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[57] ABSTRACT

A Digital Elevation Database is converted to a Polygon
Database by creating square cells of varying sizes, starting
with a minimum size cell. A center elevation point in the cell
is used to form four three-dimensional triangles. The points
within the cell are then tested against the flatness criteria. If
the cell meets the flatness criteria it is expanded and tested
again. This goes on until the cell fails the flatness criteria or

a maximum snecified cell gize ig reached. The cell naram-
a maximum speCiiiel Ceil SIZC 1S reacned. 1a¢ ¢l param

eters for the last trial cell meeting the flatness criteria or the
maximum specified cell size are then entered into the
polygon database. The points in the cell are then removed
from the elevation database and the process starts over until
all the points have been processed. In a second embodiment
the procedure starts with a maximum size cell and the cell
size is reduced until the cell meets the flatness criteria.

19 Claims, 15 Drawing Sheets

Number of Cells = 1963 Polygon Database
Flatness Criteria P=10

rlatness f‘v‘1 i—nrw:\ M=-20

Number of Cells of size 2 = 325

Number of Cells of size 4 = 120

Number of Cells of size 6 = 221

Number of Cells of size 8 = 267

Number of Cells of size 10 = 1030
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1
METHOD FOR CONVERTING A DIGITAL

ELEVATION DATABASE TO A POLYGON
DATABASE

CROSS REFERENCES TO RELATED
APPLICATIONS

This patent application relates to the material disclosed in
patent appiication “Digitai Map Generaior and Display
System”, Ser. No. 08/944.366 now pending filed Oct. 6.
1997 by the present inventor and to U.S. Pat. No. 5.566,073
PILOT AID USING A SYNTHETIC ENVIRONMENT
issued Oct. 15, 1996 to the present inventor.

BACKGROUND OF THE INVENTION

1. Field of Invention

This invention relates to a method for compressing a
digital elevation database for a system for displaying three-
dimensionai ierrain data.

2. Discussion of Prior Art

Copending patent application “Digital Map Generator and
Display System”, Ser. No. 08/566. 073 ﬁled Oct. 6. 1997
now U.S. Pat. No. 5.862.186 by the present inventor,
describes a digital map system for displaying three-
dimensional terrain data using terrain data in the form of

nalveons. The nolvean databace ig nroduced from a database

POIYECNRS. 2 00 POiyZON Catalase 1d PlOCRLLL B0 e C&tabas

of elevation points which are divided into mxn cells which
have an elevation point in the center of the cell. The center
point forms four polygons with the corners of the cell. The
elevation of the center point may be chosen to be the highest

alavatin Y]
elevation point in the mx

elevation points in the mxn cell, or the elevation of the actual
center point.

Other systems using elevation data directly have been
developed that present an apparent three-dimensional effect
as well as some that present a mathematically correct
texture-mapped three-dimensional projected display. Both
of these systems require a very large amount of storage for
terrain data.

The 1987 patent to Beckwith et al. (U.S. Pat. No. 4,660,
157) compresses terrain data using the Discrete Cosine
Transform and stores it on a tape. The compressed data is
read from the cassette tape in a controlled manner based on
the instantaneous geographlcal location of the aircraft as
provided by the aircraft navigational computer system and
reconstructs the compressed data by suitable processing and

writing the reconstructed data into a scene memory. Further
processing of the data provides a 3D perspective on the
display. The aircraft’s heading is accounted for by control-
ling the way the data is read out from the scene memory.
Different heading angles result in the data being read from
a different sequence of addresses. Since addresses exist only
the truncation of address locations

at discrete locations,
screte

causes an unavoxdable change in the map shapes as the
aircraft changes heading. Beckwith’s method displays only
discrete points. This is made very apparent in Beckwith’s
use of a ‘column max memory’ in order to eliminate hidden

te Th
pom.s The present invention P"uu"‘ﬂlel"‘w."{‘.w" ally rotates terrain

polygons as the aircraft changes attitude. The resolution is
determined by the number of bits used to represent the
vertices of the polygons, not the number of storage
addresses. Further, the present invention displays three-

Alrmancianal arniant 1
dimensional projected polygons, not discrete points as pro-

duced by Beckwith.

The 1989 patent to Chan et al. (U.S. Pat. No. 4,884,971)
teaches a method of interpolating elevation values using
polynomials. The interpolated values are used in a radar
simulator.

mxn cell, the average € elevation of the .
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The 1990 patent to Beckwith et al. (U.S. Pat. No. 4,970,
682) teaches a database consisting of rows and columns of
digitai elevation points, which is first compressed using the
hybrid discrete cosine transform (DCT) compression
algorithm. with differential pulse code modulation (DPCM)
being used to transmit the DCT coefficient differences
between each row of grid points. During operation the
bUll.l]_JleDCU data arc read from the cassette tape.
reconstructed, and stored in a scene memory with a north-up
orientation. A read control circuit then controls the read-out
of data from the scene memory with a heading-up orienta-
tion to provide a real-time display of the terrain over which
the aircraft is passing. The display provided by this system
is in the form ofa moving map rather than a true perspectlve
display of the terrain as it would appear to the pilot through
the window of the aircraft. Note also that the display does
not reflect the roll or pitch angles of the aircraft. only the
aircraft’s heading. Because the Beckwith patent accounts for
the aircraft’s heading by controlling the way the data is read
out from the scene memory, different heading angles result

3 thn Anta haing wand frnme o A
in the data being read from a different sequence of addresses.

Since addresses exist only at discrete locations, the trunca-
tion of address locations causes an unavoidable change in
the map shapes as the aircraft changes heading.

The 1993 patent to Dawson et al. (U.S. Pat. No. 5.179,

628) chows a a method and apparatus for nrovidinoe a texture

638) shows a a method and apparatus for providing a textur
mapped perspective view for digital map systems which
includes a geometry engine that receives the elevation posts
scanned from the cache memory by the shape address
generator. A tiling engine is then used to transform the
elevation posts. where each square cell is divided into two
three-dimensional triangles.

The 1994 patent to Femal et al. (U S. Pat. No. 5.299.300)
teaches an improvement over the Beckwith *682 patent.
‘Where Beckwith teaches database compression by using the
Discrete Cosine Transform, Femal achieves database com-
pression by omitting every other row and every other
column of the original database. In both Beckwith and

A - tha
Femal, uu.uus operation the \,vﬂ"nprCSSCu data are read from

the cassette tape, reconstructed, and stored in a scene
memory with a north-up orientation. A read control circuit
then controls the read-out of data from the scene memory
with a heading-up orientation to provide areal-time display
of the terrain over which the aircraft is passing. However.
whereas in Beckwith the addresses are truncated, causing an
unavoidable change in the map shapes as the aircraft
changes heading, Femal uses bilinear interpolation to create
a plurality of interpolated addresses to create a smoother
appearance as the data are read out.

The 1996 patent issued to the present inventor (U.S. Pat.
No. 5.566,073 PILOT AID USING A SYNTHETIC ENVI-
RONMENT issued Oct. 15, 1996) describes a system that
presents the pilot of an aircraft with a computer synthesized
three-dimensional view of what is outside the aircraft,
unobscured by darkness or weather. The ‘073’ patent teaches
a method of converting a digital elevation database to a
polygon database by selecting an elevation point and grow-
ing polygons until they no longer meet the flatness criteria.
See FIG. 12a through FIG. 12¢ and FIG. 13a through FIG.
13e.

Accordingly, one of the objects and advantages of my
invention is to provide a more efficient method of converting
a Digital Elevation Database to a Polygon Database while
reducing the amount of storage required for the database.
The invention can be used in a ﬂlght simulator, a video
game, or in other systems that use digitized terrain.

Further objects and advantages of my invention will

beoome apparant from a consideration of the drawings and
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3
SUMMARY OF THE INVENTION

A Digital Elevation Database is converted to a Polyg
Database by creating square cells of varying sizes.

First a minimum size square cell is formed from a selected
center elevation point and four corner elevation points. The
center elevation point in the cell is used to form four
three-dimensional umﬂsu.a where each three-dimensional
triangle is formed from the center elevation point and two
adjacent corner elevation points forming a side of the cell.
The points within the four three-dimensional triangles are
then tested aga.inst the flatness criteria. In order to meet the

uau.lcaa bl.].lclld. nv PU.I.lll. lll l-.llC lUU.l L[].lCC—uuncﬂbloﬂd.l

triangles may be greater than a distance FCP above or a

on

distance FCM below the corresponding point in the Digital |

Elevation Database.

If the cell meets the flatness criteria it is expanded and
tested again. This goes on until the cell fails the flatness
criteria or a maximum specified cell size is reached. The cell
parameters for the last trial cell meeting the flatness criteria
or the maximum specified cell size are then entered into the
polygon database and the points making up the cell are
removed from the elevation database. Cells are formed until
all the points in the elevation database are used.

garnnd amhbhadinsant e nad Qtnet ~

th o P
SCCONG CIooGimcnt wc proceaure siaits with a

cell

T,
il a

maximum size cell and the cell size is reduced until the
meets the flatness criteria.

In either embodiment, cells may be started by selecting
the highest elevation point in the elevation database and
working downward or by selecting the lowest elevation
point in the elevation database and working upward.

DESCRIPTION OF THE DRAWINGS

FIG. 1a shows a
four triangles.

FIG. 1b shows a typical cell produced by the Dawson
meuiva,

FIG. 1c shows a group of typical cells produced by the
Dawson method.

FIG. 1d shows the center point and four corner points for
a 9 point cell.

FIG. 1e shows the center point, four corner points, and
four side points for a 9 point cell, where the side points
represent real elevation poinis.

FIG. 2a shows the center point, four corner points, and
four side points for a 9 point cell, where the side points
represent 1ntcrpolatcd clevatlon points.

FIG. 2b shows the four edges for a 9 point cell.

FIG. 2¢ shows the four edges and four diagonals for a 9
point cell.

FIG. 2d is a three-dimensional projected representation of
a 9 point cell, where the side points are interpolated.

1 nraiactad toatinn ~f
FIG. 2¢ is a three-dimensional projected representation of

a 9 point cell, where one of the real side points is greater than
its corresponding interpolated point.

FIG. 3a shows the center point, four corner points, and 20
interpolated points for a 25 point cell.

FIG. 3b shows the four edges of a 25 point celi.

FIG. 4 shows the four edges and four diagonals of a 25
point cell,

FIG. § shows the four edges, four diagonals, and four
interior lines used to interpolate the values of the four
interior points of a 25 point cell.

FIG. 6 shows the center point four corner points, and 44

mtcxpumwu PUllll.b for a 4, PUlIll ceil.

square cell with a center point forming

A3
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4
FIG. 7 shows the four edges of a 49 point cell.

FIG. 8 shows the four edges and four diagonals of a 49
point cell.

FIG. 9 shows the two interior lines used to interpolate the
values of four interior points of the bottom triangle of a 49
point cell.

FIG. 16a shows the impending crossover from Geo-
graphic Data Block to Geographic Data Block 22.

FIG. 106 shows the result of a crossover from Geooran

~
AV SIOWS 0 103U 02 a LT0S50VAT 110D Lxeograpic

Data Block to Geographic Data Block 22.

FIG. 11a shows the impending crossover from Geo-
graphic Data Block to Geographic Data Block 32.

FIG. 115 shows the result of a crossover from Geographic
Data Biock to Geographic Data Block 32.

FIG. 12 is a picture of an orthographic projection of a
representative created from a cell data block stored in the
polygon database.

FIG. 13 is a picture of an orthographic projection of a

representative base consisting of d1g1ta1 elevation points,
with a yaw angle of degrees, without hidden points removed.

FIG. 14 is a picture of an orthographic projection of a
polygon database produced from the digital elevation data-
base shown in FIG. 13, using the present method for
converting a Digital Elevation Database to a Polygon
Database, using the Top-Down Min-Max method.

FIG. 15 is a picture of an orthographic projection of a
polygon database produced from the digital elevation data-
base shown in FIG. 13. using the present method for
converting a Digital Elevation Database to a Polygon
Database, using the Rao!f ttnrn-lTn Min-Max method.

g nc HOIN- RIR-AVAAX IDCUH

DETAILED SPECIFICATION

The Digital Elevation Model Database
The U.S. Geological Survey (USGS) has available a
database called the Digital Elevation Model which consists
of an array of regularly spaced terrain elevations. It can be
purchased on 9 track tape or it can be downloaded from the
USGS ftp site on the Internet. The data used as an example

to illugtrate the nregent invention is from the SEATTIE B

VU ALUSW AW wiv pPalsUnl luvonuln 15 iU Uil S 1 aalx

DEM file downloaded from the USGS ftp site. For the
purposes of illustration the elevation values are exaggerated.

Database Conversion

FIG. ia shows a typical square cell made of corner
elevation points 101, 102, 103, and 104. Center elevation
point 105 is used to form four three-dimensional triangle s
within the cell:

1. the triangle made from points 105, 101. and 102;

2. the triangle made from points 105, 102, and 103;

3. the triangle made from points 105, 103, and 104; and

4. the triangle made from points 105, 104, and 101;

Note how this is different from the method taught by

4 h nin OIY 1h th 11
Dawson. In Dawson’s method, as shown in FIG. Ib, the cell

with corner points 106, 107, 108, and 109 is divided into two
triangles by diagonal line 110 connecting corner points 106
and 108.
The two triangles are:

1. the triangle made from points 106, 107

2. the triangle made from points 108, 109, and 106.
FIG. 1c shows a group of typical cells produced by the
Dawson method.

The digital elevation database is converted to a polygon
database by the foliowing steps.

nend TAQ. - d
. aiid 1vo; ana



5,974,423

5

1. Start with a list of rows and columns of elevation
points, designated ‘points(x.y)’.

2. Make a copy of the list points(x.y), designated ‘dpoints
(x,y) As cells are created, the points in the cells will
be removed from upOiﬁtS\X.y ). The reason for remov-
ing the points from the copy of points(x,y) is that some
elevation points may be used in more than one cell. thus
the original points must always remain available during
the creation of the polygon database. Other methods
may be used to accomplish this. For example, instead
of maintaining a duplicate list of points, a list of flags
can be used corresponding to the list of elevation
points. Points that have been removed from the dupli-
cate list of points or have had their flags set are deemed
to be inactive.

3. Find the highest elevation of the active points in the list

dpoints(x.y). The address of thig nmnt will be nused as

GPOINIS A, 2 0€ acaress Ol s point 0 usea

the sclected center elevation pomt of the cell, desig-
nated ‘(xc,yc)’. If there are no more active elevation
points, then stop.

4. Form a square cell with center elevation point PC=(xc,

radd

yc) and with corner elevation pumn
Pl=(xc—n.yc—n),
P2=(xc—n.yc+n),
P3=(xc+n.yc+n), and
P4=(xc+n.yc—n).
where n=1.
We will call this a cell with size =2 because it is 2 units wide
and 2 units long . This is shown in FIG. 1d.
5. The elevations for the cell are:
Zc=points(xc,yc);
Zl=points(xc—1.yc-1});
Z2=points(xc—1,yc+1);

7Z3=noints(xc+1 ve+1): and

LWTTPVARIS AL T 24y VS gy QA0
ZA=points(xc+1,yc-1).
6. The cell forms four three-dimensional triangles where
each three-dimensional triangle is formed from the
center elevation point and two adjacent corner eleva-

2 santonds £osmaing o gida AF tha ~asll.

l.lUll lJUlll.l.b 1OLILHIEE a4 dIUC Ut ulv L.

1. PC.P1. P2

This is shown in FIG. 2¢. A three-
image of a cell is shown in FIG. 2d.
7. Referring to FIG. 1e, points R1, R2, R3, and R4 in

the original elevation database are not part of the cell

data. The corresponding points in the synthesized

Qe QA

Ce].l are pOlmS OL, D4, DO. d.llu b‘l as bIlUWI.I ll.l l"lU
2. Points S1. S2. S3, and S4 in the synthesized cell
will be synthesized from the cell data and are com-
pared to points R1, R2, R3, and R4 in the original
elevation database to determine if they meet the
predetermined fiatness criteria.

In order to meet the flatness criteria, no point in the
synthesized cell may be greater than a distance FCP above
or a distance FCM below the corresponding point in the
original elevation database.

The generai procedure for synihesizing the points in the
cell is to use interpolation to:

a. Use the corner elevation points t derive the edee

e cagi

USC e COornct CICV on

points.

b. Use the center elevation point with the corner elevation
points to derive the diagonal points.

c. Since mangles are, by deﬁ.nmon, planar the pomts

Il]ﬂ.lslllg up ull: IUU.I uucc-uuucumum umugxca lUl..lLlCu
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from the center elevation point and the corner elevation
points are used to derive the interior points in each
respective triangie.
The first trial cell is for size=2 as shown in FIG. 2a.
First we derive the edge points. Referring to FIG. 2b,
because point S1 is located on the line formed by points P1
and P2 and is halfway between points P1 and P2, the
elevation of S1 is simply the average of the elevation at point

P1 and the elevation at point P1.

ZS1=(ZP1+ZP2)2
similarly:

FQA_ 7D LTDAN)
LD\ L ATLEL) &

ZS3=(ZP2+7P3)/2

ZS4=(ZP3+7P4)/2
Since the cell is of size=2, there are no diagonal points or
interior triangle points to derive. An example of a cell where

one of the real noints differs from its correspondineg svnthe-

ChC CF 1€ Iéa: pOoInts CIIECTS IIOM 138 COIICSPONALNE 38y

sized point is shown in FIG. 2¢, where real point R3 is higher
than its corresponding synthesized point S3.

8. If the cell does not meet the flatness criteria make the

center elevation point the highest elevation of the 9

Luucapulu.uug PU.luLB in the cell from the Pulut(x,y} uot.

create a cell datablock of type 0, and remove the 9 cell
points from the dpoint(x.y) list.

The cell is created even though it does not meet the
flatness criteria because it is the smallest cell possible.
1v1d.rx111g it as a Type 0 cell tells the computer during runtime
that it is a cell with n=1 but any point within the cell may be
as high as the cell center elevation point. This makes it
possible to warn the pilot to avoid a possible collision.

9. If the cell does meet the flatness criteria, expand the cell

by setting n=2 and repeating the fiatness criteria test.
For n=2, a cell of size=4 is created as shown in FIG. 3a.

Note that there are now 20 points that have been dropped
from the elevation database and need to be derived from the
center elevation point and four corner elevation points and
tested against the flatness criteria.

The derivation of the 20 synthesized points for n=2, cell
size=A4, is shown in Table 1. Additionally, FIG. 3b shows the
edge points, FIG. 4 shows the d.1agona.ls. and FIG. § shows
the interior points for the four triangles. FIG. 4 shows how
the diagonals create Bottom Triangle 40, Left Triangle 41.
Top Triangle 42, and Right Triangle 43.

1n T€ tha ~Aall Ana
10. If the cell does not meet the flatness criteria for n=2:

a) Create a cell datablock of type 1 and remove the 9
cell points from the dpoint(x,y) list.

b) Return to step 3.

11. If the cell does meet the flatness criteria, expand the
cell by setting n=3 and repeating the fiatness criteria
test.

For n=3, the cell will be size=6 and will contain 49 points.
The center elevation point and the corner elevation points
account for 5 points, leaving 44 points that need to be
synthesized and tested against the flatness criteria. The
method for synthesizing the 44 points is similar to that used
in step O.

The derivation of the 44 synthesized points for n=3, cell
size=6 is shown in Table 2. Additionally, FIG. 6 shows the
points in the cell, FIG. 7 shows the edge points, FIG. 8
shows the diagonals and FIG. 9 shows the interior points for

Bottom Triangle 80. The interior points in I eft Trianole 81,

S010m 111angle 3%, 200 1IAWIIaE nis 1n LCIl 1I1angl

Top Triangle 82, and Right Tnanglc 83 are dcnvcd in a
similar fashion.
12. If the cell does not meet the flatness criteria:
a) Create a cell datablock of type 2 and remove the 25

cell Puu.ua from the dpomt(x,y) list.
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b) Return to step 3.

13. If the cell does meet the flatness criteria. expand the
cell by setting n=4 and repeating the flatness criteria
test.

For n=4, the cell size will be=8. and the cell will contain
81 points. The center elevation point and the corner eleva-
tion points account for 5 points, leaving 76 points that need
to be synthesized and tested against the flatness criteria. The
method for synthesizing the 76 points is similar to that used
in siep i1 and is shown in Tabie 3.

14. This process continues until the cell fails the flatness

criteria or a2 maximum snecified cell cize i reached

a SPCLLiicQ OO S1AC 15 ICaGaCa.

The cell parameters for the last trial cell meeting the
flatness criteria or maximum specified cell size are then
entered into the polygon database and the points mak-
ing up the cell are removed from the elevation database.

Calle are formed until all the ngintg in tha alavation
Leus are Iormed unmi au i points in Wwie &iévauon

database are used.

Variations
The above described method starts at the top and works

toward the bottom and is therefore called the Top-Down
method. An alternative is to start at the bottom. with the

minimum altitnde, and work toward the top. This is called .

the Bottom-Up method

The method that has been described, whether Top-Down
or Bottom-Up, starts with a square cell having a minimum
size and expands the cell until it either fails the flatness
criteria or ihe cell reaches a maximuim specified size. This
method is called the Min-Max method. An alternative
method is to start with a maximum size cell and reduce the
cell size until it passes the flatness criteria. This is called the
Max-Min method.

Results

FIG. 13 is a picture of an orthographic projection of a
representative database consisting of digital elevation
points, with a yaw angle of 23.5 degrees. All points are
drawn, without hidden points removed.

FIG. 14 is a picture of an orthographic projection of a
representative database consisting of polygons produced by
the present method of converting a digital elevation database
to a polygon database, using the Top-Down Min-Max
method. The flatness criteria used were 10 units in the
positive direction and 20 units in the negative direction.
There were a total of 1963 cells produced. The number of
cells of each size are as follows:

Fayntm
LIS

Cells

Calle
wous

Cells
Cells
FIG. 15 is a picture of an orthographic projection of a
representative database consisting of polygons produced by
the present method of converting a digital elevation database

to a polygon database, using the Bottom-Up Min-Max

method, The flatness criteria ncM were 1(\ nrnfc 1n ﬂnn
positive direction and 20 units in the negative direction.
There were a total of 2026 cells produced. The number of
cells of each size are as follows:

Cells of size 2:365

Celis of size 4:154

Cells of size 6:228

NN o E o Q.47
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of size 8:267
of size 10:1030

Lh

e

30

35

45

55

65

8

Cells of size 10:1012
During the creation of the database, the data are organized
in geographic blocks. In operation these geographic blocks

are accessed so that the proper data are always present. This
shown in FIG, 10, FIG, 10b shows that when the user

crosses from Block 21 to Block 22, the data from Blocks 10,
20, and 30 are discarded and data from Blocks 13, 23, and
33 are brought in. FIG. 11a and FIG. 11b show the user

crossing from Block 22 to Block 32.

Canaranhin Aata hlasclke mav nas diffarant val
Geographic data blocks may use different values for the

Flatness Criteria so that areas of special interest, such as
around airports. may be represented in greater detail and
therefore with less compression.

Different flatness criteria may also be used within the
saimc BCUslﬂPll.l\, ddla b}.G&L FU.l CAd.Ill*’lC. lUl aicas l.llﬂl. aic

not near airports different flatness criteria may be used for
altitudes below 1000 feet above ground level.

Polygon Database

Database is composed of blocks of data

The Polvoon

aal TARyglnl L/Qloase

describing the cells. Each cell requires 8 words of data
regardless of the size of the cell. The minimum size cell
(n=1) covers 9 elevation points which would require 9 words
in an elevation database.

A ceil wiih a size of n=2 covers 25 eievaiion poinis which
would require 25 words in an elevation database. The cell
description still requires only 8 words.

A cell with a size of n=3 covers 49 elevation points which
would require 49 words in an elevation database. The cell
description still requires only 8 words.

A cell with a size of n=4 covers 81 elevation points which

would regnire 1 waordg in an elavation databace The cell
WOUIG Tequire o1 WOIGS 1 an €ievaluon Gaavase. inf CCu

description still requires only 8 words.
The relationship between the type, n, size, and number of
points in the cell is as follows:

n=Type (except for Type=0);

Size=n*2;

Number of points in the cell=(size+1)*(size+1).

The fnllnwmo mmmn]e is illustrative:

Type n size cell points
0 1 2 9
1 H 2 9
2 2 4 25
3 3 6 49
4 4 8 81
5 5 10 121

The following is an example of a C Program definition of a
cell data block:

struct block
{
int type; /* type and size of cell */
int xcenter; /* coordinates of center elevation point */
int ycenter;
int zcenter;

int 21,22,23,24; /* elevations of corner elevation points */

b

The oy 4 tha ‘una’ i ad t Auy Cun?
During program runtime, the ‘type’ is used to produce ‘n

as described above and ‘xcenter’, ‘ycenter’, and ‘zcenter’

are the coordinates of the center elevation point so that:
center elevation point=(Xcenter,ycenter,zcenter)

The coordinates of the corner elevation points are derived as

foliows:



5,974,423

9

corner elevation point 1=(xcenter—n,ycenter-n.z1);

corner elevation point 2=(xcenter—n.ycenter+n,z2);

corner elevation point 3=(xcenter+n.ycenter+n.z3);

corner elevation point 4=(xcenter+n.ycenter—n,z4);
Because a square cell is used, the X and y coordinates of the
corner elevation points are derived from the X and y coor-
dinates of the center elevation point and
necessary to store only the elevations of the corner elevation
points.

An addditional saving of data storage space can be
obtained where the difference in elevation between the
center eievation point and the corner elevation poinis can fit
into a byte instead of a word. In this case a C Program
definition of a cell data block would be:

€n?  smanlrtwms I
i, making i

struct block
{
mt type; /* type and size of cell */
int xcenter; 1* coordinates of center elevation point */
int ycenter;
int zcenter;
char /* delta elevations of corner elevation points */
dz1,dz2,dz3,dz4;
b

Using this method, the ‘type’ is again used to produce ‘n’
as described above and ‘xcenter’, ‘ycenter’, and ‘zcenter’

are the coordinates of the center elevation pomt so that:
center elevation point=(xcenter,ycenter.zcenter).

However, the coordinates of the corner elevation points are

now derived as follows:
corner eievation point I=(xcenter—n.ycenter—n.zcenter+

dzl);

corner elevation point 2=(Xcenter—n.ycenter+n.zcenter+
dz2);

corner elevation point 3=(xcenter+n,ycenter+n.zcenter+
dz3);

corner elevation point 4=(xcenter+n,ycenter—n.zcenter+
dz4);

Assuming two characters per word, this method rcquircs 6
words to describe a cell instead of & words as in the previous
method.

FIG. 12 is a picture of an orthographic projection of a
representative cell created from a cell data block stored in
the polygon database.

FIG. 13 is a picture of an orthographic projection of a

representative database consisting of digital elevation
points. There are 256*256=65,536 elevation points. requir-
ing 65,536 words (131,072 bytes) of storage.

FIG. 14 is a picture of an orthographic projection of a

}'CFK'CSCB{&“VC database COBS{S"“g of nnlvgnnc prnrlnmérl hv

the present method of converting a digital elevation database
to a polygon database. using the Top-Down Min-Max
method. There are 1963 cells, requiring 1963*8=15,704
(31408 bytes) of storage.

Thiia in thic avamnla th
Thus, in this example. the polygon database requires only

24% of the storage space required by the digital elevation
database.

FIG. 15 is a picture of an orthographic projection of a
reptesentalive database consisting of polygons produced by
the present method of converting a digital elevation database
to a polygon database. using the Bottom-Up Min-Max
method. There are 2026 cells, requiring 2026*8=16.208
(32,416 bytes) of storage. In this example the Bottom-Up
method produces more cells than the Top-Down method.
Depending on the original terrain there may be cases where

-
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the Bottom-Up method produces fewer cells than the Top-
Down method.

3D Math

Tha math for tha neagant invantion
1n¢ Mmatn 10 ¢ present invention has been used in the

field of coin-operated video games and in traditional com-
puter graphics and is documented in copending application
Ser. No. 08/944.366 filed Oct. 6, 1997, by the present
inventor. This copending application also contains a C
O Ancee mon cbaentns #lhn hhocin easinaieal

COompuier prograin that demonstrates the basic Principis
presented therein.

Polygon Edge Enhancement
To prevent a polygon from blending in with its neighbors
in a system with a limited number of bits per pixei. poiygons

can be drawn so that the edges are a different color or shade
from the interiors. An example of this is shown in FIG. 14.

Table 1—Synthesized Points for n=2, Cell Size=4
Left Edge:
Point S2 is midway between points P1 and P2 so that
Z82=(ZP1+7P2)/2.
Point S1 is midway between points P1
ZS1=(ZP1+ZS2)/2.

Point S3 is midway between points S2 and P2 so that
ZS3=(ZS2+7P2)/2.
Top Edge:

Point S12 is midway between points P2 and P3 so that
ZS12=(ZP2+ZP3)/2.

Point S8 is midway between points P2 and S12 so that
ZS8=(ZP2+7512)/2.
Point S17 is midway between points S12 and P3 so that

ZS17=(ZS12+7ZP3)/2.
Right Edge:
Point S19 is midway between points P4 and P3 so that
ZS19=(ZP4+ZP3)/2.
Point S18 is midway between points P4 and S19 so that
ZS18=(ZP4+ZS19)/2.

Point 528 is midway between points S12 and P3 so that
ZS20=(ZS19+ZP3)/2.
Bottom Edge:

Point S9 is midway between points P1 and P4 so that
ZS9=(ZP1+7P4)/2.
Point S4 is midway between points P1 and S9 so that

Z54=(ZP1+ZS9)/2.
Point S13 is midway between points S$ and P4 so that
ZS13=(ZS9+7ZP4)/2.
Diagonals:

Point S5 is midway between points P1 and PC so that
ZS5=(ZP1+7ZPC)/2.

Point S7 is midway between points P2 and PC so that
ZS7=(ZP2+7ZPC)/2.

Point S16 is u.uu'w‘ay betw
Z816=(ZP3+ZPC)/2.
Point S14 is midway between points P4 and PC so that
ZS14=(ZP4+ZPC)/2.
Bottom Triangle:
Point S19 is midway between points S5 and Si4 so that
ZS10=(ZS5+ZS14)/2.
Left Triangle:
Point S6 is midway between points S5 and S7 so that
ZS6ZSS+ZS7)/2.
Top Triangle:
Point S11 is midway between points S7 and S16 so that

’7(‘11_
(’70‘7 I 7(‘16),’2

™
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Right Triangle:
Point S15 is midway between points S14 and S16 so that
ZS15=(ZS14+7Z516)/2.
Table 2—Synthesized Points for n=3, Cell Size=6
Left Bdge:
Point S1 is Y6 between points P1 and P2 so that ZS1=
XP1HZP2-7ZP1)*Ys.
Point S2 is % between points P1 and P2 so that ZS2=
XP1HZP2-ZP1)*%s.
Point S3 is ¥ between points P1 and P2 so that ZS3=
XP1+HZP2-XP1)*%.
Point 54 is % between points P1 and P2 so that ZS4=
XP1HZP2-ZP1)*%e.

Point S5 is % between points P1 and P2 so that ZS5=
XP1HZP2-XP1)*%s.
Top Edge:

Point S12 is Y between points P2 and P3 so that ZS12=
ZP2HZP3-ZP2)* V.

Point S19 is % between points P2 and P3 so that ZS19=
ZP2-HZP3~ZP2)*%s.

Point $S28 is ¥ between points P2 and P3 so that ZS25=
ZP2HZP3—ZP2)*%s.

Point S32 is 46 between points P2 and P3 so that ZS32=
ZP2-HZP3-ZP2)*¥s.
Point S39 is ¥ between points P2 and P3 so that ZS39=
ZP2HZP3-7P2)*%s.
Right Edge:
Point 549 is Y% between points P4
ZP4HZP3-ZP4)*Ye.
Point §41 is % between points P4 and P3 so that
ZP4H(ZP3-7P4)*%e.
Point S42 is ¥ between points P4 and P3 so that ZS42=
ZP4HZP3—-ZP4)*%e.
Point 543 is %s between points P4 and P3 so that ZS43=
ZP4-HZP3-ZP4)*¥e.
Point S44 is % between points P4 and P3 so that ZS44=
ZPAHZP3-7P4)*%e.
Bottom Edge:
Point S6 is Y between points P1 and P4 so that
ZS6=7ZP1+ZP4-7P1)*Vs .
Point S13 is % between points P1 and P4 so that ZS13=
ZP1HZP4-ZP1)*Y6.
Point 520 is ¥ between points P1 and P4 so that ZS20=
ZP1HZ7ZP4-7P1)*¥s.
Point $26 is % between points P1 and P4 so that ZS26=
ZP1HZP4-7ZP1)*%e.
Point S33 is % between points P1 and P4 so that ZS33=
ZP1HZP4-7P1)*%s.
Diagonals:
Point 87 is 's between points P1 and PC so that ZS7=
ZP1H{ZPC-7ZP1)*/5,
Point S15 is 34 between points P1 and PC so that
ZS15=ZP1+(ZPC~ZP1)*%:.
Point 51 is '3 between points P2 and PC so that ZS11=
ZP2HZPC-ZP2)*5.
Point S17 is 35 between points

nad DY oo 4t AN
anu ro dSU Ulc U=
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7541=
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ZS17=7ZP2HZPC-ZP2)*.
Point S38 is 5 between points P3 and PC so that
Z838=7ZP3+HZPC-ZP3)*.
Point S30 is 5 between points P3 and PC so that
ZS30=ZP3+ZPC-ZP3)**.
Point S34 is s between points P4 and PC so that

QA s
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Point S28 is 35 between points P4 and PC so that
Z528=7P4HZPC-ZP4)**.
Bottom Triangle:

Point S21 is midway between points S7 and S34 so that
ZS21=(ZST+ZS34)/2.

Point S14 is midway between points S7 and S21 so that

2Q14
LDL‘}—\L,D I"'LDAI)IA

Point S27 is midway between points S21 and S34 so that
a Z827=(ZS21+7S34)/2.

i L3S TLID

Point S22 is midway between points S15 and S28 so that

th

ZS22=(ZS15+7528)/2.
Left Triangle:
~_ Point 89 is midway between points S11 and S7 so that
15 ZS9=(ZS11+ZST)/2.
Point S10 is midway between points S11 and S9 so that
ZS10=(ZS11+Z59%)/2.
Point S8 is midway between points S7 and S9 so that
5 ZS8=(ZS7+789)/2.
Point S16 is midway between points S17 and S15 so that
ZS16==(ZS17+ZS515)/2.
Top Triangle:
Point S24 is midway between points S11 and S38 so that
25 Z824=(ZS11+ZS38)/2.
Point 518 is midway between points S11 and $24 so that
ZS18=(ZS11+ZS24)/2.
Point S31 is midway between points S24 and S38 so that
30 7831=(75824+7838)/2.
Point S23 is midway between points S17 and S30 so that
Z523=(ZS17+2530)/2.
Right Triangle:
Point $36 is midway between points S38 and S34 so that
35 Z536=(ZS38+7534)/2.
Point S37 is midway between points S38 and S36 so that
Z537=(ZS38+Z536)/2.
Point S35 is midway between points S34 and S36 so that
Z835=(ZS34+7836)/2.
Point S29 is midway between points S30 and S28 so that
Z529=(ZS30+ZS28)/2.
Table 3—Synthesized Points for n=4, Cell Size=8
Left Edge:
45 Sl is Y& between points P1 and P2 so that ZS1=7ZP1+
(ZP2-ZP1)* '%.
S2 is s between points P1 and P2 so that ZS2=7P1+
(ZP2-ZP1)*¥s.
S3 is Y between points P1 and P2 so that ZS3=7P1+
% (ZP2-XP1)*%.
S4 is 4% between points P1 and P2 so that ZS4=7P1+
(ZP2-XP1)*¥s.
S5 is % between points P1 and P2 so that ZS5=7P1+
ss (ZP2-ZP1)*%
S6 is & between points P1 and P2 so that ZS6=ZP1+
{ZP2-XP1)*%s.
S7 is ¥ between points P1 and P2 so that ZS7=7P1+
(ZP2-7P1)Y* 7.
60 Top Edge:
S16 is s between points P2 and P3 so that ZS16=7P2+
(ZP3-ZP2)* 5.
S25 is % between points P2 and P3 so that ZS25=7P2+
65 (ZPS—ZP2)*%.
S34 is ¥ between points P2 and P3 so that ZS34=7P2+
(ZP3-ZPZ)*%.
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S42 is s between points P2 and P3 so that ZS42=7P2+
(ZP3-ZP2)*%s.

S51 is 9% between points P2 and P3 so that ZS51=7P2+
(ZP3-ZP2)*%,

S60 is 9& between points PZ and P3 so that ZS60=
(ZP3-ZP2)*%s.

S€9 is 7 between point
(ZP3-ZP2)* 7.

Right Edge:

S70 is ‘s between points P4 and P3 so that ZS70=7P4+

(ZP3-ZP4)* s,

s P2 a

§71 is % between points P4 and P3 so that ZS71=ZP4+
(ZP3-ZP4)*%s.
$72 is % between points P4 and P3 so that ZS72=7P4+

(ZP3-ZP4)*s.

S73 is 4 between points P4 and P3 so that ZS73=7P4+
(ZP3-ZP4)*¥s.

S74 is % between points P4 and P3 so that ZS74=7P4+
(ZP3-ZP3)*%.

S75 is % between points P4 and P3 so that ZS75=7P4+
(ZP3-ZP4y*%,

S76 is 7 between points P4 and P3 so that ZS76=7P4+
(ZP3-7P4)* s

Bottom Edge:

S8 is 's between points P1 and P4 so that ZS8=XP1+
(ZP4-7ZP1)* s,

S17 is % between points P1 and P4 so that ZS17=7P1+
(’7‘D/I El)*Z//,.

S26 is ¥ between points P1 and P4 so that ZS26=7P1+
(ZP4-ZP1)*¥s.

S35 is % between points P1 and P4 so that ZS35=ZP1+
(ZP4—ZP1)*4/8

S43 is % between points P1 and P4 so that ZS43=7P1+ 3

(ZP4-ZP1)*%.

S52 is % between poinis P1 and P4 so
(ZP4-7ZP1)*%s.

S61 is 7% between points
(ZP4-ZP1)*7s

Diagonals:

S9 is ¥ between points P1 and PC so that ZS9=7P1+

(ZPC~ZP1)Y%.

s
1

an

S19 is ¥4 between points Pi and PC so that ZS19=7Pi+
(ZPC-ZP1)%s.

$29 is 14 between points P1 and PC so that ZS29=7P1+
(ZPC-ZP1)%.

S15 is ¥ between points P2 and PC so that ZS15=ZP2+
(ZPC-ZP2)%.

$23 is % between points P2 and PC so that ZS23=7P2+
(ZPC-ZP2)%4.

S31 is % between points P2 and PC so that ZS31=7P2+
(ZPC-7P2)%.

S68 is Y between points P3 and PC so that ZS68=7P3+
(ZPC-7P3)%.

S58 is ¥4 between points P3 and PC so that ZS58=7P3+
(ZPC-ZP3)%a.

S48 is % between poinis P3 and PC so that ZS48=7P3+
(ZPC-ZP3)%.

S62 is 1 between points P4 an
(ZPC-ZP4)%.

S54 is %4 between points P4 and PC so that ZS54=7P4+
(ZPC-ZP4)%s.

$46 is % between points P4 and PC so that ZS46=7P4+

VirasTallyasY A% 7A
(£PC—2P4)7a.

C so that ZS62=7P4+
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Bottom Triangle:

S18 is Y between points S9 and S62 so that ZS18=759+
(ZS62-ZS9)*Ve.

S27 is % between points S9 and S62 so that ZS27=759+
(Z562-Z59)*%.

S36 is ¥ between points S9 and S62 so that ZS36=259+
(ZS62-789)*%.

S44 is % between points S9 and S62 so that ZS44=759+
(ZS62-759)*%.

S$53 is ¥ between points S9 and S62 so that ZS53=7S9+
(ZS62-Z89)*%.

S$28 is Y4 between points S19 and S54 so that ZS28=
ZS19+(ZS54-Z519)* 4.

S37 is % between points S19 and S54 so that ZS37=
ZS19HZS54-7Z519)*%a.

S45 is % between points S19 and S54 so that Z545=
ZS19H(ZS54-Z519)*%.

S38 is 12 between points S29 and S46 so that ZS38=
(ZS29+7546)/2

Left Triangle:

S10 is Y between points S9 and S15 so that
ZS10=ZS9HZS15-Z59)*% .

S11 is % between points S9 and S15 so that ZS1i=ZS%+
(ZS15-759)*%.
S12 is ¥ between points S9 and S18 so that ZS12=789+

S12 is ¥ between p
(ZS15-Z59)*%.
S13 is 4% between points $9 and S15 so that ZS13=7ZS9+
(ZS15-Z59)*%e.
S14 is ¥ between points S9 and S15 so that ZS14=7S9+
(ZS15-ZS9)*%.
8 S20 is ¥4 between points S19 and S23 so that ZS20=
ZS18HZS23-751%)%.
S21 is % between points S19 and S23 so that ZS21=
ZS19+(ZS23-7519)%.
S22 is % between points S19 and S23 so that ZS22=
ZS19HZS23-7519)%.
S$30 is 12 between points S29 and S31 so that ZS30=
(ZS29+ZS31)/2
Top Triangle:
S$24 is Y6 between points S15 and S68 so that ZS24=
ZS15+HZS68-7515)*Ve.
S33 is % between points S15 and S68 so that ZS33=
ZS15+(ZS68-ZS515)*%e.
S41 is ¥ between points
ZS15HZS68-7Z515)*%s.
S50 is ¥ between points
ZS15HZS68-ZS15)*4e.
S59 is % between points
ZS15HZS68-ZS515)*%.
S32 is % between points
Z823+(ZS58-7523)*V4.
S40 is % between points
ZS23+(ZS58-7Z523)%%4.
S49 is % between points
Z823+H{ZS58-7823)*%.
S39 is ¥ between points
(ZS31+Z548)/2
Right Triangle:
S63 is Vs between points
ZS62H(ZS68-Z562)*Ve.
S64 is % between points S62 and S68 so that ZS64=

ZSE2{ZSE. ,,’7C62)*2//6'

S15 and S68 so that ZS41=
so that ZS50=
S$23 and S58 so that ZS32=
S23 and S58 so that ZS40=
S23 and S58 so that ZS49=

S31 and S48 so that ZS39=

S62 and S68 so that ZS63=
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S65 is ¥ between points S62 and S68 so that ZS65=
ZS62+HZS68-7562)*%.

S66 is % between points S62 and S68 so that ZS66=
ZS562HZS68-7562)*Ys.

S67 is % between points S62 and S68 so that ZS67=
ZS62+HZS568-7562)*%.

S55 is Y4 between points S54 and S58 so that ZS55=
ZS54HZS58-7554)* V4.

S56 is %4 between points S54 and S58 so that ZS56=
ZS54HZS58~7354)%Ya.

S57 is % between points S54 and S58 so that ZS57=

ZS54H7S58-7854)*34,

S47 is Y2 between points
(ZS46+7548)/2

While preferred embodiments of the present invention

have been shown, it is to be expressly understood that

madificatinng and schangac mav ha mada tharats and that tha
IHIVGLITAUUIS anl Tlanglos iliay oL 1iaae uilitlo anl uide uic

present invention is set forth in the following claims.

I claim:

1. A method for converting a digital elevation database to
apolygon database comprising the computer generated steps
of:

a) providing a selected active elevation point in said
digital elevation database, whereby said digital eleva-
tion database comprises a plurality of elevation points,
each elevation point representing an elevation of a
point on a terrain;

b) defining a square cell defined by a center elevation
point and four corner elevation points, whereby said
selected active elevation point is selected as said center
elevation point, and said four corner elevation points
are selected to produce a square cell having a minimum
size;

S46 and S48 so that ZS47=

frpre Anen o

: id + 1 +5 it and onid
\ noing said center elavation noin d four corner

vy uouls sadiu Luidliva vivvauvi }I\JLLII. alls dal
elevation points to produce four three dimensional
triangles whereby each three dimensional triangle is
formed from said center elevation point and two adja-
cent said corner elevation points forming a side of said
squarc cell;

d) determining if said four three dimensional triangles
meet a flatness criteria; whereas said flatness criteria is
defined such that no point in said four three dimen-
sional triangles may be greater than a first distance
above the corresponding point in said digital elevation
database and no point in said four three dimensional
triangles may be greater than a second distance below
the corresponding point in said digital elevation data-
base;

e) if said four three dimensional triangles meet said
flatness criteria and said square cell has not exceeded a

maximum Q?Pmﬁpri size, nPrfnrm1nn the steps of:

(i) expanding the size of said square cell. thereby
selecting new said four corner elevation points,
while retaining said center elevation point;

(ii) repeating step c) through step e);

otherwise, performing the steps of:

(i) storing said square cell in said polygon database;

(ii) marking as inactive the points in said digital eleva-
tion database corresponding to the area covered by
said squa.re cell.

2. The method of claim 1 wherein the highest active point
in said digital elevation database is selected as said selected
active elevation point.

3. The method of claim 1 wherein the lowest active point
in said digital elevation database is selected as said selected
aciive elevaiion poini.
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4. The method of claim 1 wherein step a) through step e)
are repeated until each elevation point in said digital eleva-
tion database is processed.

5. The method of claim 1 wherein said square cell having
a minimum size that fails said flatness criteria is tagged as
having failed said flatness criteria before being stored in said
polygon database.

0 I.IlC IDC[[IOU 01 claim 5 wherein said center mevauon
point of said square cell having a minimum size that fails
said flatness criteria is selected to be the highest elevation of
the points in said digital elevation database corresponding to
the area covered by said square cell having a minimum size.

Thea mathad of claim 1 wharain tha alavatinan naointe in
7. The method of claim 1 wherein the elevation points in

said four three dimensional triangles are calculated by
performing the steps of:
a) reading the elevations of said center elevation point and
said four corner elevation points;

h) calenlating the alavatigne of the remaining
Uy Cailusadig uiv Cilvauins U1 ulC ICIiaining

said square cell by performing the steps of:

(i) using said four corner elevation points to interpolate
the elevations of the remaining points on the left
edge, right edge, top edge. and bottom edge of said
square cell;

(ii) using said center elevation point and said four
corner elevation points to interpolate the elevations
of the remaining points on the four diagonai lines
formed from said center elevation point to each of
said four corner elevation points of said square cell;

(iii) using the elevations of said four diagonal lines to
interpolate the elevations of the remaining points in

arh A

aa na
&acn one

8. The method of claim 1 wherein said flatness criteria
may be different for different altitudes above ground level.
9. The method of claim 1 wherein said polygon database
comprises a plurality of geographic blocks. each geographic

block representing a geographic area, wherein a first geo-

graphic block may have a first said flatness criteria and a
second geographic block may have a second said flatness
criteria.

10. A method for converting a digital elevation database

1 a In oo war ganawatad
tca POIYgEOH database ;,ump‘nSing the COMpUter gencratca

steps of:

a) providing a selected active elevation point in said
digital elevation database, whereby said digital eleva-
tion database comprises a plurality of elevation points,
each elevation point representing an eievation of a
point on a terrain;

b) defining a square cell defined by a center elevation
point and four corner elevation points, whereby said
selected active elevation point is selected as said center
elevation point, and said four corner elevation points
are selected to produce a square cell having a prede-
termined maximum size;

¢) using said center elevation point and said four corner
elevation points to produce four three dimensional
triangles whereby each three dimensional triangle is
formed from said center elevation point and two adja-

+ id o al 5 into Farmi id £ oatd
Cent 5aiG COIner €ievauon pointls Iofming a siGe o1 saia

square cell;

d) determining if said four three dimensional triangles
meet a flatness criteria; whereas said flatness criteria is
defined such that no point in said four threc dimen-
sional irlangies may be greater ihan a first distance
above the corresponding point in said digital elevation
database and no point in said four three dimensional
triangles may be greater than a second distance below
the corresponding point in said digital elevation data-
base;

dinto in
ALY AL

"o
PY

dimencio nolac

caid faonr fl\rnn nal tria
of said four three dimensional triangles.
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e) if said four three dimensional triangles fail to meet said

flatness criteria, performing the steps of:

(i) reducing the size of said square cell, thereby select-
ing new said four corner elevation points, while
rPtmmno said center elevation nmnt

(ii) repeatmg step c) through step e);

otherwise, performing the steps of:

(i) storing said square celi in said poiygon database;

(ii) marking as inactive the points in said digital eleva-
tion database corresponding to the area covered by
said square cell.

11. The method of claim 10 wherein
point in said digital elevation database i
selected active elevation point.

12. The method of claim 10 wherein the lowest active
point in said digital elevation database is selected as said

selected active elevation point.
13, The method of claim 10 wherein step a) throug h step

ao. 20€ IMNCINCCE O Clalin 21 WACICI SICP

e) are repeated until each elevation point in said djgital
elevation database is processed.

14. The method of claim 10 wherein a square ceii having
a minimum size that fails said flatness criteria is tagged as
having failed said flatness criteria before being stored in said
polygon database.

15. The method of claim 14 wherein said center elevation

inisnirme oioa that faile

the highest active

< cplantad na aal
> >TILCH

iA
CLIOU ad daiu

pouu of bd.lu bqud.l\: cell uavxug a MININUIN SiZ0 ulau 1aud

said flatness criteria is selected to be the highest elevation of

the points in said digital elevation database corresponding to

the area covered by said square cell having a minimum size.

16. The method of claim 10 wherein the elevation points

in said four three dimensional triangles are calculated by
performing the steps of:

a) reading the elevations of said center elevation point and

said four corner elevation points;
b) calculating the elevations of the remaining points in

said square cell by performing the steps oft

(i) using said four corner elevation points to interpolate
the elevations of the remaining points on the left
edge, right edge, top edge. and bottom edge of said
square cell;

r
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(ii) using said center elevation point and said four
corner elevation points to interpolate the elevations
of the remaining points on the four diagonal lines
formed from said center elevation point to each of
said four corner elevation points of said square cell;

(iii) using the elevations of said four diagonal lines to
interpolate the elevations of the remaining points in
each one of said four three dimensional triangles.

17. The method of claim 10 wherein said flatness criteria
may be different for different altitudes above ground level.

18. The method of claim 10 wherein said polygon data-
base comprises a plurality of geographic blocks, each geo-
graphic block representing a geographic area, wherein a first
geographic block may have a first said flatness criteria and
a second geographic block may have a second said flatness
criteria.

19. A method for interpolating the edge points and interior
points of a square cell defined by a center elevation point and

farwe o, H i . .
four corner elevation points, whereby said center elevation

point and said four corner elevation points form four three
dimensional triangles, whereby each three dimensional tri-
angle is formed from said center elevation point and two
adjacent said corner elevation points forming a side of said

it c ey Flha amieiid i o and atama

square ccu. LUIIlPlibll.lg e LUluP'ul.C.l 5cumawu Sicps of:

a) using said four corner elevation points to interpolate the
elevations of the remaining points on the left edge. right

edge, top edge. and bottom edge of said square cell;

b) using said center elevation point and said four corner
elevation points to interpolate the elevations of the
remaim'ng points on the four diagonal lines formed
from said center elevation point to each one of said four
corner elevation points of said square cell;

c) using the elevations of said four diagonal lines to

mtcrpolate the elevations of the remaining points in
each one of said four three dimensional triangles.

E I S



