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1.0 INTRODUCTION

Bue to the exténsive use of the quaternion in the onboard Space
Shuttle Computer System, considerable analysis is being performed using
relationships betw=en the quaiernion, the transformation matrix,
and the Euler angles. This Design Note offers a brief mathematical
development of the reiationships 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 probiems. Appendix A presents the twelve three-axis
EUlgr transformation matrices as functions of the Euler angles,
the equatibns for the quaternion as a funétfon of the Euler angles,
and the Euler angles as a function of the transformation mat}ix

elements.

The equations of Appendix A are a valuable reference i1n Shuttle
analysis work and this Design Note is the on1y known document where
each of the twelve Euler aﬁg1e to quaternion relationships are
given. Appendix B presents a grouﬁ of utflity subroutines to
accomplish the Euler-matrix, quaternion-matrix, and Euler-

quaternion relationships of Appendix A.
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2.0 DISCUSSIOH

2.1 Euler Angle Transformation Matrices

The following analysis and utility subroutines are offered
to simplify computer programs when working with coordinate
transformation matricgs and their relationships with the
Euler Angles and the Quaternions. The coordinate transfor-
| mation matrices discussed .here are defined using the foTiowing

figure,

Az

9]

93 -
sall X

FIGURE 1
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The transformation matrix M, is defined to transform vectors
in the X- system (X, ¥, z) into the.original x-system (x, ¥,
z) and is given by the equation,

MX

X

where (1)

x=(x ¥, 2) 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
aﬁou?t 8. The singfe rotation about the X-axis results in

,

the following transformation,

1 0 0 x!

X

y = 0 cose;  -sing, y' (2)
* poy |

z 0 s1ne] cose] z

or x = XX' in matrix form. Rotation about the y'-axis by the

amount 62 yields the intermediate transformation matrix:

-—-l : L]
X cose2 0 s1n82

')‘('u
y'| o= 0 1 0 v (3)
z ~sing, 0 cose, FA

P

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

by the amount 83 yields the intermediate transformation matrix,

1.4-8-020
3
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x" c0563 —sine3 0 X
y" = |sing, cosGB‘ 0 Yy (4)
z" 0 0 1 z

and in matrix form x" = ZE}. Now using the three equations,

X = Xx'
;{l - Y‘i‘n (5)
X' = IX

by substitution
x=(XY1Z)X. (6)
Then'from equation 1,
':«1=(x'vz) (7)
Computation for the M matrix from the indicated matrix multi-

plication in equation (7) yields,

(cos@2 cosBB) (- cose, sine3) | : (s1n92)
M= (cose1 sin93 + sine] sine, cose3)(cose] cos8y - _sine1 sine,, sina3)(— sing, cosez) (8}

(sinel sine; - cose, sine, coses)(sine] cosBy + COS8y sine, sine3)(cose1 0u582)

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

(1) The three Euler angles 8 8, and 84 and

(2) The sequence of votationsused to ggperate the matrix.

By examination of equation {7) it is possible to show that there
are twelve possible Euler rotational sequences. If the (X Y Z)
notation in equation (7) represents 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 bossib]e

Euler angle sets using three rotations,

XYZ YXZ  ZXY
XZY YIX @ ZYX
| | (9)
XYX YXYy zxz
XZX YIY Y1

Any repeated axis rotati&n 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 pos§ib]e 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 éequence and thé Euler angles. The
uti]i&y subroutine "MATEUL" extracts the Euler angles from a given
Euler rotational sequence. The convention is established that

the Euler angles occur in the same sequences as the axis.

rotations. Using this corcept and functional notation, equation (7)
could be expressed as

M=XYZ= Mo, 8

y» 87) . (10}

and from (9}
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M=X2ZX=Mo,, 0, 6;) etc. (11)

X
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 is given in Appendix B.

It is interesting to note that a negative rotation 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 individi.l axis rotation equations,
i.e. v

W=yt = (v’ =2 ¢ . (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 notation in equations(10) and (11) above equation

(12) could be written,

1] = M - -
M (ex, ey, ez) M( 8,5 ey, ex). (13)

It is recommended to avoid confusion that the forward
transformation be cormputed and simply transposed to yield
the reverse transformation matrix. A1l matrices of Appendix

A are in the forward form, i.e. X = MXx and formed from (9).
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2.2 TRANSFORMATION MATRICES USING
THE HAMILTON QUATERNION
The transformation matrix of ecuation {1) can be written as
- a function of the Hémilton Quaternion;
Gy = cos w/2

= €0S o Sin w/2

0
no
1

(14}
= cos fsin u/2

£
[
I

Q4 = COS Y sin w/2 ,

where w is the rotation anh1e about the rotation axis with

¢, B, and ¥y directio%”aﬁb]es with the x, y and z axes re-

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

cos’a + cos® B+ coszy = 1. The rotation angle, w, is assumed
positive according to the right-hand rule of axis rotation.

Th.é matrix M becomes

2, 2_2_ 2
(a7 + 95 = a3 - ;) 2(9,95 - 9;9,) 2(qyq, + q;45)
2 2.2 2 |
2(q,95 *9194) (a7 -9, 93 -9;) 2(q3q4 - 949,) (15)

2(qpq4 - 919;) 2(ag9, + 419,) (q1 - q% - q3 ta, 5/ .

For a more detailed discussion of the derivation of equation
(158), see Reference 1. Using functional notation, equat%on
(15) can be written,

M = M{ay, Gp» ago 4g)- (16)
UnTike the Euler angle rotational sequences to describe the
transformation matrix of equation (1), only two quaternions

can be found from equation (15). The two ‘quaternions are:

1.4-8-020
7
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44 -a,
9 42
d 17
g3 -ag (17)
Q4 ‘ ’Q4

These two quaternions represent a positive rotation about

the rotation axis pointing in one direction and a positive
rotation about the same line of rotation pointjng 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 duplicating any
dr%thmetic operations. The subroutina "MATQ" extracts the positive
quaternion, i.e., q; > 0, from the transformation matrix and
normalizes the results to guarantee an orthogona] matrix. In

order to avoid any discontinuity in extracting the quaternion

from the transformation matrix, the procedure as described in

Reference 2 is used.

Early works by Hamilton (Reference 3) presented the quaternion

as having a scalar and a vector part, i.e.,
-
qG =5 V=g, a3 q) (18)
and equation (16) could be expressed as,

-+ .
. M= MNq,, 9,5 Q3 G4) = M(S, V). , (19)

)
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For a given quaternion the following reiationship is
true {(from (17) above), |

-

n(s, v) = 1(-s, —;). (20)

The transpose of the transformation matrix is given by,

- -> -+

MT(s, ¥) = M(-S, V) = M(S, -V). (21)
2.3 EULER ANGLE AND QUATERNION RELATIONSHIPS.

By examination of equations (10) and (16) the equality,
M(X(6,)s V(8,)s 2(65)) = {8y, 85, 05) = M (a3, Gpo Ggo q) (22)

can.be written. Based on an equality for each element of the
matrix the following nine equations murt be true;

_ 2 2 2 . 2
COSB2 00563 = q1 + 9, - q3 - q4

~c0s8, sing; = 2(q,45 - 619,)

sing, = 2(q,q, + 9193)

cosd; sing, + sind, sine2 €osf, = 2(q2q3 + Q1Q4) (23)
€058y €0S8; - s1n@, sing, sinea = q% - q% + qg - qi

-singy cos, = 2(q3q, - 949,) |

s1n8] 51n63

1

cos8, sing, cosé, = 2(q3qﬂr - q1q3)
s1'nE)-t cosAy + cosé, sine2 sin93 = 2(q3q4 + q1q2)
cosel c0582 = q% - qg - qg + qz ..
It is possible to solve for the values of the quaternion using

the trigonometric half angle identities. For this Euler sequence,

i.e. X(el) Y (92) Z (93),the following quaternion results;
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gy = -sinﬁa] sin!éo2 sin%e3 + cosgel Cosif, cosi,
qp = *+sini; cosiH, coslPs + sin'd, sinib, coshd,
(24)

q5 = —sin%e} sin593 cos%;_e2 + sin!ée2 coslée.l cosge3

Na)
=N
!

= +sing91 sin?ge2 cosg03 + sjn@e3 cosge] cosaez

Appendix A gives the quaternion as a function of the Euler
angles for each of the twelve Euler rotational sequence pre-
sented in Section 2.1. The special equations for the quaternion
8s functions of the Euler angles, Tike equations (24) above,
are sometimes cumbersome to use, especially when mu]tiple
Eu1;} sequénces are utilized. Less coding,.but perhaps more
computer operations, are required by us%né 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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Working Paper: MDTSCO, TM No. 1.4-MPB-304, E914-8A/B-003,
"uaternions and Quaternion Transformations," David M.

Henderson, 23 June 1976.

Transmittal iemo: MDTSCO, 1.4-MPB-229, "Improving Computer Accuracy
in Extracting Quaternijons," David M. Henderson, 9 March 1976.

Sir William Rowan Hamilton, LLD, LL.D. MRIA, D.C.L. CANTAB.,
"Eiements of Quatrrnions” 2 Volumes, Chelsea Publishing Company,

New York, N. Y., 3rd éaition 1969, Library of Congress 68-5471]
#8284-0219-1.
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APPENDIX A

The twelve Euler matrices for each rotation sequence are given based.

on the single aiis rotation equations (2), (3) and (4). The Euler
matrices transform vectors from the system that has been rotated into
vectors in the stationary §ystem. Also presented here are the equations
for the quaternion as a function of the Euler angles anﬁ the Euler

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



(1) M= M(X(a]), Y(°2)= 2(03)) = XYZ

Axis Rotation Sequence: 1, 2, 3

M

n

c056200583 —c056251n03

s1n8]s1nagc9593 —s1n8]r:n6251ne3
+co;8]s1n03 +cose]cose3

-cosels1ne?c0583. c058151n0251n63
+s1ne]s1n93 +s1n9]c0553

-sin%e]singezsin%GB + cosgelcos%ﬁzcos%QB

§inaa1cos%62cos%63 + sin%@zsinzascosael.

-Sin%ﬁ]sin%BSCOS%Bz + sin%ezcos%eicos%83

singe]sinaeecosge3 + sin%eacos%e]cos%ez

—m *
tan”! (E‘Z—B—)
_ 33
m
tan_] -——__l._.....—g-r—-
1-m d
13

=M
tan-1(m1_2)
1
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s1n92

-S1n8]C0582

cuse]cosa2




DN No.: 1.4-8-020

Page: 14
(2) M= M(X(o]), 2(92), Y(os)) = XZY
Axis Rotation Sequence: 1, 3, 2
c0502c0563 «sinez }cosezsin63
- cose!s1n0%cose3 cose-‘cose2 cosels1nezs1ne3
+s1n61s1n63 -s1n8190563
sine]sinegcosa3 sine1cosez sinelsinezsin83
e -~

4 = +57n%0,5n%0,51n'B4 + C0s%0,C08%0,C05%0,

= inis 1 3
9 +51n%8,C08%0,C05°0,

sink0,sinkp cosh0,
G3 = -51n%0,51n%8,c05%0, + sinisB5c05%0,c08%0,

= inis ink A ink > 5
q4 +51n 29]5‘”1263(105{92 + 51n 282(:05 EB]COS 283

m
o=t (22)
22




(3)

M= M(X(e]), Y(az), x(e3)) = XYX

Axis Rotation Sequence: 1, 2, 1
cose, siﬁezsinea
) sine]sine2 c0581c0583
M= ~sin6]cosezsine3
—cos‘)]sine2 +sine]c0593
+ coselcosezsine3
qq = cos%ﬂzcos(%(el + 63))
9y = cos%szsin(li(e1 + 93))
Q3 = sin%ezcos(%(e] - 83))
Qy = sinlzt':lz,-sin(‘fz(e-1 - 63))
m
op = tan”t (721
3
2
1 -m
92 - tan'1 . 11
11
m
6,y = tan"1(-ﬁlg-)
13
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s1n02cose3

—cosels1n83
-s1n91cosezcosa3
+c050]cosazcose3




(4) M= M(X(B]), 2(82), X(03)) = XZX

Axis Rotation Séquence: 1, 3, 1

c0562 -51n82c0503

coselsme2 cosﬂlcosezcose3
—s1n8]s1n83

s1nB]s1n82 s1ne]c0592cose3
+cose1sin63

i}

coskB,c0s (%5(8; + 0,))
cosk0,sin(i(8, + 65))
-sinéezsin(%(e] - 83))
sin’8,c0s (%(6; -8,))

o
tan”] agl:)
21

‘ ,)1 - m2
tan™! |11

™

m
! (22
12
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s1n8251n63
-c0561c05§251n83
-s1n6]c0583
-s1n61cosezs1n83
+cose-lcose3
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(5) M =n(v(ey), X(o,), Z(05)) = YXZ
Axis Rotation Sequence: 2, 1, 3

sinO]sinGZSinGB s1nB}sin8gc0583 SinB]COSBZ

+coso]cose3 —c050]s1ne3
M= | cose,sing, €058,C0585 ' -sino,
cose!sinezsine3 coselsine%cose3 cose]cose2
L_ -s1n8]cose3 +s1ne]s1n83 |

qq = sin%a]sin%ezsin%BB + cos‘/ée]cos'fzazcos’fée3
© o= 0 1 inks i i
95 s1n%e}s1n%93cos%62 + sm‘zezcosaelcosze3

q3 = sin%ﬁlcos%ezcos%ea - sin%ezsin%pstos%e]

q = —sin%elsin‘/zezcos‘/ie3 + sin%93cos%9]cos%82
m
8 = tan'l('—ﬁy—)
33
-1 —n
23
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(6) M= M(Y(e}), Z(Oz), X(Bs)) = YZX
Axis Rotation Sequence: 2, 3, 1
cose1cose2 —coselsinegc0583 coselsinezsina3
+s1n9]s1n83 +s1n0]c0583
M= sine2 c0562c0583 -COsezsin93
~sine1cosez sinelsin62c0593 -sinelsinezsine3
+cosa1sina3 +cose1c0593

=
—
]

—sin%e1sin%ezsin%e3 + cos%e1cos%62cos%83
qp = +singe]sin%82cos%63 + Sin%GBCOS%B]FOS%Bz
= +5i 1 1 inko.sink 1
Q3 +s1n%9]c05292cosze3 + s1n262§1n233c05261

q, = -sink6,sin’0,c05%0, + 51nl50,C05%50, cos’04

-m
o, = 1:an"1 ( _ﬁg,_]_)
11

(12}
[

m
\ ST ALY )
V 1-my,

I'4

.rn
6, = tan”! (' _§§_)
M22



(7) = u(v(oy), X(6y), Y(03)) = YXY

Axis Rotation Sequence: 2, 1, 2
rp' ] [J - >
-s1n01c058251n83 s1n81s1n62
+cose1c0563
M= s1n0251n83 'cose2
-cose]cosezsine3 . cose]sinez
~sind, cosd
1 3
-
gy = +cosgezcos(%(e] + 83))
q, = +siniB,cos((8; - 63))
q3 = +cos%ﬂzsin(%(e] + 63))
Gy = -sin%ezsin(%(81 - 63))
m
o, = tan”! (72)
32
- ' 2
\/l—m
62 = tan."] __“_1.._2...2__
22
m
93 = tan-1 ( -]ﬁgl)
23
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s1n61c058200563
+c0§e]s1n83
-s1n62cose3

goselcosegcose3
~s1ne1s1n83

-



-+

—CDSB]S1n92

c0362

s1ne151n62

0,))
03))
03))
0,))

(8) M =M{¥(ey), 2{0,), Y(05)) = VIV
Axis Rotation Sequence:
co;elcosegcose3

~$ing;sinds,

M= sin92c0563

-sinelcosozcose3
-cose]sin93
4y = +cos%92cos(g(e]
4 = +sin%625in(%(8]
q3 = +c05%ezsin(%(8]
Gy = +Sin%BZCOS(%(9]
' m

0y = tan”) ( ;ﬁgg-)

12

2

\/T-m
8y = tan™) __ETEEL-

22

m
8y = tanf]( ﬁ§§_)
21
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ino. ]
cosO]c059251n03
+sin01c0503

s1n6251n83
-S1n61c058251n63
+cose]c0503

1.4-8-020
0



(9)

M= M(Z(e]), x(oz), Y(ﬂ3)) = ZXY

Axis Rotation Séquence: 3, 1, 2

—sinolsinezsine3
+c056]c059_3

M = cose]51n8251ne3
+sine1c0563

£
——
L}

-sinelcose
cose]cose2

DN Ho.: 1.4-8-020
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sine]sinezcose3
+cose1sin03

~cose1sinszcosea
+sine]sin83

cosezc0563

-5in's6,51n%0,51n’%0, + c0s}0,c05%0,C08%0,

qp = —sin%e]sin%e3cos%ez + singezcos%e]gosge3

a3 = +sin%elsin%92cos%83 + sin%e3cos%p1tos%92

qy = +sin%e]co§%92cos%93 + sin%ezsin%63cosg61

-m
B.‘ = *l'.an“.I ( -f-nlz—)
22

m
1 32

92 = tan m—

32



(10) M= M(2(91), Y(Bz), X(B3)) = 2YX

Axis Rotation Sequence:

1l

coselcoso2
s1n0]c0502

—sinez

:

3, 2,1

c058151n8251n83
~s1ne]c0§03

s1n0]s1nezs1n63
+cose1cose3

(‘.059251 n63

ON Ho.:

Page:

COSO-! STn92‘C0503_1
+s1p6]s1n93
s nG] 81 HBZCOSOS

c050200563

+sin%9]sin%825in%63 + cos%ﬂ1cos%9zcos%63

—;jn%01sin%62COS%93 + sin%63cos%ﬂlc93%92:

+s1n48sinz8 coskp, + sin%ezcos§é1cos%83

+sin%alcos%82cos%83 - sin%azsin%e3cos%e1

m
™! (72
il

tan

Af M

V 1-m§]

1.4-8-020
22
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(11) M= M(z(e]), X(02), 2(83)) = IXZ
Axis Rotation Sequence: 3, 1, 3
-sine1cosazsine3 «sin81c0502c0583 sine]sino2
+cose]cose3 -cosB]coso3
"= cose]cosezsine3 c0501c0582c0583 -cose]sina2
[ +s1n0 coséy -sing sind,
51n6251n93 s1n82c0583 cose2
4 = +cos%02cos(%(6] + 83))
‘Qy = +sin!582cos(!5(01 - 63))
Qg = +c05’¢825in(1§(9] + 93))

D
——t

it
t
o
=
1
e )
/'—‘\
]

=] 3
N |
L W
e

2]
n
1
c*
[o1]
=
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Axis Rotation Sequence: 3, 2, 3
coso]cosezcoso3 -coselc050251n03 cose1s1'n02
-sine]sin83 —sinelcose3
sing,cosb,cos8 ~5in0,co50,51n6 sing,sing
M= +cése s?ne ’ +c;se cgsa ’ 1 ¢
i 3 ] 3
-sinezcosa3 sinezsine3 c0582
q = +cos%82cos(%(81 + 93))
qg = +sin%92cos(%(e] - 83))
qy = +cos%6251n(%(e] + 63))

-

2]
i

m
1 tan'] (?n_?é )
13

-

( 2
1 1~m33

M33

m
8y = tan”" (.nyé)
31

82 = tan
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APPENDIX B

The following subroutines with a brief description of their use are

presented in this appendix.

(1) "EULMAT" - Generates the transformation matrix from a given set of

Euler angles and an axis rotation sequence.

(2} "MATEUL“ Extracts the Euler angles from the given transformation

matrix and an axis rotation sequence.

(3) “"QMAT" - Generates the transformation mat-ix from a given
quaternion. .

(4) "MATQ" - Extracts the quateinion from a given transformation
matrix.

(5) "YPRQ" - Generates the quaternion directly from the yaw-pitch-

roll Euler angies.
(6) "POSNOR" - Computes the positive-normalized gquaternion from the

given quaternion.
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NAME : EULMAT
PURPOSE : Generates a 3 x 3 transformation matrix from a
given seguence and Euler angle set,
INPUT: ISEQ - Rotation Sequence (Integer Array (3); i.e.,

1, 2, 3)
EUL - Euler Ang]és in radians, in "ISEQ"
Ordery ARRAY (3)

QUTPLY: A - Thé 3 x 3 transformation matrix

ALGORITHY REFERENCE: 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 sequence,

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

QUTPYT: EUL - The Euler angles, in "ISEQ" ordersARRAY(3).

ALGORITHM REFERENCE: Append{x A; Euler angTés as a function of the

matrix elements, sequences (1) thru (12).
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NAKE QAT
PURPOSE : Generates the transformation matri: from the given
quaternion.
INPUT: Q - The quater.ion; ARRAY(4).
QUTPUT: A - The 3 x 3 transformation matrix

ALGORITHM REFERENCE: Equation (15) from Section 2.2,




[0

[

"

¥,

1.4-8-020

33

. A b db p—— s rerra A

RUANK CORMONLD)

DN No.:
Page

IR IVE-

gt

,"-—-.n

FECATYVE TCOCTATIGH,

e e e b ——— e

TR

i

RHATTON MATRIX

P01

Ciasi

)

EMNTRY

.~y

(oL OChy TYFL,

)

4

Tuiie

copDrt

STORAGE ASSIGEMER

anaT

L
MERR3S

£}
s emmmr . pm—— e eaa
v
t

QUATERNION TO THE TRAHSFO

ORF UL USED

o3

SUBKROUT It
a6

ST

e e e et & S

-

P |

ol W

«tn

2 R

‘l-H ——

e - 143

Lol e —t

padg o]

o R Y i+
iy MY

r: - e o

)

S RS AN

i A D )

AP P~ we

E
JhLiq_f

L O30, GG B O, e w7

”a

1k 3F 3F M
a3

e

17y 45..0?..._1
GrurtrJnL’Ll.....
el e stk Pt et omed ot

I e R ] on Fom Foo ot Jow N 00

IO WITNY

|

IR P T e
== Y
Famrd posg vd nf

3 UGUG
ELa RN i B s § ok B 14

la o

oo

~ +..._l.+ Lo ...
n.L Bt R Ta RV 3= BT Tre B it AP AT
IU+++((WT]T((PF(InP(
Tlll):ﬂ-:::CC::Q.::bd::
SO uarurn 4»«..?.,..\1\...\1.?
DT e e N

!-.lrrnL-. - el
s LR L sl 32 8atn

w)\rﬁ:.r\l, J*.\J]b
I N e T I TE T o TR WY Ik Y =g
fi !fprr.'!hrk - ")
ELeA €T}t 1] Pk
Y RS )
Ji -t Q.

# 3 3r
Uy
4 it i

-0+ cJ.D
oo -

g_

-C G

=
AL et LSS e e | T
O oL wr QU el e Ivilg

10 3h 4RI 26 1 22t
GO LI ST Ny
rdria = BN MO 0N

BN ZE LY e Ceed )
CIiund 9&2&.&?_3_3
e o ol P o ey ot et
D_UDn.,GSGCD
= INIE SIS I T YR

RIAGNOST

(%]

C

e

MO

OfF COUMPILATION:

END

— . ———

N




DN No.: 1.4-8-020

Page: 34
NAME: MATQ
PURPOSE : Extracts the pqsitive quaternion from the given
transformation matrix. |
INPUT: A - The 3 x 3 transformation matrix
QUTPUT: Q - The positive quaternionjARRAY(4).

ALGORITHM REFERENCE: See Reference 2.
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NAME YPRQ
PURPOSE : Generates the guaternion directly frem the yaw-

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

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

ALGORITHM REFERENCE: Appendix A, the quaternion equa#ions 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: POSHOR
PURPOSE : To output the positive and normalized quaternion
from the given'quaternion.
INPUT: Q - The quaternion; ARRAY (4).
OUTPUT: Q0 - The positive-normalized quaternion;
ARRAY (4).

ALGORITHM REFERENCE:

1. If the sign of Q{1) is negative:
set QO(I) = -Q(I) for I = 1, 2, 3, 4.
2. Set Q0(1) = QO(I)/TEMP
- 2 4 2 2 2
where TEMP = \JQo1 + Q03 + Q0 + QO3
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