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Abstract: Distributed decision making is the key of enhancing the autonomy of multi-agent systems. Firstly, based on
the problem of multi agents cooperating to perform complicated tasks, a decentralized coalition task assignment model of
heterogeneous multiple agents with consideration of specific equipment requirements of tasks, coupled constraints and the
time window constraint is proposed. Secondly, the consensus-based bundle algorithm (CBBA) is extended to the consensus-
based coalition algorithm (CBCA) with the improved principles of conflicts resolution to achieve the conflict-free solution
of the task assignment problem. Further CBCA is proved to be convergent to the improved sequential greedy algorithm
(ISGA). Finally, simulation results of multiple unmanned search and combat aerial vehicles performing search ad attack
missions demonstrate the feasibility and rapidity of the proposed algorithm.
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Z B B ARV FTE S5 43 o 2 523 22 3 Re A b [m] 45 )
(R, R MR 7720 e 2R oA 2002,
AR SCHER [3142 H 1 4 2805, 2 8 se iR W [RAE 55
43 TG 7] 4% ] T 28 SO BE I A 55 2 AL A% NI
8] § J& 4L 45 43 WL ] &% (cross-schedule dependent
single task multi-robot time-extended task allocation,
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PRAEPATAE 55 Z AT PG EAT A 55 M. X XDSTMR-
TAT] I 7 o, SCHR [21% HI 4 b Ul & B 1k
# &I 8 7% (mixed-integer linear programming, MILP)
il TR T AT 55 /N AT 55 73 B e AL ST (4)14E
MILPH. B Al bt — 20 2% 18 1 AE 55 Z [A] (¥ I 5%
F LRI A A [R]D 5 R A B BEAR S A IR T SR 4O
P, X BAT S 2 B Es NI TR R AT 55 73 BT i) AT 1
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A RSOEME T A R ROE AR Re k. 5 Amat
HEZEAH L, £ 2043 BOHE 2R A7 7 b s j AR R &R
Grea et 22 S B TEXT PR, SO AT RS
HPREIE AE TR0 AL A SRR AT DU 0T il
TR {5 A A0t 2R 285 | S ) PR p P R AR

BT HmramsRgETECT 2N AT 2L
NP RSS2 TE [ . 53 A 2R ARHEZE b, Dy ikt e 2%
BER H E B R B IITR, 2Rk KRR T LA
A FIBENFN (BOAESHK FIE R —F00. SCik [7-914%
AR T SEP LS SR T TisEm
2 T NWUESS 53 BT 2, it — & ) — S i AL
X} 2 TE AW SERRIEAT M RTE M, MITTRA 5 SRIETC
..

T HIESAASEE LT AR, Rm a2
Refk RGi & Ht, Choi H LZE AFRH 72T —8Em)
A =2 H ¥%(consensus based auction algorithm, CBAA)
i AT R R R G H AT 55 A ) O, R 2k
WS T BRI AE 1. CBAARER R T
AMESS T B — AR B 58 A B — AT 55 4 T ) R 5K
bR b, —AN R ReAR AT DLAT A B AR I 2 MTE 55
I, Choi H L% N CBAAREY B N — B L
(consensus based bundle algorithm, CBBA). CBBAH.
E SR R AT S A G, T e i
KIS H G AE 9455 £ (bundle). B AHARH fef4
ARG B I AT 556, &R REARAN BT N ek 2 A2
1EH 5155 6. CBBAKIA KIS CBAARIAH A )
PITEIHLAE] LASRAF TE i FRAT 55 S Bic 7 5 1O,

SCHR 111456 BARTE AN 37 5, ¥ B AWLE)
J1ZE LR AT S5 [ 7 2 R 5CBBAR A M 45 7,
T TR S LKA — B B 5 % (coupled-con-
straint CBBA). SCHR[12]4E B} 7 CBBASKL % ] U S 2
YH A1 32) 47 (Nash equilibrium){H JE 17 & 6 & I (Pareto
optimal) fi#, [FlFSFi Hf CBBA 5y A] N BpL 28 N\ BAAT
%% 43 T i) 2] (single-robot single task task allocation,
SRSTTA)#R UL AL 77 % 24 CBBAREAE 714>
HL il 9 /2 121 B 3 25 3% 9k (diminishing marginal gain,
DMG) IS SICEE P B, CBBASL VA T e At H FRfH
FIE 3 20 50% I AR EN). [Fi, T CBBAH #
FREFASAT I R 2R 22 TS 8], 248 R AR AT 55 2 i
H 2w, CBBARIE WY RRAELRIUE T HAE SR Zhas
PRSI pEE3),

gra E WA TR AT RN, BT N2 ae ik
B2 B 78 EEA DL R A2 :

1) H FIB 9T 792 32 A BT 55 B R e Ak 3 5,
RAE S A BN B R AT 55 75 2 2 3 R AR S AR SE 1, 191
N2 o NHL I EHE R B SN v, e B4 B bR

(3T T AT 55 T B g R R A o 2 T8 AL ) 52 s

2) B oA R B et U AT 55 B 7, 3%
1E5% Z AIAH EST., R BAE S 2 (A G 2 R R .

BT E N AN FEIAR, AR SCEF W 55 2 AT BT IR 4
AT S A KRR LAIT B LRS54 N5
)22 B Be AR B BRAT 45 I 1), S5 A o — S5
WHHT R, R T — SO k. Bk, B ek
LROH FRAT S5 I AR I B L AT REAR M BRFE, AR AL
B e KT iR I 3 % T 55 43 B AT 45 K,
BT e bl v 0 S S A 22 5 B AR IR BRAT 55 40 T
PSR S AR, B Jei i f FARIR IR UE 1 A
ATAT .
2 ZF RS 7 B A A AR

B AT 45 T 17 A8 1) D b 607 N M55 1)
E54ET 2 {1, Np A RA NN BRI ES
T2{1,-- N}, &fetki € THZ W4T LAMT%.
555 € JH U 7o & 4l (pos;, tae;, num;, tc;) R 7,
Horp: pos; AL AAR; tae; NIAT IZAT 55 BT i #pei
PR num, N 5E JRAT % 5 BT R B REAR SR te; =
{rstart end dury, Ay} AAE S I A2 AR 4,
TSUT R e ) A S5 AT Fo L i MG B ()4 R

dur, AT FREETTE], 0 < N < TAAESS I R4

«_H

% & Be R Bk B A 3UAE 55 20 e ) A B o A
@[14—15]%
N, Nt
maXZ( 17“1']'1'”'), (1)

i=1 j=
N
st > xy < Ly,
j=1
A
> @ < numy,
=1
zi; € {1,0}, V(i,5) € I x J,
e 7y AR REARAT AR 55 5 WS A iy € {1,038
RSB SRAL &, oy = 1R AR AT AE 555,
BW;; = 0.
A8 22 B REARIBE AT 55 0 P AL DA N 20k A
1) 155 w7 B REARIE R E BB R IR e R,
B B4y B 1 B h N R AT R E 2 {ey, -,
en, ). Herfrage, AR BEIR 5T U BT YR, Hage,
C E. b, AT AT 55 § B 7 55 UR 51 320N tae;,
tae; C E. age; Ntae; # oK Nin] 2 5 PATIE 555
tae; = WK NS5 0B Be A& 157 T I 0 2K,
B RS AT R
=
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tae;\{age;|x;; =1} =2, Vie I 2) p; = .
AL, RTACRATESS 43 Be 45 S AT 45 5 1 A nf L YR 2) {E55b,;.

7R, Htae;\{age;|vi; = 1}&Rtae; T Lhi 25
Be & Rtk {age; |z, = 1} Frfair s 55 TR R 2

2) HIATLS 51T 40 NSub AN FAL S, 7 T BEA
[F) R ar BEUR, B> TATS Rl — Fhdfr 5. 1
ST EHFAEERE LR KR, NRRFE &2
KR, EXTAEFRAZEENTTED = {d,}, w=
1,---,Subj; ¢g=1,---,Sub;, H: d, KR TAES
WA FALEF g B IR G R RN, dyg = 1R T1E
FwMlFAESS g Z BAFAER 7 R RAR, dyg = 0FIR
PN TAES Z A TCI FPA R R 2 TS5 Z A7 AE
IS P 9K ZR LN, o Fl g 1762 46 B[] A7 7 d5e /) I ] 7]

B%Atmin’ E’I:l
Atmina dwq — ].,

T(w’q):twq:{oo dwg =0
) wq — Y

HA T oA FAESS I [ B

L2 T KU RE P B Rl ST I s B R 55
TAESS FER] 73 MU AR A TAESS, XN T
TR R AN

3)

X RIS ] B R
0 Atmin
Atmin 0 ‘

FRE DAT AT (/5) TC 3 AL 73 73 R s i 821
FES B FATSS, At i AT B AT 55 11 58 1%
US55 T 75 1) o R ) T
3 —HHBBRHEE

CBBARE EE % [ AAMESS th— /M BT
(8 FH 7 55, 76 75 2 R Be AR W R 0T B M55 137
SN EARERYE. ATTECBBAR LA Figt T —
M Bk B 5 7L (consensus based coalition algorithm,
CBCA), B TEfRIAL 22 B R AR W R PAT B A=A 55 16
R 7 4L CBCASEIR 20 A Wb B B BT 55
ARG AN T — B I RV .

3.1 HPEREER
FECBCABEH, B Ja B e SUR RefAidT 55 0 e
ESSIPR i

1) PATERIEYIZR ;.

PATHAEIIF pi = {pin, -+, Pujp Y P TATE
R R IR ATAE ST 5, FIER R e s %8 it
RIBAT T HE U, |pi| FRRFIRAKE. BRI RN

T =

E55A40b; = {biy, - -+, bupy, YRR A LG B R i
(LS o PP T (WS & RO oy = b i o
B, b, REAES KR, BA|b| < |pil, b = %7
ST45,

3) SRR 2.

ZUNN, x Nofe B, 3t %2, = 197 8 ke
RN R AR 55 5 RN 021, = 0.
Zioh 8% TR 2 FiSum, = :il AT
BB iU T TS (08 B TR L.

4) SRR Y.

Y AF A A0 T % TAT 45 T B 4R
B, 4B W T 2% 7025 15 70— — 0 . 24 BE A\ 9 AT
% BRI,y = 0.

5) W EIBGIE ;.

N B 21 Fes; 2 {sin, -+, sin, PO BEARI M
AT Fo A 85 R A5 ST (5 L 20, s
BB T B R T RS BT (3 L I 0. v B
ST IR B T B AT, FAER A A 8 R AR
15 BT RS
32 fESEME

TEAT S M FE o, &0 BB R AR BT 55 T
IEE S AT, B AR AR KL E ST 5k
R B ERIEI . B RE IR TS b, iiedE
2 R S BT 555 € TINEb, /. 1453
Pt PR B 55 E I AT AT 55 (B A
S i S ERF 240 R R85 TS VB4 R AT 25 AT
b7

BRI AE 55 AR A

SP=3%"(ri; — cost;), 4)

J
A7 (0 ) RS PATIL RS 5 BAT 55 Bh A I 2501,
P N EIEE L e Sy = A
Tij(pi) =
fje—Aj(nj(pi)—T;tart)’ Tij (pi) c [T;tart,’?’jend]
Hage, Ntae; # @,
0, HoAth,
&)
b 7 AR S RS, 0 < N\ < LAAESS 1)
IR 3T $11 R 5 77 (p) R S RS B ey AT AT 55
RIS TE]; cost,; AR BEARATRERFEAN, HA
COStl'j = dij")/, (6)
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b di BB SRS Z AR LGB, v AT
FEAUH R AL
RIS 7 I, B A WSS, RTERAS S Rk

W3

0, i€ b
cijr[bi] = max Sfi@n{j/} — SPr, Hdth,
n<|pi|+1

(7
b nRoRj 1Ep, P T A T REALE ; |pi | WFIRKFE;
Pi®n {5 YT AN 54N B B A5 B Kp F SFin L, SR
BHN R R EEnAL R LS 1) 70 R AR KR IR AL, AR
et
152 B B IR IR AT 25 0 o P, 25 FE B BRI 5T AT
5 B2 B R A P F] 58 AR, PRIILCBBA B s afi by
BN BRI 5 5 MRS PR MA T AN E .
Hnum; = 1, AE55 7 N R REAPAT Y, Hbrid
5 CBBAKEMIA. Ynum; > 1B, (E5jFH L2
B A 2HL BBk A I [ 52 i, B AT 555 T 3 S 17 .
1) SERRAATAT55 5 18 R A i R I R R e A K
7K, BISum; = num;, WINAES 5 7 BLiFT; 2) 7
FCARAT AT 55 5 (% R A0 AR R 40 R, B Sumy;
< num.
1555 53 BC AT N, B REAACKE B B0 BRI i 5 2
AT 55 e /IR AR ME A LA, 24
¢i; > min(y;,;), Vk € I )
i, 8 Be AT AR (hyy = 1), HRE /N R RAR(E
Broh B BB, B0, B RRBGHTE S . MR
IR 5 e MR B EAR RIS, SRR R/
[ e,
BRI WIIE B S50 H B S OB
B R LR AR TS, BARCBCATE S i
FEEIE R,
H:1 CBCARNETSAMIER B
BN: Z0(t—1), Yi(t—1), by(t—1)Rlp;(t—1)
Bt ZH(t), Y(t), b;(t)Fip;(t)
While |b;(t — 1)| < L; do
iy = max SriEntit _gpi e g
forVj e J

if num; > 1 then

N.
1 2
if num; > k§ ) z,; then

hij =1
else if ¢;; >min(y;,;), Yk €I then
hij - ].

else

537 %
hij = 0
end
else
N‘d .
hij = I(cij > ;;1 Yii)
end

end

J; = argmax;c;;h;;

n;j, = arg max,, 7“7
bi(t) = bi(t — 1)®ena{Ji}
pi(t) = pi(t — 1)@@,%{%}
ny (t) = ¢,
Z;,J,; (t)=1

end while
3.3 ET SR RER

SO ELRRE )G, IR T RAE S i
SR, B ReAR TR S A AR Re A L SR T R R AR AR
B SRR bR R A (R B S R 4845, I —E
BIAT BRI ST NAE B LASRAS o RAE 55 40 . A
SCABRBAE — B B B, % 8 Be A 8] R FH [A) 253
BRI, kT Bl E L 2 B B AT 55 0 Ui 72
FEWCHER[16].

TE ISR MR B, & B AR FH IS () B 81 2 s, R 1
EFEIRI B E B B2 BBk EAH AR
REAR KIS S, RHZAE BRI i A

Try gix = 1,
Sik = { max sy, A, ©)

gi=
e g = 1FOREREM SRRk A7 E S BE
&, B Mg =0, KA, g =1; 7R REMRITZE]
5 RIS 2. BRI i R A 2 .
H¥E2 CBCARIEAMIHMHTE.
N ZF(t—1), YE(t — 1)Flsp(t — 1)
it Z4(t), YUt Fs;(t)
BREPR G20 (L — 1), Vit — 1)Fs(t — 1)K i%
RSN AL
BRI B Tk R IERI ZF (- 1), YH(E—1)
HMsi(t —1).
forVj e J
if num; = 1 then
BEAT CBBA B R A it
else
for Vm € I where 2}, ; = 1
if K = m and s,,, > S;, then
mj

i .k
ymj - ymj

— Lk
Zmi = Zmi
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i

end
end
for Vm € I where zfjlj =1

if m#iand 2}, ;=0 and Sy, > Sim then

N.
if > z,; <num, then
m=1
i ok
ij - ij
ik
else

if min(y;,;Vn) <y, then
2, =0, 2}, = zrlflj
y’flj =0, yjnj = yfnj
end
end
end
end
end
Sip =1
end

Mnum; = 1, 8 58 {4 R HICBBAZE 2B Bt i) o
M fif 7 (2% 554-647). num; > 18, CBCA
P RVE A (L2 B8 T-261T )T 73 PR B 23 1 Sk
e okt 1 B BRI B b5 B R A R RIRIE B S
BT R 2 P T-14T), s > sim K IE
H kA5 BT, WS 1 B S s kS R E, 4%
e R LIRTINE R p e AEISY LB & i I i ER (ST
XTELEEIR, BRER 0 X E S5 BT R (G 2 PR
12-2617), 2R IEFH KINEREAm(m # HPITIES
. HEW i U m APATAESS j (B 2 h13-14
A7), B i TR 5 A R R AR AT AR 55
(G2 B 154T), BHANCE A IS M e
PRECR R AT 55 oK, AT S k2 4 16—
1747). t T AEAE 55 E e i i 7 b 3 e Ak WO 45 24
WFAF AL AT Bbr, DRIk 290 Re I0C B P B R 2 4
i, B AR R 5 TH AR R 2 TR 7 AT 45 3 Ay B U 7 oK.

Na
S, b < num; RUMES A L RHMANE, 3 H24
m=1

age,, € tae;\{age,|z}; = 1}, {£55 5 5 ZL% 7 A
Fiage,, 18 BetRm; FAT 55740 BC i far, W75 22
ST A BB R P B R BERRAEL S 15 N T m R R B
(B9 EE1917), BB A E SRR, B
min(y,,Yn) < yy,;, age,, Nage, # @

LI, R 2 1A 55 B B P9 BOPR (LA AR 2 e A 45t
R, Dyl il AEEH, SR EAIRIY, iE8
PRIREVNR R REAA.

3.4 HEsE

SCHR (1019 CEBHCBBA it s s i sk 22 45 5
I /7 57 3% 8 ¥% (sequential greedy algorithm, SGA). N
T 2 BT 55 2 B RE AR BT BUAE 55 1 oK, A S HR
H T kI Y 9% 28 59 (improved sequential greedy
algorithm, ISGA), %y 3 fiir, Hr

Na Nt
Nuin = 3- X 255
i=1j=1

B3 Suk Y S AR

N BREREET, AT AR T,

i AR € THTESS ;.

) = ci; {2}, V(i j) e I x J

n,=1Viel

forn = 1 to N, do

if num; = 1 then
[FISGA%Z:
else
for m = 1 to num; do

(n)

. I*) = arg max c,;
( n,m7jn) g(i,j)EIXJ 17

Nz o = Miz . T 1
b =b Ve (i}
bW =b"Y, Vi £,
if Nis . = L;; . then
Lo = L\{3}, .}
cgg;{} =0,VjeJ
else
In+1 = In
end
end
Jn+1 = Jn\{.jrt}
AtV =0, Vi € Ly
A = ey [b"), V(i 5) € Ta X Juia
end
end
1225 SCHR (1017 501, R 20 A S — B s %
SE RN 2% ELAR A DI oA 2 B Be ik RS 55 7Ie,
H A BE AR FIDMGYE 2 LA, 243 55 fi b B
IERIRECNERS, H
z;f*7j;(t) =1,Viel, i* €I, Vk<n, (10a)
Yoy (t) =l s, Vie L, i € IT, Yk < n,
(10b)
Hor: (Ir, 75) N ISGA B AE 55 k UGS A 21 1 iR
che g (1" € I) ARERIME. NI BIS AR RO
1) CBCA %33 th %8 G 1K i 4T % 40 7 | L;(n)| £
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by () [ 3175 2 SISGA B v ot B AR JE T 56 4,7
LA, B

2) Bk € It PUTIES 5, iGN
_ (n+1)
Yix gz (t) = Cirjniy (12)

Eﬁyf:,jZJA (t) > y;;(t)’ V(’L,j) € ]nJrl X JnJrl;

3) Vs = t, Yk < o Az (s) = 2 (D),
y;*,j; (s) = yg*,j; (t):

4) BRetk e Ik PATAESS 47 UGS AE 5 8
IERIE P AR, 3 EASAH HAR ek AN T
=, B

yf:,jgﬂ(s):y?,jzﬂ(t)>yz»ﬂ':+1(8)’ Vs>t, Viel;

5) t &L DiCIBE G, ZHE RS —2BUAA

MR ReR € I MRPATAESS 5, B

Yie e, (t+ D) =yie . (1), (13a)
Zege, (t+D) =20 . (1), Vi.  (13b)
5131 nD#RIEE)E, CBCARIERSAZEniKiE

RIGISGAKLZE, W
z?;yj; (nD)=1,Vie I, i* € I;, Vk <n, (l4a)
Yi- j: (nD) = . o, Vi € I, 0" € I, Yk < n.
(14b)
WE CRASHEEIE 5 B, fEISGAKREH, BT
arg max ci- ;[{@} =Jr, Vi* € [[{ECBCAB L 1R
J
R4 s R B fe ki € IPRAT45 57 INT S
BWHEINL. NV, §) € T x J, Vb
ci- j: [{2}] = i 5[0].
PRI S AE J BEIEAR A 2 B ReAAR X 7 HA A B8 .
B J5 PR OSTE RN B et DESIBE 5, BT & RefR—2
IWAHB R € I FEHATIES j;. HE51R3)FI4s
w5), &
zZ]k(mD) =1,VYiel, i €I, Yk <m,
yf*,j; (mD) = Cz(‘f,)j;7
JUEE)
zf*ﬂ-;(mD—i—D) =1,Viel, i* €I, Vk <m+1,
yf*,j;; (mD+D) :ka) i
Rk, n DB G, VE < n, ZRREKRRE B0 N
HEREED € FMREPATES ;. IR
EE1 USSR NDNZ KRS
KA RS @ AE L, 5255 5844 K FIDMGE- 43 pL i
i, CBCASIEINS T ISGARZ, RI

Viel, " e, Vk<m,

Viel, i"el;, VE<m+1.

37 %:
zng (t)y=1,Viel, i €I}, Vk < Ny,
(15a)
Yio gz (t) = € jiy Vi € 1, 7" € I, Yk < Nygin.
(15b)

W R HE S5 85 R 5] BE1, Vn < Non, 7 581 fift
B Bk & idn DECIEAE )5, BT A 2 fe A #5A [RIISGAH
AU IR, HESR3) AT A, X ST G SIE P A S K
AU, R ZE I N, D3RS, CBCAR VRN S
TISGASE. iR
4 PiRGR ST

PL £ 28 {51 % # 5 A\ Hl (unmanned search aerial
vehicle, USAV) A1 % 7 & & A Ml (unmanned combat
aerial vehicle, UCAV)#K X PAT 1152 5 B AT 55 193,
X3 H B H ICBC AR v 3 AT 1/ B 58 IE, 55 %1 16
CBCASLVEM AT AT AT I E, 512X CBCASLVEAN
CBBAR LTI, B3 K 3 XCBCAK LS &
A A R P SR T LA

BB 2 T AN BN AT IS 4% 15 HSE I
5 1€ Intel(R)Core(TM)i7-2630QM CPU 2.00 GHz it
B LEAT.
41 CBCAHZEMESRS T

H I SATE AN B AR T B, 1155
23 1) 9 BBl ¥ 2 95 km x5 km x 2 km, 17 5 1 6 A BN
HAMIIEIRAS S Bz LA 2R, HAMKYE A Tk
ITAESS 7 32K s HAR(FR22RUSAV). BitiZk
H AR5 228 UCAV) K2 125 H bR (75 238 US AV
1ZEUCAV). Aty = 10 min.

k1 RAMSSGL R
Table 1 Initial settings of UAVs

ao o UHATERK WG P/
UAV fi5 11255
L 1E554L, A& /km (m-s™h)

Vi

1 USAV 5 (2.3,3.4,1.0) 30 05
2 UCAV 5 (3.7,4.8,1.2) 50 0.8
3 USAV 5 (44,04, 1.0) 30 05
4 USAV 5 (1.2,4.9,1.5) 50 05
5 UCAV 5 4.5,2.7,1.0) 50 0.8

% UAV RTS8 2 00 3R 3 i, AL 450 et
B s, X227 A9 H brTask1, & SEUAVIFTUAV3#E
FTA0TEE, WUBUT 5545 7R JE UAV ST AT 555 /82T
B H F5Tasks, [FREE 25 UAV L FIUAV3HEATII5E, ffi5g
1T 55 45 W J5 UAVS AT B AT 555 I A1 35 4 1 42
USAVHAT Al 52 AT 55, I ALUCAVHIAT Al i 2
fE5%. M BRI Rl 4 1805.01.
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& 2 AEHERAHRE
Table 2 Initial settings of tasks

f£%Task WIEAAIE/Am AFSHRA FSIEEr, MEHHIRTA; £S5 durj/min - A£550 (8] % H/min

UAV1

UAV2

UAV3

UAV4

1 (2.5,3.0,0) i, Bl 95 0.7 15 [0, 30]
2 (2.4,1.6,0) Wit 100 0.8 10 [20, 70]
3 (3.2,3.0,0) gz 85 0.6 10 (10, 100]
4 (5.0,3.3,0) Yy 100 0.8 5 [40, 90]
5 (3.5,49,0) Mm%, Kk 95 0.7 15 [30, 100]
6 (4.2,4.8,0) gz 85 0.6 10 (30, 100]
7 (4.1,4.9,0) Wity 100 0.8 5 [60, 100]
8 (0.5, 1.0, 0) ie= 85 0.6 10 (70, 100]
9 (2.9,0.9,0) gz 85 0.6 10 (80, 120]
% 3 BB SHEER
Table 3 Assignment results of CBCA
UAV (1458515 p; FE55EE4A T R] /min RS A

1 1,3,5,8,9 3.24, 20, 45.63, 73, 90 98.4472, 83.9587, 98.5652, 83.8367, 83.4331
2 2,4,7 33.4200, 67.4300, 80 97.9972, 98.1883, 98.9823
3 1,3,5,6,9 3.24, 20, 45.63, 61.2445, 90 99.2818, 83.7130, 98.4388, 37.9006, 82.9547
4 6,8 60, 73 83.7221, 83.5556
5 1,2,5,4,7 13.24,33.4200, 55.63, 67.4300, 80  98.0572, 98.2230, 98.9910, 98.6584, 98.1057
T T T T 2 T T T T
= =
[~ 1 = -
H N ] = i 1
0 2I0 4IO 6IO SIO 100 00 2I0 4I0 6I0 8I0 100
t / min t / min
B Taski M Task2 [ Task3
' ' T ' Task4 Task5 Task6
l Task7 Task8 M Task9
B 1 R2 AN 1A
L L L L Fig. 1 Path lists of heterogeneous multiple UAVs
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t/ min 17 FL45 TR I CBCABVE W] il Y 2% FE A BE R 2
W FARSHEG R R ST R B 200 ) 340 2 B Re i
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0 20 40 60 80 100 S S i F M, 8402 52 1 2 1022 UCAV G204
t/ min o1 B ARSEAT I, AR5 ER AR 3229100, IR
K190, Atin = 0. BARZ HLLUF 3Rz 5
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| | . | 3) 10N HARTE 1 22 UCAV, 10 > H AR B 2 42
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t / min

UCAVZHBE ISR, 1F5 42 M2 30—,
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Fig. 5 Comparison of average total score based on CNP

algorithm and CBCA
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Fig. 6 Comparison of average mission time based on CNP

algorithm and CBCA

HAGI3FH CBCA R T ¥ Wi & {H 1641.32, -5
fE4% 5E B 1129 101.3 ming A 17 WX SRS AE
1701.803, “F-¥I4F 5% 5¢ B 1A] 4136.5 min. 1 B &5
W], CNP HEAE 557y IO (A 1% v T CBCA %,
{HCBCABIE 44T 25 56 AT (8] B S 4 4, BEAF-A P
TR RUAIAT AT 55 TR X — 45 B 32 B R R A
T 1) CNPHEE 1328 et N B2, Balioil 2
PR TR SR SEHA T Re bR 15, AR 42 R B R e SR
PR I B, T T SR 28 SR 1) 70 A sUCBCA B ik 5
AN ReAR AN SR A AR AR Re R 1015 B, LAMAIL
B 2 fe R A b JE U, TR 5 B CBCA S I i A
FHXFIA; 2) CNPALE H A2 e 5 MBS Yl A



11

JERRERSE: RARLRORE T R 2 B eI BT 55 e 2421

R BEAA A% H AR BAS BT /& RS BAE A&
7], W2 R AR RE AR B & R U2 75 A e I 4hAT
ZAEST. 27 B A% H AR G SR, WO SE R B REfA
I 1A SR BE AR LI B A5 T B A AN Pl 415 B U
SEAE SR HA S BRI A - e Bk
JR 01, FEROE AR AT bR AE . B RERIRIIN ) 3 AR
5 Hhr FECNPRIEBEE EHOK, A5 0 BURR IR,
MCBCASLEL T &% B RERL T T 6 B H 55 2 i fs
B, FEEEERVN, TS s S .
BE— P, SR T SRR I 2 iR 45 R 5
TEPPASAENDR SR A AR S5 PEEAT A5, BT

Nm

Q = ~ Qi7 (16&)

Qi =ax R +5><tf;i“, (16b)

o Ny WS RFR ISR IR B QN F BRI
DHG QREIE RIS B oS5 N EIE RIS,
SRR RISE A E REG R NERF RIS
36 B KR R AR R(3) NS R BRAT 45 2 Fe IR S
tonin N S I8R50 o B B R 3B AT I TRD; ¢ ()N
ORI FIRIBATIS AL, Y€ Ny, = 50, FE 53 E
3FRCE RAA A

) a=0.6, =04

2) a=05, =0.5;

3) a=04, §=0.6.

BV S5 R a0 T B,

50

40+

301

ARSIl

20

0 a=0.6, /=04 a=0.5,5=0.5 a=04, f=0.6
[ cne [ ] cBCA
Kl 7 CNPHVLECBCARIR RN L4,

Fig. 7 Performance comparison of CNP Algorithm and CBCA
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