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2 i EH WA 257 2H R Positioning Infrastructure
consists of two parts :
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» Passive Control System

* Active Control System

o FENZEHIZAR




46 {[EZE % -

200078 2.5 Rz -
The Hong Kong 2000 satellite positioning control network.

46 stations.



3w ¥4 % ¥ Active Control System

e

_ R
. / Fanling
e A ! ’
‘\1 [ 3 ..f_"‘_\_ ‘ =
f Kam Tin " “ {
7 : Wk . -
o | ﬁ"‘hﬂ 4 _ e /;/ Shap Sze Heung  'Wond Shek
| Lam Tei . A .{'J : .
i - %
A Sha Tin
&K \
Siu Lang Shui ’K
- '//' ‘._ ' } \ _'-'E‘_H ;
# Hﬁ%rﬁl KA o
( e Stonecutters Island ?j .
o A _ H-H_T/ ' "‘1&?__
¥ S TN '
‘ Peng Chau : o e T
I 1’1’_ Mui Wo A
Ngong Ping Obelisk Hill

EEFEEUSZIEE - 12 [FEEEENSEL -
The Hong Kong Satellite Positioning Reference Station Network.
12 Continuously Operating Reference Stations.
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The Hong Kong Satellite Positioning Users
Reference Station Network
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~ Guam (GUAM)

Cocos Island (COCO)
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The satellite positioning reference stations linked the Hong Kong
Geodetic Datum to the International Terrestrial Reference Frame
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The Magnitude of Error for Single Point Positioning
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Errors of 10s of metres
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Satellite Clock Bias
Receiver Clock Bias
lonospheric Error

Troposhperic Error
Multipath Effect

Errors of 100s of metres
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Error due to difference in geodetic

datum may up to 100s of metres
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Improve Positional Accuracy with Reference Station
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» RINEX Data Service (For highly accurate
applications using the data for post
processing)

* Network RTK Data Service (For centimetre-
level accuracy real time applications)

» DGPS Data Service (For metre-level
accuracy real time applications)
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Users of the Data Services

Government Department Users

Agriculture, Fisheries and Conservation
Department

Civil Engineering and Development Department
Civil Aviation Department

Drainage Services Department
Environmental Protection Department
Highways Department

Hong Kong Observatory

Housing Department

Lands Department

Marine Department

Planning Department

Water Supplies Department

The Government of Macao SAR, Cartography and
Cadastre Bureau

Private Companies - Construction, Surveying,
Telecommunication, Logistic.

Academic and Research Institutes

(N

E&ﬁ%ﬁ?ﬁﬂ’]ﬂ% P

HEEHNEHEE
TARTAENESE
RRRE
BIEE
IR IRGEE
PE I
HEERE
FEE
P g
TSR
REZ
7J<?%%

SR R 1A T o IS A A ] 4y L B
w%ﬁﬁ

e RS
YA BEA A E]

REBERAN G Lo 2 EE 2]



RTK #cdti * % (2012&1% 3127 )

RTK Data Utilization Statistics (Jan to Dec 2012)

Number of Network RTK Connection from Rovers
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GPS + GLONASS
Sk Reference Station Data
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Global Navigation Satellite Systems

(GPS) Global Positioning System
e USA
e (Global Coverage
e Fully operational

(GLONASS) Global Navigation Satellite
System

e Russia
e (Global Coverage
e Fully Operational

(BDS) BeiDou Navigation Satellite System
e China

* Asia Pacific Region (offering services
to customers since December 2102)

» System with Global Coverage (under
construction)

Galileo
e Furopean Union

* (lobal Coverage (system under
construction)
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consists of 31 satellites with altitude
of 20,200 km above the Earth. The
satellites are flying in 6 orbital planes
with 55 degrees inclination.

GPS was developed and managed
by the Department of Defense for US
Government since 1973. The early
generation of satellites was Block |
which was then developed into Block
Il and Block lll. The latest operational
satellite, GPS IIF-3, was launched on
4 October 2012.

The new civilian signal L5 is now
available in addition to L1 C/A and
L2C. The fourth civilian signal L1C
will be available in 2015.
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| Global Positioning System (GPS)

The Global Positioning System (GPS)
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Satellite

Global
(GLONASS) consists of 23 operational
satellites with altitude of 19,100 km above
the Earth. The satellites are flying in 3
orbital planes with 65 degrees inclination.

Navigation System

GLONASS was developed by the former
Soviet Union since 1982 and managed by
the Russian Aerospace Defence Forces
for the Russian Government. The early
generation of satellites was GLONASS
which  was then developed into
GLONASS-M and GLONASS-K. The
latest GLONASS-M satellite, 746, was
launched on 28 November 2011.

The new satellite signal L3 is now

available in addition to L1 and L2.
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Global Navigation Satellite System (GLONASS)
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GPS + GLONASS

—— £

TS EALEE
In February 2013, the Lands Department
launches the new GPS + GLONASS
Reference Station Data Services to
improve the capability of the positioning
infrastructure.

The system is upgraded to receive
signals from the Russian Global
Navigation Satellite System(GLONASS)
in addition to the American Global
Positioning System (GPS) satellite.

With more satellites available, accurate
positioning results can be obtained even
with limited sky window. Hence the cost
efficiency and productivity can be
improved.

Improve Positioning Capability
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Example of Sky Plot
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GPS Satellite
GPS Satellite @ @

GLONASS Satellite (R

GPS + GLONASS#EIAREFRHE 1858

GPS BEUPRRERRHE 1 1R 2 R (XYM 60% KIS BEE)
11 satellites were tracked by 18 satellites were tracked by GPS
GPS receiver + GLONASS receiver

(about 60% more satellites)
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=~ Extent the Coverage Area of the
! Reference Station Data Services
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Sharing of the Satelllte Positioning Reference Station Data
of Hong Kong and Macao

Hong Kong and Macao has a long tradition
of cooperation in survey and mapping
activities.

In August of 2012, the Lands Department of
HKSAR and the Cartography and Cadastre
Bureau of Macao SAR has completed a
joint survey to establish the transformation
relationship between the Hong Kong
Geodetic Coordinate System  and the
Macao Geodetic Coordinate System.
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Joint survey of the geodetic network of
of Hong Kong and Macao
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Established the transformation relationship between the Hong Kong Geodetic
Coordinate System and the Macao Geodetic Coordinate System
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Sharing of the Satellite Positioning Reference Station Data
of Hong Kong and Macao

To further the gain from the JEE—FFIFHESIEAIEKE » T
cooperation, the Lands Department  pr4a=Z 5P B 4e BURE Y 52 5
of HKSAR and the Cartography &ifsedt s FmBBlErIny R 2 Er
and Cadastre Bureau of Macao SEyLEEiya//TH: @ DB AEET
SAR will study the feasibility of &BSZuE#ESRBIEEHRE -
sharing the reference station data

so as to extent the coverage area

of the services of each other.
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Sharing of the Satellite Positioning Reference Station Data
of Hong Kong and Macao

(e
had

AP ETEaEERA A E TS -
KBTS ~ BRER R S IAHVEEE -

Macao planned to provide Hong
Kong the data of Fortaleza do
Monte, Taipa Grande and Coloane
Alto.
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Hong Kong planned to provide
Macao the data of Ngong Ping, Mui
Wo, Siu Lang Shui and Lam Tei.
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= Hong Kong Satellite Positioning Reference
T Sltation Supports Fast Moving Platform for Data Acquisition
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Combine satellite positioning with Inertial Navigation System (INS)

The latest positioning method is to
combine satellite positioning with
Inertial Navigation System (INS) to
determine the position and attitude of
the data acquisition platform.
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Combine satellite positioning with Inertial Navigation System (INS)
Accurate Measurement of Vehicle Position and Orientation

w2 ENL R
Satellite Positioning System

EHENE T A 1 B0

Accurate Measurement of platform
Position and Orientation
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Positioning error increases with the distance from the base station
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Post-Processed Network Kinematic Solution (Virtual Reference Station)

 Uses a network of reference stations
» Performs ambiguity fixed solution and
models lonospheric error
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Combine satellite positioning with Inertial Navigation System (INS)

The Hong Kong Satellite Positioning
Reference Station Data Services supports
fast moving platforms, for example:

e aircraft (Airborne Light Detection and
Ranging, LIDAR and Aerial Photography)
* vehicle (Mobile Mapping System, MMS)

o vessel (Vessel-Based Mobile Mapping
System, VMMS).

These systems collect accurate and high
density geospatial data covering a large
area quickly.
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Fast Moving Platform: Aircraft

Aircraft, equipped with satellite
positioning receiver, Inertial
Navigation System (INS), Airborne
Light Detection and Ranging
(LiDAR), Digital Aerial Camera,
scans the ground surface and
capture photographic images.

The acquired digital terrain model
and images can be used to form 3D
city model for land management,
planning and construction works.
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3D City Model
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Airborne Light Detection and Ranging, LiDAR

HEFRAARY K AE

Digital Terrain Model and Vegetation
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Fast Moving Platform : Vessel

The satellite positioning system and
Inertial Navigation System (INS)

determine the position of the vessel.

A laser scanner installed in the
vessel scans the features
above water and the multi-beam
echo sounder scans the
sub-aqua features.

The collected data are merged
together to form a model of the
features above and under

the water.
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Vessel-Based Mobile Mapping System

- % WH M
\ multi-beam
echo sounding

VHIEC R [ S A
Model of the features above
and under the water surface
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Fast Moving Platform : Vehicle

Mobile Mapping System (MMS) B 2 - e

technology uses a laser scanner and ”'éﬂ/\’ﬁy.%ﬁ(MMs) S o fﬁi
camera fitted on the vehicle to MR Cimi e AmRso A » FEHE T
scan and take photographs of the Fr AL

features along the street.
BTSS0S » AT DIAH & H— (T e
After processing, the acquired data AT [ o
form a seamlessly 3D geo-
referenced .
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. Mobile Mapping System
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360" Street View Image
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