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Accurate Prediction Method of Impact Point for Maneuver Penetration
Missiles in Gravity Anomaly Field
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Abstract:In view of the demand for impact point prediction of ballistic missiles in precise guidance after large-
scale maneuver penetration, an analytical missile impact point prediction model that considers the influence of
high-order disturbing gravity is proposed. The impact point prediction problem is decomposed into two parts:
Standard impact point prediction and impact point deviation prediction. The standard impact point prediction
is directly solved by the two-body orbit theory, and the impact point deviation prediction is solved by the
constructed state space perturbation model. The spherical harmonics pole—changing method is used to
establish the expression of the high-order disturbing gravity vector in the orbit cylindrical coordinate system,
and the analytical model for impact point deviation prediction composed of two types of kernel functions, such
as F function and G function, is then derived, as well as the recursive formulas of F function and G function.
This model does not require pre-launching preparations, and is more flexible in use and more robust than the
existing methods. Numerical simulation results show that the average residual error of the impact point
prediction model proposed in this paper is 11.2 m, the relative error is less than 0.1% , and the prediction time
is less than 100 ms. It can provide support for the design of guidance algorithms and has certain engineering
application value.
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Fig.1 Definition of orbit cylindrical coordinate frame
FERGEF AR R E R v=[v,, v, v. ", x =
[r,z IV RL R0 R & A UIR 578 i, g 57 3 iz 3
TIEA

'Z/Z

O, =t — ﬁ,] cos’n+da, F=w,
rooort

0,7, v,

‘i)lgii ﬁ+§a/3 5* ! (2)
r r

Y 2 .
0, =—-—sinycos’y+ da. =,

i

K p RoR b3k 5] J) % 4, 9= arctan (2/7 ), da, .
Sa, M Sa. Fm 78 FLE A AL BR R 345 ] 1 B i 1R
W51 7 1 B Sl n o
sl Jr 2 A, R F 2R (2) TR B 3R A R K
SUOLE S Sy AN, B (2) B g R R S B S BR
VE NS R LA R R T 4 22 R, BV AR o R A
SR H A Bl R 2 51 R B 3% SR 22 AS . DB UK
WHEARRN=(+ 18
f1: 50> St (3)
f1:S,—> ASy (4)



1092 [ S R /| R NS = =

56 %

2 pR BRI ST, RT3 S A A B R AT OR A O
FRBCR o A SCH 1 5 A oR B 1 i A SR A
1.3 SREARENNHORESETBEHRER
RS 23 1) £8 B A A A B pl 3R B 22 R AT
F2F 20 20 80 AR AR F 17, & — oK i 4 Bl A
U figt BT g 1) 38 FHAE 22 R0 B E | S0 TLAR [ Bl R R 2
PRAZH A X 5 T HEAT T IR A RGNS B
— RV Gy — S H At 2 AR T
AR A 25 o) £ 2 L0 A B8 TR O Y R H TR
R R A 2 ) B B B SR A 5 T A5 D
ZEM AR B IE 2 R . e T AR Ay R 7
BB AR AL B AR 7 DURUE (R 25 oX IR L DA
FAT A E N A S IS T e R — B
HR % — B i T BRI RE R @ (1, 7),
15 20 U TV 2 1% 45 8y e g W o i s 6 4 B )
HEAT PRESE 4 B FL A 4Ry R S 0 R R, A AR
BN )5 R AT R A T R BORRy , 15 30 0 B T A

PUBARLME S R
X=F(X,1)
BT
TERRHERIE B I 2 M J T
OX=A-0X+V

!

SRR B R B AT
dq’(’ ) A0 D(t,7)
| RGER
PR 22 e b i
SX(2)=0(1,0)0X,+] " B(t,,1)V(2)dr

K2 RS S 0] 55 5l BIS AE 4

Fig.2 Theoretical framework for state space perturbation
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