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(57) ABSTRACT 
A method and system 5 for generating a three-dimensional 
World model for simulated real terrain optimized for a 
personal computer. Terrain data and other environmental 
data are acquired from at least one of a plurality of digital 
data sources 9 through an acquisition step 20 and the 
acquired data are processed in a transformation and format 
ting step 25 to construct a predetermined intermediate 
database format 30, from Which intermediate database, in 
response to a user query 40, introduced through a query 
interface program 45 that is visible on a personal computer 
monitor 11, the data are further extracted, processed and 
composited in a formatting step 32 to create a three-dimen 
sional World model ?le 35. The 3-D World model format 35 
is optimized for a particular imaging system, preferably a 
browser that renders standard Virtual Reality Modeling 
Language 2.0 speci?cation ?les, that alloWs the 3-D model 
to be vieWed and navigated on the computer monitor 11. In 
formatting step 32 the terrain surface can be colored and 
textured automatically by the system corresponding to geo 
graphic database layers, and natural and man-made struc 
tures can be made to populate the terrain skin as 3-D objects 
in the composited World model 35. The method and system 
5 alloW a personal computer user to query the system for any 
geographic location for Which source data are available and 
to adjust the geographic extent of the 3-D World 35 per the 
user’s preference aided by expert system guidance. 

Acquire Remote File (compressed DEM) by modem 
25 download. 

Read header to determine: 
location, size, extents, other 

information. Store in Log File. 

30 
lnten-nediate Database. 



Patent Application Publication Oct. 4, 2001 Sheet 1 0f 5 US 2001/0027456 A1 

Remote V 9 

l — _ _ _ _ _ _ — _ _ "v' _ _ _ _ _ _ _ " 

7 Acquire 

Intermediate Database V 

t 
‘—_> Extract I Format V 

w 40 

Query Manager V 



Patent Application Publication Oct. 4, 2001 Sheet 2 0f 5 US 2001/0027456 A1 

Assemble into South to North profiles in compact form (all non-needed data cut). 

iv 
Repeat for all profiles. i 120 

Write footer to Output File. 

+ 
Close and compress, with standard 7 means, Input and Output Files. 

Acquire Remote File (compressed DEM) by modern 

25%._ download. l' _ _ _ — _ _ '_ _+_ _ _ _ — _ _ _ "' _‘ 

Verify receipt of one remote file. | W 
V l 

I Open Log File. I 

i * 70 | Uncompress DEM. V l 
+ | 

: Add record delimiters. V I 
+ 

I Read header to determine: ‘ 80 location, size, extents, other V | 
| information. Store in Log File. 

' * s5 ' 
I Open Output File. IV | 

| t 90 | 
| Write new header to Output File. IV I 

t 
| Read record from DEM. 'V 95 I 
l t l 
| | 
| | 
| l 
| I 
| | 
| | 
| l 
| I 
| l 

iv 
Repeat for other DEM Files. IV t 

Close Log File. |—- — — -_ _=-=—=f _ _ _ _ _ _ _ __ _ _| 

30 M lntermedi-ate Database. 
F1 g. 2 



Patent Application Publication Oct. 4, 2001 Sheet 3 0f 5 US 2001/0027456 A1 

Intermediate Database. 1/ 45 32 

|____\_\_\H\____I________1 
Open index into variable arrays. I 

'I———I ?, 210l I + I 
Select geographic I I I Open and uncompress, with standard extents by map, zip ' I I means, required Input Files. V I 

code, direct entry + I 

or other method‘ I I Open VRML Output File. I I?/215 ‘I . * . 160 

Check extents for I I Write VRML hearier to Output File. V I 
efficiency. Advise 

user of optimal I I Read individual South to North profile alternatives. I I data from Input File(s). I 

l I I Write entire profile to Output File. I 
Select vertical I I 1 
exaggeration of Repeat read [write for required 
terrain elevation. I I profiles. I 

+ 
Y I I Close Input File(s). I 

Select Output I I + I 
feature and . . 
appearance I I Generate Bltmap Image for overlay on 

to terrain surface. options. I I 
+ 

I_ _ _I:-:-_— I I Create and insert object models for I 
vegetation and other 3-D components. I 

Write objects and image references to I 
I VRML file. V I 

+ 
Write VRML footer to Output File. 7 I 

l 
l 
I + _ | 
I Close and compress, with standard _ I 

means, Output File. 

Model 

Fig. 3 



Patent Application Publication Oct. 4, 2001 Sheet 4 0f 5 US 2001/0027456 A1 

Close Input File(s). 

_1§_5§>______¢__________, 
Open and uncompress, with standard means, required surface data Input File(s). V 

I 
Open Output File in .gif, .jpg, or other bitmap 

format. 

I 
Read complete South to North row of image 

data from Input File(s). 

I | 
I I 
I | 
I I 
I | 
I | 
I | 
I Write entire row of data to Output File in desired I 

I | 
I | 
I | 
I I 
I | 
I | 
I | 

bitmap format using data to color translation. 

I1 
Repeat read I write for required rows. 

I 
Close Input File(s). 

I 
Close Output File and return file name for 2 

inclusion in VRML Output. W 

._ ______ __1L ______ __d 

Create and insert object models for vegetation and other 3-D components. ’2/ 

Fig. 4 



Patent Application Publication Oct. 4, 2001 Sheet 5 0f 5 US 2001/0027456 A1 

Generate Bitmap image for overlay on to terrain 
surface. ’2/ 

Open and uncompress, with standard means, required surface data input File(s). 7/ I 

I 
Open file or variable field for storing created VRML code temporarily. W 

I 
Read complete South to North row of surface 

data from Input File(s). 

I 

I 
l 
l 
I 
l 
I 
I 
I Determine vegetation object type, placement, 
| and density using probability density function 

I 
I 
I 
l 
I 
I 
I 
I 

generated directly from Land Cover vegetation W 
classifications corresponding to data point. 

Repeat read I calculate [write for required rows. 

5 
Close Input File(s). 

I 
Return VRML object code for inclusion in VRML 2 

Output File. '7/ 95 

Write objects and image references to VRML 
Output File. '7/195 

Fig. 5 



US 2001/0027456 A1 

RAPID TERRAIN MODEL GENERATION WITH 
3-D OBJECT FEATURES AND USER 
CUSTOMIZATION INTERFACE 

RELATED APPLICATION(S) 

[0001] This application is a continuation of application 
Ser. No. 09/149,475, ?led Sep. 8, 1998, Which claims the 
bene?t of US. Provisional Application No. 60/058,255, ?led 
on Sep. 9, 1997. The entire teachings of the above applica 
tion(s) are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field 

[0003] The invention relates to environmental visualiZa 
tion and modeling simulation systems, and to environmental 
impact assessment systems, and particularly to a method and 
system for generating a 3-D World model for simulated real 
terrain optimiZed for a personal computer. 

[0004] 2. Description of Related Art 

[0005] Environmental systems modeling has proven to be 
an effective method for both teaching about the natural 
environment and about environmental processes and for 
estimating potential environmental and socio-economic 
impacts of environmental changes introduced by human 
activities. The creation of such an environmental model 
typically begins With real-World source data that has been 
derived by environmental survey and monitoring activities, 
including US. Geological Survey information or a data 
collected by another mapping agency or university. The 
modeling activity typically involves setting the initial state 
of various parameters and stepping the model through 
computations that relate the parameters to process interac 
tions betWeen environmental components, such as setting 
the parameter for Water level of a lake and relating that Water 
level to a precipitation process that interacts betWeen the 
atmosphere and the lake Whereby the lake Water level is 
increased. Three-dimensional transport of energy, momen 
tum, chemical species and other interactions betWeen vari 
ous environmental or ecological state properties are relevant 
and useful to these modeling activities. “Running” an envi 
ronmental model consists of stepping computationally 
through a series of process instructions, iteratively if 
required, Where the steps correspond to time intervals and 
the degree of potential environmental change corresponds to 
the simulated length of time from start of the simulation to 
its termination. For instance, in a series of computations that 
takes the computer ?fteen seconds to execute an environ 
mental model might simulate the effects of a river eroding its 
banks over a one-hundred year period—called a hundred 
year run. Accordingly, there is a need for a technique that not 
only provides an exact depiction of the environmental input 
data, but a technique that Will also enable the simulation 
system to be recon?gured to represent environmental alter 
ation and to permit query of altered environmental condi 
tions after a model run. For education and for assessing 
potential environmental impact it is useful to be able to 
visualiZe the original environmental conditions, changes 
imposed to initial conditions prior to modeling, and the 
resultant conditions after competing the model run. Such 
visualiZation is assisted by alloWing a system user to exam 
ine and navigate Within a 3-D World model of the environ 
mental region under study. 
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SUMMARY OF THE INVENTION 

[0006] The present invention provides a system and 
method optimiZed for personal computers for terrain model 
generation Where the simulated land surface is colored and 
textured based on geographic databases, Where natural and 
man-made 3-D object features can populate the surface, and 
Where a user customiZation interface is provided to rapidly 
and efficiently query the system and construct the custom 
iZed model output in a “user-friendly” fashion. 

[0007] The method includes the steps of acquiring input 
data from at least one of a plurality of digital data sources, 
reading the data, translating the data format if necessary, and 
transforming the input data into one or more intermediate 
database formats. The intermediate database formats for 
terrain elevation data may be extracted directly per direction 
from a user query to create a generated World model ?le that 
is of a particular format optimiZed for a particular image 
display softWare means, such as by broWsers compliant With 
the Virtual Reality Modeling Language speci?cation. 

[0008] One of the advantages of the invention is that an 
intermediate database format is created through a pre 
processing step in the initial data transformation process that 
is a composite merger of the surface geographic data layers 
other than terrain elevation. Vegetation data, road data, 
WaterWay data and other environmental data layers are 
combined into a surface-composite intermediate database 
format Which can be subsequently extracted from to be 
included in the generated World model ?le. 

[0009] It is a goal of the invention to maximize the 
portability and access ef?ciency of the intermediate database 
formats. The ?rst transformation process Will generate an 
intermediate database structure and format for each envi 
ronmental data type that aims to be more compact than the 
data format originally acquired and to be more ef?ciently 
structured to speed secondary access and extraction. 

[0010] One of the aspects of the invention is the inclusion 
in the secondary formatting process that creates the gener 
ated World model a series of instructions to populate the 
colored terrain skin, Where appropriate, With 3-D objects 
that simulate natural and man-made object features, such as 
trees, rocks, bridges, causeWays, dams, radio toWers, pipe 
lines, and buildings. This 3-D object population step is 
accomplished by ?rst creating a 3-D object library, Whereby 
the 3-D objects are built in Virtual Reality Modeling Lan 
guage or other similar graphical softWare means, Where the 
objects are themselves appropriately colored and textured to 
simulate real-World appearances, and Where the objects can 
be instanced singly or repetitively. The 3-D objects are then 
instanced singly and placed by compositing instructions at a 
speci?c geographic coordinate in the generated World ?le or 
instanced repetitively Within a looping program sequence 
Whereby the objects are placed or not based upon compos 
iting rules that may include a random generator as the 
program marches sequentially along the roWs and columns 
of the terrain skin. It Will be appreciated that other geo 
graphic data layers could be included in this compositing 
step for an appropriate application. 

[0011] The generated 3-D World model is preferably con 
structed in the Virtual Reality Modeling Language 
(“VRML”) format, VRML speci?cation 2.0 or higher, With 
the advantage that this alloWs numerous combinations of 
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computer platform, operating system, graphical user inter 
face and browser to be employed in using the invention. 

[0012] Another advantage of the invention is that the 
terrain elevation and the surface-composite bitmap are main 
tained as separate blocks of a standard VRML ?le, VRML 
speci?cation 2.0 or higher, With the open standard of the 
VRML vieWing technology (such as CosmoPlayer by Sili 
con Graphics, Liquid Reality by Microsoft, or WorldVieW 
by InterVista) creating the merger of the graphical compo 
nents upon rendering of the scene. This facilitates revision or 
replacement of the bitmap With a subsequently called bitmap 
?le oWing to user activity Within the ?le (i.e., When navi 
gating Within the ?le), Where the revised bitmap could be 
derived from output passed to the intermediate database 
from an environmental systems model that is coupled by the 
query processor to the generation of the 3-D World model, 
or Where a revised bitmap might be obtained via the Internet 
from a remote bitmap or from remote geographic data 
brought in to revise the bitmap, Which Internet acquisition 
could be triggered by a proximity sensor means that is 
integral to the VRML 2.0 speci?cation. 

[0013] Another advantage of the invention derived from 
generating the 3-D World model in VRML format, VRML 
speci?cation 2.0 or higher, is that the invention alloWs the 
user to take advantage of the built-in hyperlinking and 
proximity sensor capabilities of the VRML speci?cation. 
The hyperlinking alloWs the user to click the mouse While 
navigating Within the 3-D World to bring up multi-media 
text, or hypertext markup language documents, Which docu 
ments may be addressed by a universal resource locator 
(“URL”) With the target document being either local to the 
computing system or remotely accessible through the Inter 
net or World Wide Web. Similarly, proximity sensors can be 
set to cause an event to occur Within the 3-D model World, 
Which event could include an inclusion of a 3-D object, or 
a hyperlinking event. 

[0014] Another advantage of the invention derived from 
generating the 3-D World model in VRML format is that this 
method enables the generated 3-D World ?le to be readily 
edited by an end-user, either in direct text mode through any 
one of a plurality of ASCII text Word processors or in 
graphical mode by employing any one of a plurality of 
commercial VRML editing tools, such as 3DSpaceBuilder 
(Paragraph International, Inc.), CosmoWorlds (Silicon 
Graphics, Inc.) or EZ3D (Radiance SoftWare, Inc.). 

[0015] Another advantage of the invention is the graphical 
user Query Interface, Which operates in conjunction With a 
standard graphical user interface of the personal computer, 
such as the Microsoft WindoWs 95 graphical user interface. 
This query interface enables the user to request in very 
“user-friendly” fashion a particular geographic region to be 
the basis for the 3-D World model by entering a Zip code or 
latitude-longitude coordinate, or by specifying geographical 
corner bounds of the target region. 

[0016] Further, the query interface enables the user to 
specify through an interactive WindoW dialog box assorted 
characteristics of the 3-D World model to be generated in 
VRML, such as color and vertical exaggeration. Also, the 
query interface enables the user to rapidly and ef?ciently 
specify in a WindoWs dialog box any bitmap ?le at the users 
discretion to be merged into the 3-D World model as a terrain 
skin. 
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[0017] As an additional advantage of the invention, the 
query interface produces a log ?le that stores the custom 
characteristics chosen by the user. Afurther advantage of the 
query interface is being able to name the 3-D World model 
?le as the user chooses, including to specify a particular 
storage path Whereby the ?le is stored to the local hard disk 
or to removable storage media as the user chooses. 

[0018] Additional features and advantages of the present 
invention Will be made apparent from a reading of the 
preferred embodiment Which makes reference to the folloW 
ing draWings. 

[0019] 
[0020] The invention is important to increase public, edu 
cational and professional access to real geographic informa 
tion visualiZed in 3-D, to reduce the cost of access, to speed 
access, to make access more “user-friendly”, and to generate 
a 3-D format that is able to be edited easily and able to be 
used in many differing combinations of personal computer 
systems. 

Importance and Usefulness: 

[0021] The invention is useful to students, researchers, 
government employees, corporate planners, Web-site devel 
opers and advertisers, any one of Whom may be seeking to 
create a 3-D World model simulation of the real terrain and 
environment. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] The foregoing and other objects, features and 
advantages of the invention Will be apparent from the 
folloWing more particular description of preferred embodi 
ments of the invention, as illustrated in the accompanying 
draWings in Which like reference characters refer to the same 
parts throughout the different vieWs. The draWings are not 
necessarily to scale, emphasis instead being placed upon 
illustrating the principles of the invention. 

[0023] FIG. 1 provides a diagrammatic vieW of a 3-D 
World generation system in accordance With the present 
invention. 

[0024] FIG. 2 is a ?oW-chart of the initial data transfor 
mation method for creating the intermediate database for 
mat. 

[0025] FIG. 3 is a summary ?oW chart of the graphical 
user query interface method and the secondary terrain and 
composite surface extraction and formatting methods that 
the query processor directs, including the creation of the 3-D 
World model and the populating of the 3-D World model With 
3-D objects. 

[0026] FIG. 4 is an expanded detail of the FIG. 3 How 
chart for the step of generating the bitmap image for overlay 
on to the terrain surface, this image also being referred to as 
the terrain-skin. 

[0027] FIG. 5 is an expanded detail of the FIG. 3 How 
chart for the step of creating and inserting 3-D object models 
for vegetation and other 3-D features. 

DETAILED DESCRIPTION OF THE 
INVENTION 

[0028] A description of preferred embodiments of the 
invention folloWs. Referring noW to the draWings in more 
detail, FIG. 1 diagramatically illustrates the 3-D World 
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model generation system 5 according to the present inven 
tion. FIG. 1 includes a large broken-line block 7 that 
represents the computer that contains the processing soft 
Ware that may be used to create a three-dimensional visual 
database of a simulated World. 

[0029] In one embodiment according to the present inven 
tion, the computer 7 is an HP Pavilion Pentium PC Which 
utiliZes an MS-DOS and Microsoft WindoWs 95 graphical 
user interface, With VRML 2.0 vieWing enabled through the 
WorldVieW VRML 2.0 broWser (InterVista Corp.) as a 
plug-in to Netscape Navigator 3.0 Gold (Netscape Commu 
nications Inc.). HoWever, it should be appreciated that other 
suitable computer systems may be used in the appropriate 
application. 
[0030] FIG. 1 also illustrates tWo external blocks 9 and 11 
Which represent various sources of input data from Which a 
visual image of a geographic area may be generated. The 
basic source data may be received in a number of different 
areal, cartographic, or geographic formats, such as data 
made available from satellite imagery, aerial photography, 
US. Census Bureau, US. Department of Commerce, and 
from the US. Geological Survey. 

[0031] Block 11 represents the interfacing user’s computer 
monitor, Which is the output device for vieWing the 3-D 
World models generated by the invention, and the user’s 
input devices, Which are the input pathWay for requests 
made through the interactive graphical user query interface 
45. In one embodiment the visual interface is rendered on a 
20“ Multimedia Plug & Play Color Monitor manufactured 
by Sceptre Corp. As shoWn in Block 20, the source data 9 is 
acquired via a doWnload from the Internet or by reading 
from a portable storage media, such as a magnetic disk or an 
optical compact disk media. As shoWn in Block 25, these 
source data 9 are transformed into an intermediate database 
?le format 30. The intermediate database format 30 Will 
generally include terrain elevation data, vegetative cover 
data, land use data, resource data, soil data and other surface 
geological data, cultural data, an object library (for example, 
3-D objects for natural and man-made structures), hydro 
logical data, and other utilities or algorithms appropriate to 
the visual database. In addition, this intermediate database 
format Will generally include one or more composited 
databases comprised of combinations of one or more of the 
aforementioned geographic and cultural database types, 
Which composite databases serve as indirect or direct for 
mats for a terrain-skin bitmap database. 

[0032] Then as illustrated in block 32, data from the 
intermediate database 30 are extracted and further formatted 
to create a 3-D World model 35. For example, a small portion 
of the United States may be extracted from the intermediate 
terrain elevation database and combined With the appropri 
ately corresponding section of vegetation-type and road 
databases to yield a generated 3-D World model. In any 
event it should be understood that the formatting process 32 
may be used as part of the process of creating a simulated 
World from real World source data 9. In this regard, arroW 40 
represents that the extraction and formatting process 32 is 
directed in response to a query step 45, Wherein the query is 
a request from a user interacting With the 3-D World model 
generation system 5 via the computer monitor 11. 

[0033] In one form of the invention the formatting step 32 
creates 55,000 separate instances of VRML output models 
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as a pre-processed database created before the user loads the 
softWare that runs the query interface 45, in Which embodi 
ment the query is merely a direction to extract one of the 
existing models. 

[0034] In the preferred embodiment, the query step 45 is 
initiated as a location passed to the extraction and formatting 
step 32, so that a single 3-D World model 35 is generated 
only subsequent to delivery of the query instruction 40. 
While in the preferred embodiment the format of the 3-D 
World model is VRML 2.0 or a higher version speci?cation 
of VRML, it should be appreciated that differing computers 
and imaging systems could have other formats, such as 
*.dxf, *.xyZ, or other graphical formats used for hard-copy 
picture output, and these alternatives could be utiliZed for 
the 3-D World model output format. 

[0035] Referring to FIG. 2, a How chart of the transfor 
mation block 25 is shoWn. In this regard, the function of this 
modular softWare block is to acquire and input digital source 
data and to convert it into a standardiZed intermediate 
database structure or into a set of intermediate database 
formats and database ?les. A modem doWnload 20 via the 
Internet is the preferred method to access the data source 9, 
although it should be noted that alternative means are 
contemplated by the invention, such as input from optical 
compact disk storage media or magnetic diskette. 

[0036] The digital data are processed through the data 
transformation method 25 in a series of steps. In block 60 the 
system veri?es that it has received at least one proper remote 
data ?le. Block 65 represents the opening of a log ?le for 
storing information about local data. If necessary, each 
digital elevation model ?le is uncompressed, as depicted in 
block 70. For certain digital elevation data ?les, such as the 
3-arc second USGS DEM ?les utiliZed in one of the pre 
ferred embodiments, the DEM ?le is modi?ed by adding 
record delimiters, depicted as step 75. A?le header read step 
80 determines the speci?c location, siZe, extents, and other 
necessary information relating to the data contained Within 
digital elevation data ?les, Which header information is 
stored in the log ?le opened in step 65 to be later used When 
accessing the local version of the data. An open output ?le 
instruction 85 is folloWed by a Write instruction 90 to place 
a copyright notice and necessary header data in the output 
?le. It should be noted that steps 70-80 may not be necessary 
for every other geographic database type; Where the 
acquired source data is in a most compact format With a 
structure enabling ef?cient access, then the data may be 
stored in the intermediate database in the same format in 
Which it Was acquired. 

[0037] Block 95 depicts the step of reading a record from 
the digital source ?le as modi?ed through step 75. Each 
record from the data ?le is read individually. Records are 
assembled into complete south to north pro?les of elevation 
grid data and than are Written as complete pro?les to the 
output ?le, depicted by step 100. The output data format is 
an ef?cient, compressed presentation of the raW data. Only 
the numerical digits, With no added spaces or line feed 
characters, are Written to the ?le. The data ?le header 
contains the number of digits required to record each eleva 
tion for that particular ?le. For example, if the maximum 
elevation in a given input ?le is 335 meters or units, then 
three digits Would be required to represent the maximum 
value. This format also alloWs for ef?cient further compres 
sion from ASCII to binary format. 
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[0038] Once a pro?le is completely Written to the output 
?le, the process is repeated With the next pro?le until all are 
completed, this iteration being depicted in block 115. Once 
all of the pro?les have been Written to the output ?le, a footer 
copyright notice is Written to the output ?le, shoWn as step 
120. Then, both the input and output ?les are closed for 
access and the program compresses the output ?le using 
either a public domain or licensed standard ASCII-to-binary 
compression algorithm (such as GNU-Zip compression), as 
illustrated in block 125. Alooping step 135 is activated if the 
current input ?le is not the last ?le speci?ed for reformatting, 
causing the series of steps to be repeated starting from step 
70 for the next ?le. Upon the completion of the last ?le 
reformat, the log ?le is then closed for Write access, this 
being step 140. Areport of successful completion is returned 
as the source data are noW stored in the neW intermediate 

format 30. 

[0039] In the preferred embodiment of the invention, the 
intermediate database format 30 for terrain elevation data is 
sufficiently compact that the 3-arc second Digital Elevation 
Model data of the US. Geological Survey for the entire 
contiguous United States is able to reside on tWo or feWer 
compact disk optical storage media (CD-ROM), Where each 
storage disk has approximately 650 Mbytes of digital data 
capacity, and the creation of a generated model ?le for a 
terrain surface is completed in feWer than 90 seconds after 
submission of the user’s custom request on a personal 
computer With a Pentium 133 central processing unit and a 
double-speed compact disk reading drive. A preferred geo 
graphic extent for the intermediate database format for 
terrain elevation data of the 3-arc-second USGS Digital 
Elevation Data for the contiguous United States is to store 1 
degree latitude by 1 degree longitude of terrain data per 
intermediate terrain database ?le. 

[0040] In the preferred embodiment of the invention, 
although not shoWn in FIG. 2, the formatting process 25 to 
create the set of intermediate database ?les also includes a 
geographic data-layer-compositing step that merges geo 
graphic data layers to create a terrain-skin composite ?le that 
is convertible to a color bitmap ?le for simulating differing 
surface colors and textures corresponding to soil, rock, 
Water, vegetation and other natural and man-made surfaces. 
This compositing is achieved through georegistering the 
geographic data layers and applying stepWise a series of 
geographically-sensitive, climate-sensitive and ecologi 
cally-sensitive compositing rules and compositing steps 
Whereby: an x,y matrix for a surface geology layer is 
imposed ?rst upon a ?rst matrix of transparent values; then 
a georegistered vegetation matrix is overlain to dominate 
those pixels of the surface geology layer Where the com 
positing rules alloW vegetation to groW constrained by 
geography, climate and ecology; then a georegistered hydro 
logical data layer is overlain Whereby ocean, lakes, rivers 
and streams dominate over the presence of all previous 
layers; then a georegistered database of roads and other 
human structures is overlain Whereby these surfaces and 
features dominate over all previous layers. It Will be appre 
ciated that other natural and man-made geographic data 
layers could be included in this compositing step Within the 
formatting process 25 to form the terrain-skin composite 
?le. 

[0041] The method of creating the terrain-skin composite 
?le in the intermediate database format may be assisted by 
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a standard geographic information system (GIS) means, 
Wherein the GIS means could be a relational database means 

such as Oracle 8.0 (Oracle, Inc.) that is enabled With Open 
GIS interoperability standard technology, or Wherein the 
GIS means is one of a plurality of public-domain or com 
mercial geographic information systems such as GRASS 
(US. Government), IDRISI (Clark University) or Arc/Info 
(ESRI, Inc.). 
[0042] Referring to FIG. 3, a How chart of blocks 32 and 
45 in detail are shoWn in greater detail. In this regard, the 
function of block 32, labeled “Extract/Format,” in FIG. 1, is 
to format and output a 3-D World model ?le in Virtual 
Reality Modeling Language (VRML) format 2.0 as directed 
by a user through the query interface 45, Wherein the data are 
extracted from the intermediate database 30. 

[0043] The index of the intermediate database is read into 
variable arrays, shoWn as step 145, for use in determining 
the needed ?les for the desired output. The user selects the 
geographic extents for the desired output ?le, depicted as 
step 210 of the query process, and, after referencing the 
index array, the topographic data input ?les that are required 
to produce the desired output are uncompressed using stan 
dard means and are opened for ?le read access, as depicted 
in block 150. Four possible data processing conditions exist 
depending upon user-selected geographic extents: ?rst, all of 
the desired data can be contained Within one input ?le; 
second, the data required can be contained Within tWo 
North-South adjacent ?les; third, the data required can be 
contained Within tWo East-West adjacent ?les; and fourth, 
the required data can straddle four input ?les. 

[0044] The output ?le Which Will receive the VRML code 
is opened for Writing in step 155. A standard VRML code 
header is Written to the output ?le With code comments 
containing ?le creation time, selected geographic output 
extents, and other information, shoWn as step 160. 

[0045] In all cases, entire South to North pro?les are read 
from either one or tWo input data ?les as step 165 and then 
Written to the VRML output ?le in step 170. This procedure 
pair, 165 and 170, is repeated until the entire set of required 
pro?les has been Written 175. FolloWing completion of 
topographic data processing, the input ?le or ?les are closed 
for reading 180. 

[0046] If requested in block 45, a bitmap image is created 
for application to the terrain surface 185. This method is 
detailed beloW and in FIG. 4. Also, if requested in block 45, 
the VRML terrain scene is populated With 3-D objects at step 
190, for example, 3-D vegetation objects Which correspond 
to the actual vegetation at the selected location. This method 
is detailed beloW and in FIG. 5. 

[0047] FolloWing completion of the methods in blocks 
185 and 190, image references and objects are Written to the 
VRML output 195. Footer code is Written to the output ?le 
Which contains closing VRML statements, copyright and 
softWare version comments, and other information 200. 
VRML output ?le is then closed for Writing and compressed 
using standard means as per the VRML speci?cation, as 
illustrated at step 205. 

[0048] The produced VRML output ?le 35 can then be 
vieWed using standard modeling and model vieWing tools 
designed to accept VRML code as input. This system 
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provides for display of the output in an interactive environ 
ment using computer screens and input devices 11. 

[0049] Additionally, following vieWing of the model 
VRML data, a user is prompted and aided by a graphical 
user interface Which guides the user through another selec 
tion iteration 45. The graphical user interface is available is 
several formats including a WidoWs-based step-by-step WiZ 
ard, a series of standard Common GateWay Interface form/ 
code ?les accessible via standard Internet and Intranet 
Internet Protocol/Transmission Control Protocol (TCP/IP) 
protocols, and by other interfaces. Auser selects the desired 
geographical extents selection of the VRML output ?le 
using one or several of the folloWing: direct entry of points, 
selection on a scaleable map, by Zip code or city/state name 
combination, or other method at step 210. The selection 
function provides the user With a default optimiZed selection 
as Well as optimiZed selections about single points selected 
through maps and by place names and Zip codes. The 
optimiZed selection can be overridden by the user, but there 
is a feedback system at step 215 Which advises the user on 
the impact of their selection in terms of ?le creation speed, 
and ef?ciency and usability of VRML output. 

[0050] The user then is prompted for selection of vertical 
exaggeration of output data if desired at step 220 and for 
selection of appearance and other output options at step 225. 
Once complete, the information is passed back to block 150 
for creation of VRML output as per the query speci?cation 
45. If the user selects the bitmap image overlay option at step 
225 of, then the method in block 185 detailed in FIG. 4 is 
activated. 

[0051] Referring to FIG. 4, depending upon the user 
selected geographic extents of the intended output ?le made 
at step 210 shoWn in FIG. 3, and after referencing the index 
array, the surface data input ?le or ?les that are required in 
order to produce the desired bitmap output are uncom 
pressed using standard means and opened for ?le read access 
at step 230. These may include the terrain-skin composite 
?le or ?les in the intermediate database format. As described 
above in steps shoWn in FIG. 3 for assembling terrain data 
?le, up to four input ?les may be required. 

[0052] The output ?le in either graphic interchange format 
(gif), jpeg (jpg), or other VRML compatible format is 
opened for Writing at step 235. An entire South to North roW 
of surface data is read from input ?le or ?les at step 240. 
FolloWing, the entire roW of data is Written in the appropriate 
graphics format in step 245. These tWo steps 240, 245 are 
repeated until the ?le for the selected geographic extents has 
been Written, as depicted at step 250. The input ?le or ?les 
are closed for reading at step 255. At step 260 the output ?le 
is closed for Writing and the name of the output bitmap ?le 
is returned to the process 32 for inclusion in the generated 
3-D World model ?le. Step 190 represents the continuation 
of the process 32, as shoWn in FIG. 3, folloWing the 
completion of block 185. 
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[0053] Referring momentarily again to FIG. 3, if during 
the query formulation process 45 the user chooses at step 
225 to activate the option for populating the 3-D World 
model With 3-D objects, then the method in block 190 Will 
be activated as detailed in FIG. 5. 

[0054] Referring to FIG. 5, depending upon the user 
selected geographic extents of the intended output ?le made 
at step 210 shoWn in FIG. 3, and after referencing the index 
array, the surface data input ?le or ?les that are required in 
order to produced the desired object-populated output are 
uncompressed using standard means and opened for ?le read 
access at step 265. These may include certain 3-D object 
?les that are accessed as source data and stored in an object 
library database as part of the intermediate database. As 
described above in steps shoWn in FIG. 3 for assembling the 
output terrain model from intermediate data ?les, up to four 
input ?les may be required. At step 270 either a temporary 
?le is opened or random-access memory variable space is 
declared for temporarily storing VRML code to be created 
Within the remaining steps of block 190. An entire South to 
North roW of surface data is read from input ?le or ?les at 
step 275. 

[0055] Next, at step 280, the datum from the surface data 
?le at a geographic location point speci?es the appropriate 
spatial density as a percentage cover for one or more 3-D 
object types, such as trees or buildings. A random value 
betWeen Zero and one is obtained from the computer and is 
compared to the spatial density value for the ?rst object type. 
If the random value is in the pass range, i.e., the random 
value is not more than the spatial density value for the ?rst 
object type, then the appropriate 3-D modeling object from 
the 3-D object library is placed at that point. With only one 
object type, if the value is greater than the spatial density 
value for the ?rst object type then no object is placed at that 
point. In general, With multiple objects, after the test for 
placement of the ?rst object type, if the random value is 
greater than the sum of the spatial densities for the previ 
ously tested object types for this location and not more than 
that sum plus the spatial density for the object type currently 
being tested, then the appropriate 3-D modeling object for 
the current object type from the 3-D object library is placed 
at that point. With multiple objects, if iterative testing leads 
to no placement, then the process moves on to the next 
geographic location point. 

[0056] These tWo steps 275, 280 are repeated until the 
VRML code for the selected geographic extents has been 
completed at step 285. The input ?le or ?les are closed for 
reading at step 290. At step 295 the output VRML code is 
returned to block 32 for inclusion in the output ?le Which is 
created at step 195. 

[0057] A sample VRML ?le supporting 3D model 35 for 
terrain found at 40.51 degrees North latitude, 111.51 degrees 
West longitude is listed on the attached Sample. 

#Copyright 1996-7, GeoSoftWare, Inc. 
#All rights reserved. Use of this ?le subject to license. 
#Find GeoSoftWare at http://WWW.geosoftWare.com on the World-Wide-Web. 
#This header may not be removed from this ?le. 
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-continued 

#See the license for more information. 
# 
#This VRML 2.0 ?le represents the actual terrain found at 
#405 10 degrees North, 111.510 degrees West 
#to 40.505 degrees North, 111.505 degrees West. 
#File Generated: 8/26/97 11:59:05 AM 
# 
Group { 

children [ 
Shape { 

appearance Appearance { 
material Material { 

diffuseColor 0.8 0.8 0.8 

geornetry ElevationGrid { 
XDirnension 7 
ZDirnension 7 
XSpacing 92.5 
ZSpacing 74.0 
solid FALSE 
creaseAngle 0.785 
height[ 

2072, 
2072, 
2072, 

Transform { 
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-continued 
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translation 35 3535 0.0 
rotation 0.0 0.0 1.0 —1.5708 
children [ 

Shape { 
appearance Appearance { 
material Material { 

diffuseColor 1 O O 

geometry Cone { 
bottomRadius 50 
height 70 

} 
#Use of this ?le restricted by license. 
#GeoSoftWare Terrain Traveler 0.2b20. Get the real terrain! 

[0058] While this invention has been particularly shown 
and described With references to preferred embodiments 
thereof, it Will be understood by those skilled in the art that 
various changes in form and details may be made therein 
Without departing from the scope of the invention encom 
passed by the appended claims. 

What is claimed is: 
1. In a computer system having a digital processor, (ii) 

Working memory and (iii) input/output units including input 
means and a display monitor, a terrain model rapid genera 
tion system, comprising: 

an intermediate data ?le holding indications/representa 
tions of elevation vertices; 

a translator coupled to the intermediate data ?le, the 
translator for translating elevation vertices in input ?les 
into a format of the intermediate data ?le. 

an extractor and formatter responsive to user input and 
loosely coupled to the intermediate data ?le for extract 
ing a subset of vertices from the intermediate data ?le, 
combining these vertices into an array and formatting 
said array into an output speci?cation for a three 
dimensional geometric con?guration, said speci?cation 
supporting display of a three-dimensional World model 
including geographic terrain details; and 

a user interface coupled to the extractor and formatter for 
enabling user input of instructions through the input 
means, said instructions directing the extractor and 
formatter; 

Wherein the digital processor executes the extractor and 
formatter and user interface in the Working memory to 
generate and display the three-dimensional World 
model through the display monitor for user vieWing. 

2. In a computer system having a digital processor, (ii) 
Working memory and (iii) input/output units including input 
means and a display monitor, a terrain model rapid genera 
tion system, comprising: 

an intermediate data ?le holding indications/representa 
tions of elevation vertices; 

an extractor and formatter responsive to user input and 
loosely coupled to the intermediate data ?le for extract 
ing a subset of vertices from the intermediate data ?le, 
combining these vertices into an array and formatting 
said array into an output speci?cation for a three 
dimensional geometric con?guration, said speci?cation 
supporting display of a three-dimensional World model 
including geographic terrain details, the extractor and 
formatter further merge a plurality of input ?les to 
produce a single output ?le of different geographic 
extent than any one of the input ?les, said output 
speci?cation being formed of the output ?le; and 

a user interface coupled to the extractor and formatter for 
enabling user input of instructions through the input 
means, said instructions directing the extractor and 
formatter; 

Wherein the digital processor executes the extractor and 
formatter and user interface in the Working memory to 
generate and display the three-dimensional World 
model through the display monitor for user vieWing. 

3. A method for rapidly generating a computer-based 
terrain model comprising the steps of: 

providing computing means including an intermediate 
database of terrain vertices; 

using a query manager executed by the computing means, 
extracting a set of terrain vertices from the intermediate 
database based on a latitude-longitude center location 
and geographic extents, the extracted set of terrain 
vertices corresponding to said latitude-longitude center 
location and geographic extents; 

constructing a three-dimensional World model format 
instruction based on the extracted terrain vertices, said 
constructed instruction supporting display of a three 
dimensional terrain model of a geographic area de?ned 
by said location and geographic extents; and 

merging a plurality of input ?les to produce a single 
output ?le of different geographic extent than any one 
of the input ?les, said constructed instruction being 
formed of the output ?le. 
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4. In a computer system having a digital processor, (ii) 
Working memory and (iii) input/output units including input 
means and a display monitor, a terrain model rapid genera 
tion system, comprising: 

an intermediate data ?le holding indications/representa 
tions of elevation vertices; 

an extractor and formatter responsive to user input and 
loosely coupled to the intermediate data ?le for extract 
ing a subset of vertices from the intermediate data ?le, 
combining these vertices into an array and formatting 
said array into an output speci?cation for a three 
dimensional geometric con?guration, said speci?cation 
supporting display of a three-dimensional World model 
including geographic terrain details; 

a user interface coupled to the extractor and formatter for 
enabling user input of instructions through the input 
means, said instructions directing the extractor and 
formatter; 

a query manager subsystem coupled betWeen the user 
interface and the extractor and formatter, the query 
manager subsystem de?ning the subset of vertices to be 
extracted from the intermediate data ?le, the query 
manager including means for overlaying a graphic 
image upon the displayed three-dimensional World 
model; 

Wherein the digital processor executes the extractor and 
formatter and user interface in the Working memory to 
generate and display the three-dimensional World 
model through the display monitor for user vieWing. 

5. A method for rapidly generating a computer-based 
terrain model comprising the steps of: 

providing computing means including an intermediate 
database of terrain vertices; 

using a query manager executed by the computing means, 
extracting a set of terrain vertices from the intermediate 
database based on a latitude-longitude center location 
and geographic extents, the extracted set of terrain 
vertices corresponding to said latitude-longitude center 
location and geographic extents; 

preparing a tWo-dimensional image; 

applying the tWo-dimensional image to the terrain surface 
as a terrain skin; 

revising the tWo-dimensional image based on movement 
of a user’s vieWpoint during navigation Within the 
three-dimensional terrain model; and 

constructing a three-dimensional World model format 
instruction based on the extracted terrain vertices, said 
constructed instruction supporting display of a three 
dimensional terrain model of a geographic area de?ned 
by said latitude-longitude center location and said 
geographic extents. 

6. A method for rapidly generating a computer-based 
terrain model comprising the steps of: 

providing computing means including an intermediate 
database of terrain vertices; 

using a query manager executed by the computing means, 
extracting a set of terrain vertices from the intermediate 
database based on a latitude-longitude center location 
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and geographic extents, the extracted set of terrain 
vertices corresponding to said latitude-longitude center 
location and geographic extents; 

preparing a tWo-dimensional image; 

applying the tWo-dimensional image to the terrain surface 
as a terrain skin; 

constructing a three-dimensional World model format 
instruction based on the extracted terrain vertices, said 
constructed instruction supporting display of a three 
dimensional terrain model of a geographic area de?ned 
by said latitude-longitude center location and said 
geographic extents; and 

Wherein the tWo-dimensional image is doWnloaded from 
a computer netWork. 

7. Amethod for using a rapidly generated computer-based 
terrain model to visualiZe geographic locations through 
simulations of the geographic locations, comprising the 
steps of: 

accessing an intermediate database of terrain vertices 
through a query manager interface to extract elevation 
vertices of a desired geographic location; and 

converting the extracted elevation vertices into a three 
dimensional. World terrain model in a speci?ed output 
format. 

8. The method of claim 7 further comprising the steps of; 

navigating through an image of the three-dimensional 
World terrain model using a three-dimensional render 
ing engine. 

9. The method of claim 7 further comprising the steps of: 

hyperlinking from Within the three-dimensional World 
terrain model via a universal resource locator address. 

10. The method of claim 7 further comprising the steps of: 

exporting output models in a speci?ed format to a con 
ventional three-dimensional model authoring tool for 
enhancing and/or revising the three-dimensional World 
terrain model; and 

revisualiZing the revised three-dimensional World terrain 
model in a computer display device. 

11. The method of claim 7 further comprising the step of: 

choosing a surface color for the output format of the 
three-dimensional World terrain model from a selection 
of multiple alternative choices presented by the query 
manager. 

12. The method of claim 7 further comprising the step of: 

choosing a surface color for the output format of the 
three-dimensional World terrain model automatically 
based upon a predetermined mapping of elevation data 
to color. 

13. The method of claim 7 further comprising the steps of: 

choosing an appropriate vertical exaggeration for the 
elevation vertices as desired by the user. 

14. The method of claim 7 further comprising the steps of: 

choosing a tWo-dimensional image to be overlaid on the 
surface of the three-dimensional World terrain model, 
and 
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merging the tWo-dimensional image onto the three-di 
mensional World terrain model surface Within the out 
put format. 

15. A computer program product comprising: 

a computer usable medium for rapidly generating a com 
puter-based terrain model; 

a set of computer program instructions embodied on the 
computer usable medium, including instructions to: 

create an intermediate database of terrain vertices; 

extract a set of terrain vertices from the intermediate 
database based on a latitude-longitude center location 
and geographic extents, the extracted set of terrain 
vertices corresponding to said latitude-longitude center 
location and geographic; and 

construct a three-dimensional World model format 
instruction based on the extracted terrain vertices, said 
constructed instruction supporting display of a three 
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dimensional terrain model of a geographic area de?ned 
by said latitude-longitude center location and said 
geographic extents. 

16. A computer data signal embodied in a carrier Wave 
comprising a code segment for rapidly generating a com 
puter-based terrain model, including instructions to: 

create an intermediate database of terrain vertices; 

extract a set of terrain vertices from the intermediate 
database based on a latitude-longitude center location 
and geographic extents, the extracted set of terrain 
vertices corresponding to said latitude-longitude center 
location and geographic; and 

construct a three-dimensional World model format 
instruction based on the extracted terrain vertices, said 
constructed instruction supporting display of a three 
dimensional terrain model of a geographic area de?ned 
by said latitude-longitude center location and said 
geographic extents. 

* * * * * 


