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Swarm of low-cost UA Vs for search mission has benefit in the sense of rapid search compared to use of single high-end UAV. As the
number of UAVs forming swarm increases, not only the time for the mission planning increases, but also the system to operate UAV's
has excessive burden. This paper addresses a decentralized area search algorithm adequate for multiple UAVs which takes advantages of
flexibility, robustness, and simplicity. To down the cost, it is assumed that each UAV has limited ability: close-communication, basic
calculation, and limited memory. In close-communication, heath conditions and search information are shared. And collision avoidance
and consensus of next search direction are then done. To increase weight on un-searched area and to provide overlapped search, the
score function is introduced. Performance and operational characteristics of the proposed search algorithm and mission planning logic

are verified via numerical simulations.
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E 1. UAS(unmanned aerial system)ollA2| X835} +=F[6]
Table 1. Automation levels of UAS.

Level Decisions/Actions of the Automated system Authority
10 Makes all decisions, human operator not Completely
informed. autonomous

9 Decides whether to inform the human operator Completely

of decisions and actions taken. autonomous
8 Informs the human operator about decisions Completely
and actions taken only if requested. autonomous

Executes automatically, but the human operator

i i i ‘o Completely
7 is continuously informed about decisions and

actions taken. autonomous

Informs the human operator and executes AUtONOMouS

6 automatically if the human operator does not

disapprove within a restricted time. with consent

5 Selects actions, but does not execute until Semi—
approved by the human operator. Autonomous
Suggests one alternative action to the. human

4 operator and the human operator decides Advisory

whether to reject or approve the suggested
alternative

Narrows down the number of alternative actions

3 to a few from which the human operator Advisory
decides which alternative is to be executed.
Complete set of alternative actions is

2 presented, from which the human operator Advisory
decides which alternative is to be executed.

1 None, The human‘ operator has to make all None

decisions and actions.
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3-5 Report/Return Stage
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Table 2. Simulation conditions.

Parameter Description Value
n Number of UAVs 10
% UAV's speed (m/s) 10
P UAV's position (m) [0,0] + N(0,4%)
Map Mission area (m x m) 1000 < 1000
d Search sector(m) 100
T om Communication range (m ) 50
Tyunery  Endurance/Battery (min) 25+ N(0,1%)
Progress of 121 12250 mec
X I X b
(a) search rate 25%
Prograss of (121 21250 e
| 5 |
X im " X
(b) Search rate 50 %
Progress of Search Missicn 81/ 121 357 50 s

[

(d) Search rate 100 %
TS AN L A K|

Trajectory and search area with

search rate.
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Table 3. Comparison of algorithms for various No.UAVs.

Search performance(Time, sec)

No.UAVs : :
Random search algorithm  Proposed search algorithm

10 1348 1316

20 1337 1031

30 1489 913
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