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EEBRXEFHSLRuGFRFERE (AT 0N E

BAEX 2 AR M 4F P REE!

(1. EREE  EWRICH, B8 200030 5 2. dEBEE BFfcdks, Jbat 100039 5 3. Rt
FVAERFRE, b 200072 4. FEEFERE¥ HATENEEZNEHESLRE, B 200092)

T W LERCEH SLR B EHRALER SLR MEiET, MIESE SLR MiyEXLER, »
UG AT TR LA RO R I PR T R A X i A, AR/ N T PSR = A I R
EEBFRKM AR, PG THAFARCR. MESRER. RIBRCEH SLR WX T L
IGS ¥ O ERERETF 5 mm, B B IGS 355150 SO E LT 10 mm,

% @ . REWEE A TSOEWE, CPS; HsiE(:

hE4a£S: P129; P228,; P237 SERFRIRED: A
L &

LRI G A W i Fr SLR(TLEBOGIEE) ¥5F 2005 4F@, FF 1445 8 A MK
UIPBEZE T WOLMBE B4, B SLR BT LIERICE 1.56 m B EEN = P 50 m 4L,
B LIRCH IGS(EPr GPS JIjFs) w529 1400 m. T ReMIXEI B 451, A I T REAFAERY
RYwmE (MMEmZE, HEmEZES) . RRRRIEW S 525k SLR Miy21fT, FE SLR K
R KR 2 kvl JEOR R RS R AR T 1 em AHXY IGS a9 OISR, SLR 34
WAL E, SRR A A R O W N 35 4% KT Rl A T L LA e R O A B R R R
AL, ARBOCHBEM, HOMETIE, ITRAT 3 & GPS LM & 2ul{L.
3 &5 GPS ZMHLA ORF OGS B EIE NI = AT, X a8y A BE I LR = M s A i iy
BT U e BEAR AL T J7 0 PRI, A B0 B 2 06 B A ATl AT 3B B U LA BEde h D AN Bl R By
PLE, RESEMOX Y MR OC8E, YL B AT B R B X i sk i g, 76 GPS B 2 7,
SR & @b (S S,  # HE E BOCIEE B L de O m B 7 1, FFH — R4
i 8 A SRAT B BCE AR R I DT 1. R, TEX 3 4 GPS A LR B e Y, MEotk&ER
BtR R T = I, FIRTEAR R LR — AN, AU T = MAm i, AT R

W B #E: 2006-03-15 5 f$EIH#E: 2006-04-27
H£EWH: ERHAREESIHHHE (10603011)
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BEIEAR R, = AR A IERSEN, SFHETT 4 MERESNE. 57 R 3 4
SAMERFT AR, GPS MEHITT 55 h (B, B MR TAEE 2005 4 10 A
8 HIT4G, % 10 A 13 HER.

R LERR W] LT SLR SRR T L 1GS 33 OB B8 T 5 mm ,
L3 1GS U515 60 s SLR Uiy A 60K B AL T 10 mm,

2 PR

MEE Ef, AR TR MBI 7 B N2 S K, R T OASh A
HIBE; GPS ., =Ml S8R RZEHER.

2.1 EHEPOARRIBEE

G O AN ) S AE KT AL B BB R T S R AERNIR 22 20 By JREEA
KAE, 2T

1) YA E R A= B, A AR 0°0°07.00 , DAPRFELAERIZK T

2) ZEFEHI AR R, A O R B E S HIn e O A S AL b, R
£ 2 NMEEF AT TR A R, e 4 A e IR

3) TEH.AL 90° WA 7 10 Lo ML B G e, K FiessEmes, f#AERXHE Booo
LAY

4) JA4# B000 . C000 pub X, P22 S OX dFigar, s B KB iR
A 0°0'0”.00 5

5) BT s EHigE 180° , #AE 2 G2ui Y, FRIHEXTHIBFF, 0TV AiEs #%
B AK T F B — 243 B SR ERS BO0O . CO00 43, AR5 R T B 14 vl (U vk 77 1)
B TIRSEE, (3% FRAT AL T 2 A0y

6) EREE 4. 52 2~3 K, FXTHIEMERA T EL EaERE 0 (B 140 X)
FEAEIEE o

EE1H, FO'G AL 5 PRTEIEEWWIGALE, F'O'G Nk 180° JFHIALHE,
O S REBEHEFEH O B AKTALE.

e E H O E R R E SR AR B in e R 5 A& SLR Him SRt SO S M k.
TEK LB E LT, TEX R0 & S A, BRSO e, s
T R RO A S5 56 H o0 2 7 B B R UL °F- T A M, R DU - T 2 EL AN B A Y
8 DU AT ok A v B 4R TS, RO RO e R R AW EEERE 2 M, B
Eal) e SN Y
2.2 GPS ME. =ANESLRRZENXR

R 2 1y A040 . B000 , CO000 =22 GPS YL, @it 5 IGS SHAO(Shanghai
Astronomical Observatory , FH#ERICH) BT IEZNM, "IAFHRSE A040 . BO000 .
C000 = AN A TTRF2000 A 47,

=AM, 4MR07E A040 . B000 . CO000 =& #Euk, S A040 . B000 . CO000 .
O WA S [EEFEE, #HE. AE. &2, RS = AN ARZREFHN E TR AT
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. A A040 . B000., CO000 =AM MHE A (H A040 Z C000) N 14.244m , AT
VL GPS MG =MMZEKRR, RRT @mfrsgmirk. BREJrkkd: HiE, K A0,
B000 . C000 =B FH¥{H, BiE = mify P REZNIE; HIK, KA WGS-84 Hisk, #f
TR YIRS, =l R R AR BOE R, A=A, A, BERR,
KT R0 A P2 (AR IL4E) FRAT O siRyAEbs CFITAadR, Kies) s &JF, KA
WGS-84 Bk, HATEMEERI, 58 O KB RHAIR B, L.

--='ZiE:imie CO00
SHAO
A040 _,«“”/A
BO0O
C000
K1 AgsfErnEl K2 =AMREHE

MA=AmEmEER SR, TR ENELRME. 20 i A28 & g R T in L
2 A 22 Ak 9 LA I G I BR T B 15 2030 2 B R TRUBE RS, B FIHRAG R s 2. i TPASCH iy
BOLT, ARl RZqR A (7EE] 1 Brzs d1 A040-B000-C000 4HsHy = AR TLE M,
RRELRLON 14.244 m) , FLEWEIAK VN 207) , FHXFRH S HSE 0 IR 7] 20 AT ()
T 1 mm) , WA S ub SONAS H P R 2 T Y R 2l 56 T R e 2.

3 KAEAbH

3.1 BERRTREELKIE
oAb PR, JEBUL T B SHAO b R FENE, 1E% IGS ¥, 7E ITRF2000 H#iBRE:%5 4L

., T 1997.0 B SHAO siAkfr=HE X . V. ZWKEESH N 1om ., 2mm ., 2mm,
HEEFE=/r8E Vx. VWw. VzHBEEZHHN04mm/a, 0.5 mm/afl 0.5 mm/a, WM HE
Z (2005 R EE 285 K, t= 2005.780 8) B HY SHAO wivh&er X(¢) . Y() . Z@t) W F
KR4

X(t) = X(to)+Vx(t—to) = —2831733.538m

Y(t) = Y(to)+Wl(t—ty) = 4675665.941m . (1)

Z(t) = Z(to)+Vz(t—to) = 3275369.403 m
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Hrfto =1997.0 . MIFRELEEE, AT LISRIMESZ] SHAO S FR X (t) . Y(¢) . Z(t)
KEAHN: 3.65mm ., 4.82mm . 4.82mm.,
3.2 GPS Lz

AR T GAMIT (R E A B L%t GPS R AP )10.05 BUREHT SP3 #%
X IGSHEERTG, TE Sittbl. XA REEEM A, HE&% SHAO MilRi 2R {H, #&RER
H A5 2005 4ER958 284 . 285, 286 RpH HELMm (IR 1, Hb L FREZXKMK
) BR@EEdHE X Y, ZMRLRENEEHORIFERLIEE (WFE 2., #£3).

®1 EEBESIT—RER

m
B Day AX AY AZ L oX oY oZ oL
A040- 284 10.450 6 8.463 2 29171 13.760 5 0.000 5 0.000 7 0.000 6 0.000 4
B000 285 10.451 3 8.464 2 29111 13.762 2 0.001 2 0.001 5 0.0014 0.007
286 10.450 4 8.464 2 2.917 6 13.761 0 0.000 4 0.000 5 0.0004 0.000 2
IACEY) 10.450 5 8.464 1 29171 13.761 0 0.000 2 0.000 7 0.001 0 0.000 3
A040- 284 6.585 5 9.850 6 —7.9128 14.248 4 0.000 5 0.000 7 0.000 6 0.000 4
C000 285 6.586 0 9.854 6 —7.9073 14.248 3 0.001 2 0.001 5 0.0014 0.0007
286 6.585 3 9.851 3 —79136 14.249 2 0.000 4 0.000 5 0.0004 0.000 3
IBCEY)  6.585 4 9.851 3 —79130 14.248 8 0.000 1 0.000 7 0.001 0 0.000 3
A040- 284 —982.768 5 —907.252 3 292.6058 1369.1453 0.0008 0.0011 0.0008 0.000 6
SHAO 285 —982.768 8 —907.251 1 292.6120 1369.1461 0.0012 0.0015 0.0014 0.0007
286 —982.770 8 —907.253 2 292.606 0 1 369.147 6 0.0004 0.0006 0.0004 0.000 3
IBCEY)  —982.770 2 —907.252 8 292.606 3 1369.147 0 0.0007 0.0005 0.0010 0.000 7
B000- 284 —3.865 1 1.387 4 —4.9956 6.466 8 0.000 5 0.000 7 0.0005 0.000 4
C000 285 —3.865 3 1.387 4 —4.996 1  6.467 4 0.000 4 0.000 5 0.0003 0.000 2
286 —3.865 2 1.387 1 —4.996 1 6.467 2 0.000 3 0.000 4 0.0003 0.000 2
MACEY —3.865 2 1.387 2 —4.996 0 6.467 2 0.000 0 0.0001 0.0001 0.000 1
B000- 284 —993.2191 —915.7155 295.5229 1382.878 5 0.0008 0.0011 0.0008 0.000 6
SHAO 285 —993.220 2 —915.718 3 1 295.523 2 1382.8811 0.0004 0.0006 0.0004 0.000 3
286 —993.221 3 —915.7174 295.523 5 1382.8814 0.0004 0.0005 0.0003 0.000 3
MBCEY)  —993.220 6 —915.717 5 2955234 1382.880 9 0.0005 0.0006 0.0001 0.000 6
C000- 284 —989.354 1 —917.1029 300.518 5 1382.1037 0.0008 0.0011 0.0008 0.000 6
SHAO 285 —989.354 9 —917.1057 300.519 3 1 382.106 3 0.0004 0.0006 0.0004 0.000 3
286 —989.356 1 —917.104 5 300.519 6 1 382.106 4 0.0004 0.0005 0.0003 0.000 3

ALYy —989.355 3 —917.104 8 300.519 4 1382.106 1  0.000 5 0.000 6 0.0002 0.000 6

H1 T A040 ARRIESRE 40 em XA ETER KBTI, HETHRAAREHTE, 7Hobh, ZH
DOR X GPS 55/ A b, FNE P FESHARRE, ZARIAFEE. Fit, 5
AO40 MM R LB AR ZE, BoRAE Z J7 17 LHIREZRF T 6.5 mm , MHERL
B EZE—BAE 2 mm A4, BARTTE, GAMIT SRR REUr, BRY A0 MHER L
fh, HAELW =/ LESWRERTT 1 mm A4,
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x2 EREMBERITR

m
X Y Z L
0.000 36 0.000 91 0.001 15 0.000 48
x3 EZEREFIIER
10 %m
X Y Z L
56.604 28 —2.277 73 —27.802 88 47.649 92

GPS W*FZX*H GPS NET %4, 7 ITRF2000 fEZEF, [ E SHAO %5 2 005.780 8 7T
AR, BT =4E2E 2, P& A040 . B000 ., CO000 =&/ X | Y . Z IRk ER A
0.6 mm , ARFR{ERHKEEIFE 4 .

w4 ZHTETFELERFITER

m

HE X Y Z mxy my mg
A040 —2 830 750.768 4 676 573.193 3 275 076.795 0.000 6 0.000 6 0.000 6
B000 —2 830 740.317 4 676 581.658 3 275 073.88 0.000 6 0.000 6 0.000 6
C000 —2 830 744.183 4 676 583.045 3 275 068.884 0.000 6 0.000 6 0.000 6
SHAO —2 831 733.538 4 675 665.941 3 275 369.403 0.000 O 0.000 0 0.000 0

FEREHLE, TEPERE A040 . B000 ., CO000 = silEAg R, %R GPS MEEss, B
B Dy xot I HEAS BE R s . Rl ASIR GPS 3l b PER R A T IGS M5 & 17, H A040 . B000
PE SHAO MiFERRIE, 0 GPS B JriRz X A B i 5 mi o] Z8% Rt
3.3 Z=ANERHTE

B=A GPS s ARHT, He =R S A X T 2 (121°117117.846 156 3) 7] LIS
FIHARFLE, FHBTEHBE, AREPFHEAASE (W3R 5) . FFRAIX 0 A 71 42
AN EIEEE, FIRERILAER M, #TETE, B8 0 SR IR (2245
WFE6), HMPXEA GPS BAA, O W TFHAAHKEER 0.6 mm ,

x5 BHREETELE

m

P z Y

A040 3 441 633.199 500 008.019
B000 3 441 629.758 499 994.696
€000 3 441 623.833 49 9997.284

®6 ORFELE. FERREHRESHK
m
T Yy KAl i K7 RAIHIRE

3 441 628.3441 499 998.961 9 0.000 5 0.000 4 76.003 8 0.000 6
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3.4 EEIETHE
TEXT A040 . BO000 . CO000 #7=AMEE, FEET =A%, 7E 28 KH/KHER
A FATHERE (7E A040-B000-C000 HRHI = ATEFEE M, MIEGELE 107° m B4k, W&
%) TEOLT, B AR R, s, TS O HMERME CkE) . BUT
HIEIF58] O MRS (R 7).
R7T ORERITE

m
Lk AR R LR FiZE RHIE T H
A040-0 99.615 6 0.808 7 100.424 3 100.420 8
B000-O 99.676 9 0.7428 100.419 7
C000-O 99.826 7 0.591 7 100.418 4

MERENEBE LS, —ARENEEAY 3 mm . LROBIRRY], W A040 HHE
FHy O FRYRHE S HA P Z A EOR, XRM T A040 mUE BRI (82, T %
R = AERITHEE R, HAREE A0400-0 HEFZ, =AERMKEEATIE 1 mm

RYE O RHFH LS, s E A, RGO AMAGE B, L, NAHMGE]
=dEE AR (AR 8) .

R 8 OmKMMts. =HTELIR

B/(° ') L/j°"") H/m X/m Y /m Z/m
31 05 45.940 056N 121 11 11.806 98E  100.420 8 —2 830 744.675 1 4 676 580.618 3 3 275 073.053 6

1R

YER IGS ¥, SHAO SSTEMMGCRH A ER) 3 i X L Y . Z BRE2 58 3.65 mm,
4.82 mm, 4.82 mm , HIEFE 3 AIELEARERE, A5 A040 . B000. C000 =AM X . Y .
7 MARREEAY BN 3.70 mm . 4.86 mm . 4.86 mm , AAIKEER 7.8 mm . FXTT A040 .
B000 ., CO000 =AMy &, O BMVEREESF N 0.85mm ., 0.85mm ., 3.5 mm , SKEE
Himm, A O HE4ESEME X . Y . ZBESFA3.80mm . 493 mm . 5.99 mm ,
AR 8.64 mm , FHHFEAREMHFEIRE (AN 2mm), O mAKEEN 8.87 mm ,

5 4 ®

E@RCEH SLR s EEACRA T GPS AR SH M= ANEMEEHHIE, HE
S S B T MO EIm B e AN B A DI, MRS SRR LR SCE B SLR AN
T L IGS wF-OMHERE E T 5 mm , L& IGS 5150 L¥EH SLR W5y s 00K &
A £8.87 mm , IKF|TUARIKE B EK.

TEARWRIF O 28 T Rl X R i ik 4, BRI TR SLR 4 SR iest A 5)
MRYALE FE =Nk A B R /N B X3P, R = A e e 2 AR i 22 S (U2 T
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SERIATHY . WOLws EImBEHEH A B S B HERR BER AR E PR SLR BRI RE SR & AL B S E.
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Precise Determination of the new SLR Station of Shanghai

Observatory

XIONG Fu-wen!23, ZHU Wen-yao'*, ZHANG Hong-ping!*?, ZHANG Zhong-ping!
(1. Shanghai Astronomical Observatory, Chinese Academy of Sciences, Shanghai 200030, China; 2. Graduate
School of Chinese Academy of Sciences, Beijing 100039, China; 3. Shanghai Institute of Geological Survey, Shang-
hai 200072, China;a 4. Key Laboratory of Advanced Engineering Survey of SBSM, Tongji university, Shanghai
200092, China)

Abstract: To merge the new SLR observation-station in Shanghai Astronomical Observatory
into the federal operation of global SLR network, here the high-precision GPS positioning and
accurate reduction to the mark center of the new SLR station using traditional optical-electronic
observation equipments are performed according to the precision requirements of the fiducial
stations in Chinese SLR observation network. A little special sliding centering equipment is set
on the SLR telescope to help find the real center of the vertical wheeling axes, which is based
on the un-movement characteristics of the vertical wheeling axes wherever the telescope wheeling
toward. After the vertical axes is found, the plane center is then determined according to the
vertical distance from the reference point at the sliding centering equipment to the reference
wheeling plane of the telescope. The whole surveying process is accomplished with three steps.
First, set three reference points around the telescope, obtain their three-dimension coordinates
in the ITRF at the observing epoch using three GPS receivers’ observations linking to the IGS
permanent station-SHAOQO. Second, using two total stations to get the plane coordinates and
geodetic height based on the three ITRF coordinates and the agreement between the geodetic
height difference and the leveling height difference in a small area. Combining the GPS precise
engineering surveying technology and the traditional optical spatial direction intersection, we get
a good result of three-dimension coordinate. The result indicates that the baseline’s accuracy
between the IGS SHAO and the mark center of the new SLR observation station is about 5 mm,
the absolute positioning error related to the geo-center is about 10 mm while taking account into
the accuracy of IGS SHAO in the ITRF.

Key words: astrometry; global positioning system(GPS); satellite laser ranging(SLR); precise

determination



