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Pitching angle estimation for a flapping-wing robot using a rate gyro sensor and
an acceleration sensor.

«T. Miyazaki, Y. Higashi and H. Kimura (Kyoto Institute of Technology)

Abstract— This paper presents the estimation method of the pitch angle for a flapping-wing robot which
has a terrible noise from actuation of the flapping motion. Our flapping-wing robot has a 2D rate gyro
sensor and a 3D acceleration sensor. Although we can calculate pitch angles by each sensor, the pitch angle
calculated from the rate gyro sensor drifts against the collect angle. And the pitch angle calculated from
the acceleration sensor contains noises of inertia. For solving these problems, in our estimation method, the
pitch angle is calculated using the digital low-pass filtered value measured by the rate gyro sensor and the
digital high-pass filtered value measured by the acceleration sensor. And this method includes calibration of
voltage fluctuation in the rate gyro sensor caused by changing flapping frequency.
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Fig. 1: The sensor unit (the 2D rate gyro and the 3D
acceleration sensor), the controller unit (microcom-
puter and 2D motor driver), the flapping-wing robot,
and definition of axes.
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Fig. 2: The measurement instrument for the flapping-
wing robot.
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Fig. 3: The relationship between the duty ratio (7/12P)
and the flapping frequency (f%2P).
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Fig. 4: The x-axis acceleration(#?¢) and the pitch
angle(62<).
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Fig. 5: The ™" is a reference input of the pitch angle.
The ff2P is the flapping frequency. Top: A pitch an-
gle calculated from the rate gyro sensor (6%¥*). Mid-
dle: A pitch angle calculated from the acceleration
sensor (62°¢). Bottom: An output of the FIR low-
pass filter of 62,
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(b) First order IIR high-pass filter.

Fig. 6: (a) The block diagram of the first order IIR
low-pass filter expressed in eq.(9). (b) The block di-
agram of the first order IIR high-pass filter expressed
in eq.(11).
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Fig. 8: Estimation results of the pitch angle. The
6™s" is a reference input of the pitch angle. The ff2P
is the flapping frequency. Top: Outputs of the high-
pass filter of the 68", and the low-pass filter of the
62°c. Bottom: Calcurated pitch angle from eq.(12).
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Fig. 9: The ™" is the pitch angle measured from the
measurement instrument. The f12P is the flapping
frequency. Top: The estimated pitch angle (0¢¢). Tt
has offsets while the flapping-wing robot flaps. Mid-
dle: The pitch angle measured by the rate gyro (69¥")
includes a rapid drift. Bottom: The pitch angular
velocity measured by the rate gyro (69¢") includes off-
sets corresponding to the flapping frequency.
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Fig. 11: First experimental results of the calibra-
tion. Top: The pitch angle 6% calculated from

eq.(12). Bottom: The pitch angle §°t* calculated
from eq.(21).

1 T 12
& Y i
0.8 emsrf,,, ’h A } 10
— H [ o
—g 0.6 L fﬂdp ........ F ‘- A VA v.'..vrﬁ'1 ‘/y’ " A 4 8 <
E L AR T
P 0.4 e ) i PR _— 6 —_
= ) Yo PR = o
S 02 WL L A } 44 =
< ’ V \ ' \,' Yy Wy S~
0 W 1 2
(Y J e S S 10
0 5 10 15 20 25
Time [s]
1 T 12
96“* I S|
08 1 gmer ____ R 10
5 lap ... i n N —
2 o6 /M™ : : }‘ﬂ, 8 3
= P 3 R jas)
o 04 PN P o A AR VAR Vo —
= - ; i i R e o
o0 i R A P AL K SR, 5]
= 02 W d h i ‘%“ 1 A 44 =
z A ARV ~
0 i /i 42
(Y J) S S S 10
0 5 10 15 20 25
Time [s]

Fig. 12: Second experimental results of the calibra-
tion. Top: The pitch angle 6°¢ calculated from
eq.(12). Bottom: The pitch angle §%" calculated
from eq.(21).

6 #&

ARTIE, PIE-EEHERTLHRAe A > ML
T, L— %A 2 L EEE Y DIIR 7 4 V2
BHBEDED LT, YU TAMORBICT 4 LH
FEERETEDE Yy TAMETIEZRE L. %
LEFEEPNE 2Ry NCERT22 LT, b—
FoxYAud R 7 N EIMEEYE L YOEN ) 4 X%
B L, BERENDIEE A CEWHEEE 2G5 Z LI
B Lz, £l ~DOATBEOEEN L - TH
Cictr HMEOA 77y NERIETHFEZREL, P

il

o ——
08 1= gnsr ____ i ’M\ M 10
% 0.6 F fﬂI‘P ........ = M _VI?VA\‘ N\ 4 8 ~
= M .»4 “ IM v&ﬁ\h ‘ .".r‘ Lo N\ ~.H 6 E
o 04 ' i P VI e Y o
en L i / 1 R ]
S 02 i Aae™N H 44 =
< - [EELE N X\r‘"\,‘ LANEL i ~
N RN \i :
1 i 12
0 ¢
L e e 10
0 5 10 15 20 25
Time [s]
1 : 12
g:s(*
08 gusr ____ 10

06 fﬂélp ........ i \ 48

Angle [rad]
=
P
7
=

fﬂap [Hz]

0.2 B : :
0 5 10 15 20 25

Time [s]

Fig. 13: Seventh experimental results of the calibra-
tion. Top: The pitch angle 6%t calculated from
eq.(12). Bottom: The pitch angle #°%* calculated
from eq.(21).
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