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Abstract: How to use prior information effectively and reasonably in the Bayesian method is a key issue in
small sample evaluation. For the evaluation of guidance precision of missiles, the article presents a new ap-
proach to construct the prior distribution in terms of prior data, and put forward a hybrid prior distribution af-
ter introducing the concept of prior data credibility. The hybrid distribution can overcome effectively the domi-
nation of prior information over current data through analyzing the posterior estimation of interesting parame-
ters, while the credibility of the prior data can be obtained at the same time from posterior marginal distribu-

tion. Some basic principles for the application of prior data to engineering practice are introduced through cal-
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culating the mean square error (MSE) of posterior estimation.

Key words: small sample; Bayes method; hybrid prior distribution; credibility; estimation

TE T2 SCFR o s /0N T [ 8 3 3 7 7E 1Y
IR S A S B AT IR R B R R
HWEFaIREES B ERERAOBHHGH
AP EXMELT . 2SI TR T
EHBL L ARES IR TR S 2RI
BEE MR /NT R T B A7 A ARG R SEAT T
B HEREETIEIRAKA. Bayes Jik
VBB /N T R A — Bl A RO e, AR —
HEZAAIWER" I EEFZTRBEET
REFHINLF . Bayes J7 ¥k 255 I F B Al (5 B 5K 3L
SRS G R, TRP, X KB FEE
WK B 4045 A 3t 1 KK 5 15 R, A
TR DA KA o™ & 91X 5 15 B 5% T 52 40
A H A B FT {7 B 2 Bayes ST W A — 4
SRR (R AR R Tl AR T A R R T A — AR
Bl —BBL T, BAfEEMAGRERFERA
BORE AR B BN IR IR F — B, A
SR AP BB B R B M I (5 B T Ri& B9 J7

W & B #1:2008-03-06 ; #&1iT A #:2008-12-09
BIRIEE ) E-mail: yhang0731(@mailme. cn

BREREMERN . BN T Bayes ik fitie
RZ B FRAEE B KNG HiE F R, NiTHe s
Fea /b, J. G. Ibrahim 0@ 3 5| A RSB E
ARAFEESUGEEN -3, 40 TR RAET
Ay A B — 2R B HE R, Y. Y. Duant & IF R
AU 7 36 LA T K B & 1A 8] &, 32 B IE R R T
FEHE T Bayes ik REIF B G iz N
R, (EL L AP A0 B8 R 40 A T8 o USR BR O S o L 7R
EFAABEREEZNELT X B ES R,
A 3L LA R B VT E R TR TR B
FIEREE, &5, =T — R XS
WG BEVE 8 B BT 40 A0 1 7 s IR IR T R O
S5&EGMET LA R E TR, BEE
BOBRIETE R RIRRE FAMNEE ., AEHE
o RRATE B EE SRS WA A6,
BHGEENGFE cHREAZ S GBI AFE
FMEE . &5, B Bayes FIERBSH R
eI At TEAFR KB Y RAFE SASE
BB TREMITY T ZMSE), 41 T RAT
5 BAH A E A 0



856 i

K

3
=i

%30 %

1 RERArf

TS E R E R R DEAF LT
B 56 BV 2. B AT S AR 2 e B 3 ARY R
FEE R EAR BT S R R IR 2
Eﬁ?ﬁﬁ?ﬂﬁﬁl%,ﬁﬁbﬂ:ﬁﬁﬂ%ﬂﬂﬁﬁ»ﬁ?ﬂfﬁﬂ
2%, MHERFFEERETURERS, EHR
GREAR D REOLT  tnAe] 38 43 F) B0 R FTF
B i AREER MR IAGE R B A
THE R FEZ B,
il FAE BV E H BB SRR ES T £
={u,o’ b R ETBE Do 5% %
D, EHELZHEHRTF.De 5 D HARRMFE—4
i X BTGB c RARBFTEIE Do #X T3
B D WA, ce [0,1]. 2R =1, FR
D, 5 D SE&A%; R c=0,FxR D, 5 D 5
SARME IR 0<c<1,MFRFHHE. FH
KD FRBRS B E EAE DG EE D 5
il i
70| Dyyo) = cn(@| D)+ A —)m (@ (1)

K w01 Do) K B AT ELHE Do RIGEIRT 0 19

B T 31 5 T 7o (0) B To {5 B B Al 20 A o
Eh FHEEEEF, — B EHES- B

GammaZy 7 fF 4 ${8 5 J5 22 #4567l 38 3 2% B2 2R
B B E - Gamma 4 4 2 IE 45 4
MR BRI, KI5 0 B AR RE
KB HIERXATRRAH o (/LyV)"\’N(/LOy‘IyOV)

I 'aosf)e HHF:V=0" 54,7 00,5, HEH&E
S8

1B e AT M IR0 979 T K A B 2L A
At 5 90 M BT, — A i 5 43 A
B0 FL A B0 B PE S0 BT LA B 15 10 9%
S5 B I 0 25 HE A — O MBS E A 4
A, TR AR SR A R A7
n AEREA S N AL, B E m AR, W
S5 45 4L ROHE T LA B — M 0 % 0
VO (i=1,2,%+,N) . H45 Bayes Geif o % F 4640

~(ND ) ,

Ay SR R AR BOEE (2L 2P e

VO,V e VOO IA N IELS -3 Gamma 434
g(ao 9,80) ~ N(,uo 9770V) . F_l(ao 9,80) (2)
KA.
N
~ ()
2
_ =1
Mo — N

_ VN)Z

1 s ,e
— €
N_IZ,(V

WRAE ERKRBAT R BB S L 109002008,
iUE[hg g

¥ ERMWE T, BWT 4R llmﬁo
(m+3)/2,
iE BEGEHEARMNESSH N,

o). HIER MM, RIE LR H Tk, 54

HIRRREAR T 2 VO IRM BB E R m— 1 R

oA, B
Gn— DVZ —;)V(” ~ X (m—1)

BRI B E S0 2, AT R E

EWVY) = (m al =7
7Dy — _ @\’ (c*)*
Var(V9) = 2(m— D (-05) =202
&)
AR bR B 3E 7k
DY Q2
R
DY a5 _ 5 6’
Var(VY) G DG D mel
W
B AR O () AT L5 3|
lim g, = "2 (5)

KOG HTE » N RKRBFIT B, U
sy, M H B, MHRIRIES N LA EHA B
TR, MAULE m R, REREFER, 5E5%
B RLR R BT RS IR R B2

2 BRSNS R

BRI T I B HE D IR IEZS 70 76, 23R 5
R RBEIE G 0 WRE 51 A
7'((9 | Do 9DyC) ~ 71'((9 | Do ,C)L(@ | D) =



H5H

Mo 56 - 2 T 1R B 2 A B o) S BE DE 2 T 9 857

cx (@] DL | D)+ A —)n (DLW | D)
Horp:L(0| D) B35 8045 B RLAR R 4.

XFF & R EIEE T F  m () oc (1/6°)°,
a>0, % a=1 1}, %K) $ RIS H KA Ha=
3/2 B, X B A B BT K Jeffreys Bgt . W&
— RIS A (g, 0 VB 0, 7T AAR B 5 J5 18R

7(usa” | Doy Dsc) o Ao (usa® | Dy s D) +

(1 —=Dm (uso® | D) (6)
v
mo (uso® | D) ~ N(us” s P 6T Cas? 5 357

m (usa® | D) ~ N(/Al)”ﬁl) HT (G, g0)
@ _ Mopg +nT w1 1
| o = ——— Ny = —
Nno +n n0_|_n 7o
D gy Ly LT )
ao ao+2na TS
Bén:,BOﬂLn f:_z Zi3 7751) _%

(1) _ 1 _ ==)2 D :n+2a—3
22(’6 D% B 2

1

He.z,6* ARG ABREENRITES T E,

13 JEND o PR
. Zi3 n;(xl z)

&S &)

_ Cc
A= TAd oK ™

K.
= m(D | ﬂl)/m(D | 7o)

m(D | ) = Z% PV @)f TP
NS LBy (gl )a”

HED T /T

(afP)HA”

B (2 KR O UE B 5 %MK AIF
A8 n, EHEAESE, B A _E R A I8 B 4 A A i
B ERRATEASRE o 5RNHEART R, H
5HHANERNE m HX,

(6 T LAE H , 516 5 25 B R 50 RI A el 350
S, —MAERAELEAEXR. WA R 5
BiERAEXR . HERX SR (DRELMER, RERK
AE. RPARAEZRIAGERE . BATFE L
S50 EENHEENE. AV EREAITPHEEER
e, 5 KERYVAMHEE, M KBS np 0 n,
p Mo BERR, FESVTERFE noyu, 007,
Mo HEERT A WBIER ., RIX a=3/2,K

1
m(D | m) = L

HERN

K — COIT(0/2) VnFn
n Vo

noO'o no (Z — /‘o) %.
[ T ]

[1 4 1o’ +—”<x_"°)2]”§ ®)

Tloo'o (7’1+7’lo)0'g

T(n/2)
T(n/2 + n,/2)

g3 4 FEBL IR .

(1) Mo 200 s Ls0 EJ'%I] n lﬁlﬁﬁy%*‘x’o

yntn [1 no“2
SRV

N,

X @ H, 11

n@—p)" T(n/2)
Ug(n+n0):| H B w7 s

oo, A lim K—>oo,

n,—>oo

nogs | Mo (T /‘o) %
[1+ * (n+ny)e* :|

Jﬂzﬂﬂ“ﬁnhlga-oo W RSB AR ER K

W, T ¢ BUAME A B 55 Al e TF .
Fr _EFEAR T AT F B Xff’,%ﬁgﬁ}:ﬁﬂ‘ﬂ@ﬁ;"ﬁ El]
I ATHEA R ER K, EEXN SR % m
AR/ 50 T BRI RE AR R B “HE B B AR A RY
50

(2) nyngs00 50 VA p [BRE » pry >0

B lim K—>oco, limA=0, g, LI R

BRIFEESUGE R T2 AHEE, XFFEH T Fl
HARAFEEEAERE L. MitEERUEH £ p—>
cofERL T WETF B X W5 AR A W .

(3) MMy s fhy s 4 B%ﬂ 0 IE%?O'O»OOQ

A (8) 1, lim [1+"" +”(L"°)ZT»

noo'o 60(n+n0)

no(f_/,lo) % > oo N
o (n+ny) :| » BT B
lim K—>oco, im =0, g, oo [f]# 1] LI\ 2

BIfE R SHGEE R AHA, WAkl A3 5

1, lim [1+”°"°+

oo
%

oK PG L .

4 nyny EHLRAE R SR ERELM
5,80 so=0,p,=p. BB}

2m7T /atn T/DT(ne/2) |
n o I'(n/2+ne/2)

(e (o)

n ny

K =

(€D

HRERY, Y no~n i, K1, b 2~c, #
R A RS SR ENRATEEAFEE



858 o=

%30 %

BB EASAH Y

ERSTRA L ASCIRB MR SR SR
FEFEREHER. YREFEESABFEETE
AAEZE BT, B RTR B X B AT R AR /N, e
it R 5 ERBE X YREEBHAKER
KA, B fa Al R 55 E B A 5%, I A ot
R T RATER BRI GE BB,

R B 4R BRI B v M T R A AT
EF B, = (Nm—3)/2,n, 52 SR B 5 5+ 4
BOEGEEARERKWBEL T8 BT K,
FH n MR FIAGHERL no X FHEFEART
BRI AR TE R FRGHEARE, G ER
B LMELRAT A, TRREFEESAHE BN
AWM, 0 BEE BN EE M RER W, BES%
THHEWT P SEBR E SR A B2 TE A5 B B AT 4 AR, ok
UL, B ATE B RA BB F .

3 R c WHhE

B AT ETR e BOA AR EHE, FEFE
R, — PP 7 L R0 B B B 5 0 S AR R —
BRI B AT o, X B 7 vk L R Ok

PRXEE S 38 i A 2 ) A RTE M, X BN ¢
R FERLAE B ARG ¢ 19 iR ce[0,1],RiX
c BRI « (o), MR & B AT % E Bl h

7(usa” | Doyc) oc

Lem(usa® | Do) + (1 —)mo (uso®) o)

10
ERBRIEEIF oo’ c KA REBRRE
A
(us6® ¢ | DosD) = Ao (usa” | Doy D)re(c) +
A —=Dm (uso® | D)xle) an
— RIS, c WHERJE 5 M R
™A
7(c | Dy,D) oc
cn(m(D | mo) + (1 —Dalc)m(D | m)
(12)

0 ¢ B58 5 Ak 1E R
- ﬂcn(c | DO,D>dc/(ﬂﬂ<c | Dy Dyde)

13

XHEMBAT c MAGREMIT. BT ce
[0,1], 7 (o) AR % K Beta(a.,B.) 4 % 8 3 5] 4y
U Cacs ) vacs e AR SE X PR 418 K
A FEARXT T ¢ BINRBRE. R H, TR

BT RITERT (o),
(D EBA E Z /9 H A F B 7T HEF A R 1% 5L
Toc MR 0 B 1 Z B A3 5 570, B
7x(c) oc Beta(c,1,1),8 n(c) = U(c,1,1)

DOBEFEHELT ATRT c -8 T
filf A0 ¢ W BUE VS I A, TR B E ¢ LSRR, T
AR <E

7'('(0) = ]-/(Cup - Clow) Clow < c < Cup

ACHTHEFRB ¢ 0 B 1 ZE A
o

4 BRTAE S A

2 WHIA TR R RAT AR A
B K R E BB G E B AR, ER,
BATFEERBRB RSB AMITH R MER, E%E
E— B4 Hr. T8 Monte-Carlo 15 B ik
A E MR ¥ 07 2 (MSE) , R RTF B B Al
A% — S AR T, R RTE B RN Ny, »
o) 53 MG E B RN N o) 531 R p 1Y
Bayes ftiit 5 4, M43+ MSE
MSE(@) = [E(a —w T = Var(@) + (EG@) — )°

Hp: Var( R fEE 7 2, AR E S, NG
H 75 228N (EQ@) — 0 RGBT, in R ¥E
=AW, AR BB A6 (E W AR .

LR b MSE(@) 5 nosnspy s pso0 o #A
KR LBK n=10,0, =0=1, RHF_ LIRS EHEE
PHRERRINA SHGHA RSB RE T,
IFT 5 000 IRPTE . [RIBT, 23 HITE (e — ) /0 B
0.10,0.30,0.50,0.70 F1 0.90 X 5 FEH T3t
BAGTR MSE, i 4R WA 1.

0.065
-t~ p)/0=0.50
O=— (14— 1)/c=0.70
£ <—(,u0—/.1)/0'=0.90

0.060

0.055

~— DA P35 el

Lu K T Tt
- (= p)/c=0.30

2 0.050 g7
= A

0.045

0.040

BN e (1 )/0=0.10
1 2 3 4 5 6 7
ny/n
B 1 RiEfhiHE MSE B

Fig. 1 Comparison of MSE in posterior estimation

0.035




H5H

Mo 56 - 2 T 1R B 2 A B o) S BE DE 2 T 9 859

Bl 13Rm no/n 0.5 4L 5.0 B I j5 3
E AT MSE 2412k, (u, — ) /o RAEBHT 7
BXTHRGERBWNA ME, (n, — ) /o BRER
BEE R A MWK, NEFITLUE .

(1) MSE &=L a% 5 ATHEAZ R no L
FeCpy =) /0 B R 2 (g — ) /6<<0. 30 B}, B /Y
FEEESAGEEN —BRT, HEE n B X,
Y E L 5 it A9 MSE B/,

(2) H(u,—p)/0=0.30 B}, RARASBHE
ERBRNRE TSN ARSERRINRE
fhitH B9 MSE BEAAH Y, 2 n,/n=4.0 B, B & K
BT EIA MSE K, X 2 M S HRZ N B
BEITSH.

(3) Y (p, — ) /6>>0. 30 I, PE K 5 MY
MSE #f 4 HAUR B 7 15 B 2K, B 24 56 /i
BEEAGFEEERBRN EHBMGBEESSH
BEL J5 Al THERE .

EARFRKSHEHAGHERL T HTRENTGE,
AMUREEE 1 XML . HPFHNEEERTS
B,

K1 TRSHAAKATHERRTSH

Table 1 Trend turning parameters for different parameter

combinations
SHHE BEERSH
o o0/c n (o= /o no/n
1.0 1.0 10 0. 30 4.0
1.0 1.0 20 0. 30 4.0
1.0 1.0 5 0. 25 3.5
1.0 1.5 10 0. 25 3.5
1.0 1.5 20 0. 20 4.0
1.0 1.5 5 0. 25 3.0

R1IGH T RAE B N A — A R
W FRIBPHE I TRFEBEXNT o=
1.0y00/0=1.0,n=10 FFEH T, HEAFE SN
g B R (u, — p) /620.30 H ny/n<4.0 B,
WE (g, —p)/0<<0.30 B}, T4 KR F B &
BB 5 TR MSE; 24 (u, — ) /6>>0. 30 B, i
B BRI S B A WP E, A B RE B A

RE R B A T A9 MSE,
5 % fi

WA SRR T HG R T (B m)
D={2.18,—5.05,4.10,8.50, —6.52}, MM
WATHIRAE T 500 W3 #IX T % S50 K i B
FEASY 9 100 40, 4 5 DA, R T IES -

Gamma 43 #i 2304 g = — 0. 314, 3, = 0. 116,
@, = 65. 235, 8 = 3. 807, M LR K E Ty
5,500 Y 3 R R B BEAR 3 (9 — 0. 314,
FEATT 2200 24. 407, LG TAEXIMECA 0. 642, FEA
JH 39. 941,

XHERA 3 Rk itie . O R M R AR
ITEMER AT ER SRS THRE; OX
JFRABLAR R KT % » (7] e 255 R 06 i 8 A TT M5 B %
A 2 T ERETRETE:; Q2R
A% 3L A BRI 43 A A 3 T v AN R S SR T T ik
(BN 0 R 1 ZEKHNMH. R2IHT 3
M7 T 2B RS GO

R2 TERATMETHRBMET LR
Table 2 Comparison of post estimations between different

prior distributions

S Y5 ¢ A 5P %
IO —0.309  24.556
HEQ 0.3556  0.0015 0.609  39.187
HEQ 0.5234  0.5931 0.283  32.630

M 2 AR XTI RO, B TR RRTE
BEAGTHEAMX B K EEBE, R5 TS
500 WA EHEA WG ITHEEARME S5 MG TH
X85 Al B 45 R AR F D, Wl R UL, BAT(E
BB TG TH. X TIHEO, d THEMK
B FARERCBAR K 45 2 BB )5 M EIE R /N, X
—RAS% 2 WS — 2 B TG (R B B AT
B M B M AR K, 05 BB A5 B B )5 Ah i
LA Z KM, 2R BRI EE S TH
FHR . AR SCHR H B0 36 A A ) 2 T 3 S SR K
BRI FHSHS THEEERES.c 51 0K
EAGTHERE -2 WES T ZN R MAITEL
BeH RS RSHEIBSITH -2

6 % i

FEZVHE/N TR R R A 5 B A s
IR . FEAR B 3 ¥ 5 B3R IR IE 2500 A B9 AT 42
TLEES T RYE D B K AT SO A IR S
Gamma 01 977 %, ARG IRH T — MRS R AT/
Aiv s B BRI 0 A 3R A B9 B 5 0 A RE 5 5 5 38 AT
REEEAGH R, 457 FRY, M AR
M T R BB 0 i SRR A
BERSEANEARTAEX, MEBHEABLE.
AR & B A 23 A 7 20 B9 7] 05 B S 508 5 it ek
BHEMBXBREAGFEFESALFERZ B E



860

5 30 %

5, HPARE B Z 8 B 22 7 BORR, W (5 E S5
HEBE TF. &/GEdxX %/ MSE 7
B 45 T AT AR BRI R B9 AR R, X B R AR B
ETREPHMARAEENESENL.

2 £ X #

(1] sk tR. mRe KHD BE A B 5 IPA M. KU . WP RHE R
2 AL, 1995.

Zhang Jinhuai. Evaluation and analysis of precision for
long-distance rocketf M]. Changsha: National University
of Defense Technology Press, 1995. (in Chinese)

Michael J B, Pace P E, Shing M T, et al. Test and evalu-
ation of the ballistic missile defense system[R]. A196714,

(2]

Monterey, CA: Department of Computer Science, Naval
Postgraduate School, 2003.

IR, W RE W, . BT R AR T AE Y 45 A
MWL BiZS 24,2005, 26(6) . 706-709.

Feng Yunwen, Huang Wei, Song Bifeng, et al. Synthesis

(3]

probability distribution estimation method for single sam-
ple lifetime test[J]. Acta Aeronautica et Astronautica Sini-
ca, 2005, 26(6);: 706-709. (in Chinese)
IR, W, B R, %D F RIS WA
V00, Mizs#4,2004, 25(5): 456-459.
Feng Yunwen, Huang Wei, Lu Zhenzhou, et al. The

(4]

semiempirical evaluation method for extreme small sample
test[J]. Acta Aeronautica et Astronautica Sinica, 2004,
25(5); 456-459. (in Chinese)
[5] Berger J O. Statistical decision theory and Bayesian analy-
sis [M]. 2nd ed. New York: Springer-Verlag, 1980.
KEH, BT Bayes HIE[ML 2 . KU EBRHKR
R, 1995,
Zhang Jinhuai, Tang Xuemei. Bayesian method[ M]. 2nd

£6]

ed. Changsha: National University of Defense Technology
Press, 1995. (in Chinese)
[7] Papazoglou I A. Bayesian decision analysis and reliability
certification[ J]. Reliability Engineering and System Safe-
ty, 1999, 66(2). 177-198.
TKAH, kL BT RARHEGEE “WRAG /D FHE
WA B R AELT]. R AT AR 2 ), 2003, 22(3): 1-6.

Zhang Jinhuai, Zhang Shifeng. Problem of large numbers

(8]

of prior information obliterating the small numbers of test
information[J]. Journal of Spacecraft TT&C Technology,
2003, 22(3): 1-6. (in Chinese)

K4 4. Bayes i % 43 B Hh 56 5T 43 A5 19 Rom [T, B B Rl
K2 ,1999, 21(6): 109-113.

9]

[10]

[11]

[12]

[13]

[14]

[15]

Zhang Jinhuai. Representation of prior distribution in
Bayesian testing analysis[J]. Journal of National Universi-
ty of Defense Technology, 1999, 21(6): 109-113. (in Chi-
nese)

Ibrahim J G, Chen M H, Sinha D. On optimality proper-
ties of the power prior[J]. Journal of the American Statis-
tical Association, 2003, 98(3): 204-213.

Ibrahim J G, Chen M H. Power prior distributions for re-
gression models[J]. Statistical Science, 2000, 15 (1) ; 46-
60.

Duan Y Y. A modified Bayesian power prior approach
with applications in water quality evaluation[D]. Blacks-
burg, Virginia: Faculty of Virginia Polytechnic Institute
and State University, 2005.

Tk U 5 B R R R BE VT AN o O O o Y W E
[J]. B2 AR 483, 2002, 18(4): 377-384.

Zhang Shifeng. Analysis of the optimal testing number in
dispersion evaluation of falling points[J]. Chinese Journal
of Applied Probability and Statistics, 2002, 18(4): 377-
384. (in Chinese)

TRMF, KB WA T R T REAR B B 5 B 5 Bayes
YIRS 9% T e [T W 724, 2003, 31(4): 536-
538.

Zhang Xiangping, Zhang Jinhuai, Xie Hongwei. A few
discussion of samples, a prior information and Bayesian
statistical decision[J]. Acta Electronica Sinica, 2003, 31
(4): 536-538. (in Chinese)

BB, Tk 1o e, 3R, 55 R AR 1 VR A T O 2
(1], E B B K %441, 2005, 27(2) : 124-126.

Yang Huabo, Zhang Shifeng, Cai Hong, et al. Evaluation
of the missile precision by using the construction simula-
tion[ J]. Journal of National University of Defense Tech-
nology, 2005, 27(2): 124-126. (in Chinese)

fEEREAN:
LK (1980— ) FH. WL, Yiii. EEBRG W RGERET
FEME RS BEVR Al R AR BOR 4

Tel: 13548594063

E-mail: yhang0731@mailme. cn

EHE(1967— )

oL B AR, EEPRIT MK

T ol B b 3 B RS BE VR RE 46

E-mail: caihong@hnmcc. com

Kt (1971— )

FoWt AR, EEPRT W TR

AEIN X 52 RE I AY .

E-mail: zhang-shifeng@hotmail. com

(REEHE AER)



