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The origin of ITRF

1

 BJFS station was built in 1980, 
which is located in Fangshan
district, Beijing, China

There are Four kinds of geodetic 
observation techniques (GNSS, 
SLR, VLBI and gravity). It is a 
comprehensive observation 
research station of geodesy.

There are 28 employees and nearly 50 graduate students for geodetic observation and 
research of BJFS station currently, 

Brief introduction



SLR

GNSS

GNSS



gravity
observation



VLBI

13m geodesic VLBI
 Complete the the construction of 
antenna panel, receiver, observation 
and control system, mount and other 
subsystems
Expect to complete the integration 
and test of  subsystems early next year



Related research fieldRelated research fieldRelated research field

Geodetic data acquisition

Geodetic datum and data 
processing

Navigation and positioning

Orbit determination of 
space target

Earth gravity field and 
vertical datum



2 Updates of BJFS station (7249) and Establishment of mobile SLR system 

 Updates of SLR system

• Telescope servo system and its control software

• Laser and emission path

• Receiving terminal box and receiving optical path

• Ranging control and data acquisition and processing software system



 Telescope servo system and its control software
Replace Absolute encoder

Replace the servo controller

Develop new telescope control software



Replace laser

2000Hz/2mj

Upgrade Kuder light path

• Laser and emission path

Remodel transmitting 
mirror tube



 2 CMOS cameras 
 1 PCO camera
 1 C-SPAD detector

• Receiving terminal box and receiving optical path

Redesign and develop the receiving terminal box   

the devices in the terminal 
box include:



Update camera 
image capture and 
display software

• Ranging control, data acquisition and processing software

Replace the GPS Clock

Replace evet timer

Replace the ranging control system

Update ranging control, data acquisition and real-time 
processing software



 System  performance (after updated)

• Detection frequency : 2000Hz
• The longest detection distance: 36000km
• Daytime laser ranging
• Ground target ranging accuracy:  <10mm
• Normal point accuracy and system stability



2kHz laser ranging interface screenshot

• Detection frequency : 2000Hz



Daytime laser ranging interface for Beidou
Satellite (compassi6b, ~36000km)

• The longest detection distance: 36000km • daytime laser ranging 



• Ground target ranging accuracy:  <10mm



• Normal point accuracy and system stability



2 Updates of BJFS station (7249) and Mobile SLR system construction

 Developing one mobile SLR system

• Telescope (receiving)      
diameter: 1m

• Other technical index similar
to the fixed system (7249)

• Laser ranging for satellite and
space debris

• Size: 10.8*3*3m
• Plan to operate by 2025



The same ranging control software and hardware , laser, data acquisition 
software are used with the fixed station.



3 SLR station classification for satellite orbit validation

 Background

• An independent observation technique for verifying the accuracy of GNSS 
satellite orbit products;

• Using all involved SLR stations or selecting some high-performance SLR stations
based on experience may affect the reliability of  orbit evaluation results;

• Effective station selection or weight determination to obtain more precise
calculation results in some other applications, such as geocentric 
motion/ERP/station coordinate calculation and analysis.



Methods: fuzzy c-means algorithm (FCMA)

Step 1: Select SLR station quality evaluation index 

•According to the requirements of ILRS, the evaluation criteria of station performance 
include three factors: data quantity, data quality and operation protocol compliance. All of 
these can be reflected by monthly and quarterly quality report cards for SLR stations 
published by ILRS regularly .

•Three parameters, the total number of observation cycles, the RMS value of LAGEOS 
standard point and the short-term deviation of system, were selected as the evaluation 
indexes of the station classification.

Why?



1) The performance evaluation of SLR station mainly includes three aspects: data acquisition 
ability, data  accuracy and system stability.

2) Considering that there is a certain correlation between the data length and the total number 
of observations, the total number of observations and the RMS value of LAGEOS standard 
point are selected as the data quantity and quality indicators.

3) In terms of system stability, short-term deviation mainly affects the accuracy of satellite 
orbit determination and orbit correction, and long-term deviation affects the accuracy of 
reference frame solution. 

4) The purpose of the research is to use SLR data for satellite orbit determination and 
calibration.

So, the total number of observation cycles, the RMS value of LAGEOS standard point and the 
short-term deviation of the system, as the classification evaluation index of the station.



Step 2: Normalize the evaluation Index 

The linear normalization method is used to map the three types of index values to [0,1].

Where, X is the station evaluation index sequence, Max(X) and Min(X) is the maximum and minimum value of the sequence 
respectively, and,                is the index sample value before and after normalization respectively.  After normalization, the 
station evaluation matrix is generated:

Where, the row vector of the matrix is the station state vector, and the elements include the total number of 
observations, the RMS value of the LAGEOS standard point and the short-term stability of the system, which is the 
number of stations.



Step 3: Initialize of FCM clustering parameters

Initialize the parameters of the clustering algorithm, including cluster number, fuzzy 
weighting index, maximum number of iterations, standard error value and initial 
membership matrix, where the membership matrix must meet the constraint conditions:

Where,         is the cluster i membership degree of the station j .



Step 4: Calculate or update of membership matrix and cluster center matrix

Corresponding to the station evaluation matrix, the cluster center matrix C is the 
normalized matrix, and the three elements of its row vector correspond to three 
evaluation indicators.

where,        is the cluster i membership degree of the station j .

where,



Step 5: Calculate the distance difference before and after each update of the cluster 
center, and decide whether to proceed to the next step or repeat the step 4 according 
to the set standard error value and the maximum number of iteration.

Step 6: After the iteration is stopped, the  results of fuzzy classification are obtained, 
including fuzzy classes c, cluster centers       that can represent the properties of the 
corresponding categories, and membership degree          that each station sample 
belongs to this class respectively. 

The closer the membership degree         is to 1, the more likely the station belongs to 
this fuzzy class. The closer to 0 the station is, the less likely it is to belong to this fuzzy 
class.



 Classification result of SLR stations 

A total of 96 months of quality report card data
from ILRS (May 2013 to April 2021) were used
to obtain the mean value of the classification
evaluation index parameters;
During the period, there were 49 stations in
total, among which 7045 and 7125 stations
were missing some indicators and were
excluded, and the actual data stations were 47.

The distribution of the three evaluation indicators of the global SLR station is shown in 
figure above, in which the three colors of red, green and blue represent levelⅠ, Ⅱ and Ⅲ
respectively, and the purple "×" represents the location of the cluster center.



The horizontal coordinate is the SLR station number, and the vertical coordinate is the
membership degree corresponding to different levels represented by different colors. The
size of the membership degree represents the level to which the station belongs.





Conclusion:
• Of the 47 SLR stations that participated in the evaluation, there were 13 
level I stations, 24 level II stations and 10 level III stations, accounting for 
28%, 51% and 21%, respectively. 

• Among them, the average number of annual observation cycles of the level 
I station is 9273, the average RMS of the LAGEOS satellite standard point is 
2.007mm, and the average short-term deviation of the system is 8.368mm. 

•Level I stations have more observation cycles, higher observation accuracy 
and better system stability, and should be used as the first choice for SLR 
data application.



 Orbit validation of GNSS satellites
•The GNSS satellite with high observation priority provided by the International Laser
Ranging Network was selected in this research. The satellite orbit adopts the 2020 satellite
orbit product released by Wuhan University; SLR observation data are derived from ILRS;
•In 2020, there are 12 GNSS satellites with high priority for SLR observation, including four
BDS satellites (C20, C21, C29, C30), four Galileo satellites (E01, E09, E14), and four GLONASS
satellites (R02, R05, R09, R15).

O
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In 2020, the total observation amount
(NP points) of GNSS satellites by SLR
stations is 56,770, among which the NP
points of Level I stations are 45,934,
accounting for 80.9%; The number of
NP in Level II stations is 9486,
accounting for 16.7%; The number of
NP in Level III stations is 1350,
accounting for 2.4%.



 For the residuals with small values (less than 20mm, 20-40mm interval), the
proportion of level I stations is significantly larger than that of level II and Ⅲ stations.

 the larger the residuals, the smaller the proportion.



Orbit accuracy validation results of R15

 Compared with BDS and Galileo satellites, the observation data of GLONASS satellite
from level III stations was more. For the large (more than 60mm) orbit residual, level III
stations accounted for 46.28%, while level I and II stations accounted for 6.66% and
18.03%, respectively.

 R15 satellite orbit residuals distribution: level Ⅰ, Ⅱ station residuals distribution is uniform,
the change is stable, the absolute value of residuals is relatively small, level Ⅲ station
residuals are large, and there are obvious systematic deviations.



 According to the GLONASS, BDS and Galileo satellite orbits residuals checked by levelⅠ
station data, the statistical analysis of the residual components in the RTN coordinate
system shows that the difference of the three GNSS satellites' orbit accuracy in all
directions is not obvious, and the difference between the RMS values of the corresponding
components is at mm level.



4 Next   plan

 Carry out the trial operation and data processing of the mobile
laser ranging system；

 Complete integration of VLBI subsystems;
 Carry out co-location surveying of multi-technology stations;
 Realize space debris tracking on fixed  and mobile  station; 
 Establish multi-source geodetic data analysis center node

of China;
 Strengthen SLR/GNSS/VLBI/gravity data application and related 

research
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