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Continuous Verification Environment and Dynamic Incident
Response Techniques for Collaborative Robots

AT - FUATAYD AW HE Y
Jae-Ho Lee!, Min-Ji Hongz, Hee-Yeon Kim?, Seong-Min Kim?, Han-Lim Choi'

Abstract: Recent advancements in unmanned robot technology have significantly enhanced individual
robot performance, expanded their mission capabilities and drawing attention to collaborative potential.
Previous research lacks sophisticated environments for handling interrupted missions and complex
collaboration scenarios when unexpected tasks arise. Therefore, we propose an advanced mission
allocation environment to fully utilize highly intelligent unmanned robots. We also propose a greedy
algorithm-based mission allocation and replanning algorithm as a baseline performance metric in this
environment. We conducted 1000 experiments for each combination of robot and task quantities to
compare the global optimum solution with our proposed greedy algorithm. Our results demonstrate
that when dealing with a large number of tasks, the proposed algorithm achieved approximately 90%
reduction in computation time with 3.6% to 21% performance gap compared to the optimal solution.
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.M 2

237]40] vlopHel W0 2 7 el 259
917} 20 3 1 ek Aol S= el el A
2 915 Bl 230] 54 YRS 44T 4 I
& 453 A0] 73] W o ol A theret ¢l
2 A2l 4 90 Foiek ol THL vl g
HE 2 A8 7Pok FUT U1 §0R o gL

5 A H 31Tk ofof] mhet the] o]7]F =5t

©,

0 b
olr !
(e & @ I rH
o o
aE o

)
2
|o

<k
2

4O ¥@ oo
e |o
St

o
o

X
S

5
i o fo o
_O|L

[¢)

(WA
o)
o
I Q, ok

-
N
N
s
o

LAY
rfS 2}
45 HU
>.
%
=
=)
I
>~
==
b=
I jlg‘ .
My
Mo
oX,
i
)
R
=
~
9
>
of
)

)
A& A A es AR, ME 25 S

m

2, o
OE
s
=)

F

Received : Jan. 24. 2025; Revised : Apr. 6. 2025; Accepted : Apr. 28. 2025

% This work was supported by the Agency For Defense Development
grant funded by the Korean Government in 2025.

1. Principal Researcher, Aerospace Engineering, KAIST, Daejeon, Korea
(16jhlee@kaist.ac.kr)

2. Manager, Aerospace Engineering, KAIST, Daejeon, Korea (alswl,
dkssud715, bcn05002@kaist.ac.kr)

T Associate Professor, Corresponding author: Aerospace Engineering,
KAIST, Daejeon, Korea (hanlimc@kaist.ac.kr)

Copyright©KROS

O] St FEAg e 2 & BRI AT 35 e vhEo]
5 9lnk. 53] 24 2R2 4 2R uAE A Al
| 715& Ak 4, 2 wgtel fAstA t-8sh= 4
&9, 1EAL 2RO 2T AATE ol A S A&
7 £ Aol A= ol et A 2R AIAH SN Y

g 1

2

Alo] WAlof] 23S S0l AF-E A HsI3AT
T3] 2 At IA Al A, ANE 2R LalEE, -8
B4 Al 7HA] Fok= F28 5= 9lrt. 55] Han*l2 A <1o]
HE(LLM)S 7|9t o =2 oF wdke 7] B3 egoA 28
ot AT WS AAISHAT LLMO] E/444 7 = 5o] QI 4
A A5 BT A2 7Sk, ol2fRt 1 9 A5 7t
A 2RES ofBA antA o g Aofe &= U=Aof Hisf A+
SHlth o= 7|& 2RO EAS ZEohHA = 5 dE ¥
B9] 225 A ethe HollA, 3% 1 25 AT A
S & HojEot
A AR 2 2R Aot 8517 fsiA= Tt
ABE oA 12T & Qs 1Tk $go] WAoot
A

£

I


https://crossmark.crossref.org/dialog/?doi=10.7746/jkros.2025.20.3.520&domain=https://jkros.org/&uri_scheme=http:&cm_version=v1.5

£ A7 AT 02 5T AolTH olelg kA e o
A 25 SRl T W aks] Eejdeh @4lo) %
5 A%

A2 Y 2L 2R FYL A YRE U R
2408 AT 4 e FHE AU ek oleid P L
Sefohd 4 Gl AT TP AT I A AU A
A2 SR 1 R 49 A Bo] 75 e A 3
o] Q7 Uk thebA] B RoAE 4T AF LTZS A
Sp710] A, ol BTN FFAIE NEskd 4T F

g 8732 At
LA B A%H
QI 71 o] 7hs5tu, 2} gl of
o] 53 2 S A SIS, ©] B
£ U9E o HaA] 42T 4 o, 719
B PAjo] 2Rk T3] of of )
7hure) Bups 2o ohfel, 2 23te] 542 wgal
S} 2329] S50 2t g9 jo] YA =S A
E3 5 279 6 34 HYL GolaH stof
SR QS A SR A7) BT S US THL
19 ?
S o

f
K
=2
X
i)
d
o2

4N
i
i)
2
Nooh oy

[e] ng l
iR o
o X
=2 oft g >
%

o=

>
4o rr e

i
tlo
ok
=)
oo A

o
1)
X,

H

it

=
o
OE -

gﬂ
3R
s

N
©
o

41 ¢
o
—d
mO
o
|

S ot

o 9
il
it
=

I

it
N,

W B
o
l—{'] d

£, ol
it
i
S
_l
N
oZ
ox

re
¢
M
oo 1o

Mo o
:

o,
o
e K

o -d
ol
ol
N
=)
b=
ch
.
ot

_(
oy &

)
¥ g
o
fr
jaby
o,
K
t
ok
1
=
e

:

(¢]
_Elr,
X

=t

4 1B oo oo
2

N
r

e
;

OO
(S
)
& oy
i
> dn
Je >
o, o
y =
o £
TL i
L% o)
_l%'
i it
ool
we ¥
o
2
2 g

HAE g P, 19 choRt f39) Hze] e A 7
o] Qe o] FoIHE Q5 P HAsh= The AT Y
e WA Q) A A, B Ao 7} 23]
}2]‘9,] E L 3193} o]l2 5t 2:5];5—1‘}5;]. l:g—o‘_]_—% Xﬂ/&]é]—

= o=2=E|O0ouv "l 20

koo otﬁ e
‘
5=

N
—.~ﬁ$
=Y

AL 37 2] 7)e GaelE, Frea
= 74sfetes WAl 0.2 s 2 9l Lt 74 7]

jaket
4o ot
SB
oft
W)
X,
ol
)
>,

o,
mO
Kl
iCH

IN

S LTSS FU WY AL g TRt 2

=2
ORIt AR SR g0l o P et AE 7M. wEbM
T o o]F 2R o2 H4E 24 2R 84 7
HF FarelEe] E-gol At Y Ao s wkEn
Ohrol 2R o2 dH EolA A 2HshE mEshe
3 ANl gol 8 EER, A3 HH M=

o W

)
|
D b

)
k=l
o
il
i)
L
rlo
i
N,
22
mO
Kl
Ach
)Y
o
sk
_e
=
=

m?
1o
re,
-
e}

o] AolstiL Tept AR EAfBkE 49 Aol
B0} Aok 20] F]etd4 A 08 7k
ozt sjgo] ofget,

of2fat gHAE FEBLTA ling® /1S 7] ¥k MILPS
A stolHels HL P42 ARIseE o] YA &4
MILP3Ajo] Hlef FAE A5 BAoL, ol dzos
B3 e) A2 Fue] Felago] 24 23 2A] 5120
ATBHA) 9h-S AARITE TebA £ Aol el ARy
7)8te) BRIt 2] o] obd, 1efe] Lozt e v
ShRAE B2 A0l B 7|0 el AEe Bol Bue 24 2
2 974olA19] 9 B BAIol HLska s,

3, Jingjing S TF 23 Jotos S Bte] Byt
5 UG BAS 25k 2 A AXst UAVE
A3 27 2 BN, 2 UAVZE A5 R 8k glo]
840 B4 R UYL HAoHH A B S
%tk o} 913 of ] Zo] ARHOF B YRS S
% o T 28 e B4 Adsit Q-2

o o} B2 AL B0 B WY Alo] 2
2 AYH Fol A 7B gk,

e olejeh et Uk e SR 9 8
TR B 9170 Betaie Kol 7} gk, ] otoisS
AFEHE QA7 2t 2 o] s A A 02 g Ajolm 7
220] 519] B el A 22 Aolo] 24E B
O W, £ Al 49 A U U HH0E BT
Sl webA] T 25 40tolS 2 o] A1 A9 12
ofeb| Rk AR 9] WA AR Tk H Aok At o1A
So] AFBT 4 QUi W WA O Fehich

_,d
-
>
o
)
r o
4
o

ﬁi—uug

—

Sele T WA 7|2 A2 A g H AAY &
S A At Bt oM e g A AR
I AAIE H-E0] 7hssh=s, B4 719 frelaE darels
= A AlEE ol d A B3 Al dareigol o
THAARNA a2l A7 T2 L+ A= =



522 zx3e)3) =57 4207 A3 (2025. 9)

Sjg0m, 53] B ] et AT AAE, U7 S L A
A AR YT 2715 750l B4H 02 AEFL AF

e,

4%§£%Tdﬂ%w%ﬂéaﬂ%@%ﬂ zq
A & ekl

2
—9-0]-04 Z7) populat10n~ A5}, PMX crossover 84} of
QFgl E<ilo] QIS ST Ek WeIE Hke £
Usto] Hhe wgstgon, ol Fo) BgHolm s}

£ 9% Qo] K5 e Ysleict

Braquet®= B4} A 7]uko] 4 Q%L shg) ok 7]
Greedy Coalition Auction Algorithm (GCAA)= A5t
L 3I7rA 0 2 BAE thE 2 E A AH A 57 9:1_\:"_6‘___1-%1-
AE s dsks g 2H L S} 2 28o0] o site] @
TF e T e ARES TFH, ofF 2Rl 32 9T
o 4 98-S Telslol 23 7 4 TSt 59
Al lo] 2Rl fEA o sk A T2 E A, =5
Aol et 54 0.2 o ekg Il

nlN
o,

O
)

EHE

1
o

FI

=2 g

(0] ;O
o)
o o mot

1o
@
=
Q.
)
1o
— oS
o i

Zhang 12 0715 23 09| 214 YR YIS S A2
24191 Stochastic Clustering Auction (SCA)S A|9t51%
o}, NP-hard 24121 95 85 2412 shds7] Slaf o
A A TZAM| AL} Simulated AnnealingS A3 1S
ASHBHITE SCAL A H M2kt 3] AHEE Hx0) BEH
ZHi Ao, AT SHAE 1 FEH AS 9 WEhE 7]
WO QI Ohhg Souele), T Anncaling THelol el 24
2} 4 o] ofof et 59 U] 9 B Al wE
Agigko A chaket ol Me) frele o] Zssie

oS 22 A5 29olA 271 A8 S84 & 4HA
Ao, 5207 Halohe A= AAL Y gdo] B%
FZ Tt 250] a5l A= theret 5 8910 o5
TS 4= loH, 53] S ARoloM = 71E Ag Y 270l
E71 5t whebA A1 S Ao A5/ AISHAL Al
g9 F/S 5] A EAQl 4% HE

Chen'"'2 52 24049 tha 2R U7 TS 9l A
I} JAAE TGS BAT A= AL A ARtsHch
o] HIH2 ST A M2 A7t 7 HEAY &
o] H3lsh= *JM] A, AR P DRI A ES A &AL
2 AL A7 o 2N thE 2E A AH O 52 0|5l AL
EIHE T YT DO H S WL A AE ] uE
4= FIA717] A5, 25 7oA A g 713
AT} g Hste] gl Hieste] 24 229 a8=
sk7] f13f, 22 W fdol A AaAETES AT %61
& AN =HHoE ORFd AL ALAET
Aot Hxo Al g 4 gt w2 4= °

< AellA &Je)7t Atk

Dai = ths 22 A AH Y] 54 4 T ZAIE o

7] S1sh AI7HA] 2R Al]tshaL ol &

H2HL Ao o5 Hl8S VIR0 2 JRE YL B
o] A1) M5 HHlotel, k3] Yol e 2
A %582 whget Y& 2712 4 §oigich 34 A4 A
23 o otto] Rt Aot B QR vl aeld

Y rl
(RS
ol

00911

ol

3 -
N >4 H

o\ fifo

¥

E

Bl o
_O|L

b

o

oM,

=)
N

1

o =
1B rlo ofd mo & ok

rd

)

a&4d E%%Oﬂﬂl UFE AR AL Q-learning H
e A € Jreiste] A ardgolA o
8 24ske AT SeAIRI o] A7 THAF R
Tt mQlollA =32] s ele] S4< 1
5 T 2AE TR, Al 7H] T A
S Bl 24 = FollA 219)7F Al

3. 45 8

ol A= Atele EaeEY 52 Bk gt
Lol A5 849 P2 e EAS AEU /e E S
42 UGVeL UAVE BF I35k o)7|F 25 AlA" S
A gste, A& ggol A9 A g L A AuE| S
ARH o HET 4 YEE AU

SE7F AN AF L olF 2R AILF A, 3
Al 8%, S1EE TR 5 TRt Eﬁ‘l

2ARE 4 Ik 229 A4
HMHﬂ:Mﬁ%phﬂ1
2 29 512 siepulE 2 feta)

»
L



87 2A0|M 0 FTE)E 452 5t 0 2 WA 4 9k,
E3) 22 QRekE 230) S4o] e} 45 walo] geix|s
2 wheislol, Q1 et A] 230] A E4o] MeEES
A,

B A7 72 A750] A7 7]t o4k 843} ), Ak
29l 7oA ) 2% 2T QT 5L A At ol xts}
= 8704 30| 9j%]9 o] o] E4 AX 0= AT
o] 7] 98 BAS 85| wteds}7] ol Hor, el B0
M= 250|987 058 4 9lo] Bk A4l At
F30] 7Rssle}. 5] 2, 74, AT L PREe] A,
A4: 19l FAo| M 230] Faket 9)x]of whE ALK Welsh
A ) IS AdalA) AL 5= 9lo] Bt T s
717 7ssit,

2 21742 79 Yojgo| ZAfohe 24 Z7olA el A2 A

512 XYk 7 2L 017 ATE 534517 e

= 3]u|si =3 A3 0.2 o] Fsfof sh=H), o A
o] 239 o5 vlAl= ¥ LT UAVE 4
B AlF glo] AT £z o5 o= AL UGVE &
Aot 2 A9 2700 wet o5 7t 3A gt
< Htgste] 2k 259 A olF AlRke A
Hhgo g Hop A4 2Rl g ggo] o] Fof

-

2
o
o,

o, off o

®
m

oo do 1o o o
I

o & X
I
roll
A
ox,
fllo

ol
2
N
_?_15
k=l

o
)

i

Y
t
|
_?L
)
M &

;

filo N,

g >

fni o
O

ol

ol

_

>

N3

)

o)

and

AT Ao A 2] 9] X|of| A HHF I 5k=
i Z70] 2.ad= Time Window 7|8+
= A9 3 A7 A = of
U2, o A7t Yjof] YFE Lsfoptt =2 AT =E A
th UAVO] 7§ 41431 7]
50| 75510 Time Window A9 27& 54171719 58
St UGVE A9 2700 e o5 At #5-2 Al sfioF ot
oF. ZF A A1HG 2 g o o] 259to] B X =, o] = A
H AH49] 2 A 282 7FsoHA Rtk E3L A A= 5
g A&/d0] vl S a5ttt whEbA] 23o] Al 4R 3
U U2 AstAY dF-E S92 45 ol= Al
FZ AR FE o] SA| I A= A ). FH
U= el thet A&53 1 JH o] E7Fssizl
o)A A7NE 5185k k=t

B ATF=E4 99
st 259 o5 54
£ 7|Hto g ok
‘golst, 53] A%

FFE AE Aol UAV
& 0|55 W AlophE g 4= 9l
Ho] it} =& k0|4 9] o] 7hs5to] &

ShEl A7) IHH 02 AT 5 Yk %

h
Mo
o
Eh)
=
.
i

)
2
)
%
Jb;ﬂ
)
|o
Ll
)
olo
0t
+
o)

4

d
o ofN ox ot

o?,: ogl
i

Lo g,
oy
>

rir
jatn}

of,

X =
u

A,

)

.

o

1

R
oM oz 1%
b g

40 ¢

it

Royg

i
0o ok
40 by

2

%

o ox ¥

29

il
i)
k)
T

ol
>,

ofl
N
AL fowE
i)
N
N,
HU
o
1o
2,
© o
[l
o
N

(o)
ol |
o
D)
oftl
2

o,
dm b

ot
18
R e o

o WY ox 2 oF oM o
d

A,
Toox
oL
[e]

d

¢
O
i)
o,
pach
=

o

i
s
5
do
s
re

B
2
m
olX
o
s

=
[

2

=L ds 7Y 523

rlo

UAVE A8 270 uje} o5 &127} 37 wiskste), 53] 9
Ao A o] 5 S7} B3] Zastol A2 Alzto] S7FRieE,
ol 2] Aol 2 $1X]0) X§ B HEH I 7 o) U
Q52 A v o] A E0| S WSl Sohe 2RO &
£2 2%k} o] o] Qo A 0] B4 Fekt A}
37 o]0} % i} QT ST A9, v gl o
2 7|2o% M2e ARe] B AALtE o] 2L
U5 A7 7R ster B3] 9 A7 A REs 220) 4
Fh A e, e oo et 24 A=A AR Eol 3
o] 2RoRE AF Joe HUY 4 U AA=I,
RS A YT A AF ol AAE A0 oA
4 7o qpro Bt 2 eie) A% AL 9

o
YA AAISH L B AHIE 2 2R of
o

|

(o]
T
S

o r o

—l? oo
(o}
OE it im
e
b4)
H1
Y
2
-,
_O|L
2
it
>

JRerie}
ofl oL
4 38
19 L
rlojg
Eg}n?ﬂ
= 1
_lZ“..ro
40
o
Il
)
J.E?,)l"m
)_ncjruln
[e]
N
5
A, off
Q =2
- M
2 o2
E G
oy Mo
L=
O o
o L

S|, oof wiet 93] F2E o]-g-stofof Fitt. whEkA A
B TR AR Al&e S A ALY 584 FHOR
ojofZlt}. 53] 8 o] b A Foz g F¢, HhE
ERE9| o5 B &7 2 A3k o] [A| Y = ARl B
ot f9E BA 4Fe S Al 4E drek st
AAYES GET A5 T A vl HA g9 7IE= M
EE BRI ARTES, AN Aldlle £ 7Fedt 2R ot
E49Z aresto] o] o] digt g J=rt A g d
o, AT A Aol A9E BA AHIE 2 2RTo] F9

9 % 9Iehe Aloke §A=itt,

P YT A HESFAA ol 15k HAske A
2 B gtk o] WA ol 2R BELL Foli, &
Al 4] 42 HA88H o] Sialo|th. o] &Aooz
ololA| chafat AR0] HEAHR 4L 9] WHHA ad
olt}. @UAY A YRE F4 W AL BrRs s, uf
ehA) A Fol el 252 B 4] T3317] 915 A Fol
U ARES SR B2 WAehA R Ao Thgah 9
o A% e HE 3 WAPsHe 2| Aef Wkl Tk,
R 020} 2 A 0] AeE 7]uEo 2 AXZE ARk 7}
220 43 A% 5] oF S, T4 4%, Fole)e]
w58 Aol 7} S 4 9lon, B Ano] At 2
20| 22 HAfehs FneZo] Pashch

BT A% 37 98 A US4 ol TR B 4
< Tefstel, olo] et AASS ER 4B AL 7
o} oS Sol, o5 5 B U 5] A2 WARS 1) 2L
Sl 2 AL Idste] Adslof sh Age] B



524 =y:5ks) =54 4209 A3E (2025.9)

G 58L BATHUGVEL] 448 4 9l Aofe] ek A
5 5 sl A, o) % 5 1) s Az % I 5
o 229] 7158 BAZL EAY S Yrk. o] AN 25
o] 45 Tholo] chel chAl AHULS FUT AR 052 4143
AAsjok ek, ot B9 4L BoiRto R, YuelFol
o)71%] ke Aol A Qrit fotska T O g 4
QH=AIZ WAHE 4 ik o) ] £8 BolAl 0 A= e

I
k)
Ir
g
N
4
z
)

It

4. AT &g =] gaie

il

u}

Q15 3ol 9o} 7H Fa % AL AR o
7Fo] Aol Flo|ck. ufebA] Selo] et 2
Ao) 722 A 3 A DAL A
294 B2 513 5 A B 1A
7ro] Zol5 =S G279 9% EY
orow

AEEo] FHAR YR o=

o
il
fN mH
)
e
>

fo it

d
r

ot
0

o
il

0o 19 nli
o 1l
-

Elru
rr
>

o
4
i
St
Xu)

Mo 2% mH 2

o,

r Ho

N

N
oz, =
o N oy &
ot

n

rE

=)
[

D

=

¥0,
N, o
L2 2 12

(e
[e]
1
2o
__>|“[_54
it
e
U
rr oL
N
52
El
9_(5
iU
o fo
WS
S ol
ﬁ, —_
52
1)
oy
N
ol
o

©
.
)

[0

[e)

itk TR thes] QT2 A BET SFsHe Ao
g 2 & BES e BAS AAR0
AP

olch

2
El
&

N

=<4
Lastgnt thee 9t AU 9% B9 2
[Algorithm 1].

U5 g 12y Fare|Ee] 29 A £Q1 2 5ol thet 7+
239 W] AULS 1 2300] IR SRS T AT ER:
Z}(cost), AREE= A|7Htime), D= KA (reward)d] 71553
O 2 AP B3 S 0 & Foprh= YalE|Eo| B o]
1] 71 o] & 250] @ E o] & 5 Atk o] Afoll=

=g
S 7 AT 18 Belol e
i, 2REE o t21 2271 A &A= ol

23] 7R Abs o2 Al g ARgRtth

[Algorithm 1] Greedy algorithm for task allocation

B4 eE 2ROE NE UNE faelx] 2 A of
9 Sego] 7] 249 AR BN RS WS ggron
2 RRAZ0E YL 8L I 2 RS I ©
ok BE 4R} SRS A9 THEE T A AL =
2 2748 A7) YFARte] ZoEEA] o] B2 Tedich
AR ARAIZI0] oIS Bk F71AH 0% 1 HHY =
2 3 hH B Fokego] g Holold A Y
A o %

LA g FaT AL 7120 e QRS B
B QI o3 o128 Aol H71of] YT S4
wjet o) AhE o gA HASEAE 7V Zast
ot 2 93 0155, YT 5
39 90 9% F4 U ANE DAY 5 YwS AAHY
1B Azte] BAgle] P AR ST L AAES AR
o

-
)
2
>,
i
o
a
rr
i

2

X

e

|

pack

o

B

o
10 & 0k
o g =
| oo
o

o Kl
R

i)

o o

ox,
ox d
=1
)
2
>
aCh
ol =
rir
S{H.
©

0
H 4o
ol

],

ol
=
=
N
N
oX,
ok
)
=,
ne
9
£ 9
)
5%
o
P
sk
)
o
on, M
o,

Ho 1 ol

M
Y
i
o
X,
ol
ol
N
mle]
%
it
i
S~
0.
o
0,
=1l
)
oS
-
o
>

° —
$-SE -4 ekt

o]

5

3
=
N
cz
>,

>.
mt g
e o

stal sElske AlolA 71 252 2384, A o
oA el oy TA| A etet tha> -2 H A et

5 12Y LarE|EoltHAlgorithm 2.

ki

R
(o
>

o o2
o
N
)
>,
rN
>
i
s
o,

o

5 Ol-m
o
rl
= .
n
oft
rif,
GU

oAy ol M Mo 2 W Ho [

[Algorithm 2] Greedy algorithm for accident corresponding

Algorithm 2. Greedy algorithm for accident corresponding

Algorithm 1. Greedy algorithm for task allocation

While True
Calculate robot method cost for each task
If all tasks are not yet completed:
Assign the task with the lowest cost to a robot
Elif assigning additional robot reduces total task duration:

Assign the robot with the lowest cost to the task
Else
End algorithm

For all accident corresponding method:
While True

Calculate robot method cost for accident task

If accident task is not yet completed:
Assign the robot with the lowest cost to an accident task

Elif assigning additional robot reduces total task duration:

Assign the robot with the lowest cost to the accident task
Else:
End while
Select corresponding method according to weighted sum
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[Table 1] Experimental results
Global Greedy Global - Greedy difference by a scenario
Scenario type Mean S.T.D. Mean Mean S.T.D. Mean Mean ]?ecrease Mean  |Performance
time(s) time reward | time(s) time reward time(s) time (%) reward gap (%)
Suav/3uev | o cr | 30213 | -83.044 | 11766 | 10.855 | -127.146 | 8791 | 42.886% | 38906 | 44411
11 missions
6 uav./ 6.ugv 153.132 | 268.965 | 9.087 37.589 | 42.902 6.123 115.544 75.453 115.544 32.614
22 missions
? uavi/ ?ugv 485.366 | 833.652 | 96.567 | 71.447 | 84.001 93.098 | 412.3312 85.280 3.465 3.593
33 missions
12uav( I?ugv 1212.967 | 2021.281 | 181.9256 | 121.3938 | 146.227 | 143.631 | 1086.266 89.992 38.325 21.050
44 missions
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[Fig. 1] Initial Task allocation: The result of initial task
allocation with 6 agents (3 UGV, 3 UAV) and 11 missions. Since
R mission is search mission, it is allocated to UAV not UGV
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[Fig. 2] Accident corresponding 1: The result of the accident
corresponding after initial task allocation. AR Task 0 is an
accident mission
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[Fig. 3] Accident corresponding 2: The result of accident
corresponding after accident corresponding 3. AB Task 1 is
accident mission 2
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[Fig. 4] Initial Task allocation: The result of initial task allocation
with 4 agents (2 UGV, 2 UAV) and 5 missions. We reduce the
number of agents and missions in order to validate in 2D map
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[Fig. 7] 2D map of Accident corresponding 1: The result of the
accident corresponding after initial task allocation. AM Task 0
is an accident mission
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