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EULER ANGLES, QUATERNIONS, AND TRANSFORMATION MATRICES -
WORKING RELATIONSHIPS
By D. M. Henderson
McDonnell Douglas Technical Services Co., Inc.

1.0 INTRODUCTION

Due-to the extensive use of the quaternion in the onboard Space
Shuttle Computer System, considerable analysis is being performed using
relationships between the quaternion, the transformation matrix,

and the Euler angles. This Internal Note offers a brief mathematical
development of the relationships between the Euler angles and the
transformation matrix, the quaternion and the transformation

matrix, and the Euler angles and the quaternion. The analysis

and equations presented here apply directly to current Space

Shuttle problems. Appendix A presents the twelve three-axis

Euler transformation matrices as functions of the Euler angles,

the equations for the quaternion as a function of the Euler angles,
and the Euler angles 4% a function of the transformation matrix

elements.

The equations of Appendix A aré a valuable reference in Shuttie
analysis work and this Internal Note is thie only known document where
each of the twelve Euler angle to quaternion relationships are

given, Appendix B presents a group of utility subroutines to
accomplish the Euler-matrix, quaternion-matrix, and Euler-

quaternion relationships of Appendix A,
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T 2.0 DISCUSSION

: 2.1 Euler Angle Transformation Matrices

§'7% " The following analysis and utility subroutines are of fered to simplify computer

: 'i_ programs when working with coordinate transformation matrices and their relation-
; {% ships with the Euler Angles and the Quaternionms. .The coordinate transformation

matrices discussed here are defined using the following figure,

= Figure 1.- Coordinate system and Euler angles.
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The transformation matrix M, is de"ined to transform vectors
in the X- system (X, ¥, z) into the original x-system / ¥s
z} and is given by the equation,

X = Mx

where (1)
x = {x, ¥, z) and X = (X, ¥, Z).

Using the right-hand rule for positive rotations, the M matrix
in (1) above is constructed by the following analysis. The
first rotation in Figure 1 above is about the x-axis by the
amount e]. The single rotation about the x-axis results in
the following transformation,
/x \\ / 1 0 0 /3("
y = 0 cose, -sing, \ y' (2)

Ny

z 0 .s‘ine-l cose]

or x = Xx' in matrix form. Rotation about the y'-axis by the
amount 6, yields the intermediate transformation matrix:

i

X' f cose, 0 sina2 E"\
y' [ = 1 0 1 0 y (3)
z! \-sinez' 0 cose, z"

or x" = Yg' 1in matrix form. Finally rotation about the z"-axis

by the amount 93 yields the intermediate transformation matrix,
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M=

x" (cose3 -sine, 0\ X
| = |siney;  cose; 0y y (4)
™ 0 0 1 z

and in matrix form x* = Zii. Now using the three equations,

x = Xx'

X' = ¥x" (5)

X' = Ix
by substitution

x={XY2Z)X. (6)
Then from equation 1,

M= (xVY12) (7)

Computation for the M matrix from the indicated matrix multi-

plication in equation (7) yields,

(cose, cose3) (- cose, s1n03) (s1n62)
(cosa1 sing, + sing, sing, cosea)(cose] cos@, - sing, sine2 sine3)(- sine1 c0592) (8)

(sine1 sing, - cosd, sine2 cose3)(sine1 cos, + cosa]rsina2 sinea)(cose1 cosez)

The matrix M in equation (8) is a function of;

(1) The three Eulér angles 6, 8, and 8, and

(2) The sequence of rotaticnsuséd to generate the matrix.

By examination of eguation (7) it is possible to ghow that there
are twelve possible Euler rosational sequences. If the (xvyz)
notation in equation (7) représents a rotation about the X axis,

then the Y axis and finally the Z axis, then the following per-
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mutations of the rotational order represents the twelve possible

Euler angle sets using three rotations,

XY?Z YXZ ZXYy
XZY YZX ZYX
XyX YXxy L X7
XZX YZY Y1

(9)

Any repeated axis rotation such as XXY does not represent a
three axis rotation but reduces to the two axis rotation XY.
hence the rotations described in (9) above represent all

twelve possible sets of Euler angle defining sequences. Con-
versely then, for a given transformation matrix there are
twelve Euler angle sets which can be extracted from the matrix.
The Euler matrices corresponding to all possible rotational

sequences of (9) above are presented in Appendix A.

The utility subroutines "EULMAT" generates the transformation
matrix from a given Euler sequence and the Euler angles. The
utility subroutine "MATEUL" extracts the Euler angles from a given
Euler rotational sequence. Thé convention is established that
the Euler angles occur in the same sequences as the axis
rotations. Using this concept and functional notation, equatfon (7)
could be expressed as
M=XYZ= M(ex’ By, 0,) ' (10)
and from (9)

1u [ - —d - iy ._' -
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M=XZX= M(ex, 0, e;) etc. (11)

This convention is assumed in both subroutines and also
used throughout this design note when Euler angles are
used. A brief explaination of the use of these two

utility subroutines {s given in Appendix B.

It is interesting to note that a negative retation in
the single axis rotation matrices of equations (2), (3)
and (4} will result in the formation of the transpose
of the matrix. However the transpose of M in equation
(7) is formed from reversing the order of multiplication

and transposing the individual axis rotation equations,

“f.e. :

M o= (xy2)T = (v 2)TxT = 2T 4T 4T, (12)
Hence the transposes of the matrices of (9) are easily
formed by reversing the order of multiplication and
transposing each single axis rotation equation. Using

the netation in equations(10) and (11) above equation
(12) could be written,

T -

M7(8ys 0,4 8,) = M(-p,, =0y -8,). (13)
It is récommendéd to avoid confusion that the forward
transformation be computed and simply transposéd to yield

the reverse transformation matrix. A1l matrices of Appendix

A ate in the forward form, i.e. X = M arid formed fiom (9).

[




2.2 Transformation Matrices Using the Hamilton Quaternion

The transformation matrix of equation (1) can be written as

a function of the Hamilton Quaternion;

qy = cos w/2
q, = ¢c0S o 8in w/2
2 (14)
q3 = cos Rsin w/2
. qq = cos Y sin w/2

where w is the rotation angle about the rotation axis with
a, B, and v direction angles with the x, y and z axes re-

spectively. Notice also that qf + qg +'q§ + q§.= 1, since

cosza + cos2 pt+ coszy = 1, The rotation angle, w, is assumed
positive according to the right-hand rule of axis rotation.

The matrix M becomes

2 2 2 2
| (Q1 + qz - q3 = Q4) 2(QzQ3 = q]q4) 2(Q2Q4 + Q1Q3)

2 .
M= 1 2(aya5 +ay9,) (iﬁ ~q, + qg -qﬁ) 2(9594 - 949,) (15)
2 2 2 2
Z(QZQ4 - Q1Q3) Z(Q3Q4 + Q1q2) (Q1 =9 - Q3 + Q4) .
For a more detaiied discussion of the derivation of equation

(15), see Reference 1. Using functional notation, equation

(15) can be written,
M= M(q]’ QZr qaa q4)- _ (]6)
Unlike the Euler angle rotational sa@quences to describe the

transformation matrix of equation (1)}, only twd quatérnions

©.l can be found from equation {15). The two quaternions afe:
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These two quaternions represent a positive rotation about

the rotation axis peinting in one diréction and a positive
rotation about the same line of rotation pointing in the
opposite direction. Both quaternions of (17) satisfy equation
(15).

The utility subroutine "QMAT" generates the transformation

matrix from a given quaternion. The "QMAT" algorithm generates

the matrix as given in equation (15) without dupiicating any
arithmetic operations. The subroutine "MATQ" extracts the positive
quaternion, i.e., qq > 0, from the transformation matrix and
normalizes the results to guarantee an orthogonal matrix. In

ordéer to avoid any discontinuity in extracting the quaternion

from the transformation matrix, the procedure as described fn

Reference 2 is used,

Early works by Hamilton (Réference 3) preseritéd the quaternion

as having a scalar and a vector part, i.e.,
+
q] = 3§ V= (QZ: Qs Q4)
and equation (16) could be expressed as,

-
M = Mays 9,5 95 G,) = M(S, V).

(18)

(19)



é? For a given quaternion the following relationship is

T l b true (from (17) above),

M(S, V) = M-S, V). (20)

The transpose of the transformation matrix is given by,

->

» T > -+
i . M' (S, V) = M(-S, V) = M(S, -V). (21}

-

o - 2.3 Euler Angle and Quaternion Relationships

By examination of equations {10) and (16) the equality,

M(X(81)s Y(6,), Z(85)) = M(6y, By, 83) = M{ay, 4y G35 qy) (22)

s | can be written. Based on an equality for each element of the

- matrix the following nine equations must be true;

T 2.2 2 2
3 COSB2 (:0893 = q.i + 9, - A3 - q4

i sing, = 2(ay9, + 4;93)
s cose, sing; + singy sing, cosoy = 2{qyq; *+ G49,)

2. 2 2 (23

3 . . : AL
- cosB] c0583 - s:'me1 s1n82 s1n€43 = q.I - 9, + Q3 - q4

-sing, cose, = 2(q3q4 - q]qz)

.

sing, sind; - cosé, sing, 0S8y = 2(q3q4 - q1q3)

sine1 cosd, + cosb, sin62 sine3 = 2(q3q4 + q]qz)

2 2 2 2
q] - qZ - Q3 + Q4

n

C059~| 00592

It is possibie to solve for the values of the quaternion using

A ~ the trigonometric half angle identities. For this Euler sequence,

N T O E I I IPRTR BN T
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i.e. X(e]) Y (82) i (03),the following quaternion results;
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4y = -sinugy sinigd, sinidy + cos'd, cosif, Cosi0,

gy = +51n=-ze1 cos.lga2 cos!ﬁe3 + sinlge2 singe3 cos!ﬁe1

(24)
45 = -sin%e] singe3 cosisH, + singez coskf, C0sis0,
qq = +singa] sin?ie2 cos!ie3 + singe3 cos%e1 cossh,

Appendix A gives the quaternion as a function of the Euler

angles for each of the twelve Euler rotaticnal sequence pre-
sented in Section 2.1. The special zquations for the quaternion
as functions of the Euler angles, like equations (24) above,

are sometimes cumbersome to use, especially when multiple

Fuler sequences are utilized. Less cuding, but perhaps more
computer operations, are required by using the more general
method of first generating the matrix M from the given Euler
angle set and then simply extracting the quaternion from the
matrix. This method is effected by first a call to "EULMAT"

and then a call to "MATQ“.
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APPENDIX A
RELATIONSHIPS FOR THE THREE-AXIS EULER ANGLE ROTATION SEQUENCES

The twelve Euler matrices for each rotation sequence are given based

on the single axis rotation equations (2), (3) and (4). The Euler
matrices transform vectors from the system that has been rotated into
vectors in the stétionary system.m"AJso_presented“here are the equations
for._the quaternion. as a function of the Euler_angles and the Euler

angles as a function of the matrix elements for each rotation.sequence.



(1) M= M(X(e,). Y(8y), Z(03)) = XVZ
Axis Rotation Sequence: 1, 2, 3

2 cosezcose3 -;osezsine3

: _ sine1sin32cose3 -s1n§]sinezsin93

; +cose1§jp33” +cosﬂ1cpse3

T -cose]§in92coses coseisinezsine3
+sine]sine3J +sine]cosa3

L

q = -sinke]sin%azsinaea + coske1cos%ﬂzc05%93
q, = sin%eicos%ezcos%63 + sin%ezsinge3coska]
Q, = -sinkelsinge3cos%az + sin%ezcosgelcos%es

= sinlée]sinléezcoslae3 + Sin%B3COS%B]COS%62

"
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NCD
1}
[na
2
1
——t
——
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(2) M= M(x(e)), 2(8), Y(03)) = XY

:: Axis Rotation Sequence: 1, 3, 2
_ cosezcosea -sinea ' c:ostazsim-:i3
3 M - cose]ssine;:,cosa3 c:osEl.l'_t_:“cg_s_‘fj:t2 cose!sinezsine:i.
; +sin61§1n63 --sme]c:osﬂ3 s
__ sin(-.‘v]s*ine‘.gcasﬁ3 sin61cosez sine.‘_sinez::,'hm:3
; - -cc:sa]_sfine3 +cost)1r.'ose3
" Q) = +sini0;s1n%0,sink0, + cos)6,cosh0,c08%0,
: 9p = *sin's6, cosk6,cosk0, - sinisd,sinkd cosh,
- 93 = -sin's;sin's6,Coskb,y + sink0 cosk0; cosko,
_ Qq = +51'n!§e]sinlge3cos!582 + sinlaezcoslgelcos!i%
< /m
8, = tan™] (53-2-)
. 22
i IS T AL S
Z 92 = tan o _
p ]"m-lz - 4
. 6, = tan ‘(m‘—3)
- 1
=
A-3

A



Axis Rotation Sequence:

1, 2,1

cose2 sin0251n83

sine1sin02 cose!cose3
-s1n61cosezsine3

-cose1sin32 +s1n91cose3

—

coskB,cos(%(8; + 95))
cos’sd,sin(is(e; + 84))
sink8,c0s(%2(8; - 65))
sink8,sin(%5(6y - 03})

m
e ( 2)
K}

7
Y AT

tan

sin62c0593

-cose1sin93
-sina1cosezcose3

-sinalsine3

+COSB1 C0892C0593

i
!
3
f
i
f

by
3
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() M= M(X(ey), Z(8;), X(05)) = XIX

Axis Rotation Sequence: 1, 3,1

Gy e g
AERTERN TR LY

- : : c0592 -s1n62c0503 s1n82§19&

M = cose1s1n02 c;ose]cosez.cos(el:3 -cosa.lcosezsmaa
:_ smB]SIne2 51n01c_:osezcosa3 -s1pe1cosezsine3
t ¢ L +coselsme3 +cnse1co$a3

- qy = COS!*iGZCOS(!ﬁ(e-l + 03))
: qy = cos!gezsin(ls(el + 93))
': 4y = sin!-iezcos(la(BI -93))
m
- 8y = tan'1 (mil)
: 21
s hol
.f'_‘:__ 32 = tan'l -—-—-m——L
< i1
_; ) o
":_- * 03 = tan .l -I—IIE)
12

"1;-===-‘
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(5) M= M(¥(e)), X(8,). 2(83)) = YKZ

Axis Rotation Sequence: 2,

s1nels1nezsine3
+coselcosa3

M= cosezsin93

coselsmezsme3
—s1ne]cose3

e

L fal
N pr
) n

1, 3
5in@,sinB,coso sinB,coso ]
1 2 3 1 2
-c0s8ysindy
cosezcose3 -sine2
coselsinezcose3 cose]cose2
+sine]sine3

sinze]sinaezsin%e3 + cosaalcosaazcos%BB

sin%e]s1n%93cos%92 + s1n%82coske1cos%e3

93 = singetcos%ezcos%e3 - sinlsezsin!aescos!ae1

el
-+
1

= -sin%e1sin%62cosae3 + sin%93cos%e]cos%62

A-6
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(6) M= M(Y(ey), Z(6,), X(B3)) = YZX
Axis Rotation Sequence: 2, 3, 1
cose]cose2 -cosB!sin92c0503 cose]sinezsine3
+51n9151n63 +51ne1cose3
M= sin92 cosezcose3 -cosezsine3
-sinelcosa2 sinelsinazcose3 -sine]sinezsine3
+cose1sin93 +coselcose3

gy = -singolsin%ezsing93

q, = +sin%elsin%62cosge3

1 1 L
+ COSfiB-ICOS 292(205 293

+ Sin%BSCOS%B]COS%BZ

= +5ink L L inke.si L
Q3 +s1n291c05262c05293 + s1n28251n3503cosze1

= -5ink0,sink 1
Ay sink0,sin's6,C0s'0,

+ singeacos%elcos%ea

A-7




(7) M= M(Y(e]), x(ez). Y(e3)) = YXY

Axis Rotation Sequence:
-sinelcosezsine3
+coselcose3
M= sinezsin83
-cose]cosezsine3
-sin9]c0563
qy = +coslfaezcos(1§(e1 +
94y = +sin%92cos(%(e] -
qy = +cos%ezsin(%(e] +
q = -singezsin(%(e] -
m ~
oy = tan” (F12)
2
T-m
0, = tan™! 22
M2
m
8 = tan-] ( _..2.]_)
3 ~My 4

2, 1,2

s1nels1ne2

COSBZ

coselslnez

05))
05))
0,))
8,))

A-8

1
oo
sl

s1ne]cosezcose3
+cosB]sine3

-sinezcoses

cose]cosazcose3
-szne1s1ne3

o



(8) M= M(Y(8;), Z(0,), Y(e5)) = YZ¥

Axis Rotation Sequence:

—

-s1n81sine3

M s1n8200593

-coselsine3
qy = +cos%62cos(%(91
4y = +sin%8251n(%(91
Qg ~ +cosaezsin(%(e]

Gy = +sin%92cos(%(e]

COSB]C059260533

2, 3, 2

-sinelcosezcoses_

+

+

C0592

s1nB1s1n82

9,))
0,))
05))
83))

A-9

S

|

—

cosB1coseas1ne3
+s1ne]cose3

s1n6231n93
-51n91c050251n83
+cosa1c0533

Ar—r
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(9) M= M(Z(a]), x(ez)o Y(B3)) = IXY

Axis Rotation Sequence: 3, 1, 2
-sine]sinezsin% -s*lna]cosa2 sina]s'lnazm:xsﬁ3
+050,C0864 +cose1s1'n33
M= | €0S8;51n6,5ine, C0s6,C050, -€056451n6,C050,
+s1‘ne]cosa3 +sine1sin93
—cosezsine3 sine2 cosezcnsﬂ3
9y = -sin%elsin!gezsinge:,’ + coslse]cos%ezcoslae:;
qy = -Sin!ﬁB]Sin%QSCOS;éBZ + sinlaezcoslgeposlies
q3 = +sin%e1s1'nl592cosl§93 + sin!se3coslss1cosl§ez
Gy = +sin!§81coslaezcos%e3 + sinl;ezsinlé%coslge]
-m
o, = tan”! ( -m1—2)
22
f 2
8, = tan 7
-m
8y = t:an'1 ( ﬁ:ﬂ)
33

A-10




Axis Rotation Sequence:

COSB]C0532
SInB]COSBZ

= peinkd <d -
9y = +sinig, s1n359251n 50

q, = -sin%e]sin%ezcos%e

"':(10) M = M(Z(0,), Y{6,), X(e3)) = Z¥X

3, 2,1

coselsineasine
-s1ne1cose3

3

s1n9]sinezsin83
+coselcose3

C053251n93

cose]sinezcose
+sine.ls1ne3

3

s1n0151n02c0303

cosezcosa3

L |
3 + C05291C05ﬁ92C03593

3 + sin%e3cos%e]cos%92

= inl: inks 1 ink L
93 +51n26151n293c05262 + 51n292cos=e}cos%93

= inl: 1. 1. - inl ink:
q4 +s1nze1cosaezcosze3 s1n29251nze3cos%81

]-msl
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(1) M= M(Z(e]), x(ez), 1(63)) = IXZ

' Axis Rotation Sequence: 3, 1, 3
‘__ _ _-sine]cosezsine3 -sine1cosezcose3 51ne),lsﬁne2 ]
': +cosa]cosea -cose1c0583

M coiesﬁzsigss;nea coiggi:s:%:zs% -co.rsajsine2

= ' 190573 1913

L sinezsinBB sinezcose3 cos6, |

Z' ) 4y = +cos!aezcos(!5(e] + 63))
: qp = +$1n1§92c:os(!;,(e1 - 83))
- , a3 = +s1'n-‘56251n(¥5(e1 - 93))
._ ag = +c053592511f1(!ﬁ(a1 + 33))

m
9, tan'1 (E—)
o3
2
1-m
. tan-1(\} 33

M33

. A-12



12) M= M(Z(B1), Y(Bz). 2(63)) = 1YL

Axis Rotation Sequence:
cosB]cosezcose3
-sin0151n93
" sine]cosezcose3
+coselsine3
-sin92c0593
qy = +cos%82cos(g(e]
g, = -sink0,sin(%(0,
43 = +singe2cos(%(e}
a4 = +cos!§ezsin(35(e1
m
oy = tan”! (_2.-1)
13
2
T-m
92 = tan-] _."T_é,?;_
33
m
8y = tan”! ( Jfﬁl)
31

-+

-+

3, 2, 3

—cose]cosezsine3
-sine]cose3

-s1n61cosazsine3
+cose1cose3

s1n9251ne3

63))
85))
03))
83))

A-13

—— - p———

coselsine2
sine1sinez

COSBz




APPENDIX B
COMPUTER SUBROUTINES FOR THE RELATIONSHIPS

The following subroutines with a brief description of their use are

presented in this appendix.

(1)

(2)

(3)

(4)

(5)

(6)

“EULMAT" =

"MATEUL" -~

lIQMATII -

" MATQII -

[l YPRQII

"POSNOR" -

Generates the transformation matrix from a given set of
Euler angles.and an axis rotation sequence,

Extracts the Euler angles from the-given transformation
matrix and an axis rotation sequence.

Generates the transformation matrix from a given
quaternion.

Extracts the quaternion from a given transformation

matrix.

- Generates the quaternion directly from the yaw-pitch-

roll Euler angles.
Computes the positive-normalized guaternion from the

given quaternion.
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NAME :

PURPOSE:

INPUT:

QUTPUT :
ALGORITHM REFERENCE:

EULMAT

Generates a 3 x 3 transformation matrix from a

given sequence and Euler angle set.

ISEQ - Rotation.Sequence (Integer Array (3); i.e.,

1,.2, 3)

EUL -.Euler Angles in radians, in "ISEQ"

Orders ARRAY.(3)

A - The 3 x 3 transformation matrix

Appendix.A; Euler Sequences (1) thru {12).
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NAME : MATEUL

PURPOSE : Extracts the Euler angles from the given trans-
formation matrix and the required Euler
rotational segquence.

INPUT: ISEQ - Rotation sequence, (Integer Array (3},
i.e., 1,2,3.)
A - The.3.x 3 transformation

QUTPUT: EUL - .The Euler angles, in "ISEQ" ordergARRAY(3).

ALGORITHM REFERENCE: Appendix A; Euler angles as a function of the

matrix elements, sequences (1) thru (12).
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NAME: . QMAT

PURPOSE : Generates the transformation matrix from the given
guaternion.

INPUT: Q - The quaternion; ARRAY(4),

OQUTPUT : A - The 3 x 3 transformation matrix

ALGORITHM REFERENCE: Equation (15) from Section 2.2.
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NAME :
PURPOQSE

INPUT :
QUTPUT:
ALGORITHM REFERENCE:

MATQ

Extracts the positive quaternion from the given
transformation matrix.

A - The 3 x 3 transformation matrix

Q - The positive quaternionjARRAY(4)..

See Reference 2.

B-10




ty
e AL PAGE.IS-
~~ “OF PODR QUALITY

ORIGIN
;55; pLANK COMMON(Z)

StORASE USED: CODECTY 100, 20% TATATAS 2570

TO THE QUATERKION

+

thLOCh,y TYPE, PEL ATIVE LOCATIOR, SLY 138 ]

CNTKY POLNY PR AT

%

?

591_‘
Nt"“u

HATQ,MATQ
a2 1013006z nes21 (40D

TRANSFORMATION MATRIX
EXTERNAL REFERFNCES IHLOCKRy NAME)D

STORACE ASSIGNMENT

SuRkOUTINL MATR

—.
[V ol So , : )

[ Lo ]
[l b ! .
S ) . ; !
tn !
1 -
@ _ : -
.. , ) -y
- : . { -
P | Sk . o |
Ced 3 - [ -
b O JY ] HE dt L] . -
, . L] Ll - i L]
.r — * - -
- L + - - (™ .
¥ -~ - m ™ ' & N
- 3] ™Y o . * i 5 -
- e - a4 N T L -
N | - e -~ - . . | ™ —
~_ . - - <} 2 O o A
Ve - a = i .+ - - -
—T - LR TR ' - e . ( = oy
-y AN e —— ol e O S -
[ N o ™ wd +iN s,  ®(43D X 1
1o T T e oo 1+ s no 18 <ot -
et (S8 e T G et e P !
P L [ ] - - o N -y o~ -y
XL aitn ocd lee et e’ 1 are o0 e
[ B Rt} X - EVC I b1 mf{, ~ioD LA "ICE— W b
A 3 - sy gl s & Vi T z
. e PO Y i L] oy P - i
Z2 4 Ny = P > 4 AN
ety - TR I X B S A AL T LI aﬁ.:_nnw.
i B Peme D) IO 8w P I B Rl Ll O eig ¢l
P 17 T EC..LIT.. ey tea (XFU 20 1. wm o2 o
a3 D2 Ya e e sl S I DTS G- = ol w1l Jiles (X “
R HTmHIINe g, o S ) o =t D o b X kel fa)
el DwwwITT T £ FTO=LNZw ) e -0
ot 1 G i b e Rl E..:O_.r.l...nurt.l_.r.u_l:or_lnrr..nuio 'Y ”"
SR b 1, et b b Y b L P et e S e L = T P
' <
- . . - - A - - -y
o : ST . W e PR ¢ -
-t -«
Lourg -
E Ll alf
(=9
[ X o PP E
o et jn
Tres -t
T o'
) a5 uc##a#n.##u..un.#n.a.s#ﬂn##n#v###a###m % -
crer ot TU LG -.,..,1.7.......“.:.67 b SPAT X1 IF Fantal o e, Ny ¢
e han hae datnd PRI VIS TRV (IR R L Lo TG K
! ’ L.
L LI A
LRI
e
et PR AT P R FE Nyl LRI NI W Lt ETNTEIE TN SRR NI TSN ol e A

P-Eﬁ.vnh..Jllllz.nfﬂtz.s._n PTat L Lol 3?.._7...333“ F FL Fu -Luw eIl
1111111111&.111llllllll.lillllc.«lllio\al PR
-.Jﬂu.-.ﬁ:un.nﬂﬂqunuﬂuhuoaﬂﬁtﬂuq »ﬂ..o,U....,unH..rJ.n.:..u_._un:..u | il |
KRN LTI N ey M RETERE TR bor T U M AT Tl AT T B LA (XN

e i il i e o [ 1 1t
D tmdin -

o r——a



NAME : YPRQ
PURPOSE : Gauerates the quaternion directly from the yaw-

pitch-roll Euler argles, i.e., a 3, 2, 1 Euler

sequence.
INPUT: YPR - The yaw-pitch-roll Euler anglesy ARRAY (3).
QUTPUT: Q0 - The positive quaternion, ARRAY (4).

ALGORITHM REFERENCE: Appendix A, the quaternion equations for Euler

sequence (10), a 3, 2, 1 sequence.

NOTE: This subroutine calls "POSNOR" to take the normal of the positive

quaternion.
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NAME :
PURPOSE :

INPUT:
OUTPUT:

ALGORITHM REFERENCE:

—————
e
-
-

POSNOR

To output the positive and normalized quaternion
from the given guaternion.

Q - The quaternion; ARRAY (4).

Q0 - The positive-normalized quaternion;

ARRAY (4).

1. If the sign of Q{1) is negative:
Set QO(I) = -Q(I) fOI‘ I = ]’ 2, 3, 4.’
2. Set Q0(1) = QO(I)/TEMP

where TEMP = \/00?, + QU3 + Q03 + Q02

B-14
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