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V= TcosacosB — D

m

— gsiny

~_ Leosu — Ysinu + Tsinacosu N TcosasinBsinu  gcosy N

g = Lsinu + Ycosu + Tsinasinu + TcosasinBcosu

Y mV mV

mVcosy

i =P +t .
H any [ mV

m == cT
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L =0.5pV*SC,
K. 8 UCAV I I8 T, W UCAV Fe KAl H
W1 3p NSRS N R ATAE R E AL C, A C,
Sy AR BH I FIT T R
1.2 UCAV #lZ KT X =5
SR IE BL AR B 2% A rhoR BE L 3R T 0l SOR,
UCAV 5750l 5 HE 3 B A7 76 4R 2 1) DX BRI x4
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O(p(h)) = ;Q(P(h)) (15)

Q(p(h)) BN, F20] UCAV 32 3 B s b i
A
1.4 UCAV i #i % B #x o5 £

UCAV & F R 78 80 %] H AR 58] 4% 3 A0y
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— ARSI B R B AT, AR LI 25 2 o S 4R
il FE R S AL FE L PRk e A HLAT 78 R 1 52
I

PRI, 3 At 30 000 e 1 2 ol ) A A A5 ] s —
WAL R

L8+ AL N
min [ L6 X I pu(®) = (1) |+
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A
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H
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Otavi(k) = |:¢UAV'(k> ) Wiavi(k) + 2:|

(25)
st
_a0(p)
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RRARR 52, 2 5 1 i X
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31 ESMEREE

UCAV MERES BN 2 R, L5505 BEAEE N
T UCAV A E M (2,3, 1.5) km, Hi 11 5 245 H b5
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GRARLIN A Wy = 135°, y, = O, Wl WA B &l my, =
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T g 1 A S, IR 43 ) 2 TR Tk RN By 2
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Yreease = 0% 3 Wt € [ —10°,10°], 0, = 0%, C, =
C,=0.5 I E RME £=0.6, 4, =1 km, EIGHT
ZIN 1,=0,At=1 s,

*R 2 UCAV HEES#

KATRRER,  REREE BRRHHAE R EAT i Vo) Wi 1/ (Vi Vi 1/
kg THRY/m’ A /107 ¥ /km (km +s™") (°) ()
13 760 49.24 6.377 [0.082,0.59]  [-180,180] [-89,89]
[ens @]/ (B Bun 1/ (i b 1/ i N A V- N - R VA ey e
*) (*) (*) g (°-sh (°-s™h) (°-s)
[-10,30] [-20,20] [-75,75] <6.8 [-30,30] [-10,10] [-50,50]

32 B2 1L:.HSHEMTRNGESHT

Y& 1 1 UCAV BAR A7 E M (2, 3,1.5) km,
1A & 5 HARE T (14,14,0) km 40, 5373840 3.1
TR . BRI 25 AN 4 s (BRI a5k
& UCAV RATHLE, 5 0 2k 2% 7 il 5 1 3 3
W), B TmE K 8.42 s, KU RATI 90 s,

Y/km  Z/km
o =

w 2

»\\\ 0.6
01 020.304

10 20
X/km
b) 2D

Bl 4 UCAV REFFBIUN

Il 4 1T DU 2 SO H A 78 26 1040 5 s
A RTS8 R G TS, UCAV RE % R 35 b T 4% B
Jolp | B3 ) AT B0 DX s AT R, s A B
BT EX 0 1 0.258 0 km,

33 BE2. BB EMTRNGESHT

TSR UCAV AR 35 HCTE Ze ik B4 7
AR AT S AR, W 2 oo R ALl EU AT
B H bR B 0L AT 05 B SR BBl U S RO
UCAV, BilE424 0.5 km , H A3 A 200 m/s,
TIL I FA R 1350, HLiEiHLah B AR DL 30 m/s B
FERAVEAL T 1M F£8)

5 GRS FBR T UCAV Al

T HMRR ST UCAV 782 HL R i
B S T UCAV (il i =4 g |, e
L SR UCAV il , v i R AR R 28 & L)
UM, TR L B T S K S | R A2 B LS
HARIE, BB TR R 9.35 s, B CATHI Ny
94 s, ARSI B AT X 0 5 0.032 7 km,,

T LS AT, AR ST B B8 ] S sl A Ui
5T UCAV 7EEATIM AL, 4 RATHEH 71 s B,
UCAV FRI 2] 58 K AL 20y Ja Wy , 388 38 528 4 o 5 8 52
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RRLSI A, A 2 K3k SR UCAV AR5
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BLBEE FIHL Sl H AR 19 32453 5 1438 F 1
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SRy it — 25 B IE B B K A ST R AT R K
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030500~
10 20
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070>
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\0 170203%
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FIHNT 2 PSS T B9
AU A LI A B A ) P D) AL FE
R3 HEBHSHRURELE
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Bk 2 M AT EREE,

H13E 4 WL S FA SO ke i S
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SE K
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9 60505
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D — = ol SO
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= 030505
10 T20
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K7 Sksh SR AGE X A

KA T 2 FEEAE ST 092 b

AN TR HE
R4 BEBTHRERELER
Fiks PR UK km
1 0.005 3 18.649 7
2 0.006 8 18.420 3

H 5 AT LU Y, 2 a0 A0 0] 0 ot 3 8 48
Wik TR B BB, BT A SR Bk R Y
ST AL AT - 38 U B IMBRA T
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Abstract: The paper studies how to plan the trajectories of an unmanned combat aerial vehicle (UCAV) that relea-
ses its airborne weapons and presents an online trajectory planning method based on threat modeling. Firstly, it ana-
lyzes the aerodynamic characteristics, engine thrust and fuel characteristics of the UCAV and builds its dynamic and
kinematic models. Secondly, the trajectory planning model of the UCAV is formulated with flight performance con-
straints and battlefield threat constraints considered. To improve the accuracy of ground attacks, the envelope of a
guided bomb’s acceptable region of weapon release is studied, and the release center and posture of the guided
bomb work as terminal planning conditions. Thirdly, an online trajectory planning method is proposed. With the
help of threat modeling, the complicated trajectory planning problem is transformed into a simplified situation classi-
fication. Finally, the simulation results demonstrate that the online planning method proposed in the paper can pro-

vide feasible trajectories for a UCAV to succeed in releasing its airborne weapons.

Keywords: unmanned combat aerial vehicle ;online trajectory planning;airborne weapon release ;threat modeling
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