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Figure 1 SBRV and geometry of forces
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Figure 2 Three-dimensional trajectories of a Figure 3 The corresponding mode of each trajectory
invariable-structure SBRV
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T (3) A1 (5) WA T B TR AR I e v, B PR Al (1 5 ik, SBRV R 2%
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Bayesian JG 5 HERITRII AR, 518 1 XM TR (4) A1 (6) o7, %5138y R G TH Ak B b
FEE T, (R 2 B Qi 22 A2 1 B sUBR O (R A e, 28 O 22 FRVEL DS, BRI iR 2l s. 15 3
1, ETCIRH Ve > 0, JETFHOL 774 ) s AE vl A EE RUY (4) A (6) 2NIARZEIR B O(R~1H9)123),
PRI i 7 VA AR A B A W] DUAEAY v 88 (0 PE e il T8, IEBRA I, AR SO vh4% (3) #1 (5) =X
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(PRl BEPE S AEAEE. B Bl T oo ot T Wil 7 2 41 2% (Al b AR X A S A I L, R T — R
FIRA) iR A2 Fon S5 RG T — RAVE R S35 fidke 28291,

FEAR S 23 (] rh 240 B vE DU 385 (R EUEG Monte Carlo F584E FAf 2 FIRE Y AERR VD8 Monte Carlo
BEAIER 0] T AR A, AT AR5 5 el 508 v e FH 21110 2 A 22 i 1t (27301 AR W) il 22 Rl
M,0)  Vol(0,6) -
R Vol(S) |’
Hrp M={my, - ,mg}, R ZRBMERH M For 0 PUESENEE, $SHAHEMT, [0,0) =
[0,601) x -+ x [0,0) KRB S5 FE 6 #fiE ML, Vol(0,0) KA, N(M,0) FRizFHERa s
AR AL E R Vol(S) R A= (A (R PRRR. S 22 S W T A AR IR AN 38 5 JBE | AR /N 3R WA TR 4R 3405

TZABE IR BT I 2 A ) 3 ) R B RV ABE R B R e, RS R R P 11 70 3% th % S B UK 1 P 5
Tory RFRERE—AT R — DML N 2 E E, B SRS A N S 3OS HOKE 5 S,
REREH RN My DSEENE N DKF, My DNSEEANT Ny DK, MR AR RN
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N N
D (M) = Sup@ES (

4.2 {/1 Monte Carlo =2 & py#aiE

T HOR TR B Monte Carlo BERUER, 156 20K 5 S HLL, SRS AE T 2 U HIUK
SRR E RIS S O AR R ) R . AR MO EREE (R TR R MR, AR RS
0; € © HIEHUKFiH F 152

27 —1
05 =0, + J 0 —07),7=1,..., N, (8)

2N; °

Hrr N; & 0; KIBSHUKTHL, v = R/N; 0K 0; 25 S HUKAEBAAE T IR, mod (R, N;) =0,

ie{1,..., M}, 0 Ko7 3 6; P ED I _EFFIT i, AR B HUKF- 415 #OIN LS RS, 2858

LA NiNy - - Ny MR XA R TOHEAK, 75 2 A £t £ i /b 9 B A1 A AR Y 4R
PR £i8 57242 1ith Monte Carlo BERYAE (1) 75 B ZAT A, 25 —Fld Korobovll 5 Hlawkal®?!

e, AP B oo BT Ak e, AR R

Py(M) = (kay, kay, ..., kagny)(mod N),k=1,...,N, 9)
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Horp Py (M) R R, SR HUKP BN Ny = - = Ny = N, BRI R = N,
(a1, .. .,aM) E@lﬁ%%?*ﬁﬂ%%ﬁjgg, a; = 1, a; jj%%iﬁ, (ai,N) =1 }FH 1< a; < N(2 <1< N),
a; # a;j(i # j). BE(N) For (11) LR A5 S50 o K80

E(N)=N H; <1 - 1), (10)

Di

Hhpr<po <+ <ps RAFIMNEE, E(N) < N -1, 25 N RIS, LR R AR A
TS EAN M < E(N), WIFFEMN Py (M) g B 5 B S m I H H e B4R, 56 T35 59 FEE ) A
B(N) IR M ANFPCH O ) FATRedE, Lo il i oK.

N AN R S RS AR AR OV, X R 22 Korobov i B3 (AR B BRI g 127,
F e 2R 28] Niederreiter0) 25K ) K& .

Py(M) = (kb°, kb*, ... kb™ =) (mod N),k=1,...,N, (11)

HP Ny =-.. =Ny =N,E(N)=N—-1,b 28 H 1 <b< N, b #b(mod N)(i #j), b MAEHIE
WONEMIEH N O M o, AR R = N, MIELT (10) 2, EO5EE AR ER], 4 N EREK
(g (12) R TE S RN, (H35) 5 PR 25, SR TR ik s fdE K2 i ik
B, BTl (12) el E A4 ith Monte Carlo BRI 8 vk —.

HR G L SCHTIR, £ Monte Carlo A&7 85 R #y 3t 5 4m R

LOARTERIR AR N = R W€ S S8 ITE UK, HMEE (9) IR 5 S50 B UK -F;

2. 76 N N ZEBIRE N 5 M FMEARRG o 1 280, AR (12) st sin gk,

3. M N+ 1 AZEENRE N +15 M PERES b BE, 88 (12) AR I8 AR i A5
T f Ja — MR 43R AT N AR g A R A 281

4. ARG NARYE N 5 M R R (0, ... aar) PME 27, JEARE (10) A4 meps L4k,

FELL_E I A IO Monte Carlo AR AE LA b JH L AR N Z A RSP 16 5 T 13 21T A K
IRl Monte Carlo BiRI4E 1291 ¢4, TR 0, € © XN EUKTFEUN N, A N, WA TSI
KPEGH L mod(R, NY) = 0; ik, 766 3145 B PrA SRR RE e T, w22 85/ 1) R TG 7K P4 Monte
Carlo fR74E.

4.3 {/1 Monte Carlo {EEVERE 14

i Monte Carlo BURALIBE kR I AR M AL SN T AEAR 2 IR R — YESCE BRI L& M Y
B A RN 50 oA, A 22 1 3 X £k Monte Carlo B 7 1038 W T AR SCR I 1) 05 Monte
Carlo BV I/ K vl BRI EA Monte Carlo BB AN BRI & (1) R G H A Btk

WA ARG EE 1 K& FICHTA IIHER, 35 T0h Monte Carlo AU 1) fli T8 (RS 5 B T R4 1
e, BRI N 749 21 5 /N (3 28 A LUK BB (3. — ity m] DUAE A 457K P (96 Monte Carlo F%!
8, (EE BRI AE SR E I o S8 T Bt F e v SR AR N, 4 T DU I BRI BN AN T IR 22, &
TR AT & RGHRFAE. X T2 R g, W RIELESE U R, 75225 iz 20 &
HOKP o TR ME RS, B T 58S EBEVE A, & 2555 & - BB RGN AR, Wik
AR A5 (R 2 MO AR Gk AT AR R RS MR, A 254> 2 08 oK -F AR5 (10 Monte Carlo
BEREE: MRS ZHON R gk A RE BEANHSE, WEEAR 7 (R A 8, 19 IS 20 g $5n] LAl o
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RGARLENE IO, SR T 2R S8 1 S I 1 SR IS R A p 9, PRI R A 5 A D A PR A VR A5 7K
1# Monte Carlo 4.

5 {AEZXE

AT HEUE AT B S5 . BN AEIRES R AL ) &, FLIE R 7 2208 Xo =[232000
2290C05(1900 0 0 8800 2290sin(190°))’, Py = diag([1000% 202 10002 202 10002 202]). B ZEH ay =
98 102 kg, THHLEC RO I N Keog € [—0.3 03], Ky € (0.3 0.3). 7524 5 76 Bk L7 EL

SO PR B A T BRI 84, IR AR 1, BN 0, SREEHERE Y 1 s, S 1t
W ERES r, D70 AH b, FURHADA e,

Z:[r b 6}'. (12)

IR ZEFRUEZE A o, = 100 m, o, = 0.05 rad, o. = 0.05 rad.

PIFEKH WL 1-3 Jini) 3 M Monte Carlo BAYEE: M(6;63), M(12;123), M(18;18%)29. [K2
6, 12, 18 PTA I N + 1 #E 24, PrCUERRYE N + 1 A M IEE RS b a8 3, 4, A 8,
FRHE (12) XA SOBE AR SR 5 3k B A B 2 B 1) e s — B R T 43 8158 1-3 P B AUAR.
Ab, AERE AR R PRI 6, 12, 18 1] Monte Carlo #AY4E, £:K Monte Carlo {/j BELAAEA: il 1xX Les
BRI X LR R A A PR B P R FF AR,

FRER RATHR BN ) A B AR G R AR R A e 1k, JE/BZ%E%)EH Unscented filter (UF)[3:4:34],
UF ZEARZS (125 0N AT TR0 58 37 5 B unscented Eﬂc, A SURRR ] — 26 2 R e 45 A (e lunids 2
gy W AN T 2) 155 (sigma points), X2 AR ELR b REHEHE BT A e 1tk s B0 B3 A 7 221 —
B, B 45 R IE T 100 ST Monte Carlo 17‘7E?%':£U, DRI A "KAT 2 AT A6 RS0 & 2 DU B AN
PE, BB A R R PR RE G A, BRI NI TR B0 107158 s.

PIs LR TP 77 2 (ANEES), A2 &R (RMS) 22, M RMS 725 RMS
2= 19l

1

ANEES = — S (X, - XY PrU(X - X)) (3)
Nn =1 " v v 24

Ho Xx; — X3 B Py /255 i X Monte Carlo {j ELHPIR AR Z W BRI 77 22, n )RS T 44, N 2
DI OCEL. AR MEBEEE T 1 Ron v iR m] A5 OB
B L2800 0 k¥ RMS w22y (9]

9 H N Z 1] w éij)’ (14)

Heebro; R 6; 53 5IAZREE j IR Monte Carlo {f ¥t 0 FUSCE ARG V. ALY RMS 1522 R L 1)
RMS 72t (15) A3, HT 02 05 oA A D A7 . 1 e o e ) R ]

M 4 BT LB AR RN ITAG T B S B A Al TF 1) RT3 BEAHIT, 70 s 2 58 Monte Carlo #814E
v AP A5 B i T Monte Carlo BRI, T A5 HY G S FRy 085 Jin S UM BRI A RS A W A B2 FR B2 e, £h
Monte Carlo BAEEHN 6 FI 12 WAL 14 I T {5 B2 40T Monte Carlo BUMAEHN 12 F1 18 W AfTt
ax I ATAF

Kl 5 F 6 tH S Bt AE RN BIRTEE T B (70 s 211 AR AL IS il vh (iR 22 B3 W W i) 22
il MR 70 s ZJEIX PRI M TR 2243 5, Th Monte Carlo BEZYERIE IR Al H 2% (At TR 22
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x 1 1HEEE M(6;6°)
Table 1 Model Set M(6;63)

Model Para. 1 Para. 2 Para. 3
1 1 3 2
2 2 6 4
3 3 2 6
4 4 5 1
5 5 1 3
6 6 4 5

* 2 fEEE M(125; 12°)
Table 2 Model Set M(12;123)

Model Para. 1 Para. 2 Para. 3
1 1 4 3
2 2 8 6
3 3 12 9
4 4 12
5 5 2
6 6 11 5
7 7 8
8 8 11
9 9 10 1
10 10 4
11 11 7
12 12 10

* 3 HHEAEIE M(18; 18, 67)
Table 3 Model Set M(18; 18, 62)

Model Para. 1 Para. 2 Para. 3
1 1 8 7
2 2 16 14
3 3 5
4 4 13
5 5 2 16
6 6 10 4
7 7 18 11
8 8 7 18
9 9 15 6
10 10 4 13
11 11 12
12 12 8
13 13 9 15
14 14 17 3
15 15 6 10
16 16 14 17
17 17 3 5
18 18 11 12
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Abstract Multiple-model approach is one of the main streams for hybrid estimation. The difficulty of this
approach to estimate the hybrid state of the semi-ballistic reentry vehicle (SBRV) is model-set design. This paper
proposes a quasi-Monte Carlo model set that can ensure the estimator near-optimal in the sense of minimum
mean square error (MMSE). The SBRV has a high nonlinearity and its mode is spanned by multiple parameters
with known bounds. The design methods and characteristics of the quasi-Monte Carlo model set are given.
The proposed model set has a higher accuracy than the model-set generated by the Monte Carlo method. The
theoretical analysis and simulation results show the effectiveness and reasonability of the newly designed model

set.

Keywords semi-ballistic reentry vehicle, hybrid estimation, model-set design, Monte Carlo method, quasi-
Monte Carlo method
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