CANE AR = FOTOR K o MOARRREERD Vol. 11 No. 1
2010 42 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY (NATURAL SCIENCE EDITION) Feb. 2010

1

ETXNARESHAAREIESEESMIT

oA, EEES, HAER

(1 TR SR, B = 713800;2. 93436 FBA, LAl 102604)

O E W MERHBEEMTR TBM WA 2K TBM B Z KRG EAMEN LB SR, ¥4
NETRFERFOERAFR,EELRENTRT, B LT ETRINEARAHBE FHE
EAE TR R ARG B, R T I T s R R IR E AR E S
FEHATT o4, AR TR HA4T T Monte Carlo T E , \NF B4 B & W 5 E B8 1 th
TBM % EfitE S E Lz M FERmE XETEZHTHEARZURBFNBEAEERAAMA
B R A R Bz B RN, T o A B R AR A T S M KSR R M X TBM B R
HEA—EHERENL,

K. K3 KL% it

DOI . 10. 3969/j. issn. 1009 —3516. 2010. 01. 007

FES RS, TP391. 1 XEARIRAS A SCEHRS.1009 -3516(2010)01 —0027 —04

&*ﬁlﬁﬁﬁﬁﬁavtwal Ballistic Missile, TBM ) EAT S1F2IC | FF AR BEPR RS BE i | Bk B A m /N (fIKF
m’ ) R AR & AR RN, AR, O T A R A AR S S R | A A AT
1“ M R RIS BRI . e U FUE R S ROR SRIE T A BT R LR X T I RSN
H DL TFR TBM 7% 522 TBM 38 Ll R s R i e b g
LT, X 3 8 7 1 )0 2 LR I R S T T L5 SR kR ; 50 78 % ik
SEEFERISE I AR RN, A SCHETE BRI T, S 7R A i s AT B AR
B 2% IR BE TR B

1 W R

1) RSTEFRZR Copyyz) 7" o ABRRIF of L TSR HT 4, o,y IS MO B 52 5 AL TELRIE 15151, 0,
m%ﬁwaﬁﬁw%%m%@ﬁm@4ﬁﬁ%%%m%ﬁ%%Mﬁ&%mﬁﬁ%%ﬁ%ﬁﬁ$ﬁﬁo

2) U RH B A ABAR R (ECF) (ouxayaza) = o ARFRIFS AL THIER U 04, 00z, B HEER F H3h45 7L
1, 0uxa TR I] 002828 5 7R TH 2 325 0uya TG 11 7R 28 90° 204k 55 7R3 2 38 5., K R B L 3R 5% 3 i 47 T 11 41
MARZ

3) M OB ARFR 2 (BCT) (o,m,y,z) 7% BEEAR BT 22 5 Z20 20 10 O Ml 1T 7 A R T A, T 2
6] P At 1 R AN BE MR S 4 F LA AR R

4)UEN BEMERRZR D DMBUERSE S (08 o HARKRIES , LI o 15 o SR IAEK- 2 h U il N
WS IEIL ) E S IR

« UgFEHEHA.2008 —07 — 10
EETH By BRI 2 7B H (2007F19)
EEBAN X 121960 - ), 5B BRVGTE 2N, B H0Z , EE N F S HIX 555 10 Y B2 VR R AT
E - mail :2041983@ 163. com



28 ZETRERFFM( BRFERR) 2010 4F

2 PRI TR ST

H T 50 AR B AT, — EOGHL, OB AN BE RS (A7 6 HF A B 8l i R sl SRS ) o I
I, AT AR S 350 2 2500 e FL S AR [ 28 8 Y Pt A [ e () 67 5, 1A T A S 5L 9 b T ]
FEAR R A AR B E V5T RSEBR b, S S B A R AT, TR A TR
(IS

ARSCAEXS T3 m AT VTR RO AR A B B o 38 P A S8 T A s TSP 2 AR A B e 38 AT L
T A RER TR B AR S HELA AR R A 0o B

0. = 6 (D)

WA MBS P A B T EE A SZ 5200, SR E ST (LA B 1 2% i A< B o) R SR S i |
(GEZ

75 5 TR R FHAE OB A AR R ECT R CHLASCIRAS BB ECT AR AR 3 SN TE AL %1 T
5 ECF AR R E S HARBEHIBRIERE , H. 3 Mids m AL, R, ML 2] B bR A7 & S50 2 D ARFR 2R T 224
R, B OCHL R YR 26 B2 AE 2 DMABAR R T AR A, (ERBEAH 25— i bRk A #5522 8 M, 7 ECI
AEARZR T T HOER A A A Y YA 0, HL

ve =17, cosdy (2)
s o, AyHEK A FAHEE ;S OCHLA T O R s & S RHLEIER I

BERHLI L o 75 ECF ARFR RN 3 N0 vs vy 0, ZEEHE o, AT LUME] Y 71505 -, BIYE ECI

AEARZR T ML 0, %500 i
Upe =Up5 Upy =0Up t 05 Upe =0p (3)

B ECI ARFR R T B9 LS 3 v (Ve , 00,02 ) %) UEN Akpr 2R v (D Ve s Vg0 ) U AL 5 55 1)

1 o F vy, GRIE 7 5 HAE EN i B8 2 e /) A

[Ue

(4)

va/z j
| Y [

oy = arctan j ;7Y = arcsin

Vysun

THEE A5 SR FHAE M AR AR 2R ECT R LR
BB rr 0 N, 0,00, Y00 B ISR BFRHICHLAHY
MR TE AT 5 9 5 B X 2 A SRR A s, LI 1, 5
N—NTemPWZREC N,

C:v;,r//u (5)
b BB E B8, H =398 601.2 km'/s"; C
FRABIRESEL ., TR 15 S 1) O 3
e= J14C(C=2)cos™y, (6)
W) b ph AL T AR B BTG T 2 7 A X O )
iRR

{ =2arccos( 1 —Ccosz’yﬂ)/e (7) F1 SEARERE
Fig. 1 Sketch map of range angle

F M A MG 50 550 T ) D U A E Rl @ O

£ _
2)/(1 ecos

S a=n/(2-0) (8)

B R A B H AR % 38R R A2 31 23 SRR 52 e, HLOCHLS B0T% sy RATIRHE] 220 -
tﬂ:Zﬁ[w—E+esin(E)] (9)

E =arccos(e — cos

FEI AR B RA T R
b =t + by (10)

1 RS BCHLA A IRETR]



EIRl ] X AT T LA A OR BE T 3R AT 29

IS 5 T A 20
Tk =Ty +1te, (11)
A T Sl S U SR IR
TR = A SRS SR (ECL AR R T )

brwe = arcsin( sindycosls + cosdysinficosay ) (12)
[RIRERY V& S 2 (ECT A AR R T ) O
Nk =N+ AN (13)
brwesin(AN) = sindsinay/ cosdy, (14)
P

AN = aresin( sinssinay/ cosdy,) (15)

PHFARE] ECF ARPR AT, A4 BT B B b (ZE Ny 20
bry = brwe (16) Ay =Nus — 0.y (17)

3 HGH SR SR T

AR SCAE T B S TR A RN (A B P 5 R T 1 0 2 5 B S ML R
(9 BRTATHE B AR 25, ELEA AR IR 0 A IR R 2 R A5 BE T TBM FH A E ORI, 50 RE 0T 3L S 7% 5
TTRE A A R 2, o B A 015825 3T S S AR T8 A (R X T 2 17 8 A 2% O 2
(CEP) HEA74307, i iodis FH T AT A% s A S | A T A BI85 10 1 X 9% A e, g3t
BRI CEP (A8 ORI F A, SEBRA T HE L p BES05 6 [ P9 9 B M9 5300k 42, CEP BB T 43T
(ARG T A R R B E, 0R X EUSE A R TE A, ) CEP bR ik T A HE AR X T B S AR
B, WA R B R ZE R AR PB AT p MRS AEBE BS B9 (E A it PB + CEP
XA

L I £ ]
4 fFERI S5 R0 sl C
~5212 | At
=l ’
DIECSCRRA AN, (T RZNRFLH el
B L B REERIFE N 6 s, I M7 2 AR Ay 5200 |
10 dB, BEFHUES S RAbLE 350, R4 450 WALy PSET s ¢ o6 e omo s g g
[ﬂjﬁﬁﬂ"ﬁj‘mﬁiﬂ3oo’ﬁgﬂ"f@iﬁj’\jooo Eizfj]ﬁ&‘&ﬁi‘ﬁfj’ 62 20 A2.04 62.04 ﬂ;o;fﬁ(!:l}ﬂ.lzﬂ.ll 821§ 52.18
0124 320 s, #£47 100 YK Monte Carlo 72", 45500 B2 9ttt
K2, Fig.2  Impact point estimation

K 3 HRIEE CEP B (p =0.2) ,/NEHESUE, S o BEARTHE S E, 2 TRV 5 S T AE
WA P AT A2 45 8 (62, 105°,52. 132°) , T FL 532 7% 55 B 28 46 8 4 (62. 020°,52.015°) , i 2= 4
(0.085°,0.017°) , 3% % i TR 22 DU K P A BEEA 2 FE AR 1 5200 45 TR R 1 A, (R 22388/

5 ZERIE
SCRAEE MR, X TBM 78 BB T T O EL, MO LS BT IR, S e 5
e (R 3 S o TR 2% L P A VA % A B ) S 5 PR i P (B 2255/

S

1] HAERE, XIS, S0E S50 5 18 8GR BB M. b E B Tl 1 bt 1996.
GAN Chuxiong, LIU Jixiang. Whole Design of Ballistic Missile and Carrier Rocket[ M| Beijing: National Defense Industry
Press,1996. (in Chinese)



30 ST AR AR (A RRRERR) 2010 ¢

[ 2] JeSREE. S HRAA SRR ) [ M. Jest: T pivt, 1991.
LONG Lehao. Series of Missile and Spaceflight: Whole Design( Upper) [ M ]. Beijing : Space Navigation Press,1991. (in Chi-
nese )

[ 3] Beaulieu M. Launch Detection Satellite System Engineering Error Analysis[ D]. California; Master Thesis Naval Postgraduate
School, 1996.

[ 4] Bl BR52. e s TR IR SOHARCEOAR )], P EfR ,2005,6:22 - 30.
ZHONG Jianye, WEI Wen. US Forecast Warning Satellite Detector as Well as Its Interrelated Techniques[ J]. China Space—
flight ,2005,6:22 —30. (in Chinese)

[ 5] Tang Yuyan,Huang Peikang. Boost — phase Ballistic Missile Trajectory Estimation with Ground Based Radar[J]. Journal of
Systems Engineering and Electronics, 2006,17(4) ;705 —708.

[ 6] WangTC, Varshney P K. A Tracking Algorithm for Maneuvering Targets[ J]. IEEE Trans on AES, 1993,29(3) :910 —924.

[ 7] Yicong Li, Thiagalingam Kirubarajan, Yaakov Bar Shalom,et al. Trajectory and Launch Point Estimation for Ballistic Missiles
from Boost Phase LOS Measurements| C ]//Proceeding of the 7th Mediterranean Conference on Control and Automation. Haifa
[s.n],1998.28 —30.

[ 8] WA LT RIEEPUE RG R S Bl BB THAADITE [ D], MRIRTE MG /R Tk R, 2006.
CAO He. Research of Missile Active Ballistic Trajectory Estimative Arithmetic on Sky Flat Warning System[ D]. Harbin; In-
dustrial College of Harbin, 2006. (in Chinese )

[ 9] Simon J Julier, Jeffrey K Uhlmann. A New Method for the Nonlinear Transformation of Means and Covariances in Filters and
Estimators[ J]. IEEE Trans On AC, 2000,45(3) 477 —482.

[10] Rk, skt oy RO I IS T i —— R Bk [T ] EPTRHOR E2# 4, 2001,23(5) : 13 - 16.
CHENG Guangxian, ZHANG Shifeng. An Identify Way of Missile Impact Point Precision:CEP[J]. Journal of National Uni—
versity of Defense Technology, 2001,23(5) :13 —16. (in Chinese)

[ 11] Mahapatra P R, Kishore Mehrotra. Mixed Coordinate Tracking of Generalized Maneuvering Targets Acceleration and Jerk[ J].
IEEE Trans on AES,2000,36(3) :992 - 1000.

(3. marde)

Impact Point Estimation of Tactical Ballistic Missile Based
on the State of Burnout Point

LIU Ren ' ,WANG Ai —hua’, GUO Gui - zhi’
(1. Missile Institute, Air Force Engineering University, Sanyuan 713800, Shaanxi, China;2. Unit 93436 of PLA,
Beijing 102604 , China)

Abstract : How to truly and quickly forecast the TBM impact point is a critical and decisive step in ATBM deploy-
ment and in raising the intercept probability. This paper introduces the reference frame in the process of anti — Tac—
tical Ballistic Missile, builds up a mathematic model of impact point estimation based on the state of burnout point
under proper assumption. The model is simple and precise, and the application of it can get over the shortage and
abuse of the existing method. And simultaneously the error of impact point is analyzed by using the method of CEP,
and then Monte Carlo simulation is done by using the model. The simulating results show that there is a small wind-
age between the estimating value and the true value in the impact point estimation, which is actually caused by the
model error and air resistance, etc. , the model mentioned in this paper has a less error in impact point estimation.

This just shows that the model is bettering reliability and practicality, and is of some practical meaning in TBM im-
pact point estimation.

Key words : anti — tactical ballistic missile; burnout point; impact point estimation



