 logarithm of the number of pixels on the 
screen that would be covered by a single pixel from an image 

55 parcel of the lowest resolution K.sub.-N image, which is the 
quad-tree root image and corresponds to an image area cov­
ering the entire image map. The point A optimal detail level L 
is preferably computed analytically from the local value of 
the Jacobian of the projective transform used to transform the 

60 three dimensional image coordinate space to screen coordi­
nates, evaluated at the point A. 

Where the depth D of the polygon P is greater than the 
depth of the computed optimal level of detail L, the detail 
level L is taken as the optimal detail level L 190. Thus, 

65 through the process 140, an image parcel or corresponding 
section of the closest resolution image parcel associated with 
a parent node in the quad-tree data structure relative to the 
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depth level L will be used as the texture for rendering the 
polygon P. Conversely, if the depth Dis less than that of the 
optimal detail level L, the polygon P is effectively split into 
quadrants and the optimal level of detail is reevaluated. The 
process 180 thus continues iteratively until the optimal detail 
level L is found. 

Thus, a system and methods of optimally presenting image 
data on client systems with potentially limited processing 
performance, resources, and communications bandwidth 
have been described. While the present invention has been 10 

described particularly with reference to the communications 
and display of geographic image data, the present invention is 
equally applicable to the efficient communications and dis­
play of other high resolution information. 

In view of the above description of the preferred embodi- 15 

ments of the present invention, many modifications and varia­
tions of the disclosed embodiments will be readily appreci­
ated by those of skill in the art. It is therefore to be understood 
that, within the scope of the appended claims, the invention 
may be practiced otherwise than as specifically described 20 

above. 

The invention claimed is: 

12 
embedded computer system, a handheld computer system, a 
personal digital assistants and an internet-capable digital 
phone. 

4. The method of claim 1, wherein the predetermined pixel 
resolution for each data parcel is a power of 2. 

5. The method of claim 4, wherein the predetermined pixel 
resolution is one of32x32, 64x64, 128x128 and 256x256. 

6. The method of claim 1 wherein said communications 
channel is a packetized communications channel and wherein 
said update data parcel is received from said packetized com­
munications cham1el in one or more data packets. 

7. The method of claim 6 wherein the data packet contains 
an update image parcel as a compressed data representation 
of said discrete portion of said predetermined image. 

8. The method of claim 7 wherein said data packet contains 
said update image parcel as a fixed compression ratio repre­
sentation of said discrete portion of said predetermined 
image. 

9. The method of claim 7, wherein said update image parcel 
contains pixel data in a fixed size array independent of the 
pixel resolution of said predetermined image. 

10. The method of claim 1, wherein issuing the request for 
an update data parcel further comprises preparing the request 
by associating a prioritization value to said request, wherein 1. A method of retrieving large-scale images over network 

communications cham1els for display on a limited communi­
cation bandwidth computer device, said method comprising: 

issuing, from a limited communication bandwidth com­
puter device to a remote computer, a request for an 
update data parcel wherein the update data parcel is 
selected based on an operator controlled image view­
point on the computer device relative to a predetermined 
image and the update data parcel contains data that is 
used to generate a display on the limited communication 
bandwidth computer device; 

25 said prioritization value is based on the resolution of said 
update data parcel relative to that of other data parcels previ­
ously received by the limited communication bandwidth 
computer device, and wherein issuing said request is respon­
sive to said prioritization value for issuing said request in a 

30 predefined prioritization order. 
11. The method of claim 10, wherein said prioritization 

values is based on the relative distance of said update data 
parcel from said operator controlled image viewpoint. 

processing, on the remote computer, source image data to 
obtain a series K1_N of derivative images of progres­
sively lower image resolution and wherein series image 

12. The method of claim 1, wherein displaying the image 
35 further comprises multi-threading on the limited communi­

cation bandwidth computer device using the update data par­
cel to display the image. 

K0 being subdivided into a regular array wherein each 
resulting image parcel of the array has a predetermined 
pixel resolution wherein image data has a color or bit per 
pixel depth representing a data parcel size of a predeter­
mined number of bytes, resolution of the series K1_Nof 
derivative images being related to that of the source 
image data or predecessor image in the series by a factor 

13. A display system for displaying a large-scale image 
retrieved over a limited bandwidth communications cham1el, 

40 said display system comprising: 

of two, and said array subdivision being related by a 45 

factor of two such that each image parcel being of a fixed 
byte size, wherein the processing further comprises 
compressing each data parcel and storing each data par-
cel on the remote computer in a file of defined configu­
ration such that a data parcel can be located by specifi- 50 

cation of a Kn, X, Y value that represents the data set 
resolution index D and corresponding image array coor­
dinate; 

receiving said update data parcel from the data parcel 
stored in the remote computer over a communications 55 

channel; and 
displaying on the limited communication bandwidth com­

puter device using the update data parcel that is a part of 
said predetermined image, an image wherein said 
update data parcel uniquely forms a discrete portion of 60 

said predetermined image. 
2. The method of claim 1, wherein the update data parcel 

further comprises one of an image parcel textual mapping, a 
map parcel, a navigation cue, a text overlay and a topography. 

3. The method of claim 1, wherein the limited communi- 65 

cation bandwidth computer device further comprises one of a 
mobile computer system, a cellular computer system, an 

a display of defined screen resolution for displaying a 
defined image; 

a memory providing for the storage of a plurality of image 
parcels displayable over respective portions of a mesh 
corresponding to said defined image; 

a communications channel interface supporting the 
retrieval of a defined data parcel over a limited band­
width communications channel; 

a processor coupled between said display, memory and 
communications channel interface, said processor 
operative to select said defined data parcel, retrieve said 
defined data parcel via said limited bandwidth commu­
nications channel interface for storage in said memory, 
and render said defined data parcel over a discrete por-
tion of said mesh to provide for a progressive resolution 
enhancement of said defined image on said display; and 

a remote computer, coupled to the limited bandwidth com-
munications channel, that delivers the defined data par­
cel wherein delivering the defined data parcel further 
comprises processing source image data to obtain a 
series K1_N of derivative images of progressively lower 
image resolution and wherein series image K0 being 
subdivided into a regular array wherein each resulting 
image parcel of the array has a predetermined pixel 
resolution wherein image data has a color or bit per pixel 
depth representing a data parcel size of a predetermined 
number of bytes, resolution of the series K1_Nof deriva-
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tive images being related to that of the source image data 
or predecessor image in the series by a factor of two, and 
said array subdivision being related by a factor of two 
such that each image parcel being of a fixed byte size, 
wherein the processing further comprises compressing 
each data parcel and storing each data parcel on the 
remote computer in a file of defined configuration such 
that a data parcel can be located by specification of a Kn, 
X, Y value that represents the data set resolution index D 
and corresponding image array coordinate. 10 

14. The display system of claim 13, wherein said processor 
is responsive to said defined screen resolution and wherein 
said processor is operative to limit selection of said defined 
data parcel to where the resolution of said defined data parcel 
is less than or equal to said defined screen resolution. 15 

15. The display system of claim 13, wherein said processor 
is operative to prioritize the retrieval of said data parcel 
among a plurality of selected data parcels pending retrieval, 
wherein the relative priority of the data parcel is based on the 
difference in the resolution of the image parcel and the reso- 20 

lution of said plurality of selected data parcels. 

14 
16. The display system of claim 13, wherein said processor 

is response to user navigation commands to define an image 
viewpoint relative to said defined image and wherein said 
processor is operative to prioritize the retrieval of said data 
parcel based on the distance between said image parcel and 
said image viewpoint relative to said defined image. 

17. The display system of claim 13, wherein the data parcel 
further comprises one of an image parcel textual mapping, a 
map parcel, a navigation cue, a text overlay and a topography. 

18. The display system of claim 13, wherein the predeter­
mined pixel resolution for each data parcel is a power of 2. 

19. The display system of claim 18, wherein the predeter­
mined pixel resolution is power of2 and one of32x32, 64x64, 
128x128 and 256x256. 

20. The display system of claim 13, wherein the processor 
performs multi-threading to render said defined data parcel 
over the discrete portion of said mesh to provide for the 
progressive resolution enhancement of said defined image on 
said display. 

* * * * * 
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