#6474 5 R X ¥ WK Vol. 64 No. 5
202349 A ACTA ASTRONOMICA SINICA Sept., 2023
doi: 10.15940/j.cnki.0001-5245.2023.05.008
e sy LY (. N \ A Y
AEREMIEEFNEEMEEREMR G E
B AL ol AL

(1 PEMFRLELRXE BEF 210023)
2 FEMFRZEEFGHEFAMNE ZLRE &K 210023)

R e T BARBUMIZ I RAAE T B S, 31N B AR SR 1 S B, 50 R 160 15 A 2% A

NEFERIER, RIS T hE R

Ve m A BNV 2 B PRABORS BE R i SR A By R A R AT 1 £

ESEIEE BRI, A2 U7 I AR AL 380 /b & m RIS ARTT SRR DL R B AT S PR B, A ¥ i B v A

v 3t DR P e ] S
KR BB, A% HE B
FESES: P135;  XEIRIREL: A

515
ST 3 U AE FT R SR A U T B
IR BN R R, IR RO B A T A
URAL. SIE o ) R T AR o B HEBL. T BOR
FENBC=RER 7y, o B B il (AT B, R A
SR AR BN E R R TR AN AT RE, XA
BORATIS ARG, o 385 TE AT I TR)A80% A L,
HAUZ AR TI52m, HPIERIEA B 4R, Bt
B S AN B B BEAT R IRER . B
S, VHEIEGE R (R BN, ALE)
EHTBL

FESL BT A FE T, 583 T 8 b B B 43 45 ) AN
K P RE BHESEZ P AFE A ERAEL SCEk[1-3]
SRR T I 9 SR AE T IK R R R )
BURFAE, Blansh Sk REh (nstsh. w3, HikEk
S (Radar Cross Section, RCS)122 4L ) 47 1 Ji
FIPE RS R, AT T R A (] 9 B B R Rl 2 A R
BEAT 70 T AR 1 SO a0 o A 50 K AT H B AT Y
151 77 PR —4E i 1% (High Resolution Range Pro-
2022-08- 1515 FI J5 R, 2022-09-07UE1E ki

fyangdong@pmo.ac.cn

1

56-1

file, HRRP)F AT WG PR 73 #2381 A
HHRRPAEFE HE IR 5 1A A28 77 1 SRS w0 1) 43
15 R, B HARRIZSARRAE, AR IR R 1E A
FI AR REAE 22 R BAR 6T L, B AT 58 1 H AR £ 40 46
MRT R &S BHEE W A2 72 © 80 H b5
DNBRIE FHEI AT, I SRIE S R A X —
RF AT HES VAL R W SR [4] A R 1
IR 2 U8 Ik ml O 1) R R 2 U T B ARis 3 7 e
BEATANHE ) 5 AT T B X SRAMEE T AR 2
— PR ERIE, BV — IRAMELS R 5 75 B 2 15 ik
ONHBER A, dm SR N MR A 3 U 75 R — ik R
EAMER ARG R, At EMR 5ie0b K ik
WU VARG, f B 38 I S IR I )25 K S HL [
AR, FHURMEA & 1 b Kol ik . ik
HMXFP TR R HARTE AT R S22 13830 77,
BN RS B SRR, A TR H 4 S 38
TE AT Ak A RAR R R (R AR [ 0 S S LT % &R
SR I 5 M BR R ), (HX 5 VR R I 5 e
BB R A AL RIS, SCHR(6] ) 5 REER AR, MR IR



64 & x

SRS S HER 2 A, T PRI S HERTE R A
X —HRFAE, $EH T P E I AT P %0 E bR S
AR P B, 1% VR B L, A B
AREE AR TGRS, BB E T B H AR
(1 = AR BN I, AHAE A FH A% 5 VR AR R TV B
by R A AH B b TR A0 — NS E MR AR, RS B
SRPEEE 2o XPE BANRAD TIMEE . 1R TR
B, AHR AR SR R s g S T el m RS
R 5 S H BRI PR B RO IX, (07 2
PR TS SRS B, B AR EEOR, R R B ARAS
TR 2 . DR A 2 N SR (6] 4R 1 T
5 RHER TV, R 0 7 A SRR v SR AR A
Fafd. FooE BERIRTIR TR EW R SR EE 5 &M
W, P TUEAE SRR, A SO AR — ]
JEFFERIR A BT FIER TS .

TR % RS 0w fE 4 B PE T
F 4= 3R % 7 FE A 7 (Digital  Elevation Model,
DEM), & A& it Hh BR 2 1] Hh T 550 i — b g o8
Fik. DEMMJEHZ 6 — Fr X 3% 73 oA 41 (b
SN EEEE) DY, SRR AN DAL TR 1
FE, SR )5 A =40 B 1 07 A7 X 2e~F g ke, H
BRI )T AT R

Vj = (Ljvd)jaHj)7j: 1727"' )

KA, Ly o KRG L A bR, Hjt &4
AEFR (L, ) /b . H R LR & o PR A
EKDEMMZE R E A5 Tk DAEK, TEN
s AR S B R R — ki, DEM A
ANY AT 30 Kl SR DEM 40 95 52 WL 1K) 43 %
FAHIO m. 30m. 12.5 m. 5 m%. PR LR
A B R B I — AN EE B bR, KGN R — X
BBl a2, X EWRE S PR, B
A T R 1

IS EMENRIBT A
N T RS E, TEA - F RO

(759, 2 AT R Bk mU, T AR ) 5 E
fr B SRR A AL, FH OB (f) 5 HETA

2

56-2

X ¥ 5 01
ML R (f)FR%E, B
r(f)=R(f), (1)

Forf o Hobs T 20 1) 300k mi . SRAR(D)
VR R 8 IS B B B R R0 H AR B 4 R HE SR
A5 R LNE, AR E RS kA A
R, OB YOERECR R HER R R VR RS TUE
B BB AR (1) A R, BRI AN P RiE
R 55— BB AREAE ZARIE BB R SR g A]
GEAE. EARWME A W46 R BCR 1510 B Ax Bk A
A fo, WCSRTEE 2 BIAE T TR AN r, — Ry| < e, 3
Hry — R |2 S EUOEA)S, HirtuLip 52 T i
OB Z ZHRHE, ¢ > 0Z2UWEITTIR, kRN kIR
B ZRIBEAR, A RIAN:
a(l—e?
Tzliecos}’ 2)

Horbay e I AR H i 338 K AR A0

O, TRATRIEN

R= ol :
V1 - (26 —62) [1 —sin® isin® (w + f)]

Forfie w4 BRI R SRR R B 15 A R
S SR, Ry NHEREE L, 0 NHBR R .

2 G B BN B KSR Wy e
AT, 4 2 A B A AT I,
BT 05 A . 2 AR D R
Il — Ry| < e, AW ERFEE IR, X5k
ARUC U T 75 BRI 28 KU 20T, 3858 A 21
Tt 2 s A5 A M A b 2 B 8 B 2 B B %
LI L5 HER 2 TR 50 A 0 M B P LA,

3 BEDEMIMHRRBHE asHtE;

JFUT AR R PUE S 2B MR RS B e, A
Tt SRIGDEMSCRE N A I AE 5, AR SCHE
7R R 5 SR A R S A B REAT B — R HIE AR
THELIB 5.

FEH — R RS, IS % BB N
|Hp — Ho| < 2, Hei HoATHFRAZ R 21 H A5

(3)




64 4

¥y A5 A R B I SR A U B A O

5 3

I e, Hp MBI DEME it Z) B Arfr B & 4
FEFH I ETE, g0 > O ZGE MR, 577511
PBROEANF BB, ASEAR LA R 22 /N TR E TR
VE WSS #E, DRG0 — A0 A R T AR
FRIEA T . BB iEwn T

(OER R EAR H A Rt R R A L
Ay ERDEM, 15 H & FE Hp. FRE Gk [ AL by 2 &2
Ot ST AL AR R IR e T 7% B 4, TSRS B ARt
ZITE UL H A5 H &8 R S 0 A4 bR R T 3 BT )
[ B vy, SRAFES [HE IE R ALA:

At = HD/UhZ.

(2)2T =t + At, JIN—Br KA — i J6
ST FE M, ET AN T 5T B 2] H b i
R0, I HIZARBOTH Fe 201 H bR 0 fr AT H
BRTEBIE AL bR 2 () A B 2R R R 5 2R R,

(3)3E i I A bR AR 22 b ] A bR 2R IR AR AR e
A W AT 453 B Z1) H AR AL [ AL AR R PRI B R B
7, BT 4% BN SCHR[8] 5 H AR LS 5 H BR SR RS
A R B2 A L M FFEH:

2(1 = 8) + (20 — §?) Resin®a
(1= 0)[/22 + 42 — (20 — 62)Recos3al

cos = ———
Ncosp’ Ncosp’
H¢ = Ncos?)h + zsintp — R.%/N

tany =

sin L =

H R EHBRIRE AR, oy y 220 A8 HARLEHD

[ A bR R AL E R =0 &, BeAh:
_ z (26 — 62) R,
tana_\/TTyQ {(1—5)4'7 )
al <3
N Fe

- V1= (20— 02)sin’y

()AL, B WDEMA H & AEHp, il
A BRFE 3R A3 H ARt ZI7E DL E 5 o8 i i P Ak
Fr & T 2 B 1) ()3 B oy, BN SRes ZI & 1E

*http://www.gscloud.cn/.

56-3

i

At = (HD — Hc) /’th .

(5)2T = t + At BIARENRTTIEMNE P
kA iFERIAL, [FIBIAD IR, W 5 2 1B
f£|Hp — He| < &g, MZIEIEATHE R, 504K
SRIE| 21 55 2D a8t 5

ERWSLLIG, 18 3ITH 5 45 e B As i T
S TE b 2 (128 AU S ARSI 2R A L T R
LR LA, LA MARYE Z 44 B HDEMAS 2 1)
A Hp.

E WA SCIT 3L ik, DEM3E 2 6k 17 1) =
FERUR BN, XA HARPE S 3R 58 N
X s AR s B K. DEMB & 70 # %
R, TR S ECE S IR B B E R
W Hp 1 2 F 80K, 45 1% A DLl sk
TR X AN SR L, B S AT DA U Sk
PReo A o ykmT DAAE F L% s 1 B Rk AR
U emax, 2IEARTRBUE B ko R 1R IEAR,
PP GER A | Hp — He|HIAE B/ BB — X %
A RAF L LA KA B HDEMIR A3 1
& HpfE s IEME, YA AT AR

4 BEKEASH

P T R = S s TE s, RATREAT 107 =
AN A AT R VP AG 1% 07 VR B S Re. M s
IIDEMELHE KU T R XA HoO PR =
£ SRTMDEM (Shuttle Radar Topography Mis-
sion DEM, fiii K KHLE 1A Hu 2 il AT 25 DEMZL
) 90 m7y = FE R, 1% B R AEWGS84
(World Geodetic System 84)Hh [#] 5 225 #f BR {4
. ERH O R IE B B
THE 3] 7 5dlaE, A R I I S R R U A
HE1S B 7 X520 378 55 1 ER 3 T RS B A SAE N
K TR, HPUERE. S LA S
ST RL AR MHEERBESN G, §
SR B A R SRR — 30 o B . A5 A AR %



64 % K X ¥ Wk 5 3

2 PR PP A H R S 2R Te AT AR TR, 25306175, E BRI B AR

Bra~ iMQSN, SN =MREONE = ecosw. 1 = B T RGBT IE RO bt FR AR A
—esinws A = M +w, HAMAPUE T RA. VLI st R ER B B )47 EOOLI cdlE, AR A R IX

FESCBRRLFT R, H b S A7 25 001 S P (5 JE AR P UL INEE TP IS 010 BEES50 mABEHL IR
TR ISAEIREE HARKS BEAT SEF AL BEA —#020, Bl 2. Z R SRIR = O AR R AT 30 B Hdk 2t
PRAN A IR S A B AR, MR BEZINERTHR R ATIEEAIRtL, SRR R 2 IEEAR ¥ X430 s)5

M SOR FE ARG DL S (s % BATBETH A3 AD — s A D7 B AT DB BOK BE T H bR AR
S X RIAXSA S R = R 5 S R B k4T KL

*1 MEXETERNTERE. HERL. ERsERE

Table 1 Orbital elements, range and elevation of launching and landing points used in simulation

experiments
Example  Time' a/km i/° Q/° 13 n A/°  Range/km Height?/m Height®/m
1 59639.8451 5544.802 159.124 24.523 0.225 —0.335 236.146 11467 4280 3699
2 59639.8427 4999.656 72.262 198.201 —0.517 0.035  3.989 7506 2548 1488
3 59639.8432 5158.098 32.667 285.793 0.453  0.128 164.213 7818 1132 1113
4 59639.8404 4422.964 70.044 107.308 —0.620 —0.220 340.329 4900 370 177
5 59639.8420 4817.056 69.139 117.594 —0.552 —0.102 349.469 6617 75 —38

! Beijing time in the modified julian date format
2 The height of launch point
3 The height of landing point
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Table 2 Increase of elevation iterations when the new method generates warning information

Launch Point

Landing Point

Example
1t 2 3 4 5 NC? 1 2 3 4 5 NC
1 0® 12 43 94 49 72 13 235 20 1 0 1
2 0 108 57 6 0 99 0 213 48 2 0 7
3 48 222 0 0 0 0 5 244 18 0 0 3
4 0 270 0 0 0 0 0 265 3 0 0 2
5 225 44 0 0 0 1 270 0 0 0 0 0

! The number of elevation iterations increased by the new method (i.e. the I in the text)

2 Unconvergence

3 This value refers to the number of times of generating early warning information for the elevation iteration

with the number of times shown at the head of the column increased (i.e. the m in the text)
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The Generation of Trajectory Early Warning Information with
Elevation Database

YANG Dong!? XU Jin»? DU Jian-li!:?

(1 Purple Mountain Observatory, Chinese Academy of Sciences, Nanjing 210023)
(2 Key Laboratory of Space Object and Debris Observation, Chinese Academy of Sciences, Nanjing 2100283)

AsstracTt This paper proposes a new method of deriving the launch and landing locations based on the
orbital motion characteristics of the missiles and elevation database. In this method, the DEM support is
introduced to change the assumption of the earth from the reference ellipsoid to a more real shape. The
method to improve the prediction accuracy of the position and time of the launch and landing points is
discussed. The results with DEM (Digital Elevation Model) indicate the accuracy can be improved by
adding a few elevation iterations on the original method. The higher the elevation of the starting and
landing points, the better the result would be.

Key words ballistic trajectory, methods: numerical, height
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