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Let Cggr be the true direction cosine matrix of the attitude with respect to
the reference frame and Cp/gr be the estimated direction cosine matrix of the
attitude. Then, the error direction cosine matrix, C'gp/, is given by

Cpp = CprCrp' = CprCEiR

As the direction matrix is a function of the quaternion, see (2.37) in the book,
the same operation with the corresponding quaternions is given by

5app = dBr ® AR = ABR ® dg/p (1)
where ® is the quaternion product defined by
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for i be the positive integers, and the inverse quaternion is given by

a'=[-a - -@

i.e., the same angle rotation with the opposite direction to the one of q =
[(J17(J27Q3>Q4]T.

Take the time derivative of (1)
04 = 4R ® A5/ + ABR @ dpig (2)

where

. 1
qBR = §Q(w)QBR



To obtain the time derivative of qg/p in (1), take the time derivative of the
following equation:

apr®dagy=1[0 0 0 1]°
as follows:
AR ®Ap R+ AR @ dp =0
where 0 is the 4 x 1 zero vector. Apply qrp'® both sides
ArB @ 4R @ dpp + ArE @ AR © dp/E =0
and it becomes
Arp @ A4p'R @ dpip + g =0=dp g = —drp @4pr @ dp g
where
. 1.,
ap'r = ;A@)asr (3)
and
w=w-—w
Obtain the expression of the right-hand side of
dp'p = —drp @ dp'R @ dpg

using the symbolic calculations in MATLAB or python (See matlab_exercise_2_11.py
or python_exercise-2_11.py) as follows:
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where the subscript B’R is omitted for the notational simplicity, or it can be
written as

it = 1 [—[wx] —w] o1 [[(qg%R)wrx]w - & (4pin),
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Substitute (3) and (4) into (2)

) 1 _ 1 _ 2

2 2
1 1 1 1 w
= 59(“‘)) [qBR ®qB/R} — 5 [qBR ®qB/R] X 0 (5)
where the following two equalities
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59(‘-")(131% ®dpp = 59(“’) [aBr ©@ dp/g] (6)
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dBR ® {qB/lR Y |:0:| } = [QBR ® qB/lR} ® {O:| (7)

are proved in matlab_exercise_2_11.m or python_exercise_2_11.py.

Equation (5) is further expanded as follows:
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Therefore,
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