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62 & X X %= K 2

BRI EVEER R BRI R A, DOVIR BRI, KA S H )3 KFEE 2 A [ 2 2
K, FEAN IR B e 5 T AR AN T A0 3L B B F PR RS KR R (AL AR,
T3 A A1) 1) () e e, WL 7K P 8 LA BIREER A, ORI 22, KM 7K 7 RIS A%
AN R R G R #55 . TR SRR DOVAE TR BT DL R sh BRAFEE 7, B T
YIRS HURAS 5 4612 05 Tt B A H R . [ bRk ST 22 181 551 o oK i )
R UNEH LY DOV

DOVl € J7 2B 48 A% G R SOR il 2k, 23R TA S HUE A7 & i (Global Navi-
gation Satellite System, GNSS)/K#Ev%, I EIEFHIER E 38875 R SCRHU
VW B A T A O pR R OB R B R TS 26T L 5 WA B2 ~0.2" ) R
250 ARG BE 172" GNSSKHEIENTIE SR FH A R A P82 Ay JEE K 2% 110 DK 3 7K v T 175
T, AIERAS~0. 7T EORE B IDOVIS @ T I ARAS K Hoh % 2 42 AR A g X . R
g0 F v OV M Bk g 3 R 200 45l G K [ 2000+ [ EE 3755 480K b K v TR AR
(CGGM2000), fifi AT — s DOVFIKE AT IA1.5".

FAK I 2L T3 I 2 (Very Long Baseline Interferometry, VLBI)K £k[21-221 7 75 &
Sl 1 3 O 2 A 0 B ok W e L 2 AR KR UME, BT R, X 2 HRIFE
3l (AIVLBIFIGNSSIH & ) A 5E JH T & A8 b i 820 2. VLBIA BRULII 5 48 (VLBI Glob-
al Observing System, VGOS)XJ A Hi 3% 22 I & A7 7% (1) 25K Z2.5 yr— &k, DLk
JEVLBIK 262 2% fi 5 Fopth 2 18] KM I 5 0 &% 2 28 0 2 (B B R R &, AT 2 50
ARHIRS B L . A HE RN B AR OIS AHEhI P 5. 5 RS
FRYBE AR B AR R WL A B 3 Tk AA AR VA O AR AR A 2 1) P — O - GNSSHOR AT i, 18
T IT FE GNSSIR] 2D T LM, &A% | FE I AR AR AT DLk B W2 K WK 2. O 1 3RAG B
G BE I VLBLI 3t 275 g AAKR, B 23 FE A IO 12 1] 001 T Jee vahis e A Ml

o ERE 7 e 7 8 R SC 65 B Ll [ B BN 22 1 2 BRI Bl FEGERR 4 BRI
FEE, Ao ) v 0 b i A D7 TG B TR, A A ) 9 7 i v B E D7 [B1200 mA,
AT I AR ST xof b 288 /0 Y L 428 o) D (FT Pk /8 ), 2% 8 75 AT DASE 3 A il s DO VAR 7R
—EFERE B —2, AT AT R FHGNSS, A Hb ST i K e 2 428 il X 50408 i Bt VLB ik )
DOVAH. 5 —J7 1, ATy R 2 H AT AR i oA 42 G BR ) L bk, F Ll 1 4h R
WAL, DOV T8 73 S A N KT — P R X DO VAR, SR A8 A5 1 111336 B R 3 A ST
F2 DOV & B 712 1 FE AR 56 4.

AHET T RHAEGGNSS 7 LM EDOV I 2k 2 AR AL, 25 tH 1 R /N

SKELDOVIH 734, FRI DOV S SR IS 1 %07 1104 2k, i SCansi B I 74047
5itig.
2 JRiE
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FIFH GNSSH DOV £ 8L 75 V5 1] 225 SCRik[23-24). 24T — 28 9 iy 5 25 4l L
DOVZARAL AT #  £e MEAR AL JE 28 by 67 B b 1T 28 3 20 (25 0 78 2R 2807 1) _E I &M

hy — hy
j= (1)
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Forbr, by by 73 900 R 2 1 3 F) LE oy < ZE AN R M iR 2 72, DNFREKTE. A
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AL/, BTG, AIR0R)JT ZmE N

1 1
my = ﬁmiv + ﬁmin ) (6)

b, mi Mg 735 N hy Fhy (75 72, T30 AR R IR ON:

x
tan A = —, 7
; (7)

Hrb, y7rBIVGNSSILLL I T 75 28 70 B AR b 208, X BT 2270 3 m2 Alm 2.
b = O BUE 7E 25y, s
2 2
_ tanAxcos AA:c— tanAycos AAy, (8)

Horpr, AxMI Ay 735352 HFAA8R Z b 407 [ R 77 1) B A AR R 2= AR i e 1, TS
Tifr AR TT 220N

24\ 2 24\ 2
m3, = (tanAcos A> m2 4+ (tanAcos A) ey (9)

T r y v

dA

RS (4) SR Z, 1 S AT 2R LS

n _51 ! 2
Hor, AS FIAS 3 N IRI SR 2 25 B 28 E P DOVAE G 75 AARIA AL 5373 A 56 1R
BRI T LA I
R H & 3L GNSS TR IXDOV 4 & &M 7 2 53 Ml R 78 N

% = iA(Sl — iA(SQ + cot AlAAl + cot AQAAQ s
A(SQ + tan AlAAl — tan AQAAQ s

1 1
m? = & <62m§1 + ﬁmfgz + cot?Aym?, + cot2A2m1242> ,
1 2

1 1
m? = n? <62m§1 + 5f2m§2 + tan®Aym? | + tan2A2m§12> )
i 5

(11)ﬁEPE4Jm51~ Mgy~ mAl%nmAzﬂEB(ﬁ)ﬁﬂeﬂ(%ﬁﬁtﬂ.

2.2 NWERENE B IRE

A i P e 9 R 0 A i R, S5 L D LR i A [R] — AR AR A8 v S I A e
MRy 2338, TR MRRGEEHEL. 2. 3hTHeR:; 95270 I AR IR 7 A4 bR Z 0 X 1H 24
WRARBIER:, FIR oy n, TR A b AR R/RARR R, ALbs 2 e 10 S T A2 il
FARSIE— MR eRe, M DT IR &4 THEN, Rz .

A 5L /0N A 9 ] P 3 2 22 MR AR — 52 R RV B R TRD, G A SO T R R
LI VLBII B 3 A< b4 b 1 fge K R 28 9164 m, 72 51 X DX 380 BBl P, AT DA A 36 2% A
ZEAE AR, LT A UGN S ST il 9] (14 [ 250 S0 LI BL B (5 | W1~ 22, AT DU RE /0N R 2%
FEIAE O R (A0 E PRt BRZ S0 h i AR AR, ] 5 e o — A SR AR AR, SR 4 v
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b IS 1 5] 5 B IR AL b 22, 43 BT AN I — [ € IR EPxyz, Xv Y\ Z9)
TR 0 R 3 AR AR 2 L M B R AR R R BT R R L, XS TR T S R
ETH AR E A (A ARV IE), Z5h5 ER e B & (N IE), Y5 X ZF i 5 B A
JA T FR . A ] e S K M 22 P (L) IR 26 B (B), I IX S 2k B A O R
HENELH RENU, FHIREPpyy, . &M R 5E ON: AAPRIE S ek 5, N
LM )7 A LV (R AE A IE); UL B E A T 90 i B REZ (R EONIE), EfE
T NEAIU, ST E BV, 5L (R IFNIE). Bk X0y

jJ— (g - B) Ry (g + L) Pxyy. (12)

53— 7 THI, FR T A M JR) A ) DO T A M K AR T, R] IR DR 2k U0 0 B 2 R B
] DASK IR IR A O 4, DS Ih ) 2  2  Jo F8-42 ) D) Dt A it Ry 8 42 81 19X S )
KEP,F B FELEM T RENU, FHREPpyy, . LT ZRE N AR IR il
i 1, NI It (5 AR 2 D) 2 (B DY IR ); U, Bl = 1 00t s b i 2 28 (1) B9 IE),
BT BT NAU, 3T € (071, SEZARYICRIDVIE). BARRE A RO

Prnu, = R3(—04)Pioc, (13)

IO 4 R A2 A A o 28 505 16 810 AR 7 10 16 £ A1, RS e 4 D B A, A (13) 2
INT 505 O RE T I A ] 9 0 o i, B mT DU I RO I B R A 52250, R
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(14) K16 ANO A I IE B, FIRZR 7S AN A RS 28 8] (K AT 17 7€ 1R 225 A DA R 2 T
NI A DA K i VR W DA IO 45 R 48 5 BT A 23 3K, R AL BT e A 2 oK g,
BB R L 2R R 2 2 3t 1 2R (8] A M (3 P A2 S 8T T T) LA RZ3ASBREL A (€,
nMoA), 5(2)HDOVHIE A, (14)70 RIS IETT [ 73 53 9 B [ AA ], )2
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JUBE B] 5 TURE) F 5 P R T2 B0 e 4B, AELER T A9 o (s i Dol ROBE B /IN, BE i R 72
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62 % KX X ¥ W 2 1

ML KE ERCR, A RERTEE 02 —EH, HARE RIS RE (1
{05y 2 — B2, HeBRRIRZE TR E R, A SCRH 768 #7 ik
SREXDOV.

3 RWS5ER
3.1 I

20114E7H, X 58 AT’ 1L 3i25-m VLBIRZEH @ T AHUE R &, KEVLBIK
28 27 1 5GNSSE:E v 3l FAGUAO (GPS Station of the Urumqi Astronomical Ob-
servatory) [H] (A HZE$2 % 5. $4  9 FT GINS S A b b R sk 1] 1 [0 20 B0 I 50 s i 515
B, Az i 29 P1-P5 X GUAOZ B, P1-P5 20114 i A e 2 I & A %
A5 FE B . I GNSSHIAR M = =R 7 7R B 43 342 1) X R Bk A S, 20l
RKIMB2HR, RIME2Hmx my~ mzMmy, ~ my~ m,, 739008 & AR 7 B IR 22
2 1] ) e ) 5 K EE A R I3 AUONP L. P24, P3AIIRZ, PO MIXT e 2. At fs il
DRI =00 5 Tk A e 2 B0 LA 1 R 228 SR [26-28).
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Fig.2 Local control network (A) and DOV surveying points (A) in NANSHAN co-located station
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AT RIETE, MDA, FFRE T 1+ 47, Hodr<r RS B 1A BCR S S5
DU, “4” R on T AU 5 R T E B AR HO B S A B ARME BR A, AT SE B4 VR I 5t 35
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62 &

Ty /NS — U RE I B T 28 i 22 1/ I S B i

2 8

RUEAL; FrD3 A, BOYLII B R, A 7“1 + 10005 AR B sUA e 41 4 37
DAL, FRTIVTIE] ARSI 285 R TR A SR TS 45 RAFBAIE.

F 1 GNSSHTMAESIR AR FRA KR ZE (BB AL m)
Table 1 The geocentric coordinates of the control network surveyed by GNSS and

their errors (unit: m)

Name of the points X Y Z mx my mz
P1 228261.9520 4631878.2174 4367091.1883 0.0004 0.0004 0.0004
P2 228368.3572  4631933.8043 4367036.7234 0.0004 0.0004 0.0004
P3 228357.4957  4631972.0838  4366996.2451 0.0004 0.0004 0.0004
P4 228283.8955 4631969.0645 4367009.3896 0.0004 0.0004 0.0004
P5 228340.6229 4631889.2121 4367076.7383  0.0005 0.0005 0.0005

&2 FIRAH=ASIENEBNOE PRSI th S AL AR IRZE (L m)

Table 2 The coordinates and their errors in local control network surveyed using

local trigonometric leveling and precise leveling (unit: m)

Name of the points 1 Y1 21 My, My, Mz
P1 131.6649 0.0000 —6.6053  0.0008 0.0000 0.0002
P2 0.0000 0.0000 0.0000  0.0000 0.0000 0.0000
P3 —24.1466 —51.3691 —0.5064 0.0018 0.0011 0.0002
P4 42.2576  —85.5874  3.7326  0.0004 0.0005 0.0002
P5 57.5048 31.9157  —5.7958 0.0005 0.0003 0.0002

%3 5MEMDOVRIARZSELAME
Table 3 The DOV values of the 5 points surveyed using photographic zenith tube

Name of the points Longitude/(°’ ") Latitude/(°' ) £/ n/"

D1 87 10 41.971 43 28 16.455 32.776 £ 0.0477 11.382 £ 0.0466
D2 87 10 45.984 43 28 18.935 32.787 £ 0.0244 11.333 £ 0.0248
D3 87 10 41.477 43 28 14.785 32.563 £ 0.0557 11.376 £ 0.1642
D4 87 10 32.309 43 28 21.613 33.262 £ 0.0471 10.918 + 0.0607
D5 87 10 25.432 43 28 20.544 33.602 £ 0.0672 10.864 £+ 0.0488

3.2 MIWER

i bR A st ) R R 5 DOV & 43 3 I g T-201 14E 120204, X T — & R
DX 5, B 0 st VE X EE R A SRR, 1R 2k I 22 AR5 0.0017-0.004" ) i #5129,
H A H T . % R B E L s DOVAR 1910 yrra8 fb B A8 i20.047, W% AS {7 7ED1 4
FIDOV SRS B TE A .
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F H 2 JLGNSSJ5 % Bl s DOV 43 f AR 4 3T 7. & i 4 9 A GN S S 42 il
P N D1 AL DOV 43 8 SEMIE, % 72 R R & W JE i DOV 4 & AR I 1o 20 iR 22,
ERInSE LI IE J7 A4 B 9 b M AT R ). RIP2 s i N VLBIR 28, (R A SC T ik /s kW
B S P2l SRR, T 3u Mg DOV, A PL. P2, P4 (EIH AP1P2P4,
H AR MG R J7 X)) B B T 1 fif 25 R 5 SeME 75 &, P2P3P4s SElfE 45k,
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3 GNSSTFEFRM3uEMIEKIDOV (Z41) LI ZE (i 51)

Fig.3 The DOV (left column) and its bias (right column) of the 3-point networks surveyed by GNSS

4N FI FH /N 2 5500 7 7 BT IDOV S 3 B g 26 A D 1S DOV 4 & SE A,
WERE S K25 E XAKS. 54 GNSSHIDOVIE 7 iEM L, 45t F:

(1)IEIL T R /N W 3 1 77320 DUAR SAS BIDOV & e AE, % 7R U, b
IR 1 PR

(2) AR/ BT il S IDOV 73 i 45 I 2 57, A5 TR A 774 1 £1]1007-200”,
Uiz KT/ N AR 5 DOV 2 7

(3) AT 5 IR S T NP 1P2PARIP1P2P3P4. S5 P54 SN BT fft 45 R 5 52
MHE IV A FE B 22, SP3E R IIMIE AT DOV 45 s FE R T 5P oA S K I it i
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Fig.4 The DOV (left column) and its bias (right column) by the small scale control network parameters

transformation method

(4) W JEP1P2PAFT R S DOV G B 5 i1, 4 B AH 43 7 305" £4.3" Fl—11.1"+4.7",
5DOVSRI /- B G R BN —2.3"F10.27, BIFER H 1o RAEE N,

(5) RETEFZ L R i T IS 1, (H M TEP1P2PART f#AFDOVE [E S 75 & 5 B
FMIEP1IP2P3PAFTAFSE SR, R ERE B DOV I A Fh 52 e LIRS 1A (333 ) P 5

(6) /3 A K38 434l RISk 4 1 9 T 1) fi DOV S s A 75 & B %, (HAE LB
fEDOV 735 7 In] LRI 2 — 8,

(7) 48K 2 B3 W T Tl DOV 7y & 34 5 HAEAFF, X —RIE L GNSSTT V%
MDOVERBUAAIR], 1506 P Fh 77 7542 S 2. /NG SR XD O VA i — 2B #4054 oK
i, JOTE VLT L FP A T 2 M 2 5 S8, MR & 7 2 I AR B B HDOV 4r &4
FER v, AT R KV BBl 00 ) 7 IX SR .

3.3 WMEBEESHMELNRENXR
WEs (EE)FR, S TRE3AE/NA, P1P2P5. P2P3P4. P2P3P5 AN 7 i i
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BUN, B S8iM =M, X MR DOV S SLilME i 2 8RR R 2 —.
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~
S P1P3P4 CLF’1 P2P5
=
S 2000 - 1P3P5 T .
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K5 M A(LEE). 35/ EDOVEIRER KK R ().

Fig.5 The area of the small scale control networks (top panel), the relationship between 3-point network

and its formal error of DOV (bottom panel).

K5 (F)gath 13RI AR S HE 3R 2 2 [ 50 2 (B /0 3 R 7R DOVIE 24
REMALR, S HAER R 5] &R TR =X N RIE). AT UG i, MIBAE
dBZE (BE R =MAEMIE. BUNOERER), Frem Gl EszE. ke, 7
UMK, B QIR 530 = M), X ML SR A DO VAR B e vl S PR e, (B IS
K B I R (PSERPS), B TR A 1IN iRz il FL sz, X 48 pi Tl g 2 5K
RS RIDOV S MEE R B W ZE .

4 g5

M3 A, FF 1L FIDOVAE i 52 K T Ho At kb X, At X — i F B2 R JLAS
BB, il XA B R AE WA ~207, T B L 3 AXDOV T4 4> & wiik 3] 7337, Bk
@k AL 20 B, B2 5 B P AR AN HhoBe. o E2f R, D1, D2, D3
A F1#1, D4. D5 AL T28], D1. D2, D3ADOV-T4F A1 UP 1 43 & 1 — ik 20 51
“H0.224"40.06" £110.039”40.053"; D4. D5ADOVT 4 A1 Y0 # 43 & 1 — 8tk 2 5
0.340"”40.082"F10.054"”+£0.078". PN HubR 2 [(IDOV 4> & 1 5 K % 1E 91.039”+£0.087"
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A10.518"+£0.068". FARKAE, XF T 1 Ll 78 77 200 mF1500 mya [ Py, DOV & 1 —3K
PEA BIN0.A" RN, TRk, IABIRE, 71700 R FE 240, AT DU R 7 T 500 myi [
WIDOVAE — £, 7T LA FEAE i B P A 8 78 5 AR K, TR 5 M LT (1) 3 ki, T P17 G
JE GNSS [R5 PRl & K4 2 T X N DOV, a4k, /N R DOVAE it —SUE %
FEIEL SXAEDOV LA 43 W fif 5. I 2 /N 7 26 T AR 5 L ATl DO VAR 3 14 22 1] (1) 47 2.

AL 4 e 3% B 33 2L X T UL A8k R A R S, 2 sl 2H I A — E g
PR DOV EAE FE, 1X 5 W s 52 K 5 DA B X TR 23 A 25 DDA OG. %o FH of M 0 3 2 3
SR B /NI R A R 2 AN I S U 228 vl AT 4L R I O L X e 2
JiE GINSSH2 ] W 1 5 HT B8 3% 452 W, 5% 6 A s RS2 R0 T P 4 10 o, o 45X S e AN
AT F SR A 52 AR B2 2K i, I8 W] DA SR SEIL R A DOV K BHIE I, X} 5838 2 HiAR I
By ThRE A & EE IS INME.
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A Small Scale Control Network Parameters
Transformation Method for Surveying Deflection of
the Vertical for Co-located Stations
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AsstracTt The expression of formal error of deflection of the vertical (DOV) surveyed
by classical global navigation satellite system (GNSS) is derived. A small scale control
network parameters transformation method for calculating DOV of co-located stations
is proposed. Based on the observation data of the control network of Nanshan multi-
technology co-located stations in Urumgqi, the algorithm verification is carried out,
and the DOV of several places in the station is surveyed. The results show that the
high-precision DOV of the small scale control network is only determined by the three
points with the highest surveying precision and the widest coverage area of the triangle.
A few points with poor position precision will bring great uncertainty to the DOV
value. The consistency between the DOV calculated by small scale control network
parameters transformation method and the surveyed result is —2.3”4+4.3” (north-south
component) and 0.2”+4.6” (west-east component), respectively. Small scale control
network transformation method is similar to the classical GNSS method for DOV in
the aspect of precision, but the former is more convenient. Considering that local
surveying are carried out in irregular intervals in those multi-technology co-located
stations, a zero-cost and long-term DOV monitoring in multi-technology co-located
stations can be realized by the method.

Key words observing station, VLBI (Very Long Baseline Interferometry), deviation
of the vertical (DOV), local control network, local ties surveying
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