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Representatives

The settlement monitoring of the third
runway reclamation at Hong Kong
Airport, HK

The monitoring of land reclamation in
Tung Chung New Town, HK

The monitoring of dynamic and static
load test of the Second Penang Bridge in
Malaysia.

Regional settlement monitoring in
Datong, Mainland China.

O Ten years of GNSS research experience at Hong Kong Polytechnic University(HKPOLYU).
0 A GNSS-based real-time monitoring solution included hardware and software developed.
O Applied in over 100 projects across Hong Kong, mainland China, Taiwan, and South Korea.

PATENT AND ACHIEVEMENTS

e Sliding displacement monitoring robotic. Patent (ZL 2019 2 0776881.4)
Multi-antenna GNSS receiver. Patent (ZL 2019 2 07 90232.X)
Yang, W.T., Yu, W.K., Huang, Z.A. (2017). Multi-sensor integrated slope monitoring: a
case study in Lantau Island, Hong Kong. National Mountain flood Geological disaster
Prevention Conservation and Slope Ecological Rehabilitation Summit Forum.

e Yang, W.T. Ding, X.L. Zhang, L..C. (2011) Monitoring slope stability with multi-antenna
GPS and inclinometer. Mapping Conference of Hong Kong, Macao and Taiwan.

e Yang, W.T. Ding, X.L. (2012) Integration of GPS and Tilt-meters for Structure Monitoring
China Satellite Navigation Conference, CSNC2012, GuangZhou,17-20 May 2012.

e Chen, Y.B., Yang, W.T., Dai, W.J. (2010) Effect of GPS Stochastic Model on Single Epoch
Ambiguity Resolution. Journal of Geodesy and Geodynamics.

o H5ICE, | BRI FREN Stuart Millis &5 5% K4R GPS s fiRHE RIS ARE . R E W
Fe Mg R, TR, 2011-5.

e Yang, W.T. Dai, W.J. Zhu, J.J. A Single Epoch Ambiguity Resolution Method Based on
Deformation Characters and Dual Frequency Constraint. Journal of surveying and mapping.
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Outline

1. Deformation Monitoring by GNSS Technology

2. The Error Source of GNSS in the Utility Monitoring

3. Deformation Monitoring by Underground-GNSS

4. Conclusions
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Deformation Monitoring by GNSS

What is GNSS?

GPS Beidou GLONASS Galileo
(USA 1994) (China,2020) (Russia 2009) (EU,2016)

Global Navigation Satellites System (GNSS) including GPS, Beidou, GLONASS,
Galileo, to provide Positioning, Navigation and Timing (PNT ) Services.
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BeiDou System

Ground Tracks of BDS Satellites(2024/01/03/01:00 BDT)
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Positioning Method

« Stand alone Positioning

« D-GNSS

« Real-time Kinematics(RTK)

* Network-RTK

 Precision Point Positioning (PPP)

Reference Point Difference-GNSS Principle 5



Deformation Monitoring by GNSS

Positioning Method

Acceleration (milli-g)
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High-rise Building Monitoring-
Dynamic monitoring of a high-rise building in HK during Typhoon

RTK
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Static
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Applications - Reclamation

Piezometer
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Contract No. C3206 e




. . . ») Anchor Monitoring Tech.
Deformation Monitoring by GNSS @ s

Applications - Reclamation
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Contract No. NL/2017/03 0
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Applications - Foundation

Contract No. GE/ELS/MN/001 .
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Applications - Slope
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Applications - Bridges

Load Cell |

Loading Test of Second Penang Bridge in Malaysia 3
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Applications - Dams
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Applications - Dams

Settlement Monitoring (Datong Photovoltaic base in Shanxi China) o
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Features and Applications

P
- P
.

-

All-weather operation

Real-time (update seconds, Minutes,
hourly level) S~
High accuracy (RTK result:
centimeter level; Hourly/daily
result : millimeter level)

High-level of automation

No inter-visibility required

Low cost (no human source require)

Buildings Mine Reclamation

Applications 16
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Outline

1. Deformation Monitoring by GNSS Technology

All-weather, 24 Hours, Real-time, Automatic Positioning
Monitoring Technology

2. The Error Source of GNSS in the Utility Monitoring

3. Deformation Monitoring by Underground-GNSS

4. Conclusions

17
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The Error Sources of GNSS

How GNSS Works

Code

measurement

Carrier
measurement

Position

: The position is determined at the point where all three spheres intersect

To know satellite coordinates To measure distances from satellites Positioning by Trilateration

Picture form http://gpsfleettrackingexpert

e To know the satellite coordinates and clock synchronism errors:
Satellites broadcast orbits parameters and clock offsets.
e To measure distances from satellites:
Code and Carrier phase measurements, Ambiguity fix method(FARA/LAMDA)
e To positioning by trilateration method:
Error sources must be corrected: lonospheric delay, Tropospheric delay, Multi-path, Receiver noise, etc... 18



The Error Sources of GNSS

Errors on the signal

Emission _ ~300m
M- ------- ««...  Reception
.:;zjﬁfﬁg

/Satellite clock offset
 up to hundreds of km!

/ Relativistic clock correction r<13m
Satellite instrumental delayi ~m |

...........

Pseudorange

........................

A
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Space Segment Errors
Clock errors - Common
Ephemeris errors - Strong spatial correlation

Propagation Errors

lonospheric delay - Strong spatial correlation
Tropospheric delay - Weak spatial correlation

Local Errors

Multi-path - No spatial correlation
Receiver noise - No spatial correlation

19
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Study Points
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The Error Sources of GNSS

Multi-path Error
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The Error Sources of GNSS

Multipath (m)

Multipath (m)

Multi-path Error
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Figure 1. Multipath of GPS satellites 02, 08, 14

for REFE, TBO1, SAO1 and USO1
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Figure 2. Multipath of BDS satellites 01,07,14

for REFE, TBO1, SAO1 and USO1

Anchor Monitoring Tech.
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The Error Sources of GNSS

Multi-path Error

Table 1. Multipath STD of satellites

Station REFE | TBOI | SA01 | USO1

Multi-path(STD.m)

GPS-LI 10451 10.567 [0.692 [0.544 |

GPSL2 10.531 0.668 | 0.721 | 0.522

BDS Bl 70554 [ 0.687 | 0.672 | 0.562

BDS B2 10542 50.593 0.711 | 0.535 ’:
N N __

23



The Error Sources of GNSS

Geometric Dilution of Precision (GDOP)
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G: GPSonly
GC: GPS + Beidou

Good Geometry

24
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Satellite System Combinations and
Observation Time
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Compassion with ADMS ADMS GPS(GNSS)
CEDD Contract NS » -Station\I t[})}isg:la:em}:&;t m;nt 1 Ref. GPS —
NOTY as ota ota
No. GE/2013/16 |SP -3.5 |11.4 | 3.1 || 12.3 MGPS! 10. 7
|SP -2.7 [11.6 [ 2.0 || 12.1 || MGPS |, 11. 2
Landslip Prevention and |SP -3.3 [12.8 | 1.5 || 13.3 || MGPS || 10.2
Mitigation Programme, 2008, |SP -2.5 [12.7 | 3.5 || 13.4 || MGPS || 11.3
|SP -4.0 [12.1 [ 3.3 || 13.2 GPS. 11. 6
|SP -3.2 |12.1 | 4.9 || 13.4 || MGPS | 12. €
|SP -3.3 [14.9 [ 3.9 || 15.8 || MGPS i 13. §
|SP -2.4 [14.7 | 5.9 || 16.0 || MGPS ! 13. 9
|SP -1.3 ]13.9 | 6.5 || 15.4 || MGPS } 14. 5
|SP -3.5 [15.1 | 4.9 || 16.3 || MGPS ! 14. 9
|SP -6.1 [14.9 | 6.6 || 17.4 GPS: 14. 7
|SP -4.3 |17.3 | 3.4 || 18.1 || MGPS ! 17. 5
|SP -4.1 [15.6 | 1.0 || 16.2 || MGPS . 14. 3
|SP -4.4 |15.4 | 0.4 || 16.0 || MGPS ) 13. 4
Both GNSS system and |SP -1.5 [12.6 [ 3.0 || 13.0 || MGPS } 11. 2
ADMS system detected |SP -4.7 |16.4 | 4.2 || 17.6 || MGPS | 15. 3
: |SP -3.0 |15.5 | 3.3 || 16.1 || MGPS | 15. ¢
about 12 mm displacement SP 5.0 [17.1 | 5.3 || 18.6 GPS: 14. €
SP1 -2.7 [16.4 | 4.5 || 17.2 || MGPS 15. 2
SP] -2.1 |16.0 | 3.6 || 16.5 || MGPS 14. §
SP1] -3.9 [18.1 |3.9 UagaJ| MGPS 179 |

26



GNSS Precision

Anchor GNSS Monitoring System GNSS Precision (1 sigma)

GNSS of Instrumentation and Monitoring of the Chung New Town Extension

- Reclamation and Advance Works Buul;?lnﬁ v C*
T. 5 R t 1 h 3 h Contract No. NL/2017/03 BUILD KNG - SCT JOINT VENTUR
ime minutes our ours JoirtSurvey Check (GNSS)
. Proi Chung New Town Extension Contract No.: NL2017/03
hOﬂZOﬂtal ]_ 0+ lpp]_n 3 . 5+0 . Sppm 2 . 5+0 . 5ppm roject Reclamation and Advance Works  [Start/End Date: 2020-10-03 / 2020-10-21
AC Cura'cy Location work: |Tung Chung GNSS System Anchor Monitoring Tech.(HK)

(2) vertical 20+1.5ppm

7+1ppm

5+1ppm

Time 6 hours

12 hours

24 hours

horizontal 1+0.5ppm

Accuracy

(0)

vertical 2.5+1ppm

0.8+0.5ppm

1.5+0.5ppm

0.7+0.5ppm

1.0+0.5ppm

Accuracy of the results from actual project statistics with good condition

GNSS Device

Anchor Maonit
& cnrnm

Movement Monitoring
Devices

Modet GTA1

W ebsite - www X canchor.com

unnq Tech.

Background: GNSS has been proposed to used for settlement monitoring for the Chung New Town Extension
Reclamation and Advance Works (Contract No. NL/2017/03). In order to check the accuracy of GPS, the third party take
the reading by electronic level manually and compares with the GPS data day by day.

GINSS instrument at CIV-E24N7 ] Manully Checking

E24N7-SM1 Cumulate Settlement (Unit:mm)

= GPS i LEVEL

Compassion with
Manually Survey

C ]
-jA Anchor Monitoring Tech.
& 2R BRI (Fss)

ZHEC -CCCC-CDC IV CJ‘L_
B SRR S R e \p‘

September 25, 2020
Report on Anchor GNSS Instrument Trial Test —

1. Background

The purpose of this trial test is to verify the vertical accuracy of Anchor GNSS instrument
using a displacement simulator with manually adjusted vertical displacement

Duration -
Starting date — August 28, 2020 (Friday)
Ending date — September 25, 2020 (Friday)

2. Schedule of Manual Adjustment

Date Magnitude of adjustment
August 26, 2020 System installation, initialization, and take initial reading
August 29, 2020 Manual vertical adjustment -2mm, accumulated adjustment -2mm

September 8, 2020 Manual vertical adjustment -2mm, accumulated adjustment -4mm

September 14,2020 | Manual vertical adjustment -2mm, accumulated adjustment -Emm

September __, 2020 | Blind test with manual verfical adjustment made by AA Survey team

Manual vertical adjustment __ mm, accumulated adjustment __ mm

! ‘%\. 1id {‘

Figure 1 (sbove left) Demonstration of manual vertical adjustment to A Survey team

Figure 2 (above right) Graduations on the displacement simulater

Page 1 of 2

Compassion with
Simulation Test

27
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Outline

1. Deformation Monitoring by GNSS Technology

2. The Error Source of GNSS in the Utility Monitoring

Accuracy:
RTK result: centimeter level
Hourly/daily result :1-2 mm horizontal, 2-4 mm vertical

3. Deformation Monitoring by Underground-GNSS

4. Conclusions

28



Deformation Monitoring by Underground-GNSS (@ oo

Underground GNSS

Concrete to be
painted in vellow

GNSS Antenna

GNSS satellites ,-}: .:.-.',“ "
3 \at p .,‘.
g3 .
---------- =1
Maintenance ! v
Wault : _ : j / construction
» X " GNSS signals |
R § i
| WA = =
) 1
Central : D D .
1 - .
. i — ] Fovar Typical Survey Nail Settlement Marker
1
1

Battery/Datalogger

End

Vac'd access
to utility mow
backfilled with

grout
The GNSS antenna is installed below the ground N -
. . . . E 100® PVCor _ | § e
L iy level and is equipped with a special cover to £ | Steel Tube ' L sandFill
2 ut bladder, - - - - § § S
- nicomec | receive satellite signals. By connecting the o e
- w i placing-in the steel rod.

antenna to underground utility through L 250steel rod

connecting rods to monitor the vertical

Picture from displacement.
WWW.geO—InStru ments.com/

Typical Survey Nail Settlement Marker in Soil
Picture from Land Reclamation Guideline AGS(HK)
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Underground GNSS

Features of the U-GNSS System

t——— @10 CORED HOLES IN COVERS
LOOSELY COUPLED BY M8 S.5.
BOLTS AND NUTS AT 200 C/C
(SEE DETAL "1")

e All instruments positioned below the ground's

surface
e Reinforced Design (200 KN)

o
=)

PRISING SLOT

LETTERING AND CHEQUERS TO BE
RAISED 3mm ABOVE NORMAL
SURFACE BUT FLUSH WITH
PAVEMENT SURFACE

« Anti-Slip and Anti-Corrosion Design
e Compatible to Standard Drawing WSD 7.47-C

« Easy Installation

Instruments:

GNSS Receiver, GNSS Antenna

Chamber for Storing Instruments

Batteries 30

Signal Refraction Test at Microwave Anechoic Chamber
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Underground GNSS

* Integration of multi-sensor GNSS, Tilt-meter, and
Accelerometer and temperature sensor

* Integrated design of antenna and receiver
e 4G modem/ Lora integrated
e Extra data collecting port (Modbus, Bluetooth)

* Low power consumption (About 1.3 W)

* |P68 waterproof
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Simulation Test

Test were carried out with a movement simulator
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Simulation Test
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Session Length : one hour

Std. 3.42mm (Accuracy)

Session Length : 24 hours

Std. 1.68mm (Accuracy)

True Value

Measured by GNSS
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Comparison

Advantages

» Automated 24/7, fully
operation

o Continuously Data measured
every second

Safety Unhindered pedestrian
and vehicular

High accuracy 2-3 mm in daily
result / centimeter level in real-
time result

Low cost Minimal human
Monitoring by U-GNSS resources investment

Manual Survey
34
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Deformation Monitoring by Underground-GNSS
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Settlement Monitoring for Utilities
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36

Settlement Monitoring for Underground Pipeline
36



W Anchor Monitoring Tech.
A B I (F58)

Outline

1. Deformation monitoring by GNSS

2. The error source of GNSS in the utility monitoring

3. Study case - using U-GNSS for settlement monitoring

4. Conclusions
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Conclusions

1) The U-GNSS device is designed to penetrate satellite signals, enabling accurate positioning
even in underground environments. It has been engineered to withstand pressure loading,
suitable for installation in pedestrian walkways and roadways.

2) Interms of accuracy, the U-GNSS system can provide approximately 4 mm accuracy in the
vertical direction for a one-hour session length, and about 2 mm accuracy in the vertical
direction for a 24-hour session length.

3) The U-GNSS system is designed with low power consumption and is IP68 level waterproof,
allowing for long-term continuous operation when installed underground.
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