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1 Introduction

This document describes the implementation of planetaig/@ecession in Orbiter.

2 Definitions

The rotation axis of a celestial body is assumed to rotaterat@precession reference
axisat constant obliquity angle and constant angular velo€ityrently, the orientation

of the reference axis (OP) is considered time-invariantiaradkefined with respect to
the ecliptic and equinox of J2000 (see Fig. 1). The axis taigon is defined by the
obliquity e..¢ (the angle between the axis and the ecliptic north p¥leand the angle
from the vernal equinoX" to the ascending node of the ecliptic with respect to the
body equator/,.;. In Orbiter’s left-handed systerfl; is defined as (1,0,0), an¥ is
defined as (0,1,0). The rotation matRx.; for transforming from ecliptic to precession
reference frame is then given by

coS Lyt 0 —sin Lo 1 0 0
Riet = 0 1 0 0 coS€ref — SiNEref . (1)
sin Lyt 0 oS Lyet 0 sSinepet  COSEref

The planet’s axis of rotation at some time0S, is given relative to the reference axis
OP, by obliquitys,; and longitudel,.) (see Fig. 2).L, is a linear function of time,

and is defined as f
— o
T ()

wheret, is a reference datd, is the longitude at that date, aff{J is the precession
period. The rotation from the precession reference frantbaa@lanet’s axis frame is
described by

coSLyer 0 —sinLge 1 0 0
Reel(t) = 0 1 0 0 cos€r —SinEr | - 3)

sinLyei 0 cosLya 0 sinepel  COSEreal

Lrel(t) = Lo+ 27
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Figure 1: Orientation of the precession reference axisérettliptic frame.

The planet’s rotation angle(¢) is defined via the siderial peridfl;, and a rotation

offsetyy:
t—t

o(t) = o + 27 0+ [Lo — Lyei(t)] cos erel, 4)

wheret, is a reference time (usually J2000.0). The last term in Eaqcbants for the
difference between siderial and node-to-node rotatiorogdefThe rotation is encoded
in matrix R,o::

S

cosp 0 —singp
Rrot (t) — 0 1 0 . (5)
sing 0 cosy
The full planet transformation is the combination of radatand precession:
R(t) = RyefRrel(t)Rrot (t) (6)

The direction of the rotation axis is

0
OS:s(t)=R(@)[ 1 |. @)
0
The resulting axis obliquity and longitude of ascendingeatk
_ _q —5x(1)
Eccl(t) = Cos ! Sy(t)v Lccl(t) = tan™"' Sz(t) . (8)



Figure 2: Planet rotation axis.

Figure 3 shows examples of axis obliquity and longitude afasling node over one
precession cycle for different reference obliquities, dsrection of L, (or equiva-
lently, time). Usinge..; and L., anobliquity matrix R..; can be defined that rotates
from ecliptic to the planet’s current precession frame:

coSLecy 0 —sin Leg 1 0 0
Reai(t) = 0 1 0 0 cos€ecl —sSineeq |. (9)
sSinLeeg 0 coSLeg 0 sSin€eel  COSEecl

Note that likeR,¢tR;c;, matrix Re.; describes a rotation of the axis from ON to OS.
However, there is a difference between the rotation aroud €pecifically, the ref-
erence axis foR. is the ascending node of the ecliptic with respect to thegilan

equator:
1

ONccl . Il(t) = Rccl(t) 0 . (10)
0

The difference betweeR.. andR,.¢R,.; can be expressed by an offset matiy:

Rccl(t) Roﬁ' (t) = chercl(t)7 (11)
RoH (t) RZC] (t) chercl (t) (12)
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Figure 3: Axis obliquitye,.; and longitude of ascending nodg., as a function of
relative longitudel.,.; over one precession cycle, for four different values @f, and
invariant parameters..; = 20°, Lo = 40°.

Rog describes a rotation around y, so it has the structure

cosporr 0 —sinyeg
Roﬁ'(t) = 0 1 0 l (13)
sinweg 0 cos o

and the offset angle.g is given by

oo (t) = tan™! %. (14)

Including this offset into the planet’s rotation angle Iead an expression for the
planet’s rotation angle(t) with respect to reference directiarit):

r(t) = @(t) + pot (t). (15)
We can now express the full rotation matfdefined in Eq. 6, using..; andr:
R(t) = Recl(t)ﬁrot(t)a (16)
where
~ cosr 0 —sinr
Riot(t) = 0 1 0 ) a7

sinr 0 cosr

3 Orbiter interface

3.1 Configuration

The precession and rotation parameters supported in ptanéguration files are listed
in Table 1. The following default assumptions apply:



o If PrecessionObliquity is not specified,.; = 0 is assumed. (precession refer-
ence is ecliptic normal). In this case, the.; entry is ignored and.,ot = 0 is
assumed.

o If PrecessionPeriod is not specifiédd, = oo is assumed (rotation axis is station-
ary).

e |f LAN _MJD is not specifiediy = 51544.5 is assumed (J2000.0).
¢ If LAN is not specified,Ly = 0 is assumed.

o If Obliquity is not specifiedg,.; = 0 is assumed.

o If SidRotPeriod is not specified;; = oo is assumed (no rotation).
¢ |f SidRotOffset is not specifiedzy = 0 is assumed.

For a retrograde precession of the equinoxes, a negative &l PrecessionPeriod
should be used.

parameter config entry

T, SidRotPeriod [seconds]
o SidRotOffset [rad]

Erel Obliquity [rad]

Lo LAN [rad]

to LAN _MJD [MJD]

Ty PrecessionPeriod [days]
Eref PrecessionObliquity [rad]
Lyt PrecessionLAN [rad]

Table 1: Rotation and precession parameter entries in ptaméiguration files.

3.2 API functions

3.2.1 void oapiGetPlanetObliquityMatrix (OBJHANDLE hPla net, MATRIX3
*mat)

This function return®..;(¢) in Eq. 9 for planehPlanet at the current simulation time.

3.2.2 double oapiGetPlanetObliquity (OBJHANDLE hPlanet)

This function returns..(¢) in Eq. 8 for planehPlanet at the current simulation time.

3.2.3 double oapiGetPlanetTheta (OBJHANDLE hPlanet)

This function returnd..(¢) in Eq. 8 for planehPlanet at the current simulation time.



3.2.4 double oapiGetPlanetCurrentRotation (OBJHANDLE hRanet)

This function returns the current rotation angle) in Eq. 15 for planehPlanet at the
current simulation time.

3.2.5 void oapiGetRotationMatrix (OBJHANDLE hPlanet, MAT RIX3 *mat)

This function return®(¢) in Eq. 6 for planehPlanet at the current simulation time.



