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ABSTRACT

In order to enalle ESA space programs to as®ss their
compliance with ESA’s requirements on space debris
miti gation, the DRAMA (Debris Risk Assessment and
Mitigaton Analysis) software is made availabde by
ESA. The updated DRAMA is composed of six
individual software applications, addressng differert
aspeds of delris mitigation (see[1] for more details)

This paper focuses on the new CROC (CROss Sectin
of Complex Bodies) modde. It allows the computation
of projeded crosssedional aress for user-defined
bodes. The computation of the projeded crosssedion
of the complex geometry needs to addresstwo differert
issues: the cross sedion of ewery primitive and the
shadowing effeds amongthem, which doesnat allow to
simple sum up every singuar contribution.

1 INTRODUCTION TO CROC

The cross sedion of a satellite seen under a defined
asped ange defines the areaof the satdlit e as seen from
the mentioned diredion. This area defines the surface
perturbations ading on the satellite, like drag solar
radation pressire (SRP), albedo, etc (ard also the
relevart cross-sedion for callision risk analyses). Any
of those perturbations are normally related to a differert
ased angle with respead to the satellite (defined in
body-fixedrefererce frame) and then, the projeded area
is differert for the computation of the perturbation
forces. For example, drag perturbation depems on the
areaprojeded into the along-tradk diredion (velocity),
whereas the albedo force is depemlent on the cross
sedion projeded into the nadr diredion. On the
contrary, SRP depers on the areaas seeffrom Sun.

For an orbiting satdlite, these mentioned three
diredions may be as®ciated to a very different cross
sedion. Only in case of a pure spherical body, the
projedion in thesethree diredions will have the same
value (nR? R being the radus of the sphere) For ary
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other geametry, differert crosssedions will be obtained
in each of these threediredions.

On CROC, the computation of cross sedions from a
point of view is made with the whole composition of
elements (being those, spheres, spheres cgp, boxes,
cylinders and cones). This computation is made using
projedions detemined using the given point of view
diredion ard the Z-Buffer Algorithm for visible surface
detemination.

The Z-Buffer Algorithm is one of the simplest visible-
surface algorithms to implement ard use. No pre-sorting
is neesary and no objed-objed comparisons are
required

Drawing the whole composition of elements using
OperGL, allowed us the use the above methods to
projed and detemine visible surfaces.In fad, accessng
diredly the OpenGL Frame Buffer, it allowed us to
detemine the crosssedion at a given point of view.

With thesepremises, we have developed a Java Graphic
Library for Java OpenGL that implemented drawing the
elements. Sphere, Sphere Cap, Cylinder, Cone and Box
ona3D CoordinatesSpace; the use of aill umination for
more redistic view, cross sedion cdculation, an
Intuitive Ul (User Interface) for interading with the
model being drawn on DRAMA, and a stardalone
modue for CROC usage outside DRAMA.

2 CROC FUNCTIONALITIES

Three differert functionalities are availade at CROC
modue:

e F1 UserdefinedAsped Angle
e F2 Userdefined Asped Angle ard Rotation Axis
¢ F3. Rardomly Tumbling Satelite

Projeding the model with a given asgd ange - the
point of view — and detemining the visible surface are
adions that can be made several timesto cover the other



two functionalities.

2.1 F1. User Defined Asped Angle

The projeded view of the drawn model is achieved by
using the Userdefined Asped Angle. This parameteris
adually the set of angles 6 ard ¢ that represens the
diredion from which the projection shoud be made or
simply the paint of view.

OperGL uses this set of argles to detemine the
projedion, cdculating the parametes for the camera
trarsformations. OpenGL is also in charge of
maintaining the objeds visibility according to the
objedsdeph.

2.2 F2.User Defined Asped Angle and
Rotation Axis

This functionality is acually a set of cdls made to the
F1 functionality. Thesecdls are made using a set of pre-
computed view points achieved using the functionality
parameters.

For each run, theseparametas are computed using the
User Defined Asped Angle ard Rotation Axis. The
view diredions were defined as everly distributed
diredions aroundthe rotation axis, with an angle equal
to the User Defined Asped Angle. Using aniterative set
of cdlsto the F1 functionality allowed us to implement
this functionality.

2.3 F3. Randomly Tumbling Satellite

This functionality is also a set of cdls mace to the F1
functionality. Thesecdls are made using a set of pre-
computed view points. The used set of points is defined
in the bask of force equilibrium for points over a
sphere.

Thesepaints are alrealy pre-computed, as oppased to
the F2 functionality where they are computed each run.
These points are stored in the F3.ViewPoints.inp file.
Althoughthe file can be changed, it is suggestedthat the
original file is used

3 ALGORITHM IMPLEMENTATION

The basic algorithm implemerted within CROC is
basedon the Z-buffer computation [2]. This is basedon
an aray of n X n pixels that holds the visible pixels
using the zvalue of the correpondng element.

Given a list a palygors, an aray of intensity and an
array of buffer (initialized with -0), for each polygon P
ard for each pixel(x,y) that interseds P, the z-depth of P
at pixel(x,y) is cdculated Z deph represets the
distarce to the Z plane of the element. The reallt of the
application of this algorithm can be represened in the
example of Figure 1.

The accuracy of the computed crosssedion depers on
the window size it is fixed to 2560x1920to ersure
accurateresuts.
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Figure 1. z-Buffer Algorithm represetation
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In the case of F1, a unique run of the former defined
algorithm is exeauted in the basisof the defined asppd
argles.

For F2, we can encaunter two situations:

* R (rotation axis) and V (view direction) are not
parallel, then the cross sedion can be computed as the
average of the aress for a set of cases defined as steps
onthe rotation of the satdlit e aroundthe rotation axis.

* R and V are parallel, then the cross sedion is
computed in a unique step, since the projeded areais
the same for any rotation step of the satellite aroundthe
axis.

This first case can be basedon a number of cdls to the
algorithm defined for the basic computation of cross
sedion for anasped angde.

In the case of F3, the algorithm implemerted for the
computation of the average cross sedion of tumbling
satellites is also basedon the usage of a number of
precefined points of view, as per the previous
functionality, and then applying the computation
definedin the basic @se.

4 USER INTERFACE CAPABILITIES

CROC User Interface (Ul) adds new Ul capalhilities to
the existing DRAMA application for building and
navigating through a drawn model. The building of
models can be achieved using an ASCII files, allowing
the user to use user-customized scripts to generate data
from third-party sources ard trarslate the model datato
this application. All changes to the model can be
observed in red time in the Graphical Represemation
tab of the CROC modue.

The user interface allows defining all the charaderistics
of every primitive forming the defined sateliite.

The represemation of the resiting spacecaft is
provided in a graphical output that can be zoomed,
rotatedand pamed using mouse gedures.



Figure 2. Componerts Attributes cfinition with
graphical represeration of ISS

5 EXAMPLESOF USE

5.1 Simple Satellite

In this sedion we will show how a simple satellite can
be built with a small set of elements. In particular, we
have creded a satelite, with the main body, solar

parels, an antenna ard a camera with eight primitives.

The configuration of the sateliite is definedas:

Table 1. Elements of a smple satellite

Element Type Dimensions | Position |Rotation Angles
Type (cm) (XYZ, cm) (deg)
Main Body Box 50x50x50 0,0,0 0,0,0
Solar Panel 1 Box 50x100x5 0,100,0 0,30,0
Solar Panel 2 Box 50x100x5 0,-100,0 0,30,0
Auxiliar Piece 1| Cylinder 5x25 0,25,0 -90,0,0
Auxiliar Piece 2 | Cylinder 5x25 0,-25,0 -90,0,0
Antenna Sphere Cap 40x50 50,20,80 0,-90,0
Auxiliar Piece 3 | Cylinder 5x20 20,20,25 0,0,0
Camera Cone 20x20 0,0,-30 0,00

Figure 4 providesthe view of the satellite from differert
points of view. As it is easily observed from the plots,
the projeded areais vetry differert. When observing the
satellite from a view diredion defined by aspd amgles
(45 deg 15 deg), the projeded areais 1.6234r7. If we
observe the satellite from X axis, asped argles (0 deg, O
deg), the areais 1.64311m°. For the case of a top view
(from Z axs), the observed area is much smaller
(0.5387).

Figure 3. ENVISAT inflight configuration

Figure 4. Smple Saellite from different Asped Angles

5.2 ENVISAT case

In order to show the cgpahilitiesof the tool for assessg
the cross sedion of a complex satellite, a model of
ENVISAT spacecatt is creaed

Envisat is an Earth-observation satellite which was
operated by ESA. It was launched in 2002 with an
estmatedlifetime of 5 yeas. The mission was exterded
ard the satellite was operative until 2012 In 2012 the
ground segment lost contact with the satellite, and all
attempts to recover contad failed. It was operating in a
Suwn synchronots polar orbit (768 km altitude, 98:4deg
inclination).

The configuration of a satelite as ENVISAT is quite
complex asit can be observed in Figure 3 defining the
red configuration of the satdlite. Figure 5 shows the
model cregedwith CROC.



Figure 5. ENVISAT malel created with CROC

A model comprising the most prominent comporents of
the Envisat satellte is definedin tale 2.

Figure 6 shows the reallts from functionality F2. Cross
sedions seen from a circle contained in the XY plane
are shown. In addition to this, pictures from some
represettative viewpoints are shown.

Tabe 3 provides the realts from randam tumbling
functionality, compared with the cross sedion values
stored in the DISQOS datébase [4]. ESA's DISCOS
Datsbase (Datebase and Information  System
Charaderising Objeds in Space) enables regstered
users to retrieve information on a varety of data
as®ciated with space adivities The reslts are quite
similar. Howewer, it shoud be noticed that the cross
sedions from DISQOS were obtained from quite a
simple model.

Table 2. Elements of ENVISAT madel

Element Type Dimensions Position | Rotation Angles
Type (cm) (XYZ, cm) (deg)
Main Body Box 635.60x278.30x159.80 | -582, 0, -10 0,0,0
Body Joint Box 35.0 x122.00x119.00 -243,0,-10 0,00
Hollow box Box 162.00x278.00x212.00 | -144,0,-11 0,0,0
Pole Box 381.00x16.00x16.00 116, 0,283 0,-53,0
Big panel Box 1420.00x498.00x23.00 923, 0,97 0,23,0
Antenna pole | Cylinder 7.00x238.00 -662,-132, 70 0,0,0
Dish Cylinder 52.00x24.00 -662,-132, 300 0,0,0
Cone Cone 119.00x396.00 0,0,0, 0,270,0
Front cylinder | Cylinder 29.00x118.00 -827,0, 58 0,-32,0
ASAR antenna | Box 100.00x1000.00x10.00 | -290, 0,-120 0,25,0
Nose assembly | Box 70.00x278.00x73.00 -937,0,-52 0,0,0
Nadir assembly | Box 174.00x139.00x82.00 | -819, 70, -128 0,0,0

Table 3. ENVISAT crosssedionsin DISCOSdatabase
andobtained with CROC (F3)

Cross section | DISCOS| CROC
Minimum (%) | 20.25 | 22.023
Maximum (m?)| 99.034 |106.402

Average (n?*) | 63.047 | 65.062

500000

450000

400000

350000

Cross Section

300000

250000

QOUOOO

100 150 200 250 350
Angle around Rotation Axis (deg)

150° 180°

Figure 6: Envisa cross sedion (cnf) from viewpaints
around its Z-axis. Pictures below correspnd to the
graphexremes

Figure 7 provides the cross sedions as a function of
azmuth and elevation as obtained with the random
tumbling functionality.

Envisat - Cross-section under different aspect angles
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Figure 7. ENVISAT cosssedions from different asped
anges(cnt)

5.3 [|SScase

The Intemational Space Station is a particularly
interesting test case.The space station comprises several
elements, whose positions have changed over time. The
most prominent contribution to the cross sedion is due
to the solar arays and radators. As theseelemerts are
not in a fixed position, the ISS cross sedion will be



largely deperdent on their orientations.

For this document, the resuts of asimple ISSmodel are
provided The geametric spedfications were obtained
from [3] (Chaper 6, Table 6.1), upgadng the
information regarding several comporerts. Figure 8
shows the reault (including the refererce system usedin
the model). It shoud be noticed that solar arays and
radators (yellow ard red parels) might rotate.

[3] propases a computation of the equivalent spherical
cross sedion by finding a sphere in which the cuboid
defined by the largest dimensionsiis inscribed With that
method, an equivalent radius of 685 m is obtained
Figure 9 shows the relative size of such cubad ard the
ISSmodel.

With the patticular configuration of solar panels and
radators used for this paper, CROC provides a
2481324 m? cross sedion, which correspnds to a
sphere of radus 28.1 m. Figure 9 providesa comparison
of the relaive sizes of the ISS model and a sphere of
radus 28.1 m. In addition to this, the cuboid defined
from the larged dimensionsis alsoprovided

Figure 9: 1SS madel with the average cross sedion
sphere computed by CROC. The cuboid below is
providedfor comparison

DRAMA - Cross-section under different aspect anges
450000

From that figure, the following shoud be naticed

The sphere defined by the awerage cross
sedion does not cover the ISS model.

Paticularly, its largestelemerts are left outside
the sphere.

e The sphere matches the average cross sedion
seen from any diredion. In the case of the ISS
howewer, the crosssedion seen from the flight
diredion is more relevart, as most close
encainters happen from that diredion. In
addition to this, the cross sedion from that
diredion is smaller than the total average. In
the worst case, only one of the four trusssolar
parels contributes to the total crosssedion (see
Figure 10)

Figure 8: ISSmadel createdwith CROC
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Figure 10: ISS cross sedions from differert asped
angdes @nv)

6 CONCLUSIONS AND
ACKNOWLEDGEMENT

CROC hasbeen developed to allow the computation of
projeded crosssedional aress for satdlit es defined by
the user. This crosssedion computation can suppat the
evaluation of satelite re-entry time, by means of
DRAMA OSCAR tool, or collision risk computation
ard mean number of avoidance maroeuvres by means
of the DRAMA ARES tool.

The examples providedin this paper show the flexibility
of the tool and the cgpadty of simulating complex
satellites with goodcomputation accuracy.

The work presetted in this paper is dore within
ESA/ESQC Contrad No. 400010497/11/D/SR. The
ESA projed is caried out by Institute of Aerospace
Systems (ILR) /Technische Universit at Braunschweig
(TUBS)ard DEIMOS Saae S.L.U.
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