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Abstract: Aiming at the low efficiency of data management, inadequate data analysis and 
processing ability, incomplete utilization of observation data and low contribution to the 
improvement of system service performance in the monitoring station(Abbreviated as monitoring 
station) of space target detection and recognition test system, Hadoop and other big data technology 
are used to develop a platform with functions of data storage management, analysis and mining, 
quality evaluation, etc. The active controlled early warning system of system equipment 
performance status is established, which solves the difficult problem of storage and management of 
massive observation data. At the same time, using the results of large data analysis, mining and 
exploring the correlation and influence rules of monitoring data, to provide reliable support for 
improving the service performance of space target monitoring system. 

1. Introduction  

The main task of space target monitoring station is to collect, process and transmit monitoring 
data of space target recognition by using various equipment, and ensure the long-term continuous 
and stable operation of system equipment. The data collected and managed by the monitoring station 
include orbit and situation data, supporting data (earth rotation, solar radiation, geomagnetic index, 
event analysis), data that have occurred (launch, meteorite, collision, disintegration), future data 
(collision warning, meteorite forecast) and equipment working condition data such as atomic clock 
and satellite communication system. With the steady development of China's aerospace industry, the 
information data acquisition and processing ability of the space target detection and recognition test 
system is gradually improved, and the system will gradually form a practical space target 
surveillance information support ability. The data quality of the monitoring station is the most direct 
and accurate reflection of the overall performance, service level and design index of the space target 
detection and recognition test system. For various reasons, there are still some problems in the 
management and depth application of observation data of monitoring stations, which need to be 
solved. 

2. Current Situation and Problems 

2.1 Data Management Methods Lag Behind 

At present, the monitoring station receives real-time space target detection and recognition data, 
and generates hundreds of thousands of lines of data records every day. The amount of data reaches 
tens of gigabytes, which generates TB-level data every year. With the development and construction 
of space target detection and recognition experimental information system, the number of space 
targets is increasing, and the number of observation data produced every year is doubling. At present, 
single computer acquisition, cataloguing, short-term hard disk storage and long-term CD-ROM 
recording are used to manage data. To analyze the long-term change of a characteristic data (one 
year or several years), it is necessary to read the original observation data of CD-ROM, 
decompression and decompression every day in order to carry out the corresponding data analysis, 
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which is time-consuming, laborious and inefficient. In addition, the damage and loss of CD-ROM 
bring great hidden dangers to the security of data, which is not conducive to the long-term storage 
and management of data. 

2.2 Data Utilization Efficiency is not High 

All kinds of data of monitoring station are mainly used to complete the basic data such as the 
success rate of real-time original observation data acquisition, the success rate of satellite 
communication data transmission, the consistency and rationality of measurement data, track and 
situation data, and simple data processing such as pseudo-range measurement accuracy analysis, 
carrier cycle slip analysis, single-double difference analysis of measurement value. All kinds of data 
of monitoring station are independent and lack of cross-correlation. At present, there is no effective 
means to excavate the effective information contained in the massive observation data. It is difficult 
to analyze and process the parameters of the monitoring station for a longer period, which cannot 
provide support for system state assessment, fault prediction and performance analysis. 

2.3 Few Studies have been Done on Analytical Methods 

At present, in the field of space target recognition test information, there are more studies on 
service performance monitoring and evaluation at the user level, less on the daily operation 
management of monitoring stations, and there are problems of emphasizing ex post monitoring and 
neglecting pre-warning in the operation management of monitoring stations. Especially from the 
level of monitoring station observation data analysis system performance, the use of large data 
technology for in-depth analysis and mining of monitoring station observation data, the 
establishment of a platform for management, analysis and evaluation of research is not much. At the 
same time, multi-dimensional navigation data, such as multi-station data, differential enhancement 
correction data, user terminal data and so on, are synthetically used to mine the closed-loop structure 
relationship between monitoring station and user terminal data, and to study and explore the 
correlation and influence law of multi-dimensional data. At present, there are few such studies. 

In view of the above practical problems, it is necessary to establish a management system, which 
combines the operation management of the system with the daily monitoring and evaluation 
organically, facilitates the benign interaction of trend analysis, forecasting problems and timely 
treatment, and realizes the deep coupling between operation and service. Complete the collection, 
transmission, storage, management, real-time analysis, display, early warning and alarm of 
monitoring station data, and realize the efficient safety management of data. Using the observation 
data of each monitoring station, the operation status and rules of mining system and equipment are 
analyzed, hidden dangers are found, and the prediction and evaluation of the operation status of 
monitoring station are provided. The data support is provided for the stable operation, evaluation and 
early warning of monitoring station and space target recognition test information system. 

3. Overall Framework of the System 

According to the sequence of data acquisition and use, the flow from left to right is divided into 
data source, data management, data mining, quality assessment and data access. The frame structure 
is shown in Figure 1. Data source obtains data from monitoring station and user terminal, obtains 
original observation data through data decoupling software, and stores the data into management 
subsystem. Through data mining, the data of monitoring station and user terminal are analyzed in full. 
The relationship between each measurement value and working condition information is obtained, 
and the evaluation model of monitoring station system status and user positioning performance is 
established. It objectively reflects the changes of service performance of monitoring stations and 
systems. 
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Fig 1. Schematic diagram of the overall structure of the system 

3.1 Data Source Acquisition 

The data of monitoring station include multi-channel pseudorange measurement, multi-channel 
carrier phase observation, multi-channel carrier-to-noise ratio observation, multi-frequency Doppler 
observation and interference level monitoring, orbit and situation data, meteorological data, working 
condition data of space target recognition system, network communication, atomic clock system, 
data preprocessing and so on. User data includes pseudorange value, ephemeris, loop locking, 
differential correction information, positioning results, positioning success rate and other 
information. 

3.2 Data Management 

Before storing the data, the collected data is preprocessed. According to gross error theory, prior 
information of data characteristics and data processing requirements, gross errors are eliminated to 
remove invalid data. At the same time, the rationality of the original data, the consistency of 
multi-channel data and the integrity of the target signal are checked. The pre-processed observation 
data is stored in the HBase non-relational database instead of using CD-ROM to save data, which 
improves the efficiency of data storage and reading and writing, and achieves random real-time 
access to large-scale data. 

3.3 Data Mining 

Using R language and Hadoop platform to mine the data of the monitoring station and the user, 
the hidden relationship between various kinds of observation data is found, such as the correlation 
between carrier-to-noise ratio and pseudo-range measurement accuracy, orbit angle and 
pseudo-range measurement accuracy, Doppler value and carrier phase, and the influence of the 
change of electromagnetic environment around the monitoring station on the accuracy of 
measurement data is explored. 

3.4 Quality Assessment and Data Access 

According to the characteristic data of the fault case, a model is established to evaluate and warn 
the operation status of the monitoring station. According to the specific business needs, the related 
data analysis results are generated by combining charts and graphs, which is convenient for query 
and statistical analysis. 
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Fig 3. Data Analysis and Mining Function Module 

The function of carrier phase cycle slip detection and evaluation module is to accurately detect 
and statistically monitor the cycle slip of carrier phase observation data of the receiver, and to 
evaluate the performance of carrier phase cycle slip detection of the receiver. Because the monitoring 
receiver is static, polynomial fitting method is suitable. 

According to the theory of data quality analysis, the function of data quality comprehensive 
analysis module is to establish the standard model of navigation signal quality analysis of monitoring 
station, and to analyze and statistic the quality of observation data comprehensively. The 
single-difference and double-difference combination analysis of pseudo-range observation data and 
phase observation data is carried out to extract the change information, and the quality of satellite 
ranging signal, carrier phase signal and the stability of monitoring receiver are evaluated. 

The function of multi-path effect evaluation module is to use carrier phase data and pseudo-range 
observation data to make linear combination, extract the multi-path variation on pseudo-range 
observation data, and smooth pseudo-range with carrier phase. Finally, according to the 
characteristics of multi-path effect, the observation environment of monitoring station and the ability 
of receiver to resist multi-path effect are evaluated. 

The function of the ionospheric monitoring analysis and evaluation module is to calculate the time 
series of the ionosphere by using the dual-frequency observation data, to evaluate the stability of the 
multi-frequency data to the ionospheric monitoring ability, and to evaluate the impact of the 
monitoring ionosphere on the ranging quality. 

The function of the target orbit extrapolation performance evaluation module is to evaluate the 
precise dynamic model extrapolating the target orbit technology based on the target ephemeris 
calculation. It mainly evaluates the cumulative effect of errors with the extension of extrapolation 
time. 

The function of the integrity monitoring module of the monitoring receiver is to detect and 
identify satellite faults by using redundant observations of the receiver itself. It does not need the 
assistance of external equipment, costs less and is easy to implement. It is a widely used integrity 
monitoring method at present. Consistency checking is carried out by calculating deviation. 
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4.3 Design and Implementation of Equipment Status Early Warning and Assessment 
Sub-system 

According to the large amount of observation data obtained by monitoring stations, the evaluation 
and analysis model of business data is studied. Through the analysis and mining of all kinds of data, 
the correlation between various parameters and indicators is found, and the trend and rules of system 
operation are analyzed and extracted to realize the state prediction and early warning evaluation of 
system equipment. By means of analysis methods and means of measurement quality analysis of 
observation data, ionospheric analysis of multi-frequency observation data, multi-path detection and 
analysis, detection and repair of carrier phase cycle slip, and correlation between carrier-to-noise 
ratio of navigation signal, accuracy of multi-path analysis value and pseudo-range measurement 
value, carrier phase cycle slip and other measurement values, the long-period data analysis and 
mining are carried out, and the reference of fault cases is given. The operation model of monitoring 
station is established by numerical analysis and comparison, which provides data support for early 
warning and evaluation of monitoring station system. 

The system fault alarm is mainly realized from the following aspects: system integrated state 
display, subsystem detailed state real-time monitoring, performance index real-time monitoring, 
navigation signal real-time monitoring, satellite orbit prediction display, alarm threshold design and 
so on. At the same time, it establishes the typical fault database of the system, establishes the logical 
tree relationship between the possible fault locations and nodes, analyses the interrelations among 
them, infers the running state and health status of the system equipment from the changes of 
real-time indicators, predicts the possible fault locations of the subsystem integrated state, maintains 
and repairs or replaces spare parts in advance according to the possible faults, and makes a plan. In 
order to predict the equipment failure in advance and early warning, the active and controlled early 
warning function is realized. 

In addition, we can use the quality and positioning accuracy of the received signal from the user 
to deduce the operation status of the monitoring station, establish a closed-loop structure from the 
system to the user, open the two-way feedback link of the state and performance of the system 
equipment, and verify each other from the two dimensions of system data and user data, so as to 
achieve the purpose of early warning and evaluation, and improve the quality and efficiency of 
operation and maintenance management of the monitoring station. 

4.4 Design and Implementation of Navigation Data Fusion Evaluation System 

This part mainly studies the integration of the operation and maintenance data of the monitoring 
station system and the location data of the user, and establishes the closed-loop network structure 
among the monitoring station, differential enhanced receiving terminal and user receiving terminal. 
On the basis of monitoring station data management platform, differential enhanced data receiving 
subsystem and user receiving terminal data processing subsystem are established. Using large data 
technology to fuse analysis and explore the impact and regularity of multi-dimensional data such as 
monitoring station, differential enhancement correction, user receiving terminal data and so on. 

5. Summary 

The data management system of monitoring station is designed and implemented, which changes 
the backward mode of using CD-ROM to record and save data. At the same time, it deeply analyzed 
and excavated the effective information contained in the massive navigation data, analyzed the 
correlation and coupling between the various data of the monitoring station, developed the 
observation data analysis and evaluation model, realized the real-time analysis and evaluation of the 
data quality of the monitoring station, and provided an effective judgment basis for the system status 
judgment. Research and explore the operation and maintenance model of monitoring station of space 
target detection and recognition test system, construct active and controlled equipment prediction 
analysis and fault early warning system, real-time monitor the overall operation status and 
performance of the system, change the traditional passive working mode of "firefighting" and make 
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emergency repairs as pre-analysis and prediction, so as to minimize the occurrence of major system 
failures and greatly enhance the performance of the system. Monitoring the quality and efficiency of 
operation and maintenance management. This project can be used for single monitoring station, 
combined with multi-station data, differential enhancement correction data and user terminal data, to 
realize the analysis and mining of all data from large-scale system to user-end closed-loop structure, 
and to provide a reliable integrated processing platform for improving the service performance of 
space target detection and recognition test system. 
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