The Visualization Simulation of Remote-Sensing HiteSystem

Deng Fei, Chu YanLai, Zhang Peng, Feng Cheang JingYong
School of Geodesy and Geomatics, Wuhan Univefsd,Luoyu Road, Wuhan 430079, China;

KEY WORDS: the model of global discrete grids, texture magpooverage analysis, satellite simulation

ABSTRACT:

The aim of RS satellite 3D visualization is to d@sa system based on 3D dynamical display techpalogt
combine orbital dynamic, attitude control, coverage sensor with computer graphics. This systemlaies the
satellite track, attitude and sensor coverage,dismlays the information of satellite on orbit \iy. To develop
the RS satellite 3D visualization system, this pagealyzes the 3D global grid model, texture magpamd
system design. Firstly, we analyze the global digcgrid thoroughly, adopt the regular icosahedroethod to
build up the grid. Then the texture mapping methadsdescribed and contrasted, the method of hidkire
mapping is applied. Finally, the design aim, frarmgiand main function of system are introducechia article.

1. INTRODUCTION technology such as computer graphics, 3D
programming, database technology, remote sensing
satellite imaging technology, orbit and attitude

With the advent of information age , the acquisitaf ~ teChnology of satellite, communication technology,
spatial information gains more and more attentioninformation synthesis and so on. The main workne t
Consequently, the Remote Sensing with a greatyabili &ticle is to use the OpenGL, the latest three
in earth observation activities performs more andlimensional scene development kit—OSG(Open
more important role both in daily life and military Scene Graph) and VC++ to get these things done: the
geometrical modelling of the scene, texture
The remote sensing satellite is a kind of produtciy ~ Mapping.The satellite demonstration platform whgh
needs high input and high-tech, faces the grelabris the unlform fo_rmatlon of _two-dlmenswn and _three-
has high-yield. As the trajectory of the satellitesd demonst_ratlon is also provided to users. The fallgw
its attitude that are the prime factors affectimg t are details.
satellite functions are vital in engineering design )
process for Satellites, numerous simulations haemb (1)the 3D modelling

used to explore its law of motion. Nowadays the )
immense progress in Computer Graphics and Virtudytilize method of regular icosahedrons to model the

Reality contribute to the progress of 3D Visualizat ©2rth, then partition the earth for texture mappihgs

in the realm of Space Remote Sensing: by displaying’e get a earth model with higher accuracy than fsode
real-time interaction simulation process and reshi Py other methods.

3D \Visualization could provide more vivid and

comprehensive information to users and also can He)Texture mapping

used as a platform for experts in different arems tAnalyze the_ commonly used r_nethods of texture, and
communicate. That the 3D Visualization could beduse COntrast their advantage and disadvantage, thesseho
for operational decision of Space Remote Sensinff!€ bestone.

projects, task scheduler, modelling and simulation o ) o

makes the users to keep the same step with th&3) the realization of 3D visualization system
progress of the space tasks. The reliable andt#iien ) ) o
simulation theory and its result is indispensitdettte ~ On the basis of work above-mentioned, initial @ssc

space tasks considering its the special attributh as ~Was achieved about the 3D visualization system of

1.1 General Statement

the great risk and high input. remote sensing satellite. With the satellite dnitor
model, we build up the visualization system in vihic
1.2 Main Work of this paper 2D view synchronize with 3D scene. Thus, we can

simulate kinds of satellite on-orbit.
Remote sensing satellite running-on-orbit dynamic

visual simulation system deal with many realm and



2. EARTH SPACE MODEL Each surface of the regular icosahedrons will be
divided to 6 sub-surface as displayed in figure 1.
Because the coordinates of the 12 vertexes and
corresponding texture mapping coordinates are known
the coordinates of the coordinatesVef:-¥: also can

be calculated. The space coordinategGh: £2-¢x and
corresponding texture mapping coordinates cantsso

got in light of knowledge of space analytic geometr

2.1 Themode of global discretegrids

211 Overview of global discretegrids
The global discrete grids have the following atités:
it can be subdivided infinitely, it can fit the dds
surface very well and it is hierarchical and seasile
Every grid unit has unique code. There are sever&op = (Vop +Vipl/2
commonly used methods for Spherical Subdivisiongip = (Vip+ Vzp)s2
grid based on latitude and longitude, grid based ofil)
regular polyhedron and self-adaptive grid. Brp = (Vop +V2p)/2

Cop = (Vop + Vap+ Vap)/3
The latitude and longitude grid causes severel#n.; = (Ve + Vigw+ Vanw)/3
deformation in the high latitude area, so grid dase
regular polyhedron turn to be a better choice. Wb
up the grid of regular polyhedron according thewhere .p represent the space coordinates of vertgx(
following steps: firstly, projecting the side ofsitribed  2)
regular polyhedron on the spherical surface, the
spherical surface will be covered by sphericahglas. V)
Secondly, we subdivide the spherical polygon based
on spherical triangles to establish seamless andsal
homogeneous spherical grid. The regular polyhedro
grid which is seamless, stable and almos
homogeneous overcome the flaws, that s
heterogeneity and singularity, of latitude-longeud
grid.

Epny = '["'rn.uv + 1"'-1.111.-'-:'.".2
Byur = (Vouw+ Vopvwl /2

e = (Vouw + Vo) /2

.uv represent the texture mapping coatgis(u,

w1(1

212 Grid of regular icosahedrons Elee)) <104
In this article, the earth is constructed accordmthe
model of regular icosahedrons. The regulal
icosahedrons contain 12 vertexes and 20 surfanes.
this article, the earth is constructed accordinghi®
model of regular icosahedrons. The regulal, 5 v Ve
icosahedrons contain 12 vertexes and 20 surfacegigure 1. division of the regular icosahedrons

Assuming the earth’s radius of 1.0, the vertexes’
coordinates of regular icosahedrons is manifested iThe 6 sub-surfaces are divided recursively as stiown

table 1. the figure 2. Theic,v, e, below is the triangle 6 in
figure 1.
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Table 1. Vertexes’ coordinates of regular icosabesir
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Figure2. The subdivision rule of sub-surfaces



of regular icosahedrons texture coordinate of the point’s coordinate ierse
space. Here we mainly concern the relationship

the angular bisector @fir, .2, and the side, e, between scene coordinates and texture coordinates.
intersect at point A, then we draw a vertical lirem The relationship between texture space and scene
point A to point B which is the foot of the space, and relationship between scene space and

perpendicular. Thus, the triangigr e, is divided into  Screen space:

three congruent triangles. Each triangle will diso

divided in the same way. The number of trianglthen ~ Mapping M: Scene spaedexture space
grid has directly influence on the depth of recumsi Mapping T: Screen spae&cene space
The final calculated vertex coordinated should be

converted to the sphere surface. The figure 3ds th

global grid model we get.

E T(@=P M(P)=(ur)

Figure 4. Mapping among the texture, scene and
screen

In mathematics, mapping M could be expressed in
<7 such equation.
Figure 3. The global grid model

(u, V)= F(x, Y, 2)
2.2 Thetexture mapping technology )

2.2.1 Principleof texture mapping
where (u, vidTexture
When finished the modelling of 3D global gridsjsit
necessary to do texture mapping on wire frame modéi F is reversible, we can get the equation (3)lgas
to make the 3D model more realistic. The issue we
concerned is 2D texture mapping which project the 2
image onto the 3D wire frame. Texture of 2D surfacdX, Y, Z) = F, (u, V)
is always defined according to the correspondingly3)
colour of rectangle patterns. The descriptions Ibf a
texture are called texture space whose origin éooat
the lower sinister corner. The texture space of 222 Spherical texture mapping
rectangle patterns is represented by the texture
coordinate (u, v) where both the u and v are leas 1. Spherical texture mapping is mapping the rectatmle
and more than 0. The aim of texture mapping is téhe whole sphere where the texture are expressed by
determine the coordinates of points on the moded by rectangular coordinates. That V-axis in texture
certain feasible method. coordinate system mapping to the sphere is a phrall
with the latitudegq and that U-axis mapping to the
The texture mapping is mapping among the texturesphere is a meridian with longitugeThe algorithm of
scene and screen as shown in figure 4. The progresgherical mapping is to determine the function
shown in figure 4 are mapping pixel in screen sgace between (u, v) in texture space and latitude and
the surface of object and mapping scene space tBngitude coordinates(s) in scene space.

texture space, thus, we determine correspondingly
The parametric equation of latitude and longitude



coordinates in object space is equation (4) vertexes A, B, C, and D in the right two adjacent

triangles.
= R.sin & cos B
{;‘ =R sin $sin B (4) (UED L on? L
7 = Rrosd C
Where D=, DEBE 27 - 3D <U,;> <1,n£)

) ) ~ Figure 6. the rule of block texture mapping
Then_ use the linear transformation to establishy this article we adopt the texture mapping method
function between [0,1]*[0,1] and [CrP*[0,2 ). based on regular icosahedrons simply because its
deformation is smaller than other methods such as
basic spherical mapping which cause severely
u= B-".gq-p"' = ':pe“'n deformation. Thus we could simulate the earth more
(5) precisely. Figure 7 is the earth we get by thishoet

Then spherical mapping equation can be derived fror
equation (4) .

Vi Z -
_arctan (/43 __arccos (%fp);
u= fog ¥v= fn

(6)

However, the spherical mapping method will cause
severely deformation which makes the method limitec
in practice for the reason that the remote sensin
satellite simulation require high accurate globable.

2.2.3 Block texture mapping based on regular
icosahedrons

Figure 7. The view earth we get

Divide world map according to the cylindrical
equidistant projection into ten square texture ienag
according to the method of grid construction fouwmd

regular icosahedrons, then finish the mapping of teThe area possibly observed by satellite at givee tr
equilateral triangles of regular icosahedrons. Fighl  certain time interval is called coverage area. fibiat

is the block texture before mapping. G in the figure below that is the intersection pafi

the line SO between satellite and earth centrecanith
surface is the sub-satellite point. The coveraga aff
satellite S on any point of its orbit is a cap zevigch

is formed by the earth surface and a right circular
conical surface, as shown in figure 9, with ars&80O
and x semi-cone angle. The size of coverage area
depend on the field angia. The coverage area is the
earth surface with center at G and a certain radius

2.3 Coverage Analysis

Figure 5. the block texture before mapping

As shown in figure 6, we do the mapping of ten
texture image to the 20 equilateral triangles gutar
icosahedrons: each square texture image to the two
adjacent equilateral triangles. The rules is thatfour
vertexes a, b, ¢, and d in the left square mapgbdo
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Figure 8. The satellite coverage

If we know the position of G and the observation

range of satellite sensor, the coverage area can be

calculated. It is necessary to assume that thetiatey
and latitude isp,. andi.., the field angle igx, andp is

the coverage geocentric angle between the linerslo a

point B which is closed to the edge of coveraga.are

To calculate the angf we could use Pythagorean
Theorem in triangle OBS.

R/sine = (R + h)/sin (o + Ej}

o r
E = arcsin (smu HE) -

where r= R+ h

Then we will get the N units of latitude and longié
that constitute the boundary of coverage area.

Agc = arcsin{cosPsinlgg + sincosA; coshgg )
sinfaintoosiy )
= arctan ( y +
¢5|: oz E—sndgeloosfsindo 4 sin frosAorod; ] ¢55

where R is the earth radius, r is the distanceat#llge

and earth centre, h is the satellite height, and

)
=3 10=0~N-1)

Figure 9. Satellite track and coverage area
3. THE DESIGNATION AND REALIZATION

OF REMOTE SENSING SATELLITE
SIMULATION SYSTEM

3.1 Thesystem design

3.1.1 Thesystemdesignaim

We build the satellite demo platform with a unified
view of two dimensional and three dimensional view

7 to provide service of orbit wizard and analyze the

—~

Figure 9 is the coverage image we get accordingdo

process above.

ability of satellite observation. The system desigm

of remote sensing satellite 3D visualization sirtiala
system provides us a 3D virtual information basic
system platform which could simulate the remote
sensing satellite motion by mathematical modelling
and visual analysis and could satisfy the need of
special remote sensing satellite project.

3.1.2 Thegeneral framework

We construct the system in light of modular design
principles, so the system could adapt to change of
functional needs and have many characteristicd) suc
as easiness in expansibility and great flexibility.

According to the function, the system is dividetbin
four modules: 2D view, 3D scene, engine drive and
satellite motion model. The 2D view model displays
satellite position and update of coverage and fbe 3
scene displays the satellite’s motion in 3D scdie
driven engine module is the power sources of
simulation and the satellite motion module model is
the basis of the whole simulation system

3.1.3 Themain function of system

As a remote sensing 3D visualization system, the
fundamental function is introduced as follows.

(1) Read, configure and control the data file aftrea
texture and other model files according to
configuration dialog box.

(2) The system based on single document create two
views the front view of which is 3D scene window



where we demonstrate the satellite around the @arth
3D scene. The other view is two-dimensional worldE.A. Bier, K. R. Sloan, 1986. Two-Part Texture
map dialog window whose background is world mapMappings. IEEE Computer Graphics Applications,
image of the cylindrical equidistant projection.eTh 6(9), pp. 40-53.
driven engine drive objects, such as satellites antllU Feng, SUN Guo-ji, 1999. A Review on Aerospace
sensors, in the front view and two-dimensionalatjal Simulation for Spacecraft. JOURNAL OF SYSTEM
windows, then the system dynamically display theSIMULATION, 11(2), pp. 83-88.
information about satellite’s position and coverage
area both in two dimensional and 3D windows. HE Jia, GUO Qing, 2005. Coverage research on
(3)Calculate the satellite’'s position from the imit satellites formation flying. APPLICATION OF
epoch by satellite orbital dynamics, then build SDELECTRONIC TECHNIQUE, 11, pp.53-54.
models of satellite and orbit to simulate and pettie
satellite orbit. Zuo Lu-mei, HUANG Xin-yuan, 2004. Texture
(4) Control the satellite’s attitude by means ofiba Mapping and Its Application in 3D Game Engine.
attitude control algorithm above-mentioned.. COMPUTER SIMULATION, 21(10), pp. 146-148.
(5) Camera rotation and zoom could display result i
different coordinate system and projection. GONG Jian-ya, 2007. The research development of
(6) The time dialog window which control the earth observation date processing and analysisaWwuh
demonstrational speed of scene shows the currebtniversity press, pp. 215-239.
epoch of satellite.
(7)We can capture the location of mouse, and cateul ZHANG Yong-sheng, BEN Jin, TONG Xiao-chong,
its latitude and longitude, and display it on statar at 2007. The theory, algorithm and application of dite
the same time. spherical geo-spatial information grid. Surveyimgl a
mapping Press, pp.3-19.
4. CONCLUSIONS
ZHAO Xue-sheng, HOU Miao-le, BAI Jian-jun, 2007.
The space digital modelling of global discrete grid

41 Summary Surveying and Mapping Press, pp.2-17.

The main work and results of this article are asash 6. ACKNOWLEDGEMENTS
below. ©The 3D space environment is the one offanks for China 863 Proje@007AA12Z154 .
significant segment of RS satellite simulation. We

adopt the regular icosahedrons method and conduct

texture mapping of the earth, thus we construct the

earth model with high accurac® Based on coverage

analysis we simulate the satellite’s coverage aea

any given time in 3D scene.

Generally speaking, we have primarily construct the
RS 3D visualization simulation system which could
simulate different kinds of remote sensing saeeltih
orbit.

Finally, with the further advance of research, ¢haill
be more problems. Yet the purpose of our research i
always to build an system with high sense of rgalit
and effective operation.
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