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Abstract: Distributed decision-making is one of the key components to improve the autonomy of robotic agents. Based
on the problem of robust task assignment for a fleet of unmanned combat aerial vehicles (UCAV) and unmanned search
aerial vehicles (USAV) to targets under environmental uncertainty, a distributed task assignment model which considering
multi-constraints such as sparse connected network, UAV performance and task execution ability is given firstly. Bayes law
is adopted to handle both continuous uncertainties and discrete uncertainties in mission space, then an on-line cooperative
approach based on consensus algorithm is proposed for the given problem, and the decision rules for conflict resolution
is given afterwards, and then a distributed task assignment algorithm which can simultaneously allocates UCAVs and
USAVs fastly, is proposed. Finally, aspects of feasibility and rapidity of the proposed algorithm is verified according to the
simulation results.
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HasEth i iz Wtk iz
G(q)-F(q) Fg)
L 1145 ik ¢
1B B4 Ha, 1514 L4 Ha,
MR o AR
| — 5V i
L | REER L, BEE R L R, |
T, + ...................................... :
R4S B
A IR

S
RS

4 K

K 2 A5 B S A TR

Fig. 2 The flowchart of task assignment algorithm
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FIERIEINNAT S S50 UAVS L A G2
KM ZHL Tt OAE S S UM R A R, AR R &
d, (EBPATI ZI5Et, K UAVITRIIES 7 Bl g R
z, ITHUAV TS i R e.

BT F S, ¥ USAVATUCAVEHTE L 5>
B, 73 BC R R EAFE AN B AT S5 ik B B
55— pTEL.

TEAT 45 8 3% B Be, USAV 5 UCAV [F) I 2 37 &4
UAV ] F IAE 5552, 7% 1& B UAV I PERE Z) SR (UCAV:
L;,, USAV: L; ) {E5ZIH (N, Ny), I A 2 &
B H bR BCEUSAVY, LLG(q) — F(g)1ENliik
Hr, SEUSAV IS e, FE, LLE (g)1E itk
HR, 5ERUCAV RS 73BT, T8 R 1520 0) 7 Bl b 51
a., a AT EA, VS SE N TG UAVIAE S5 R a
YEH N, BT — SO0 0 S N, A8 =) 0
B EHEUT, e UAVIE IS B2 B S5(E 5P
TESFINR, 132585 PS5 i ss K.

o5 tH BT AR LR P R SR mss A — Ebh R 1t 20 A1 20U T 55
S BCR AR FE ARSI R

Hik1 AR D RCREE .

Data 1F 4% 2 #iTask, UAVS H(UAV, %] %R Cons-
traint.

Result d,t, z, c.

begin

q <+ F(q)
forVieZ
b+ O, z,+ @
end
Lig € Ty = {1,--- N}, ic € T,={1,---,
N.}ig <= 0, i. < 0.
while |z| < Nt do
fori. < N, and |z | < L;,
if |z.| > % L; then
break; =
end
a., —AE5%#E(F(q),d,y);
if com; , = 1, k € Z.\i. then
UCAVy, : y, < UCAV,, :y,.
end
¢, +——BHH(F(q),d,y);
a. < ac, ;
end
foris < Ny and |z.,| < L;, do
if |z > % L; then
break; =

end

if a. # @ then

R = Qc;
end
else

Kk =d;
end

a;, <~ 115%i%1%(G(q) — F(q), k);
if com;_,, = 1, m € Z,\i, then
UCAV,, : yn <> UCAV,, : y,.

end
c;. +——HWA(G(q) — F(q),k);
Qs < Ay

end

if |a.| > |as| then
b, < ag; b, + ag;

end

else
b, + ag; b, + a;

end

zZs + by zo < by z — {z, 2.}

b, «+ @; b, + @; Fiic;

end

end

4 FHERAUES 43 (Verification and analysis

for algorithm)

g5 3N BB, S0 1 B T I E A SR VAT
55 AR E P 200 =0 0R S S 244 N
FIR K] 10 50 ) T AT s R4 2 T 6 E R K1) 5 e RT vk
FEANHA 8 AT 55 0K 2 6] T OO0 bk AR s A 4545103
FH T B8 UE A SCREAE AN 8 AT 55 FUKI 23 8] T is )
PR AT SR
4.1 {FEHEH|1(Simulation test 1)

{ES5 2 (B IR AR SH R B R 127, AN 2
H R4, X B A i {E ga () € rewardyq = {100, 50,
150,200}, K4 = 0.8, g KA HFr6AS, XY sk
THEH 2 i An, BaRea B, BERPENT.on
=1s:

F(Qc(t)) ~ N(q_c(t)v 02)7 (24)

R NC)RRIESIAA, () NEiliir i,
o NI AARIEZ, g (t) X B S5 R A

7.(t) = qoe™, (25)
25 qo AHE B FRA RIS HIE, ARk
B T RS
B 45 2 IS LA
x € [0,100] m, y € [0,100] m, z € [0, 50] m.
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UAVIHIEHLE . HARIAa A & BN ST 24 - (26)': posyay NUAV IHTIE AT pOSpyype N H

posyay = [2) ¥ 23], BRIGVILE AR KT & R B 0—1 IE S50 A [RIBENLEL Zomax
DOSTrger = 120 4 2], NS 2R 1827 TR KR, Ymax RSS2 W)y 7 A1 K
e € N(0,1), 26) M, zua S22 5 1 M.

0

20 = s Y2 = EYhmes 22 = s SUAV 5 BT 51 91, AT 2505 Bl 22457
0_ — %, K UAV IHES 3.

0 _
LUt - Exmax7 yt - eEymax7 <

% 2 UAVAF A SRR R
Table 2 Simulation parameters for UAV

i POVBRER TTHATECR AVEUTI @

UAV  #i&E P N . 1 i
CYAT/RAE) E5EuL; HE/(m-s™h) UAVEE

USAV 2 200 1/0.8 2 [0, 8] 2

UCAV 4 200 1.5/0.8 3 [0, 12] 2

& 3 4R My ARG R
Table 3 Simulation parameters for mission scenario

Htrdm s Skt X RATE L ML ERAE WARAE T FEFa U AT FER /s AT RS H /s
; e s T1: [0, 100]
1 I E, WAHIESA b 2 100 0.01
HREURE, Wi R T2: [10, 100]
2 K E, WA HIESAb 1 100 0.01 2 T [10, 90]
3 FRAE, WAL 1 100 0.01 2 T: [10, 80]
IR, WA (ISR L 1 100 0.01 2 T: [10, 80]
, e se i T: [10, 110]
5 I E, WA HIESAR L 2 100 0.01 2
IR, W (E IR T 110, 120]
6 RIS, WAL T1L 1 100 0.01 2 T: [10, 90]
7 RIS E 2 — — {10, 2} T: [0, 60]
8 HRIUAHE 2 — — {10, 2} T: [0, 70]
9 KT E 2 — — {10, 2} T: [0, 80]
10 KB E 2 — — {10, 2} T: [20, 70]
k4 HE5PATE
Table 4 Result of task execution
UAVHi'S UAVER (E5KFz;, ARSI,/ Wi q; SR AT /(m - s 1) BRIHTEEE
1 USAV  {7,10} {35.7681, 67.4537} {22.12, 16.76} 5.23 92.5877
2 USAV {9, 8} {45.367, 62.529} {17.06, 12.33} 6.31 84.733
3 UCAV  {1,6,4} {20.83,37.841,56.478} {67.439, 45.65, 32.809} 8.78 134.6742
4 UCAV  {3,9,10} {17.761,60.17,79.841} {72.136,45.619, 38.176} 9.54 170.4574
5 UCAV  {5,1,7} {15.03,30.597, 50.663} {79.315,22.208, 61.207} 7.42 114.7508
6 UCAV  {2,5,8} {10.546,19.378,77.301} {88.31,35.006, 40.332} 9.15 161.4116
= 2 T T T T T T T T T ; 2 T T T T T T T T T
E l}‘ 1 1 1 I_ 1 1 I_I 1 ‘{ 5 6}‘ 1 I. 1 1 1 1 1 1 1 ‘{
= 00 10 20 30 40 50 60 70 8 90 100 S 0 10 20 30 40 50 60 70 80 90 100
t/s t/s
o (9l
2 T T T T T T T T T 2 T T T T T T T T T
Z 1f e —— ] SN T
wn 0 1 1 L L 1 1 1 1 1 @) 0 1 1 1 1 1 1 1 1 1
2 0 10 20 30 40 50 60 70 8 90 100 2 0 10 20 30 40 50 60 70 80 90 100
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g 2 T T T T T T T T T 'TE‘, Xﬁttéﬁ%ﬁﬂ‘l
5 1 }‘ 1 I 1 II 1 II 1 1 1 1 <I
=] 00 10 20 30 40 50 60 70 8 90 100 800 T T T T T T T T
t/s 2 750 B
s, g 7001 -
<>E 1}> |. |. T T T T T .I T ‘{ Z} 650 | B
@) 0 1 1 1 1 1 1 1 1 1 @ 600 | 4
> 0 10 20 30 40 50 60 70 80 90 100 oy =
H_ = —
21 = 5001 -
- W AR RS e R4 RS 2 oasof D\”\U 1
Hize mm Hi:7 mmEirg mmE R0 mmEHAR10 m 400} .
3 ALEAGTROI 551 jord IR S
3001 2 3 4 5 6 7 8 9 10
Fig. 3 temporal sequence of the task assignment
AHE BN/ N
FH 07 545 5 AT 0, RIK 45 R0 2 AT 55 R I (7] & - RIS —a BRTS—B
—O— TELR R W —A— B LR U B

L2, AT S5 FERT 21, UAVI) KATIREZ10R, UAV
PRIMZI I, USAV 158 BUS AN E HART, 1007 A1
N, il R E AL IS e O R IAE B E L =,
SR IR UCAVS, UCAV4 SZHLX #f A S5 H A B
T USAV2 58 A AN & H AR 8, OFI B EE i,
RGBT UCAV4, UCAVOSZ I N J5 H AR R
T, BRIEE RT AT

4.2 {iEHEH|2(Simulation test 2)

UAV I ES AR (W3R2), B B3R A K]
125550, AR IATSS S50 B NSRS, e K8
H A5 X NAT 555002, B e 252 B AR RIAT 555032
R, HAPESZHRIR3.

£ 5 3G FAES AR
Table 5 Simulation parameters for 3 different

scenarios
. g e AtfEn
Yisds B UAVHE o
HArtiE
1 10 {USAV: 2, UCAV: 4} 3
2 10 {USAV: 3, UCAV: 3} 5

3 10 {USAV: 4, UCAV: 4} 7

HIZRS TR, 501 E 3T R E B8k
ORI N, BIE S5 25 8] AN B 58 2 AR RSN x B s
Rz E AR,

* 6 kIR e
Table 6 Comparison test setting

AEgms MRIEYE MR
1 Prim?¥ B WFE
2 Prim®"  fEZPE
3 N S A N
4 —EPA ELPE

BB SRR IT IR B CN50, 23 Al A
[Fi SRS AT S R 25 SO0 L) H AR R 0T 4

4 XFLEgnas R

Fig. 4 Result of comparison test

FH I3 1056 b g S mT A, B AN e B AR SR 1)
AN 0, 25 2T L 1 B M ek PRI JE e X bl
prim &R AT 55— E P A Sk AT A, AR 55— B
SR RIS B SE A AR, X B A 28 B 1] SR AR 8 2 T
[Fi) SR T 1, E 4 P [) SRS R 8 B P 58 AT 55 1
R, F L ) ) e MR AL s A 55 2 TR TR AN
H RS SN ZE 70, 76 28AF 55— S A S N
FR B H b 2R BUE PR IR 2 N 14%, 35 2RAT 55— B i
SRS AR IR) B b R B PRI 2928 %.

FIT A, il 54 2% 25 (B AN 5 B TRT AN BT 388, 7 2%
I SR Ko LR PRI R AT P PRI /DN 8 4B el 4,
E 28— B R FIELEAT 55 25 (R ANHf e 1), X R
fif BEAR, HAZBEEAS T 2 B 0 15 B fEZR
IFE) 5K S G % % B i) SR 5 2 () B8 3, B IE T3
BARFIPUTS 23 H.

4.3 i EEHI3(Simulation test 3)

X T Wp [RIAE 55 BRI 0] A, i R 25 — 77 T B A
XTI R H b R B E (L), 53— 7 TH I8 75
2 R LRI AT I TR) (S, R 48 A R
i HET) :

Nmc
Index = ) Index;,
i=1

; t
Index; = o X —— + B % beSt, 27)
best ti
Q+B:1,i€{1,27"‘,NMC},

0<a, B<1,
KQRDH: IndexT IR FHIEL T Nyc IR 5 FE R %R
I8 B 43 0 Index; 6 78 5V BRI 1 4 31
Thest T 5 RV RS I FR A5 21 1 Aw bR £l 5
KA thest s HARME SR RIS IS R I S i . s
AT TR J;, 53 RN FE RS0 6T B A BR E B
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FRRIARAE: F T HARME EAG T A 3R B PR 55 0 e 7 72 575

MEEIZATI 8] o, B3 7 227 A il g D0 12 A1 5
VRSEINVE AU REL 1T RS AT N
AT IR, SR SERHRE RGIRTX64E N
PHABATIA, FR AR — & 1AL,

it B HEAT XS EE Ay B B SRR LS A LTV (con-
sensus)~ Prim 5 v . WCHE AL 46 5 7 (ant colony op-
timization, ACO), FiEHZ1T s 5% 2-3—5, %
JE S RIS RI BN Nvie = 50, FF 3 B 3R E
REAE, Al

1) a=0.6, =04,

2) a=0.5, 5 =0.5;

3) a=0.4, 3=0.6.

LSRRI B Index;, BETIAR 24N F THLF3
FRNE M Index, 13 145 R AEIS P,

50
45 -
40 -
35r
30
251
20
151
101
5k

HEARME

0 0=06,p=04  a=p=05  0=0.4,=06
B RS O R R
B 5 SEMEReRT L s
Fig. 5 Result of three algorithms based on equation (27)

bk g mr g, T B RE AT 5 o il
SRR BV (A ST T7 125 consensus) ) SR VEREN T3
FH F6 3 1) i 23 (P R BSUREE 552952 ACO). 24 v
18 S M E B 0.438 0 220.615, AR ST VA AH T
J& PN 1945 9 ZE 4B 23 0 5 %1 s 220 13.5%,
B S I PHEAN L i e R A A AR TR B, A7
YRR 5 PR SRR AR 7 2218 93 1) )94 5% M14.6%;
FH AT N, 78 ORUE R AR AT IR T, A7
AT T A B s P AR A SR S A A B
5 45 (Conclusions)

1) fEMR(EEERR AL 90 FR A AR5 E R g H
FRERIATE WG OL T, AR5 — B iR Bk v i
Je s AEAE 7 3, TEA 0D BAT 55 SR ) s
MR, 856 — S BB FTELL P [F) SRS 1)
PR, AT BB AR A RN 2 (R 70 Af SO

2) PN S 2 (B I A, JE ek DL e By ) s
SETARFN BARAE TR, T80 R R RAT AR
REPE, SRFITES P A SEmE, DL “I038i0 4] B SR s
ITAESS, 1 B4 R TR B, 1% SRS m] SIS AT 45 2 [a) B

WS S B e N, AT A Ak R 5 SR s A
3) HEHIBAES G DLW AR FER 20 UAV

TRAT I 23 UAVIRI 2151 L JBERIEZ) 5R L 15 B

FRAVRELAE T, FETEL W R SR (AT 55—y

WEIEN] SERAT S PSR SR, AR — 2R

SEHMME.

6 JET1E5 R (Future work)

BARTE— L B b O & 5 LR AT AT 1
G BV HT, (BB UE A SR EALVR A &, &
ABAT AT FEVE RN SR T BT & A
iE, BB, #FFCIRGFAEVF 2 AL, TRE E I B e
A AE:

1) B X SO AL, e H A H Sk
VB IR KA BV EAE P &, HlE THE S
TEAE AT HEAR, TSR E A2, ML 58
PREVE FAT AT, FrLARR T 5 B SC B GL R
SAEHI, T TR EEE R UAV [ A AT Z05R, kAT
RhEk. RATRAE . B E GRS, 5 Ak e A
B IR FHHLEE AR 1E R i (robot operating sys-
tem, ROS) 5& VA 30 IE ;

2) BARCEH FERNMT S 25 (I 5 RE i T2 FR 1
SO A, B oK RE I A i % HE I AR A T, L
R4 25 (M T B 2 S EUE RS T B, J5
BNG Ak SR AR, REAE W L AT 55 5 (] i A
AN 8 PRI LT B 3 B ) gt — P .
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