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A method of predicting for trajectory of hypersonic gliding targets based
on Bayesian inference

HAN Yu-chen', WANG Song-yan', QUAN Shen-ming®, CHAO Tao'

(1. National Key Laboratory of Modeling and Simulation for Complex Systems, Control and Simulation Center of Harbin
Institute of Technology, Harbin 150000, China; 2. Shanghai Electro-Mechanical Engineering Institute, Shanghai 201109,
China)

Abstract: In order to solve the current issue that it’s difficult to predict the trajectories of a hypersonic gliding reentry
vehicle (HGRV) due to its strong maneuverability and flexibility, a trajectory prediction method of the HGRV based on
Bayesian inference is proposed. The method is based on the information that the HGRV is going to attack a place and
the battlefield situation, designing the intention cost function to quantify its intention. Adopting the Bayesian inference
to iteratively deduce the maneuvering mode and motion state of the HGRYV, and finally using the Monte Carlo sequential
filtering method to compute the target’s state distribution and predicting its trajectory. Simulation results show that the
proposed method can effectively predict the trajectory of the HGRV and provide the probability of each target being
attacked when there are multiple targets, which can give a reference to the defense to make decisions.

Keywords: hypersonic vehicle; trajectory prediction; Bayesian theory; Markov process; Monte Carlo sequential filtering;
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H, THBH FE AR IS Bl R AL, IR SRR Oy — U Y
R ZR A SOk [6] MR 5 L HGRV BB EL &
A 2 1 1G K HRF , EESL T THBEL L B T AR TR AR A
HGRV 130 /15275 12, i 7 7+ BH EE 5 B2 1] 55 32
3, o HE AR ) TN B SR [ 7138 T — AT
H & M. A2 B % 15 7 (interactive multiple model, IMM)
PREZSLIR, IZFVERYE B AR S SR A B AL zh
75 30 R T e/ AUl A BRI TR 7 92 SCHR [8)
MEHCAT & = BEAE N NS4, R 1 E A 3
JHET (auto regression moving average model, ARMA)
BEAT TN, 162 75 ik S B g B, TN 45 by B A T AR
P, H 2 032 3RS R AR B 1 5 N §E 7 22, Z 8
A HER.

BT Gt 2 S B AR a2 RO 7 2 A e i e
FUAR g s AT A5 B G TH BB il oF H AR A 50 3%
il A A, 3R AT AT SR P A e v A AP,
SCHR (9] $ Y T — i 2 T sy 07 VR 5 A 2R ) e T
T3, G IT iR T 3 s 45 D IRE X AN ]
(138 B AT PO TN STR (10752 T —Flou )
X I8 #4128 9 2% (dual-channel and bidirectional neural
network, DCBNN) #4584 H F Fil il HGRV 7£ 76
VEDRI DX 0 A 000, 5 T 0 v 257 5 B A s T g
AT 7873 M T S e, v AR AR T R, E
GEFZN EC LI LS

F T B AR AL 8 = B PO T 7 2 e e il i 42
JEHGRV iz H HIPESRBOGE L1 H Frizah iz B, I
L SEIR M AT 2R 80 ) S AR Y, DLER T s Tt
A U214 A SRR ST o, 38 R R BRIk K 77
VR AT S AT B, TR [14] £ 5wl A
AT @ BB S T [, M e A AT
A BB RE i, SR A T BT 2h A DL i o) 2 HE R 7
V25, 0 vRr R P RAT A 5 BT HARIE] 0% R BEAT T
B, DL ALl L2, R T B ARLEh 2 B R
EETRIN 73 By %2 B A = B U IR, 5 S BUL
T A B ALK

N T i iR e HGRV Bk Tl 3AG 77 5d
VEZE L TRINHE 5 AN v B ) AL, A SR HY DL 247 B 4
& B AL DA K S R0 AR BT U T U5 i
T S, 0 TR G R 7 ) 2 AT o0 M, AR R AL R AR
B3R 2 A HGRV #E4T 81 ) 2 (I AR 41 3 ) 22 AR A
BRSNS HERIE N, IR SR BRI R R AE HGRV
BB 20 e 2R ), AR AT HGRV $ M 5 H
PRIIE LT, 45 & 8l & %0 ik = AR iR A
HGRV (150 & B, A DU 4 20 HGRV AL

B AT BB HE; B )5, R SR RIS 7 BB Lk
SR TR

5 _FR A S SCHERAR B, A S S 0T

1) B R P R AT B L TN i) A, DX ) B
A W T2 s HLERAS 2 T 7 v AN T G i 2
7732, B B B bR B S /M Bl ) 2 AR AR A,
PE R TONRG B, FLREBEAE 2 H A3 5edh 145 H ARt K
BRIy ESTHIIENSS

2) (e I E TS AR o, 5l NSRBI I R X 45
) S AT AR SR AR R TR 4 | B SR Ak, A B T A%
S e BT, AT A R S 4 )RR S o
W

3) JE 3 51 N BCE B A 1 R R HOk o B AR
BRECPERE, DU 2 S AR B B s A PR 2R, SR
RS ERE.
1 3R
1.1 HGRVZHFER

SEN N FE o 2 38 B HGRV HLEN 1) 32 2 7 A, K]
L) A TS Bl N TE B a f R/ A2 T HGRV 3
TE (1 SR (ELR, T 77 Tk E 3Rk 43 HGRV 1 #LiE
RIS PRAE B, 1 — MO0 R W0l 7 7 2R H
ik BRI & 0 HGRV (AL B | 18 5 2535 5
{5 B AT R AR &, [H Uk, 5] N5 ik 35 R JE K (east-
north-up, ENU) 2445 24 HGRV 1473l 77 24 #E 5.

ENU 2445 2 N HGRV (I3 11205 #2151 N

T = Uy,
y= Uy,
Z= Uz,
N . 2 ;
Uy = — =T +w T + 2wuy, sin go—
r
2wv, €os ¢g + Az, (H
. p 5 . .
Uy = —T—3y + w?y sin ¢y — 2ww,, sin ¢g—
w?(z + R.) sin ¢ cos ¢g + A,
0y = —%(z + R.) — w?y sin ¢ cos o+
r
w?(2 4+ Re)cos® g + 2w cos ¢ + A,

Hrix=[2,y, 2, v, vy, v, ] T 5399 ENU AAER F 1 (1)
XY Z = BRESE, A, Ay~ A, 53 I ENU AL
PR XY Z =3B B2 &, v g o~ Re 77
SRR HUER T T E TR At B AR A Bk
P42,

5E L HGRV 7£ - # & (velocity-turn-climb, VTC)
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Horp:a, AWK & T A B 7125 a NI R
SN RIS J1550, a RNRF N ICTH 2
ENUALHR R B VTC AR R RN

A,
a=| A, | =05p0*THE (v) - u =
A,
/v —y/vg —iz/(vvg) | | —au
0.5pv2 y/v xfvy, —yz/(vvg) a |- Q)
Z/v 0 vg/v ac

oo — /T T P R, — B T AR
ENU A& #5 2 T 3 3l (1) 38 B2, TENY (v) 9 VTC #| ENU
AABR R BB AR RS, p 9 KAUE L. BRI, 7T ST
HAREFPREZEN [z, u]" = [2,v, 2, vz, vy, Vs, Gy, ay,
ac)", WM AR 12T RN & = f (2, w).
1.2 BKXREY
EERIXORAR AT A TR P A R A
DX 3, FT e S S-S R AR BRI A DX I e
AR BTG EUA R R B AT SR A S FEL 1)
DX 3, L 22 5 R AU AT e RE RSB X 5K,
28R X A D G IR v [ A AR, 58 A 1R
FEARZE CIX R H LA RN Ny, i), RN
Ry, RATERRALN R, 52FERIREE R IXANR], B2 4%
X — AR /N T IA TR INTE ], WonT R i Ak g —
YT T HEAT 0 M AE 2R 26 B 4T A, FLa S AT
(ZEZ VS
VO +0-0" R=R2 @
[FIRE, WAT & 226 AN A (A4 T IX R B 8 AT ey 3k
b/ Ml
dy =
arccos[sin ¢ sin ¢, + cos ¢ cos ¢y cos(Ap — A)] - R.
©))

1.3 HGRV#HEHERERY

AT A ISR FE AT BARE ©AT RSk AN
BAETR 2, B H G AT ERAT NI, =2 H
TRAT AR R B U . HGRV B9 NG R v, HEoR
FH 1) B BR AT 3 B0 S 2 AR A, B 4 o]
B NANAR, S5 TS Sl 0 T 2 DR R S R
iR D1 R M 2 AR A, e % S0 o T A AT A, U 6
5 TG o TR . % RE 3530 2 508 HGRV (1) [

AR RS REEI R, NS B w47 E
¥ S BN B R 7 51 B0 7E 9 HGRV LB 5 7
%), 3@ gk 43 T HGRV (4% il 520 A4 72 7 B 1 AL 3l s
&S, IK HGRV (4% i 5w 147 H LB s = ) Lot
LA, KGR RN SET 5 w(t), e Bt #4
&= f(x,uw) WS BAH RSN (1 00
1.3.1 SISHEBSHT
QA B EEHE R RN

i C’D(a,Ma)S
y m
u = at = _M Sian . (6)
m
Gc CL(a,Ma)S
—  COSv

L m |
H: Cp O 3 MR 1 2B J) 280 o NI,
o AW, m o E, S NS H T

HGRV 4 il 4 N\ 25 B4 U o AU F o: I
FE R RS AT # R AT, — U sk
55 AR /0N ] A 1A A P 2 e ik 038 o 7 1, B e
B a. 5 ap B HAE SR LI ALE). HGRV BT %2
E N IRAY S VAL ISk RA AP R ]
AT U AT . A4 SCHR [17], HGRV FE A G By
B MR FH R BUR VAT, A Bl 2 & Fh 20, SR 5 8
INIUS, I LA R T BEL B TR AT R I R AR,

€ B K T BE B I B B0 AH A Qimax 0 HGRV
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PRI 21388 3k 908 o v B3R A TR, AT RS A o X6
13812 5w F 78 HGRV 1EH B I HLBI A 20T HIHL
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BT R BRSNS E o TN 1 1) 8, 2 Tk
oA 1 % SN S E AR, & X S158 a0
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w = i oz = CHLEMIS )

H = (6) A1 (7) 7T We: ag~ a, B o FTEE Ma 1)
PRAL, S A o To ok, IRk, 3BT X ap s @, BEAT FION
MM R A3 2R3 B .
1.3.2 A BaRy

— ML R, TN 7 T v 3R 45 HGRV 4% 1] &
BB A o JEAT T, SCHR 15, 18] K 0341 1E
A3 BT E RN AR AT AR, (H2, B TR AL 2
A1 BRIE S 73 A7 A8 2 5 SOM) £ -9 328 17 5w
AETRIPERE.

ZEEIHGRV 75— M AT S, o8 T2 &
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() ) S R BRI FE {o(t), ¢ = 0} 5l /1 o PRS2
B H = {h;|j =1,2,..., M}, 38 M HLEHHE A HL

WFAEREt <to < ... <tppr PAE Ay, hoy oo By €
H.f
P{o(tpt1) = hnyi|v(tr) = he, .o 0(tn) = hp} =
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FORES RS N
_Pn(t) pi2(t) 0
p21(t) p22(t) pas(t) ...
P(t) = 0 ps2(t) pas(t) ... 0 )
: Coopas(t) :
0 e 0 .+ Dmm(t) |

P 1 i i (AP R SRS FE R R SE 1
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02030°0

&1 A BUHSRRIKRIERE

14 SzpE&HINEE
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step 1: HH 5300 2548 A s 35080 ) H 3 ) 2 A Y
(D FEEA R R Q)T H ulty) = [aw(tia), ac(ti),
ar(tr) | R b g (t1) B, Horbrey, RoR &
DS () AER 125 ~ 554 30,

step 2: K N LAHZE KT ay~ ay BEATHLA, Tl
W oa, M a FZES, KRG G PS5
Ay (tiv1iian) M ay(tistiin);

step 3: ARIEAN 1 o A [ HUE B B AR B L
N H MR FERE P (1),

step4: I (O) R (7) TH5 u(tis1.60n)-
2 ET DU S HET R PO TR 7y

FE T DLt ST 7 P 8 T g v S AR R DA
P AN S e s, vt = B s B2 HGRV 1 H 1
P, SRV AE 112 3115 S, FR A4 L = ] sy
BN 1A IR, DI H AR SRAE R 2 7% 8] 9 IO 2 3
AT HEWT.
21 EERNEIH

C A1 HGRV 41 i 55 181 D 3t 2097 48 07 5% H A,
HGRV HIHL3BE 772 BRI, HobkEz i B Ao DLk

1T RAGENLEN, BOiZAT AT R S 8B HGRV WA
JE % 1) ERF [ 18 R i 1 o 8 0o T o L R, A b
HGRV 5 H b5 (1) 125 25 2 Bl I (8] 36 9ak, A7t 0 152 22 2
B B TR S U8 22 0, . HGRV 25 BT 25 K X AR S T
A 3 = 0 B Aw. sk & A iR & 4 HGRV
HEBCHE B A i ] R B R S 0 450 Kt T B A
9 HFRZ BT o 0 B FE, HGRV AR T3 H AR
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S SR [17], R BT )32 22 3 H BE B L H bR E 22
FEFNAE R X AR s 240, & LHGRV &= B R 2L
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DED DY S ERTISE (10)
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FE S o AR 2 A, a b 23 ) B BE B A I i
ZE M BIAE REG Ir AT HAR B EE R T, I (2,
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PRARHET AT,

22 WEBNSHE
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BRI 3R 22 A ) i AR R B ) s A A (R, TR L
FEE A T R AT Bh A R .

HGRV 7E T F7 BA 0T B 1247 K50 Bl A 1) L2380
AR KX, LB A H P T R A R B A T (R] 3
Z M B e R A oR HC R 1 ) 3 R FR IR
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2.3 DUMHETIRZSIE)
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v(t;)=h; FEPARESF LA A0, B
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Hort Py AA— 10 55, 2 23 [ BT A RS RS
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z+1 |.’II
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MR, 33 n BAIRESIMEA LN
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BRI 56 0 145 3 B M. SR RI% 7 B UB K
(Monte Carlo sequential filtering, MCSF) & — Ff i it

z+1 |.%'
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step 1: 4015 B AR TiAL .

step 1.1: AR 44 B I 24 3R 15 T 4D 46 R @,
BN AR H AR MR AR P (¢) A8 2 il £ 1o
AR A, & BACE A A R g (1), IR a, (t1.,) T
a;(t1.;) RN SEINE w(tr.i0)-

step 1.2: MRYZIRZS z; 1H 5 HGRV 1 A\ 78 5570
BBl B € AT REA A T T HAREE T, € T

step 1.3: Pla; N IEIRSWIIGRL T4, R &
Wi A e N AR, 18 20 (10) T = A R 2L
BT VA — 40 ST R

step 2: HLANL HERT.

step 2.1: 3 (1) THEMLENE K v (¢;) = h; FHPIR
ASHMEAE, th=0(10) BFTHRSHORL T 1 2= BAR Y R 3L
fA.
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step 2.2: 4, 13K (13) F1 (14) T FOR S # M
oA, PR T4 {2 (8, hy), w®) ) SR R, B
30 (15) B HTAR 20 m T

step 3: IRASHME.

step 3.1: FHZX (16) AT RS SMETHFORL T2 4
MR R R T AFIERLT2E {2 ™ (t1.4, hy), w D

step 3.2: AN HE 4l A AR I WL 4R, IR 15 9T IR KL T
B A{2® (1), w® 0}, Hodro®) Sy ek 5 A
RL K F LB A% 2 SR J5 BOBRL 1 48 1 A7 35
EZ®) (t;41) F AT 2 AR 2.

step4: IR A& 3 HE. DL IR T 4R {2 (¢,40),
w® R} Ay ik T 5 step 2 Fl step 3, B &35
pa Al i

F1 step3.1 Hstep2. 3K FEEM X AL T 215
8 MB35 90 MR 2R AT 53T

3 PiEsSHr

B0} BT TR T 75 VA AT RTAT RN Ak
5% ¥, LNHGRYV 3 77 2288 (1) A P 4, 6 & 4 5
S IABEIGE LA P 2

1) ATt 73202 75 RE B WSSl K FE i

2) 5H AT VEAE L A

3) WA RExS 2 H bR 3 5.

EFTA T B s RATHR T Em = 907Tkg; 3
FTALS = 0.483 7 m?; MI4HIHE £ Vi = 6 800 m/s; i ]
FAMEAE vmae = 80°; FIUA B ZI LLA A4 4% 4 (0°,0°,
120000 m); <30 R &40 Arow:

Cp = f(a,Ma) =ag+a; -Ma—+as - a+

ag-a~Ma+a4~Ma2+a5-a2,

(18)
CD :g(a,Ma) = b0+b1 ~Ma+b2 o+
bg-a-Ma+b4-Ma2+b5-a2,
Hrh 21 pos.
x1 SHEBSH
5 ZHUE loiac ZHE
ao —0.052 65 bo 0.1587
ay —0.0057 b1 —0.01717
asz 0.05051 bo 0.001 51
as —0.000 86 b3 —0.000 38
as 0.000 38 by 0.00067
as 0.000 37 bs 0.000 83

OO ASE 2 Sy i 0 X 2 A5 Y, 0L X 4% B 2 R
10, % H N S, IEREH N 60 Y%, SAiE 204 9 15 %, Wl
A 9 15 %o, ML B 104, SF R I HE T
WRLF %N 100

3.1 Sz

3HE 49NN S H s a, BT 2.
U 3 R0 4 s N A0 22 R4 2% B R IR B A
400 ~ 600 s [, 81 28 a)~ a, SAE EARNELE,
A MR ZE S, FA agva, RS BE BUA UK
AT ERSHUR R, A Z A = AN AR 5,
a WA

— = fU5HE ;
- a FEARE f

St

5 Ha,/10°
~

04 08 12 16
t/(10%)
3 SEhE5#a, TNEhZ

- a, WEH
o 3 —-—-aHEMH
~ - a, FEARME !
N7
£y
N 2t
=R
r
0

04 08 12 16
1/(10%)

El4 Szh5¥a, TUNHEL

5RBNZEIMARZE. K 5 Fs: BB
i T BRI S R ) B 2 2 B R I (] 22 K, (H 2 B A
b BTN BN — AN B 2, T 1 JEE A AT VRS
.

0] /

-
T~ -

|
—

a iRz
- — — g k%=

E
m
=
=
&
R
r

0.4 018 1:2 1:6
t/(lO"s)
Es5 Smhs¥mnEkE

3.2 BEAE

FE1 HHRGH

N T BUE BT O R B AT AT, R B R H AR
56, 1% 5 PRAE LA R AR ZE XA LA H s, i 5
M RAT AT E] 600 s FF 4G, T K 9 2 s, e R T 25
HM 150,

P 6 A IZE TR 17 2 P W 6 B : T s
Ty AR TE B SR 3T, DR O PR SR AR 6 X A R
Yoty H AR5 65045 BT, TR T A 2 R4 &



3742 # % 5

xR ¥39%

B B HO HGRV 1€ AT 2 AT VR4, 2 Lok
TFREBS T o H AREo, 50 N A8 K X, Ho& B
BRI B U, Bl IEARHAE AW, 2 A
b7 7 SR A, B KRR T B OR B, AN /N (R T
UK. BRI HORE - £ H R B K 1) — kL 7 2R AT AL
P34, AT DLEZ T HGRV 1 B SL P08, 12 1M 70 HGRV

AKBPIRES.
50 -
~ 40 yIeiA
= X
& 30t
20 : : : :
35 40 45 50
ZFE/(°)
B 6 HHMKTFRER

P 7 S AL A0 L S B AR 2. W T BT
Wi S TN B ) AN W AR K T 5% 22 B 2 AR K, {H
KR ZE/NT 50 km.

~

W7/ (10 m)
3]

0 40 83 120 160
AR H
E7 FOURFRE S B RRE
N T SR i TR AR R, A R FH T 4
75 % HGRV #EAT S T
T3 1 TR [6] 5= T T BH AR A R 1R 77 7
T35 2: SCHR [18] 36 TS sl S 5 b A (1 77 v
T3 3: BT th 7, A 75 18 e AR ek R R
A,
JiiF 4 BT 5, 2 e AR B BB B A
kS
B 8 Jy 4 Bl 7 v ot bl o 2 W, 1 L[] 9 3l Ry

50
(@]
H#x
o 40
@ /’/-
® 30f
20— - : :
35 40 45 50

2 Q)

B8 JLMEEE TIN5 At R R E

5.65.11.75.24.258.27s.

T3 VB WRSI, BT BABAT T S AT AT R B
JiiE 1R T BH EE By — Ik R B AT HE 3, OF E R
HGRV )38 7 R 200S Bl A 07 20, {52 A SCH
XF R THE A — ks 0% 2, a0 18 9 . Rk, J7
221 TVE MDA R R0 2 2% BB U HGRV $UiZE 13
N i)

3.96¢

THHEE

3.90¢

600 700 800

t/s
B9 HGRVFHMHELLREE

J7% 218 S S ECEAGFE PR B AR ALE)
B, HPUZELE TN AT 15 HGRV B SLI2 3 # e A
TR¥FF— LR T R H I8 AT BB %7 R A 4L Tl
IR HA AT Zh A58 2, T SO 89 77 17 H 304k 22, ol
S B T B

77323 3K FH s B AR R B S I M B ) 2 4 1
BERY FE RO A A B AR A R A
P, T 328 5 HGRV B 5Kz ) # 3H R A ORFF— 2
R AE TN 5 300 2 A B A P CR A5 7 A 5 1, T
D5 22 TR A K.

D75 AT T8 3 B Ak Al b Ad A B A R
2, LR IE R B BB AL E R 0GR TR
A AT BR 00100 B R P, TN % 22 AH A T HeAth T vk

/)N,

400 500

AT DL, J T R BB T T 20 i AR R £
{10 BRI 1 A A R v SR, 1 R R ek O] e — A
110 AE U M AR A B R ORI, 23 5 I TR e, 5
BTG FE T B

zE L RTR, Bt B oOriE M TG Tz shbL
HE BT VRSO FR kS B LA I AR,
R TR 2% B W i T HAh 7 v, RN SRR R
PRSI Y (CONR - = (EPSF SNy rE=N gl L5 R
N TR 8], 45 LIS [R] R 0% i 2 FE TR R

F&E2 ZHIHE.

T RE TR T E R R E 2 B
5, AR AE LA BERE AR SR K XA 3N H bR, B AR
FEMEAE 4 0.4.0.3.0.4. 17 H I R G} 8] 600 s
FEUG, TG KR 2 s, F RN H0N 150.

K108 2 H R PO s = &L w10 frow, 4



%111

FHFR F AT N et 69 5 A2 B 3% 78 A B ARSLE T 7 ok 3743

BT 3 26 TN IZE. 3 2% ik o3 sl 1) H Am 1. H A5 2
AH bR 3, {H 2 A 3 26 B3 Hh T ik L ) W HGRV

HARITREA.
50 —
— ASHIE ogkR1
— - T 1 s H#5r2
o 40 -
= P
M - >
& 30t . HAr3
— — W2
- TR 3
20— . . . .
35 40 45 50 55 60
ZFE/(°)

B 10 ZBEfFRTETNRER

B 11 o B br i B R, a1 BT o iR A
HGRV X} 34~ H 5 1 = B AT B8 EE 247 15—t ik
LB B bR B R, TR 4 A E KN HE
I5g

40
. 36¢ - Hbr2
= - H#73
M T -l -
= 32t T~
kd ~\~
28f s .
0.8 1.0 1.2 1.4

1/(10s)
Bl BB iR

FELL IR B, H A% 2 F0 H A 3 Bl 07 AT By
Tl W A AN Wi B30, 7 05 2 R P 2% 18 H A 2 A0 H A
3RS TM, LA B AR R A XU

LR LR, 722 H AR i th A FT AGE
Z A H AR 22 25 TAHE, I SN 285 HY %% H AR A4
a5

4 4 ®

ASCRFE DU S W DA K% SR R I T BRI T
6 HGRV [ 0 ) AT 1 BIF 50 20 A), 32 B4
wr.

1) &1 HGRV U8 T K FE A W3 = HE BADT
TCL 11 ) 70, BT HE TR 2 T DL S HE BT 7 VAR B TR S
(135 T H brig shHLER ) $02E 700 77 72 HGRV HL3)
5 3 B A UK, TR ARG 3 B

2) et J i B R e T 7 v WA SO 1) R
SR FH By 7R AR SR b R s o AT A, T KD T
W47 ) B R 5 ) TN % 2 s LR, e s T A R
2125 VB R 12 T e PR bR ) S A, b 1 T
IR 2 BRI OO0

3) EX 2 H bRy s, B th 77 aT il 9E HGRV )

e H b ) B R BB R BT 25 H AR B el (A
NPT SR SRS S %

S 3Rk (References)

(11 Eodk, B, w47 & 45 2 I (8] E B3
Il [J]. FE ] 5 vk, 2023, 38(6): 1602-1610.

(Wang G, Xia H W. Prescribed-time adaptive control of
hypersonic vehicle[J]. Control and Decision, 2023, 38(6):
1602-1610.)

2] HRE, FigHe, 55 3T A R R B8 e

E‘J%‘ﬁ%ﬁ%ﬁ%ﬁfi/ﬁf%ﬂ[ 1. 5 R, 2023,
38(6): 1593-1601.
(Wei J B, Li H Y, Li J, et al. Backstepping control
for hypersonic vehicle based on finite time prescribed
performance[J]. Control and Decision, 2023, 38(6):
1593-1601.)

3] P&, EBI, F, 55 FT XU MR e 5 K

1T BT B YR A T T R [0]. ) 5 ek 3K, 2021, 36(2):
443-449.
(Luo Y, Tan X S, Wang H, et al. Early warning
resource allocation method for hypersonic vehicle based
on bi-level programming[J]. Control and Decision, 2021,
36(2): 443-449.)

[4] FEHE. wlE Al AT SR E AL S B B (D). 7Y
2 P BT RHORE, 2020.

(Cheng G Z. Positioning and trajectory prediction of
hypersonic vehicle[D]. Xi’an: Xidian University, 2020.)

[5] T, TR, R Il 7 ] e R AT AR P TR
Mﬁ&mnﬁ% 1. a2 8%, 2021, 28(2): 34-39.
(Shao L, Lei H M, Zhao J. Research progress in trajectory
prediction for near space hypersonic vehicle[J]. Aero
Weaponry, 2021, 28(2): 34-39.)

[6] FEi&, JEHE, B JET B LA R BN &

P R AT S B L )], RE TS HT
AR, 2015, 37(10): 2335-2340.
(Wang L, Xing Q H, Mao Y F. Trajectory prediction
of reentry hypersonic glide vehicle based on changing
rule of lift-drag ratio[J]. Systems Engineering and
Electronics, 2015, 37(10): 2335-2340.)

(7] BS5, HRR, M, % 2T 5E 5 IMM 1 &

JE R TRAT 230 T [J]. A S E R, 2016, 37(11):
3466-3475.
(Zhai D L, Lei H M, Li J, et al. Trajectory prediction
of hypersonic vehicle based on adaptive IMM[J].
Acta Aeronautica et Astronautica Sinica, 2016, 37(11):
3466-3475.)

(8] WhFEME, BT, Sk, &5, w7 AT 48 7 AR SR A
U TRISLVE D). RS TR B FH AR, 2018, 40(1):
151-158.

(Han C Y, Xiong J J, Zhang K, et al. Decomposition



3744 7 # 5 & X #39%
ensemble trajectory prediction algorithm for hypersonic F1E b DU 30028 T [J]. 52004k, 2018, 39(11):
vehicle[J]. Systems Engineering and Electronics, 2018, 1258-1265.

(9]

(10]

[11]

[12]

[13]

[14]

[15]

40(1): 151-158.)

Te/b, B3R, whi, 55, — R TR TR A B R
RN S0 [J]. B AF24R, 2015, 26(5): 1048-1063.
(Qiao S J, Jin K, Han N, et al. Trajectory prediction
algorithm based on Gaussian mixture model[J]. Journal
of Software, 2015, 26(5): 1048-1063.)

Xie Y F, Zhuang X B, Xi Z P, et al. Dual-channel
and bidirectional neural network for hypersonic glide
vehicle trajectory prediction[J]. IEEE Access, 2021, 9:
92913-92924.

Feg, IR, PR, & BT AR HOE LA
AN 5 B O 7 ¥ 0], E Bh AL IR, 2019, 45(4):
787-798.

(Cheng Y, Chi R H, Huang S B, et al. Uncertain
trajectory prediction method using non-parametric
density estimation[J]. Acta Automatica Sinica, 2019,
45(4): 787-798.)

Krozel J, Andrisani D. Intent inference with path
prediction[J]. Journal of Guidance, and
Dynamics, 2006, 29(2): 225-236.

Liu Y, Li X R. Intent based trajectory prediction by

Control,

multiple model prediction and smoothing[C]. AIAA
Guidance, Navigation, and Control Conference. Reston,
2015: 1324.

B, WG, 4L, 5 —Fhm AT A S
BT 75 vE [J]. 74 %2 s F R R 52523, 2019, 46(5):
113-119.

(Luo Y, Tan X S, Wang H, et al. Method for predicting
the attack intention of hypersonic vehicles[J]. Journal of
Xidian University, 2019, 46(5): 113-119.)

SREL, RESKZE, 25 FL, S5, I T 5 R A i1 v e P v

(Zhang K, Xiong J J, Li F, et al. Bayesian trajectory
prediction for a hypersonic gliding reentry vehicle based
on intent inference[J]. Journal of Astronautics, 2018,
39(11): 1258-1265.)
[16] Li X R, Jilkov V P. Survey of maneuvering target
tracking—Part II: Motion models of ballistic and
space targets[J]. IEEE Transactions on Aerospace and
Electronic Systems, 2010, 46(1): 96-119.
R, T ME, T aAng . B R AT AR SR E 2 B
LB 5T [3]. FRHES M 515 5, 2012, 34(5): 21-25.
(Li K, Nie W S, Feng B M. Research on multi-phase
boost-glide vehicle[J].
Command Control & Simulation, 2012, 34(5): 21-25.)
sk, R, B, &5 — R T A AR
7 O E AR ER RS (7], AR, 2017, 38(2):
123-130.
(Zhang K, Xiong J J, Han C Y, et al. A tracking
algorithm of hypersonic glide reentry vehicle via

[17]

trajectory optimization for

[18]

aerodynamic model[J]. Journal of Astronautics, 2017,
38(2): 123-130.)
fEE®EN
BFIR (1996—), 59, T4, 3 /AT A 5 5451
Wt 5%, E-mail: hit_ hyc@163.com;
ERHE (1976-), 2, BIFER, H1, WF T a6 S5
il 7 FLVPAS ER 5 S it 42 1 BB S5 7%, E-mail: wangsy@
hit.edu.cn;
BRI I] (1992—), 5, LRI, Tk, A RAT 2] 342
AL 7 72555 9T, B-mail: quanshenming@]163.com;
SEV (1983—), 59, B ¥R, 1L, 1 LA S, /AT
A RIS E PG ROR 5 B o N R GSEHT AT, E-mail:
chaotao2000@163.com.



