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Algorithm 1 Update algorithm of database of k-

nearest neighbor

1: acquire a new datum e,
2: calculate similarity g; between the new datum
Tnew and a sample x; of the database
3: select samples x; with the & highest similarity
Gi
4: calculate mean value p and standard deviation
o corresponds to x;
2 if Tpew < L — 0 OF Tpey > 4+ o then
add e into the database with weight w; = 1
else
update the weights of the x; with the k highest

similarity g;
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Acquisition of Control Strategy for Kite—based Tethered Flying Robot Based on Human Operation
by
Chiaki TODOROKI, Yasutake TAKAHASHI and Takayuki NAKAMURA

Abstract :

Autonomous observation systems using a balloon or an airplane have been studied as a solution of information
gathering systems from the sky. The balloon needs the helium gas reservation and a relatively long time and
specialists of gas maintenance for the ight preparations. Furthermore, the balloon system is not available under
strong wind condition. On the other hand, an airplane system needs less time for ight preparations, but long—
term activity is difficult due to limitation of fuel. In order to complement those information gathering system,
we have proposed a tethered ying robot based on a kite that ies with wind power as one of the natural power
sources and conducted some experiments with a real robot we designed and built. It is difficult to design the
ight controller because wind situation often varies in real robot experimentation. We have also developed a
computational dynamics simulator for the kite—based tethered ying robot.

In the paper[1], authors designed 3—-inputs 1-output fuzzy controller in order to reect control strategy
based on human operation. In real robot experimentation, we conducted ight controller based on fuzzy control
theory using fuzzy rule table which is written by human. However, there is a possibility that this fuzzy table
differs from the actual human operation. Furthermore, it becomes difficult to define the table by manpower if the
number of state variables or membership functions becomes big. We verify a learning method of fuzzy control
parameters for the robot using human operation data. The original controller for the kite—based tethered ying
robot was designed based on 3—inputs 1-output fuzzy controller in order to reect control strategy based on
human operation. However, as the controller cannot have control for extending the tether line to control the kite
stably in condition of various change of wind because of lack of information for state description.

This paper aims at acquiring human control strategy for the kite—based ying robot using human operation
data. Besides learning the fuzzy control parameters, we also use k—nearest neighbor algorithm and artificial
neural network. We extend the fuzzy controller with 4-inputs 1-output system in order to reect human control
strategy and verify their effectiveness with the computational simulations. The weighted k—-nearest neighbor
algorithm that showed the best performance has a disadvantage of heavy calculation processing if training data
is big, because this technique explores all of the training data. We propose a method that reduces training data
itself and also shows its validity with the computational simulations.

Keywords : Acquisition of Control Strategy Based on Human Operation, Fuzzy Control, Weighted k—Nearest
Neighbor Algorithm, Artificial Neural Network
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