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1 - B - class GPS point; 2 — PPP point; 3 - balancing point; 4 -

bench mark; 5 — GPS baseline; 6 — schematic line

3.1 BEESENMNEANA

XF PPP A5 W INE >R H] Bernese 5.0 3K {4 #E 474
0 e AL TR (JE RS, 2007 ), DL &3t 5 JeUIE S
25 WS RI B B 0 P HEAE iz s 0 & A b, SR 5
FE R B %% GPS ¥l s A K2k, F ] Cosa5. 21 %
PEEAT AR 22 , B A A3 5] =~ PPP AT AR 4% B0 8
L = 2 A A F T DU A 22 JSURT I — 2E A bR A, £ 5e )
P ) 15222 S - 1 £ 0. 005m, =i 7 + 0. 008m , 4
FRA 7 58 2 A5 H 1) Al B (R4 o PR 2

W1 %2 B = 2 A AR AT H B, R
HEiRWEL,

F1 ARIMAR2HBEELILITERER

Table 1 Comparison of schemes 1 and 2 for two kinds of coordinates

x #2% y #52% H 2%
e K/m e /h/m F/m K /m fx/N/m FH/m e K/m f/N/m F/m
PPP 5 0.013 0.002 0.008 0.061 0.022 0.046 0.020 0.007 0.016
FE S 0.017 0.005 0.012 0.068 0.027 0.048 0.022 0.009 0.018

919



i I 5 R

2017 4F

mE1LAUFEH.

(1) 76 75 9805 it b DORS 25 50 208 AL B R T it 38
A5 B ) ASORS B 7 A RE A A2 i R L BB RUEE )
A X GPS 5 il I ARG B K

()M F I 2 B AN A bR AL T R ]
M7 58 1 v & 1S AL T I 1 — 0, L5 ) 1) B B AR
i B4R T 58 2 THEAR 4 o DO R ]
TR
3.2 EGM2008 & HiziE R Y A

P EF B 9 GPS 45 ) S A K e S B A
1985 i = B, GPS 458 il I 556 I 52 ) )5, B ] 75 4%
U)K b 5 2, R Wi 4 /9 EGM2008 i 37 45 Al
WA, AR & S S R 5 5, RO
A A ) Y TE e 22 AR K UE SR S B 9 GPS
S LA SR/ I T B0OR T 0 4 0 AR A S K I 3
FEKUE R 223158 F 22 58 A R X @ 48 1 —
A~ B G GPS 45 EGM2008 #5178 153 () 1E 8 i, 44 95 b
MR 1505 R sidn 44 0 2 5 0

P LTG0 IE R R 2 Y TR R EAT L

LR e e
®2 BEHEGPSATEZREEEMTERER
Table 2 Comparison of B — class GPS point
balancing and known elevations

=822 Wil s % E R % /m
! 4 0.064
2 6 0.091
7 2 ATLLA

(1) %] EGM2008 i Jy 37 K 80 3 545 1 A9 4%
il e I R B A6 T AL P OR B B RS g B £ X GPS
RLE R L 2K

(2) Hy T35 22 1 A% 3 R0 2 B, 7K o A 1Y i 0K
AT R R RE
3.3 PREESHE RTK (ELHI N H

Xt GPS — RTK il & ity 5 g I o, [A] 25 kA7 R
TSI, UL B (8] DA 12 g b o Rod 2 AT A Ak
PR 20 bR A o KRR RTK I &
{ELRI PR H R S AR AT A, USSR L3R 3.

®3 WA RTK MEEMREHEBREER
Table 3 Comparison of measured RTK values and fast static solutions
x B 9% y B2z h 22
FK/m e/ /m iR 2/ m FRK/m e/ /m iR 2%/ m K/ m Fe/N/m iR 2/ m
50 0.233 0.001 0.124 0.268 0.002 0.136 0.068 0.000 0.028
3 W LIAH P70 NG B R A HT S T, R PR AR | A

(1) %2 BB BEHL DR 22 MR 1, HORS E 5 RTK
N0 PR BEAR 24 BRSO A K TP
AT T RERE AU GPS - RTK Rk 755X .

(2) Hy 3 e o e 25 A ol T SO00 0 e 1) <, B gl
Ak B30 I Ak B T3 5 B LA S B AR AU Dy — R
TERFERNE G0 T (00 7 I

(3) TR Y5 ) GPS $Z UL A 1 RE AN S AH
[, e, 76 1E 3 OT J AR R, in Bt 2 TAR 7 b
A B F bR A I R O 3k U ke kAT — sk
IR, AR I 12 A A L ) A o 3l 2 A A 0
WL o — ek B, 7 —A> 12577 BB I, 42 11 -
TR 2 AT [R) LAY, A 8O0 D AN A T 12 43
Ria]

H T 7 R e D M DX B AR AR AR, IR, TR %

i DX T J A L i) R g Bl A i 0 Ty S o 4

FIACHE Ak BE 7 95 5 — Pt XA BT AN TR o AR 3l % L 2%
920

BRI EE

RS R F 1 A5 DR 0 T LAR R 2K
FANLTEIZ M DXTT Je T A i) 38 3] Ay S A7 JR) R, 4%
A7 figp R 1) BRI SR JH 1) 5 Xt 22 b 22 0 HL 0 i 8 &5
e B, 4% BN A figk DR TR LR T SR FH A 7 3 DR AT 22
/D B AF AR — S8 JA) T AR SCOE S X I 2 R Y A
B 255 7075 6 It Ml DX S G ST I A B0
A s O i R, 25 e A i, SR i T — gk
[ ALY 7 3%

YETE A TS, B ARSI EE S
AR T, AR v R ORI ARG B © e AR R M T
B2 e 52 MR AT A% S R RN B 0 45 T R R a8 A AR
ZREME U R T5 , DA e iR BT 52 B O 125 BOR R
Je Ry T v AT R S SR E R AR SR T R IR
Jith o 0 T A R DL R R iR A
TG e D M DX R R L B R g B A T AR R, AT L
HE— 20 4R v I A T SR R A R S RS JEE ) T
%A



5530

Kl MRS 3 T RS R DX v h R R R g B A A R I T T R WA

(1) B T [H 4 4 CORS ¥ (1 A W7 58 3% , 76 8

J3 A I T AE 8 CORS i i) %5040 4 1 4%

FRECTE J7 90 A5 B CGCS2000 Ak b T IE F e ok A0 8

GPS 2 il M ) g 57 J2 GPS — RTK I K jig oy — Fif

(R 208

(2) BLWY B 25 48 AL K Ml K o T A9 0RS fk & 4 4 i

SE R, PR A B Y AT EE 0 A Y R I

R AT fE (R B3 45 ,2006) o

DEE)

O e ANRSAE A #5. 1997. DZ/T 0171 - 1997 KL 7]
REDBHAERELS].

@ e ARSI [E RIS 2015, DZ/T 0004 - 2015 = 74
EHORHLYE (1:50000) [S].

[ References |

Cao Luo-hua, Zhou An-chang, Wu Feng-xiang. 1997. The application of
integrated geophysical survey to the prospecting for nonferrousmetal-
lic deposits[ J]. Geophysical & Geochemical exploration, 21 (6) :
425 - 434 (in Chinese with English abstract)

Cao You-yuan. 2002. The applicationn of pocket GPS in geologic explora-
tion[ J]. Geology and Prospecting,38(5) :71 =73 (in Chinese with
English abstract)

Chen Jun-yong, Li Jian-cheng, Ning Jing-sheng, Chao Ding-bo. 2006.
Study and implementation of Quasi Geoid models with high precision
and resolution in China and its some Provinces and Cities[ J]. Geo-
matics and Information Science of Wuhan University,31(4) ;283 -
288 (in Chinese with English abstract)

Chen Wu,Hu Cong-wei, Chen Yong-qi, Ding Xiao-li. 2001. Rapid static
and kinematic positioning basedon GPS active network[ J ]. Geomat-
ics and Information Science of Wuhan University ,26 (6):518 =523
(in Chinese with English abstract)

Feng Lin-gang, Zhang Suo-xiang, Meng Kui-wen. 2010. GPS height trans-
form based on EGM2008 model[ J ]. Geophysical & Geochemical Ex-
ploration,34(4) ;550 — 552 (in Chinese with English abstract)

Fu Yang, Fu Yong-hao. 2016. Application of EGM2008 model in RTK
height conversion of topographic survey[ J]. Geospatial Information,
14(11) :103 - 106 (in Chinese)

Geng Tao, Liu Kuan-hou, Di Zhi-zhong, Li Gang, Yang Huai-ying. 2010.
Application of accurate inspection of CQG2000 Quasi — Geoid model
to regional gravity survey in Qinghai — Tibet Plateau[ J]. Northwest-
ern Geology,43(2) :1 —7(in Chinese with English abstract)

Geng Tao, Liu Kuan-hou, He Hao, Meng Jun-hai, Yang Ming-sheng, Gao
Peng,Du Hui, Tian Zhong-ying. 2012. Some problems concerning re-
gional gravity survey in difficult areas and their countermeasures
[J]. Geophysical & Geochemical exploration,36(5) :749 - 754 (iin
Chinese with English abstract)

Li Lian-jiang, Ju Li-hua, Liang Yan-qiang. 2009. Application of GPS PPP
in geophysical surveying[ J]. Petroleum Instruments,23(4) :43 —-45
(in Chinese with English abstract)

Liu Jian-xin, Cao Chuang-hua, Tong Xiao-zhong, Guo Rong-wen , Tan Hui-
yue, Cao Zhi-xiong. 2012. Application of integrated geophysical

methods to a molybdenum polymetallic deposit in the Tibetan Plateau

[J]. Geology and Exploration,48(6) ;1188 — 1198 (in Chinese with
English abstract)

Liu Jing-nan, Liu Hui, Zhou Rong, Wei Na. 2009. Some thoughts on the
establishment of nationwide continuously operating reference stations
[J]. Geomatics and Information Science of Wuhan University, 34
(11):1261 — 1265 (in Chinese with English abstract)

Liu Jing-nan, Ye Shi-rong. 2002. GPS precise point positioning using un-
differenced phase observation [ J ]. Geomatics and Information Sci-
ence of Wuhan University,27(3) :234 —240(in Chinese with Eng-
lish abstract)

Liu Jun-ling, Liu Hai-sheng, Wang Yan-ling, Xia Xiao-jie. 2009. Study on
the methods for GPS height fitting[ J]. Geomatics & Spatial informa-
tion technology,32 (1) :143 — 147 (in Chinese with English ab-
stract)

Liu Shi-yi,Sun Wen-ke, Sun Huan-zhen, Wu Hai-cheng, Zhou Jian-xin.
2004. A preliminary analysis of the train of thought for geophysical
and geochemical exploration in china[ J]. Geophysical & Geochemi-
cal exploration,28(1) :1 =9 (in Chinese with English abstract)

Peng Xiao-qiang, Gao Jing-xiang, Wang Jian. 2015. Resrarch of the coor-
dinate conversion between WGS84 and CGCS2000 [ J]. Journal of
Geodesy and Geodynamics,35(2) :219 - 221 (in Chinese with Eng-
lish abstract)

Xu Chang-kun. 2011. Discussion on the specificity of metallogenic geolog-
ical features and prospecting layout in Qinghai Province[ J]. Geology
and Exploration, 47 (5):782 — 793 (in Chinese with English ab-
stract)

Ye Pei. 2014. Application of the kalman filter to control survey int the
Yangshan gold mine[ J]. Geology and Exploration,50 ( Suppl) :1446
~1450(in Chinese with English abstract)

Yu Bao-xian, Li De-liang,Zhang Shuai, Wang Huai-kun, Feng Chang-ge,
Li Peng. 2014. Joint application of magnetic and electric methods to
an iron - zine polymetallic deposit in Middle Gobi Province of Mon-
golia[ J]. Geology and Exploration,50 (1) :192 — 198 (in Chinese
with English abstract)

Yu Chang-ming. 1999. The research of exploring gold ore by comprehen-
sive geophsical methods at He Lan Gou[ J]. Progress in Geophysics,
14(2) :114 = 122 (in Chinese with English abstract)

Yuan Gui-gin, Li Fei,Zheng Hong-shan , Ding Zhi-qiang. 2010. Geophysi-
cal technologies and their application effects for exploration of deep
metallic mineral[ J]. Computing Techniques for Geophysical and Ge-
ochemical Exploration,32(5) :495 - 499 (in Chinese with English
abstract)

Zhang Chuan-yin, Guo Chun-xi, Chen Jun-yong, Zhang Li-ming, Wang
Bin.2009. EGM2008 and its application analysis in Chinese Main-
land[ J]. Acta Geodaetica et Cartographica Sinica,38(4) :283 —289
(in Chinese with English abstract)

Zhang Rui, Liu Hong-tao, Liu Jian-ming, Lin Jian-hua. 2008. Application
of comprehensive geophysical methods in the long tou shan ag - pb —
zn deposit[ J]. Geology and Exploration,44(2) :67 =72 (in Chinese
with English abstract)

Zhou Li, Kuang Cui-lin. 2007. The introduction and practice of bernese

high precise GPS data processing software[ J ]. Geomatics & Spatial

921



i I 5 R

2017 4F

information technology,30(5) :110 = 113 (in Chinese with English
abstract)

Zhou Sheng-hua, Yan Yun-fei, Li Yan-jun. 2007. Application and effi-
ciency of geophysical and geochemical exploration methods in pres-
ent ore prospecting[ J]. Geology and Prospecting,43(6) :58 — 62 (in
Chinese with English abstract)

[ B AR 525 2% S0k |

HIRME AR E RN 1997. BB @ B W& v 454 Wi e n
[I]. PSR, 21(6) :425 - 434

450, 2002, FRix GPS MR TEH ) &R g LT ]. #E 5 8
#,38(5):71 =73

MRIZ B, 2o pl, Tt B, JROE . 2006, 4x[E] N #5534 i H X et 1
15 53 A K K T O B ¢ B L S0 [ ] IR % 53R 5 A
Tl ,31(4) ;283 - 288

MR B HIMER BRACET, TR 2001, JL T GPS JLAER [ GPS Pk
FEEMRAEEMHTELI] RDCRFEFER S BR,26
(6):518 =523

TLFRRI, 3 B8 , 5 245 5. 2010. 2 T EGM2008 f L iy & 7 X0 il
GPS Bt [ J]. i S ALH5 34 (4) 1550 - 552

FF o BH,FFoKATF. 2016. EGM2008 AU 7EHITE & RTK SR e i 1y
R0 H s (Al{E 2,14 (11) ;103 - 106

Bk, R BB A, 2 W, PR 2. 2010, CQG2000 f# AL 7E
il v S5 DX PR P O B LG X I A TR R LT ]
PRAbHB T ,43(2) <1 -7

WL R LR L R4S ISk R, H A
2012. 5§ e I PR Rl DX T e X 3 J D R TR B B R 5
MHELT] RS MER,36(5) 749 - 754

ARETL W AE  BEAE TR . 2009 R 25 B E AR AR TE MR & A R
[J]. Gih{Es, 23(4):43 -45

Wi , B 001, w22 0, S5 5, TR, o . 2012 42 & WK 75
FAEFHESREEZ BT WM EZSCRIT]. T 5 B, 48

(6):1188 - 1198

XUZEE, X B, AR 28,30 1. 2009. By 4x[E CORS B [E 5 H
OENESZERN LA BT RIKZEW .5 BB,
34(11):1261 - 1265

XL FE , M. 2002, GPS JE 2 A0 4 o B 5 fr B R T [T]. &
R ZF AR A5 DR R ,27(3) 234 - 240

XA, X4, FATR , B/NAR. 2009, GPS AR & 7 i v [J].
M2z 523 A S 2 ,32(1) 143 - 147

U3, PN SCE PR, SRR, E KR 2004, R E LG R
EHLBYIT )] MR SH,28(1) :1 -9

/N HERE, B I, 2015, WGS84 FI CGCS2000 A4 bR 4 4 T 53
[J]. KRl 5RO ERAD )72 ,35(2) :219 - 221

VIR, 2011, F R Hb I A AIF B 5 2R b R PR A R AR TT [ 1] H
JF 5,47 (5) 782 - 793

T 552014, R/REJE AR BA L G 2 I B b g0 2 A [T ] Ho
55,50 (BT <1446 — 1450

TR, Fl, 0k I, FIRE B ER, % 5. 2014, ZEE HERY
TS E R A B Rk - w2 S By X B AR R
[J]. W p 5 845,50 (1) 192 =198

T EH.1999. BG4 E MER I 50 [J]. HBk iy 2t
2, 14(2) 114 - 122

EAEEE ZE K IBATIN, TARER. 2010, FEE AR B A T i
J7iR 5 R FRCR L] IR B R ,32(5) 1495 - 499

EHR L EEE ER S, IR, £ %k 2009. EGM2008 #i15k & /)
BT o E R Bl I T [0 ] . %41 ,38(4) 283 - 289

o BE, XUMEFE, R, PREEAE. 2008, L7 4 MO ER B BB IRTE & Sk 1L
R S SR T IR [T]. M S 5,44 (2) 167 - 72

JE - F 2K 2007, Bernese iAE5 EE GPS it b B A28 M Ho
FEEILT]. W% 528 A b E H,30(5) 110 - 113

AL BV KL ZEREE. 2007, R A P B9 M AL R R S R
L] M S Eh R ,43(6) .58 - 62

Study on Geodetic methods in Gravity Surveys of Middle — Large Scales Applicable to the Tibetan Plateau

DU Hui, GENG Tao,GAO Peng,LIU Sheng-rong,JI Xian-kun,BAI Yun

(MLR Key Laboratory for the Study of Focused Magmatism and Giant Ore Deposits, Xi’ an Center of Geological Survey,
CGS, Xi’an, Shaanxi 710054)

Abstract: Among various geophysical methods, the geodetic methods in gravity surveys of medium — large scales have the highest requirements for

measurement accuracy ( especially the elevation accuracy). In recent years, the gravity method has been increasingly applied to geological and mineral re-

source surveys in the Tibetan plateau area. Because of special physiographic and the human environments and low degrees of basic geodetic surveys availa-

ble in this vast region, some mature geodetic methods that are commonly used in densely populated and economically developed areas cannot work well or

encounter new problems. In this paper, we analyze such practical problems encountered in the Tibetan Plateau in recent years. In combination with the

aimed test results of gravity surveys, we sum up a set of methods to solve these problems, which can be used as a reference for future surveys in the Tibet-

an Plateau and the areas with similar natural conditions.

Key words: Tibetan Plateau, gravity survey, geodetic measurement, technical study

922





