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A study on implementation of body sense in a flapping wing micro aerial robot
by machine learning of wing deformation

O% Al X, E HPf HEA
Kenta KUBOTA, Hiroto TANAKA
W T.2K%  Tokyo Institute of Technology

Flying animals have wings which is light and thin enough to deform in accordance with fluid dynamic and
inertia forces. Some animals sense the strain of the wings to detect flow environment such as wind speed and
direction. Therefore, bio-inspired flapping-wing aerial robots can recognize the wind environment by the body sense
which detect the wing deformation. In this study, classification of wind speed and direction by means of machine
learning with CNN (Convolutional neural network) of strain data from a flapping wing was performed. A flexible
hummingbird-mimetic wing was fabricated, to which three strain gauges were attached. Seven different wind
conditions were applied to the flapping wing. Strain data were processed through CNN so that the CNN learns to
distinguish the wind condition. As a result, the accuracy of the classification was more than 98%, even when the
length of strain data is half of the flapping period. In addition, this classification was possible without phase
information of the input time-series strain data relative to the flapping motion.
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Fig. 1 Fabricated hummingbird-mimetic wing with three strain gauges.
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Table. 1 Classification of the wind conditions

Class of wind | Wind speeds Wind direction

1 1.5 m/s Front

2 3.0 m/s Front

3 1.5 m/s Diagonal
4 3.0 m/s Diagonal
5 1.5 m/s Side

6 3.0 m/s Side

7 0 m/s NA
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Fig.3 Top-view schematic of the wind

Fig. 2 Experimental setup.
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Fig. 4 Examples of the time-series strain data. (a) Without wind. (b) 3.0 m/s wind from the front.
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Table. 2 Learning performance for the classification of the wind conditions.

Duration of the unit data The number of The number Accuracy of Accuracy of
per flapping cycle convolutional layers | of unit data validation test

1.5 5 7,000 99.5% 99.3%

1 5 10,500 99.3% 98.9%
0.7 4 14,000 99.1% 98.3%
0.5 4 21,000 98.0% 98.0%
0.4 4 24,500 96.9% 97.0%
0.3 3 35,000 95.5% 94.7%
0.2 2 49,000 91.2% 91.8%
0.1 1 105,700 82.8% 82.3%
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