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Research on data query and application of obstacle dataset based on
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Abstract: The obstacle dataset is a kind of aeronautical information dataset based on the aeronautical information
exchange model (AIXM) specification proposed by International Civil Aviation Organization (ICAO) under the
aviation intelligence management (AIM) system. The query of the obstacle dataset can directly affect the airport
clearance assessment and flight procedure design. Based on the analysis of the temporal and spatial attributes of the
obstacle dataset, an obstacle dataset query method based on temporal point and spatial location is proposed by using
the spatio-temporal data model and AIXM specification to solve the query problem of the obstacle dataset. The ob-
stacle query and visualization system is constructed, and the random experiments and example applications are de-
signed to verify the feasibility and reliability of the query method. The results show that according to the method,
the obstacles that impact on the airport clearance and flight procedure design can be extracted, and the flight proce-
dure designers’ situation awareness of the airport obstacle distribution can be enhanced.
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Fig.4 Obstacle change and corresponding time slice
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XA 02020 4F 9 H ) 20224E 2 H . BAMLAE LY W ABIEINE 1R

> HIBEEEL > FANIFISIEYEEE > OBST AD LECO > & LE_Amdt_A_2020_03_AIP_DS_FULL Obstacles_LECO_Metadata.xml > & gmd:MD_Metadata > @ gl
1 <?xml version="1.8" encoding="UTF-8"?>
2 <gmd:MD_Metadata xmlns:gco="http://www.isotc211.o0rg/2065/gco"
3 xmlns:gmd="http://www.isotc211.org/2005/gmd"
4 xmlns:gml="http://www.opengis.net/gml/"
5 xmlns:gts="http://www.isotc211.0rg/2005/gts/"
6 xmlns:xlink="http://www.w3.0rg/1999/xlink/" xmlns:xsi="http://www.w3.org/2001/XMLSchema-instance">
7 <gmd:fileIdentifier>
8 <gco:Characterstring>LE_Amdt_A_YYYY_NN_AIP_DS_FULL_Obstacles_ADHP_Metadata</gco:Characterstring>
=] </gmd:fileIdentifier>
10 <gmd:language>
11 <gmd : LanguageCode
12 codeList="./resources/codeList.xml#LanguageCode” codeListvalue="eng">eng</gmd:LanguageCode>
13 </gmd:language>
14 <gmd: characterset gco:nilReason:“missing"/ﬂ
15 <gmd:parentIdentifier gco:nilReason="missing"/>
16 <gmd:hierarchylevel>
17 <gmd :MD_ScopeCode
18 codelist="./resources/codelList.xml#MD_ScopeCode” codelistvalue="dataset">dataset</gmd:MD_ScopeCode>
19 </gmd:hierarchyLevel>
20 <gmd:hierarchylLevelName gco:nilReason="missing"/>
21 <gmd:contact>
22 <gmd:CI_ResponsibleParty>
23 <gmd:individualName gco:nilReason="missing"/>
24 <gmd:organisationName>
25 <gco:Characterstring>AIS-Spain (ENAIRE)</gco:CharacterString>
26 </gmd:organisationiame>
27 <gmd:positionName gco:nilReason="missing"/>
28 <gmd:contactInfo>
29 <gmd:CI_Contact>
F 7 PEHEA BT B 4 ik
Fig.7 A selection of Spanish obstacle datasets
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information
uID C7FB4420-1F11-49D8-
9483-C52BA5A5E459
Obstacle_type TRANSMISSION_LINE

coordinata 43.3247801700001

-8.40470890999995

Elevation 1737778
Begintime 09/01/2020T00:00:00Z
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Graph of experimental results Fig.9 Basic information frame
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Fig. 10 Valencia RWY 12 RNP procedure profile
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Table 2 The altitude of FAF calculation table

MAPT 4 b5 (39°29'46. 9"N 000°30'00. 4"W)

WLBEE 98 /m 556

Mt BE K /n mile 5.5
MAPT & /m 88
el N BB RS/ % 5.2

FAF A #7 (39°32'12. 0"N 000°36'22. 5"W)
S FAF 5% /m 617.672
A SCBE T 4 J5 125 0 A7 I ik 400 4 960 7 3%
A5 Doc 8168 HLAE , fi i #E 3T A B 14 B 4% 2

75 m, M A B B o T Y B M8 R R K T T 28 A
R 617.672—75=0542. 672 m, i o A% AR B

A W TR 7 H 73 o A 0 20 R T 9 R e i 2t B
TRERLEE . RRERS TR NR 3 PR .
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Table 3 Descending gradient calculation table

ZH HfH
e oy I A5 0 15 B /m 143.575
e o - A o (—0.525,39.504)
HiREWN Ry 73 (39°29'46. 9"™N 000°30'00. 4"W )
B3 A H B /m 73
AR /m 75
it i L5 2 4R 6/ (%) 117
T 5 A 2 ) R e A/ (%) 4.243
WA £ BE A T AR L /m 2 296. 865
HEIE A B A K EE /0 mile 5.5
TN RS B/ % 5.696

W4 J5 f5 5 PE T E A A /m 608.8 (1997. 3 ft)

B e 3 BT b BE 2 2R O A TR R R
FIRS L, X e a R R 4 s, i LR L TEAR R S8
CaawRe N S IR EE/ R RanC R o) R IERS PN
TR B R

A RS A A R B X R

Table 4 Table comparing calculated results with

published procedural data

Z 5 B/ NTBERR /% FAF & /m
TR 5.696

N B T 6. 000

608.8 (1997.3 ft)

701.04 (2300 ft)

5 & it

(1) A 3CHs ATXM HA I [] R 1 A 2R 1 b HE Esf
AR /N T o B A SR IRV Y i
L 20 A8 TE A Y i B I ) 7 B 5 £ ik 1] 5 09 4%
Oy B T A X G I s A AR A

(2) Z75 & T 10 X G 09 I 2 B4 452 B0 1 R
R T T R 7 R IO 1 e S g [ VA )
ATXM A 21 B 0 Kbl 4 A 90 07 9k Ak ke 1 AR B8
S 9 ATXM A 2 AT 28 S PR 50N A

S & 3Tk
[1] ICAO. Manual on the digital exchange of acronautical mete-
orological information: Doc 10003[S]. US: ICAO, 2014.
[2] Wik, BAMCE . LT ATXM A9 R L3 52 B 45 i3 S0 2
(1. HFEHLEAR 5 &R, 2020, 30(6): 181-185.



%1

T A+ e T I 28 S A R G I ) RS A R A R 5 0 RS 173

[4]

[11]

[12]

LAI Xin, HU Jingyu. Construction of civil aviation sharing
data integration system based on AIXM[J]. Computer Tech-
nology and Development, 2020, 30(6) : 181-185. (in Chi-
nese)

EGAMIS, LU X, TKOGA, et al. Ontology-based data in-
tegration for semantic interoperability in air traffic manage-
ment[ C]// 2020 IEEE the 14th International Conference on
Semantic Computing. [S.1. ]: IEEE, 2020: 295-302.
ICAO. Aeronautical information management: Doc 10066
[S]. US: ICAO, 2018.

AIXM. Aeronautical information exchange model [EB/
OL]. [2022-03-14]. https:/www. aixm. aero/.

TRAF, KA. HEIE AIXMS. 1Al 25 U 22 He i 1 5 48
B[ T). = hagid, 2017(5): 9-13.

XU Xingling, SONG Ke. 5 keys to mastering the AIXM5. 1
aviation data exchange model[J]. Air Traffic, 2017(5) : 9-
13. (in Chinese)

AR BT AIXM Y 25 22 4 A% B0 5 T R Ak BF 5
(DI 770 e R AL 2 AT B, 2020.

HU Jingyu. Research on coding rules and visualization of
aeronautical elements based on AIXM[D]. Guanghan: Civil
Aviation Flight University of China, 2020. (in Chinese)
VIET-NGU H C, KANG-WOO L, IN-HAK J, et al. Im-
proving the quality of an R-tree using the map reduce frame-
work [C] // International Conference on Multimedia and
Ubiquitous Engineering International Conference on Future
Information Technology. Seaul, Korea: IEEE, 2017: 1-
10.

AZQUETA-ALZUAZ A,
BRONDINO 1, et al. Massive data load on distributed data-

PATINO-MARTINEZ M,

base systems over HBase [C] // Proceedings of the 17th
IEEE/ACM International Symposium on Cluster, Cloud
and Grid Computing. Madrid, Spain: IEEE, 2017: 1-8.
KWWY. T R-BE A9 2 B PR T B R 5
[D]. BT TLIRRHE R, 2014,

SONG Mingming. Research and application on spatial data-
base index technology based on R-tree [D]. Zhenjiang:
Jiangsu University of Science and Technology, 2014. (in
Chinese)

WL AR ATS KB I 23l B P AG R 5 ik BE 5T
[D]. BB BT R, 2020.

HE Fan. Research on spatial-temporal model and fast re-
trieval method for big AIS data[ D]. Wuhan: Wuhan Univer-
sity of Technology, 2020. (in Chinese)

BIEZE, BsE, IRTT, S — Pl ) v A A A RO 1 £ i K
FRME[T]. MR, 2020, 45(6) : 199-204.

ZHAO Yinghao, LYU Liang, XU Qing, et al. A multidi-

[13]

mensional retrieval strategy for massive spatiotemporal data
[J]. Science of Surveying and Mapping, 2020, 45(6): 199~
204. (in Chinese)

FIARER . B A AL A KAl R AUG R ST RID]. b
M TR, 2021

HU Linshu. Efficient learning spatial-temporal query and
computing frameworking for geographic flow data [D].
Hangzhou: Zhejiang University, 2021. (in Chinese)
Eurocontrol. AIXM 5 temporality model[ R]. US: Eurocon-
trol/FAA, 2010.

Eurocontrol. Data coding guidelines [EB/OL]. [2022-03~
14]. http:/www. aixm. aero/page/data-codingguidelines.
] A B A Y R H R LD ] RN - N R fi
A B S B AR B TR R 2%, 2011,

CAO Wen. Research on theory and applications of spatio-
temporal data model[ D]. Zhengzhou: Information Enginee-
ring University, 2011. (in Chinese)

OGC. Guidance and profile of GML for use with aviation da-
ta[R]. US: OGC, 2012.

AR, XV L A B R IR R L], B AT
SRR E, 2019, 3(3): 1-13.

LI Xuhui, LIU Yang. Review of spatio-temporal data mo-
deling methods [J].
very, 2019, 3(3): 1-13. (in Chinese)

JeBrAs, SERE, X, S RSB IE i A ERCE AR A Y O
BT 5E (7], 22 45 2 (W M B4R L L 2016, 39(5) : 58-60,
64.

LONG Jimeng, CAI Zhongxiang, LIU Hongjian, et al. Op-

Data Analysis and Knowledge Disco—

timization research of base state with amendments model
[J]. Geomatics &. Spatial Information Technology, 2016,
39(5): 58-60,64. (in Chinese)

BREEDT, M, HEE . s B B BT S 2R IR [ T]. HER B
R, 2016, 31(10): 1001-1011.

WU Qunyong, SUN Mei, CUI Lei. A survey of the spatio-
temporal data model[J]. Advances in Earth Science, 2016,
31(10): 1001-1011. (in Chinese)

RE, ERME, S I A g0 238 B A5 2 1 BF 5
[T, MZaRE2A AR 24, 2006, 23(4) : 235-238.

SONG Wei, WANG lJiayao, GUO Jinhua. An object-
oriented spatial-temporal data model[ J]. Journal of Geomat-
ics Science and Technology, 2006, 23 (4) : 235-238. (in
Chinese)

AW, BT, PR, 5. MDA 5 0 5R  1 1 ii x) 4
Ip 23 B A 5T (D], i BR A5 B RE 2%, 2007 (3) : 91-
95,127.

LI Yong, TAN Jianjun, CHEN Shaopei, et al. Research of

object-oriented spatio—temporal data model based on MDA



174 i as TR

14 %

and event—driven[J]. Geo-Information Science, 2007 (3) :
91-95,127. (in Chinese)

[23]  XUHE W, BREJEE . — b 5 T X5 G PR R AR g i 233 75 98 JiL AL

BILT] b RCRE2E M CA SRR E R, 2015, 51(4) : 755-
762.
LIU Yuefeng, KANG Wei. An atomic model of spatiotem-
poral query based on object-oriented snapshot model[ J]. Ac-
ta Scientiarum Naturalium Universitatis Pekinensis, 2015,
51(4): 755-762. (in Chinese)

[24] B, B, BRI, &5 JE T 20 25 8] RO 9 AR
SIS KR AR S &R, 2020, 57(2) :
333-345.
ZHAO Huihui, ZHAO Fan, CHEN Renhai, et al. Efficient
index and query algorithm based on geospatial big data[J].
Journal of Computer Research and Development, 2020, 57
(2): 333-345. (in Chinese)

[25] Rfde, A, THew, % . R R AL 5 BORY

HMM 5 24 b 18 V8 B 7 3 [1/OL]. &R 580 #2% 4fe - 1-11
[2022-03-14]. DOI: 10.16182/j. issn1004731x. joss. 21—
1020.

SONG Yanjiao, ZHOU Jiayue, WANG Longhao, et al.
The efficient HMM map matching method using R-tree and
trajectory segmentation[J/OL]. Journal of System Simula-
tion: 1-11[2022-03-14]. DOI: 10. 16182/]. issn1004731x.
joss. 21-1020. (in Chinese)

EE B

#1977 Lo Wi R R . BRSO A 2 3
IS SRR A B RS S A

REE(1998— ), B W05 A . EEHFIT Iy 1) < 25 M B i
SR

KEWH(1995—) , & WL A: . BRI 1)« 38 T 38 4
T,

V)

(4RiE: MFEIR)

(4% 164 50)

[19) FEm%E, skdkde, W& ek iz it FPGA Lk
BSPERE T[], JesE ki E TR, 2019, 27(1): 211-220.
WANG Xiangjun, ZHANG Jilong, YIN Lei. Implementa-
tion and performance analysis of optical flow based motion es-
timation on FPGA [J]. Optics and Precision Engineering,
2019, 27(1): 211-220. (in Chinese)

[20] JMUJE . BE TR G Al 54 7 65 09 O it s BE 1 i 5 [ D]
WA IR MR AR R, 2014,

QI Xuan. Optical flow method accelerate research based on
hybrid reconfigurable hardware platform [D]. Harbin: Har-
bin Engineering University, 2014. (in Chinese)

[21] SREUYF L, DE B S, VAN U D H, et al. The battle of
the giants—a case study of GPU vs FPGA optimization for
real-time image processing [C] // International Conference
on Pervasive and Embedded Computing and Communication
Systems. US: IEEE, 2014: 112-119.

[22] FEilF, BEA, FRAE, 5§ OGHR 7K %05k
PSR I LT ] A BEHLE AR, 2017, 40(9) : 2040-2056.
WANG Yingrui, LT Leisheng, WANG Jingtao, et al. Accel~
eration of smoothed particle hydrodynamics method on CPU-
GPU heterogeneous platform [J]. Chinese Journal of Com-

puters, 2017, 40(9) : 2040-2056. (in Chinese)

[23] PLYERA, LEB G, CHAMPAGNAT F. Massively paral-
lel Lucas Kanade optical flow for real-time video processing
applications [J]. Journal of Real-Time Image Processing,
2016, 11(4): 713-730.

[24] hER %, AREE, WIOE, % . 5Tk AU GPU i pyra-

mid LK G5k w87 05 e i g (7], i SEHLRE 05T,
2022, 39(7): 1966-1972.
SUN Ruixin, ZHU Guoliang, XIE Shuangyi, et al. High-
speed computing of pyramid LK optical flow based on embed-
ded GPU[J]. Application Research of Conputers, 2022, 39
(7): 1966-1972. (in Chinese)

[25] HORN B K P, SCHUNCK B G. Determining optical flow
[J]. Artificial Intelligence, 1981, 17(1/3): 185-203.

EEE .
KRER(1996—) , L Wi-LATFE A . T Ir ) - G4k 3
RAEF (1971—), 5, W& BF5E 6t o EZF ST 258 )
2 R KRR A
B #E(1995—), 9 BT A . EBENESE TS 1 < RS AR B

(4% : 5 #)



