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E.2 Quaternion Representation of a Rotation Matrix 453

SCLUTION Applying Egs. E-40 yields

q, = cosg = (.892399

sing = 0.451247

q; = 0.451247(—0.81916073) = —0.369644
q; = 0.451247(0.21949345) = 0.0990458
q, = 0.451247(—0.52990408) = —0.239118

0.892399
—0.369644i
0.0990458;
~0.239118%

E.2.3 Derivation of the Unit Quaternion Corresponding to a
Rotation Matrix

By examining the diagonal elements of the quaternion rotation matrix in Eq. E-39 and
making use of the relationship g? + g# + g# + g# = 1 for a unit quaternion, we can
derive the following relations (Horn, 1987):

1+m11 +m22+m33=4q3

— _ = A2
I+ my = my — ma3 = 4/

(E-42)

— — = 2
1 "y -+ Mgy M3y = 4q7

L= myy = myy + my3 = 4qp

To maintain numerical precision, we calculate the quaternion component corresponding
to the largest term (in absolute value). We then use the relationships between the
symmetrically related diagonal elements (e.g., ms, and m,;) to derive equations for
the remaining components:

map — Moz = 2(q;qx + 459 ~ 2(q;9r — 459;) = 44,9;
g3 — my = 4q,q;
My — My = 44,9
My + myy = 461in
msy + moz = 44q;q;
my3 + my = 44,4,

(E-43)

EXAMPLEE-4 Calculation of Quaternion from Rotation Matrix

Determine the quaternion corresponding to the following rotation matrix:

0.8660254 0.35355339 0.35355339
M= 05 061237244 0.61237244
0.0  —0.70710678 0.70710678




