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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards bodies (ISO member bodies). The work of preparing International Standards is normally carried out through ISO technical committees. Each member body interested in a subject for whom a technical committee has been established has the right to be represented on that committee. International organizations, governmental and non-governmental, in liaison with ISO, also take part in the work. ISO collaborates closely with the International Electro technical Commission (IEC) on all matters of electro-technical standardization.
International Standards are drafted in accordance with the rules given in the ISO/IEC Directives, Part 2.

The main task of technical committees is to prepare International Standards. Draft International Standards adopted by the technical committees are circulated to the member bodies for voting.  Publication as an International Standard requires approval by at least 75 % of the member bodies casting a vote.
ISO    was prepared by Technical Committee ISO/TC 20, Aircraft and space vehicles, Subcommittee SC 14, Space systems and operations.

Introduction

This International Standard addresses reference coordinate systems for aerospace missions, including satellite launch, orbital maneuver, lunar exploration, satellite return, rendezvous and dock, etc. It can be applied to space vehicles, such as launch vehicle (LV), manned spacecraft (SC), return satellite and so on. The LV and spacecraft agencies may perform mission designs according to this standard.

Coordinate systems describe basic elements of flight dynamics, such as attitude angles, position, velocity, relative motion elements, etc. Coordinate systems can be selected based upon specific requirements of space mission. Different types of reference coordinate systems are listed and explained In addition, the transformation formulas for reference coordinate systems are provided.
Space systems — Reference Coordinate Systems
1 Scope

This standard provides reference coordinate systems, definition and transformation formulas for aerospace mission.

This standard is applicable to general design of aerospace vehicles, such as launch vehicle, spacecraft, etc and related.
2 Terms and definitions
For the purposes of this document, the following terms and definitions apply.

2.1 Manned spacecraft 

Manned spacecraft is a machine, which guarantees astronauts to stay, work in space for a short term mission, and return to the ground. There are satellite manned spacecraft, lunar-landing spacecraft and etc. It’s also named spaceship.
2.2 Manned launch vehicle
It’s dedicated for launching manned spacecraft.
2.3 Escape vehicle
When the fatal failure occurs, the escape vehicle will be separated from the LV and escape from the danger zone. It comprises escape tower, upper fairing, grid wing and the parts inside the fairing, such as orbit module, return module, etc.
2.4 Celestial sphere
In order to determine inspect positions of celestial bodies, an imagined sphere is introduced and named celestial sphere. Different central point choices will cause various celestial spheres, such as heliocentric celestial sphere, geocentric celestial sphere and so on. The radius of celestial sphere can be selected as any, and can be regarded as infinite.
2.5 Ecliptic
It is a great circle determined by the intersection of the orbit plane on which earth revolves about the sun and celestial sphere.
2.6 Celestial equator
It is a great circle determined by the intersection of the earth equator plane and celestial sphere.
2.7 Vernal equinox
It is a point at which the sun travels across the celestial equator along the ecliptic from the south side of the celestial equator to the north.
2.8 Celestial longitude
In the celestial coordinate which takes the ecliptic plane as the basic plane, the great circle that crosses the celestial polar is named ‘celestial longitude circle’, and the celestial longitude circle that crosses vernal equinox is the principal circle. Celestial longitude is the angle between the principal circle and the one at which the celestial body is located. And it is measured from the principal circle in anti-clockwise direction.
2.9 Celestial latitude
It is the arc length of the celestial longitude circle between celestial body and celestial equator. It is measured from the elliptic and heading north ecliptic pole makes the positive direction.
2.10 Right ascension
Taking the equator longitude circle as the start circle, it is the arc length of the celestial equator while measuring to celestial body equator longitude circle in the direction of anti-clockwise. 
2.11 Declination
It is the arc length between celestial body and celestial equator. It is measured from the celestial equator and heading north celestial pole makes the positive direction. 
2.12 Geodetic longitude
It is the angle between Greenwich mean meridian plane and the meridian plane which crosses the point. It is measured from Greenwich to the east.
2.13 Geodetic latitude
It is the angle between equator and the normal of the ellipsoid that crosses the point; heading north makes it positive.
2.14 Geocentric longitude
The same as 2.1.12 geodetic longitude.
2.15 Geocentric latitude
It is the angle between the equator and the line which connects earth-core and a certain point; heading north makes it positive.
2.16 Azimuth angle
Measured from the north direction line of a certain point, it is the horizontal angle to the target line in the direction of clockwise.
2.17 Elevation angle
It is the angle between the horizontal plane and the direction line which connects a point and the target. When the target is over the horizontal plane, it is named ‘elevation angle’ and ‘depression angle’ reversely.
2.18 Reference coordinate systems and related
The basic definitions of reference coordinate systems are listed In Table 1.
Table1　Basic definition of reference coordinate systems
	Num.
	Item
	Definition
	Symbol
	Remark

	1
	Coordinate
	A series of sequential numbers, which are obtained by certain rules, and are applied to determine the position of a point in space under certain reference system.
	
	

	2
	Coordinate System
	A reference system, which determines the uniquely corresponding relations between the point in space and its coordinate (or vector and its sub-value).
	
	

	3
	Coordinate Origin
	A point, which is in the coordinate system and with all coordinate values equal zero.
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	4
	Rectangular coordinate of a point
	3 sequential values, which equal the distances from the point to the 3 selected orthogonal planes respectively.
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 is a vector which extends from the   cross point of 3 selected orthogonal planes (coordinate origin).

	5
	Curve coordinate of a point
	3 sequential values （
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）, uniquely determine the position of a point in space.
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	6
	Coordinate surface
	A set of points whose 1 coordinate is a constant.
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	7
	Coordinate line
	The trajectory of points whose 2 coordinates keep constant.
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	8
	Coordinate axis
	Tangent line of a coordinate line, and extends from a certain point on it. Its direction is the same to the one with the corresponding coordinate increase.
	
	There are 3 coordinate axes for each point in space.

	9
	Principal surface （Principal Plane）
	A selected coordinate surface (plane) which crosses coordinate origin.
	
	Only 1 principal surface can be selected for each coordinate system.

	10
	Coordinate unit vector
	The unit vector which points along coordinate axes.
	
	

	11
	Reference line
	The line which remains on principal surface and crosses coordinate origin.
	
	

	12
	Orthogonal coordinate system
	The coordinate system whose 3 axes keep orthogonal for each point in space.
	
	

	13
	Right-handed coordinate system
	The coordinate system whose orthogonal coordinate axes sequence is determined by right-hand rule.
	
	

	14
	Inertial coordinate system
	The coordinate system whose axes’ directions remain the same in inertial space. 
	
	

	15
	Relative coordinate system
	The coordinate system whose axes’ directions vary in inertial space. 
	
	


3 Abbreviated terms
LV

launch vehicle

SC

spacecraft
SS        spaceship
IAU     International Astronomical Union
IAG     International Association of Geodetical
4 General principles
4.1 Expression of rectangular coordinate system
Rectangular coordinate system is expressed with 4 characters, which respectively represent origin, 1st, 2nd, 3rd axis. In the coordinate system defined by this standard, 1st, 2nd, 3rd axes obey right-hand rule.
4.2 Coordinate ordinal
This standard provides the names for reference coordinate systems. For the one with the ordinal, such as geocentric (1st) equator coordinate system, geocentric (2nd) equator coordinate system, the ordinal can be omitted when just 1 of them appears. When 2 or more are used, the corresponding ordinals should be added in order to make difference
4.3 Letters for coordinate axes and sub-signal

The letters and sub-signals used in defining the coordinate axes, can be a good choice. Users can make their own choices based upon the conditions.
4.4 Use of vernal equinox and equator

Among the defined reference coordinate systems of this standard, users can choose other ways to express vernal equinox and equator, such as mean vernal equinox, real vernal equinox, mean equator and real equator of a certain epoch, but it should be noted.
4.5 Reference coordinate system format

The formats of reference coordinate system are given in Table 2.

Table 2 Reference coordinate system format
	Num
	Coordinate system
	Coordinate symbol
	Coordinate surface
	Coordinate interval
	Illustrations

	1
	Rectangular coordinate system
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	3 orthogonal planes
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	2
	Cylinder Coordinate system
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	3
	Spherical coordinate system
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= constant—the spherical surface that is centered at the origin;
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	4
	Geodetic coordinate system
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= constant—the surface which keeps equal distance from the reference ellipsoid surface;
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4.6 Transformation between reference coordinate systems
4.6.1　Transformation between rectangular coordinate systems
4.6.1.1　Transformation between 2 rectangular coordinate systems

Transformation between 2 rectangular coordinate systems is composed of translation (shift of coordinate origin) and rotation (coordinate axes’ rotation about the origin). The formula for translation is given as below：
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where
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 in former coordinate system.
The formula for rotation is given as below：：
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where
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Name the coefficient matrix 
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 composed of direction cosine as rotation matrix：
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then
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4.6.1.2　Rotation of reference coordinate system

The rotation matrix that rotates around ith axis（i=1,2,3）of the reference coordinate system about the angle 
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For reference coordinate system rotation, it can be expressed by the sequential rotation of 3 Euler Angles.

3 types of common-used Euler angles are given in Table 3.
Table 3  Three types of common-used Euler Angles
	Group for Euler angles
	Euler angles

	
	1st rotation
	2nd rotation
	3rd rotation

	Group 1（Figure 1）
	Yaw angle
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	Roll angle
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	Group 2（Figure 2）
	Pitch angle
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	Roll angle
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	Group 3（Figure 3）
	Roll angle
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Figure 1 Rotation of reference coordinate system （Group 1 Euler angles）
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Figure 2 Rotation of reference coordinate system （Group 2 Euler angles）
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Figure 3 Rotation of reference coordinate system （Group 3 Euler angles）

Rotation matrix for 1st group：
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Rotation matrix for 2nd group：
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Rotation matrix for 3rd group：
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4.6.1.3　Transformation between two rectangular coordinate systems, rotating about a cross-origin fixed axis
The unit vector for the direction of fixed axis is OE, whose components are 
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the above rotation matrix can also be expressed by the format of quaternion：
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4.6.2　The relations between rectangular, cylinder and spherical surface coordinate systems

The relations between aforementioned three coordinate systems can be concluded in Table 4.
Table 4 Relations between rectangular, cylinder and spherical surface coordinate systems
	
	Rectangular coordinate system
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	Cylinder coordinate system
（
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	Spherical surface coordinate system
（
[image: image216.wmf]j

l

,

,

R

）
	
[image: image217.wmf]222

22

(int)

Rxyz

y

arctg

x

setthevalueaccordingtotheerval

z

arctg

xy

l

j

=++

=

=

+


	
[image: image218.wmf]22

Rrz

z

arctg

r

ll

j

=+

=

=


	
[image: image219.wmf]j

j

l

l

=

=

=

R

R




5 Reference coordinate systems
5.1 Overview
5.1.1 Classification of reference coordinate systems
Reference coordinate systems for aerospace are classified according to different central bodies and missions. The sun, the moon and the earth are frequently selected as the central bodies, and for some particular missions such as manned space, the coordinate system has to be chosen appropriately.
5.1.2 Reference coordinate systems 
It mainly includes the ones as below：

1)   Heliocentric ecliptic coordinate system
[image: image220.wmf]XYZ
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s

;

2)   Heliocentric spherical surface ecliptic coordinate system
[image: image221.wmf])
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,
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M

;
3)   J2000.0 selenocentric coordinate system
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;
4)   Selenocentric equator coordinate system
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;
5)   Moon fixed mean earth/polar axis coordinate system（IAU/IAG2000）
[image: image224.wmf]4
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;
6)   Moon fixed inertia principal axis coordinate system 
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7)   Geocentric ecliptic coordinate system
[image: image226.wmf]XYZ
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;

8)   Geocentric (1st ) equator coordinate system
[image: image227.wmf]1
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;

9)   Geocentric (2nd ) equator coordinate system
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;

10)   Geocentric (3rd ) equator coordinate system
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11)   Geocentric (4th ) equator coordinate system
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12)   Geocentric spherical surface coordinate system
[image: image231.wmf])
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;

13)   Geocentric spherical surface fixed coordinate system
[image: image232.wmf])
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;

14)   Geocentric (1st ) orbit coordinate system
[image: image233.wmf]1
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;

15)   Geocentric (2nd ) orbit coordinate system
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;

16)   Geocentric (3rd ) orbit Coordinate system
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;

17)   Launch coordinate system
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18)   Inertial launch coordinate system
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19)   Horizontal fixed direction coordinate system
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;
20)   Spherical surface horizontal fixed direction coordinate system
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;

21)   Satellite (return) coordinate system
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;
22)   Geodetic coordinate system
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;
23)   Escape vehicle launch coordinate system
[image: image242.wmf]XYZ
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24)   Semi-velocity coordinate system
[image: image243.wmf]oxyz

;

25)   Target fixed coordinate system
[image: image244.wmf]t
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;
26)   SC body coordinate system
[image: image245.wmf]1

1

1

z

y

ox

;

27)   Velocity coordinate system
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;

28)   Rectangular accompany natural coordinate system
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;

29)   Inertial platform coordinate system
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;

30)   SC spherical surface coordinate system
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;

31)   Satellite orbit coordinate system
[image: image250.wmf]xhz
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;

32)   Satellite rectangular coordinate system
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33)   Escape vehicle body coordinate system
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;

34)   Escape vehicle centroid coordinate system
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35)   Escape vehicle velocity coordinate system
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;

36)   Manned LV body coordinate system
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;

37)   SS LV dock coordinate system
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38)   Carrier coordinate system,
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5.1.3　Symbols for reference coordinate system
When applying the reference coordinate systems, the symbols should be used according to this standard. Sub-signal can be omitted when dealing with a specific problem, but it should be noted. In principle, parameter symbols for transformation formula should be used.

5.2 Descriptions for reference coordinate systems
5.2.1　Coordinate systems with the origin at the sun centre
Coordinate systems with the origin at the sun centre are given in Table 5.

5.2.2　 Coordinate systems with the origin at the moon centre
Coordinate systems with the origin at the moon centre are given in Table 6.

5.2.3　 Coordinate systems with the origin at the earth centre
Coordinate systems with the origin at the earth centre are given in Table 7.

5.2.4　 Coordinate systems with the origin at the earth surface

Coordinate systems with the origin at the earth surface are given in Table 8.

5.2.5　 Coordinate systems with the origin on SC

Coordinate systems with the origin on SC are given in Table 9.

5.2.6　Carrier coordinate system

The carrier coordinate system is given in Table 10.

5.2.7　Transformation formulas between reference coordinate systems

Transformation formulas between reference coordinate systems are given in Table 11.

Table 5 Coordinate systems with the origin at the sun center
	Num.
	Name
	Origin
	Coordinate axes or coordinates
	Illustration

	1
	Heliocentric ecliptic coordinate system
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	sun center
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─ on the ecliptic plane, pointing to vernal equinox;
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is right-handed rectangular coordinate system.
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	2
	Heliocentric spherical surface ecliptic coordinate system
（
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	sun center
	
[image: image266.wmf]M

─ the distance between sun center and point N in space;
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─ celestial longitude;
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─ celestial latitude.
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Table 6 Coordinate systems with the origin at the moon center
	Num.
	Name
	Origin
	Coordinate axes or coordinates
	Illustration

	1
	J2000.0J2000.0 selenocentric coordinate system
[image: image270.wmf]2
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	moon center
	3 axes are parallel to the ones of J2000.0 geocentric mean equator coordinate system.
	omitted

	2
	Selenocentric equator coordinate system
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	moon center
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	3
	Moon fixed mean earth/polar axis  coordinate system（IAU/IAG2000）
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	moon center
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	4
	Moon fixed inertia principal axis coordinate system
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Table 7 Coordinate systems with the origin at the earth Center

	Num.
	Name
	Origin
	Coordinate axes or coordinates
	Illustration

	1
	Geocentric ecliptic coordinate system
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	Earth center
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─ on ecliptic plane, pointing at vernal equinox;
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 is a right-hand rectangular coordinate system.
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	2
	Geocentric (1st) equator coordinate system
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is a right-hand rectangular coordinate system.

In case of selecting J2000.0 mean equator plane and J2000.0 mean vernal equinox, it is named J2000.0 geocentric mean equator coordinate system.
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	3
	Geocentric (2nd) equator coordinate system
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	earth center
	
[image: image303.wmf]2

X

O

e

─ on the equator plane, pointing at the Greenwich meridian of a certain time;


[image: image304.wmf]2

Z

O

e

─ be vertical to equator plane, with direction the same to earth’s revolution angular velocity vector;


[image: image305.wmf]2

2

2

Z

Y

X

O

e

is a right-hand rectangular coordinate system.
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	4
	Geocentric (3rd) equator coordinate system
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	earth center
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is a right-hand rectangular coordinate system.
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	5
	Geocentric (4th) equator coordinate system
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	earth center
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is a right-hand rectangular coordinate system. In geodetic engineering, it is often named geocentric rectangular coordinate system.
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	6
	Geocentric spherical surface coordinate system（
[image: image317.wmf]r

,
[image: image318.wmf]a

,
[image: image319.wmf]d

）
	earth center
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─ the distance between earth center and point N in space;
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─ right ascension;
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─ declination.
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	7
	Geocentric spherical surface fixed coordinate system
（
[image: image324.wmf]r

,
[image: image325.wmf]l

,
[image: image326.wmf]j

）
	earth center
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─ the distance between earth center and point N in space;
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─ geocentric longitude;
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─ geocentric latitude.
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	8
	Geocentric (1st) orbit coordinate system
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	earth center
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is a right-hand rectangular coordinate system.
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	9
	Geocentric (2nd) orbit coordinate system
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	earth center
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is a right-hand rectangular coordinate system.
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	10
	Geocentric (3rd) orbit coordinate system
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	earth center
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is a right-hand rectangular coordinate system.
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Table 8 Coordinate systems with the origin at the earth surface
	Num.
	Name
	Origin
	Coordinate axes or coordinates
	Illustration

	1
	Launch coordinate system
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o

0


	launch point
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─ on the horizontal plane of launch point, pointing at launch aim direction;
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	2
	Inertial launch coordinate system
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	superposing  the launch point at   launch moment
	Superposing launch coordinate system 
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	3
	Horizontal fixed direction coordinate system
[image: image353.wmf]s

s

s

z

y

x

o

0


	at the earth surface
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is a right-hand rectangular coordinate system.

It is also named measurement facility coordinate system.
	
[image: image357.emf]M

O

e

equator

earth axis

Horizontal

 plane

O

0

y

s

x

s

z

s



	4
	Spherical surface horizontal fixed direction coordinate system
（
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）
	at the earth surface
	
[image: image361.wmf]S

─ the distance between origin and point N in space;


[image: image362.wmf]A

─ azimuth;


[image: image363.wmf]E

─ elevation.

Also named measurement facility spherical surface coordinate system, ground surface spherical surface coordinate system, ground flat spherical surface coordinate system.
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	5
	Satellite (return) coordinate system
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	intersection point of  Plumb-line of the position at the satellite return time  and the earth surface
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	6
	Geodetic coordinate system
（
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）
	the intersection point of Greenwich meridian and earth equator.
	
[image: image374.wmf]h

─the normal distance (altitude)  measured from reference ellipsoid surface;


[image: image375.wmf]L

─geodetic longitude;


[image: image376.wmf]B

─geodetic latitude.
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	7
	Escape vehicle launch coordinate system
[image: image378.wmf]XYZ
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	launch point
	
[image: image379.wmf]X

O

0

─ the same to launch coordinate system
[image: image380.wmf]x

o

0

;


[image: image381.wmf]Y

O

0

─ the same to launch coordinate system
[image: image382.wmf]y

o

0

;


[image: image383.wmf]XYZ

O

0

is a right-hand rectangular coordinate system.

Since the flight duration for escape vehicle is short, launch coordinate system is regarded as inertial coordinate system.
	Omitted


Table 9 Coordinate systems with origin on SC
	Num.
	Name
	Origin
	Coordinate Axes or Coordinate
	Illustration

	1
	Semi-velocity coordinate system
[image: image384.wmf]oxyz


	centroid
	
[image: image385.wmf]ox

— along the velocity of LV;

[image: image386.wmf]oy

— on the vertical plane that crosses 
[image: image387.wmf]ox

, be vertical to 
[image: image388.wmf]ox

; pointing upwards is set as positive based upon horizontal launch status;


[image: image389.wmf]oxyz

is a right-hand rectangular coordinate system.
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	2
	Target fixed coordinate system
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	a certain point on target
	
[image: image392.wmf]t
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x

o

— on the horizontal plane of the origin; its direction depends on the requirement;

[image: image393.wmf]t
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y

o

— along the plumb-line that crosses origin, pointing upwards;


[image: image394.wmf]t
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is a right-hand rectangular coordinate system.
	Omitted

	3
	SC body coordinate system

[image: image395.wmf]1
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ox

(for LV and satellite）
	centroid
	
[image: image396.wmf]1

ox

─ along the longitudinal axis of SC, pointing at head;


[image: image397.wmf]1

oy

─ on the longitudinal symmetry plane of SC, being vertical to 
[image: image398.wmf]1

ox

, upwards (namely the line of Ⅲ quadrant );


[image: image399.wmf]1
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is a right-hand rectangular coordinate system.
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	4
	Velocity coordinate system

[image: image401.wmf]v
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	centroid
	
[image: image402.wmf]v

ox

─ along the velocity of SC;


[image: image403.wmf]v

oy

─ on the longitudinal symmetry plane of SC, be vertical to 
[image: image404.wmf]v

ox

, pointing upwards when velocity vector is horizontal;


[image: image405.wmf]v
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is a right-hand rectangular coordinate system.
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	5
	Rectangular accompany natural coordinate system (Natural coordinate system)
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	centroid
	
[image: image408.wmf]1

x
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─ on trajectory osculating plane, along the direction of velocity;


[image: image409.wmf]1

h
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─ on trajectory osculating plane, along principal normal;


[image: image410.wmf]1

z

o

─ along subnormal of trajectory.
	omitted

	6
	Inertial platform coordinate system

[image: image411.wmf]p
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	platform center
	Its axes are parallel to corresponding ones of inertial launch coordinate system.
	omitted

	7
	SC spherical surface coordinate system (LV body spherical surface coordinate system)


[image: image412.wmf])
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	centroid
	
[image: image413.wmf]R

─ the distance between origin and point N in space;


[image: image414.wmf]1

a

─ the angle between 
[image: image415.wmf]1

oy

of SC coordinate system and the projection of radius vector (connecting origin and point N in space) on vertical longitudinal axis surface; set anti-clockwise as positive;


[image: image416.wmf]1
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─ the angle between radius vector (connecting origin and point N) and 
[image: image417.wmf]1
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.
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	8
	Satellite orbit coordinate system

[image: image419.wmf]xhz
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	centroid
	
[image: image420.wmf]z
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─ on the plane of satellite orbit, pointing at earth center;


[image: image421.wmf]x
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─ on the plane of satellite orbit, be vertical to 
[image: image422.wmf]z
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, pointing in the direction of satellite motion;


[image: image423.wmf]xhz
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is a right-hand rectangular coordinate system.
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	9
	Satellite rectangular coordinate system
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	centroid
	
[image: image426.wmf]0
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─ along the longitudinal axis of satellite, pointing upwards at the launch moment;
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─ on the plane that is vertical to longitudinal axis, pointing at aim direction at launch moment;
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is a right-hand rectangular coordinate system.
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	10
	Escape vehicle body coordinate system
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b

b

b

Z

Y

X

O


	the intersection point of escape vehicle’s longitudinal axis and its centroid transversal surface at the initial escape moment
	
[image: image431.wmf]b
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─ along the longitudinal axis of escape vehicle, pointing at the head;


[image: image432.wmf]b

b

Y

O

─ on the longitudinal symmetry plane of escape vehicle, vertical to 
[image: image433.wmf]b
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, pointing at the Ⅲ quadrant line of manned LV;


[image: image434.wmf]b
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is a right-hand rectangular coordinate system,fixed withy escape vehicle.
	Check Figure 4

	11
	Escape vehicle centroid coordinate system

[image: image435.wmf]c
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	centroid of escape vehicle
	Its axes are parallel to the corresponding axes of escape vehicle body coordinate system.

	Check Figure 5

	12
	Escape vehicle velocity coordinate system

[image: image436.wmf]v
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	centroid of escape vehicle
	
[image: image437.wmf]v

OX

─ along the speed direction of escape vehicle (air speed);


[image: image438.wmf]v

OY

─ be parallel to the longitudinal symmetry plane of escape vehicle, vertical to 
[image: image439.wmf]v

OX

, pointing upwards when velocity vector of escape vehicle is horizontal;
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v

v

Z

Y

OX

is a right-hand rectangular coordinate system.
	Check Figure 6

	13
	Manned LV body coordinate system
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	centroid of SS-LV union
	
[image: image442.wmf]m
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─ along the longitudinal axis of manned LV, pointing at the theoretical peak of manned LV;


[image: image443.wmf]m
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─ on the longitudinal symmetry plane of manned LV, pointing at Ⅲ quadrant line;
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is a right-hand rectangular coordinate system.
	Check Figure 7

	14
	SS LV dock coordinate system
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	Geometric center of SS-LV dock frame 
	
[image: image446.wmf]d
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─ be vertical to the dock surface of manned LV and SS, pointing at SS;


[image: image447.wmf]d
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─ on the dock surface, pointing at Ⅲ quadrant line of manned LV;
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is a right-hand rectangular coordinate system.
	Check Figure 8
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Figure 4 Escape vehicle body coordinate system
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Figure 5 Escape vehicle centroid coordinate system
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Figure 6  Escape vehicle velocity coordinate system
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Figure 7  Manned LV body coordinate system
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Figure 8 SS-LV dock coordinate system
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Table 10 Carrier coordinate system
	Num.
	Name
	Origin
	Coordinate axes or coordinates
	Illustration

	1
	Carrier coordinate system

[image: image459.wmf]s
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	centroid of carrier
	
[image: image460.wmf]s
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o

—along the longitudinal axis of carrier, pointing at the foreside of carrier;
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—be vertical to 
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, on the carrier’s longitudinal symmetry plane, pointing upwards;
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is a right-hand rectangular coordinate system.
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Table 11 Transformation formulas between reference coordinate systems
	Former coordinate system
	Target coordinate system
	Transformation formula for the transition from former to target

	Heliocentric ecliptic coordinate system
[image: image465.wmf]XYZ
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	Heliocentric spherical surface ecliptic coordinate system（
[image: image466.wmf]M

,
[image: image467.wmf]b

,
[image: image468.wmf]q

）
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	Geocentric ecliptic coordinate system
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where
[image: image476.wmf]s
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[image: image477.wmf]s
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、
[image: image478.wmf]s

Z

─ coordinates of heliocentric ecliptic coordinate system;


[image: image479.wmf]e

X

、
[image: image480.wmf]e

Y

、
[image: image481.wmf]e

Z

─ coordinates of geocentric ecliptic coordinate system;


[image: image482.wmf]Å
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、
[image: image483.wmf]Å

Y

、0─ earth center coordinates in heliocentric ecliptic coordinate system.

	Geocentric (1st) equator coordinate system
[image: image484.wmf]1

1

1

Z

Y

X

O

e


	Geocentric ecliptic coordinate system

[image: image485.wmf]XYZ

O

e


	
[image: image486.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

ú

ú

ú

û

ù

ê

ê

ê

ë

é

-

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

·

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

1

1

1

1

1

1

1

cos

sin

0

sin

cos

0

0

0

1

)

(

Z

Y

X

Z

Y

X

M

Z

Y

X

e

e

e

e

e


where
[image: image487.wmf]e

─ the angle between ecliptic and equator.

	
	Geocentric (2nd) Equator coordinate system
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where
[image: image490.wmf]0
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─ Greenwich sidereal angle at a certain time 
[image: image491.wmf]0
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.

	
	Geocentric (3rd) Equator coordinate system
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where
[image: image494.wmf]W

─ Right ascension of ascending node of SC’s orbit.

	
	Geocentric Spherical Surface coordinate system
（
[image: image495.wmf]r

,
[image: image496.wmf]a

,
[image: image497.wmf]d

）
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	Geocentric (2nd) orbit coordinate system
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where
[image: image503.wmf]w

─ argument of perigee of SC;


[image: image504.wmf]W

─ right ascension of ascending node of SC;


[image: image505.wmf]i

─ orbit inclination of SC.

	Geocentric (2nd) equator coordinate system
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	Geocentric (4th) equator coordinate system
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where
[image: image509.wmf]e

w

─ angular speed of earth’s rotation;


[image: image510.wmf]t

─ time elapse after a certain time 
[image: image511.wmf]0
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	Geocentric (3rd) equator coordinate system

[image: image512.wmf]3

3

3

Z

Y

X

O

e



	Geocentric (1st) orbit coordinate system
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	Geocentric (4th) equator coordinate system
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	Geocentric spherical surface fixed coordinate system（
[image: image516.wmf]r

,
[image: image517.wmf]l

,
[image: image518.wmf]f

）
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	Horizontal fixed direction coordinate system
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where
[image: image526.wmf]N

─ prime vertical circle (which not only crosses the projection of a certain point on reference ellipsoid, but also be vertical to the cross-line made by meridian surface of the point and reference ellipsoid) radius of curvature;


[image: image527.wmf]e

a

─ earth equator radius;


[image: image528.wmf]e

b

─ earth polar radius;


[image: image529.wmf]e

─ 1st earth eccentricity;


[image: image530.wmf]l

─ geodetic longitude for the origin of horizontal fixed position coordinate system;


[image: image531.wmf]B

─ geodetic latitude for the origin of horizontal fixed direction coordinate system;


[image: image532.wmf]h

─ altitude for the origin of horizontal fixed direction coordinate system.

	Geocentric (1st) orbit coordinate system
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	Geocentric (2nd) orbit coordinate system
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where
[image: image536.wmf]w

─ argument of perigee of SC oribt.

	
	Geocentric (3rd) orbit coordinate system
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[image: image540.wmf]f

─ true anomaly of SC;


[image: image541.wmf]w

─ argument of perigee for SC orbit.

	Geocentric (2nd) orbit coordinate system
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	Satellite orbit coordinate system
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where
[image: image545.wmf]0

r

─ the distance between SC and the earth center;


[image: image546.wmf]f

─ true anomaly of SC.

	horizontal fixed direction coordinate system
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	Spherical surface horizontal fixed direction coordinate system（
[image: image548.wmf]S

,
[image: image549.wmf]A

,
[image: image550.wmf]E

）
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	Satellite orbit coordinate system
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	Satellite rectangular coordinate system
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where
[image: image557.wmf]1

j

─pitch angle of satellite;

[image: image558.wmf]1

y

─yaw angle of satellite;


[image: image559.wmf]1

g

─roll angle of satellite.

	Geodetic coordinate system
（
[image: image560.wmf]h

,
[image: image561.wmf]L

,
[image: image562.wmf]B

）
	Geocentric (4th ) equator coordinate system
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[image: image567.wmf]N

─prime-vertical-circle’s radius of curvature;


[image: image568.wmf]e

─1st eccentricity of the earth.

	
	Geocentric spherical surface fixed coordinate system（
[image: image569.wmf]r

,
[image: image570.wmf]l

,
[image: image571.wmf]f

）
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where
[image: image575.wmf]N

─prime-vertical-circle’s radius of curvature;


[image: image576.wmf]e

─1st eccentricity of the earth.

	Launch coordinate system
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	Geocentric (4th ) equator coordinate system
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Matrix A─ rotation matrix for coordinate axis;

Matrix B─ coordinate values after origin transformation (the error of vertical line is not taken into account);


[image: image587.wmf]0

A

─ geodetic azimuth of launch aiming direction;

λ0─ geodetic longitude of launch point;


[image: image588.wmf]0

B

─ geodetic latitude of launch point;


[image: image589.wmf]0

j

─ geocentric latitude of launch point;


[image: image590.wmf]0

R

─ the distance between earth center and launch point.

	Velocity coordinate system
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	SC body coordinate system
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Where 
[image: image594.wmf]a

─attack angle. The angle between the projection of SC velocity on its longitudinal symmetry plane and axis
[image: image595.wmf]1

ox

;


[image: image596.wmf]b

─side slip angle. The angle between SC velocity and its longitudinal symmetry plane.

	
	Launch coordinate system
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Where 
[image: image599.wmf]q

─ trajectory inclination. The angle between axis
[image: image600.wmf]x
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 and the projection of velocity vector on plane
[image: image601.wmf]xy
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0

.

[image: image602.wmf]s

─ trajectory declination. The angle between velocity vector and plane 
[image: image603.wmf]xy
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;


[image: image604.wmf]n

─ angle of heel. The angle measured from plane 
[image: image605.wmf]0

oxy

during the axis
[image: image606.wmf]v
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’s rotation about 
[image: image607.wmf]v
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.

(2nd group Euler Angle)

	SC body coordinate system
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	Launch coordinate system
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where 
[image: image611.wmf]j

─ pitch angle;


[image: image612.wmf]y

─ yaw angle;


[image: image613.wmf]l

─ roll angle.
（2nd group of Euler Angle）

	Escape vehicle launch coordinate system
O0XYZ
	Escape vehicle centroid coordinate system
OXcYcZc
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Where Xco、Yco、Zco ─ the coordinates of launch point in escape vehicle centroid coordinate system;


[image: image616.wmf]j

─ pitch angle;

(─ yaw angle;
γ─ roll angle.

(1st group Euler Angle)

	Escape vehicle velocity coordinate system
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where 
[image: image620.wmf]a

－ attack angle;


[image: image621.wmf]b

－ side slip angle.

	Escape vehicle centroid coordinate system
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	Escape vehicle body coordinate system
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where 
[image: image625.wmf]cb

X

、
[image: image626.wmf]cb

Y

、
[image: image627.wmf]cb

Z

－ the coordinates of escape vehicle’s centroid in escape vehicle body coordinate system.

	Escape vehicle body coordinate system
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	Manned LV body coordinate system
[image: image629.wmf]m
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where 
[image: image631.wmf]bm

X

、
[image: image632.wmf]bm

Y

、
[image: image633.wmf]bm

Z

－ coordinates for the origin of escape vehicle body coordinate system in manned LV body coordinate system.

	
	SS LV dock coordinate system
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where 
[image: image636.wmf]bd

X

－ the distance between the origins of  escape vehicle body coordinate system and SS LV dock coordinate system. (along the longitudinal axis of manned LV)

	J2000.0 Geocentric mean equator coordinate system
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	J2000.0 Selenocentric coordinate system
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[image: image642.wmf]m
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[image: image643.wmf]m

Y
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[image: image644.wmf]m

Z

 are coordinates for moon center in J2000.0 geocentric mean equator coordinate system.

	J2000.0 Selenocentric coordinate system
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	Selenocentric equator coordinate system
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Where 
[image: image667.wmf]JD

 represents Julian number at the calculation moment; and 
[image: image668.wmf]d

 is Julian number calculating from Jan. 1st 2000 universal time 12:00; 
[image: image669.wmf]T

 is Julian century number calculating from Jan. 1st 2000 universal time 12:00.

α＋Δαandδ＋Δδ are results with degree units.

	J2000.0 Selenocentric coordinate system
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	Moon fixed mean earth/polar axis coordinate system
（IAU/IAG2000）
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 are the same to the ones in the transformation from J2000.0 selenocentric coordinate system to selenocentric equator coordinate system;
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ω＋Δω is the result with degree unit.

	J2000.0 Selenocentric coordinate system
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	Moon fixed inertia principal axis coordinate system
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where 
[image: image689.wmf]is

, 
[image: image690.wmf]W

¢

 and 
[image: image691.wmf]A

 are lunar libration data, which are got based on JPL DE ephemeris interpolation, with degree units; 
[image: image692.wmf]is

 represents the angle between moon equator plane and earth J2000.0 mean equator plane; 
[image: image693.wmf]W

¢

 is the right ascension at which 
[image: image694.wmf]3
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X
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 (selenocentric equator coordinate system) points; 
[image: image695.wmf]A

 is the angle between moon prime meridian and 
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.


	Moon fixed inertia principal axis coordinate system
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	Moon fixed mean earth/polar axis coordinate system

[image: image698.wmf]4

4

4

O

Z

Y

X

m


	
[image: image699.wmf]ú

ú

ú

û

ù

ê

ê

ê

ë

é

ú

ú

ú

û

ù

ê

ê

ê

ë

é

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

·

-

=

ú

ú

ú

û

ù

ê

ê

ê

ë

é

4

4

4

33

32

31

23

22

21

13

12

11

4

4

4

3

1

2

2

1

5

5

5

)

(

)

(

)

(

Z

Y

X

e

e

e

e

e

e

e

e

e

Z

Y

X

M

P

M

P

M

Z

Y

X

t



[image: image700.wmf])

cos(

)

cos(

)

cos(

)

sin(

)

sin(

)

cos(

)

sin(

)

sin(

)

sin(

)

cos(

)

cos(

)

sin(

)

sin(

)

cos(

)

cos(

)

cos(

)

sin(

)

sin(

)

sin(

)

sin(

)

cos(

)

cos(

)

sin(

)

sin(

)

sin(

)

sin(

)

cos(

)

cos(

)

cos(

2

1

33

2

2

1

32

2

2

1

31

2

1

23

2

2

1

22

2

2

1

21

1

13

1

12

1

11

P

P

e

P

P

P

e

P

P

P

e

P

P

e

P

P

P

e

P

P

P

e

P

e

P

e

P

e

=

-

-

=

+

-

=

=

+

-

=

-

-

=

=

=

=

t

t

t

t

t

t

t

t

t

t


Where 
[image: image701.wmf]1

P

,
[image: image702.wmf]2

P

 and 
[image: image703.wmf]t

 are offered by the selected lunar surface control network. For example：
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