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Previous research has demonstrated that machine learning can be effectively used to detect wind environ-
ments by analyzing strain data from strain gauges on flapping wings. However, the placement of the strain
gauge has not been sufficiently considered. Also, flapping phase was not measured. This oversight was
addressed by carefully considering the location of the strain sensor. The results show placing strain gauges
near the edge of wing models can enhance accuracy of wind environments estimation, and implicate flap-
ping phase is unnecessary for detecting wind environments.
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Figure 1 Strain gauges’ (a) outside distribu-
tion and (b) inside distribution
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Figure 2 Definition of flapping phase and
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Figure 3 Experiment setup
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Graph 1 A-period-length raw data of strain and flap-
ping phase when rotation stage angle is 0°
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Table 1 Accuracy of CNN’s
wind environment classification

Strain
gauges’ 1.0 0.5 0.2
distribution | Train data | period | period | period
Outside All 86% 76% 49%
SG1,2 85% 63% 41%
SG3,45,6 | 92% 76% 41%
SG
12,3456 | 93% 78% 46%
Inside All 79% 65% 47%
SG1,2 72% 60% 36%
SG3,45,6 | 78% 67% 39%
SG
12,3456 | 80% 67% 45%
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