JAIST Repository

https://dspace.jaist.ac.jp/

Title 722 VG IS F D 7280 D7 — A & H AR B 3 B 58
Author(s) B, SBih

Citation

Issue Date 2022-03

Type Thesis or Dissertation

Text version

author

URL http://hdl.handle.net/10119/17647
Rights

o Supervisor: FEIE, Jevm Bl Bt oe R, &L (R
Description

Fi%)

AIST

JAPAN
ADVANCED INSTITUTE OF
SCIENCE AND TECHNOLOGY

Japan Advanced Institute of Science and Technology



ZERIFERIEH O 70 D 7 — X EHERICE T 5 5T

BHRIA

EIREHE S R

JERE SR R k2
SRR TSR
CEHRRE)

SH44E3H



Abstract

Spatial information refers to the pairing of information on the location of objects
in the real world with information on attributes other than location, and there
are various types, from static to dynamic. By combining multiple types of data,
spatial information that cannot be recognized with a single type of data can be
captured and utilized in applications. For example, a navigation system is an
application that utilizes multiple types of spatial information to search for a route
to a destination by overlaying the location of a moving object obtained by position
detection systems such as GNSS (Global Navigation Satellite System) and POI
(Points of Interest) that represent destinations, in addition to ”base maps” or
"satellite images” of the Geospatial Information Authority of Japan.

When realizing such an application that utilizes multiple spatial information,
the application developer needs to collect all the necessary spatial information and
realize data processing and analysis on the application side to deal with differences
in syntax and semantics among the data.

In this study, we propose a data integration infrastructure for the utilization of
spatial information. This infrastructure has three major functions: data collection,
data processing and analysis, and data provision. In the ”data collection” function,
data owned by various data providers are collected and registered in a spatial
database on the infrastructure. The data collected in the infrastructure is provided
via the ”data provision” function in response to requests from users who develop
applications. At this time, the user can set the ”data processing and analysis”
function as necessary, and can obtain output data from multiple data processing
and analysis procedures.

There are two possible ways to use the data acquired by the user. The first
is to use the acquired data in their own applications. The second, the acquired
data can be processed as necessary and registered again in the data integration
infrastructure. This makes it possible for other users who are considering using
similar data to acquire the data without having to go through the data processing
and analysis procedures that were required to create the data.

By acquiring data using the functions of the proposed data integration infras-
tructure, we can not only reduce the number of individual data collection and
data processing/analysis procedures that had to be performed on the application
side, but also reduce the resources required for data and processing/analysis. In

addition, since this data integration infrastructure provides a single data source



and data processing and analysis functions commonly to multiple users, it can
eliminate the need to duplicate data and data processing and analysis functions
among applications.

In this study, we implemented an API for users to acquire data from the infras-
tructure, and verified its operation for two scenarios: ”confirming the number of
people waiting for a bus” and ”confirming the airspace available for drone flights.
As a result, we were able to reduce the data collection, data processing, and analy-
sis procedures on the application side by 60% and the amount of data retained by
the application side by 99.8% in the first scenario, and similarly, we were able to
reduce the data collection, data processing, and analysis procedures by 90% and

the amount of data by 75% in the second scenario.
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DL, 7 —XEBRET 2RI 5.

B IE, T-XONERBLEL FIZREWEEIZ, H5HERWTOE—
PIRELTT— 22 Hit 3 22D Z L 2453, GISTIE, AE (dissolve) &\
IREREZ VW TENPEBTE 2. ZOUHIX, FREXT—XIATbh LMy
LTERIND ZEDRZWVD, XTZXTFT—=2 L THElE (dissolve) & W 5%
BEXFHWTENE FHOBREL T2 Z e DARETH L. T—XEE2MZ N
B2 T, TIANY —OMEZIRET 2B EMNTH 5 (7).

Hifbe1d, Z2LOBERATHEBRINEHLZRV T VRI74 7 =R LT
IO DBOTER TR SN2 BMRNBICE T2 Z e 2453, REWLR7 LT
) X 22 LT Douglas-Peucker O 7 V3 X LDBFHET 5. FIRIXLI T D@D T
H5.

L. FFPEHEPH 72 5 BEZRES 5
2. Wi 2R A IERR & 2 DD TR & Dz TEE/TANCEHS 5

3. BEEX D EWHRBFET 25818, ROBEVWHRICK>TI A4 v 2l
ERS

4. FHEIL7& T 4 21,2 DB Z [FHICITY, BEOHEHPANICD 22 TDIH
VN A ST A= R I R 5 A I

R

HPEEMA A DD ETIX, BEAWRZRMET e LT, BAEOHE, A 79 =
7 MER (i), A== A, ZOMT — RBIEL Vo LBAHE T DN

10



TW3.

EARDOWUEE, RIZEXT—RDOHPTHIA4 VT —RDERSR, RV VT —
ZOEBEREZEHT2BETH L. 2N DEEEL 7DITIF, ZERERD XY
PRI CRIAI NIRRT H 20BN D 5720, BEITIS U THREREE D
HANITONS.

A7z MER (D &, T -2 2T 288 7Y 7 ot s,
FEEDZER T — 2 2t 3 21ETH 2. I d fiH72 51 GIS @ GUI (Graphical
User Interface) ZHHL T, RIEERET—71DLa—F2#EIRTLILTDH
5703, ZEMRURFEICEED < 2R, BHEEICESESRMFICKE T2 A7V
7 b2 BEIRT 2 BIEMRR S ARBTIETDH 5.

F ==L A, ZOU O T -2 2HEREHOES I LT, RHEDFKNE
Wiz THEBEZME T 2 BIETH . BRNZEALE LTI, MTOX541b0n
S 5.

e union : BHDOZEM T — 2 DEET S
o intersect : B DZER T — X DER LT DOAZHE T3

e symetric difference : WEFNPDZEM T —XICDAZTEN D (HRHKWV) &
T DAHEMET S

o crase(difference) : & 2 ZE[H 7 — & b2 & RIDZER] 7 — & L &g 50 % HIFR
5

o identify : » 22T — X ZRIDZEMT -2 DEZDIZX>THHEIT 2

RIZRIZ, 0T — X EIEIZIE merge, clip & FRXN B IENTFIES 5. 202
NOEILLT DL ST 5.

e merge: [ML7 14— K (F) 2ROEROEMT -2 %2HHET5

o clip: 2%/ T =X HYID k< EREBOAZYD T

RO

HIB S IRA IS B Y 2O 21k, DM ONT, ThreBEbhDH 3
ZEEFAEZIEZ XD T2dDTH2 (7. REXENZDBDOL LT, Ny 7712&%
TS e Ra /A4 58I X 2 EAM B FEET 5.
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Ny 77, —RNZHZAF T 27 b0 DFEMNFFEDERLITTH 2
RO Z 2T, FlIZIE, A7V =27 WRTHIUE, Ny 77 kMRS,
L WEREBRSL SR GO M E ZRE T 22 I LI LIFFIHE N 3.

Au AR, BROA T 27 WVDRBRETRHAI, 4727 M
DOWT, ZDA TV =7 bETOHEMMIMMIOA 7 27 bETOHBELD /NS
WD Z & 2F53. Ny 7 7 LR, SEGERSCSREETHIRED LR 5
BAENT 2 ZRAEETHD, 5eh LITOFRERYICIEH T2 TE 3.

vy KT —U5

HiER o » 2 0fRE 77 7 TREL, HESPEZICEEKRNZEKOT 21T
ST, XFXFRBEROEHERAAZ Z L Z Xy N7 =TT LR, K
WabDr LT, 2—¥EKEAy vV —2 %N L THIHIZHD? S B, &)
a R N Tl D BV RIS Tl b B RS 2 AT 2 RERER R D
FET 5. 2O, BEREZRS X EXERTTO7 7V 7 —> a v THE
WRHENS.

RAY b T—2DHM

ZEHEROHTD POI, A, 2 HICHT 2 DEIRTI XDET — XTI
NBT—ZDRZLGEHETS. TNOHDRAL ¥ b T —RODMHIET 2 00E, A
I, &8iftiae, EfEY), {L¥FWE, WiE, Bk 0B moxRICH L Titbh
TW3., KA Y T =XOGHFEFIKEL DI T, HENDH &R
FIES 5.

WERIH T, I X > TRPBEE L TV A ZHIE LD, Xv>a
RITBXBIC L > THREEF LD 28T, SOmoREEHHT 5.

BRI oM ClE, RS TEENICR D 235 TH BB DR ZH# S 729
2, RAMOREERITHEEELZERL, TORNEICL > TREEHAT
5. FAIN2EMEREICIEUATO XS BRI DPFET 5. nEROBRKERT.

o “VPERORBERRE | 2 TORITH U TRSE D DR K TOHHEd D FIE

1 n
= — d; 2.1
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e Ripley @ K B : & riE COFEEE & H3FEEE d LINICH 22T o s

L(d) _ \/A Z?:l 2?:1,1‘;&]' kij (2‘2)

mn(n — 1)

o FEHERRRE | KA DNIE (25, 1) DRT — XRDELD S EDREILD > TV S0
R =1

2 2

n—2

o IEVEREFEAE : BRr) « WX ry c YHHID S ORI D HHDMEZ I K> T
B DJTANCIRD 5 TW B w55k

g2 =S g2 22— S 245 222
taan—l (szz Zzyz +\/(sz1 Zzyz) + szzyz>

221'951'%
- — . <inf)2
Tl:\/in(szOS(g y; sin 0) (2.4)
n—2
. _\/2232.(951-81110—yicosé’)2
2 n—2

2.2.3 TSRXAXT—HNIE - 9t
TNBYDY

FEEOENMIEZ N HEZEZR L TELDERZZEHEL, B35 — X %F
S 27— S, MR E R 50 e MW 23E5 0w L% & L fi IS E)
B (740&) CIER, @EIX3X3DI L THERINS.

SA2ER

HRD 7 AR 7T =2 DEZHWEEREZITV, HILWI AR T =X 2B %
7 — X LFE,

piEva g

KIEEZ L DRXCHENS ) WO HE DD &, H 2L 5IKBTRKT 5
HENZ, FESELDIBRIEVDIDTH S WS BliIREEFHWTETD
LADR T HAEERT 57 —X9h. Hitris7—%2 LT, DEM (Digital
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Elevation Model : #fEEEETL) ZHWTHIRZ /KN ED X 512 s 0% H
H35.

2.2.4 3D F—HX4E
B

BfE, LiDAR 2 OFNTOFREEICEV, BRI EXERGHTHH AT
3. HEERERT 272012, fiE&bYE, /A4 XN W 2RIz <, T
BF v 7R DN E{To7- LT, 3DETAREEHRINS.

2.2.5 FDMMDT—2UIE - 2

NI R« FRART =R EDMEBEFRNMTEINTVWET—XIXGIS TS Z
EMTEZTF—R e LTHEBEIEHINATWS., —HT, vy 7Hiheyo
HEBIZEoTHX 78 EE I oBoN3 U 7ARA LDT—RIENEER
EEATOVWREWERTT —XPHEEINTVWAEELRHEDDD, IFTXERT
P CIG AT RE 2 22 E R 2 IBTERNIC Z ATV A ATREMED 8 5.

ZIZTE, IATRLHDT R OEMEREER T 5D BT —
ZILIE « R ONTIHAR S .

GIS 7—41k

YT —=&IE, —BINC csv B json ERTEBENS. ZhoDT—X
W Y OREME WS EHRAZNE5 3528 TGIST—XI1ZT 5 Z e25d]
REX 72 5.

H{§T— 2B L CHFRMETH 5. BIE, HIHOKRRZIET 272072 Dk
WARX T DERPEATNE., ZOUOEDHX T2 5HELNZHGET— 212X, B
TERNC AT RETRICEE 3 2 ZHEIREZ AT WS 20, @Y7 — &0 - 5
Fricko TN S DEMEREERL, GIST—X(L3528T, 77V 75— 3
VIHERTA e RNEZLNS.

RS 7 — 2 0IE
GIS 7=zt 47 =&, ANift « @R T — X3V HE T EME

REFEIZET 272 TH 5. TDXI%T7—&XITZ, FKRIT—ZUHEIZ
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EoT, BRT—REERTEZZenEZONS. HlZIX, —EREOT—%
DORERDE VHESREEEZ TR T2 e nEZIONE. 20D XS BILEY—i%
PNCHIF S 2 2 e Z2METT 2720121F, 37 —X0D X5 REHENEEICE
t327—%2%, Nt K@ERT — XD XD REEMEIHEICET 27 -2 %
NZENIH L TT —XETNVOIEENLZITY, TR0 - pthza >y R—x >
MEST2R0ERDH 5. FHIZIX, Asahara HIIBEMAT — X DEHE(LICEE S 2 5%
2T -oTW5 [8].

2.3 EERADEH

ZERERICIEFETIR L7z X5 I X X EREERGFET 2D, ZhoDT—RiZ
AT 2HMIGE TIER E LS. 2T, 1ERE N ZMERNETEHTY
DESWXIHEHEIN TV EnERRD.

23.1 F¥52IKD

¥50L DO T, #HHEEOKRE - BEH, KHEEMSCA 7 FRFD T
DICZERERSTEH SN 5. BB ZERERe LT, BB 3D #ifts
ADFHINTED, FICELEENFEL TW5 Project PLATEAU 1235
%, LOD1 %713 LOD2 @ CityGML JE D 3D # i€ 7 L DAER B/ THED 5
NTWs., Ao IS EE T BESER Y oV, [NHfiERO POI R ED
FR 72 2HEREERS 22T, Ao THAHRKEZIEEST 2 Z e T E
5. Fiz, BV EHTICEEL, V71X A LDANTRPLIMEHRE Vo 72l
HY 7 22 B (B S 5 2 & T, NHZER R ARG - RHERT O, 13
FIFHFHHE - SEREETE O RENDZERIEHRDIEHNAIRE L 72 5.

AR LT —&2MalL, SE7 SV r—>a O —ELRAZEHRT 572012
&, N7 XTF—=21I0T 25 TR T2/ TR0 2, 237 —
XM T — 2T 5 TRRAI T — X L \Wwole k57— XU - ot
WV IR 5.

2.3.2  PBHK

PSENETIE, A= Ky FIHE D, SEERRRE, AREH - BT,
BB, WHERIONE, WO, HRAEY oS24
17 VR TR R Y 75 5.
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NP — Ry TOERICIZEEMK DS 7V, KEXEEFENIIEZ i
ZTC3DHHET AN (NADHRART —&), £ L TAREM - #EfERP
WEHTE, WERN ORI SEE VS T —XBIEHEINS. X561, KERD
PR E SRR BETEICIE, RIRT — &% b L ITHEKEBIRPER - THHEI N 5.

FRUETF—2EHAEL, SE7 TV r—2a YOV —ELRAEEBT 57201
&, NZXTF—=RIIhT 5 TR T2/ Ty b o — 208 T
I R, BB T =X ANDT =% (NJR) 1035 TR T — ZULBE | #i
Ftr—=&iExs s ora—74 07 2 VEERONEG) DT — 2 UH -
TN EY 725,

2.3.3 & YR

R - VIROTE T, D HEEE O IRMET I B AR R O Fed b 7 2 22 R E
WATER NS, EHXNSF— 212X, R T— &2 LTEKS POI, N
BT =R LT, ACHEEOMEBRR ENEEND.

ERLTT—&Z2HE L, K@ - VRABEO7 TV r—> a0 —LA%E
W 5701203, FIIRTXTFT RIS 5 TEBERET T2/ T2y b
T =708 REDT— X - pBRBEY 5.

HENHEEZDO DT T, LIDARSRHX IR EDHBL VXY 7 LERA A
DEEET — X OEUS - IEHBFIATWS. ZO8HET — &%, AN EIEHR
2 DBENRERERF L TOWBARENEDLH 5720, OT—XeHE LD,
WY 7 — X - i EITS 28T, o7 SV r—ya VIERT A 228
N TW3.

¥/, BRI, 3D M ETARPENHMEMORZEICE D, BT TRIE
NOBEIHAD Y 7L X 4 2AOEELIAFI N TV S, FIZI1E, BAICBT 258
RONLEHHR e BRI DMK 7 — 2 2HAGHES Z 8T, ENTENET
HEGEA Ry b HENFEZ R TE 5.

2.3.4 BE¥

REDITHTIX, b727 X7 %E2ETLREEMD B BIHIHEC im0 HR
IR R T 5 oI EREmATER SN S, mHEINS 7 —&I2iE, BBRNL
ZEHER e U THATESERIN, BRyR22HER e U CREMMO N EFR
REDPEFTOND. £, BMOKEEROENWL 725K ) 2 I 3#HEERES O
THEAFZHFEORHERHIERE L TRMOXEZEET 2 2N TEET7— 4
TH5.
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FRUTF—&Z2HEL, TOHO7 SV r—2arEERRET L0103, £
WCARY RTF— RIS % TPERERER T2/ T3y b =208 ¥
T — XL - IR Y 2B,

2.3.5 FDfth

Zofcd, BOE, #E - ik, BRE - 2 xv¥—) BERCERYIFIERT
BO7 7V r—>a ian U TEBBERPOHLEE 5. iz, 3D #HHET VI
CityGML DFHFIC LD, ZNF TRV EFIXERLI—RAT —ANEBTZ S L
EZzoNnTWS, flziX, @2EF - @itosFTIiE, NY 770 =B L 8%
WEB22—FDFETr—2arz2i757 V5= a PR Edntns. flic
b, B - ZXX =TI, SDEHET VX > TEYCEMOHRY 2 2
L—ayEITD ZeRME I TS,

F7z, BEREOTH T, MEREZET 3XTTOZE/ME#RE LT BIM OBZE
CEMPEDSNTED, 5% 512 IEHEBOIEAPIHFFIRTNS.

2.4 BaERT

EREREIEH T2 7 ) r—2a v EFEBET 27201203, i L7-3FX%
RO T — R BT — X R NER NSRS 2B D 5. Ko, T—
2N LTy e 7 — 20 - k2 To 28T, 7V = a v RERTS
DEND 5.

HIERAI O DE T, ThoOREZEB T 5729012, S F I FRrEUND
B XN TE . ZZTlX, GIS, SDI DFEMMHICOWTHENT 3.

2.4.1 GIS (Geographic Information System)
GIS O%4¥8

HPFEER > A7 2 (GIS : Geographic Information System) ¥ 1%, &7 —&
DIERR, EHL, W - oA - HiIRHE GRR) OWREZ BT 5 X7 L4 TH Y, BfE
HIFIFRI—FRMHBICHH TN TVS. Steiniger 5 9] KB &, GIS Y
70 =7 TFR2 by 7 GIS) 2B 7 — X=X ¥ X7 L (Spatial DBMS) |
'WebMap H—8] I —>NGIS) TWebGIS 724 7> k1 =4 )L GIS) [GIS
T4 77V Ko h, ZhZh B2 BNOLDICHWLNS. K2313Z2Hh
ZNDGISDELKAEL Y 7 T =2 T 2R L7bDTH 5.
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AT ay F 7o iRE Ty 7tv=y

- F—ZDFR
. . - T—XDERK, MRE - QGIS
T2+ w7 GIS[10 )
WL o - g - ArGIS
- M DA K
2R DBMS . 7;—-5?0){%7? * PostGIS
- T — XL - R - SpatialLite
* Web FTOF—ZDFRR ManS 1]
. . ° a erve
WebMap ¥ — 3 - Web ETOF— 2 DIERK, fRE Poefver

+ GeoServer

« Web _ETOHIK DA A
. - 2B T — R DIRAF

P+ — N GIS P R - S « ArcGIS Server
* Web ETOF—&2DFER
- Web ETOTF—XDIERK, Rtk | - Google Maps
* Web LT 7 — KXW - 73#7 - Google Earth

WebGIS 774 7~ b

« Web LTI D4R

- T —XDIERK, R * GDAL/OGR
GISZA4 77V - T — XL - ST - PROJ

- HUX D A - GEOS

#£23: GISOH TV

WebGIS

CNET, ZEFEREENT 2 EEB LOHISETIE, 722 v 7 GIS TRFT
FNCZER DT 21T S e DB ERITIETH o 7eh, v =7 ETEMERICT 7R
L, 21T S £z & 2z HWiERTER W O Baf S Tn 5 [12].
i 21X, Open Geospatial Consortium (OGC) 1T & » THEHEL I N/ 24 T — &
W 2 X FXERBEREX, WS O2DWeb 7 7V Fr—>avIiTHOWLRTWS
[13, 14]. OGC DOFFHERUSITIFZER T — X N — 20 HHIK R %2 ZK 3% HTTP A
VR =7 2 —A%HMHT % OpenGIS Web Map Service Interface Standard (WMS)
X, T—XDOFEFAWAETH T % Catalog Service for the Web (CSW), 7 —X D%
HKIEHEZ H 3 % Web Feature Service (WFS), Web Coverage Service (WCS) 72 ¥
DFIET 5.

oD, OGC DREEERIMIE, OGC Web Services (OWS) LI TED, Hh
PRZEEES X O ORI, 7 A2 by 7 GIS TRFBNCZEM O 2175 Z
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MPo, Vo7 LT MT—RXIZ7 7 AL TUHT 22 A2l TWw3 [12].
Web Z41 L CTZER 7 — X203 2 BEX Rt T2 2 21Tk o T, 7—XEHEIR
RKEDRA ML —=IRE VRN 2R ORETHEST 2 28 7213 3
M ZITS 2 e BHIFRFTE 3 [2).

2.4.2 SDI (Spatial Data Infrastructure)

Al U7z WebGIS OF iz HNWTT =X D7 7> BV 7 1 LFHAHZ (e X
27 -7 =28 LT, 27T —XEME (SDI: Spatial Data Infrastracture)
PREINTWS. SDI kX, ZEH T =2 2EHAT 570084, KV >—, BX
CERBIEIAXR AV R—T 24 ATDZEMT — 2B X OEEERO L%
PR=1PFT27L—2V—-2DZt%Z$EL, BLRNLTORFEIED SN TVS.
SDIX, ZEMT—XDOFR - - TWEITD 177477 b0 27, X
RTF =AY —UL R, BHET XDV Y —XDOFR - HE - IB2E2(T5 (h&
0% —t R, 4 VX—%v bENLETFT—XOEEEITS TEHFT—X¥—E
2, FEESBAREER Y 21T Y- R, T—X2HR1FT5 [EHET—
£ (VR IMV), T—FOMEK - TEZ1TS (GISY 7 bv =7 ) THRIH
%15 (K24). 2hooY 7 bve7ayR—x > MEAOHEERZAIREICT
%7912, BB L7z OWS % 15019115 (FEfiIX X7 —&), W3C D7 — XK -
T = RImE L\ o T REENRE Y 72 5

HATIE, M7 —Z20iEAE2REXE2M4HAY LT, GZEHEE#RE Y Z—
MERAENTWS. CZEHIFERE Y Z—TIX, GZEMIER (HBEZEMIER) EXD
EEL, Bl xR - - RDAIHZHIE LT, H, tAAEEREK, K
¥, REEPIMEET 24T 07 —4%, AlE - BET—%, MET—XRENPKR—
ZH A4 b ENLUTREIATWS., 77— XBHEL, 12— ERFEOKETF
ZRfTV, HOEEERE (APD Z2NALTT — XXX T —XEHRTLH e
TE5%. ¥/, 2—HiX, BRIhiT X277 A VERTX Y>> e —-FLT,
HEO7 7V r—2a iQiEHT2 e TELD, AR LTa—V DB
BRI TOT — R 2 RETIRERD L0, VY —RAREK->TWVS,

LHL, Z0GZEMERELY X —ET—X K=& LToKEZHR-LTW»
250D, SDI OMRICEHEEN S EM T — 2P —L R (EEBRICEET—XD
FRHS) U Y — U X 2T 2ITIEE > TV,

Wagmenn 5 [2] % Zhao & [10] 12 &5 &, TD XD RBURZEEE X T2/ 7T —
RE7 TV r—ya Yy CEAT320120%, AL LTUUTD XS R ENFHE
3 5.
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H—ERiREHE S

hansy—ER

T T T et . ———

a_-_ﬁ*iEEL\% & \ )";‘zj_:—';'?
GISY7Z kY | (’ -4
=7 : | :
| {}gL | ‘. !
ERT—% | @ Y Zbr=T ||

A =T Ty
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&
i
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r,
N

_____________________

2.4: SDI DR

o FoROXVYT—F, FoROMA, F—X ORI LK IRER T
PEND

o KR ZEMIERZIRS 7 7V r—2a v Tk, T— XA L —IRULHHRE
T D) — AR T 272D KEaX»EL S

o T—XIEMHD, HBEHHRACHT NNy 7757 T Y FefioTELT,
EHETZILER - PHTHERE R 2355 5 2 L BNEER G605 %

o TEXRDSDIZ, EHRET —RXDANDT 7 AZA[REICT 2 7-8, Bz
F— RN FT BT 7 RDFERMED N
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ARETIX, ZEBEREHDOTDD T — X BTIREL, ZOFMIZOWT,
WL, BLROHT, o 2T AREOMEICAN B,

3.1 JXATFLEE

ABFETIE, ZREREHDOOD 7 — 2GR Z2IRET 2 (¥3.1). 20
T —ZMEABOMBIIRELL DI TRO=ZR[TH 5. BFEEOFHMIIELT 5.

| T — S fREE TR HEaER [ F—2FERE
| afmRr—x ] ) 75 il A &
| i _, WE - B || . ! !
I @ =_ ! TF— T [P — '
AR e = |||l e &
! ; 2%?—&' i !

(T—2MIE"

o =%

- - | |):

o | =% ||

M| 038 - S| ]




3.2 EXROH

RET 27— 2AEEBOFMEE L MG 21cH 72, BUROZEMERDIE
HTEDDWTE L) 3.

3.2.1 1—%

«

—ZREHBETIE, UTo=MEo2—VFofHAEZEET S (K3.1).
1. 7 — X 4Rt

HEORE T 2 Z2HEHRE BRI T 5.
2. 7—RIEME

Ny

HERCRtI N7 — 2 0hh s, BEOF— X2 RE -BEL, 77V r—> 3
VT 5.

3. T—&RINT#H
it a7 —Xomh s, FEDOTF—ZERA - BUS L%, HEIZHL
27— R - S RATO T TERRT— X BAER L, BERBICIEMT 2. 7—
XN T DSBS AL 72 ¥ O BEFIAGR 2 B3 2 @M 7 — X - i 21772 -

Ter—2%HE35 T, MRz EZIBRWT —XEHERESRT — X2 H
GICIERT 52 e 2AlREL T 5.

3.2.2 MEEEER
F— Uk - T — 2R

BB L7 SR 2 —FI2 & o TF — XA RBOF A EN R Z. 22T
13, SEEO—PEICT — XA ER SN EEECOWTRET 2.
17— 2Rt

FoRIBMEE, HEBEET ST — R T — RREHMCREL, F— X
HHCHALTD S5 REARD L. F—XOEME, TF—REH L5772
FAET 4 BEET MR T — RGO R ET AREASD L. F—RDK
i, F—XICHT 3R F— 20 THAOGBE) WS 7774 EF 4 2
BT 5 7 — XA AR BT 20BN H 5. 0 (HEAusER OF
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T4 T4 RBLTTF— 2O —FICRALTH SIS -Hic, ThaOd
MR OREDNE L 25, ZORKEEICED, 7 —XIEAES T — X INLED
BT —REFHRTEIENTE L2 TRL, 7—XEHEXIED X 5 721F
WME5T2 2 THOL—FIBBELRL T VDL ZHEZI TXX T —XEENRT
52 %xAlREL 9 5.

INS6DT T4 BT 4 BEBT AR, T — 2MEEBHITIE T7— &I
£ BREr L TEBEINS.

2. T—XIEHE

T—RIEREX, T2MERBICERINT—Xom»s, BHOMRET
27V —=2a il BRT—2%2FHEAL, ST 3R0ENH . T—XDHE
R, 7—2REEPBR LA T2 W Th2O8%K] w577
TAET 4 BB T AREEZ T - AMERBICHE T IREYRDHS. hExa /K
KIZED, BERT—E2Z2RA LT —XEHENRZDOT -2 2T 572912,
[F—2EF] E\WVWH 7774 7 4 2EBT e 7 — 2 MEHBICHET 2
BN D 5.

INO6DT7 7T 4T 4 ZEBT AR, T —2MEEEATIE T7— &4
fit) BEREY L TEHXN .

3. T—RINLHE

T—ZITER, 7 XMERRICEREINT— &2 FE - BF L, W -7y
HziT> e TROoNLIERT — X EHET —XMEHRBRICERT 70, 7—
KR - WHEOM ST DT 7T 4 ¥ T 4 &1T5.

T—R0IE - 53R

AFECIRE T 2 7 — XHAFEBOHMIX, EREREZEHR T2 7 7V 7 —
va VEREITOREND BT — XN - ik, B ETEBEITLZLT, 7
TV = a MNCIEI NG T =2 ZHIT 2 28, 7—XW0UHE - SHHEREC
BTV —RA%ZHBEIT 22BN LTW3.

BRI ESE ET175 77— &2 - 5ifr e LTI, BIED 7 — XL - 558 D EB
DTRLIHRD S, SENSELEL LT — X 0UHE - iz #IRT 5. £
NoDOERET BB - ICFRFICHECRMET 2 22T, SxIEhaFOT7 S
Vr—>a VBIRICBII T -2 7 — XU - SHHEREICE ST 2 ) Y — X EH
BTN TES.
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TERAREBOMALE

X 3.21%, A L7z7—XINEE, 7—X0E - b1, 77— X2EOEREE K%
BEZT, 7—XMEEBONHAEERLIZDDTHS. T—XEHEB LU
T—=RMTED [F—=2B5) 2175581, 7—%, BMREML, 720 -5
WEEETS. TIT, 7—&RriX, IXalBRICL->THALET—XELD
e xIET. MBERMFICOVWTIE, %3 2 APIRGHC TEMZHHT 5. £/,
F— R - R X, FBELET— XIS LTITS 7 — XU - ooz e %
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T —=XEHE LT — XN TEOERIZICC RN 7 — &2 175 DI 8-S

LB D B, THERET B —DDIEEZT —XX—AEH S X7 4 (DBMS :
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AT, MIEOREORL 2T TEE LTREIRHATHET 2. Z0EMN
WEoT, BIZIELLTD &S RZEMT— X ORBEDAIREETH 5.

o RiE DL D N DALEEH
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2z fefit 3 5 WebAPI ZHE L TV 5.

26



Z D API DFENL, T —PIcfeE SN Bl 2257 — &I LT, 22—
WHRE SN2 T — R - D EITo RO T — 2B L ARV AT =R LT
52 2eThs.

F— R - HIHFIEDHH

[F—&EfS ) APl Z&Et3212H72D, 2—FDBEED L5 BT —XUH - 77
MrFNEZ SRR L7220 ERET T 20808 DH 5.

X 3.6 1 3EXNDE T — XU - M FIEEZFIZE LD DTH L. 5, 18RT
5T — XA EEB ORI O T — XM - SHREEEE— DO FRE OO AT LT
—ODT—REHNTE2HORDHSE. ZDidD, —ODANEET LT — XULH -
T ZODANZET 27— XN - SHOEFIHIETE % X512 AP 23
AT ARENDH S (K3.6D2-31TH) . Tz, —INTEED T — XU - 947
EITORENRDIGEDZL DHEZILND 2D, 2D X5 BEHLFIHCD
METEZZehEE LWV (K3.6D41TH) .

N
T2 - B L EMF-% .
7"—519&52 ¢ ﬁ‘*ﬁ'% U ERF—4 LREYRTF—4%

F— 2B - SIH Y R — 4

(:7\7]) LRARVRT—4&
gﬁﬂz_—ﬁ/—v 40 - T

T—R08 - 3iRHY) WEF— &

(E?ﬂ?—ﬁ%iﬁ ) ﬁ*ﬁ) Hh LRRYRTF—4%
Erﬂ?:_a - _"

3.6: 7 — ZMLFE - AT FNED 775

27



I RRA Y DG
e T FARA T I http://api.example.com/{version}/data
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% 3.3: I HIH AT ORIk

RIS N
start_at, end_at | FAZAIRFZI & & T IRZICIRF I HiPH 2 RIA S 5.
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BRI, FEDRM ZORBMHMEZIEET 2 TT =& 2R VAL, B
MERHORBTEE, BELEHEEZERIEET 2RI 5.
INSDRBEMEIBET S 22T, 2—HiX, DEFNROTF—XEHHT
ZZenalgEeie b, R LTIV —y a VTR 57— X mEHIE
TEHRIEMTERRITRL, 7T—XBEEZMNZ 2 IZbDORN5.
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APID VARV AT =Rt 210D D, a3 NZ 37 —2Elicon
TTH5. APIODLV ARV AT =XDT—=XERIE, Web 2 5472 DT 7 5L
FEEETH % JavaScript & DHEMEDI VW & W S KiED & JSON(JavaScript Object
Notation) AT 7 7 7 A Z VX —=F igoTW3.

N7 RF =& 3D F— R OWETF ML, 22N GeoJSON[17] & CityJSON|18]
EWVo 2 JSONERD T =X ETADBFEL TWVWE D, KL TIERT % API
DVARYVRAT =R LTI ZNO DR ETHHT 2. 7AXT—XIZBEL T,
FEHERY 72 JSON TERDIFE L 20 e, JSON R— 2D 5 A X T — X DRISTIE
AT DRMEDND B0, A TIISHROFEE T 5.
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AFETIE, WIETHRRELE (7 —XWE) APIZ5EET 5.

4.1 AT LIEE
X411k, AAETHBLES AT LOLEKBERLTWVWAS.

:AWS Lambda ( Uvicorn + FastAPI )

VASE DS =5

T — 2 RIFEEREUS

L RRY RT—ZEER

:AWS Aurora (PostGIS) :AWS DocumentDB etc.
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=hI7—4 3 | 72
«database» RFIBER
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X 4.1: A7 L DELEMN

ZERT—%
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ZERIRBICIE, geometry MEH WS, ZOF—2ANZ X o T, HHEER (&
JERERE) CTRBASINLZEM T — 2 e R EBER (xy B TRBS N2/ T —
ROWM G WD T EHAJREL 2 5.

RPRIZRIAICIX, timestamp % W 3. timestamp BRI HAT & R D FKECICEI
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PostGIS 121, 7—ZIBEELOIWE L 27— R LT, 7—Xt vy MR
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H$ 5. MongoDB i json [ERD T — X ZEERFET 5 Z L DIAJRET H % NoSQL
DT —=RRX=ATH 5. T —XREERD T — X E7TILIZ Listingd 1 DX 5127k 5.

Listing 4.1: 7 — X RIFEER D

1 {

2 "data_name": {data_name}, # T — &%

3 "db_name": {db_name}, # T —XX—2%

4 "table_name": {table_name}, # 7 — 7%

5 "data_category": {data_category_name} # 7 —XAH 7 V%
6 }

ZIZT, 7T=INAEFI TR T—ER=RAA/ L T—XAT7IVHEHELT
W3 ZEIZOWTHHAT 5. RFFROEETIE, HHT—ZR—XE L TRI X
F—REEHTE7—AR—ZAZHVWTWVWED, TDTF—XRX—RAEZTFTIE, 5
AR T =R 3D T =R EDMDOPED GIS T — X2 EMT 2 Z LA TERL.
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WS 512, T—XHT I VBITHEYRELEITS I2DICHEL .

IS DIEHRD S5 7 — XRFERIC X > T, Web b —NFa—HFIIEEX
NPT —ZLDT—RIIT77E2AL, VARVATFT—ZE2IERT 3% Z & H3AJHE
25,

Web H—/\

Web ¥ — N3 Python @ Web 7 L — 24V — 27 T3 % FastAPI Z FH W THEER T 5.
FastAPIX ASGI %—T»H 3 Uvicom D7 SV r—>a > LTHTTP Y 7
A M 2 21T .

Z D Web % —NDEENL, 7—2EHELRET—ZMLIE»6D 57— KH
%1 OHTTP V27 X MZH LT, HEYIRT— XU - i a A 2R T L%
TR EIRDEMT — R VARV AT =R LTHRMETLZ2 e TH L. FEfllnsE
WHERRAT 5.

4.2 TI'F—42H1F API

HIETRLEEIIC IF—ZBUS) APLIX [F— &0 - okl & [5—
R - THHD | DZODFETI T YV NRT XA —XDOEENELS. Z 2Tl
ZNFEND APLIZOWTIER S,

IF—&4038 - SR LOT—2EUF1 API

[ — XL - i) ZITHOTIT =2 BET 558, 2—¥HBRHTTP V2
TR MTIRET 2REND ZHEIE, BUGLW 7 —=2% v TZ2R#EFHIEA
MR SR TR ok b TRERSM THh S, 2o DIEHE% process
WS T ITYRTIX—RTHRET .

APLIZBIT D & 5 BEkEte & 5.
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e XY v F IGET

e JY —X ! Listing4.2

Listing 4.2: HTTP V 27 =2 b (F— X - 572 L)

1 http(s)://api.example.com/{version}/data/?

2 process={

3 "data": [{data_name}], # T — X%

4 "search_option": [

5 {

6 "spatial_range": {spatial_range}, # Z[Cj#ipHIRMF
7 "time_range": {time_range}, # MRFfEI#IPHIRMF
8 "properties": {properties} # BN

9 }

10 ]

11 }

F—245018 - 3D DT —2EUF) API

(7 — &I - 9Hfr) 2B TT—XE2RET 256, 2—FPHTTP V7 LR
FNCIRET A2RLEND ZHEZ, BUR LW 17 —&% ) & TSt TR
M#EPHZE RS 225705 TS WA T, 77— 2 0H - 7440
ERBNZIEUT 7= - I T 2280 ks, 2o DIEHHEZHI
H LAk, process EWVWH T T Y NRTX—RTHRET D. £z, process lZ, HEEA
fEET 22T, MR T — 20 - THFIEZIT R MRO T — X2 ST
5ZEMABETHS. HITP V7 T A %%} & 272 Web 3 — 1%, process D
Iz T — &L - 54ty 25 T L, BIRD process TR AR %Z L ARV AT —
2y LTa—HIZiRHET 5.

APTRBUTD &S kit 2 5.

e XY v F !GET

e Y — X ! Listing4.3, 4.4

Listing 4.3: HTTP Y 7T X b (F—XMH - 55#rdp b @ 1 AJ7)
1 http(s)://api.example.com/{version}/data/?

2 process={
3 "data_name": [{data_name}], # T —Z&X%
4 "search_option": [

33



5 {

6 "spatial_range": {spatial_range}, # ZC[jH#iPHIEMF

7 "time_range": {time_range}, # ey i & P £

8 "properties": {properties} # BN

9 }

10 1,

11 "processing": {processing_name}, # T — XLE - HHTH

12 "processing_parameter": {vall}, # 7 — XH - DS
X —R

13 }

Listing 4.4: HTTP Y 7T b (F—XMUH - 55¥rdp b @ 2 AJ7)

1 http(s)://api.example.com/{version}/data/?

2 process={

3 "data_name": [{data_name_1}, {data_name_2}], # 7 —&X%

4 "search_option": [

5 # {data_name_1} IZX 3 B MRS

6 {

7 "spatial_range": {spatial_range}, # ZZ[Cj#ipHIRMF

8 "time_range": {time_range}, # MRFfEI#PHIEMF

9 "properties": {properties} # JBIESMF

10 1,

11 # {data_name_2} X3 BRI

12 {

13 "spatial_range": {spatial_range}, # ZCZfjd#iPHIEM

14 "time_range": {time_range}, # RfffH:PHIEMF

15 "properties": {properties} # JBMSAMF

16 +,

17 1,

18 "processing": {processing_name}, # T — XH - SH£

19 "processing_parameter": {val}, # 7 — XULHE - SO F
X=X

20 }

T—R0IE - 53R

AL TIE, HE2E TR LB T — RIS 57— X UHE - ot 3t
W7 — B - e R X7 — KM - e 7T — 2 REEBOEREL LT
B35, RIEXTFT=RIFE2ETHRLIZ LD, ABXSE T HE, o9
RPANRE ST FIELREHOEMERZRIAT 2 ZERIEETHD, SFIERT
TN = a YHFICKHERRREZHS 2N TE2EZILN5.

BRI 7 — 20 - ot e EONEDOH D B TIIER 41 0ED TH 5.

34



K41 T—2WH - 08
T —ZMLE - T H | A RNRIA—X

set_crs

"ers”:EPSG 23— R

reverse_geocode 47
nbyn . }%‘;Iﬁ%
aggregation ZEEIRE A DR K | "aggfunce”: HE TR
(first, sum, etc.)
simplify ZERERE R D254 - BlAL | 7 tolerance”: FFAMHE (m)
ZeREIfERT | AR OWEE
area
(K'Y I > D)
ZefiifEtT © AR ORE
length _
(54 Y DEX)
st A 7Y =7 MEIR | "Ing”: AR E
nearest e . gt
(Bl 7 — & DR "lat”: K&
: ZEREIfRAT A —N—1 4
union
(union)
: ZERfRMT © A —N—1 4
1ntersect

(intersect)

symmetric_difference

ZRRAfRAT © A —N—1 A

(symmetric difference)

T - A —N—1 A4
erase

(erase)
L ZeRfFAT D A —N—1 A4
identify

(identify)

e - 2 T — X HE
merge

(merge)
i ZeEfAT ¢ 2 T — X HE

b (clip)

buffer I L Ny T > "length”: B (m)
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7—2831 ORRGE

Web % — g [F— X OHTTP U Z TR M 2—Fh5SITM5 Y, X
4.3 DNEZAH 21T 5.

Web =N, 2—HH25DHTTP Y 7 A M 25, £, data_name
Mo, T—2XREERZEET 5. 20%, BUS LT — 2 REFEHERICEENS,
T—=RR=2%[ T =T N%, T LU THRERSEMFTH 5 search option IZHEWY, ZE[H
T—R2ERUST 5. BF S22 T — &%, EY)7 processing name DIEED H
DA, T—XWBR - S RITS. SZETOENER [FatkR) 07z KT
X =R DPTHEDRL, BREIEONLZEMT — BV AR ZAT—XE LT
PRI 5.

B 4.31%, ZOF—XEGO—EHDOINZRLIZbDTH 5.

FosEmE | 7 S RAEE |

: — =% R F—Z L XA X
ji TR BR | e | 7O | wm e | [ Fosam

M HTTP Request |:|:

data_name

loop[1, process#{] J

alt HTTP Response |
[7— 2 fREEEs ]| je-o-- e

[7— s RFtEH S U] DB, Table3, search_option N
“1 5F— X B8
SN . | s S

alt s HTTP Response ' : : E
[REA error message ! ! ! !
processing_name] | [~ T - . . .
PR L g L . . |
processing_name] %57 — X, processing_name , processing_parameter | B !

E . d KON - 53‘*1?
_______ =7 & (TSR Sown) :
|’] SR 4 (REICTUEL SR %) I
1 E HTTP Response E ; T| [ st
froreaneaneonees T ML . !
M 4.3: [F—=200% o>—7r XX
LARYT—4R

(7 — 25 APIIE, BB EORY X F—ZR—2h5HE LT — KI5t
LT, fEESNT —RUHE - i RITLIEHRO T — X2 VARV AT — X
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L Ta—HICiefits 5.

VARV RAT—RZD 7 5 —~<v MZIZ JSON FERDZERM 7 — ZHLRTH % Geo-
JSONFEREZHAT 2. LARVRAT—ZMBISONFERTHZ T, 2—HiF
VARVAT—REBEHE 7 ) r—>a VITERT2 22N TE 3.

Listingd.5 1%, R4 ¥ F 7 =& D GeoJSON JEXDHITH 5.

Listing 4.5: R4 > b 7— & D GeoJSON JEX D

11

2 "type": "FeatureCollection",

3 "ers": {

4 “type" : ||narne|| ,

5 "properties": {

6 "name": "urn:ogc:def:crs:0GC:1.3:CRS84"
7 }

8 +,

9 "features": [

10 {

11 "type": "Feature",

12 "properties": { },

13 "geometry": {

14 "type": "Point",

15 "coordinates": [138.7309, 35.3628]
16 }

17 },

18 {

19 "type": "Feature",

20 "properties": { },

21 "geometry": {

22 "type": "Point",

23 "coordinates": [138.8079, 35.1983]
24 }

25 }

26 ]

27 }
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A TIRE T 2 7 — XMAEFRMRE, 7T —XEHENTT — X & U - o HiH&RE
WEST2V)VY—AZHRT 22, HRERTy 72HIBT2 22 HINE LTV
5. £, ZOT7T—-2REHRBIIEEEEO T -2 O, RETFEHT 5729,
XFEXFERNFBO7 SV —> a Vi B LR T -2 eRItET 52 2HNE T 5.
AHEICIE, BEERNZSF VA LTBEO7? ) r—2a vy Z2eiL, 77
r—2a VERDEDICRER TR T XA BED 7 —XWE) APl %
FWTER, B TE 2 2 2ERT 5. £, T—XMEFRBOMEEE VT
F—RXERRTZZLT, TR - SWEEEEICE T2 Y Y — X, WU - 5
WIFERE D RELICE T AR T v THHIIRE N 5 Z & ZHERT 5.

5.2 EERIRIE

AWFECREA U7 EBEREI3F£ 5.1, 5.2 D@D TH 3. %72, HTITP Y 7T X b
X API 2947 NHDY —LTH % Postman ZHWTEET 3.

CPU Apple M1 chip

XEY 16 GB
OS macOS Big Sur version 11.6
B3 E3E | Python 3.8.11

# 5.2: Python 74 75 1) & 7 —&XRX—2

FastAPI (Web #—%) version 0.68.1
GeoPandas (77— ZJLHH - 53H7) version 0.10.0
PostGIS (Z2fi]7— & F DB) version 3.1
MongoDB (7 — Z{rR{#E#HAH DB) | version 5.0.4
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Z 2T, RigETiE, ANNBINMETOMERRROANZFZT, 2o 3HFITk-
TR E N NOMEEHRD 5N ANBT — 22BN T 225V A 2 BEs
5. ZOTFVATIE, RE53DT—XPEBICERIN TS Z e eHiige§
5. NOMNEEHRICET 27 —XEIARICET 24— 7> 57— 2% 5F1CHi
WRD LS RT—XEEHR L.

* 5.3: HIED T — R
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- IERSRBERAT (NZEMHEZ &) D ANDNEIEHR
- 2021-01-15 08:00:00 ~ (5 B MHIFETEHT)
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- B E A sGEE E T REEER LY e — FY A b
(https://nlftp.mlit.go.jp/ksj/gml/datalist /KsjTmplt-P11.html)

N DAL B EH
(EAL )

SR

(KA~ b)

77— a I THEHA LT —=XIELI T3 5.

o N2 MNMERRER] o BERZ (2021-01-15 09:0:10 ZHHE) DANZFFH
AN RS 3

T—2EMAE

N2RH NBUEEIR S 27201201k, ANONMEBEROF» S, TN ZEMHEBRAICE
FRRVAY & TAZEFEERRWIEEEN S D, @i L THWAE72D AN Ziki|
L, NBDOOBRSDBENRD L. ZOEREHEBT27200—20D ke LT, L
TOFENEZHNS.
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1. N2AEFERERE T 5729012, ELBUE : NZE-FTT — 20t LT T
I Ny 771 BITO (BN, NZED S 20m LIA % N Z{E5EIE &
ARTIIZTS).

2. N2FHIBAD AN D A 2R T 2 72 DI N DA EEHRIH L TSR EiHIRZ
VT TR 7 — ZBRIE (clip) 1 2175 (2O, AOALBIF#HIK
{"start_at”: 72021-01-15 09:00:00”, ”end_at”: ”2021-01-15 09:00:00” } DI
[EIHIPHSEIE & TGS 5) .

3. 20N s 2 NOMEMREIHNL T, RRIITEANOBEIFEEZFTHEL,
BUELL T OBENEH O NE A Y > T 5.

X5.11%, ZOF—ZRERTFIEOHIK ETDOA X—I%FRLTWVWES,

. 51[511 1» ;‘m '» i o 51111«
& O \g Sree

\ . \ v
EE S (buffer) IR (clip) B 51 AL ER

5.1: 7 —KMLH - ST FIED A X —2 (Hih [ PG 2 0 T U CPER)

F7z, M5.21%, ZO7—2ERFIHOBMEXTH 5. 77— XS, THER
SR Ny 7 7 b TZERENT 7 — 2 3E (clip) ) @7 — XL - 53HrEkRE
TELTWB70, THNLDNHEE APIOZ Y RFIX—XIZX->THRET S
T, 7T—2ERFIE2 O 12 21— P IRt T 2 2 e N TE 5.

@ = ERINET—42
Q 5 FNE - HIFER

B 50E © SR (S N, NN D @ LaFy 274

(=) G AN BEIEER
(%)

SREH AL
BRI T ’:*. A

B % &,

ADERR
(=)

52: ¥F U A 1DOTF— XU - AT FIE
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FA73 % HTTP Y 27 TR MJ Listings.1 D& 512745, 2T, "pll001”: ”
INEIRSRER” DERIE, NZEEFT O/ OBIERR THEHZIT S 720 D7 X —
RCTH5.

Listing 5.1: ¥+ VA 1OHTTP U7X b

1 http://localhost:8000/0/data/?

2 process={

3 "data_name": ["busstop"],

4 "search_option": [

5 {

6 "properties": {

7 "p11_001": " HIETRIRER"
8 }

9 }

10 1,

11 "processing_name": "buffer",

12 "processing_parameter": {

13 "buffer_area": 20

14 }

15 h 2

16 process={

17 "data_name": ["busstop_people",1],
18 "search_option": [

19 {

20 "time_range": {

21 "start_at": "2021-01-15 09:00:00",
22 "end_at": "2021-01-15 09:00:10"
23 }

24 }

25 1,

26 "processing_name": "clip"

27 }

ER

T—XREREBEN LT — 220G T 256 (BF) &, IXTOFEZT

TV =2 a MITITWT =2 20§ 3 256 (IR ZHBR LD DHFK54T
Hb. ZOEID, TOTFIFIBNTT —XHEEREBOMIER HW3 Z LT,
4 FIE% 1DODAPI TETTEZ2IeMNTE, 77V r—2a RT3 35
BN DT —XE%E 98%HIBTE2 e ibhb
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3% 5.4: FEE
_ 77V — a YRR B
s . VAN [E]
7 SR B AHTII | 2 28 (GeoJSON F3t)
CF— &IV OB | - AOMEE®R (0.9MB)
c F—RIVE T A 2E « NZ{F (3.5MB)
- I (buffer)

IR =t (clip)
- FER AL
&t 1 5) &5t 4.4MB)
- API OFI|H - REERERE A, AN ZERERN O
R | - FERAILH ANDALEEHR (0.007MB)
(it 2) &5F 1 0.007MB)

5.3.2 FUA2: FO—2MRITRIREZIH DIBIE
oF ) AEE

Fa—rofioRE Y, BELPER, BARKOYWELZ Fu—-itk-s
THELE T 2iADZE L OB THRET I N T WS 21, 22]. 2O, AODZWEE
7z ¥ 20T, BHSHM 2 Fo— Y ofTRike 532 81E, +—b 2RI
X2HEBDOUHENE T2 -DICEETHIEEZONS.

Z 2T, ARBFFETIE, AINEMEMICBWTEIER R o — > ORI 2 RE
FTRRICHHT 37 —& LT, Fu—URITAIRESEAIER T 2>+ ) %1
MTB. ZOTFVATIE, R55DT—XPEBICEFRINTVWE I ZHiIEE
5. ERITHIRZE 7 — &%, METAICET 2 Z2EME, ANOFEEZ
IRTARY TV F—XEBHENHER L. £, EINARRITHIRZEE Y LT, ¥
MEDT 70 Y REESEIZ, NHEMHRORA Y T =X EER L. 20T —
213, 30 THOMERD TARNZ D 1T, timestamp DRESINTzT —X L T 5.

77V =Y a YMAICTER LW T —=RIEMUT 3 5.

e 2021-01-15 09:00:00~2021-01-15 09:30:00 @ F 1 — > TR REZLIE
TF—2EM AL
Fa— U RITRIREZEE 2 EIRE T2 A1k LT, UTOFIENREZ SNS.

1 EBUE © ARbktD & [ HRdE AT 7 — & 2 FHWT 22T
7 —2#FE (clip)) 21TV, MET ORI Z M5 2.

2. 1o e METORBHIXHE @ R I D7 — X% RN . 7 — X%
£ (merge) | ICX > THET 3.
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& 5.5: HIED T — R
(F—x () | 7— 20 |
" TR O BRD 7 — &
TNy, | LSRR 7 e 1 b

(https://nlftp.mlit.go.jp/ksj/gml/datalist /KsjTmplt-A13.html)

- ANNEIEH OITB XD 7 — &
- E A EEEEBEE RS Y e — R A b
(https://nlftp.mlit.go.jp/ksj/gml/datalist /KsjTmplt-N03-v2_3.html)
- AR IE T O BEHIXE O 7 — &

ATEX I
(KV )

y]‘i) ] j‘ \/ o > —
ey |- B - R > 7 x
(https://www.maff.go.jp/j/tokei/porigon/hudeporidl.html)
AT

BRI | - 2 e AOERRKRD 7 — X
(#Y =)
TR
FIFARR
(4> b)

- BAVitiER DA E ¥ MR D 7 — &
- 2021-01-15 1 H o F KA (30 77k

3. 201 SERIATHIBR 22 D 7 — & % TZ2[EfFT - A —N—1 4 (erase) |
12X - TYL.

4. MO D ({"start_at”: 72021-01-15 09:00:00”, "end_at”: ”2021-
01-15 09:30:00” } DOFEIHIFHZAAT 2 TR Lz) 7— &0 LT MHEE
M Nw 757 2175 22T, BINRATHIRXIBZ (ERLT 5.

5. 30 40 E TERENT . A — N—1 A (erase)] IZX - TkRY.
X531k, ZO7—XERFIHOMK L TDA X—=I%RLTWNWS.

v ]
Z"":F'aﬂﬁﬂ;l‘ﬁ (merge)

Z'”;F'a?lﬁ’b‘? (efase) Z.'”;F'aﬁﬁﬂ/ﬁ (erase)
5.3: T — R - HTFINED A X —2 (H# : FE T HEEREtX % i T U CrER)

X541k, ZOF—XERFIEOMEKTH 3. 57— 2T, Ll TihR
72RTOTF— R - SHEEEZE L TWE720, 6D %Z APIO Y
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@ 2BcERINET—4
B+ 5E : Bt ® 7 xuE - HiEEs

Y =) @ L xFv2RF-%
ZRABET
merge
E L #fE : TR

(KYI>) EXE : ERY T
CUEP2)

N B — o RAT AT AR 2,
GRyIY)
EHTRITHIBR X 15

Fyav)
SIS
buff
AsmRAEREL ) BrmasRE,

(=) (GUR=0%)

X 54: >FVF* 207 — X - 547 FIE

NRIRXA=RIZK-oTHRET ST, 7T—X2EKFNES O )% 12— 14245
BIEMTES.
Ff73 2 HTTP V) 7 T A M Listing 5.2 D X 5127k 3.

Listing 5.2: ¥+ VA 2O HTTP VU7X b

1 http://localhost:8000/0/data/?

2 process={

3 "data_name": ["forest",'"kaga_area'],

4 "processing_name": "clip"

5 h s

6 process={

7 "data_name": [1, "fude"],

8 "processing_name": "merge"

9 &

10 process={

11 "data_name": [2,"static_drone_flightless_area"],
12 "processing_name": "erase"

13 &

14 process={

15 "data_name": ["facility"],

16 "search_option": [

17 {

18 "time_range": {

19 "start_at": "2021-01-15 09:00:00",
20 "end_at": "2021-01-15 09:30:00"
21 }

22 }

23 1,

24 "processing_name": "buffer",

25 "processing_parameter": {

26 "length": 300
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27 },

28 &
29 process={
30 "data_name": [3,4],
31 "processing_name'": "erase"
32 }
sk

T RXMAERBEN LT -2 2B 256 (18R &, ISRTOFEE 7
TV =2 a MIITITWT =22 UG 3 256 (R 2B L DH#K56 T
Hb. ZOEIPL, TOTFIVFICBNTT—XHERBOKIEEZH WS Z LT,
10 FNEZ 1 DD APITETST 5 ZeAA[AEL 2D, 7V = a AMIpRET
25 RENDDT—REE DBUHETES ZehBbhb.

£ 5.6 >FVUF20D5ER

77V = a YUDMRRET 5
s 1 . VAN [} 3
7= RN - JLE - ST F— 28 (GeoJSON )

7 — RN AR - FepRHiE (162.5MB)
- 7= RN ATBIX - ATEIXI (0.34MB)
F— RIVE ERY I cERY Y (13.9MB)
- TR L EIRATHIBR 2R | - BRI THIFR 22k (0.004MB)

(

T— RN R A IR | - R R AR (0.013MB)

WK | - F— 2 EME (clip)

- 7— 2 HE (merge)

« F—N—1L A (erase)

- s AT (buffer)
F——1 A (erase)

(BEF 1 10) &3t 176.8MB)
o | * APTOFIH © N a— UARITAIREZEE (44.2MB)
'R | P

(&Et 1) &3t 44.2MB)

5.4 [SEKFHE

APLIZBWT, HTTP VY 7 T A NS 2 I0ERENE, #EREAVESRE U CEHE
REHEEHCTH 5. Z 2T, AR TIRREB L [7—20US) API OJSERFRE
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WOWTHRERT 5.

5.4.1 >F ) ADIERFR
FHAKER

AR L72=2D>F VA% 10 BT - ZBROIER IR 7D X STk 5. —
%A 72 APT O IVERF DT ms 22 HBE ms 2D LT, >F V42 TIEEHE
shroTWb I ehbhbd., £, R581F, K7 —XIUHE - S OFHERR %
Web =N TEHAIL 72D DTDH 5.

£ 5.7 >V F DILERFH
| | >FvA1] ¥F3v%2 |
¥4 || 122.1(ms) | 149890.2(ms) |

£ 58 K FVADET— ZUH - 3 DEHAEIRE
7 — X - 3444 | buffer | clip
SEEETERER (ms) 13 5

7 — XML - 3 clip merge | erase | buffer | erase
SEEIGHERERE (ms) | 184154 6 5421 | 14 | 3239

EE

SF VA2 DIEERENPRZ L Ro/z e LT, 7 =23 A X7 — X ULEE -
SHOFIER L ERFERE LTEZLNS. KIS, ¥ F VA 20RHIDIIETH %
P22REIfAAT © clipy (F AT & 72 2257 — &2 TELEE © HbkthiEy (162.5MB)
EWI LB RERY A XD T —XBEENTED, 207 —RIx3 % ZEMfE
FCErBEREZEL TW3 e EZI LN 5.

—7TC, ¥FUA2WEALTE, T—2ERFIE3 O [2ZR-FET @ erase; £T
B, BT — 22O NHETH 37280, HFiNCE I EFTOUEEZHEITL, I
HERIT LT, FIVLITHEITTRV IR DT —XUHE - 5HFIEZX
55 DX D ICHIHT 52 Z e TE 5.

AR L7z F VU A L FIERIC, ZOFIECHIES 2 HITP V7T k% 10 [B1%E1T
L 7GR O S IR ERENE 7757.6(ms) £ o7z, TD XD, #BRT 57— &
BB, —ERE LT —X2RBRICBRT 28T, 207 — X EHEEERK
BFIIEHT2ZeAEe 2D, 207 —2Z2EHA LT —X2/EK T % HTTP
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@ 2BIERINET—%
O 7 xmmE - SR

B4 K 0 — > AT ATREIR 8L @ Lxsrs

GRyIv)

k- RfT e
G =02

DHFERFIRRKR ENHIFRITHIPR X 35
() GRYy )

X 5.5 —ERAZHANCETHEADSF VU I 2DF — XM - 54FIE

)7 T2 MDOINVEREZEMEST 2 2 ealREr 2 5. SEIOT F VU AT, FHii
WERY R a— U FRATRIRE IR 7 — X B ERK - B L THEL Z 2T, IWEREZR
SR IEHET D Z e T xET-.

5.4.2 T—3YA X HSER

PFVADIBERETHRONLEELD, 7234 X o TLERED Y
D& SBT3 0% KB THERT 5.

ZITIE, REI9DEIRERE T2V A XDEMT—22HET S (Z0F
TlX GeoJSONTERD T =& ¥ A4 XZ/RLTWS) . ZIZT, {RY I IIHEER
EZA20.01 EIEOMAEDORY > & UTERLZ.

#£59 TALTF—X
| (1 [2 [3 J4 |5 [6 [7 [8 [o [10 |
ARSIV 1000 | 2000 | 3000 | 4000 | 5000 | 6000 | 7000 | 8000 | 9000 | 10000
HA4X(MB) |06 |13 |19 |26 |32 [39 |45 |52 |58 |65

FXMARA
¢ APIDZ T Y NRFIRX—& . F—RELDHA (FRREME, 7 — XU - 53872 L)

o [AI% 1 100

sHRlRER

X 5.61%, 7—XEUFOEEINERBEEZRLTWS.
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1600
1375

1400
1200
ji 1000
g% 800
600

E

400
200
0

1000 2000 3000 4000 5000 6000 7000 8000 9000 10000

(0.6MB) (1.3MB) (1.9MB) (2.6MB) (3.2MB) (3.9MB) (4.5MB) (5.2MB) (5.8MB) (6.5MB)

AU TV (F— YA X)
X 5.6: 7 —ZHUG (ULH - 572 L) OFEINER

X 5605, F—X0H - SHENITICT—XEBST 255, O
BT =2 D7 4 —F ¥ (FEDOBERY I E) WIEVEINT 5 2 eh7)
5. TR - SN T 558D, FARICT 4 —F vy BB VI EINER
MRS R2eEZLNS.

TR EFRENTIRTEZ 7 TV r—2 a YOI, 20 &S 2GR
PEBLTONT2BES DS, HIZIE, VILE4 2B T 27 SV —va
X, BRINZINEREREREINSG T 2DV A4 X, HEINSILER
Mz R T 208D 5.
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FE6E Him

ARETIE, BT 27— ZMERBORFITBNWT, FSROBEL U THET
NE ROV TN S,

6.1 API®DE:Et
HEEAER

AR TIRE L 7 —&Hf5) APLIX, RIEOSF VA EZHOWIZERTRL
72k 21, T—=&H¥ A X7 — XM - 5Hr OREHSLFINEIC K - TINER K =
CELT 5. FERIZ, 7—2MERBREZERT 258, IWERBEMUANDFERY
7 T X M CPU R 72 & ORERESN ERDIEHICOWT X L D HRBEDDH 5.

F7z, TN DOEENERITIEZ 72012, REWIS U T [F—2H5) APIT
RET5ZEDNTELT XDV A X7 —ZUH - THFEZED 7 TV 5
A —=RIZLRZHR T 2BENREDEZIOLNS.

Z D &S BEIERERICE T 2 eI EK X, 2o H Ty IV r—2ar
T 74— AT EBRICECAMETH 5720, ZOMEEERT 27D
W27 29 REIEHT 5 2 e BMET ST W5 [26][27]. FEHZ, Amazon Web Services
(AWS), Google Cloud Platform, Microsoft Azure ¥ — ¥t A&, T —H%Z2FHE
RETICEST 2 XX 70 OBIRT 27D DKENZ S BENTED, ZhbDy
9 REWMZHWT T -2 MEaERBR 2T 2 b S5ROAMMEL LTERS
nb.

LRRYRT—2DFKE

AFEDFEETIE, [F— ZBUF) APIOL AR A F—& ¥ LT, GeoJSON ¥
ROZEMFT— X B L ARV AT =X LTI LD, EBIIX, fEftan sz
BT —ZNEDEIRT—RERTEDDRXRT—REMNET 208N D 5. L
Tk, BAMICIZ 208N H2EZ5NZEHICOWTHRNS.

o ETLT =& - S FIE (F—&%, 7—XWH - 57z e)
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FAT LT — ZALH - o FIE) (BT 2 EHIE, 7V - a YIDEE
L7zT7 =20 - pHFIEZFEITTETVEINE I 0Z2HERT 5 7-DIHETDH
HLEZLND.

o MIEE

XFEXFERT — RIBHEDL SIE XN LM T — RIIE, ZDIERIERTEH
HIVDE WD S, ZERINECRENENERZ E WS R H 5. 2D X5 Kk
EDEWE, 77V 75—y a fllor—VANWEICHEREZ 5720, LAKRY
AT = BPEBICED LI RKNEDT —RTHIPERT NI XA —RELHAET
ZRBENRDZEZOLND. EET—ZOKNEICBELTOXDFLWEmE, H
PRIEHRE2E DB CAMEEM (Uncertainty) WO MIEDEHRD 2720, 255
BEBEWZTHIENEFE L.

¥/, TI7-UHIZONWTH T AN r —AZMENCHEL, BIfE#EREZ1TS
REDH 5.

6.2 T—XWNIE - PHFIEORTESGE

AR TRE L 17 —=&2HUT) OFEHGER, M6.1DEXK K S REXBD T
B RoTWhD., —ATIDES REED T — XM - 5%, K6.1 DEKR XS
W2, AWK LW T — XU - iz ili4 175 2 ¢, HTTP Y 27T X b
WS 2B ZEMTE 2 2 EZ6NE. TDEDIE, 7— XU -5
W FNE% 87 L, WHIIERIEETH 250 2t 3 2 GE B 72 5.

IR - SR

@ ©

BER (RR) izl

X 6.1: 7— XM - SHFIEORITEDA X =

20



6.3 T—HANR—X
SAAT—R +3DF—H - HINLTRHT—X

AIFFEDOTIELTIE, NI XTF—=RIIHIET 5T — X=X & LT PostGIS %= H
W ZEH T — A R— R B MEE L. —H T, H2ETRLELDIIC, ZEHT—X
WIE T AR T —=RR3ID T =R VWS BRLET—RET LD DDBFET S, Z
NEDT—=RERIZZT—=REM, T—RRX=XZLoTEHL, 2—HITE
2720121k, TNFNDT—RETNVIINIGLIZAID T —Z X=X Z2HET
BREDD 5.

FTART—=RIZEALTIE, PostGISIZT AR T —XDT—RETIVIHIGT 5
72D DILRIKEEDFES 2720, ZNOZFHAT 2B —D2D0FHRLE LTEX
55,

3D 7 =2 LTI, 3DHHTE T VORENZ T —ZEXTH % CityGML I
J5T B 72 DIZHIFE S N7z 3DCityDB23] BMFEIET 5. T DT — X RN— {3 PostGIS
WKHMELTED, RT3 7 - 2HAREBOBFD RDBMS TO 7 — X OEH
MARETH B EZHNS.

F7z, BIVARZER T — X ORIAED X ¥ IR EENFET 5. AL TIET —
2 E 7 ZKRERB 2R3 timestamp W5 Z & T, BRI T — 2 2REL
7Dy, 0 XS RIFEERBIMT G SN2 B 7 — X X —2Z & LT MobilityDB|[24]
PIREINTWVWE., ZDT—EZRN—23 PostGIS ITHELTWE =8, BRI 3
T =X MEERBOMEZD RDBMS TEHT 52 Z e A[RETH L e EZXONS. ¥
7=, BEMAZ RIS 222/ 7 — X 7L, mf-json & FEHXN 2 OGC A 12
REINTEY B, ZOXIRBRT—RETADRT —XREEBITENTHE20E5
DI ITARETHEEEZIOLNS.

SQL vs NoSQL

RIFFETIX, BT —Z DT —XX—2¥ LTRDBMS T % PostGIS %+ H
L7z. PostGISZ, GIS 74 72V 2FIH L CEHELEHMENAIETH 5 &\
SHHEN D 5.

¢ NI ZARIFIARBREDIEIELREHDT —ZET VI TES
o EH7RZEMIMERAAIRE (R ARIC K 222/ A > 7 v 7 )

—7 T, NoSQL 227 — X N—2 2 LTHHT 2 Z 2 dMat I THh, Guo
5 [25]1Z NoSQL DH[R e LTUTD XS BEDH 5 bR TV 3.

o1



o ZHDFREL—HF -V 7T A 2HR—F LD, TEED KK 22
T —RERfF, BHTE5

o F—AN—ZHDL a— FEMNZWEE, FFaXy b F—XR—205H
SQL 77— ZRX—=Z & b InERERATHE O W& DE D

BRI, 2B T — RIS 2 B5REICB L TlE, PostGIS 218F L L TSQL B EE
HHERER B L TWA D, 51, NoSQL ICBWTLEMF— XT3 % 57— XL -
IHEREDF I ED U, RET 2T —EMEREBOT—2X—-—2 LT
NoSQL 23 EREe bz dbEZILNS.
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EBTE BbHbhIC

o

AFZE T, ZEEREHODDO T —&2aHke LT, 77V r—>ayv
WRBER T — XS T 57200 APl 212K L /-.

ZEEEHRICIE, TEIFERFEIFEL, ThoDT7—X2HAGLETT 7
Vo —aYERET 256, BREEL LELRT—XEZIEL, #YkT—X
LR - AT FIEEEBR T2 22T, 77V 75— a VIR BEREMEREZEH T
BINEIND o T,

RREL 17=201F) APLIX, MRS LT, 22R#pH, R, Bz
BETZZLT, 77V 75— a YOERODEDOMBERERDO T — X 2D A
ATHERT2ZeABEL 5. £/, 2—HFREMBEIZIGT T, F— XNHE - 55
WMHEREZIEET 2 Z e DARETH D, FEDT =X LTT IV r—>a>rd
EDIDITHER T — 2 - T2 FIT L IMR e R T -2 2SS 3 52
COAREE B, Fiz, —Ea—YREEO T — XU - HTEERE R VD TR,
BELET—XX, BEFT—XHAREBICERT LT, thoa—9n7r—&
W - D FIEEERE I, T—XERZICHET 2 e 2agEe k5.

EETIE, BRI DD F ) A LU TAPIZEAL, 2—9PREKT 3
T— R - S EFET LT XS TE 5 Z e PR TE L. 2D,
B FVFIIHLT, 7V r—a MITT—XINEE, 7 — XUHE - SHTicE
TE5FIEEZNZTN60%, 0%, 7TV r—> a YT 27— @2 T2
99.8%, TH%HIIK T 5 Z & T E .

SROEE

RET 27— ZMEFEOMIEE R T T-0121E, ZEIEREEHRS 27 7)) 7 —
arorF VAR LD EARINCHEEL, YOREDSF ) AT L THEBOK
REZFHTE 202 EENCEHE S 2 BEDH 5.

72, TOT7—-XMEEREL, B -V ICRFRCAAZINSE Z e Z2EELT
W3 728, BRI, FRFY 7 22 M UL ¥ OREANERICES U CHEgIC B fir
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7R M EITV, FENTOWTOFHEZAT 5 BEDDH 5. OB ORAHIT DWW T
&, 7—20E - R FIEONTHES oD FER e EZHNS.

WRIZ, AR TIERS 27— RG22 7 — 2 RX—Z & LT PostGIS %
AnWeds, JRARTFT—=&23D 7—&, BE#EAT—X oo 7 —ZET NI
FHITXIET 2 7212, PostGIS @ 2 ZHiEE=e 3DCityDB, MobilityDB ¥ W\ 5
7D T —RRN=2XEMRET LI ePEZILND. ZUTkD, KOIELENT S
Vr—>a Oy F)AIHET 58N TELZEZILNS.

o4



Eaf

AL ERET ZICHRD, ZLOGPS IS I hEHEE L. Fi8
HHEOFHREBIZICIX, HEOY I TAMEDFmEBD, MAARER AT 72
L DHESPHRERMERDOBICRALTTERIIREEH D L. T/, KR
FICHELITHRETOREG R 2@ U CFREAE T 2RO D R ZED
PRV EE L. DEVEHHBL EIFE T, FERBLGI IR TR
X o7V ZBHERRR, BHE—H, SARENESRR, 1%, im0 s
IRBIZEATET AL R W EF L2 VU ABCEBIRICIIEEEHB % 5|
X TCWLE, HEHOY I 28 U CiERRHm, 2Ok IEE2H D 2 L.
BEHG—Z0%121%, TREEZOEERICBWT, R0 AmMIcE L CEER D
BRZ2WEEEE LR BAREICEY 7 2 7 THOBRELHZ L DHRE
CHORWEEEE L. £/, FF -V AMERZEOERICIE, X RE{EER O
HlZ: ¥ OWFFIEENS 2 D TR HEEBICBWTS ZHhvniziZeg g L. JEL
BB L BT

BRI, PHEAEFBREZ X Z T EEoRFRIEH N LEST. Hh2Pe>52X
WX L7
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AHARICET 2 HNFER

o BHRM - ¥ - V 2T - FHEME, " ERIERIEH O 120 0 7 — X iR EHE
WRES 205, 56 72 [0] UBI#5E42, Nov. 2021.

o BRI - FHE - V LAFE( - FHEENE, " ZERIERIEH O 720 07— XA FE
WZBES AL, (BHLE 256 84 M2 [E K22, Mar. 2022.
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