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GPS Modernization Program

° of service for US/Allied forces

Add new signals and increased signal power to improve Navwar
capability

Modify select platforms to detect and locate GPS jamming
Develop and field improved anti-jam and security technologies
s of adversary exploitation

Spectrally separate new military signals from civil signals
Modify select platforms to accomplish mission

o of civil use while providing enhancements
Add new signals to improve accuracy and signal redundancy

l The Termination of Selective Availability is the

first step in the GPS Modernization Process




Modernized GPS Signal Spectra
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Signals in Different GPS Satellite ‘3\
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GLONASS Satellite Modernization

GLONASS GLONASS-M GLONASS-K GLONASS-KM
1982-2007 2003-2013 2007-2022 2015-...

Developer NPO PM Developer NPO PM Developer NPO PM Requirement definition
Producer PO “Polyot”  Flight Test phase D&D phase since 2002 r.

Total launched 79 SV Ordered 3 SV To be ordered up to 27 SV

Ordered 3 SV In orbit 1 SV Life-time more 10 ys

In orbit 10 SV To be ordered 9 3" civil signal

Clock 3-5.10-13 Clock 11013

Life-time 4.5 yrs Life-time 7 years

2" civil signal

Ground control segment modernization
Navigation (OD$TS) system modernization
Integrity monitoring segment implementation
System certification for safety of life applications

Nuclear tests agreements monitoring
Search and Rescue service implementation
Supplementary functions (TBD)
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GLONASS Launch Program

GLONASS Deployment Program. History and Progress.

—@— Satellite in constellation ‘
30

Planned GLONASS deployment program
26 according to the Federal Program
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Galileo Service

Free to air; Mass market; Simple

Open Access positioning and timing

Encrypted; High accuracy;

Commercial Guaranteed service

. Open Service + Integrity and
Safety of Life Authentication of signal

Navigation

Public Regulated Encrypted; Integrity;
Continuous availability
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GNSS Application Market g -

analysis in China | -}’\

e Railway: about 11,000 train
e Fishery: about 200,000 ship
e Shipping: about 185,000 ship

e Highway: about 6,000,000 freight
vehicles, over 2,000,000 passenger car

e Data Service: 100,000 monitoring station,
such as environment,weather, atmosphere,

forest, river, ect.
(Ruxin Zhou, 2005)
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RMB (b)

Course of navigation industry in China 3
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e The market was less than 1b RMB in 1992 to 100b RMB in 2004

1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

The app. fields are the most interested by the industry:

Vehicle tracking and navigation
Surveying and Mapping/GIS

DGPS network system integration
The terminal information equipment
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Applications of Rea-time GNSS T’;‘\

Surveying and Mapping
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GPS OEM board, Navigation reyer
and single frequency receiver«
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Continuous Operational Satellite PositiOmy
System with PPP and Network RTK techhiqu
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Iviachinery venicie monitor and
control




W
Current status of China GNSS System}\

» Infrastructure
»GPS permanent stations

»CORS
»China Satellite Navigation System
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2000’National GPS Network (2609 stations):;\
2000 EZR GPS A 1hiE Fll i

2000 National GPS Control Network

260U M ARG MEEMA L IR E, LA
..... R LR AELFETES T M
. The National High Precision GPS Network composed

of 2,500 is o reference system for precise space posit . S
lening and for navigation.
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IGS Tracking Stations in China

85  90° 95 100° 105° 110° 115° 120° 125  130°
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CORS in China

e Chinese CORS Plan
e More than 100 permanent reference stations up to now

e More than 1000 permanent reference stations to be
established

e Professional CORS Project

e Crustal Movement Observation Network of China
(CMONOCQC)

e Geodetic reference stations

e lonosphere monitoring stations

e Transportation Navigation Stations: RBN-DGPS
e Regional CORS and urban CORS

e Network RTK system

e More than 5 cities, more than 50 stations (total)
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National Area CORS

e There are 8 ref. Stationg—-=
for IGS in China 3

e CRBN-DGPS China
Radio Beacon
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FP6: Galileo Geodetic Service Provider Prototype s
=

(GGSP)

Technical Research and Data Analysis Centre for Galileo System
In China

e Positioning And Navigation Data Analysis (PANDA)

e Multi-technical SINEX Data combination

Study for the connection of the GTRF with the local reference
frames in China, develop exemplary relevant optimisation
methods to provide services for Chinese Galileo users.

Contribute to the 'External Regional Integrity Systems (ERIS)' for
the China region.

Wuhan GSTB-V2 monitoring stations
Promote the application of Galileo system in China.
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PANDA sorftware Introduction T;:\

v~Motivation
v'a powerful platform for the scientific study

v'required by a number related projects in China

v' Status
v'GPS SLR data

v'Integrated estimation of GPS+LEO orbits, static
and kinematic stations

v'Testing IGS like routine data processing
v'Testing real-time IGS
v Implementing GLONASS and GALILEO
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Software Diagram

Cleaned GNSS data
GNSS RINEX data SST ranging data Satellite I1Cs
I SLR data Satellite description
GNSS/LEO orbit file Observed attitude

Observed acceleration.

Ambiguity constraints
R

®  Post-fit residuals
® Free/Fixed solutions

Products -
. . Real-time Products
® Site deformation )
. . ® Site pos/vel. and clocks
® LEO orbit/ trajectory .
. ®  Zenith Troposphere Delay
®  GNSS orbits and clocks ) .
. ® LFEO orbit/ trajectory
® FEarth rotation parameters )
. ® GNSS orbits and clocks
®  Gravity model
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Test: Network and Data "®

180° 120°'W 60°'W 0 60°E 120°E 180°

» 68 well-distributed IGS stations

» CHAMP and GRACE onboard receiver are also
Included for LEO orbit determination test.
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Test: Observation Modéfs

Parameters Model Constraint 1} '
Observation LC and PC E10:02eyele, P1 1.0m
Sampling rate 60 seconds

Cutoff elevation 10 degree

Weight Elevation dependent elev > 300, 1; else 2*sin(elev)
Phase center Relative PCV for receivers
pattern

Phase wind-up

Yes

Tropospheric

Saastamoinen model + process

20cm + 2cm/sqrt(hour)

fehdigpheric delay

Eliminated by using LC and PC

Satellite clock

Broadcast + Process / ALGO fixed

1000m + 10m/sqrt(hour)

Receiver clock Range estimating + White noise 300m

Station Solid earth, pole tide, ocean

displacement loading

Station coordinate | Constraint to 1Gb00 Accordingly

Ambiguity Estimated or fixed

Relativistic Yes

efkgets Solve for x-pole y-pole and rates 3mars, 0.3mars/day 3ms/day

and 1 OD

27
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Test: Dynamical Models “®§

Lo

Parameter GPS EEOwithout ACC— | LEO with ACC
: data data

Gravity EIGEN GRACEQ02S 8x8 | EIGENGRACE02S5120x120

Point mass Earth, Sun and Moon Earth, Sun, Moon and Planets

Tides Solid Earth tides, Pole Solid Earth, Pole and Ocean 30 x 30

tides
Relativistic Yes Yes
effects
Solar radiation Bern model with 9 model | Integrated over all No
parameters areas without

estimated

Atmospheric No DTNRIAHE rag No

drag parameter every 4
. —hours . . ..

Empirical model | No Bias and periodical in | No
radial, along-
trach and cross
track are

Acceleration No No estimated per Yes, with one bias
revolution. and one rate

parameters for
each

20

ré/rhﬁl <UU

comp




Orbit Difference from that of IGS of PRN1 (m)
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RMS (m)

STD (m)

RMS Compared with GFZ Precission Orhit

Result for CHAMP(1)
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Result for CHAMP(2)
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Result for GRACE

0.12

0.10 !- Radial @ Along Il Cross Mean!

GRACE orbit vs. JPL

0.08

0.06

4.5¢cm (3D)

0.04

0.02

0.00 -

RMS Compared with JPL Precission Orbit

122 Grace_A 122 Grace_B 123 Grace_A 123 Grace_B MEAN
Day of Year 2004

01 T T T T T T 0.08 T T T T T T
= L i} - —
E 005 ~ N ; \ ~ fa E 003F Y .
5 PN/ AN N VT N e N AYAVAVAVAAAVAV ME WA VAWAN A Wavy
@005 W ¥ i | . & -0.03F ."u"‘ ! \J = / e .

01 L L L X | 1 006 i L L f . 1

o 200 400 600 800 1000 1200 1400 ) 200 400 500 800 1000 1200 1400
£ 0.z T T T T T T P T T T T T T
g 0.1 ;_.\V_‘ : i - g 01 : H 4
E oo ‘-'\_.\/M.-/W \ g o . A
& | NNV 5 \
g -0 - \/\ § g 01t .
< 0.2 L L L L L - = 0.2 L L L 1 L 1
o 200 400 600 800 1000 1200 1400 o 200 400 600 800 1000 1200 1400

01 T T T T T T T T T T T T
-
£ E oaf A
£ 0
£ NN AR AR A
"8 .01 a0.05F \\/ gk
2 0 2 .01 V) v

- L L L

“o 800 o 200 400 [

Epoch {60s)

Epoch (&0s)y

32 12/18/2006




Multi-technique data combination in Si
level

SINEX data

Local tie

GPS/Galileo
SLR, VLBI, DORIS

\_/_

SINEX file

Datum definition
Loose constraints?
Strong constraints ?

Solution Products
Post-fit Residuals — ® Station Coordinates
Statistical information ® Coordinates time series
- ® Earth rotation parameters

® Transformation par. for
each SINEX solution

\/
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CHAMP, GRACE, JASON AND
GROUND STATIONS (1)




GRACE —&— 2step model
—l— 1step model

1step (4leo) model

10
E =
g 6
% 2 - — r~— * N —‘/"
[0}
154 155 156 157 158 159 160
Day of year 2002
CHAMP —&o— 2step model
10 N —— 1step model
’g 8 \ /\ 1step (4leo) model
z rv
E ° 1 / v\\%
8 a4 —
N
o

154 155 156 Day oij%gr 2002 158 159 160

SLR Residual (cm)

10

o N b O O

JASON-1 —&— 2step model

—— 1step model

vg/.\-\

1step (4leo) model

"/ —— VY_”,J_V/ ———

154 155 156 Day Ofly587al’ 2002 158 159 160

] AT

IJ

06



China CORS
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i

1

CNCORS Map (design)




Province CORS and Urban CORS 5\

e Province CORS
o Guangdong Province CORS-GDCORS
e Hebeil Province CORS-HBCORS

e Urban CORS
e Shenzhen CORS-SZCORS (Network RTK)
e Beijing CORS-BICORS(RTK)
e Dongguan CORS-DGCORS (Network RTK)
e Kunming CORS-KMCORS (Network RTK)
e Wuhan CORS-WHCORS (Network RTK)
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Guangdong Province CORS
,_-\J(—f_\-f‘l_f‘_“‘,

» Stations : >34 /J‘ ,-4"’1
» Network RTK g

» Accuracy: [

» <3cm in Horizor;t%
» <10cm in Vertic
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Shenzhen CORS
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China Satellite Navigation System\’\

Beidou System (COMPASS):

e Double GEO Satellite positioning
system for China Regional

Navigation
e Initiative Positioning Mode
e Beidou satellite -1/2/3
Accuracy: <30N <30m Real time; '\;'\; }*
>30N <25m Real time Iy /ij
o Beidou Wide Area Differential GPS ‘F N
- X

System
e Accuracy: better than Sm;
e Short Message Communication

41 12/18/2006




China GNSS project
Beidou-1 Satellites




W
China GNSS project: Beidou-1 Satellites ..;\

e

Z
7/

AR,

E-F k- EE-W KN EE-S




Future Projects TE\

» Integrated GNSS Applications
»The New System Upgrading Beidou

»China Real-time Precise Positioning
Service System

»New Generation ATM System

»Joint Galileo Projects in China
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Technical structure

Tllnlng Service 12/18/2006




Integrated GNSS Applications"?\

e Resource Sharing
Satellite signal (GPS/Galieo/Beidou)
Reference stations

e User interface unify
Same quality of service (Qos)
User requirements driven

Service mode
Free service
Payment service

e System specifications upgrading
Increase stability, reliability and availability
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The New System Upgrading Beidou e’\

e The upgrading of Beidou: The New
Generation Navigation System in China

o Passive positioning mode
o Constellation: multi-satellite orbits
o Augmentation: GPS ,GALILEO and BD

e Covered area: larger than former Beidou
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New Generation ATM System
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Galileo Projects

Fishery Application System

China Galileo test range
lonosphere

Satellite laser ranging

Early Galileo service in China (TBD)
ERIS
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China Navigation System
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The Frame of System
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China Multi-model GNSS System

New Uniform Mode
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Chinese Regional Multi-mode Satellite Navigation ‘” %

Augmented System
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Thank you for your attention!
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