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(a) Pitch and azimuth of the optical source (b) Pitch and azimuth of the detector
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Fig.1 Definition of the pitch and azimuth of the optical source and the detector
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Table 1 Data structure of the simulated full angle optical property of space object

Optical Source Detector . .
- - - - Magnitude  Optical Image
Pitch/°  Azimuth/° Pitch/° Azimuth/°
-90 0 -90 0 value001 image001
-90 0 —-90 2 value002 image002
—-90 0 —-90 360 valuel80 imagel80
-90 0 —88 0 valuel81 imagel81
-90 0 —88 2
-90 0 —88 360
-90 0 90 360
-90 2 -90 0
-90 2 -90 2
-90 2 -90 360
90 360 90 358 valuem —1  image m —1
90 360 90 360 value m image m

Pitch of Optical
Source
Azimuth of
Optical Source
Pitch of
O -©-O®
Azimuth of
Detector

Data || Data Data || Data Data || Data Data || Data Data || Data Data || Data Data || Data Data || Data

Characteristic
Data Image || Image Image || Image Image || Image Image || Image Image || Image Image || Image Image || Image Image || Image

2 B SRR R

Fig.2 Data simplification and retrieval strategy

(2) 18 4 1) 't 27 R 1 204 45 M4 5 JavaScript % % i 1% (JavaScript Object Notation,
JSON)JE =0 1) £ 4im 25 44 AF 5 A Bk, BRI i wT =R ) LA23dE i) 4% =X i JavaScript X %1% i
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{
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{
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"DetectorAzimuths": [
{"DetectorAzimuth": 0, "Magnitude": value 01, "Image": image 01,*==+* 1,
{"DetectorAzimuth": 2, "Magnitude": value 02, "Image": image 02,**=*** }

"DetectorPitch": -88,

"DetectorAzimuths": [
{"DetectorAzimuth": 0, "Magnitude": value 181, "Image": image 181,===+* }s
{"DetectorAzimuth": 2, "Magnitude": value 182, "Image": image 181,==+* I

3 Document ' [ EHR A7 it 1% 20

Fig.3 Data storage format in the document
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) document 001-001
ID |File Name |Object Name| Object Type | === Collection Name coll)eocluon gggﬁﬁ:ﬁ: 88{:88%
001 | file001 | object 001 satellite | ====== collection 001 | | [ i
002 | file 002 | object 002 | space debris | === collection 002 Hecti gocument 883-88;
002 | bt o | aoenn . collection ocument =
003 | file 003 | object 003 | rocket body collection 003 002 document 002-003
MySQL L e
MongoDB
\
“key01” : “value01”
“key02” : “value02”
“key03” : “value03”
Redis
Fla  Joul SRR SRR R
Fig.4 Relationship between the metadata and property data
2.3 WBIERARREN

TR A AR S T 07 W A P R AR an s s . 5, Hdaie R 54 I 55 HR it
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External Request

Retrieval and Integration of Data

Cache Database

RDBMS

P

NoSQL

K5 etk SR R A

Fig.5 Hybrid retrieval structure of the optical property data
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Fig.6 Comparison of data input efficiency in case of numerical data only
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Fig.7 Comparison of data input efficiency in case of numerical data and image files
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Fig.8 Comparison of the response efficiency of multi-user real-time requests in case of numerical data
only
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Fig.9 Comparison of the response efficiency of multi-user real-time requests in case of numerical data

and image files
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Hybrid SQL/NoSQL Storage Strategy for Space
Object Optical Property Data

LU Wan-jie XU Qing  LAN Chao-zhen  LYU Liang  SHI Qun-shan

(Institute of Geospatial Information, PLA Strategic Support Force Information Engineering
University, Zhengzhou 450052)

AsstracT In order to solve the problems of low efficiency of data input and retrieval,
difficult storage and management of the unstructured data, poor scalability and weak
ability to respond to multi-users real-time requests that the massive data of space ob-
ject optical property faced, a hybrid storage strategy is proposed. Firstly, the data are
dealt with and the retrieval strategy is constructed by using the combinatorial sequence
regularity of the pitch and azimuth of the optical source and the detector. Secondly,
combined with the requirements of data storage, processing and retrieval in the ap-
plications of space object optical property data, the efficient hybrid storage strategy
is proposed, and storage architecture is designed. Finally, scenarios of simulated data
input and retrieval are selected for the experimental verification. The experimental
results show that the data input efficiency of the strategy proposed is more than 17
times higher than that of the traditional relational database in the case of storing only
numerical data, and more than 34 times separately in the case of storing numerical data
and image files. The data retrieval efficiency under multi-user requests is much higher
than that of the traditional relational database. The results indicate that the hybrid
storage strategy proposed can well meet the real-time data requirements of simulation,
testing, and experiment related to the space object optical properties.

Key words artificial satellite, optical property, luminosity, data analysis, data storage,
database
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