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A Comparative Discussion about Accuracy of Complementary Filter and
Kalman Filter for the Attitude Estimation
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In this paper, we discuss the characteristics of the proposed complementary filter by
comparison with a nonlinear Kalman filter. The sensor model is decoupled into the dynamics
compensation part approximated by a linear transfer function and the strictly nonlinear

coordinate transformation part in the former filter.

Band-pass filters which are designed

complementarily and inserted before the coordinate transformation guarantee that the total
transfer function becomes proper and stable. The latter deals with each sensor as the model

with error and without dynamics.

From the experiment, we validate the effect from the

difference of model, particularly that of inclinometer. Also, the accuracy variation of the latter
shows excessive error in the initial stage of the estimation.
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Fig. 2 The attitude representation
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1.036 —0.02589 _ 0.005136
14+0.004112 1+0.004112 1+0.004113
0.03436 1.070 —0.009853 (8)
14+0.004178 1+0.00417% 1+0.004178
—0.03828 0.02950 1.075
14+0.004858 1+0.004858 1+0.00485%

Gi(s) =s

~ 1 1.0 001431

G2(s) = 59 {0.01904 10 } ©
D(s) = 14 0.1788&+0.0113609° (10)
Gs(s) = diag{1.0, 1.048 0.980} (11)
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AXgi1 = DLAX + Wi (20)
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Zmesk = DX+ Vi (22)
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Table 1 The parameter of Kalman filter

After tuning | Before tuning

7 (i=1,2,3) 0.5 0.5
D;i (i=1,2,3) 0.1 50

ri1 0.000225 0.01

r22 0.002595 0.01

ra3 0.0036 0.01

Fa4 0.00005 0.0001

rss 0.000375 0.0001

l'e6 0.000375 0.0001

r77 0.00005 0.0001
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W, = diag{wi1, W22, W3z, 0, 0, 0, 0} (23)
wi = (Dj/21)(1—e 2/T) (1 =1,2,3) (24)
Vi = diag{V11, V22, V33, Vaa, V55, Vee, V77} (25)
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w=G1n +b, (26)
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m= G3Rmy + €nyg (28)
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Table 2 The estimate error
RMSE | SD

Angle Mean

O est 1.79 | 1.72] -0.50

Proposed filter| 85 est 1.72 [ 1.59] -0.65
(Experiment) | (st 3.81 [ 364] 1.13
O est 406 | 2.32] -3.34

Yun etal’s KF | Best 2.09 | 2.07] -0.35
(Experiment) | st 350 |[3.28] -1.23
01 est 2.18 [ 2.18] 0.04

Proposed filter| 65 est 201 [1.89] -0.70
(Tuning) Post 265 [ 264] -0.24

01 est 200 [ 1.99] -0.22

Yun etal’s KF [ B est 240 | 216 -1.06
(Tuning) Post 244 1205] -1.33

RMSE--- root-mean-square error
SD--- Standard Deviation

Table 3 The estimate error of inclinometer

Angle | RMSE | SD | Mean

Data of & 9.48 | 9.48| 0.40
tuning & 8.66 | 8.66| -0.25
Data of & 7.89 | 7.89| 0.05
experiment| & 8.04 | 8.03] -0.38
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Fig. 3 The estimation result of proposed filter and g 4 The error result of proposed filter and Kalman

Kalman filter

goboooboooboooobooboboooobooo
oooooooooooooooboobooooo
goboooooboooboooooboboobooog
gobooboooobooobooboboooboog
oooobooog

g g

0000o000ooDooooooooo (A(ODD DO
0:226800181 0000000

filter

o ooao

(1) E. J. Lefferts, F. L. Markley and M. D. Shuster: "Kalman

Filtering for Spacecraft Attitude EstimationJpurnal of
Guidance, Control and Dynamicsvol.5, No.5(1982),
pp.417-429.

(2) G. Creamer, "Spacecraft Attitude Determination Using

Gyros and Quaternion Measuremeni®ig Journal of the
Astronautical Sciencesol.44, N0.3(1996), pp.357-371.

(3) X. Yun, C. Aparicio, E. R. Bachmann and R. B.

McGhee: "Implementation and Experimental Results of a



10 The estimate of 61 —— 10 The estimate of 61 ——
8 The estimate of @2 - - - 8 The estimate of 62 - - -
— The estimate of ¢ —_ The estimate of ¢
o 6 o0 6
Q
=4 = 4k
=) =]
s 2 s 2 N
= 0 e s p—— e p— = 0 e
-2 -2
-4 -4
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [s] Time [s]
(a) The mean (a) The mean
10 The estimate of 61 —— 10 The estimate of i ——
8 The estimate of 6> - - - 8 The estimate of 0> - - -
The estimate of ¢ The estimate of ¢
6 6
4 41
2 2
of” 0
2 -2
4 -4
0 5 10 15 20 25 30 0 5 10 15 20 25 30
Time [s] Time [s]
(b) The standard deviation (b) The standard deviation
10 The estimate of 61 10 The estimate of 01
8 The estimate of 6> - - - 8 The estimate of 6> - - -
— The estimate of ¢ —_ The estimate of ¢
e 6 @6
(] [
= 4 AT -
m e N e = S U R
= 2 ["FP ------ > = 2
20N D0
a2 a2
2 -2
-4 -4
0 5 10 15 20 25 30 0 5 10 15 20 25 30

Time [s] Time [s]

(c) The root square mean error (c) The root square mean error

Fig. 5 The error result of proposed filter Fig. 6 The error result of Kalman filter
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