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A Decentralized Task Structure for Cooperative
Transportation Missions
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=
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This paper presents a modified task structure of coupled-constraints consensus based bundle

algorithm especially to resolve the cooperative transportation problem. The cooperative transportation
mission has various types of constraints. A modified framework to generate activities and subtasks to
solve time and task constraints of the transportation mission by using coupled-constraints consensus
based bundle algorithm is suggested. In this paper modifications on task structure, reward function and
arrival time calculation are suggested to handle the constraints of cooperative transportation mission.

Keywords: Task structure, cooperative transportation, coupled-constraints cbba

LM E2

] el ek ok Rl
53], 50| Relvle] @

, 8
re,

ol

o5~
of
N

10
b
H1
N
N -

i
(o]
E
k]
30,
0

s
o
e
=
o oo
o
o
iy
flo
’
S~
>,
iy
o
<
2
%.“l
=L
1
>
§2

1 o ST
i
%
i
K3
L
&L
=
e
4o ©
rO
N,
_\|l_‘
>
o2
Pr‘l'
L
i3
o

YE
2
*
o -
L
Lo
1
o
N
N

badle B
Selaks 2AlR wisksh glck Earkse)
QIgtoll wet FoF WA oArAR Alswn
| SRS o & ol wat
Hog ojzol7]
252 283t CBBA
(Consensus -Based Bundle Algorithm) €31

o SHAIYE AAHOR Fel ALgho] Sayslofst

B
alss

o O -15
B S =
A
fr oeh aln

~
>
i
ox
it o]
Kl
)
il
2
)
<t
re
-
N
B

o b
_l

o

o
&

3
b
2
it
2
e
K

o]—"r

£ gR B gyt okl ofy gt BiHow 9
of Qs 7hol| AlopAo] EAHE. Wb ojefat Aok

Received : Dec. 12. 2014; Reviewed : Mar. 25. 2015; Accpeted : Apr. 17.2015
% This work was supported in part by Cooperative System of Heterogeneous
Unmanned Intelligence Aerial Vehicle Project funded by Agency for
Defense Development under the contract number UE124026JD.
Corresponding author: Aerospace engineering, KAIST, Guseong-dong,
Yuseong-gu, Daejeon, Korea (hanlimc@kaist.ac.kr)

! Department of Aerospace engineering, KAIST(kskim@lics.kaist.ac.kr)

Copyright(©KROS

+

%HHE% OU_—’EIEOH o
A

diPES 28 4 3tk GCBBAE CBBA ¢ale]
v DA daE|soR et Aefxdo] =
TAES HE 5 ke Aol sk

2 =2olMe AAl A Thsdt o 53 T ol
A A = 9 AR Ao 28T w2 A o ¢
2 i 9 ¢aElEe R siE sl s GCBBAY
aEES stk @Y % Ao S dRtl
AEFE O R AR Aok 2xdo] A7IAl Hok 71Ee] C-
CBBA7} O‘U{POH AFEdE HFal glonh AlSZHA

AleFzzdo] -9
2 ofyth wetbA 71%—94 C-CBBA &2 CBBAE &85}
ol ol2igt ZAIE s3] fslAe darEls el A
Tzof| disf Ajo] adsfEloret Fart ok

2%ollMs & =29 il Hi= CBBAS} C-CBBA &
azlEol disiAl Efs] thEtk olF 3ME B =i

oA GRS & %‘ 5 el sl st ol
C-CBBA ¢13]52 A&3sto] A& 25| Y3l o=

A% 728 AFARHAC] ) et



134 =33}3) =52 41078 ABZE (2015.9)
2. Consensus based bundle algorithm
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Table 1. Mission Characteristics in CBBA

task.type Task types(transportation, surveillance, strike,. . .etc)
task.value Score function that can be obtain by agent
task.position Task position

task.start Time that task can be performed in a scenario
task.end Time that task is expired in a scenario

task.duration Processing time for tasks

task.lamba Reduction rate of a score function as time passes

2.2 C-CBBA™

Cho] 79l A 2] FARP oA TR o Sty
L A Zol St wle 4s7 AR 27Coupled
Constraint)o|t}. C-CBBA @ Coupled Constraints Consensus
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Table 2. Dependency structure between tasks in C-CBBA

Unilateral Task B is dependent on
Dependency task A

Mutual Task A and B are
Dependency mutually dependent
Mutual Task A and B are
Exclusive mutually exclusive

Table 3. Time Constraints in C-CBBA

Simultaneous Task A and B must be performed at the same time.
Before Task A must be perfumed before task B perfume
After Task A is performed after task B

During Task A is performed during task B is on the process
Not during Task A is performed before or after task B
Between Task A is performed between task A and C
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Fig. 1. Cooperative transportation mission example
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Fig. 2. cooperative transportation mission result 1

Agent Schedules

Fig. 3. cooperative transportation mission result 2
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Fig. 4. cooperative transportation mission result after changing
structure — agents® path

Agent Schedules
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Fig. 5. cooperative transportation mission result after changing
structure — agents’ schedules

el 4 U Gl B AR e 137
4z E
2 =RAAE ofe] el el Hedskel BA1E 4
Fololsts 4 ATE W ] 9Pl 712 AT T
T

Ak ST AopRe] B QR B4 o
el 531 islel Rt 399l S SYT 8

ol 283171 HoHHL
/R S} ol
=5 M= gejsha, 2l At
As

o

A
FREORA, WY 4% A

(2]

(3]

(4]

(5]

(6]

References

Ponda, S., Redding, J., Choi, H. L., How, J. P., Vavrina,
M., & Vian, J. (2010, June). Decentralized planning for
complex missions with dynamic communication
constraints. In American Control Conference (ACC),
2010 (pp. 3998-4003). IEEE.

Whitten, A. K., Choi, H. L., Johnson, L. B., & How, J. P.
(2011, June). Decentralized task allocation with coupled
constraints in complex missions. In American Control
Conference (ACC), 2011 (pp. 1642-1649). IEEE.

Choi, H. L., Brunet, L., & How, J. P. (2009). Consensus-
based decentralized auctions for robust task allocation.
Robotics, IEEE Transactions on, 25(4), 912-926.

Choi, H. L., Whitten, A. K., & How, J. P. (2010, June).
Decentralized task allocation for heterogeneous teams
with cooperation constraints. In American Control
Conference (ACC), 2010 (pp. 3057-3062). IEEE.
Johnson, L., Choi, H. L., Ponda, S., & How, J. P. (2012,
December). Allowing non-submodular score functions in
distributed task allocation. In Decision and Control
(CDC), 2012 IEEE S51st Annual Conference on (pp.
4702-4708). IEEE.

Ponda, S. S., Johnson, L. B., Kopeikin, A. N., Choi, H. L.,
& How, J. P. (2012). Distributed planning strategies to
ensure network connectivity for dynamic heterogeneous
teams. Selected Areas in Communications, IEEE Journal
on, 30(5), 861-869.



138 =3313] =74 A|10d ABZE (2015.9)

434 z| ot
2010 KAIST &-3-9-F33H-3 2000 KAIST &-3-9--8373
, (F3HAh (&
' 2012 KAIST &3-9-F33H% 2002 KAIST &-3-9-F33Hd3
Gk (F842h
2012\3~&A)] KAIST 3393 2009 MIT, PhD in Aeronautics and
Astronautics)

S A Ak
2010KAIST &3 ¢-F8dE 2us

2014-BA) KAIST FE9533108

B

312

—z





