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GNSS RTK for Monitoring Applications

With powerful GNSS RTK processor, engineers are
relaying more on that technology to get results that
would even not be possible before.
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GNSS RTK for Monitoring Applications
Background

However the distance between the GNSS monitoring stations and the
GNSS base station must be kept as short as possible. There is a risk that
even the GNSS base station could be located in the area subject to
deformation.

But the single RTK results that are processed even if the noise is scaled
down by the short distance between the GNSS base station and the GNSS
monitoring receivers still contain biases from the remaining un-modelled
atmospheric corrections.
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GNSS RTK for Monitoring Applications
Background

Projects located in the low latitude band can be compromised with high
and unpredictable ionosphere turbulences in the afternoon period of time.

[ s

30 Cizplagemsnt (m)

LER SR T

Multiple RTK Positioning Plot

The noise in the
results is induced by
the severe
atmospheric
turbulences in the low
latitude band. In that
case the time series
are difficult to be
correctly interpreted.
Is that a noise or a
signal ?
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Distance Dependency

Range Error transmitted

& corrections /\/Y
------- gR

Oy +— Quality Degradation
with Distance

true corrections

Reference Rover Distance
< >

Practical Limit of RTK
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-
Derived Observation Corrections

0,9 = a(No ((0 — P )"‘ L, (ﬂ* — Ay )COS((DR ))

0,1 = ﬂ'H(Nl(gg_(DR)—l_El(ﬂ'_ﬂR)COS((DR ))

Phase and Code Corrections

Typically ~ 80 km

L
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Master Station(s) in MAX
transmitted /\/
corrections

Quality Degradation
Jrom Interpolation

N
I
Yy

Range Error

Distance

Rover

Reference Reference
< >

With a GNSS Network RTK (interpolation &
extrapolation) no more distance dependency. The

choice of the Master Station can be any Reference —
y - when it has to be right eca
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'+ Leica GHSS QC v2.1 (DENONSTRATION VERSION)
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Practical trial in Hong Kong, PR China
Seawall Monitoring, CEDD Ports Work

Objectives :
» Ensure safety of seawalls in HK
= Total 120km seawalls in HK

= Monitoring by traditional manual methods |
are time consuming and manpower involved
with human life risk in typhoon periods.

» Real-time displacement presentation
= Multiple levels auto alert

» Fully automatic, day and night, 24/7

Seawall infrastructure in Hong Kong, PR China
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GNSS Seawall Monitoring System Diagram

Lands Dept SatRef Check Point A Check Point B
GPS Network Data AX1202 GG AX1202 GG
= antenna antenna
Lightning rod Lightning rod
and surge and surge
counter to counter to
grounding 5 "‘ grounding

GMX902 GG
receiver

DC batteries

GMX902 GG
receiver

Modem cables DC batteries

lll>

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll*

- GPRS GPRS

:  Lands Dept SatRef GPS modems with modems with
= Network output two fixed IP fixed IP
reference stations data A .

:  streams via NTRIP to .

= Control Center

TCP/IP transfer GPS
. TCP/IP : E raw data stream
transfer GPS

E raw data E .

. stream . .

: 2 :

Leica GNSS Spider Software computes
coordinates of Check Point A and B.

GNSS QC software can be operated in the Control Center with fixed =
5 computer for data presentation & alarming IP Internet Connection _ \yhen it has to be right eLca
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Leica Geosystems GNSS monitoring
_. < ) stations for checking Seawall infrastructure
{ o L N in Hong Kong, PR China

i
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Leica Geosystems GNSS monitoring
stations for checking Seawall
infrastructure in Hong Kong, PR China
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Hong Kong, PR China is located at
22°16’ latitude North and then in
the low latitude band where in the
afternoon the ionosphere is
severely altering the GNSS
signals. Accuracy and Ambiguities
fixing are not guaranteed.
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Reference Station Data from HK SatRef Network
Own by the HK Lands Dept

19

Hong Kong Sate!llte Posmomng
Reference Station Network
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A Satelite Positioning Reference Station "
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From GNSS Single RTK Seawall Monitoring System Diagram to ...

Lands Dept SatRef Check Point A Check Point B
GPS Network Data AX1202 GG AX1202 GG
= antenna antenna
Lightning rod Lightning rod
and surge and surge
counter to counter to
grounding 5 "‘ grounding

GMX902 GG
receiver

DC batteries

GMX902 GG
receiver

Modem cables DC batteries

semssmssnnnnnnnnnnnnd

lll>

lllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllllll*

- GPRS GPRS

:  Lands Dept SatRef GPS modems with modems with
= Network output two fixed IP fixed IP
reference stations data A .

:  streams via NTRIP to .

= Control Center

TCP/IP transfer GPS
. TCP/IP : E raw data stream
transfer GPS

E raw data E .

. stream . .

Leica GNSS Spider Software computes
coordinates of Check Point A and B.

GNSS QC software can be operated in the Control Center with fixed =
20 computer for data presentation & alarming IP Internet Connection _ \yhen it has to be right eLca
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.
GNSS Network RTK aided Seawall Monitoring System Diagram

Lands Dept SatRef Check Point A Check Point B -
GPS Network Data AX1202 GG AX1202 GG
= antenna antenna

Lightning rod Lightning rod

and surge and surge

counter to counter to

L ; o .
5 " grounding yf" " grounding
Lands Dept

SatRef GPS
Network Data

GMX902 GG
receiver

GMX902 GG

receiver
Modem cables

GPRS GPRS
Lands Dept SatRef GPS modems with modems with
Network output 6 fixed IP fixed IP
reference stations data
streams via NTRIP to
Control Center
TCP/IP transfer GPS

raw data stream
Leica GNSS SpiderNET software process  TCP/IP

the sub network of Reference Stations :;?ng{aeps
provided by the Lands Dept SatRef GPS stream

and derives the MAX corrections for a

Master Station.

IlIllIlIIlIllIlIIlIllIlIIlllllllllllllllllllllllIllllllllllllllllllll*
Leica GNSS Spider Software computes

coordinates of Check Point A and B by

using the Master Station.

GNSS QC software can be operated in the Control Center with fixed P
4 computer for data presentation & alarming IP Internet Connection _ \yhen it has to be right eLca
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Leica GNSS SpiderNET for Network RTK
Processing in Real Time L1 & L2 GPS data
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i p— F s monitoring stations in the Single RTK
................... et I i Tres mode. ®
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Leica GNSS Spider Site Server Positioning option
Processing in Real Time L1 & L2, L1 only GPS data

| | com]| GDoR | Sats | Last Change | Latitude | Longitude | Height | Distance | Product Mame | Site code

2ol g 15,02, 2009 00:26:33 227 19'19.81394" M 114° 03 25.27695"E 20,2268  11.419km HEPZ - HESC HESC

LT a 15.02.200000:25:47 227 19419.81907" N 114708 2827663 E 20,2210  11.419km  HEPZ - HESC MaX HEKSIZ

207 g 15,02, 2009 00:26:28 22°19°19.81923"M  114° 08 253, 27652"E 20,2247 9,233 km HEST - HESC HESC

EF g 15022009 00:25:58 227 1991981912 W 1147 08 28, 27657"E  Z0.2220 9233 km  HEST - HESC MaX HEZIZ

2.7 g 15,02, 2009 00 26: 26 22° 19 19.81953" N 114° 08 26.27658"E 20,2233 12211 km HEOH - HESC HESC

A g 18,02, 2000 002632 220 19019819068 N 1147 0B 2827667 E 20,2282 12211 km  HEDH - HESC Max HESIZ

2.7 g 15.02. 2009 00:26:21 227 19'19.81934" N 114°08' 23.27652"E 20,2130 9,233 km  HEST - HESC L1 Only HESC

; Dig EE B 16,02, 2009 00:25:558 222 19' 1981917 W 114208 2527654 " E 2002231 9233 km  HKST - HESC MAEK L1 Onky HESC
VES + o.0zo0 2.7 g 15,02, 2009 00:26:02  22°19°19.81893" M 114°08'258.27689"E 20,2178 11.419km HEPC - HESC L1 ORly HESC
' [ & 15022009 00:25:47 227 19919.81908" N 114° 03 Z5.27662"E 20,2231  11.419km HEPC - HESC Max L1 Only HESC
VES + 0.020 2.7 g 15,02, 2009 00:26:26 227 19'19.81946" N 114° 03 25.276a0"E 20,2222 12.211 km  HEOH - HESC L1 Only HESZ
; pepng SE. B 18,02,2009 0i26;32 22 19019.81912" N 114°08°28 27668"E 20,2276 12,211 km  HKOH - HKSC MAK L1 Only HESC

Leica GNSS Spider Site Server with the Positioning option allows the operator to process any
combination of baselines between the reference stations and the monitoring stations by using L1 & L2
or L1 only and by using different strategies to solved the ambiguities in real time. The different
baselines are processing using the Single RTK mode and the MAXMoM mode ( MAX corrections
issues of the SpiderNET Server )
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 & L2 GPS data

For Dama Use only Multiple RTK Positioning Plot Forems Uss orly
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 & L2 GPS data

FisOunt Uow Soy Multiple RTK Positioning Plot ForDems Uas Oriy
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 & L2 GPS data

oo O Multiple RTK Positioning Plot il
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 & L2 GPS data

For Dema Use Onty Multiple RTK Positioning Plot ForDeme s ory
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 & L2 GPS data

o Multiple RTK Positioning Plot PorDeme Uss Gry I
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 & L2 GPS data

oo O Multiple RTK Positioning Plot PorDema s ony Iy
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 & L2 GPS data

ForDamUse oty Multiple RTK Positioning Plot R
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 only GPS data
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 only GPS data

ForDamUse oty Multiple RTK Positioning Plot R
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 only GPS data

¥ o1 Dams Use Onl Multiple RTK Positioning Plot

For Demo Use Ony
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 only GPS data

Fi Db v Sy Multiple RTK Positioning Plot ForDems Use Oriy
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 only GPS data

¥ 01 Dama Use Onty Ml.l'tlp'& RTK POSI“OI'I'I‘IQ Plot PorDeme Use Ony
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Single GPS RTK vs GPS Network RTK MAX
Processing in Real Time L1 only GPS data

o Dams Use Ol Multiple RTK Positioning Plot Py
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Conclusions and Prospective

The practical results are demonstrating that the combination of GNSS
Network RTK resources within a GNSS Monitoring projects have
outstanding advantages :

= Maximum (unbiased) accuracy and reliability with effective quality indicators that allow
the responsible of a monitoring project to better control the operations and the results.

= The lonely solution for projects located in the low latitude band where the ionosphere
turbulences are affecting severely the signals processing.

= Possibility to mix dual frequency receivers (GNSS Network) with affordable single
frequency receivers for slow motion operations.

= No need of networked baselines adjustment.

* No need to establish single base station in urban area (obstructions) for high rise
building monitoring and bridge monitoring projects e.g.

= The authors are working on other projects that will be reported in FIG Sydney ..,
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Many thanks for
your attention ...

Cam on rat nhiéu ...

Joél van Cranenbroeck
Chris Rizos and
Vincent Lui
Hanoi, October 2009
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