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OB MEAEB AL E S AR L, RTK (Real Time Kinematic) = 4i/RKIRNEELLZ) 2
B TARTRBMEP. RTK HAREZE 5 R HIBE BN £ 5 KIE, SRIBEEE KN,

FAAEEATE T, At M, KR T —MATERAEHESZH5 L E L KBk
PPK (Post Processing Kinematic) Az K, FriBid# Sfezh Snlad s %, AR FE GNSS &
G R H LRSS AT T AR A A MK, G M BT o AT T KRR . MIKER
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K, HTREKTRESMAS (Global Navigation
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{3/ 2 /> (Real Time Kinematic, RTK) 4% A K H
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B 1) GNSS ZP AN AL B (Post Processing
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SRS PE I 4 59T (Inertial Measurement Unit,
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PEF 10 em M BLR: RIS ¥ #F5E T 3T PPK
A % B 5 B H2 R (Precise Point Positioning,
PPP) [WIiE 25 GNSS MG S K %, #Foess
R, Pein Bl RG] i moUlil B, HL PPP AR
WAL EAE LT 10 ems A0 7R3 I X
LA GPS PPK FEARBEAT T 7K 1 e 2 % 3ek Frg P X T
VB, SRR, ZHAE AR W] 2 TR K
F KK S ¥ GPS PPK 4 AR B TR AT 1 ik
TR T AR, 3RAS T HeAR Ge e o v o8 s AR
W RCRARGE s A T ZEK KR Hh B v
XF PPK FARBEAT 70, B M e 1 il D TR
B P S AR AR B AL S B RTK VR Tk i
FTRIR ;X ERR S ™ AERPARI AT T PPK 4
AR BRN ], SRR, ZHARTEX KK
BGHEAT KT MO s, 50K B AT A JE K 2
Marcelo Santos 45 ™ #ff 5% T ¥ 1 34 5% ' PPK 5%
MRS, i T — ORI Y R AT IR AR I 2
HET i BOR5 2 . Jae Young Roh % " fifi Jf] PPK 3¢
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DA 5 B W K A7 22 22/ £2 em.
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XA ] GNSS Gt e FL2H A fif 58 5 W 1ROHG B2 D
filio AL, XA SRR L R PPK M 50K
JE RS E VR S IE T ARt b, (W] [E A PPK 4%
A B 5T 0 U 32 A v T B KR, A
e R HIP Y i) REOR R L D RN V22 R A Sy S R S
M, ASSCHE Je R AR GNSS PPK AR5 ,
XoF A LI AT R B AR E PRI IE AR, ARS8
1% GNSS BRG 5 5 ek AT T3S et
ZERFW, BT ORI GNSS R4 K414 1 PPK
BORBYE DA FEREWE PR TARERR 2. JJm, 78
AP TS R S T A SR A W AR i AT T
JUREH, SEBIEEREN], ZBOR ] R KR R
wERRALEOR A
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W DT A 22 WSCATLAS 81 190 AL ) 3000 (T A 1 2
B (), HA T RETH BRI BRI A 1R 2,
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KBRS T E AR 1 4 iR 2 T R
H=H oy -H jy +< )
K H il s H bR L iE 2 H KRN
21t A R UE RN K BSUE 2 J5 B /K BRI s H
bR iZ 15 B K W T (R R 55 & Ry R (.
[ R0 A A A T AR B A A R S W e . /D
0 L0 rhon] SR B S EOR ST SRR I, R
1 1 DU AT LR FH DX Sl K b K o RS fatE A 7 1

2 KBTS R

N T B PPKAE/K AL ARG E PE AT SEd:,
A WEXS PPK RS EE ARG BE . ] SE MRS E 1
HEAT I o ABUK EAEML IS SR E AW S A
HARIBR,  JCTRAR Bl A Ml I ek T 22 1 o A ) o
R 2B HAT-22, PRI Jerefli FiEiRe
i AR L FRIRK AR A B R AR B
Frap s LE, XF PPK AR A SR NS BE Ll SE 1A
T E PEFEAT AL, SRJG R R — GNSS Kk, h
P [F) 25 GNSS FWCHLLE AR F 233 47 RTK
FIPPK WA, B RTK 25580 ELE, ARG A i) 38
DERCY 7 3L RTK 5 PPKAFE- A5 SR A i 22 o

ARSCR B TR FE A R G AE 3R E N R G
¥ 1% 24 HWr (Global Navigation Satellite System,
GLONASS) . Jb 3} T 2 7 fii & & (BeiDou
Navigation Satellite System, BDS) . il #g T &
T i & 4 (Galileo Satellite Navigation System,
Galileo) MIERTI TR FRSE (Quasi-Zenith Satellite
System, QZSS) .
2.1 EpasLE

B e VEH T 5 A4l 5 TR i BEA T UL,
WCH  — A o 5 40 3% GNSS Wi shuhi, Hofth 4 4
P s g Bt , SHEERIZ0 5 km. 10 km,
15 km 120 kmo ARYE 5 ML BC B, — e
T 38 R G B 25 8 Sl VMl B 3 R b 78 GNSS 44k
BL, A D) i FH 3% 3 GNSS FElobl. Bk, 7E
Tt B R R Sk 20 ke (19 AN UL #5467 2R
Trimble R9S M1 GNSS #EUHL, IR H Zephyr
Model 2 Geodetic %Y T3 B R AT, HiAlh 547

KM Trimble R8S HUZISALHATHEAS LU . PIr A 1Y
GNSS WL G — VLM % &, oSk A m] L TR
(GPS. GLONASS. BDS. Galileo 1 QZSS) 1
ZWEE (1 GPSICs L1, L2 M L5) , TR
1B ABEE N 150, FRMOSE— XA -

SERCMIN J, LA Trimble B9 T2 4% 20 F 4% fir
A GNSS FEYSHL Y Ji 4h UL 55 4 IF 5 A Trimble
Business Center (TBC) #{F#Ef7/a b3, J5AabBl
AR E DRSS MR 15°, RSBk B
AR TEES, IFrlE R R, XEME R
AT, PPK AL St iz 51455
U B B i S P R S R i) S
225, PRk BIR) 20 I B s A T g T oA,
A ISR T 3 900 N 85# -

1 2R 7AW, TE{LEH—1 GNSS &)
TEOL T, GPS B AE KER o 45 T AL T BDS T
BIfEAZEAR, (AWELL TR —=%, Frf frE
PRAEZEARAL TR B G, T[] A bRIE 2240 TRk
B IR S BDS #5545 B AE 20 km 4bF-
bR f /N, BRI AREZML T 15 km fERE5 R,
S o i PR WL 5 AN TR 3 Y 7 20 km Ab
it FH A% R Ml R0 R 2R T 45 K b 78 GNSS #2 0L, FE
PEREOL T HABI 2. i I 24 GNSS B 3 19 fif 55
SR SR T 14> GNSS Z R, 524
34, 4 K5 AN GNSS B R A 45 3 AT
EW2ER, FHAREZE/NT 1 em, bRz
FEAHRNT 1 emo FEIBAE PPK AR, [R]RS
LI PTA ) GNSS &8, IFRGEfH KA GNSS
FEWCHLFEA T o

3 1 GPS Bt MEESE TR

5 km 10 km 15 km 20 km
SEHFRMES /mm +4.045  +4.786  £5.861  +8.501
FE[ARMEY /mm £6.721  +£8.785  £11.631 =13.220
i 2 BDS BB bbiNEE ST R
5km 10 km 15 km 20 km
ERARME /mm £6.130  £9.152  £10.170  +5.380
FEmFREXE /mm £9.518  +9.697 £16.073 +13.439
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xR 3 MNEHSHNERESEITR (GPSHGLONASS)
5km  10km  15km  20km
FEhRAEZE /fmm £3.322
FemlbrfiZE /mm - £5.796

+3.926  +£4.570  +£7.351

+7.677  +£8.884  £11.775

F 4 WEBSIENEHESITER (GPS +BDS)
5 km 10 km 15 km 20 km

FEARMEZ /mm £3.602 £3.952 +4.426  £5.154
T bR /mm £3.822 46513 +8229  +9.596

x5 SEBRSHENEESITR (GPS+GLONASS+BDS)

5 km 10 km 15 km 20 km

SFibREZE /mm £2.952  £3.503 +4.146  +£4.835
FEFRAEZ /mm +£3.356 +5.904  +7.135  +9.154

& 6 ZEBSLMEESEITR
(GPS+GLONASS+Galileo+BDS)

5 km 10 km 15 km 20 km

PEARAEY /mm £2.953 43202 +3.796  +4.053
FEMPFREZE /mm £3.355 £6.557  +8.377  +£7.588

R 7 ZEHTLNERRITR
(GPS+GLONASS+Galileo+BDS+QZSS)

5 km 10 km 15 km 20 km

SETAREZ /mm £2.922 £3.303  £3.591  +4.053
A brfE2E /mm £3.173 +6.531  +8.931  £7.588
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5% RTK GE S5 5. BPAMI REESS S, 05
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K] TBC 3MFH#A TG AL 3.
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RTK 5 PPK & 45 H A — S

2 8 I ) RN = 4R 7 45 R 2 e K E
4% 914 16.00 cm F1 17.27 em, 2% AT 7716 5B 4%
IR 22K T 10 ecmo XEHRIEAT 08, BER
it 10 om Y8 BT X 9B R, (U
GPS 5 GLONASS A 41 & 3 T ZICORS 1 ¥
2% RTK BEAR Z A £, WL T2 450 b = 5
SERLAE RAE
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2m DL, SEMERHEE ) 70 kPa. SARFTIE Y
AT K SR A 2 8 km ZiA7, AHH T4 T
T DX L 2 2 B b, AR IO AT AL il
JITRE AL B B JCER LA 5 — EA 2, R RTK J5 3
PRk R B4 25 0 7, PR PPKB0R 25
B TN R G T 7K T HE I 1 TAE

B RAEILIRI T 072 B, SEmPR IR
ENEUE GRS S TEEhi) « PPKOE M AR

I T 220 & A4 RTK A5 5 2Ry, PRk
AR 1] S SE L5 PPKAE o7 14 45 A 22 114 408 ) {1 i
FIAF] T 18.569 m A1 33.430 m, I [ 4 55 25 4 %o}
i KEIE T 75932 m, ZHIEC 4SBT
GNSS RS FUE NG, 2l T R
GNSS {5 S#HE R M RTK s Ef5 5 k558, M
ST AN =4k B E LR 22 R E 2SR, e A
o TR R R, PR RTK 225057 5 0 fir
SERIS IR E R

MM ZE N 9 R, NFH AT I, EFAMm &
* 8 EMERILE

Je1a) AR e[ R =4
/M /em -3.30 -8.20 -7.10 0.00 0.10
Hr L fem 1.30 -0.10 0.70 1.46 2.23
S /em 1.22 -0.21 0.72 1.50 2.37
FRAE /em 4.90 5.00 16.00 8.24 17.27
FRifEZE /om £0.72 +0.80 +1.87 +0.68 +1.06

R 9 L5 PPK B RKER

Je1a) 7R 1] T[] R =4
/ME /m -14.830 -13.890 -75.932 0.000 0.003
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KM /m 18.569 33.430 44.860 36.497 78.696
b2 /m 0.987 2.010 2.235 2213 3.116
T RTK S0 {55 PPK R B pias e

PEAE R, DRI foff R0 DX B 3 2 11 oo 7 S A 78
¥ RTK 5 PPK AR MU i B e 40 22 85 H K i
FREMESS, SRS A A A T g k. 18] 3
2 T VR ) R Y RTK SERHAE . PPK T«
T U AR AL A 0 7 2 1 0 o7 i P . DA 3
AT UL RTK SERH#A 5 PPK R 45 RAEEA E—3
9, T 5 RTK 2253155 19 52 8 A 5 &
A TRKRIIRY, BT RTK = 48K
M HARZR . PPR A 5% X 0 B A =4
AL (RS RE S B AF W G, T2 AL W] LA
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AR SCHE T BRI i BE A 2T B AR L
ZEOTEOR, B A IS A LI B IR AT TR



62 [ S S N

i 40 5

JERIRRE MRS, AR TSI 2R AT 1Sk
PrmifH, EELHER:

(1) ERAIAERRI, 20 km FEESN B
GNSS R 5l PPK it 53 25 R AR BEAT A AH C L 2
Ky ShASHIZE R, RTK F1 PPK i — 2k
e, RS =Y RE A 45 AR vE 22 R AL T RDK
B ARSI R, 7820 km BRI,
A 1) GNSS Z 5t AR e 4 AL 15 JE AH DGR 225K 1 2

S E k-

RLgs R, 21 GNSS RGE G UL i BE 2 A
JE T AR e B4 (2) SEBRIHIT PPK ff 545
SR BT 2 RTK = /KB i R Z0k, BE
B Hf# D RTK 2200455 2RI RS B2 5
Feryml, HABKMNANE T 3D READ
LA FE I S %) S L X T 225 I PPK iR
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Research of Bathymetric Survey Technique based on PPK without Tidal Observation

WEI Rong-hao'?, CHEN Jia-bing'?, XU Da'?
1. Zhejiang Institute of Hydraulics & Estuary (Zhejiang Institute of Marien Planning and Design), Hangzhou 310020, China;

2. Key Laboratory of Estuary and Coast of Zhejiang Province, Hangzhou 310020, China

Abstract: With the development of carrier phase differential technique, RTK 3D bathymetric survey has been

widely used in underwater topographic survey. RTK technology needs to establish a real-time data link to transfer

differential data, when the data link is lost, the positioning accuracy will be seriously reduced. In order to solve

this problem, a PPK positioning technology based on post processing dynamic difference without real-time data

link has been studied, and the precision and stability of different GNSS systems and their combined solution

strategies are tested by static and dynamic comparison methods, finally the actual application is carried out in

Hangzhou Bay. The test results show that the results obtained by PPK have good stability and the positioning

accuracy can meet the needs of actual work; the practical application results show that the bathymetric survey

technology based on PPK without tidal observation has a wide application prospect.

Key words: bathymetric survey; PPK; RTK; observation without tidal observation; strong tide estuary





