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Method of Geometry Clipmap based on icosahedron
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Abstract: TLarge terrain rendering is hotspot in Computer Graphics especially the spherical terrain rendering which
is more complicated in shape and data organization. Based on researching in spherical terrain rendering method we
propose a new spherical terrain rendering method using Geometry Clipmap. First construct an icosahedron model and
then split the icosahedron into ten main diamonds and use spherical Sphere Quad Trees ( SQT) model to ensure G
eometry Clipmap can be used in every diamond what else grids around the main diamond are partitioned and c
omposed to a bigger virtual diamond terrain in 3 X3 size which enlarge clipmaps” extent and solve the boundary cross—

ing problem to a extent and the Geometry Clipmap can be used in the big diamond. The result illustrates feasibility

and effectivity of the method.
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1 INTRODUCTION

Massive terrain rendering has drawn considerable attention
in graphic research. Particularly spherical terrain rendering is
more complicated than flat terrain rendering in terms of exploring
space mapping and data organization. However many scholars
are still focused on spherical terrain rendering.

The size and amount of data and the features of spherical
geometry must be considered when designing a real-time spheri—
cal terrain rendering method. Previous studies developed real—
time terrain simplification and split spherical and data organiza—
tion methods. Current typical terrain simplification methods in—
clude the ROAM algorithm ( Duchaineau et al. 1997) Lind-
stroms continuous level of detail algorithm ( Lindstrom 1996
1997 2001) De Boer’s geomipmapping algorithms ( de Boer
2000) 2004) .

Typical methods include spherical mesh with the organization’s

and Geometry Clipmap ( Losasso & Hoppe

earliest and most conventional method of latitude and longitude
mesh; a regular polyhedron is established with global grid model-

based methods such as Quaternary Triangular Mesh ( QTM)

( Dutton 1996) Sphere Quad Trees ( SQT) ( Fekete & Trein—
ish 1996) and projection-based Icosahedron Snyder Equal Ar-
ea ( ISEA) which is based on the entire area projection of ico—

sahedron ( Snyder 1992). In real+ime terrain simplification
Geometry Clipmap has better coverage and faster updating shape
efficiency than quadtree ROAM and other methods. However
only a few scholars have studied the capacity of Geometry Clip—
map for spherical terrain rendering. Clasen and Hege ( 2006)
presented a more classical spherical selection of Geometry Clip—

map which is in good agreement with the spherical shape but
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each frame of terrain data resampling requires a relatively large
real consumption. Bhattacharjee (2010) proposed the QTM and
Geometry Clipmap combining method which basically realizes
Geometry Clipmap in spherical terrain. However the regular oc—
tahedron subdivision of equal area is not satisfactory. Li et al.
(2010) used latitude and longitude with space division and other
methods to achieve the approximate area of the space division of
the d eformation effect on large poles. However they did not e—
laborate on how to resolve cross-border issues.

This study proposes a method based on terrain mapping G
eometry Clipmap icosahedron partition to balance the global mesh
in the area of the shape. The characteristics and specific a
Igorithm of spherical subdivision methods are also discussed. The
main problem in the icosahedral split with Geometry Clipmap is
explored when combining virtual diamond solution to obtain pre—

liminary simulation results.

2 ALGORITHM DESCRIPTION

Geometry Clipmap is based on the viewpoint of Level of De—
tail ( LOD) simplification strategy which consists of a set of
nested viewpoint-centered square grids. Each square has the
same structure but LOD level increases with the triangular mesh
constituting each square grid. Although Geometry Clipmap has
advantages it causes serious distortion in the polar regions of a
spherical terrain when applied to the spherical surface using lati—
tude and longitude grids. Therefore a polyhedron split sphere is
used to ensure that surface polyhedron clipmap obtains accurate
results within each subdivision. However terrain data from clip—

map cannot normally transit when crossing the polyhedron faces
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because the sphere surface has different connectivity and planes.
Bhattacharjee presented cross-border issues in the regular octa—
hedron subdivision solution when clipmap is across the two faces
of the octahedron; both faces establish a clipmap drawing gen—
erated waste. The split in icosahedron has better performance
than that in octahedron. Therefore we used the Geometry Clip—
map terrain rendering method based on the subdivision of the ico—
sahedron. With five triangles surround each osahedron vertex
the terrain data cannot be updated correctly when the clipmap
crosses the border vertex topology making the split in icosahe—
dron more difficult than that in octahedron.

Thus we proposed a virtual diamond solution based on i
cosahedral global subdivision with Geometry Clipmap effective
combination. Briefly vertex division and organizational methods
are described with icosahedron and the Geometry Clipmap is e

xplored based on this data structure.

2.1 Spherical vertex division and organization

Global subdivision in icosahedron consists of three parts:
conversion of space coordinates and vertex calculations polyhed—
ron subdivision and inverse projection computation of grid and

vertex projection computation.

2.1.1

Icosahedron subdivision of global grid

Our method was based on the spherical triangle quadiree
2009) . The unit

sphere has a radius of one and two vertices coincide with the

models isometric projection ( Yuan et al.

poles. The sphere’s three vertices on the surface of the inner
icosahedrons latitude and longitude are shown in Appendix Ta—
ble. Cartesian coordinate values can be obtained through the
translation. Twenty spherical trigonometric figures are formed by
each side of icosahedron been projected. Each icosahedral sur—
face projection plane of a spherical triangle is defined. The trian—
gular projection plane is e venly divided into uniform triangular
grids. The coordinates of the sphere vertices and edges are ob—
tained by the inverse projection formula.
The triangular projection plane is evenly divided as below.

The upper and lower triangular projection planes are combined
into a diamond shape ( Fig. 1)  which is formed of 10 diamonds
where each diamond mesh is subdivided into n depth. Therefore
each side of the projection plane is divided into two 2n equal
parts forming parallel lines that intersect to generate grid verti—
ces corresponding with the Cartesian coordinate system. Each dia—
mond consists of (2n +1) x (2n +1) vertices. The formula for
calculating the vertices on the spherical surface is to establish the
relationship between the spherical triangle and the projection of
spherical triangle as shown in Fig.2 P is any point on the sphere
that is projected onto the projection plane called G arc MPN pro—
ject to projection plane generates EF and EF parallels to BC. The
ratio of the length of line segment EF to EG is x and the ratio is e—
qual to upper comer angle EOG to EOF. The ratio of the length of
line segment AB to AE is y and the ratio is equal to upper corner
angle EOB to AOB ( Yuan et al. 2009). Each projection of the
triangles A B and C coordinate values are known and P point
coordinates can be derived from Eq. (1) and Eq.(2) .

OE = OA + y( OB - OA) (1)

OF = OA + y( OC - 0A) (2)

G coordinates are derived from Eq. ( 3) .
OG = OE + x( OF - OE) (3)
OG is normalized to multiply the radius of the sphere to o
btain the coordinates of point P. The mesh vertices on the projec—
tion plane have been previously divided well where x =i/(i +j) ¥
=(i+j) 2n (i jis the culmination of grid coordinates on the

projection plane n is divided depth) .

Fig.1 Icosahedron of sphere expanded to 10 diamonds

Fig.2 Spherical trigonometry and perspective projection

triangular plane ( Yuan et al. 2009)

2.1.2 Calculating coordinates of viewpoint relative to projec—

tion surface

Using the Geometry Clipmap view algorithm to generate a
range centered on a uniform grid is necessary to identify the ¢
oordinates of the viewpoint on the projection grid relative to the
coordinates of the center thus generating clipmaps.

As coordinates of each icosahedron face point P is first ¢
alculated from the sphere center of each face of the icosahedron
i. e. the shortest distance where the plane surface of an arbitrar—
y point P is located. Calculating the coordinates of point P rela—
tive to the projection surface is easier than using the simplified i—
sometric projection method. With the triangle above as an exam—
ple the relative position in the grid computation and sphere cen—
ter point P is a connection point on projection plane P of projec—
tion point Q ( Fig.3) . Two lines are made through point Q paral—
lel to AB and AC separately and cross AC and AB on T and S
points. () points relative coordinate transform is found to calcu—
late AS AB and AC and obtain the percentage of AT. To sim—
plify the operation can be projected onto a plane that is n ormal
to the largest component of the two-dimensional plane into two—
dimensional calculations.

If IASI/IAB| =q,
OS = OA + (OB - 0A) = 00 +B,(0C - 0A) (4)

Elimination of B, solution of equations can be obtained with
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«;. Similarly let |[ATI/1AC| =q,

OT = OA + o,( OC - OA) = 0Q + B,( OB - OA) (5)

Two simultaneous equations can be obtained with o,. M
ultiplying by the number of vertices ranks we can obtain the rel—
ative coordinates with () points on the projection plane.

The relative coordinates of point () are obtained to establish
clipmap with center point ) and the clipmap size is determined.
The coordinates of each vertex in the clipmap projection plane
can be identified by using the method in Section 2. 1.1 of the v

ertex to the inverse sphere to form a spherical clipmap.

Fig.3  Projection plane relative coordinate computing schematic
2.2 Realizing icosahedron spherical subdivision
based on Geometry Clipmap rendering

2.2.1

Virtual diamond region algorithm

After the icosahedron expand to two-dimensional graphic in
Fig. 1

centric viewpoint will be presented as a diamond. When clip—

establishing diamond mesh grid units to create clipmap

maps move within a diamond range clipmap shapes become dia—
mondike. Around each of the four vertices of the four vertices
are diamonds adjacent the periphery of the rectangular distribu—
tion is rectangular distribution type the vertex of an acute and
obtuse vertex both cases acute apex acute angle into the s
urrounding four rhombus vertex coincides acute vertices and a
round two diamond obtuse vertex coincides in both cases only
the apex obtuse angle with the side of a diamond obtuse acute an—
gle vertex and vertex coincides with a diamond case. When the
diamond is across the clipmap boundary clipmap vertices move
to acute or obtuse apex around but do not maintain complete r
ectangle data structure which may generate data increase or d
ecrease. Bhattacharjee established Geometry Clipmap based on
octahedron in which the diamond in the cone is a separate ter—
rain. A diamond is created on each clipmap when a plurality of
diamond within the cone draw clipmap is repeated. An icosahe—
dron contains 10 diamonds. Hence the applied method to the
algorithm of the current study will consume largely and icosahe—
dron application will produce deformed cross-border or worst a
round the pole where this method cannot be used.

In each vertex of the icosahedron the center plane of five
triangular projections may be formed around a pentagon. In the
fourth diamond for example distribution analysis of diamond
mesh vertices is shown below.

(1) When the clipmap center gets close to the diamond 4°s
vertex A the acute angel vertex coincides with neighbor dia—
monds” A vertices. The clipmap shape would be like a five-point—

ed star such as Fig. 3( a) if do not deal with the crossing bounda—

ry problem. The increasing data lead to serious deformation.
Merge diamond 2°s top triangle 20 and diamond3” top triangle 30
to a new diamond in the mean time merge diamond 1°s top tri—
angle 10 and diamond 0°s top triangle 00 to a new diamond as
shown in Fig. 3( b) . The clipmap would be rendered in new or—

der and the deformation is much less.

Fig.4  Schematic of an acute angle 40 clipmap center near the apex

(2) When the clipmap center gets close to the diamond 4°s
vertex B the obtuse angle vertex coincides with diamond 3°s C
vertex and diamond 8°s A vertex. There would be big sawtooth
shape caused by losing data and getting bigger as the clipmap
size increases. If we split diamond 3 into 2 projection triangle 30
and 31 can satisfy the circumstance stated in last section as
shown in Figd( b) . The situation is similar when clipmap center

gets close to vertex C.

Fig.5 Schematic when clipmap center near the obtuse

(3) When the clipmap center gets close to the diamond 4°s
vertex D the acute angle vertex coincides with diamond 8°s C
vertex and diamond 9”s B vertex. The deformation of crossing
boundary is similar with which is in Fig. 4( b) we could do noth—

ing about it.

Fig. 6 Shape of clipmap center near NO. 41 obtuse
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This study considers the diamond in Fig. 1 around a main
diamond with special treatment split or merge and clipmap
mesh that can better maintain the original shape of the resulting
structure clipmap which expanded continuously active in clipmap
range resulting in strain in a tolerable range.

Taking the diamond clipmap center lays in as the main d
iamond to construct 3 X3 big diamond: Each diamond is consis—
ted of two right triangles which numbered as Fig. 1. As shown
in Fig. 6
shown in Fig. 6 take diamond4 as the center the down left and

split the origin triangle and merge into new one. As
the down right diamonds remain unchanged the diamond 1
splits 01 and 50 00 and 10 merge into a new diamond. The di—
amond 3 splits 30 and 20 3land 70 merge into a new dia—
mond which satisfy circumstance in Fig. 3 and Fig. 4. When
clipmap center moves in diamond 4 clipmap’s activity restrict
expands to size 3 x3 diamond territory. Generate new big dia—
mond territories d epend every little diamond when clipmap cen—
ter move to a nother little changes. The construct method differs
between 5—9 diamonds and 0—4 diamonds. Diamond 5% top
diamond remain and diamond 6 split into 60 and 61 and con—
struct new diamonds with 21 and 71. Diamond 9 can split into 90
and 91 and construct diamonds with 41 and 81. Summary the

construct virtual big diamond rules as show in Fig.7 and Fig. 8.

Fig.7 Different diamond as the center of a virtual diamond mesh

Fig.8  Zero to fourth diamonds as the center of the diamond

to create a virtual grid index number schematic

When initialize big diamond territory construct 3 x 3 d
iamonds. We need to build ten such diamonds territories. Each
main diamond’s four vertices” coordinates depend on triangle. As

(i+4) %5

which have the same ver—

shown in Fig. 7 the diamond i left down diamond
+5 and right down diamond ¢ +5
tices with the origin diamonds. The top left diamonds vertices
A B C D arediamond (i+3) %5 ‘s vertex B diamond (i
+4) %5 ‘s vertex C diamond (i+4) %35 ‘s vertex B ( the

same with diamond (i +3) %5 s vertex C) and diamond (i
+4) %5 s v ertex A( the same with diamond (i +3) %5 %

vertex A) .

Fig.9 Fifth to ninth diamonds as the center of the diamond to

create a virtual grid index number schematic

Rhombus vertex generation is summarized in the region
shown in Fig. 10. When the vertex coordinates of the correspond—
ing region of small diamond are ie (0 n) and je(n 2n) the
vertices of the large diamond-shaped area relative coordinates are
I=i J=j-n whenie(n 2n) andje(0 n) when I=i-
n J=j. The inverse projection in spherical coordinates is used

when c alculating the relative coordinates.

Fig. 10  Vertices generate a large diamond-shaped

area within the virtual schematic

Generating this type of grid has an advantage. While the
matching of the regular grid mesh shape with clipmap to solve
cross-border problems of clipmap is no longer confined within the
range of the maximum activity of a diamond. A diamond can cov—-
er the center of the seven diamonds which is enough to cover
half the globe. With these seven diamonds processing as a single
piece of terrain rather than a separate seven seven clipmaps do

not need to be drawn seven times to improve efficiency.
2.2.2 Realizing Geometry Clipmap

Similar to the original Geometry Clipmap generating meth—
od the method of generating clipmap is based on icosahedrons.
A single terrain consists of a clipmap tree that is associated with
the viewpoint defining the highest level of clipmap that has the

lowest resolution which means the largest grid spacing in which
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each layer has the same number of vertices clipmap each suc—
cessively lower clipmap grid spacing. Different from the original
algorithm a diamond clipmap is not composed of a square grid.

Between two different grids resolution will lead to cracks.
Losasso and Hoppe’s original algorithm in each layer of data is
added to their height than the height of the point values that are
also stored in the parent layer ( rough layer) . Mixing the vertex
shader is highly desirable to the height of the fracture to elimi—
nate the transition zone. Using vertex shader calculating the
height value of transition region is complicated we prefer to r
educe resolution of more detailed clipmap’s boundary so that to
connect to the less detailed level. Vertex data update method is
similar to the original algorithm in a wide range of diamond “L”
zone updates. When clipmap crosses a large diamond range

memory data block should be updated.

3 SIMULATION RESULTS AND ANALYSIS

According to the above method we use an ordinary PC con—
Visual Studio 2010 and D
irectX9. 0 to achieve a rendering algorithm. The machine is con—
figured to 3.1 GHz Intel 152400 and GeForce GTX460 graphics

cards. In experiments elevation used 2500 x 1250 resolution

taining Windows XP system

global elevation map clipmap size is 129 x 129 and the num-
ber of layers is six in which the frame rate achieved 60 frames/
s. Fig. 11 presents the simulation results that can be o btained
when a diamond is in the range clipmap. When the clipmap
rhombus generation rules and occurs within the cross clipmap
will produce some distortion but does not affect the o bserved
effect.

Fig. 11

different when the clipmap center moves at different circumstances

Geometry Clipmap spherical terrain simulation results are

Cutting the two acute angles of the rhombus clipmap will
yield a regular hexagon clipmap which has the same distance in
all directions to achieve approximately the same resolution
( Fig. 12) . This result is similar to Bhattacharjee’s simulation re—

sults ( Fig. 13) .

Fig. 12 Simulation results

Fig. 13 Simulation results established by Bhattacharjee

4 CONCLUSIONS

In this study we use icosahedron subdivision to build a
global model of the triangular projection plane and to obtain u
niform spherical mesh vertices by inverse projection calculations.
We construct a new grid structure to the center of the diamond
where the clipmap is centered around the diamond split and reas—
sembled into a new virtual large area diamond. The seven regions
are combined into a terrain treatment. To some e xtent across
multiple diamond clipmaps that solve the problem of deforma—
tion the degree of deformation is within tolerance range. Icosa—
hedron-based global subdivision and Geometry Clipmap prelimi—
nary methods are combined.

This study is the first to apply Geometry Clipmap to icosahe—
dron subdivision from spherical grid. In a fixed block-based dia—
mond of 3 x 3 region of the aforementioned large-initialization
the main clipmap is away from the center of a diamond and to an—
other piece of the main diamond stitching method because the
large area diamond vertices are connected in a different order
which will result transitions when difference from one diamond
block clipmap center moves to another block clipmap diamond—
shape. Clipmap vertex data must have all updates. Frequent u
pdates throughout the vertex data to draw clipmap rate have a
certain influence. Therefore the next step plan is to reduce
strain design algorithms plurality while the clipmap diamond
moves on the time establishing the shape of clipmap with the
same distance in each direction consistent resolution to create a d
ynamic large diamond-shaped region from the center when the

clipmap is transferred to another area of the triangle. The transfer
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is based on the current location of the triangle area to construct a

larger 3 x 3 diamond area and thus improve rendering efficiency.
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Vertices of icosahedron

Vertex 0 Vertex 1 Vertex 2 Center point
No- longitude /° latitude /° longitude /° latitude /° longitude /° latitude /° longitude /° latitude /°
0 0.0 90.0 0.0 26.565 72.0 26.565 36.0 52.623
1 0.0 90.0 72. 0 26.565 144.0 26.565 108.0 52.623
2 0.0 90.0 144.0 26.565 216.0 26.565 180 0 52.623
3 0.0 90.0 216.0 26.565 288.0 26.565 -108.0 52.623
4 0.0 90.0 288.0 26.565 0.0 26.565 -36.0 52.623
5 36.0 -26.565 0.0 26.565 72.0 26.565 36.0 10.812
6 108.0 -26.565 72.0 26.565 144.0 26.565 108.0 10. 812
7 180.0 -26.565 144.0 26.565 216.0 26.565 180.0 10. 812
8 252.0 -26.565 216.0 26.565 288.0 26.565 -108.0 10. 812
9 324.0 -26.565 288.0 26.565 0.0 26.565 -36.0 10. 812
10 72.0 26.565 36.0 -26.565 108.0 —-26.565 72.0 -10.812
11 144.0 26.565 108.0 -26.565 180.0 —-26.565 144.0 -10.812
12 216.0 26.565 180.0 -26.565 252.0 —-26.565 -144.0 -10.812
13 288.0 26.565 252.0 -26.565 324.0 —-26.565 -72.0 -10.812
14 0.0 26.565 324.0 -26.565 36.0 —-26.565 0.0 -10.812
15 0.0 -90.0 36.0 -26.565 108.0 —-26.565 72.0 -52.623
16 0.0 -90.0 108.0 -26.565 180.0 —-26.565 144.0 -52.623
17 0.0 -90.0 180.0 —-26.565 252.0 —26.565 -144.0 -52.623
18 0.0 -90.0 252.0 -26.565 324.0 —-26.565 -72.0 -52.623
19 0.0 -90.0 324.0 -26.565 36.0 —-26.565 0.0 -52.623
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/° /° /° /° /° /° /° /°
0 0.0 90.0 0.0 26.565 72.0 26.565 36.0 52.623
1 0.0 90.0 72. 0 26.565 144.0 26.565 108.0 52.623
2 0.0 90.0 144.0 26.565 216.0 26.565 180 0 52.623
3 0.0 90.0 216.0 26.565 288.0 26.565 -108.0 52.623
4 0.0 90.0 288.0 26.565 0.0 26.565 -36.0 52.623
5 36.0 —-26.565 0.0 26.565 72.0 26.565 36.0 10.812
6 108.0 —-26.565 72.0 26.565 144.0 26.565 108.0 10.812
7 180.0 —-26.565 144.0 26.565 216.0 26.565 180.0 10. 812
8 252.0 —-26.565 216.0 26.565 288.0 26.565 -108.0 10. 812
9 324.0 —-26.565 288.0 26.565 0.0 26.565 -36.0 10.812
10 72.0 26.565 36.0 —-26.565 108.0 —-26.565 72.0 -10.812
11 144.0 26.565 108.0 —-26.565 180.0 -26.565 144.0 -10.812
12 216.0 26.565 180.0 -26.565 252.0 -26.565 -144.0 -10.812
13 288.0 26.565 252.0 —-26.565 324.0 —-26.565 -72.0 -10.812
14 0.0 26.565 324.0 —-26.565 36.0 -26.565 0.0 -10.812
15 0.0 -90.0 36.0 —-26.565 108.0 —-26.565 72.0 -52.623
16 0.0 -90.0 108.0 —-26.565 180.0 —26.565 144.0 -52.623
17 0.0 -90.0 180.0 —-26.565 252.0 —-26.565 -144.0 -52.623
18 0.0 -90.0 252.0 —-26.565 324.0 —-26.565 -72.0 -52.623
19 0.0 -90.0 324.0 —-26.565 36.0 —-26.565 0.0 -52.623




