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Abstract: In order to solve the problem that China’s space tracking ship’s REA measurement system has relatively
low precision due to single station, a marine angle intersection measurement method based on photoelectric theodo-
lite is proposed. Firstly, the basic principle of angle intersection and equipment arranging requirement are intro-
duced. Secondly,an AE-AE non-coplane intersection measurement system is constructed. Thirdly, the marine an-
gle intersection algorithm based on maximum likelihood estimation (MLE) method and ship attitude correction
method are designed. Finally, the simulation is carried out. Simulation results indicate that the site positioning er-
ror is the main error source of marine angle intersection, and the ship attitude measurement error and the angle
measurement error of theodolite also have a certain impact on the marine angle intersection. When the ship hori-
zontal attitude measurement error is less than 20", the course measurement error is less than 30", the angel mea-
surement error of theodolite is less than 20", and the site positioning measurement error is less than 1 m, the accu-
racy of marine angle intersection can reach 1 m. This method can solve the problem of the high precision target
measurement in dynamic conditions, and lay the foundation for the further engineering application.

Key words: space tracking ship; REA measurement system; photoelectric theodolite; intersection; non-coplane
angle intersection; intersection angle

1 8| = ], BRI ETTER Y HARRHE R IR £ 5

=]

TREELR I 3 5 — MR JH 2 REA sizfirg P A LLRCREA ZERUp P43 51 10 A1 0L 22 2

* Wk EHHEE:2013 -05-08;fEE HHA:2013-06-24  Received date:2013 — 05 — 08 ; Revised date:2013 — 06 — 24
sk BWAEE 1 as_123@163. com Corresponding author: zts _ 123 @ 163. com

- 1033 -



www . teleonline . cn

CENTIES /N

2013 4F

5o Hiul REA PR A B A fi] 5 BUAS IR o
Sl BT S A 87 5 A A A D A R
Wb A T E R o BEA AR DU B AR 1 AW
J& Ok FARANINORS B | 25 SRR AL A B v i DN A JEE 55
AR AN g, BEAT I (A ) 2 AN RE 5 42 AL R
SRR oK . B TR S I A B AL 2
PRI AT I RS B TR A F ARSI S 405 8 AT
FG S A2 BRI I AR i SR R TE
Bl SR I A3 2 T R SR
HLZR A5 0 PR 5 2 I A PR 0 A, S B H AR
B 7 e PR R R T S NS G, XAy
ROR VAL BA B A5 S DN b 4 A 5l
SR AT, WA AL B S S,
SR FH A1 BE S 2 DN B AR T B, 75 AR R o g JE ) A A 8
A5 RN A ) d SR, A SCFEA G AR S 23
R RERY b, 48 R BT T B A A A
J7id DRI TSI B R B A R 2 M
TR 22 060 1SS S MRS BE RS2, e Jm 4 i T
g b RS e A S EOR

2 AEXRSNERE

2.1 AEXSERRE
S RESS 2 I 0 Z R B A AR X H AR T
AL AR A, 3 B2 S 2 D D BN 1

%
StationO, (¥10,Y10%10)

Bl 1 seaila s & e
Fig. 1 The principle of angle intersection
FRAE 2l REA & 70 & 508, HAR M 7D o
(ORI P SIS L )
x=2x190+ RjcosE cosA;
{YZY10+R15inE1 (1)
z=2z19+ RicosE sinA,
X = x99 + RycosEycosA,
{}’ =y + RysinEy (2)
z = zy9 + RycosErsinA,
XA, Ry Ry 090 0 B MO 0 R 0, YR
(%105 Y10 210) T (X195 y105 210) 3B RIS 0, F1 0,7E
- 1034 -

SHWIRFR 0-XYZ TR (A, Ey)  (Ay, E))4)
S g ) — YL s 20 P 5 3 JBE A2 2 2 s ORI H A
MR SEIN T S A AT ISR A o a2 (D) At
(2)lfgan F AL

X990 — %10 = RpcosEycosAy — RicosE cosA,

¥20 = Y10 = RosinEy — Rysink, (3)

290 — 210 = Rocos E»sinA, — Ricos EqsinA;

PRI, TEPR 65 A B2 58 il B e ik 2 9 15 10
T, G HARE R, F1 Ry FARINE AT R 7
R P RERI AT SRR Ry A1 R, , TR HEAE
AR D) E02) B RT3 B bR = 4E A b5
2.2 AE-AE REXSMEHE

HRAR A PSS 2 D A5 5 H PRy Ji ) 2 ] St 2k
Jil) g B2 B0 B O AR, A EE A 2 I AT 4y Dy T
LML MR, e Bk LA
2 M BE N K B, S T A8 2 SRE AL A O 1 4R X
¥ (Direction-Cosine Estimation) - £ %8 I 2535 ( Minimum
Distance Estimation, MDE ) % #x% K Bl 4R £ ( Maximum
Likelihood Estimation, MLE ) &5, 1% 655 5 25 {1 Bl 25
FISE A

MLE 5832 HA & 7 B 22 6 31 i Y LR A2
S3h BE A A RS A ROH R TR
Jrdn I NI EER 22 | ik T RATAREE S (4 hIL3h
RS B R A ) e e 2 R T A S 9 T A
AXEE . MLE BARREINA(4) ~ (T s
{x = p(x19+ RycosA cosEy) + (1= p)(xx + RycosAycosE)

y=p(yio+ RisinE;) + (1= p)(yxy + RysinE,) (4)
z=p0(z19+ RysinAjcosE) + (1- p)(zx + RysinAscosEy)
Ry =(m; - myK)/(1-K?*) (5)
Rzz(le—mz)/(l—Kz) <6>

my = (2 — x19)cosAcos By + (ya — y10)sinEy + (20 — z19)sinA cos B
{ my = (2 — 219)cosArcos By + (ya = y10)sinEy + (20 — 219)sinAcos

K = cosA  cosAcos Eycos Ey + sinEysinE + sinA ysinAcos Eycos E,
(7)

K, o MR ZE 53R EL, o = RS/ (oRT +
R3), K 6, =631 /0%, o7y ondr B IG 1T 5
2 By ey 2%, HA S A0S LIRIHT .
2.3 REFEMIHEK

FAPEAC oM I, 5825 0 1E 60° ~ 120°Z [A] K
BERE, Horh 0 = 90° R}, 28 2 I RS B e . Ui
oA, BPI  15 25 il o (W] — B FR i o' 2t 8] 9 e
1,058 0,(i =1,2) B &= N (L, m;,n;):
cosE;sinA;] "

(8)

[, m; n;]"=[cosE;cosA; sinE;



%53 %

SR IFIOL, EHEORE , PP, 25 - 36 T MLE 535 99 A BE S xR T 3 SRS B2 o

5 8 1]

MEE 2 B AT

l Iy
l 12+ mimy+ niny
cosf = mp || myp :\/ N/
n ny l+m1+n1 lz+m2+n2
(9)

A, RN R R

3 BLAEXSNERE

3.1 EAREFEE

il JE L 37 A 25 T it B, A2 vty ik AT 3 e A
SRR, B8 A BE B v T 5 R SChR A 4 T B
FEfbR e , Rt , 52 e iy A0 7 £ B2 28 25 I ok 2 1Y)
FHE R ZR Ry A I Aok R[] [R] DA B2

i bR A o R A S B AT, R
D ERT RE R 5 EIR PR A A, ik 5 i ) A 2
PRSI SR A %, e S i DRl B o7 B 55 AR
YRS kG FE v I AR MR

M AR R AT E R (2) 66

LA () /NIRRT & b 8-
A*FJE H bR CATHUm AL A vy, LA H bR 38 2 A il
SRS KGR BR . W (2) B AAF- & 535 ]
B2 — Bl B DR ARG OGRS IR RERK
‘EEF(Strap—down Inertial Navigation System, SINS)M N
INfIR) 8 — R GE LN L {5 O s 2 40 A 54, Hoh LA
LRG0 K FH R R 4 A8 1 3 RY -8 (Precise Point
Positioning, PPP) S 3L i ik o7 & 1) e 4 B2 0 o, 0

PRIREEC I T 5 LR SRS JLH 2 4 U SF 4 )

?EATE'PﬂIL%é?LQ 10T iz TR A 45 245 P 2 A 0
I B 48— RGeS BN (22 ) sl D0 S 1 8 1 v s 1)
[F) 20 381 DR e 2R 0 T T M A 0 16 % 14 e 7 4 11
TS 2 A B SE ) e

BT B OGH A AR A A R A 23 i B AN 15
2 s TERRIGE— RGEM ST, W &6 & 41X
I_JL/FEEET(DUE HAw, H O 15 B 2 MR 1E 1F )5 % 4

AR R RS R (4) ~ (7)1 B A
EI’J S B H o

[ pENE-] wReE | |

WA EE
0 3513 1 90 |
0 3523 ik 9 it |

Sy 3 Imf =P 3 I
!
AR B 2R

WM A
(msep gl wEBE ||

K2 i B

Fig.2 The diagram of marine angle intersection
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Fig.3 The diagram of equipment arrangement
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Fig.6 The influence of angle measurement error
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