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Design of Complementary Filter using Least Square Method
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Abstract: This paper shows a method to design complementary filter using least square. The complementary filter is one of
useful filters estimating angle. The basic concept of this filter is to enhance advantages of each sensor that angle detecting
using a gyroscope has good accuracy at a high frequency and an accelerometer at a low frequency. When designing
complementary filter, the most commonly used method is using cut-off frequency. However, it may be not easy to obtain a
cut-off frequency. This paper presents a systematic method to determine the coefficients of the complementary filter using
well-known linear least squares minimizing error between estimating angle and true angle.
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Fig. 1. Rotary type pendulum system.
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Fig. 2. The result of measured angle from integrating angular
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velocity of gyroscope.
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Fig. 3. The test result for getting compensated scale factor of

accelerometer.
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Fig. 4. Result of measuring angle test using accelerometer

including translation motion.

A A=} 7RAMY FE9E o, =108 FaL ()9
Aee A4S nuwdt 277t 2 39 el ok 29
39 A2 RE o= o,=1.06°tk

a7 494 TSR ANE ol8Et] (DERH e 4

AL A=dsh WsE Tre a9 1904 e A
Aoz A7 EE Folm, YA g e IS A
o% A BE Foluk

O 22 BE HE HRo= <F) Zwrt s2E o
7b QAR TR AME o] &3 SR AolR AAME
PERTRCN 74¢7} Zwe] W3l s £ o 2 ukgdsia 9l

Al =

Al
o % sl el Aol o A48 34 A
£ 3] 39 59 mwsu I A,



LPF
6. G, I —| 4
HPF
I
A Angular
% velocity

a5 ARgE.
Fig. 5. Complementary filter.
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Fig. 6. nth order complementary filter.
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Table 1. The test result of complementary filter.
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Fig. 7. The result of third order complementary filter.
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Fig. 8. The additional test for verifying complementary filter.
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Table 2. The additional test for verifying complementary filter.
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Fig. 9. The static error of 1st order complementary filter.
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Table 3. The test for verifying operating frequency.
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0.5Hz 1.04 1.05 0.98

1Hz 1.12 1.07 1.03

2Hz 2.94 1.12 0.98

4Hz 3.64 2.60 1.60

8Hz 5.55 6.56 3.56

16Hz 16.12 8.05 5.05
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Fig. 10. The static error of 2nd order complementary filter.
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Fig. 11. The static error of 3rd order complementary filter.
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Fig. 12. Step response of 3rd order complementary filter.
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