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Abstract: Objectives: Geographic information services (GIServices) are a key enabler for realizing the full
potential of global geospatial data and information infrastructures. There are significant efforts on the de-
velopment of spatial data infrastructures (SDIs) to deliver efficient GIServices, which in turn have led to the
evolution of an international service infrastructure that guides the development and standardization of geo-
spatial services across countries. Traditional geospatial services in SDIs are enriched with more content and
advanced technologies. There is a need to propose a new—generation framework for geospatial services.
Methods: Building upon the geospatial service design defined in international organization for standardiza-
tion (ISO) 19119:2016, and incorporating the latest advancements in service technologies, we extend an
overarching framework for an international geospatial service infrastructure characterized by technological
decoupling and layered dependencies. This framework encompasses five key components: service taxono-

my, service interfaces, service architecture, service metadata, and service implementation. Based on these
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core components, the connotation of geospatial services and their standard design are systematically elabo-
rated. Results: A resource—based geospatial service taxonomy is introduced, comprising geographic sensing
services, geographic discovery services, geographic data services, geographic processing services, geo-
graphic visualization services, and geographic knowledge services. This service taxonomy is compatible
with geospatial artificial intelligence (GeoAl) technologies, thereby enabling the provision of GeoAl services.
The abstract interface model of GIServices is presented, encompassing components including interfaces,
operations, parameters, and operation chains. Methods for achieving syntactic and semantic interoperability
among interfaces are also elaborated. An abstract interface can be mapped to different service architectural
styles. Such mappings need to take into account the representation of service interfaces, payloads and proto-
cols, as well as message exchange patterns. The mapping approaches for the two mainstream architectural
styles of GIServices, service—oriented architecture and resource—oriented architecture, are presented. The
GIServices metadata model defined in ISO 19119/19115-1 is refined by decoupling it from the abstract in-
terface model, enriching it with service descriptions and fundamental attributes, and incorporating quality
of service. A service development procedure is proposed, which maps from technology—neutral unified
modeling language to specific data encodings, communication protocol bindings, and particular develop-
ment languages and frameworks. Additionally, intelligent GIServices implementation based on agents for
service chaining is also introduced. Based on the key content mentioned above, a multi-tiered geospatial in-
formation service standards framework has been suggested, encompassing fundamental service standards,
platform—neutral standards, platform—specific standards and service metadata standards. A practical guide-
line for developing service standards is proposed. Conclusions: The five components of the service frame-
work are fundamental for developing an infrastructure of geospatial services. It also provides the guideline
on setting up new geospatial service standards. The design rationale depending on the technical decoupling
and multi-layer dependencies ensures scalability for future technologies. The work provides the methodologi-
cal foundation for the new version of ISO 19119 series standards.

Key words: geographic information services (GIServices); spatial data infrastructure (SDI); geospatial in-
formation standards; geospatial service taxonomy; international organization for standardization (ISO);
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Fig. 1 Overall Framework of the International Geographic Information Services
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Fig. 2 Service Classification Model Based on Geospatial Resources in SDI
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FFE M 55 25 501 1 b 52 IR 55 B (SV _ AbstractSer-
viceSpecification) & X — 41 # H (SV _Interface) ,
A ORE A THAE(SV _Operation) . # 1
BA W &M, Hoe SCRE % w2 A Ik 55 M 3t
=LOHAEARFEE X5 T 2N 15541,
PRAEAE 42 B A 2 BE B B RE R TG, AT B R LA
PAT R 2 B AR 191 Gn ik 23 A i) L 23 8] 53 8 A 2S T
edfe . B ERAVEE N B BR B9 44 K A A/
th Z 8 (SV _Parameter) . #3fk 19 2 $0E
W SHAF IR S5 A E
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<<enumeration>>
SV_ParameterDirection

SV_AbstractServiceSpecification

o + name: CharacterString
out

+ serviceType: SV_ServiceTypeList

SV_ParameterMapping

in/out 1:* + targetName: MemberName
+SV_Interface

1

+ sourceName: MemberName

*

SV_Parameter

+ name: MemberName

SV_Interface

SV_Dependency

+ type: TypeName + typeName: TypeName

+ direction: SV_ParameterDirection
+ description: CharacterString [0..1]

operationName: MemberName |

+ parameterMappings:
SV_ParameterMapping [1..*]

+ optionality: Boolean tinteiface ¢ 1* _————
+ repeatability: Boolean e

+ default: Any [0..1] ==

+ constraints: MD_Constraints[0..*] +operation \; 1

+parameter | 0.*

0..*\ + dependsOn
SV_OperationChain
) SV_Operation

+ operationName: MemberName + description: CharacterString

+ name: CharacterString

1%
{ordered}

. m ;
+ operation 0.. ? + chain

3 M5 R SR (280 A 1SO 19119:2016)
Fig. 3 Information Model of Service Interface(Revised from ISO 19119:2016)

BV U R B AR BN 5 AR K. B
fE 4% (SV _OperationChain) i 22 > # /E # $ 47 i
J 20 450, 48 A 22 [ ok 2 504 338 T A i G
B3 AH SR ERAE ] (4 2 B S S AR g S Q|G 2k
SV _Dependency % 2 & o # 4F 5 2 I 55 4 1E
O R RIL, B LR G, AT B TAER
AT 5148 58 W52 5 0 b 3 25 ) 4T 55

MR 55 18] 36 2 5 o SO B ERAE P2 4 A U R
gr 2z (Al P Im] TR B AL o2 2R A S 5 7 Ik
5545 P OE A G S A PR R B o TR R B ERE
DR A IR 55 AR GEAE AR B A e iR Y — 2 AY %k
P 4548 5 oF L BRAEPERA O IR 55 RGE X T4 0
(R BE T i A/ 2 B DL K AT R Y R S A
BA — B B . & M55 R GRG0 A
I8 G BLAT B9 1SO A OGC i i 22 14 FF % 17 A5
RUAE SCREARL, U O B4 . (AT RN,
H &l B iR A0 LLM 78 38 25 #4016 IRk 55 4 i
SCAS Y SOy T AR B B R L RE 8 S
155 = R B a5 e 55 19 A sh LA, oy 52 31
T SCHR R SR T AT R R B
33 HMEFEERSEMXE

JIk 55 B8 Hay 2 DU 55 0 A% 0 B9 15 BB R 4 1
BTt 5 AU SR T — 2w e R 5 BT
B I A2 o, 2 B R B Ik 55 R s B 2
A& H AL R B D7 2 o AN [ R A B 5 B i Y
FEAEFR N 20 KA o BRI SOA 22 56 T e i 7%
¥ i (remote procedure call, RPC)ixX 2& D) i 72 4
e 1 23 A 25 B 5 305 I AR O , DL SRR IR A

£ i (representational state transfer, REST) A fX;
2110 B R 5 ) SRR A AR g S B AR AR 1 e
OGC X SOA A1 ROA %5 2 Fh B2 k) XA JE T i
J iz vhe T8 B PR AN W] ik 55 484 2Z 18] 0T R
AH B AR, TR A S B AH B AD 3 O 4 B
R P (S BRI ROA 7 B ) fa 4,
B Z Fh B2 A XRS5 K B IF AT IR A6 S BR R e h iR
AN o AEHIRAE BUIR 55 B R T B T R — A
LR T O Wl 4 IR 55 B AT LAY R th 2 A AN T
HRH RS B IR 55 B3 . R SOA 5 ROA 7E T
X G e S AL b A7 AR 25 e, o4 1 S AT A7 A
— SRV % R

1) Mz 55 45 1 320 - W il 2 4 0 76 45 0 484
TS5 Ik AL 45 IR 55 o L CBRAE A L K
N IVRSE U E TNy R v

2) 3R 5 UM A HOR TR 20 S B R 3 oK
Z: O NN 2 S R E 1Y 1 PRI AT A%
a5 WS NN A I SRR 1 B 28 G B ORI F P
WL TER 55 2 5 07 Z A3k i3t

IMFERALHBA R TGS 5H Z A
15 UL, T8 SR /e 1 FR A AR /T ) R R A A B AR
BAZ

TE SOA v Ik 55 LA AT &2 I Dh g oo i e U4
U, B A HAE X B — A BT ik 5 0 X 2 B
SR O R R e w O N S B, H 4
3 w38 5 B A B R B IR 45 il R 18 S 3,
I F 4 — # B iE F (unified modeling language,
UML) i 1 1] fie 55 1 5 2844 @ 8L & (service
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oriented architecture modeling language , SoaML)
5 Web Ik 45 ## i i 7 (Web service description
language , WSDL) SC#Y , If X #: /F # g A i ih =
Bk Ar s e aik (K 4(a)) o 8T, SOA 3
T Z R g (] 4§ febrid 18 = (extensible markup
language, XML) | 3¢ ## 7 - {8 X} (keyword-value
pair, KVP) ) K 5 P80 Can s S A A% a8 Chy-
pertext transfer protocol, HTTP) | faj 5. % 4 15 ]
#13 (simple object access protocol, SOAP) .gRPC |
TH 2 BAF1 32 I A% 4 B i (message queuing teleme-
try transport, MQTT) ) , 75 i B4 %€ 2 5% 15 5 %€
PRI T 04 48 22 ¢ & M AT RE I 29 0, 19 AN 4
SOAP HLE /9 XML & 5 1 5 2 201 42 7% 58 1 1
Envelope F1 Body J¢ % . 7F 7 B & #e 8 X I+,
SOA 48 b LAIR 2P 03 5K /e 485 =X 3, %)
AR ) G0 R Ao AR IR 5 [R] B SRR T R Y R
B AT T AT/ VT AR Sl ORI R ]
B PR B 2 S B (2 T MQTT 8 8 BA 31 /Y
FE T ), I AR K S Y IR 55 AR
SOA Je T KA - & -2 5 " 1 Ml 55 B =X 552 B Ak
% 2 5% Z AR 38 5., IRk 55 S A ) T b & A
JI 55 T 04k A0 55 A L B 55 TH 2 G A oo B

DU P 7 9 0 o0 R B 55 L 22 0 40 A 4 A B R
TR 54535 OW S i 55 3806 1% M 55 B itk A 758

163 F REST 19 ROA iR 55 LU IR K #%
L, 18 3 g — % PR AR IR AT (uniform resource identi-
fier, URT) X #b #A5 B 98 P kA7 58— b iR, IF
HTTP J7 ¥ (I GET .POST %5 ) % 95 PR & 3k 47
BeAE o HE O R VR AR R BRAE T I B SR 5 R
L 1) 5 A8 Ak 2 R )i X, 38 F R F OpenAPT 5%
RAML % APLE SCHE & #4748 (B 4(b)) . ¥
U578 SCHE 22 P g i 4 28 (4 GeoJSON . GML 5§,
GeoTIFF), 338 5o HT TP I 44 35 7 K7 o4 25 U 1
PURI AT e 8 . 7215 B ac it 1 ROA DI AR
A8 R/ Ry 22 H R SR SR A U R A
98 URAE T 7 1 2T S Rl i 1R
PR A T SRR & A /T A X, B a0 i B Web-
hooks. Server-Sent Events 8{ WebSocket 52 i %
TR S AR AL i HE 26 5 0T 1), DN 78 £ 55 REST &
RN 2 — e REm R L SR E.,
Hh,ROA $E 4L T 48 A4 0 HDIR 25 51 S AL, 3 2
TE M 1 H e AR DG B R 4 4 (Gn T RFC 8288
i) Web Linking) , 5 8 % 7 sify X Ho A ] FH 9% 5 &
BAEM B K

SOA T k45 B 1 ity s il
(1) AR 55 3 i
http://example.org/coverage_service

(2) 2T WSDL 2.0/3 /S8 E X
<xsd:schema targetNamespace="http://example.com/coverage_service">
<xsd:element name="GetCoverageRequest">
<xsd:complexType>
<xsd:sequence>
<xsd:element name="coverageld" type="xsd:string" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>
<xsd:element name="GetCoverageResponse">
<xsd:complexType>
<xsd:sequence>
<xsd:element ref="gml:AbstractCoverage" />
</xsd:sequence>
</xsd:complexType>
</xsd:element>
</xsd:schema>

ROA TR %54 D K2R 7~

(1) HTTP 7 % MlCoverage I URI

GET

http://example.org/coverage_api/collections/{coverageld}/coverage

(2) ET OpenAPI 3.0[3E1ESHE X

1. Parameter:

name: coverageld one0
in: path
required: true
schema:

type: string
description: Identifier of
the coverage collection

2. Response: Coverage

f:

- type: string

description: Coverage encoded as GeoTIFF
format: binary

- type: object

description: Coverage encoded in Coverage]SON
schema:
$ref: "https://covjson.org/schema/dev/

coveragejson.json”

(a) SOA T R 45 4% 1 Fm 7 i)

34 HIEEBRSITHE

Hb FEAF B 55 o0 A SR S8 B IR 55 R B oG
S PE L RITISO 19119 5 X T MR 45 1Y 0 Sk 4 i
B, 8 A% % 1SO 19115-1 JC 5048 A 1 vh 48 —
g, AT ISO 19119/19115-1"% I 45 T B 45
AL E 3O 2 IR S5 FEREE M (SV _Servicel-
dentification) . #24E JTTHHE (SV _OperationMetada-
ta) DL K IR 45 2 BE 804G 19 o B0 dE (MDD _Dataldenti-
fication) o 7 3C7E JE A 1SO 19119/19115-1 IR 55

(b) ROA T IR 545 1 R R 7= 151
4 SOAFIROA T il s5 2 10 £ R 7R
Fig. 4 Example Representations of Service Interfaces Under SOA and ROA

JUEYE AR A AR b, MR TR i SO IR
55 448 A e 55 i A 40 J7 T AT YT R (B 5) .
IDRSEIIE SRR Iy IF;

Jil SV _OperationMetadata ® & T 2 ¥ {5 &
BRI (SV _Parameter) , M Z 8 A BT 1@ T4 4
(BN 0 N N2 /NG & | T (N2 S N
SV _Parameter 83 AR M 55 4% DA (18] 3)
IRy O HE B Pk A 45 B 25 A (type) BRIAME
(default) fl ) & (constraints ) 4F LA 5E 3 S 5UE X,
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SV_ServiceQuality

<<abstract>>
Identification information::
MD_Identification

|

SV_Serviceldentification + operatesOn Identification information::MD_Dataldentfication
+ serviceName: CharacterString 0.*
+ serviceType: ServiceTypeList
+ serviceDescription: CI Citation 0.* | + resource
+ distributedComputingPlatform: DCPList[1..*]
+ serviceVersion: CharacterString [0.. *]
+ accessProperties: MD_StandardOrderProcess [0..1] SV_CoupledResource
+ couplingType: SV_CouplingType [0..1] :
+ coupledResource: SV_CoupledResource [0..*] K>—— + scopedName: ScopedName [_0“1]
+ operatedDataset: CI_Citation [0..%] + resourceReference: CI_Citation [0..*]
+ profile: CI_Citation [0..%] .
+ serviceStandard: CI_Citation [0..%] Sonsiraints
{count (resourceReference + resource)> 0}

oS Taine {If resource used then count (resourceReference) = 0}
{If coupledResource exists then count (coupledResource) > 0)} {If resourceReference used then count (resource)=01}
{If coupledResource exists then count (couplingType)> 0}
{If operatedDataset used then count (operatesOn) = 0}
{If operatesOn used count (operatedDataset) = 0}
+ containsChains T 0.* + containsOper; ationsl 0.% 0..1 /+ operation

SV_OperationChainMetadata + operation

SV_OperationMetadata

. S S S ——
+ name: CharacterString 1%

+ description: CharacterString[0..1] {ordered}

+ operationName: CharacterString
+ operationDescription: CharacterString [0..1]

BI5 BT ISO 19119/19115-1 16 2k i i 34 £ 81 55 0 B 45 8 (e 3 s o0 A ARHA A 79 )
Fig. 5 A Refined Geographic Information Services Metadata Model Based on 1ISO 19119/19115-1

(Modifications Are Shown in Italics)

PRAESE B A A8 HIPE

2) 1 IR

Ik 55 & it 0 R s HE— 2 58 % AL 4 BT 1 IR 55
£ B (serviceName) ; % JH Codel.ist 45 #4 (Service-
TypeList) 4t — & LIk 55 2 8 (service Type) , LLF
K2 AR R 5B serviceTypeVersion T iy 44
A serviceVersion, A B H: R 45 bAS 1438 S .

3) M 55 i ik

JIR 55 4 7 LA ML A% 7T 352 19 SO I8 X4 1L 58 4%
(49 IR 55 0 1T A Al R | 2 R o I 55 S E B R
PRBE R 42 10455 AL 55 T B0H A Y A 25 G B G
IR 5 4 3 SCRY Al N BEAIL & 8 AN 4R 450 A1 1 5
SO T | 6898 B A% W] ff FH IR 55 . AS IRl 2244
AU FNTHSF 6 R A S [R]85 4 3 S 8, 491 4n
SOA T B WSDL il ROA F i OpenAPI 3C#Y .
PLAT AR 55 7T £ P8 B B H SV _OperationMetadata
R T 4 I R A OC T e 9 4 44 BR
(invocationName ) F1 i ] 3ii £ (connectPoint) , {H
HC 0 T o I R A R A R S, AR R S R
mIFAEH . AXBER T EREM,IFTE
SV Serviceldentification Z& H7 38 AR 55 i i SC A4 19

5] il (serviceDescription) 1 HAK #i #9 11 & F &
(distributedComputingPlatform) , UL f& # Ik 4
.

4) Iz 55 o ik

e 55 5t A 2 o3 A1 2CFR 5 o i 5% 08 R Y
WA, JUHAE R B 5F IR 55 /Y 7T S B R
HEmESEis R ACREX . BHATISOS
OGC ¥ AR EE XS b BEAF SR 55 BT 88 08 & T AR o
SO 19119: 2016 # 77 5% H1 i JH A5 & 80k o i iz
%S R EAHE QF TP (UML profile for
modeling quality of service and fault tolerance charac-
teristics and mechanisms) , H & T — 41 iz 55 it
AEAR AL TR RE TR e e -2
PEFr ok B EAR R R OR AT R M AT R
510 R INSPIRE $ AR 4 5 0 8 5 G 1 i 3 45
Vi) 50 4 AR RS 3 A il 55 o b B e n] M R RE AN
we, WES— N IEE RS R RS
PEM IR & 0 5 B 3 55 IR 55 8 A 2k 9% 00 R il
2 12 55 T ROHE A A% 10 R B2 L 4
35 WEESRSIE

M A B IR 55 S TE A DR 0 e A ] 22 b
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FOR T B, ¥ i 5 00 Ik 55 158 AU 5 A6 AT a8 47 0 IR
S5t HAZ O T W AR A SO R A
RSB0, AL 5 P A SR LAY g A L [
LS % LA B R 55 FF & BT MR 1 4 RO S AE
A R HAE AR ERESE N B0 5 IR g5 E
K FH UML B AU i 2F 47 6 A v 37 9 4 8 At
5 Al 55 S it D) 2 4 R Sr g UMIL B S 3] 4%
ey N RV EOEU R

1) 45 gt - LA UML 26 35 19 M B 45 B 50
L TR 0 0 R R AR 5 A R A - R 1 3 )
M S5 ST IR S A B S it o S B UMIL AR 7Y e S5
NI F AL A H AR (Schema) , {1 XML Schema
5 JSON Schema, F f1 Schema £ % H {A& ) % 9
S i A (B XML 8 JSON SCARY ) 5 3% 6 4% 7T 3% 415
i ) UML 245 2 0 5% 46 JLY 491 4 1SO 19118
(Z S HE 4L ) F1 OGC & T M UML 2| JSON % ith 1
WU fe AR S R A L A, ATy R R RS
F 29 OB D 5 14 52 B 5 =X, 91 1 Coverage]ISON
i i M3 . OGC TrainingDML-AT-2&.3 JSON %
fith A1 XML 4 i #L 3 PL & OpenAPT Schema %, H
) B PR AR e AR B e

2) i IR ZE 2 - UML 2 A 3 52 R 55
Pz 1 5 BLUAGE A DM S0 8 T B2 TR RS B A LT
SR/ 7 A8 i DA R U X i e R e
o B AR BT B 28 B i AL, A0 ROA B2 44 R 1Y
HTTP J5 i A I URT; Hok i A 2 8075 e S5 2|
HLAARGE SR S50 v, i B A2 2 8 AR S 8 e
AR SR R E 4 28 A DA P 20 RO 1Y G B A% AR
SRy W IV 5 B S U SO S B B G S, 1) B al
Iy 4 g 17 e B 21 HT TP 4 200 K 2545 .

3R G R T SHESL AE IR S5 T R SR
AT, B 2 1155 00 A 7R e 55 kg LA G 21 T Y
K5k, IF L H & T HESL (40 Spring Boot Fa-
StAPD) LR 55 & A 5is 47 o AN, 78 Java £ R
TR ZR i i S 30 R B UML A 58 Java
e w0 25 K, UML 2 11 5 Java 32 11, UML
A w58 Java J7 ik, UML & M e 5 4 B 5% 48
i, 1 UML A 1 £l 25 289 (40 CharacterString) W]
W5 Sk Java P EEET (40 String) o

e AN R 55 % 0 S92 J2 IR 45 S e 1Y) E 2R Y
. WA S 5REE, W55 4T R4k 3 W R
55 il 05 W R 55 DA B AN 3B I R 55 4% . o IR
55 4 52 4 i P e SO 9 A 45 A IR 55 1 AT I
P, AT 55 1 41 % P 2wl UL Y 2 3 B R
55 B B AR MR 55 0E AT A BT AT, P AT R

BB 55 B PATIRAS AT o A B T AR R
A T2 ArcGIS ModelBuilder®', GeoJModel-
Builder ™ Hl OGE #8214 5% 4 4 HE A AT 2
75 WY i 55 i 5 75 W I 55 B 2 4 I 55 B R A A
MR 25 1) TP S 0 S OG0 & IR 55 1Y AT
i

MH, S A W5 A W IR 55 6 R A 3N g HE
53T HE3h DAL &R b 19 2 BE 2R AF B IR 55
S, TF 22 A S B ST R A T I . R R
R 55 Wk B I P i 5 b #E B B R
EMEE ) R A A G 5 RS KR IR
55 O3 i R 2 R s AT BT S A e 55
J7 %N H B 58 U AT %5 . AR R
A8 1R 55 19 S5 i S — > e 55 i 3l A5 A i B E R
T 50k IR B py o FE o R AR A (A RN i SN
i gt Sy b 35 2 () R 0 A A e R T
O g 3 SC DG e AN A 2 1 Bh b e g5 mE Y, R
28 S it 7 B M e G AR AR 2 Ak T
.08 T AT E . RIEET LLM W
AT B T5 ¥ © 1 B RE IR 55 52 i 1) fe L i 5
Y ST AR . T RREE LLM 193 R Y H AR 1
& A, ae e AR U8 B PR AT 55 A AT IR 55 1Y T A s
A R 55 L A B LM B T B8 T RE 1 $01 7 il
% IR IR SR B R Scid iz il B
SCHY R 5 T g Ak AU S5 HE B AT S5
B TERBEIR R G, B R S5 T BB
S R NS S 1 = O T N L R O S = R 7 NP 5
AR 375 W e 55 55 A B RE AR 2R A7 22 5., AT
DEZ =R AN N i NS e 5 WD
BRI Z 18] 19 B A R A R SO (modeel
context protocol, MCP)*/F1 A2A(Agent2Agent)"*
R AR E S B b FRAF B 55 AT HL A AT
132 19 IR 55 il 38 SCRY , 1 OpenAPT SCHY , H 3 % 4t
R EFRAVER MCP TR S oAb | i 2 K % 3 5
A FE AL PTI32 B AR 55 b o RN R AR 19 4 TR
35 FEAIC LLM Al 88 B “ 058 7 RN H P45 S
U R TR A AN I A5 ), DL 5 R B IR 55 1 Tl
15 T AT i R

4 Br 3t 3B 45 B ARk S5k RAR AL

AT MR R RAMERL LA L A 43 4% 2R IR 55 A
WE AR, 53 0T Geo AT 5t T MR 55 s 1 I
PR AR, Iy IR 55 A o ) ) 2 AR I T R
4.1 ERMIEERRSREL B

Z SIS R 2 TN A 2 1 KA A
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B i 2 A 5 IR 55 s o 4 i < 8 5602 DL ISO 19119 28
F A IR 55 bR AE T2 SCH 3R A IR 951k R
WA R 55 AR S o3 IR R S g4 OB, Oy
Jo B4 S MR 55 A 5 IR 55 S 461 i e B kA — Sk
Bt s LU 65 70 ST 0 IR 55 B, Ry e i 45 2R Y
{18 B 5542 11 5 B AR 0 26 BB R 5 18 CER S FRR
SV R 1 IR S5 B T S IR 55 1 D R Ay
M55 R 5 HART- 6 T 55, W OWS
5 OGC APIs; feJa £ L ISO 19115-1 4 E 1R 55 o
BHE bR, B 45 S R AT R AR A L DL
s EmSEH.

16 3 Al IR 45 A5 i 1SO 19119 F T 5 35 A
ISO 19115-1 195 5 F ,ISO/OGCEFF &k Hh— %
G N/ B IR S5 bR o AR SOR A TR
A1) e 55 53 2 A 22 5% 3k 26 IR 45 s o 1E AT I 26, I
B BT 45 2R 55 b o 1 R R DT R L AR 6 i

FE bR HE A S B b 35 43 IR 55 o R B4 35 7 & oh
B ER (I T UML M 2 ik 55 4 1) LU &
A B2 (e 5 D I 9 5 g i), I
Bl 6 R X — 3 HEAT A% X 2y o WEEIROR B, IR 55
b AL 0 4 Je D0 R 2 B DAR R AE - (1) B 15
BRI R - — 7 16 AR 55 N AR R BR T A% G 5
1§ % 1 55 {5 B B UR ) An = ZE B R R 4
—J7 I, BT B 25 RO S IR B R B AR 4k 2Lk
J& {0 4 v 1) 3 AT sk 4 0 e A B0 ST 1R IR 45
OGC API-GeoDataCube; (2) 8 i R 55 22 F4 P 5K .
WAL G2 He T SOA B4 19 IR 55 05 1 R 51 (W*S &
F), B LA IR R bt 1 IR 55 bR e & 31 (OGC
APIs 1) 5 (3) 81 11 IR 55 %F 2 Hk % D A7 14 iR 55
e = X foR R R O B e, 20w T AL AR A fg
. GeoAlR %5 W25 5 # 1 0 AR L 1E 76 B
UL SR I

Connected
B SWIE S?S ISPS PUCK STA STAplus system API
% & b ° be & >
TR 2005 2006 2007 2014 2015 2023 2025
CSW OpenSearchGeo OpenSearchEO Reﬁ%ds
RIS i ! ! 1 &
2007 2014 2016 2025
Features EDRTDML- GDC Coverages
WES WCS OpenMI API APL Al APl APIF
, S 1 4 D S S S
K 2002 2003 2014 2019 2021 2023 2024 2025
R Processes Dee learning
® WPS WCPS A model SWG
= g iR 1 1 { 1 »
2007 2008 2021 2026
. . Tiles Maps
WMS CityGML WMTS 3D Portrayal 3D Tiles API APIL
AR | $ i 4 3 ! >
2000 2008 2010 2017 2019 2022 2024
SSN  Service Time Service
GeoSPARQL ontology ontology ontology ontology registry
KRR S : ) S { >
2012 2017 2019 2020 2023
! ] ! ] ] ] |
2000 2005 2010 2015 2020 2025
A

RN IEAE IR .

6 [ b b B B AR A5 o v

Fig. 6 Progress in the International Standardization of Geographic Information Services
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(9 I HE N T © 7E B S R AL B 55 R
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T B A 20 AR 1 53 26 8 /5 25 JE R R I 25 5 4
HORTAEWAUR R 554 1 5 I RE RN B RL A8 B A
P2 38 AT AR oAb 4588k 2 T8 1 — 2 571 5 il A
5, 41 ISO/IEC JTC 1/SC 42 il 5 #9 ISO/IEC
42001 AT4S 3 R 48 ISO/IEC 5338 Al & 4i 2k v

JAM AN ISO/TIEC TS 25058 ¥4 Ji 2% ) #65 7 Ji 4t i
fli 45 . Aok GeoAT R 55 b fE 75 2 2% 18 5 8 F AT
b A 7S 43 D0 R, OF F 5 OC T M 3RAE B B A oK
i b, B AR A Y 23 8] R P RN AR B ) I S 1 Ak
8 (2) 78 M 55 4 1V AN 55 oo B4 T, 1% 5 I 55
b o 0] it — A, DA o M B s ) A R
% A s &I G5 M A ERAMTK. @A
B R AR AT T i MCP i Skill 45 5552 1 5 K 1
0, LUK 5 03 IR 45 5 8 AR R R B BB AE L (R
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23 AR MR 55 o AR s IR . HRTE R, IR 55 2
155 0 8000 0 45 K A0 34 A B T I b A oA il 55
FH & R 77 0, AR AT 77 2 B8040 % 19 XU &
(3) M55 524 5 920t 7 11, REST 0] DLtk — 20 32
P REAR IR %5 . Bt A2A PRSCRT DL B A% R A T
REST 1E 1 ik )2 4% i #04 , 7/E REST B Al b =& m
BREAA MR 55 0 SRR BRI AR e S L b
T SCHAR ARG o IE I SOA B4 R AT LA AT
KVP-RPC ( i i WMS) #il SOAP-RPC ( f4] 40
SOAP Web Service) , REST W 7] DL A /5 BR T
OGC APIs({fl 4 Maps API) , ¥ 1fij 5 1] i 23 % fig
IR 55, 38 5 A2A S5 PSR B RE A & 3 RAT: 55 T
VR4 AL 3 filt S 4, o 55 1 B B0 R 7S AT
55 VR AT A B i — 2B Y

2024 4, GeoAl &1 5k 7 > [ Bx #5 #: OGC
TrainingDML-ATHE T Geo AT Il Zh i A 1Y 15 &
FIR 5 gAY, IR 5 556N 1SO 19178 R 4 AR ifE
2026 4 OGC {57, Deep Learning Model 5 #E T 4E
41, B 7E N GeoATBL R I8 I Geo AT b # il 55
fig 77 ;1SO/TC 211 78 J73 21 ISO/TR 19182, % &
o] 78 45 28 I 55 b5 e Rl A GeoAT 7%, IF
GeoATfIk 55 Wb e AL 2 b 45 T 5 2 1 ISO FIZE A
R E R A T b5 e, i Bl & 5T LLM R Be 1K
R TR IR 55 2 R 328 T B, i DA X 26 R TR bR
THE AL b A S0 3 T AE N £E
4.2 HERIEEBRESIRESE

FE] B i 34 8L R 55 A o 1 1 DA K it il 55
FrUEAE R L 28 . BLAT 2L Al BR #E 1SO 19119: 2016
BT B v 37 B AR Y B AE B R 55
FENAR R A% O WA AR 0 IR 55 Fr 1AL rh R 2

TEZEMESIEM . R AR AR K T T
Fo AR S R AR AH OC 1 8 25 (40 SOA FiT SoaM L
A5, SO A K DA R AR TG B P 2% [ S A
BT bR v A A 5 e AR P )RR 0 A A
PRI, o 26 L 0 A7 25 4 1 B R O R R AR
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