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Legal Design Incorporating Risk Mitigation Measure of Drone
Swarm Design

KAIRA SEKIGUCHI' MAYU TERADA? KOICHI HORI"
HIROSHI NAKAGAWA?

Utilization of Drones is currently being advanced in various industrial fields. Among them, delivery of goods by utilizing drone
is expected to be used as a means of transporting goods to de-populated areas and as a means of transportation in the event of a
disaster. However, in transporting goods using the drones would cause the risk of damage to life and property. When the drone
falls, there will be a risk of infringement of the privacy of the citizen because the drones are normally equipped with cameras.
There may be a problem of an infringement of property rights by flying over the residential area as well. Thus, there is a problem
of whether transportation by drone should be at first allowed when considering risks as such. Regarding this point, various
countermeasures have already been considered from the standpoint of engineering and law. For example, there are studies on
research and development of drones that will not fall, designing the Drone Highway (flight path of drone), preparing Drone's
accreditation system, etc. The important thing here is that both engineering and legal sides argue that the whole system should be
designed dealing with both technology and legal studies taking both arguments into account. The authors have promoted research
and development from such a standpoint. In this paper, how to promote interactive discussion between engineering and law is
considered and argued with an example of Drone Swarm. In this paper, as one of measures to avoid the above the risks of drone
fall, we propose to carry a single package (or several packages together) by swarming multiple Drones. Based on the premise that
the effectiveness of Drone Swarm design is evaluated to a certain extent, we study and propose a legal design incorporating risk
reduction of Drone Swarm design. In this paper, specifically, 1) the current situation of regulation of Drones, 2) explanation of
Drone Swarm, 3) discussion of risk reduction in Drone Swarm 4) evaluation of risk reduction in design of Drone Swarm and
examination in each country (patent etc.) 5) how to incorporate risk reduction into legal design based on the Drone Swarm design
will be shown. Then, we will conclude with 6) proposal and conclusion.
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Technically, a “swarm” is a group of UAV aircraft
driven by artificial intelligence. Swarming drones
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respond to changing conditions autonomously. A good
analogy would be a dense flock of starlings reacting to
a sudden threat like a hawk. The entire flock
maneuvers like a single organism[20].
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Using the networked drone system may be safer than a
single heavier drone with equivalent cargo capacity,
such as due to potential failure or orientation errors in
the single heavier drone[25].
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Probability of a lethal event per flight hour

Probability of a lethal event per flight hour
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Case of holding a failed drone
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