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Abstract

For Multi-UAV systems, a task allocation could be a key factor to determine the capability to perform a task. In this
paper, we proposed a task allocation method based on genetic algorithm for minimizing makespan and satisfying various
constraints. To obtain the optimal solution of the task allocation problem, a huge calculation effort is necessary. Therefore,
a genetic algorithm-based method could be an alternative to get the answer. Many types of UAVs, tasks, and constraints
in real worlds are introduced and considered when tasks are assigned. The proposed method can build the task sequence
of each UAV and calculate waiting time before beginning tasks related to constraints. After initial task allocation with a
genetic algorithm, waiting time is added to satisfy constraints. Multiple numerical simulation results validated the
performance of this mission planning method with minimized makespan.
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Fig. 8 Example of Task Sequence at 3 Agents, 10 Tasks
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and genetic based algorithm (N./N, = 3)

—f— Greedy (w/o constraints)
700 A —F— Genetic (w/o constraints)
—J-- Greedy (with constraints)
—I: - Genetic (with constraints) -

600

e

-

-

/‘/

500 ———f / s

./".‘

%_/,

400 - e /

300 4

Time (sec)
\
\

UAV3,+aSk12 UAV4,+aSk16 UAVS,'i'aSkZO UAV6,+aSk24 UAV7,‘I"aSk28
Fig. 10 Makespan Comparison between greedy
algorithm and genetic based algorithm (N./

N, =4)

800 1 —F— Greedy (w/o constraints)

—J— Genetic (w/o constraints)
—J:- Greedy (with constraints)
700 4 —I:- Genetic (with constraints) I

600

Time (sec)

500 -

T T T T T
UAV3,Taskl5 UAV4,Task20 UAV5,Task25 UAV6,Task30 UAV7,Task35

Fig. 11 Makespan Comparison between greedy algorithm
and genetic based algorithm (N./N, = 5)

Fig9 9%l F7b 7171 Furt 3w ge

A AF TR ARl Frbeta, ©E 76 &ag
(Greedy) tlv] -4 dagFe Aso] 3ok
g Agtzde] d= A gle F 2

k231285 (Greedy) WY o U2 Z3E =& 7}

ke A% #EE 5 Aok

off N[ N 2 [k o

6.2 =

B oEdAs ARE ARE a8 4 dads
ZIRE v Q7] AR VIS Aldksklth Al
21 W g od7] AR g g8l AS 98
T AFES AN o g7] AEs EER A
Ahskglth o] e el dAl dF TR AR A
a3fsta Al 2SS ds =2 ¢ U9
o eE daeles A8kl B w=Ee f4 da
g 719 7R s sdskglal, e g8
< Fdsislith AR 23] d& wef e Hd &
H7b wobr AT o] US wW A 7ol
& 9l

= 7

O] =2 20229 % AR(LLA A )Y Aldoz =
W& 5 AT X A8 wol =3l E A5 (No.
KRIT-CT-21-009), AZAR 7|7 A7 A5dF+

/A= D)



5 71N v 5] AR 85

References

[1] Katoch, Sourabh, Sumit Singh Chauhan, and Vijay Kumar.
"A review on genetic algorithm: past, present, and
future." Multimedia Tools and Applications 80.5 (2021):
8091-8126.

[2] Kramer, Oliver. "Genetic algorithms." Genetic algorithm
essentials. Springer, Cham, 2017. 11-19.

[3] Onn Shehory, Sarit Kraus, “Methods for task allocation via
agent coalition formation,” Artificial Intelligence, Volume
101, Issues 1-2, pp. 165-200, 1998.

[4] Scherer, Jlrgen, and Bernhard Rinner. "Multi-UAV
surveillance with minimum information idleness and
latency constraints." IEEE Robotics and Automation
Letters 5.3 (2020): 4812-4819.

[5] Das, Dyutimoy Nirupam, et al. "Synchronized truck and
drone routing in package delivery logistics." IEEE

Transactions on Intelligent Transportation Systems 22.9

(2020): 5772-5782.
[6] Waibel, Markus, Bill Keays, and

Augugliaro. Drone shows: Creative potential and best
practices. ETH Zurich, 2017.
[7]1 Schwalb, Eddie, and Lluis Vila. "Temporal constraints: A

survey." Constraints 3.2 (1998): 129-149.

[8] Schumacher, Corey, et al. "UAV task assignment with
timing  constraints via mixed-integer linear

Federico

programming." AIAA  3rd" Unmanned Unlimited"

Technical Conference, Workshop and Exhibit . 2004.

[9] M. Alighanbari, Y. Kuwata and J. P. How, "Coordination
and control of multiple UAVs with timing constraints and

loitering," Proceedings of the 2003 American Control

Conference, 2003.
[10] Attiya, Gamal, and Yskandar Hamam. "Task allocation for
maximizing reliability of distributed systems: A simulated

annealing approach." Journal of parallel and Distributed

Computing 66.10 (2006): 1259-1266.

[11]Eun, Yeonju, and Hyochoong Bang. "Cooperative task
assignment/path planning of multiple unmanned aerial
vehicles using genetic algorithm.” Journal of aircraft 46.1

(2009): 338-343.
[12]Lipowski, Adam, and Dorota Lipowska. "Roulette-wheel

selection via stochastic acceptance." Physica A: Statistical

Mechanics and its Applications 391.6 (2012): 2193-2196.
[13]Xu, Guangtong, et al. "Target-bundled genetic algorithm
for multi-unmanned aerial vehicle cooperative task
assignment considering precedence
constraints." Proceedings of the Institution of Mechanical
Engineers, Part G: Journal  of  Aerospace

Engineering 234.3(2020): 760-773.

[14]Zhao, Yiyang, et al. "Cooperative multiple task assignment
problem with target precedence constraints using a
waitable path coordination and modified genetic

algorithm." IEEE Access 9 (2021): 39392-39410.
[15]Omara, Fatma A., and Mona M. Arafa. "Genetic algorithms
for  task

Computational Intelligence Volume 3. Springer, Berlin,
Heidelberg, 2009. 479-507.

[16]Kim, J. H. “Mid to Long Term R&D Direction of UAV for

scheduling  problem." Foundations  of

Disaster.” Journal of Aerospace System Engineering, 14(5),
(2020): 83-90.

[17]Kim, M. J., & Lee, M. K. “Conceptual Design and Study
on the Performance Enhancement of Tilt Rotor UAV for
Disaster and Policing Operation.” Journal of Aerospace

System Engineering, 15(1), (2021): 40—46.





