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• Introduction

– Software and Platform (PANDA software)

– Our work in RTPP Program & RTIGS

• Prototype of  MASS(Multi-Constellation 

Augmentation Service System)

– Wide Area Augmentation 

– Regional Augmentation

• COMPASS Augmentation and  Primary  Results



Software and Platform
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• Start by Dr. M. Ge and J. Liu 10 years ago

• To derive possible information from 

GNSS/SLR/ VLBI/DORIS data

• Real-time Processing function from 2007

• Current Applications

– POD of GNSS (GPS, GLONASS, 

COMPASS, GALILEO)

– POD of LEOs (CHAMP, GRACE, 

COSMIC, JASION)

– Huge Network data processing, PPP 

– SINEX Combination

PANDA : Positioning And Navigation Data Analyst

Ongoing application projects in China (973, 863)

Aim to IGS analysis center

Aim to Compass analysis center



Real-time Relay Center

IGS

Thanks for supporting by IGS-RTPP !

WHU relay 150 stations;

More than 20 research 

institutions as users.

(http://ntrip.gnsslab.cn) 

http://ntrip.gnsslab.cn/


Ultra-rapid Orbit VS. IGR
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Real-time clock products

• WHU_CLK15

• WHU_CLK16

IGS RTPP daily clock report

RTIGS PPP Performance Report



Prototype of Multi-Constellation 

Augmentation Service System



Prototype of MASS

• Goals

– Augmentation with  GPS/GLONASS/COMPASS/Galileo

– Integration Global PPP and Regional PPP-RTK

• Current Status

– Beginning of 2007,  supported by 863 program In China

– Developing Software and platform

– Achieving Prototype of MASS (preliminary)

– Providing Several Service 

• Method and Software

– PPP (wide area) & PPP-RTK(regional)

– RT-PANDA(orbit/clock/ion/PPP…)



Wide-area Augmentation Software
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Satellite Clock Estimation ModuleRegional Ionospheric Delay Modeling Module

Terminal Real-time Precise Point Positioning Module 

Products Broadcast Module



Processing of reference network

Regional Augmentation Software

Calculate corrections

Broadcast the correction information

User



PPP-RTK Online Service

PPP-RTK results:

cm-level

<10 minutes

Static or Kinematic?

Upload your observation data

Antenna type Antenna height

Data processing progress

Ongoing internal testing

PPP results:

10-20 cm

<20 minutes



Users Accuracy of wide-area tests

Kunming Guangzhou

Qingdao

Shenyang

Hangzhou

Xiamen

Xi’an

Korla

June 25 ~ July 11, 

2011, 24-hour test



The time series of single-frequency test results
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The time series of double-frequency test results
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Test Result Statistics

RMS (m) N E U

Double-frequency 0.029 0.049 0.081 

Single-frequency 0.268 0.286 0.614 

Double-frequency Single-frequency
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LW resolution,
mean: 4.96 s

L1/LC resolution,
mean: 6.66 s

Reference station
Rover 

station

Testing section

Total Unfixed Num Fixed

Num distance Num Num LW L1 Num rate

16 149.4km 32 59701 41 4 59656 99.92%

Ambiguity resolution time (s)
Positioning RMS (cm)

North East Up

LW L1/LC LW L1/LC LW L1/LC LW L1/LC

4.96 6.66 2.17 1.71 2.93 2.21 4.49 3.39

CORS Based PPP-RTK Test

May 21 2010 from 9:00 am to 12:30 pm 

with a sampling rate of 1-Hz 



COMPASS Augmentation and 

Primary Results 



Overview

• COMPASS Experimental Tracking Stations (CETS)

• Several kinds of Experiments of COMPASS Positioning

– Single Point Positioning

– Pseudo-range Differential

– Carrier phase differential（Post-processing & Real-time)

– PPP(Static & Kinematic)

– GPS/COMPASS combined processing

18



Status of COMPASS System
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Working Satellites:  3GEO+5IGSO

2012:  5GEO+5IGSO+4MEO（Regional Service）
2020:  5GEO+3IGSO+27MEO（Global Service）

2012

2020

Multipath

C/N0



Introduction of Experiments 

• The experiment equipment
– Compass/GPS receiver: UNICORE UB240

– Compass/GPS receiver: OLinkStar GNS100-BG

– Compass/GPS receiver: Unistrong (Three frequency)



Case1: SPP & Pseudo-range Differential

Time: 2011-09-15

Location: Wuhan - Nanchang (250km away)

Equipments:

Reference station_UNICORE UB240

Rover_station_UNICORE UB240

Positioning Mode Horizontal (m) Vertical (m) 3D (m)

Pseudo-range 

differential positioning
4.306 6.616 7.406

Single point 

positioning
15.05 37.05 43.575

Comparison results between pseudo-range differential 

positioning and single point positioning (95%)



Case2: Carrier-phase Differential & RTK

• Time: 2011-10-27 Location: Wuhan (20km away)

• Equipments of reference and rover stations: UNICORE UB240 (double-

frequency)

Positioning type

Compared with GPS-RTK (m, 95%)

Horizontal Vertical 3D

Single point positioning with 

Compass
15.217 25.246 27.113

Pseudo-range 

differential 

positioning

Real-time 2.812 7.129 7.447

Post-processing 2.180 6.028 6.353

Carrier phase 

differential 

positioning

Real-time 0.086 0.165 0.174

Post-processing 0.057 0.144 0.146



Case3: POD for PPP 
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Day of Year 2011 (day)Average Overlap difference of COMPASS satellites from 245 to 251 of 2011

The 3D RMS of IGSO is about 20cm
The 3D RMS of GEO is dominated by the along  constant bias.
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Case3: Daily Static PPP (Jan. 2012)
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CHDU not used for orbit determination

East(cm) North(cm) Up(cm)

CENT 1.83 0.75 3.54 

CHDU 1.83 2.36 3.67 

SHA1 2.45 1.24 2.97 

XIAN 1.43 1.58 1.74 

BJF1 2.63 0.84 2.70 

SIGP 3.73 1.43 5.53 

HRBN 3.89 2.19 6.45 

Avg. 2.38 1.37 3.66

Daily PPP by COMPASS compared with GPS solution



Case3:  kinematic PPP (PP mode)

22.0 22.5 23.0 23.5 24.0 24.5 25.0

-50

-40

-30

-20

-10

0

10

20

30

40

50
0 1 2 3

-20

-10

0

10

20
 East :1.7cm

 Noth :2.9cm

 Up   :7.2cm

P
P

P
 b

y
 C

O
M

P
A

S
S

 (
c
m

)
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CHDU East(cm) North(cm) Up(cm)

CENT 1.18 1.91 6.66 

CHDU 1.73 2.93 7.24 

SHA1 1.45 4.02 8.62 

XIAN 0.92 2.00 6.62 

BJF1 2.06 5.02 10.91 

SIGP 2.62 3.03 4.63 

HRBN 1.48 7.01 10.91 

Avg. 1.93 4.24 8.78

Kinematic PPP  from DOY 21 to DOY 25



Case3: kinematic PPP (RT mode)
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Case4: COMPASS/GPS combined baseline processing

27

170 171 172 173 174 175 176

-12

-10

-8

-6

-4

-2

0

2

4

6

8

10

12

 

 

B
a

s
e

lin
e

 d
if
fe

re
n

c
e

s
 (

m
m

)

Day of Year 2011 (day)

 G -dE        G -dN        G -dU

 C -dE        C -dN        C -dU

 G+C -dE   G+C -dN   G+C -dU

static kinematic

East(mm) North(mm) Up (mm) East(mm) North(mm) Up (mm)

GPS 0.80 -1.60 1.20 9.10 7.40 16.70

COMPASS 6.20 0.70 -5.00 4.50 13.40 31.90

GPS+ COMPASS
2.40 -0.90 1.10 5.90 4.70 11.50
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Summary and Outlook

 Summary

– Achieving Prototype of  MASS

– Wide area augmentation (10cm ) 

– Some experiment of Regional augmentation

– Some experiment of  COMPASS data processing 

• PPP, RTK , 

 Outlook

– Aim to be a RT IGS  Analysis Center 

– Integration of global (PPP) and  regional Augmentation (PPP-RTK)

– Combined of  GPS/GLONASS/COMPASS/GALILEO data processing

The 3rd China Satellite Navigation Conference (May. 2012)

http://www.beidou.org
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