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Abstract

To improve the updating and management mechanisms of 1:1000
topographic maps, this study proposes an object-oriented feature framework
used to establish a prototype system for storing and querying feature-
modeled data through using the technologies from OpenStreetMap(OSM).
The feature-modeled work starts with three categories of geographic data:
roads, buildings, and landmarks. The modeled data would provide the survey
team of NLSC to carry out pilot testing for local updates of 1:1000
topographic maps. The prototype and pilot testing would provide us issues
about the import of the feature model data for updating of the 1:1000
topographic map. The objective of this study is to provide the experiences
for understanding how to reduce the operational and management costs of
topographic maps, to enhance the quality of geographic information, and to
improve mapping efficiency.

In terms of research methodology, this study starts with a literature
review for figuring out the practical use of the feature model around the
world. The original data of a 1:1000 topographic map is transformed into
feature-based data via using the standard feature data model and the feature
code principle, and the prototype system is established for the storage and
querying of feature-based topographic data in the first year of this project
(2023). The data transformation tools are developed for transferring the
original data (roads, buildings and landmarks of testing area) of a 1:1000
topographic map to feature-based data.

It is anticipated that there are potential conflicts in the import process
from 1:1000 topographic map data into the object-oriented feature database.
On the basis of our observations from the use of the prototype, we provide a
conflicts and adjustment analysis. Moreover, the analysis would turn out a
planning report, which will serve as the basis for improving the prototype

system in the second project year (2024). Therefore, we plan to improve the

XI



functions of the prototype system based on the requirements of
administrative business, the import object-oriented feature database
collaboration mechanisms for categories such as roads, buildings, and
landmark data, and the collaboration functions. Moreover, the online and
batch imports will be established for testing.

Furthermore, we will strengthen the management of different annual
editions and the corresponding design of the feature database in response to
business needs. We will cooperate with the agency to handle the
administrative process update mechanism separately, with the objective of
implementing the establishment of a cross-unit collaboration mechanism.

During this research project, we will hold three education and training
sessions, as well as one symposium for experts, scholars, and industry
professionals. In addition to providing system operation training for the
prototype system of feature data storage and querying, which will help
relevant users become familiar with the business process and functions, we
will also focus on importing the object-oriented feature database and the
collaboration mechanism. We will digest the opinions of experts and scholars

to improve the overall planning and enhance the integrity of the system.

Keyword : Object-oriented, Feature, Collaboration mechanism, Topographic

map
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Increasing Logical universe
Abstraction

Symbolize Realize

Reprentatiion universe

Encode Decode

Implementation universe I Computer-oriented

B 2-1 Fonseca & % (2002)# ! cd= 32 5 2 7]
IR Rtk R A Bl R BEANEFE R B o b

2-2



FH TV HUAT RARY AV E > 0 A E A FHT R LT
FiEgti R ~ ¢ Bt 67 F ligjr} «}rrﬁ@ % enPE & 1 (conceptualization) st #
Tio- Brimd é1'(entity)‘" KRG F S R wﬁéﬁ&-hﬂiﬁ,%\%,ﬁ LB %
BEIE - F AT _-_LER» R VeSS SRS AVE S AN
R R el ehp T laaﬂype)’ A ig a3 i (type)* ?"flﬁﬂﬁﬂg W

FAM G AT B
@3 b > 78 | IR (geographic representation)— E & A7 B A A e
;,ﬁﬂmﬁﬁﬂﬂmﬁﬁﬁ &ﬁﬂnp@a»*%%&"&%ﬁw
DEE SR B G F A NS P A F 0 Berry(1964) 1 * 3 2B
,ﬁe, TR0 w d BERETN LA(GIS) T R - A B
RERREE Do M ST TR g J;Exzﬂ T g
FR e (S )T S Bl & L # (Molenaar, 1991)> p 20 & & 80
ERBHPUR P ARARFIFIFIRERND F BRI AL - A
IR % > bl4e > Armstrong(1988)# 417 £ 5 7 R K {riHian ? ARl A
e71P- g (snapshot) > Al-Taha(1992)f= Chen fr Le(1996) & = #& B % 7 M-p >
Yuan(1997, 2001) = 5 X fo P T B % 7 P-F& » Peuquet(1994, 2002)¥t ~ # 7
T_% ° Wachowicz(1999)%+ = % 8 % e & > 2 2 Koncz fv Adams(2002) %+
M HIEE o aF F it ﬁ:ﬂlj P R AR N B fedkiE s
R ‘F" AN gBLiaimRkaaiy 2 ok Wachowicz(1999)#7
TE O PHE TS 28 (Cova fv Goodchild » 2002)fr £ 5 33 4F 11 2
Btende it (Yuan > 1996 > 1999)~ 4% & ‘Gag4e » L A enS o fede 2 H]9
P gl R T o B TR AR fr P R SR AL A MR A & P oo
AR R ~ 2 B AeAi 80 % 0 deB] 2-2 > Usery & 4 (2015) &
USGS #3F 2. ¥ 3% - 3 B)#c & (Feature Library) &% 4 i i * fi03)] 0 4o
Fl 230 B3 HEAcR 24 PR Y 2K S G B o
ﬁ%ﬁ%k@?ﬁﬁﬁ%ﬁ\%ﬁ ARBldc HpenE g RS- AN
RFER? 2R GENTIR S ABrFRAR DS A RIEAT
9/ TR L ﬁW%Eﬁm£$¢mvEgﬁmﬂ@ﬂﬁgyg%%gﬁ
B B4 % foi-3] i Rk Pl (Peuquet, 1984;Peuquet, 1988;Guptill % 4, 1990)fv
T A \EE‘" #m(Mark, 1993;Usery, 1993, 1996;Frank, 1998) > Usery ”Lri:'t A1 e
Wiz > Berry(1964) T & 2P Ren= B> o cnfA# Ay 22 ¢ o 4
W{ﬁ@~i@‘%i%3%%&’&@ﬁﬁﬁpf&ﬁ%?6Mm,
978;Usery, 1993, 1996;Peuquet, 1994; Peuquet and Duan, 1995; Yuan, 1996,
1999) > 2 7B g a2 * KA F S BFTHHFA > o fpp i i;—i*ﬂfrfl’ﬁ
NEFEHot 2z kp H- BRSO EREY 2 - B AR
P EEe kB FIR o

2-3



Real-world

geographic
phenomenon
'
. Computer
Object representation
//Space \.‘
Attributes = Theme Relationships

T —Time —

Bl 22+ 0B R0 AL 2 T st o 2 22 3 A5 Bl % (Usery % 4, 2015)

Inputs

Roads from Census
/ Roads from DOT
A/ Hydrography
‘é Elevation

——————— Sois

Feature Library

V\‘\ Spectral Data

Orthophotography

Image Processing GIS Applications Data Integration ~ Cartography

AN VAN

; Topographic Map | Road Map
Feature Extraction\ Spatal Analysis

Land Cover Map
Spatial Modekng
Change Detection

B 2-3 Usery % 4 (2015) 4% &1 Bl cpe & 2
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SchemaType
Type -naze
Attribute val- 1 . o
- S S
ues can be arbi- naze 0.1 escription
trary types in- -description -parent
cluding those not A -children
listed here. B

Features imow of their
Relationships link

Relationships.
m between two Feature groups.
£\
belongsTo |
F{ Relationship |
T

Feature
-id

0..n first

[string | [ Spatial |
H JI Georeferenceable I
| TimeRange || Function | (Raster | A

| GeoRaster |

| Point | |Line| [Ring| |Polygon

[int ] [Time | [float |

| GeoPoint | | GeoLine | | GeoRing | | GeoPolygon |

Raster implies image or grid file
GeoRaster implies image or grid

files that are geocoded.
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Feature

1 i

Data Component
Origin
Context
Version : Integer
Frora date : Date
To date : Date
Reason for change

1
Identity Component
FID : <Prefix>:<Number>

Poeapee s

Bl 2-5 Greenwood and Hart(2003)# i e = ~ % 5 1 Bl
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PAE R FTADRARAFTRICGH AR ETAEEY ﬂﬁhkaéﬁimg
%mzix%?fﬁ R AR TS THEF L R % g %, (ISO - 19101) -

{LEME R ok - BRI ARE S ez AP BB > 7R Uﬁ*—«v; i
bR BAHARET - P R R AT E R Ok B
Fohf % ek LI % o ?]ﬁi?llg”ﬁjﬁ-kf\zfrigﬁ%fiiz\é B Bk
Y RGO EF R ROV R EA T RSP 5 RRF
PEgEe ot o By ke e s FIURAIEEAT 6T E
S BIACE R EF LR RN kBl A2 HE
o BUHCHARE ¥ el BT &) ~ 573~ F & 2 2 B 12(0GC, 1998) -

i * B #4ctic3] (General Feature Model, ™ ™ & # GFM)&E_ISO 19109 #
31 n gk A b R A (Ao B 2-6) > F T E A d M B E R A s GFM &
e FP 4o B F 2 ?Lmt,z-ﬂfr' H oSS 7 i nr 7ikitade it o
2 I1SO 19109 ¢ » Bl#ce M & 2w Boblfl i 2 e s e
(meta meta level) ~ 32 & & (metalevel) ~ & * % % (application level)ﬂfr?\ﬁ‘*'
% % (data level) - 272 m‘,&ﬁ % % (meta meta level)* & 7 A Pdrim il
AR R > UE A e AR RAE RN - B aF "%—%J el
j%ﬁ’aaﬁkimT—@E&’4m{aﬁ%&%EMﬁii%{%
# % % (meta level) > * >t F] #c & éﬁ'fr”ﬂ‘ ozo B OM m*ﬁ,ﬁﬂ
"GF FeatureType ; * "4 7 Blic 57 25 BiciF & > 5 % N T&
Blac g B ag ] > b4 BB ~ Bl 5 o Bl B el 5 > 4o @)
2-6 #75+ > geo:Feature ¢ GF FeatureType ¢ %] * > geo:Geometry o
GF_SpatialAttributeType § &1 » & § Fgeo, fv [sf o B @ £ OGC
GeoSPARQL F4# > 2 OGC 82 — » * 0 3 F L P i F A
geo:SpatialObject &_- 1 42 (root) > geo:Feature fr geo:Geometry ‘,'5'3 &
geo:SpatialObject =+ #g %] » @ sf:Point {geoGeometry s+ 5 > F 7 nlsc
ﬁ%ﬁj;;{fl@% Aﬁﬁ‘z;‘jﬁ- SRR B 2 p % P mw 7
nlsc:Landmark -~ nlsc:Building ~ nlsc:Road #-&k 7 Bl #xf% & » %] 5 v 4_
geo:Feature e+ %7 » & F 41 % % 7 > nlsc:Comfort #_% nlsc:Landmark -
B Bl#c? ) > nlsc:53-1 &_nlsc:Building 7§ ] > nlsc:P001 &_geo:Point 7§
5| > &_geo:Geometry - & > @ Point(121.11,23.26) R #_sf:WKTLiteral
9 b] > nlsc:Comfort €07 - BEERF IR F A > 23012111, 23.26)i B
AL =% 5 ¥ A onlsc:53-1 imhiE S P o

’
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Meta Level

r ISO 19109 General Feature Model \

Generalization 0-°_| GF_InheritanceRelation

Specialization 0.*
+subtype +supenype

- L +memberOf _ +linkBetween
GF_FeatureType [

+constrainedBy
TmmerOfCharacterisncs 0.*

<<Abstract> 0.* <<DatType>>
GF_PropertyType +constrainedBy GF_Constraint

AL

GF_AssociationType

--- >

<<instantiates>> ? .
[ | AR

<<Mateclass>> <<Mateclass>> <<Mateclass>>
GF_Operation GF_AttributeType GF_AssociationRole

'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'
'

<Mateclass>>
GF SpatialAttnbuteType [Nt

e

......................... Application Level

N
(- NLSC Feature Type

E geo:SpatialObject Feature Concept in
: OGC GeoSPARQL

7

| ]
j —{>| geo:Feature geo:G try |--
geo:hasGeometry

nisc:RoadSegment ?
geo:hasGeometry geo:asWKT

nisc:Hotel > sf:Point sf:WKTLiteral

\_ [a) K 5= 9 Ja) [,
Data Level

J

nisc:Road nisc:Building nisc:Landmark —1

nsic:locatedAt S geo:hasGeometry geo:asWKT Point
nisc:53-1 nisc:Comfort nisc:P001 (121.11, 23.26)

A J/

geo:<http://www.opengis.net/ont/geosparql#>
sf:.<http://www.opengis.net/ont/sf#>
nisc:<http://www.nslc.gov.tw/ontologies/feature.owl#>

B 2-6 UML Bl £ #]35F 1SO 19109 GFM shBlactr & (A7 1 8 |)

28 BlHcE- @#ua

FIERAT A E @4 > RE B4 RIRE R B B o 2
FRAL D Bt BT LEL - o HP T AT
HORT RS R v TP T R ikdy

SN
# WP & (Ordnance Survey)sis Master Map #_— i 12 & #F & &8 & ‘&
i 18 ?};‘IL Gk Tl BORATE ’}#,« i® —"z#’t B R PR AR 0 Rl RrE -
AL A T S ATE A B2 k2 - Master Map i# * TOID (TOpographic
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[Dentifier) i & v~ a7 %75 > TOID &.d & 304 e > 5 e 13-16 =~
£ RREL P - g Greenwood and Hart(2003) #t 4y i erB] et & $-7)
¢ ihldentify Componend 3P’ 1 3% i 3 B A 3K 3 el 4o W] 2-7 7 Cranbury
Towers ¢ TOID &_ osgb1000001329143886 v osgbh T E oW 0 A
1000001329143886 &_ii--k % o TOID » i& * GML FRa & & GML2
# > TOID #_7 gml:Afid( Bl A< S /) K % » & GML3 # E‘J—«Lgml id o ®
l:&] PlYg B B 0 4238 4.4 7 B TOID ** Master Map » chlic > ¢ 2 50

ﬁm‘W%B”%ﬁ’w%ﬁ%# G TE N
JoiF 5 2 g o

Ny
)

Cranbury
Towers

st |
‘Swithuns ||

i Court I iEmmadaIe
! H ‘ Court

Singh Sabh

Gurdwara

B 2-7 TOID * %3 " Bl &% H =/ aut & (Ordnance Survey, 2010)

. Master Map 2RI Bl & & * P ¢ & 3 TOID # r 3y Uil
Brte? 0 H = isdkm 224 ol &> B 2-7 ¢ F - & %+ % Carnbury Place
frOnslow Road @ * B »igtpiEd - BH =7 5 ¥ i 12 35 Onslow Road
kiedk ¥ - BH =¥ i .02 1 - 10 Cranbury Towers, Cranbury Place
K iedr o = —‘F'f WA N ek - BRI RS & OS MasterMap
Topography Layer ¥ R -&_2 TOID(0sgb1000001329143866) k &4k :& $h i 4~
(Ordnance Survey, 2010) e TOID iz & 7738 ‘%IJ LGRS S e N AT

2
P4 = -/“-» A

ik FlfrE e 20 T el 250> ¢ FEAUREY 250 LBE R

%ﬁ*ﬂgﬂgﬂﬁwﬁiﬁ%i?ﬂﬂ%&m~ Lot ¥ - P (ID)
P L AERE bt B LR e AL B E S FA - TOID &t fhr 5
FERPBAERL S FHA R BT RRATIEA L G AP

29



gMmERTAfEEPH 5 L g (Holland ¥ 4 > 2001) -

TopographicArea TOID -~ OSMM Highways Road TOID - OSMM
Highways RoadLink TOID ~ UPRN ~ USRN ~ 4= GUID % 6 i 3 3@ 3 vl -
g He TopographicArea TOID % E_j&_ OSMasterMap == 2 ] ] &
PR A(dr 2 o~ g B ez A 597 P~ (B 3w 55 > OSMM Highways Road
TOID &2~ p OSMasterMap Highways = * © 3|2 R v gt X » @ OSMM
Highways RoadLink TOID R &_# & = 3 ¢ Flif B DRI T i & s s o
UPRN & 2~p 3 4t L E(AddressBase Premium )¥ e 4 4 &2 H =
(BLPU) » & 5 & @3 nb ik v — chpd 2 54 5045 (UPRN) > G5 rl— 35|
7% > ORRoadNode; Street (USRN) B~p OSMasterMapHighways ° ffun’g\ Road
- ¥ %—44Rmdj4£$& L’qﬁﬁﬂ&ﬁpﬁiﬁ SgEN -
PR 2 0BG R  RE SR B - i £
(USRN) > Open Road RoadLink/ Open Road RoadNode(GUID) B~p OS Open
Roads T f5 it v 2. B en =t i v ot B> v i # F & OSMasterMap
Highways ¥ e it B w§2)  H ¢ - L gEd o 2 8- 83 o 8 F e
% 2-1 #7775 > = OS Open Linked Identifiers > & 7 7 & fé4p 7 i 5 e
%o Aol 2-8 0 w11 fa4p 3 i@ B M 2 ¥ 312 Ordnance Survey(2020) o

Open Roads AddressBase
RoadLink/RoadNode BLPU
GUID

UPRN

OSMM Highways OSMM Topo Layer OSMM Highways
RoadLink TopographicArea Street
TOID TOID

OSMM Highways
Road
TOID

Bl 2-8 TOID & # v 3 32 F e — %] 25 4 & OS Open Linked Identifiers
(Ordnance Survey, 2020)

# 2-1TOID ~ UPRN ~ USRN ~ {= GUID 2z #= %] (Ordnance Survey, 2020
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- A | i # vl

TOID TopographicArea ~ RoadLink 4= | 0sgb4000000007103455
Road z v — 2 %] 75

UPRN - it B R 200001025758
USRN i S PR 80833669
GUID RoadLink 2 RoadNode & — 3 | 60E4A4AE-ACOC-
) 78 4641-BE57-
BD813C436526

52 M=t T4 L B € (The Federal Geographic Data Committee,
A FGDC)#r # & » B3] @ (feature type) & 7 35 %] 6 (1dent1ﬁer)’fr’*'\“v‘
i ?% k: Bl Y CA I R 2t *%E Hraogws x dfkamiz e 7 F
(namespace) k iJZ > - B T 3L aiii(information community) ¥ ¥ &+ Bl
b L Ao § Haau B e > UE R B R AARET R - i R
WA tERF AR AE R 'likk}m%k}#ﬁﬁiﬁ@’ B S EJR
SR e R AR AR £ e I R R
R TRE - B R F I Apdg e chl Y BT 30 IRIF AN
Bz & RE2 mﬁ*w | 7§ cfuE 2 2 g 125 3N o §] 2-9 #_FGDC #f %_& o1
RIAHCR] chPe & 28 42 2 & 3 47 %] (common classes) » 5 355 eh T &
Feoz o F &‘ THRDBEBGA) s M F P T ARDEFTE BB
(idAuthorithy) e F 8 T_& ihds i (description) o { i - %5 | Bl
TR RACE M2 BB G B 2 B EAL BIAR & NS o R
2-10 #1771 o
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cd Context Diagram: Framework /

aAbstracts
FezfureCollection

+

metadata: CharacterString

0.7 @+collection

1.7 +feature

«DataTypes
Idertifier

+

+ id: CharacterString

idAuthority: CharacterString [0..1]

+ description: CharacterString [0..1]

aAbstracts
Feafure

+ 4+ + + +

identifier: Identifier

geometn: GM_Object [0..7]
metadata: CharacterString [0..1]
topology: TP_Object [0.7]
attribute: ExtendedAttribute [0..7]

«DataTypes
ExtendedAttribute

authority: CharacterString
link: ExternalResource [0..1]
name: CharacterString
type: DataType

value: CharacterString

+ + + + 4+

«DataTypen
External Resource
+ url: URI
+ urlType: ResourceType [0..1]
+ urlDescription: CharacterString [0..1]
«CodeLists «Codelists

ResourceType DataType
+ database + boolean
+ documentation + characterString
+ dtd + date
+ metadata19115_10139 + dateTime
+ metadataFGDC + integer
+ webPage + number
+ webSite + real
+ xmlSchema + url

Bl 2-9 FGDC(2008a) 8] At s 4 2
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«F eatures aCodelLists
Parcel Collection OwnerType
+ metadata: CharacterString + federalGovernment
+ localGovernment
+ municipalGovernment
+ notForProfit
+ other
+parcel 1.7 +  private
+ state
«Features + tribalNation
Parcel +  unknown
+ parcelGeometry: ParcelGeometrny
+ parcelldentity: ParcelSource [1..7]
+ ownerType: OwnerType [0..1]
LFeature «Unions
+ identifier: Identifier Parcel Geometry
+ geometn;: GM_Object [0..7]
+ metadata: CharacterString [0..1] + polygon: GM_Surface
+ topology: TP_Object [0..7] + centroid: GM_Point
+ attribute: ExtendedAttribute [0..7]
aDataType» a«DataTypes
Parcel Source Framewor k::|dertifier
+ parcelld: Identifier + identifier: CharacterString
+ sourceld: Tdentifier + idAuthority: CharacterString [0..1]
+ primary: Boolean + description: CharacterString [0..1]

Bl 2-10 FGDC(2008b):14 3= 3 B B e UML #-7)
3~ R
FEAE R T 2R F R £ ¥4 eha ¥4 B ¢ (The Working Committee of the

Surveying Authorities of the States of the Federal Republic of Germany, AdV)
2015 & #1 % % 7 Documentation on the Modelling of Geoinformation of

Official Surveying and Mapping (GeolnfoDoc)#F* 7 4t B Fe /-4t Bl et 2
B AR P .

GeolnfoDoc #p 7 @626 (Identifier)shig g » 4od 2-20 d = BI04
WA 2 (WAcRE DE2 3 & BB A E)6 3

~N

s (g G
8.}%’g|lm‘ff/<$xbb I/ZAZ a-Z > Ogj\;gg\.,fg‘%é%\i’%% f
(umlaut) e gh &+ > 37% ¢ P T BRBI AL H 2, FPL AL P2
Bl E‘"f;}‘ Object Identifier, #§ -5 OID » @ — HaswB L § T 5|4

Bi(% 2-2):
o THEB kA awEo o o) T BB kA A en B SR B 2
Blfridid Flare- 47 Ko
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o BMUIBNMILAP - Bt a2 o
o GBI AP A GFHP
o BB AL - BHFEIEL TR

F o BB A BT PR Ao Bad SFE AR o 2T

s T LR

#ﬁﬁmn%xﬁﬁﬁ—%wmﬁﬂd
Wt A BB RN E D g R g A BT
AAA(AFIS!, ALKIS? 4r ATKIS?) T kL B 3505 P » 54 A 8 22eh2) 58 5 » o

[E =2 N

Basw g E R A e ey Bind B 2 ppEaaE e

C LR BRI R R A o F

% 2-2 GeolnfoDoc #_# 1t & B Hcd~ i 3 w5 2 = (AdV, 2015)

(6 characters)

implementation or
database generating
the identifier and
also for provisional
identifiers.

Parts Meaning Meaning
1 | Global, Nationality "DE" for Germany
unique code
(2 characters)
2 | Prefix Code for the The characters start from the left

with the abbreviations of the German
states standardised in ISO 3166-2
"Country Subdivision Code" (ISO,
15th December 1998). For Federal
Agencies, the abbreviation "BU" is
used or, in the case of the Federal
Agency for Cartography and
Geodesy, "BKG"; further digits are
specified by the corresponding state
and/or the federal agencies or the
BKG. If during the processing for
use of complete identifiers,
preliminary identifiers are required,
these start from the left with "*".
This gives rise to the following table.
Baden-Wiirttemberg  "BW"

Bavaria "BY"
Berlin "BE"

Brandenburg "BB"
Bremen "HB"
Hamburg "HH"
Hesse "HE"

Mecklenburg-Western Pomerania

1AFIS, Automatisiertes Liegenschafts- und Flurinformations system
2ALKIS, Amtliches Liegenschafts kataster informations system
3ATKIS, Amtliches Topographisch-Kartographisches Informations system
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HMVH
Lower Saxony "NI"
North Rhine-Westfalia  "NW"
Rheinland-Palatinate "RP"

Saxony "SN"
Saxony-Anhalt "ST"
Saarland "SL"
Schleswig-Holstein "SH"
Thuringa "TH"
Federal agencies "BU"
Federal Agency for Cartograpy and
Geodesy (Bundesamt fiir
Kartographie "BKG"

und Geodisie)
Preliminary identifier "
Permitted characters are:

A-Z, a-z, 0-9, without umlaut and

3
3 | Suffix Continuous Permitted characters are:
(8 characters) | numbers A-Z, a-z, 0-9 without umlaut and

2. p &

P2 BHCK R 2 8 A W= AR GIS FAR I 2 1572 5 o 3n "xf}
7 ISO/TC211 en2ie KB 2> 4o @] 2-11° R BR 2 K a3 0 &
FoBEEZTES dFu A H o BRI R IRMKA PRl e
UL F - B THHEPRF ) 2 X R B H AN ISO 19108 2
TM_Primitive 3] % 2 £ » vk Z 0 BACHKT i i {2 pFR R
2 oo BIHHE B2 KR @ 454 % (Abstract) 2 E % (Feature)® #g 35 » 3 %
BB RATZEST ¢ (w2 A3l 0 2 R Jp e 55 R 2 Bl S
ME R FRTRERZ PR @ At AR Y T RGIrE- 2 iRy
o BEIT2Z A AT 0 R R AR A 2ZITE o B o p A
12500 = 2Bl » 2 THP FF H A 5 208 22 TF L L w2
AR BRSSP 0 BT E G RS A RE 2 AN (N Fet
2017) -
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$¥)40M R
E R4 1SO/TC211 1SO191%S4)—X 85
HOOIBARRERD
| DRI O BIR o
e 1‘ £ XA HRERARBILER
: 13D
MmN EMR JISXT1Y—X
4, BARE S Bl )
S EL T
Iﬂﬂt ; ATFEBLLTHRL J.«:/!#l]ﬁﬁ'cﬂmt
ABEDHEH
EREe: nERREET 077
@A SR ORER

Bl 2-11 p A JPGIS £ %% ISO/TC211 eE 848 4 (< 3K F .55 4, 20006)

BRI E Y - R(JPGIS2.0)P 7 Bt F ey BF PR ~ 448~
SRR e AL e BN B X P B ¢ M e 2
FAKIET 2T cnp 3 o RAmhFRI F T Pmm‘}g_ﬂéa Q_g_ T Y
BIHS BB MaE 2 120 A kA BFREES - K2
sz R BEM Y > 5 37 DMID s Bl 35| iTis o 4o B 2-12
“im o B T R BRAE A RIS 70 £ 4L{- DMID
e p ¢ I A4 DMID i - # Hp o
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#ll, =ik AfaRE

i X T 4 % B ER WBAR B 2
HE
BEFESE | Bki — TEI: MiBIDRIEE Eki
¥ MR 15 Dmld | DMID A BHEFIE dmid
¥ R 1 Name 1 CharacterString | A: @BH3IE name
25 1 Point 1 GM_Point CE: A% point
Ha Ea
+dmlId : DMID
+dmld : DMID )
F-lZ +name : String
+name : String
+point : GM_Point

GM_Pont

Bl 2-12 p A ¥ RFEE D HB A % 6)(F 2 L, 2002)

i iR

WA R SHEPEEe DicE s BB

FTHREBE L Ee nlicE BIEA G $HA - ‘{’ﬁ A Te ¥R T F)
WAF RE T IR o Chi ¥4 (2003)2;"*\ # & Master Map ¥£4 > #%&
O E BRIV Rk RAA B2 R TR PR R T p’% P - 2R
ATR R LD R ff‘umi* ﬁ?u» € & {5 Kim % £ (2009)a 4
7 UFID(Unique Feature Identifier) » 3% & # I T3 HA] chRBl A i+ H ~ >
@42 BE A~ F]p UFID & fe 2 it 2 € Aepfmb st
L3385 TR GuE 7 AT UFID ek 3t v > 4 £ 3 AR b ¢ foi
25 B Mo fG R 4E > B UFID H.d 8 8 7 v“ & ® chs A5 BIACK S ~ 7 25 im
KoL fe 1 BB Fa g e~ 0 4o Bl 2-13 ¢

i B ¥ B At 2 e ¢ orE - B #c 3 9 A (Unique Feature
Identifier, UFID) 2. # 7 # - (Ji % 4 ,2005;Ministry of Construction and

;Z 1]\23@4’\%’)”%}2
P
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Transportation, 1999, 2005; Kim % %, 2003) > fe A4~ 2 w5 P 4 3 » 2
T oo v — BIACE WA (UFID) ek 2 8% *ticie# B P <~ > @ 2 E g+ »
Wt 28~ o LK o osi— R A5 (UFID) A 5 B 3 2UE 8 chg
FTHEFER > X3 - BELH FLehf S FEms > F BT i
* Bl g 2 UFID % 35 i A7 7 > 4o Kim % 4 (2009) ~Kim % 4 (2008)
fe Kim % 4 (2008) » Kim % £ (2008):747 § » # 7 e 4= chiic & # 25§
Flge o A 8F % S BLIE S 2 S TR B0 LR~ ] ik w48 (UFID)
Afe At E S PR o

XA % Ver, 1.0 HE ¢

T ALA Y Ver, 2.0 M0IN O Road 3 Road
) group 1K SK | 25K
1| Road Background | Transportation |Polygond PolygoniPolygonf
jaoc2] Road Network | Transpontation| Line | Line | Line 31101  No class
ADO3 Scrwalk Transponation| Line Line X 3111 F
ADD4 Crosswalk Truspoﬂ&pnlpdygm X - 3112 pan
A005]  Safety Zone | Transportation|Polygon] X X i
3113} Local road
AODS viaduct Trlmooﬂatm]r-’d,-gm x
AOOTIN,  Bridge Transportation |PolygoniPotygon(P _~13114|Special ciy road|
AGCB|  Thegoction | Transporiation|Polygord X | X~ il B
A00G | Vertical | rtemuction] Transportation |PolygonP X | 3116] County road
l2010] interchange ‘wmlpw Polygon
aSPAIpAE It
|_UFID_CCOE o USED
AD013100 BRS TN
ADO23111 HAS S JRRG
ADO23112 HAS & YR G
ADO23113 G T T
ADC23116 HAS T A S
ADO23116 g 3¢
Aog23n7 ok b MANEE
ADOS3IIS0 £ A LS

Geographic Feature Code | Serial number | Error check | Extendable 1D |
(8-digit) (7-gigin | (1-digit) | (Agency management)

__________________

B 2-13 #7%% UFID 2 & (Kim % <, 2009)

R 38

B g R 2ol B4 B € (The Intergovernmental Committee on
Surveying and Mapping, ICSM)>** 2002 +# # Harmonised Data Model - Policy
and Guidelines for Incremental Update 2_ 3F 2 & 4-$+24 7 F 34 A AKX %
(Australian Spatial Data Infrastructure, ASDI)2. 7 FF + T2 55 cadid 4o { A7e0
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FeR fe & p] > B P fs 4F 4 M4 28w (Persistent Identifier, PID) ~
(Creation Date) ~ §= 7 P #F (Retirement Date)4R & A48 7 4L &f‘

e
AR
’3& \‘

foi * F TR RS ITRACT SIS 0 50 s i
W SRR FE - e Rk s G F e
:

L
] F
PID IE‘%] % 'i*“"” VIARETE BB g mE g o T ¥
RO e e BREHT G HeihiE e H B
PID i % R E_#%-PID % 4c 3| it 4o 2 ;?;%;g]gj;;a v (@r@ 2 14)0 o
% PID %4 FI47 e I AC - PIAE B AF e Bl A & T

#1 P B 7 (primitive) e { #c -3 IR A 47 e 4 lg,:m,_ﬂrp Eﬁflm i %}E%FL

Lo et F - BRI M TSP > PID B4k FdF 2 B o

Primitives
////////
Point Curve Surface
(node) (edge) (face)
Complexes
Collection Collection of Collection of
of curves curves and a curves and
surface surfaces
B 2-14 Bl ~ (Primitives){r4f 32 Bl #<(ICSM, 2002)

r:—'}; A VL R T > PID ‘J g 2 Gldoy — BAMEIE P ARAT
A’\é‘r:&iﬁ;IEBE ; ‘]}IEE/?}EPIL‘B?} E m F'&Z\ ]}3’4%“‘ e 3! __]:
3 P ApFe PF o PID #-i%4%F 2 % o

&~ LFRBHEcE- BRBRITLR

d w2 & R Bl pcrE- BuERaR ¢ JI} - PR TRt A
z fgﬂﬁ’bg\%ﬁ?w?‘x’f?m KB e & ’é/g\”lﬂz“ ‘ii‘]?ﬂ'fr'ﬁ;?i J
% 1_3?] v idAuthority R H 3 N R A E A BRI T ERE 2 H e 7 AR
WG o B ID il A 5 0 WR S # TOID o gz 4 3 i
CBUBE AL 0 REE AN AT @I 0
hz T 8@ 3 ’%Es‘Z]mUFID WL A B AN SR B R 0 R R
- BEE R B TR R AR f]jﬁév}:’ii’ﬂ )I%;f; D i
K ERCL B ﬂ REE e - RREG A  T YT e -
w7 i B (Li nkedldentiﬁer)’ mETAE B B AR {;Jc:* , B T it
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R # UFID #_i# Bt OS MasterMap 7 TOID » & F1 R £ 39 & svm 4 > 2 K47
PREFDAF L BT RRI AN LD o v BB A ik P

-

M R RN ErE - BB R R R A SR BT RRI AR AT
B o S AT AAT R AT A e ek B M R0 TOID 2 3% 3
ExgEr v @ gflr 2 %3

% 2-3 2 B A E - @S E 2 v (A )
Bl et — A8 K #R (KR | P4 ER | KA | EN
an AR B S g v v v
* I Bl ID efuig v I
7 Je o b © B ez Bl | v
200D 5 ek ks v
ID%iéﬁﬂ%ﬁ I | v

Wﬁw%*m%m?%r%éli@* Pk BIEL T B AT 0 i
1‘,~ I o
Frd R TRAARSHER S
7 3k A #3835 (Spatial Data Infrastructure SDD) & - i d el
& *1‘# FOR Aot 2 G\m—ﬁ? P R R TG v AU IR BB
1 fe£ 3 (Nebert, 2004) » #4785 31 +ﬂ$mz+g@r » SDI £_i% it fepa
FTHAF 25D E Fﬁ:? l“"ﬁ R s 1@ 3530 2 # fo = % (Hjelmager
etal.,,2008) - £ F + » K20 & & 80 & ¥ H » LA Jed? t SDI e%=
dem BB frdlantk > 5 PF o SDI B &L *“ﬂ’} | g 382k R %iFJU’T
AR 2T o MR E{F O R RB{oRsE AT EM asset, 1998) -
\e{f_?m’@—imSDlﬁi,ﬁ WA & J%Imgﬁ'miéjf F’“?‘n‘i&mfg
&od R e 2R T E(WWW)e B - SDI 7@ o it #2 4 $03) & 2000
Ezr g2 TR SDIERLIFTHEZ ~ A PRI IUERD
%> (Masser, 2005) °

I 7 B e HE B hpF g 0 Rajabifard £ 4 (2006)#- SDI % B & 4
Bk A Eld B RO SRE 0 F - AT A A0 F o AT IR
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+3% A1 85 [1..1] : CharacterString
+H H#5[0..1] : Date
+0% B 4 H [0..1] : gYearMonth

+iﬁ£ﬁé‘§ﬂ%ﬁﬁ¥[l .11 : CharacterString

+H#h 2 & Ok 4% 15 5T € B fiz [0..1] : CharacterString
+& 2K JE fC 85 [0..1] : CharacterString

+¥ Al & #[0..1] : URL

+H 24 % &5 [0..1] : URL

+& R SE[0..1]: URL

+52 B ¥ 4 [0..1] : Boolean

+4 i E R [0..1] : GM _Geometry
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I EHAREZ ISR BEBEHAES
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b LSRR B E X ARIE -
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_ B AN BRETZIRGE UREET -4
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HE—REWNKRE - B4 EABKREN
5. | BAER RAIL K ZARH o LR I RBHEHMERETES
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&Rl ik e
. HEEENEWRITRITARBITEAZ
8. | &% ROAD | g wh hA B -
9. |7l ¥4 | RIVERL K | AESTEEKEs PR -
10. | & kKB WATERA & Z @R Z BB KR B RN TRZ TR -
11. | B BLOCK & | EHBEETHEZEZNERZEAN -
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B B AR APLRIFRF T &

F1 B UMETRERPE R s TR R AP
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% GetFeature » # AP 2 = i L2 # ! S bfE ~ SRS F N 3 45
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A 2 AN A AR N REFIRBOEEERE o

T AR APL R TR | EEE R R F o Bl £
B MARE LR B AP BB 2 i 2 SEGE AR j\gr FE R
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oo AR FI A ART LR £ TR iR P
#-51 OSM erjp b 1 BB 2 RE > 2 OSM 2 BT A SR F
PR L EBAT - &P o

\4»
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BeF iz g2 3 0E 2 Rz IR & TF 5N ik gljzd,,‘w OSM 2.
AR LS KRB a2 Eibfwaﬂnu,W7@ﬁP#mﬁaé
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WMS
services

[
l ‘imagery] | photosl

|map editing software

other
geodata

< | £ | |
import other | | | web | |$'PPY |1 ’:]‘7
{ scri tsm |Ieditorsm s | LPages maps || fanfst

4 — —hAk — — —

- - - — = —— — = - — = e ek e e = = -
L Nomin- | Mgy - Sandara- v 4'k+ | generalcomponents
v atim | tile server r:ggltile | —oftile servers|
erpas | osm-carto | I renderlng
API style sheet é || A
A |
| AP < >|oauth | R <— &;ﬁ's/ I
|

| ;
osm2pgsql I | processing
\ |

rﬁ’
other | S S N o - = -
components external

Y web pages

The Rails Port

OpenStreetMap > Planet dump,
componentso Database planet diffs
rendering systems (PosgreSQL)

Source: https://wiki.openstreetmap.org/wiki/Component overview
Bl 3-2 OSM 7

i MFEE

— ~ & ¥} & (Database)

OSM ¢ * chFs# & 5 PostgreSQL > &2 7% PostGIS % PostgreSQL ¢33
< e I PR L B i (extension) 0 & F o3 R e 38 R FR
B > OSM 'fﬁ”‘;}iim# & TR 8 % PostGIS o @ F_12 Mapnik E 7 31 &
(rendering engine) 77 & k= * B]F# # R % (map-tile server)z. FHLE o

PostgreSQL H_d % R 4r H 5. % < F Fa 4L 4 & A3 POSTGRES
4.2 R chde 2R F Y F R R g 32k %8 (ORDBMS, Object-Relational
Database Management System) > & § + > POSTGRES ¥ 3% § L g =
LS k- B H R TR LAY £ B - WA o

PostgreSQL £ ¥ d 5 % <~ & o B POSTGRES R 4o/t B % » &
£7 % @t SQL #i2 0 R EF IS TARE S 0 b4 4F
32 % 39 (complex queries) ~ “F 3% % 51 4&(foreign keys) ~ fil % % (triggers) ~ ¥ {
#7H# & # (updatable views) ~ 3% {7 = & |4 (transactional integrity) ~ % "= & & {7
¥+ (multiversion concurrency control) o ¢ & » PostgreSQL » % #2:E i * Jﬁ
fe TP e VB F L 0 Blde > FOUATH FR A B (data types) ~ 3 #ic
(functions) ~ #% 1% (operators) ~ F_& & #c(aggregate functions) ~ % 31 > ;% (index
methods) ~ #2 % 3£ % (procedural languages) & - ¥ ¥ F] 5 B 3cfe g > T £
i fgrLizfe foens f 3 ® % i3~ Z247F PostgreSQL - 7 @ A1 4
RE SFEFRRIFTY o
= - FEH4 A (Data model)

OSM ki si# 7 4 - B gt PostgreSQL %z = > @ & _# 2009 £ = +

)‘

AL
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4 4 5 02 PostgreSQL 5 i 4 ki > OSM & 3> @ F R H-73] (data model)~

- By iger] 2012 # =+ A S RA T P owhE R % & (database
schema)4r# 3-2 #757 » OSM ¥ & A & E’v’ﬂ}ﬁ b IEJ_?# % Bh(nodes) ~ 4t
(ways) ~ B T:(relations) > = 4 & p 3 7

H 4,

- BE(node) ¥ M v G R R KA Erie - Fe @ T
%P World Geodetic System 1984 + 3+ &4 % %> & - BELT > & 5 - B
B oo BAR L~ BT R K E RN SR
(point feature) > 4e > — v oK ~ - BEF o Bh(node)» ¥ 17 F_A(way)e—
MA@ fRs(tags) 0 R o 4 F oA A (ways) ¥ eh8k(nodes)F 14 1R
#(tags) > b4e o g B P 0 i 538 highway=traffic_signals > # 3 Fiﬁﬁfsﬁ{ 4
7 ¥5 power=tower ° — i# Bh(node)¥ 14 = 5 B % (relation)® - f % ¥

WA TE - Bl

- iEM(way)® - B 2 3] 2000 g = AE A& 0 TR - B FITR
(polyline) » * & % LAWK B Hc > 4oid ik ~ 3 B o A (ways)» ¥ & - T gD
IR LS § ,T};—EL’Z ¥ 25 (polygon) » i Hk eh&(ways) i % — Bk
frﬁ‘x“‘ - BAAR I o fE20 5 3B chd(closed way) 0 LR A 3 PR
B €A G Bl(loops) > blde o Y HFIR - BIHPRID W
PE-BERE - REFY G OF o ABRALE 2000 L2 P"’KZ e R H
~ A (way) 0 &R g 2 ) ﬂiwwm¢<mw%ﬁ fﬁILQ

— [ T (relation)&¥_ - B % ORI o Kishko B B2t
?«}ig}j\ﬁ‘ p > T gh(nodes), %t (ways), E\l/'fr'.,ﬁ v B Tx(relations) » B4 -
BE S (route) M Tk ¢ > Foud A RFER - p TR DB ga e s Ty
e U] Bl E TR oA 3 R RBTT A FE § A %
Rt R ? FA53K 5 outerway > @ i e % 353K 5 innerway °
B % (relations) ¥ 12 4] * KPR 3 DR & o

THORORL A AR P (B~ A B TR) FRF LG R4 (tag) o HRAY j\ﬁ it
Bachi &> - BRAZF - Bpd A Bn v F o dE(key)fr iE (value)
H_255 F =~} ehki—- #5(Unicode)F B (strings) > &|4v » highway= res1dert1al
TETEHERDLIRANEF WA FY SEFNE T - BERAFA
PAafd = BARR o Glde > 7 20 6- B 2RI PFF amenity=restaurant
{r amenity=bar - OSM ek & § - BALFE R BT TR > H il K eh

71| & Map Feature /& A (wiki) | @ # o

B R M GTRRRING £ Rl A A 320
LO32m M MG R 2R RE

™

X 106 E:
B2 (id) integer (64-bit) | * K FEw| 5T OSM ¥ g B Tl
ﬁﬂoﬁ@éwp&umPWW ’
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& - 3 & fw i
Mo E s %9 (A 24 changeset 0 2
THEARFATHEE) U E ATHE
#EI]OSM > #renge 24 & 4 pF > B IR

Y- Baple o g 4 8\ igerade & oo

i —ﬁ (user)

character string

kor APt ﬁx,g,n}c;cm%?*i’ 7}11_
.éy-%?,l/‘“{pi‘ﬂ;zw&gﬁm 7}13_’
O RN URTLHET 0 R
FYeres mmauzzko

i€ * S | integer Pt Eis g rranid v X 2 Bl iy

(uid) %oQWﬁ@wﬁnﬂﬁﬂao

P ISO 8601 PR ik SRR > 4 2022-

(timestamp) 12-31T23:59:59.9997

¥ A (visible) | "true" or PEEEATRE &‘ﬁq‘“']"f » ho %

"false" visible="false" » % 77 %4 * 7 i A

{ERES Y -

% & (version) | integer FiEd EEEA - PFEARAR
51 'az—g K BATIR kg
o AR BLE I EH e o Aok it * K
s b e (g A B F'X;Fl[é‘ L ]
ABERE 0 RIRE €IES iR E
SR I

g8 integer R R A A E B ATEE T

(changeset) A2 - B e

PRI IHDZFBRBBFR L GL G BRTA A bl

I # (current) ~
(history_tags) °

¢ (history) °
U] g 7 2

(gpx_files) ~ i& * & (users) ° fe* *
7 (OAuth) & » 5%7] 3-3 2 OSM Sl

It ek 48 (current_tags) fo A ¢ ek 4
[ ?% 8% ks e E - GPS sapr
B ( 1ary entrles) ~ 3p [ (sessions) ~ B 3z
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[ T

Bl 3-30SM 7422 % &

Source:
https://wiki.openstreetmap.org/w/images/5/58/OSM_DB_Schema 2016-12-

13.svg

~ JE A £2 R &3/ @ (Application Programming Interface API)

Be® 230345 0 fAL APL> LB Y ki@ ¥ 0 25t 2 g
B TR P OSM i & APL> EH EFTHHIES L i 255 -

FOURR Y Fd TR KRBT RAeen IR o 4 & API sk A E_
» APL e 3 nb 3

P
0.6 % B 41 * 3 2009 & 4 * 17-21 P
https://api.openstreetmap.org/ > &_— 2 Ruby on Rails #7i& * &3 (Port) »

4o % A g RGP R Y - ¥ 0 @ % https://master.apis.dev.openstreetmap.org/
B F B APT o RIEAME R BB R £ AT o -

—_
—_—

OSM % $# APl #f 3 e ¥ »1 (call) » # 1 %
https://wiki. openstreetmap org/wiki/API v0.6 ° &G E_{ ATFH ~ 2 I T
W F O RFTAIFT Y ;‘ﬁ:g}

—\.1114 f i ‘}I;HKN pi }, Pifs\;ﬂ_ﬁ\‘«lr;s’f&ml% » 'ﬂz‘d
ey a‘MrM%mHTTP éﬂ‘?&\zﬁﬁ £3% i B *23u# (OAuth) -
Shppymap P~ B AJAX hg @ 7 AR BT R B - R

% v 1 ;ﬁf‘; ]%]m/ﬂ%ﬂi:‘{ﬁ’%iﬁﬁiﬂ g AvT g > @ irr B E i B
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x> plid ¥ £ OpenLayers fr Leaflet » » &_JavaScript #7# 3 o

%%fﬂﬁﬁﬁgﬁgﬁ“Pﬁ’?Qﬁ&%@ﬁ@@@ﬁ&%f}%ﬁ
@ i APT - & F R ALF R - & OSM AL E v L pe oo ¥
¢ * Overpass API > @ 7 %Laﬁ‘uiﬁ- API -

Overpass APl & - i & 4% & 77 # (read-only) s AP R i@ * o ¥ 113
A OSM FRTH - % OSM i 5 R Y e LTRE « 7 30
OSM i B e APl > B35 & * —"2 ok s iE OverpassAPI M%iE- LG
Feig > EHBE (Mappers)“r;,—u SR AT 0 Bldeo R S B R > HRAT
Bt o]« AR A ¥ I bRl > TRERT X7 hiEp
FRAPESEOFRAD » S F B BP R TR do- FFEF

-~ BHKRKE#E (Planet dump)

TR OSM “3 FH 0 & 5B~ S B~ ol BT e 5 -
BE X Fh%k> 5 OSMXML #5412 2023-01-01 cHp A 8k T4 € 5 1685.1
GB > ™ BZip v B ‘{F}- ¢ % 1225GB » PBF & erl = 669GB -

https://planet.openstreetmap.org/ F A DB B AR R oS
free.nchc.org.tw/osm.planet/
5~ 4#%:1D Fv JOSM

iD & OSM enie F Sl ® > & 7 =@ ek B > §.d JaveScript #7 B
FoORPTE - BRI LT BER AR 0P vy EOSM
TR iR R o

JOSM £ - & OSM = B Wk * 425% > Ed JAVA “rRB % > fci4p
BT P 2 A RRMEES 5 s B2

TF P RS B2 B E (Mappers) s 5 3F 5 ek 48 2 (plug-in) F
" 47% LB 0 B A2 E |5 https://josm.openstreetmap.de/

7R A
B 7% (rendermg)% BB A2 F 3p h A de R dp o 12 ?‘1‘ B AR T
R ERE S BT 4 A RN (raster) i B 0 2 - AR R

/sﬁ(tiles) v es T J‘la‘% g2 Bt 2 o OSM H - fﬁt B AT e 38
oo F T ] R R T KRR AN RS KB A b
B freie B 0 m OSM A3 r])i‘g)" peng fkEPFLp ERNIE
FE R A ek IR G RIS & OSM shE ¢ i@ * ch&_Mapnik » &%
kA2 OSM | @ REr Bl L J - BEREY 258 1 CHEF
¢ * Anti-Grain Geometry & i » ¥ 12 & & Fu4E# (anti-aliasing rendering) &
oo ¥ e H v 42583 3 & & b4 Python ~ Ruby ~ §= JavaScript(Node.js) *
¥ 3 B~ 5 fa 5% 0 4o ESRI shaprfiles ~ PostGIS ~ TIFF ~ .osm #§ ~ i€ i@ GDAL
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fo OGR 4 42 chf 38 ~ CSV »

— ~ mod tile

OSM *¢ * Mapnik % I3+ B Z_17 % i Apache it » F&_modtile » #
MFR Y P s & IR R(re-render) siE-B~(cache) fr 47 (queue) o » T 14
7 @ vE 4 % (Content Delivery Network, CDN) & i o
= ~ ¥ & (stylesheet)

AL LR R RTS8 SR W G (B )

HEN(P FOBEr 33V R\ A e 2 U RIACERIAE T O < o]
ﬁlﬁg EREE R pqﬂ/g]ﬁ;;;@m;;g 2 d ko

~ osm2pgsql

|1

4 5
PostgreSQL/PostGIS # » » 3£ ﬁgk PostGIS RN ;\ g 78 ?q‘ A AE o
osm2pgsql £_OSM Bl & 77 1 B 4avd & & oh— T 7 )% KB R
PR 2R 3D R AE BN AL IET S T U

I whr Linux ~ Windows ~ Mac OS -
>~ 2
— ~ JOSM

JOSM 5 OSM ¢ BlAhiB® » H4F P 27 R T R * > 22 OSM &
17 S iER D F oo JOSM & B2 Java 35 T B R chic ko L3R
* ¥ Atie f b (GPX) ~ ek B il s 2 7 12 WMS v WMTS /i 422 ]
P ’Eﬂij’?gl’#" Bliag@  ¥- Fide r]/ff’:ma B ¥ L B i (extension)
KB EETD o bldor 5 E2FFFRERE S T TR LFRE T
iﬁ#*@ﬁl’ﬂ”ﬁ%@ﬂfﬂw FEN A R )
C{ERPp L R s RiEd o
=~ % E3EEA R GD)

OSM s+ & BB " 4258182 &7 Potlatch % 2 » 2012 #5214
¢ (Knight Foundation) ! iz % OSM A #Fk# > d 2 % WH = & Mapbox
# 4 BLIE + 2 2013 & 450 405 D 5 & Potlateh » 4 5 8 OSM st

b RlShiE i e 0 B4 Javascript 3T kiE o G iR E

INE L
#i ~ 3% i (Import scripts) £4p T AL 7 11 E5E 2 E &% » O P

~-

B B E"r TREET L OSM AAF R G2 2 - Fpt g 1 00 o
BB FOR R T g Blde o TR aRE L TE ¥ 2 OSM mé *

E AR % iE(OdBL) 4% 0 @i iEiE § #icd 0 Python 2 5 % &2



OSMAPI s i8> #-F 4 =0 e~ o 23024 i0 AR R T g kg 5 o
FRT o FRER Y RipsiEd 10 2R S
g -~ Leaflet

LeaflLet ¥ - % Javascript &% BB 7 £ 2> OSM F % Bl E 7 T &_
flr o s Kb ERFET Y > Mapnik #r @l (TR R A
oo oe

FZ 8 AP AT ORI 8 P et

AT F L ORECT R IRISE AR 0 BRI OSM enZE 4 5 A#HE
EEE. fP‘ FTEn 2 d ”/Elﬂ:#m‘ﬁ?%qr o T P N FLitE OSM e A
Bl %08 o & & 8 "/ BIHCK 3 ~ & 2 Bl B85 ~ 3 A BT 3y
FIHRE - F RO 2 B /FEIELI—‘)T%%L \‘frfb’?‘»ﬁi)‘% W,Fﬁ]ﬁﬁ%xti 6 &
e kRFH S AL R L S =l i il IR = Sl

.’% ® f"]/@&

Jest VARG A 0 pedn TR MET R R AP (FR) ) LA
M IZOF ok SR B o 4e ISOI19103 R B - A W R F G
(ConceptualSchemalanguage)~ ISO 19107 ##-7 [ % & (Spatial Schema)~
ISO 19109 ’Fﬂ B &P (Rules forApplication Schema) ~ ISO 8601
B-oF M H-pHhEEF 2 4L 5 > ;% (Information Interchange -
Representatlon of dates and times) > frizc Fﬂﬁ % PE SR ;pa NoFeRz. -
* oz —dcEsupl GRIBIETER T SR RIEY v T A KBIRIER

w\,

21
I

_Jriﬁﬁﬁa&u*@&ﬂﬁ%%r#@m A ek &
PLRRA NI TR TR S R 0 PR TR T
SR # 0 S 00UML 2 S R R 3 L AR L e
A ETE D E AR AT 2 T R e SRR F .

1% > OSM chFl 5~ & %]A“{Fi@(Kaur % 4 52017;Ali & 4 > 2016;
Sehra % 4 > 2015) fe gt ISO/TC211 %@ 2 > & 5 40> F1 5 OSM
BIACH A A 8 P R N e RAFAF & (ThE > FENE L3 5 R -
S I"f?“’% DI A G s Tt A3 AT R R (tag) P07 B
PEA P AT APt - BEP ORA o A R od 2R Ed v R
ﬁvﬁi%if;&ﬁwf# TRED SEHHEERFERAFHIL L A E W
o it ® > - Bd T A L So(Bottom-up)ilAL > H P LIS
4 @ T (Top-down)h= ;8 2 > % o B2 AR w_ﬁil)iimi*“@ﬁp * -tk =
FRL B g E 2 A BT R RS R R B
AR R HR T P (middle-cut)? 5 o WL B P st A BT
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9;&'%; OSM éﬁgl//{%"{févip 7 ],, ‘m_,g 1T > T’;}E‘E g‘*ﬁ‘;}‘zgﬁr, |/Jﬁ, :
IR M E o

T Pl

e 2 RIS B 5 0 P RN T A R B R 2 AR R 0 <
PR H AR Ao REL Rk e s dp e OSM & ;\ﬂrw@aﬁ =
Qﬁ%#’mm4ﬁgwﬁm?ﬂ&&~¢’u&1 Fary B
RRA R BLGER RS > e TR NP ANE ’rﬁJ » g =2 A
Tel e T e RS RRFE TR G, 8T G, g?ﬁ'i"]?g'“
WA e OSM ¥ > & - Bk * fx G - BRAE Tt - BR
L& OSMBIFE % €7 %ﬁv%(changeset)m’ Fo & - BRPES €7
— B gt A - B BB F R S TETRE o P FTIRETE AR
B bR L g B é@ 5 (Spatial Data Infrastructure)méﬁ LA
FOEAR PR E 2 F I8 L el > OSM ¥ £ e F’“?f{«'
&mg;‘ﬂ N 94*“#«;‘”?«} f%xta:—‘ﬁé" HPpeos w2 4p3 7R > AF2
T B w’“j"‘-'j PoFCEtEe A Bl A S 2S5 fr OSM Bl fcs W8S T (7 o

5‘ 3 A m&iﬁ“f'fvﬁﬁ&ﬁ

E"’" VRAT R EGERES T 0 NIV RPRI L i E T e
B enR L g B S AR PTE P G P AR pHE > OSM b
B A5 B AR ,; % B #_11 PostgreSQL/PostGIS % 7z B T4 £ » d ¢
PostgreSQL/PostGIS ehpe 32 7 [ 3R 03] E_ Simple Feature Access (OGC»
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+Level[0..1]:Int{1]
+Geometry[0..1:GM_Curve

<<Feature>>
Tunnel
FOER
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+Geometry[0..1}:GM_Point
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+EHEE[0..1): GM_Geometry

<<Feature>>
Bridge
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+BridgelD[1..1]: Text(10)
+BridgeNamel[0..1]:Text(60)
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<<Feature>>
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+D[1..1}:Double(10)
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<<Feature>>
RDNode
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+Geometry]0..1:GM_Point
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<<Feature>>
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1~ p\ Fo2R B ﬂjg]ﬂ(/,,\z;{ﬁégv}%‘-_a , ',3@7/%{;—;?;4] O pep ;é] .
R PEERA - - AT o A ALY OSM ARG B 4 AT -

2R E g PN e B 2 T Blde s 1‘#3@
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PR f®e s L 0H AP ERL FR o R R AT
(1) BRS-BRF -LF -FHIF - AF 1 EF - TR HRIEER
2 R o
(2) HRFLHp R * 2 R o
(3) KRB kT 2 57HE B o
4) b F2 I’Fﬂg’s % 2 PR o
) T EEr oRAIFPHY GREFSEELE i@ﬁﬁjalﬁ
B, o
kPR E A B P RT A OSM 7 highway = service °
4~ OSM ¥3+ % 4¢ 3 = (place of worship)enfn it » ¢ 28 F 2 * 2 & >
KW 5 HE 0 oA FIn n;g}g{/ﬂ\zﬁg;ﬁ#a TRE~FB TR
FAFAF RIRLG AERSER S FF L P EINE T
#FFBTHRT UL
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love hotel ~ hotel > i & e &xenfk fs » @ P FTIR A5 Bl A f»ﬁ’,«’ﬁﬁ‘#
B Ry L W IR BB R B A 5 FIMERE AR - - kK
s - HORAE S A A T RRES Y QIR H P R
Lo F] gt K] Kﬁﬁ%—g;% . - ﬁﬁﬁ%%’;ég - ﬁ;x’;é‘g:ﬁgﬁ—)‘@;
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£ 0o e F L2 - gntpeT o ﬂs:@g;g—#g\.g#a@ » ¥ 1Y
v 4B 3t B AR (closed ways) 2t B ik (relations) s ;N ok F IR o 7
OSM % ﬁ:‘;;;féﬂﬁ # Rk et Bt &g—#;,,%i; &
%«iiﬁﬂﬂjix’UIﬁrﬁf}(i%w g%&\%ﬂm\av@ ok 3
FREMA ORI A E R UENSRAE KRR ler' JEAN I
BRE F % > ARSF > R REHSE% > 2 0SM ¥ - 801
B en3t B 4 (closed ways) 2« B % (relations) k % 77

FHREHRRHF L

i1 &> A8 3 @ % GDAL(Geospatial Data Abstraction Library)
SHA# - GDAL - BE 7 R TR EgeE 2 > d 0SGeo(Open
Source Geospatial Foundation)! MIT # ! > d Frank Warmerdam % 1998
EEE PR ERATANEA S 2022 £ 12 0 f#1403.6.1 - GDAL 1% o % 7
AR 2L RN RS K - FAIG L AL ET 0 ke
Jee T F AL o OGR(OpenGIS Simple Features Reference Implementatlon) A
GDAL ¥ 4*%t Simple Feature vh— B3+ 33 » ¥ i & i'mmj"' 5
%ﬁ’ » FltF 3 4 A8 = GDAL/OGR - * ki e £ ?ﬂ‘if'ma‘ﬂ £ &% ogelogr’
% ﬁi&r%} 4-13 #7770 > J1* 3%4p 4 # 3 DXF #% 5 SHP #:5% > Rl4c @ 4-14
’—"TT’F

ogr2ogr [--help-general] [-skipfailures] [-append | -upsert] [-update]
[-select field_list] [-where restricted_where|@filename]
[-progress] [-sql <sql statement>|@filename] [-dialect dialect]
[-preserve_fid] [-fid FID] [-limit nb_features]
[-spat xmin ymin xmax ymax] [-spat_srs srs_def] [-geomfield field]
[-a_srs srs_def] [-t_srs srs_def] [-s_srs srs_def] [-ct string]
[-f format_name] [-overwrite] [[-dsco NAME=VALUE] ...]
dst_datasource_name src_datasource_name
[-lco NAME=VALUE] [-nln name]

[-nlt | PROMOTE_TO_MULTI|CONVERT_TO_LINEAR|CONVERT_TO_CURVE]
[-dim XY|XYZ|XYM|XYZM|2|3|layer_dim] [layer [layer ...]]
B 4-13 OGR ¥ S 7 g4 47 £ i

ogr2ogr -f "ESRI Shapefile" test point.shp test.dxf -nlt Point -
s_srs EPSG:3822 -t _srs EPSG:4326 -skipfailures

Bl 4-14 41* OGR #- DXF # % #& 5 SHP 4§ # |

GDAL/OGR i# * ;’f?v B CHES > FP 3 F gl 7 o
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JavaScript & > # ¥ G R é_F SRV Z > 4} GDAL .4
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A~ A58 2. DWG #5% > ogr2ogr fr ogr2osm & &2 3 & > F|pt 3
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DWG ;%4 % DXF #} » d 3 ogr2osm 73§ B~ DXF # e 2 ¥ A 2 &L >
P47 g 1% ogr2ogr ¢ DXF #h#& SHP #3812 » £ d ogr2osm #& 5 OSM %
X oo A A B P DWG N e SHP 4258 4 w5 OSM X 2 jadz -
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-dwg -dxf .shp .osm
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99800TXT (L F) &+ MV F AR AT 2 #iE1 ¥ UBEieB -~ 89
oo L3 s R S BarendE ) o HedZ AR 0 99200TXT(H &) 5
bl ARNF IR o R LEF T TR & TRAE R
LA e B ERARE R R E S FRaS AV L ER A 99200TXT (8
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o 44 - F 52 - EKAFAB SHP 584 OSM #2542 5 FF ¥ m ¥ 1%

RS SHP #% B8] #ciic OSM .\ Blicc | BlacSP 7 - R
Bl Aclic s

i R 4883 4883 0

E 3 100125 100125 0

e 1426 1426 0

% 4537 F 42 - A A B SHP 588 OSM #3582 2 FF & = &

A R b5 SHP #25¢ |OSM ¥ | Bl fm
i) i Rl | 7 - KRB
Viis ' d

iR 95222093 = 45 1451 1451 0
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CU SRS UL

1 ~ B 2z ®(OpenStreetMap, OSM) @ £_ d ¥ B>k B >
HaFghz — WA BITHESNAERTPN 7 0 LB B
Eagafha, Ty 2R FRY LA S RBEA O
=< 8] FX °

2 ~ Bl #(Geographic Feature) : & ISO 19000 ,# 71| sk 2 42 %

P R AR TERE K % % (abstraction of real
world phenomena) * %, :}F] BlAcE A P2 F 2 R R G 12
B o

v B4 2 (Object) % k4idE- Bliohy B2 pEA N
fedr it o

4 ~ ¥ 72 & (Geographic concepts) © &~ A * ke A 7
Fé&ﬁt? mt = °

5~ 3 1B A (geographlc information model) : %% "a® * %k
#-?iiff'z\é EFE R ERL - 953‘1‘#

} Pé(snapshot) © &7 %7 » P-RAA B LSk - B A
s i (LA )

7 ~ Blicrt - 285 75 (ID/ Identify number) © & — B Bl A< - Bri
- EEEE o RIFL S RIATTRE N 2 I o

8 ~ 4 (Key-value) : 4 * kit Baeni &> - BHRKZH
A Ay F o gb(key)fr E(value) © FRE_255 F Ao}
5L — /E%(Umcode)—} B (strings) » &]4o o h1ghway=r651dertial T
BITEEROLIEH I N AR S EFOEF - BF
AR AED 25w L3 = Bl rst(key) > bl 7 s - BEE
e F¥ 3 amenity=restaurant f- amenity=bar °
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N BERRRE S VRS R EREL

5 S R Pt B~ L OSM tag
9310000 beg building building=*
permanent
AR AMZEP(Z | building (building
9310100 ATF) area) building=*
building under
9310200 EAY construction building=construction
temporary building = yes + temporary:date_on =+
9310300 TRps [ aE 4 building temporary:date_off
9420000 R = road highway=*
national
9420100 S expressway highway = motorway
9420101 B B @ 2R national freeway | highway = motorway
national
9420102 R g feig o expressway highway = motorway
provincial
9420200 4 i highway highway = primary
provincial
9420201 - g g highway highway = primary
provincial
9420202 G expressway highway = trunk
9420300 i city highway highway = secondary
9420400 Rhig county highway highway = secondary
9420500 W 3P district road highway = tertiary
elevated county
9420600 7R3 highway highway = tertiary
9420700 L o exclusive highway | highway = service
9420800 EAEER Y urban road highway = unclassified
9420801 - BT T g B urban road highway = unclassified
9420802 TR Peid 3 B urban expressway | highway = unclassified
9420900 Ho g R other roads highway = road
9420901 Rl trail highway = path + surface=paved
9420902 AR (RAE unpaved trail highway = path
road on the
9420903 KB riverbed highway = track + tracktype=grade5
9420904 J BEAE B virtual road highway:virtual=*
9420905 piTa g cycling road highway = cycleway
9420906 A ¥R industrial road highway = track
9420907 R3g forest road highway = track
9420908 £ LR unnamed road highway=road
FEEEE 4 2 | affiliated facilities
9421000 S of road
9421001 g ramp highway = motorway_link or highway =

483




R S B L OSM tag
trunk_link or highway = primary_link or
highway = secondary_link or highway =
teritiary_link
9421002 SRR grade separation | junction=jughandle
9421003 LR AN A 5 traffic island traffic_calming=island
9421004 SREEY skywalk highway=pedestrian+bridge=yes+layer=1
underground
9421005 AfFe T passage tunnel=building_passage
9421006 A fTig sidewalk highway = pedestrian
9900000 i landmark
government
agencies and
9910000 FORH M 2 H | offices building=government
building=government
9910100 R presidential office | +government=presidency
central
government
9910200 P PR R agency building=government
subordinate
office of central
¢ FTRT ¥ | government
9910300 i agency office=government
prison, detaining
9910301 ER-FT house amenity = prison
local
administrative government=parliment +
9910400 B2 SR organization building=government
council of the
special government=parliment +
9910401 BT R E municipality building=government
county/city government=parliment +
9910402 Ba(® )ik € council building=government
R4~ 7 )X | township/city government=parliment +
9910403 7 € council building=government
local legislate
9910500 BT RIS R organization building=government
provincial amenity=townhall+townhall:type=provinc
9901501 H FCR government e+building=government
provincial
consultative government=parliment +
9892502 X council building=government
government of
the special amenity=townhall+townhall:type=city+bui
9883503 BT s municipality lding=government
county/city amenity=townhall+townhall:type=county+
9874504 (P )F R government building=government
township/city amenity=townhall+townhall:type=town+b
9865505 FR(EEL~ B )97 | office uilding=government

i} 45-84




5 R PR B~ LH OSM tag
amenity=townhall+townhall:type=district+
9856506 e o7 district office building=government
amenity=townhall+townhall:type=village+
9847507 L )PED A village office building=government
subordinate
office of
municipality and
EFEH B ) | county/city
9910600 ¥ K‘Tf%fg‘% ¥ > government office = government
household building=government +
9910601 2 PCE FRAT registration office | government=register_office
9910602 BT E BT land office amenity=townhall
ERE ~ 25 | police station,
9910603 Ao ey police substation | amenity = police
9910604 ) ) fire station amenity = fire_station
tax collection
9910605 A48 FE A B authorities building=government + government = tax
other subordinate
office of
#i# T ~ B | municipality and
(% )it B E | county/city
9910609 [has government office = government
military
9910700 X B organization military = *
public enterprise
9910800 S EEBA and institution office = government
cultural and
educational
organization or
9920000 ~ FiS B E H0T | sites amenity = *
schools and train
9920100 F 12 ' 484 | organizations amenity = *
university or
9920101 L Bk college amenity = university
9920102 K- 4 high school amenity = school
elementary
9920103 | & school amenity = school
vocational
9920104 ﬁ%‘ié”' v training center amenity = training
9920105 %5 %2 [F] kindergarten amenity = kindergarten
special education
9920106 BRE R school amenity = school
9920200 f7| 2 B 5“1 | exhibition facility | amenity = exhibition_centre
9920201 B3 4 library amenity = library
9920202 1 4 4 museum tourism = museum
9920203 T E P4 exhibition hall amenity = exhibition_centre
9920204 SRS cultural center amenity = social_centre
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5 R PR B~ LH OSM tag
institute of social
9920205 A FCAE education amenity = arts_centre
9920206 F A art museum amenity = arts_centre
9920300 N research museum | amenity = research_institute
medical, social
welfare
FRALig2 & % | organization, and
9930000 B funeral facilities
medical
9930100 FRipiE organization healthcare=*
9930101 ¥ Ix hospital amenity = hospital
AT R IR
9930102 o health office healthcare=centre
9930200 i EE% funeral facilities
9930201 7} R A funeral parlor amenity = funeral_hall
9930202 RS crematory amenity = crematorium
9930203 () F F () columbarium tomb=columbarium
social welfare
9930300 AL g AE I | institutes amenity = social_facility
children and
youth welfare amenity =
9930301 520 AR institutions social_facility+social_facility:for=child
senior citizens'
welfare amenity =
9930302 <€ LI institutions social_facility+social_facility:for=senior
women's welfare | amenity =
9930303 ¥ A5 48 1 institutions social_facility+social_facility:for=women
s RaAn 11 | disabled welfare | amenity =
9930304 ’h%"- institutions social_facility+social_facility:for=disable
public memorial
9940000 SXEZ 2 A BT | site historic=memorial
recreation
RA K38 2 % 2% | facilities and
9940100 72 attractions tourism=attraction
9940101 ¥l e theater amenity = theatre
9940102 5 & concert hall amenity=concert_hall
9940103 =S iSRS activity center amenity = social_centre
national scenic boundary=protected_area+leisure=nature
9940104 B 7dh 7 % area reserve
9940105 = [ park leisure=park
9940106 5 5 F(3) amusement park | tourism = theme_park
%213 ~ 5 2 | open concert
9940107 . stage leisure = bandstand
9940108 # 4 [F] 200 tourism = zoo
9940109 1o 4~ [l arboretum leisure=garden + garden:type=botanical
9940110 B 7 Bl national park boundary = national_park
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national forest boundary=protected_area+leisure =
9940111 K 725 % % | recreation area nature_reserve
tourist service tourism=information+information=visitor_
9940112 O PRFEE center centre
9940113 Bk R B hot spots tourism=attraction
9940200 (=¥ healthy facilities | sport=*
9940201 i gymnasium sport = gymnastics
9940202 LI stadium leisure = stadium
9940203 PRI swimming pool leisure = swimming_pool
9940204 RISV swimming beach | leisure = beach_resort
historical
v i 2 % &3 | monument and
9940300 o1 memorial site
historical
9940301 v B monument historic = monument
memorial
9940302 & A BT architecture historic = memorial
stele, tower,
9940400 b2 B T statue
9940401 Ky monument memorial=stele
9940402 kAW memorial tower historic = tower
9940403 & & Tk memorial statue | memorial=statue
9940404 w0 B honorific arch man_made=paifang
9940405 i celebration arch | man_made=pailou
astronomical and
meteorological
9940500 X2 % % %M | organization
astronomical man_made=observatory+observatory:type
9940501 R observatory =astronomical
meteorological man_made=observatory+observatory:type
9940502 # % ~ ~ Bliz“7 | observatory =meteorological
facilities and
organizations for
2B K W2 | supporting
9950000 i functions of life | amenity = *
9950100 PR o7 shopping facilities | shop=*
9950101 W H- market amenity = marketplace
underground shop = mall + location = underground +
9950102 T market-place level =-1
9950103 = % 3 economy store shop = wholesale
convenient chain
9950104 BHTHIFE R stores shop = concenience
9950105 BhRad department store | shop = department_store
post,
Wy~ T~ L | telecommunicatio
A~ #7224 | noffice, power
9950200 ok R company, gas
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corporation and
water corporation
office
9950201 5 post office amenity=post_office
telecommunicatio
9950202 T % 2 @ PRI% Az | n office office = telecommunication
power company
9950203 T * 2 P PRF% e | service center office=power_utility
p koK 2 @ JRA% | water corporation
9950204 Jee office office=water_utility
X R5 (R E7) >
9950205 7 PR AR i gas corporation office=energy_supplier
financial
9950300 £ institutions office=financial
9950400 *z hotels tourism = hotel
international
9950401 ] "2 Lk ¥z AR tourist hotels tourism = hotel
standard tourist
9950402 — HRL Sk e A hotels tourism = hotel
9950403 — AR standard hotels tourism = hotel
home stay
9950404 R facilities tourism = guest_house
farmers'
9950500 AN i organization
farmers'
9950501 B¢ organizations office=association+association=farmer
fishmen's
9950502 R associations office=association+association=fishman
agricultural
9950503 BEE T4 cooperation office=cooperative
transportation
9960000 I F R facilities public_transport=*
’ railroad or bus
9960100 8 xb station
9960101 oAB B 2 railway station railway = station
amenity = bus_station or
9960102 PR A - - A bus station public_transportation = station
rapid transit
9960103 HEFD 2 station station =subway
high speed rail
9960104 % 459 o station railway = station + Highspeed = yes
light rail transit
9960105 e s s station station= light_rail
affiliated facilities
9960200 R HR S of road
9960201 ERmEL] interchange highway=motorway_junction
9960202 o 2k toll station barrier = toll_booth
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9960203 fo g Hb gas station amenity = fuel
9960204 0 parking area amenity = parking
9960204a oo park lot amenity = parking + parking =surface
underground
9960204b ¥ parking lot amenity = parking + parking =underground
parking lot amenity = parking + parking = multi-story
9960204c Rl -} building + building=*
service area, rest
9960205 JRF:F ~ R A2k | area highway=rest_area
exit of parking
9960206 BB AT area entrance=exit
9960300 kel airport aeroway = aerodrome
9960301 N airfield aeroway = aerodrome
anchorage for
9960302 R HH(1) sea-planes landuse=port + port=seaplane
harbour = yes or landuse = harbour or
landuse = port or seamark:type=harbour +
9960400 R harbor seamark:harbour:category=*
9960401 Bk commercial port | landuse = port
9960402 ik fishing port landuse =port + port =fishing
industrial and
9960403 1 FHhik mining port landuse = port + port=industrial
landuse = military + military = base +
9960404 b naval port military_service = navy
9960500 & ER dock waterway=dock
9960501 TR G BR ferry dock amenity = ferry_terminal
pier beside the
9960502 KRS ER lake man_made=pier
9960503 kB ER wharf man_made=wharf
9970000 7T religious place amenity=place_of_worship
KE~FB 2 F | church, temple building=church or building=temple or
9970100 AP and clan shrine building=shrine
9970101 ®KE church religion=christian
9970102 = temple religion=taoist or religion=buddhist
9970103 I S mosque religion=muslim
9970104 7 AP clan shrine building=shrine
religious meeting
9970105 EH T house amenity=place_of_worship
9980000 I EXER S industrial factory | landuse=industrial + industrial=factory
9980100 1 R factory landuse=industrial + industrial=factory
9980200 F R R power plant power=plant
hydro power
9980201 kAT R plant power=plant + plant:source=hydro
thermal power power=plant + plant:source=coal or
9980202 N S 1 plant plant:source:gas
9980203 Frie TR nuclear power power=plant + plant:source=nuclear
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plant
9980204 R4 F R R wind power plant | power=plant + plant:source=wind
sun energy power
9980205 = o TR plant power=plant+plant:source=solar
9980300 345 i shipbuilding yard | landuse=industrial + industrial=shipyard
landuse=industrial +
9980400 poKR-R Ry waterworks man_made=waterworks
water treatment | landuse=industrial +
9980401 &K R plant man_made=wastewater_plant
water purification
9980402 E KR plant landuse=industrial + industrial=shipyard
9990000 His 4 other landmark
hydrological man_made=monitoring_station +
9990001 k= 2k station monitoring:water_level
*h B @ AR AEE B | embassy, office=diplomatic + diplomatic=embassy
9990004 EVEE fw consulate or diplomatic=consulate
earthquake
monitoring man_made=monitoring_station +
9990005 P ORGP station monitoring=seismic_activity
monitoring
9990006 =Rl station man_made=monitoring_station
mountain
9990007 I Biige notation nature=peak
science parks,
9990008 (5 )1 £ F% | industrial parks landuse=industrial
export processing
9990009 el e R zone landuse=industrial
environmental
protection
9370300 s AR facilities
sewage man_made = wastewater_plant +
9370301 I L treatment plant landuse=industrial
9370302 P& el S disposal area landuse =landfill
9370303 1 Y (R incinerator plant:source=waste
inspection place
for environmental | man_made = monitoring_station +
9370304 kB & B 55 | quality monitoring:air_quality=yes
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