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*[IoroBopuM 0 reo-rnepcoHanuax, reoaHaauTuke u reoln
(MU B reo yxe naBHO: X0Jiepa, KOPOBBI, MPEOJOJICHUE TTPONACTH
pa3oyapoBaHMsI)

*Tepmun I'eoM/GeoAl yxe npuHaT! (XOTS U €CTh JUCKYCCHUN)

*PaccMoTpuM TeMaTHUeCKue npuMephl ncnoiab3oBanus ChatGPT
u npyrux GPT nns reo3zanau

*OctanoBumMcsa Ha I Open Source QGIS-mmarnaax
(4TO OBLIO M €CTh IS I'e0)

[TorpoOyem chopmynrpoBath Bo3MokHOCTH MU 17151 Teo
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@ ®akynbTeT reorpadpum u MW B pelueHMm 3aa4 reoaHaIUTUKK CTaHOB/NIeHMe reocaHanuTvku: John Snow

reoHGOPMaLMOHHbIX n 0bpaboTkn matepuanos [33:
TeXHONorn OnNbIT U BO3MOXKHOCTH

AcTopua reoaHanmsa

[bkoH CHoy (John Snow), bpuTtaHcKkuii Bpad, NpoBen aHanus u
BbIABMM 3aBUCUMOCTb MeXAy cryyasgMu CMepTu OT Xonepbl U
pacnonoxeHnemMm konogues ¢ Bogol. OH nokasan, 4YTo BoAa
ABNAETCA UCTOYHUKOM, NpoBOUMpPYHOLLUM annaemMuto C AN AR Lo
(Geography “The Remarkable History of GIS™ 2019) A R f /«\
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https://www.critical.ru/calendar/1503snow.htm
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JOHN SNOW CHOLERA MAP 1854 (MICRONAUTES BROAD STREET MAP/BROADWICK

STREET WATER PUMP 2017) https://www.gislounge.com/how-advances-in-computer-mapping-shaped-the-early-days-of-gis/
BoccozdarHHaa web-kapma xonepeoi - https://www.theguardian.com/news/datablog/interactive/2013/mar/15/cholera-map-john-snow-recreated




®akynbTeT reorpadun n N B pelueHnmn 3aga4 recaHaIUTUKK OTEU, NUHEenHOU perpeccum Francis Galton:
FEOMHd)OpMaLI,VIOHHbIX n O6pa6OTKM maTepunanos ﬂ'33 OLLeHKa Beca 6b|Ka

TexXHoNormm onbIT U BO3SMOXKHOCTHU

!

MyapocTte Tonnsl (Wisdom of crowds)

Francis Galton

@ B 1906 noceTtwn peiHOK CKOTa.

@ Kpecteane Buinu npurnawens!, 4Tobel oTragate Bec
ogHoro buika.

Oxono 800 yenoeek ganu CEOM OLEHKW M HW OAWH HE Oan
Bonee-meHee TouHoe yncno: 1198 dyHTOB.

OpHako, Ha youenenne, cpegree atux 800 otrageisanwii
Beino o4eHs BAnsko K ToyHoMy 3HaveHuo. OHo Beino

1197 chyHkTOB. https.//en.wikipedia.org/wiki/Francis_Galton
https.://levutkin.oithub.io/files/Machine Learning LTU 7.pdf
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dakynbTeT reorpadum un MU B pelweHnn 3aaa4 reoaHanUTUKK
reoHGOPMaLMOHHbIX n 0bpaboTkn matepuanos [33:
TEXHONOTUM ONbIT Y BO3MOXHOCTU

OcHosartenb N'NUC: Roger Tomlinson

Roger Tomlinson (1933-2014) cuuraercst ocHoBatesiem I IC, npeiyio)KUBIIUM KOHIETIUIO TeorpauIecKux
nHbopMalMoHHbIX cucteM Kanajackoit Cnyx6e MuBenrapuzanuu 3emensb (Canada Land Inventory)

A Geographic Information System

for Regional Planning
R. F. Tomlinson

Department of Forestry and Rural Development,
Government of Canada

As a tool in its program of rural devel Canada is g a computer-
based information system for the storage and manipulation of map-based land
data. The system and its capabilities are described.

Canada, like many ics, faces an i problem in both di
and guiding the development of its land, water, and human resources. One of
the major agencies created specifically to implement policy to attack this problem
is the Rural Development Branch of the Department of Forestry and Rural
Development. A primary task facing this agency is to assemble social (demo-
graphic), economic, and land data for an integrated analysis to enable problems
of rural devel to be specified, devel programs to be implemented,
and their effectiveness evaluated,

Parailel with the gathering of data has been the development, by the Regional
Planning Information Systems Division of the Branch, of intergelated computer-
based information systems to handle and analyse the data. The Geographic
Information System, for the storage and manipulation of land data is the most
developed of these systems. Its design and development started in 1963, imple-
mentation began in 1965, and is now in its final stages; routine use is scheduled
for September 1968. It is perhaps worthwhile to recount our progress with
this system at this time.

Early in the life of the Branch (1962) a start was made with the gathering of
some kinds of land data by the Canada Land Inventory. The data they collect
i restricted to five types: the prescnt use of the land, the capability of the land
for agriculture, the capability of the land for forestry, the capability for re-
creation, and the capability for supporting wildlife. These data alone, if gathered
in sufficient quantities for the summarics to be directly applicable to provincial
and federal resource policy and regional planning, will generate an estimated
30,000 map sheets, at various scales. The Inventory has currently produced
7000 map sheets, of which 3000 have been prepared for computer input. The
maps contain an average of 800 distinct arcas on cach sheet, and have been PO()OfC@p TOMJZMHCOH 60 6p€M€HCl pa3pd60mKU KOHuenmyaﬂbelx OCHOG I/l Jl/lemOaOG
found 10 contain as many as 4000. Additionally, other types of maps covering o
watersheds, climate, geology, administrative boundaries, and land titles are ST
e T op yugposoti kapmoepaguu (xadp uz punoma DataforDecisions

The need for a computer-based system, whereby map and related data can o o
be stored in a form suitable for rapid measurement and comparison, is apparent : ;

b fore 1o o o Huabie T ankd weasaseint s cond ol [ 1 (annvle ona npunamus pewenuit), cuamoii National Film Board of Canada
is appreciated. Lack of trained | makes it impossibie to ine such

large amounts of data manually in any sensible time, much less to provide a
meaningful analysis of the content. A situation can be reached where the amount
of data precludes its use. The end product ol countless hours of survey can
remain unused, with the result that admiristrators do not receive information
necessary for a sound basis to decision making.

https.//arcreview.esri-cis.ru/2013/03/14/50-vears-of-gis/
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https://arcreview.esri-cis.ru/2013/03/14/50-years-of-gis/
https://arcreview.esri-cis.ru/2013/03/14/50-years-of-gis/
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http://video.esri.com/watch/128/data-for-decision_comma_-1967-short-version
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Liuknorpamma MaptHepa gaa rexHonorum UA

UUKN 3PENTIOCTU TEXHOJIOTMM UCKYCCTBEHHOIO UHTEJJIEKTA

(N0 COCTOAHUIO Ha UIONb, 2021)

[eHepaTusBHbie UM

Transformers
Decision Intelligence

Synthetic Data
Neuromorphic Hardware-,
Human-Centered Al
Generative Al-_ |

Al Governance -

Responsible Al

ModelOps
Machine Customers

Al Orchestration and —
Automation Platform

Composite Al

-3
=
b
g
o
o
-
o
m
o
Q
>

Al TRISM

Artificial Physics-
General Informed Al

Intelligence

3anyck 3a
TeXHONOruK

Knowledge Graphs —
Smart Robots —

Multiexperience

Small and Wide Data
Model Compression

OMMOAHWIA

Iny6okoe oby4eHue

MawmnHHoe obyyeHune

Edge Al
Al Maker and Teaching Kits
Deep Neural Network ASICs

Digital Ethics

Al Cloud Services
~— Deep Learning

Data Labeling and Annotation Services
- Natural Language Processing
Machine Learning

Intelligent Applications

ABTOHOMHbIE
asTomobunum

Autonomous

Vehicles 4

: Semantic Search
Chatbots
Computer Vision
Mux
BbILEHHBLIX Mponacte
pasovapoBaHua

CuHTETMYECKME AaTaceTbl: BO3MOXHOCTHU passnTuA
NMPOoAYKTOB MEOMLMHCKOro MCKYCCTBEHHOIO NHTENNEKTA

0 M Wamaes, B B 3asu, C. B Opnos, A A lUnpunsan

PecypcHuIH LeHTp yHHBEpCaNBHOTO AM3aiiHa M peabinuTaumMoHHbIX TexHonorkii, Mockea, Pocous

AHHOTAUMA. Ha OCHOBE 3HAaNW3a MWPOBLLX TEHIEHLMA PA3BHTUR W 3DENOCTIA TEXHONOTMK VM PACCMOTPEHE MOTEHUM-
aNbHAR BO3MOXHOCTE YCKOPEHUA paspatoTH W BHE/PEHUA NPOAYKTOR MEJULMHCKOTS U, B Nepeyio odepels, 3a cueT
(DOPMMPOBAHKMA CHHTETHUECKUX ATACETOR. MPOAHANMIMPOBAHLI KMKUEBEIE (DAKTOPLI, CBRIBHHEIE C (DOPMHPOESHUEM
OYUaKLMX [BTACETOR, EKNKUAR CHHTETWUECKKE, CORDALIAHILME CPOKM Pa3paloTii W NOBLILAKILME K3UECTEO MPOMYK-
TOE Ha CHOBE TeXHONOTMK M.

KnioueBkie CNOBA: UCKYCCTBEHHLIA MHTENNEKT, ATACEThl, CHHTETHUSCKWE A3TaceThl, NPOAYKTH MEfMUMHCKOTD WCKyC-
CTBEHHOTD HHTENNEeKTa.

DOI 10.14357/207 18584230110

Plateau will be reached

less than 2 years ® 2w 5years

WemoyHuk: gartner.com

Bpems

@® 51010 years A more than 10 years ) obsolete before plateau

As of July 2021

https.//elibrary.ru/item.asp?id=50387464
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®akynbTeT reorpadpum u MW B pelueHMm 3aa4 reoaHaIUTUKK FreolU (GeoAl):

reonHGOPMALIMOHHBIX 1 06paboTku maTepuanos [33: yKe ucnonb3yemblii TepmuH B Poccum n mupe (1)
TEXHONOMMMN OonbIT U BOBMOXHOCTU

D Modern Geog ré.ﬂa Iexoeckuil pezuononosuvecruil woyprat. Tow 21, Ne 1 /2025
VoL21, s, 2026 123-143 HAVKA U PETTUOHAJIBHOE PAZBUTHUE

DOE10.1517 SCIENCE AND REGIONAL DEVELOPMENT

Mezési, Gabor' — van Leeuwen, BOI_.IdE‘L:UijnZ — Tobak, Zalan® -
Csikos, Nandor* - Szilassi, Péter* VIIK 911 3+004 738 5 DOI- 10.37490/5221979310032649-6

Artificial Intelligence: New Horizons in
B. H. Baanyna

Geography Education and Geographical and Hsseraryt reorpadmm . B. 5. Cowanss CHHPCKOTO OTAeIeHH

.
Earth SCIence Resea rCh International Journal of Applied Earth Observation and Geoinformation 136 (2025) 104368 Poccuiicroft akagemum Hayk, T. HpxyTek, Poccnn
E-mail: blanutsa@list.ru

ABSTRACT o Contents lists available at ScienceDirect

In recent years, the application of artificial intelligence (AI) has become increasingly v International Journal Of:Aprlied Earth Observation and I‘EOHPOCTPAHCTBEH}]L]:E :?:CKYCCTBEH}]I)[E HHTELIEKT
scientific rescarch, incloding geography and the Earth scicnces, offering new opport] . SRl el JIJI1 TEOI PAGHYECKOH SKCIIEPTH3BI IIPOEKTOB
simultaneously raising methodelogical challenges. The concept of producing research re ER journal homepage: www.elsevier.com/locate/jag PETHOHAJILHOI'O PAZBHTHY: TPH HAPAMN]])I

algorithm- and model-based machine processing with diminishing levels of human int:

Towards the next generation of Geospatial Artificial Intelligence

been present in the Earth sciences for some time. The analysis of the rapidly growing v
graphical data can now be supported in novel ways by artificial intelligence, which not B 3noxy botsuwinx dannelx U UCKVECMEEHHO20 UNMETIeKma HeobXodumsl HOSbe UH-
the automated identification of specific spatial patterns from satellite imagery but also -

i ) } . ; P . . B ) ) ] CPYMERBL 0Dy eCMEeHHO-2e0sPAPUHECKO20 AHATUSA, HOFEQLTI0OUIE UIsTeKamb uHgop-
the exploration and interpretation of complex spatial processes. lts application enables,| Gengchen Mai*®", Yiqun Xie <%, Xiaowei Jia 'Y, Ni Lao “"*, Jinmeng Rao “¥, Qing Zhu ",
the prediction of dynamic processes and the reconstruction of the former states of ce{ Zeping Liu®", Yao-Yi Chiang ¢, Junfeng Jiao" MAYWHO U ZeHepUpOsamb FHAHUE U3 HeNpepulsHozZ0 Nomora pasnooﬁpasyblx NpocHpaL-
The aim of this paper is to provide an overview of the potential applications of artificia *SEAI Lab, Daarment of Geography and the Ervironment, the Universiy of Texas at Austin, Austin, 1%, 78712, USA cmeernBlY dauHblx, OOuH Uz MAariy URCMPYMERMOE — CUCPEMA 280D OCMPAHCMEEHHOZ0
) R . X Depantment of Geographical Sciences, Unisersity of Maryland, College Park, College Park, MD, 20742, USA o
in geographical research and education. illustrated through both national and infernatioy < st imaligence inerdcpiiry i ot Maryiend. Unveriy of s, Cllsge sk, Collee Pk, MD, 20746, USA ucKkvecmeennozo uxmeitexma. Oduaxo d1a zeozpacdhuqeckoil IXCcHEPMUIBL NPOEKINOE Pe-
The analysis also highlights that many methodological approaches currently classifi -?m"é ”iﬂf:n'”::”"nf;'m; ;’:“DVZ"'Z ;f Piesburgh, Plasburgh, PA, 15260, USA - -
umbrella of Al in geography have already been in use for some time; however, the broa| ' Lawrence Berkeley National Laboratory, Universicy of Galfornia Berkeley, Berkeley, GA, 94720, USA SUOHATBHOZO COYUATBHO-IKOKOMUNECKOZ0 PASEUmMUA H0J0DHbIE cCucmeMsl elyé He co30asa-
integrated application of AT may lead to dynamic developments in geographical And 1 1o wrnmn v Souatof Aestecnnt e brteeny o 1o o res et g3 18 v auce. [lepeviv wazom K Co20aHUI0 ML CLCMEM A8TAEMcA VACHEHLE napaduzm nposede-
research, as well s in geography education. Given that the range of methodologica) HUA Ze0ZpaduHeckotl IXCHEPMUIE] NPOSKINGE ¢ HOMOWBIO UCKYCCMEEHHO20 UHMEITEKMA.
offered by Al is continuously expanding. this study does not seek to presentallpotential s R T CLE INFO ABSTRACGCT . . 6
Tnstead, following 3 general overview, the topic indicated in the title is illvstrated throv, Ilocmasue maxyro yeib, snepssie 014 MUP0soll HaQVku Heila NPeOdnPUHAMA HONBIMKA HA-

. Keywords Geospatial Artificial Intelligence (GeoAl), as the integration of geospatial studies and Al, has become one of = _

of representative examples from the fisld of geography. ) Avtital Il D e e e o ot MEmumb KIH0Yessle 0co0eHHOCHMU 2e02PapuYecKoli 3KCHEPILIbL § COOMESHCMENLL C HAPA
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et field calls for a deeper ing of the recent pments and envision where the field is going i Oduamanmu c1abozo, CLUILHOZ0 U CEEPXCUTHHOZ0 UCKYCCHMEEHHO20 URMETIeKMa, onpedeiums
g;‘:;'ff*'c""ﬂf:ﬁn " the near future. In this work, we provide a quantitative analysis of the GeoAl literature from the spatial,
CeoTouncanonModds temporal, and semantic aspects. We briefly discuss the history of Al and GeoAl by highlighting some pioneering apXuMexnypy mpeéx cucmeM, co30amb CUCHEMY 2e02paAduHEecKoll SKCHEPIUIbl € PAMKAX

work. Then we discuss the current landscape of GeoAl by selecting five representative subdomains including

DOI: 10.15170/MG.2026.21.02.07 ey oot remote sensing, urban computing, Earth system science, cartography, and geospatial semantics. Finally, we nepsoll RapadusMbl U Ha4ams eé anpofayuo HA NpuMepe 4embipéx HpoeKmos CoYuaTb-

Interpretable and explainable GeoAl highlight several unique future research directions of GeoAl which are classified into two groups: GeoAl method
development challenges and GeoAl Ethics challenges. Topics inelude heterogeneity-aware GeoAL knowledge- Ho-3KOHOMuNeckoso passumui Poccuu. Jia cosdanua cucmem ucHoIb30ealuck HaAbopwl
guided GeoAl, spatial ion leaming, ion models, fais GeoAl, privacy - -
GeoAL as well as interpretable and explainable GeoAL We hope our review of GeoAl's past, present, and HPASUT #eCTl ..., MO .5, UCKVECHMeeHHble Heliponnble cemu U spadul snanuil. Tecmupo-
future is comprehensive and can enlighten the next generation of GeoAl research. -

EaHLE NEPECT CUCHMEWbl NPEE0OII0CE HA OAHHBIX U3 OMEYECHEEHHEIX HPOEKINoE, KOMapble
paHee aHATUSUPOSATLCh AEMOopoM Ge3 NPUMEHEHIA 2e0HNPOCHIPARCINEEHHOZ0 UCKYCCMEEH-
httDS //WWW Sciencedirect Com/SCience/artl'cle/pl'i/S] 56 Hozo unmentexma. Mawunnoe ofyyenue Ha MUX OAHHBIX HO3EOTLIO HOIVYUMb Hepeble

- - zeospaduNeckue PesyTeMas, YRATIEMOUIUS HA HEEOIMONCHOCHE DOCIUNCEHUR DeRIAPU-
9843225000159?via%3Dihub pyeuuix yerell npoexmos. IIpanmu~eckan SHAYUMOCTb NPOSEdEHHOZ0 UCCTeO08AHUR CEA-
2aKa ¢ npoeepKoil 206YOAPCIMEEHHBIY JOKYMERMIOR COYLATOHO-3KOHOMUNECKOZ0 PAICUNILA,
eCMpaueaHueM MPedIazasMylx CUCEM & NPOYect opMupoeatila NPOSKIMOE 1 NPoeed e -

Kevwords: artificial intelligence, GeoAl wles, geography geoscience

https ://cvberleninka.ru/article/n/eceoprostranstvennyy-iskusstvennyy-intellekt-dlya-
oeograficheskoy-ekspertizyv-proektov-regionalnogo-razvitiya-tri-paradigmy Romouessie crosa: obuecmsennan zeozpagun, Ixcrepmusa, pezuonaisHoe passu-

e, MAuiuNHoe obyHenus, 2pag FHanutl.

e MOHUMOPUHEQ PeaTu3ayiil NPOeKINos.
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Main research directions in GeoAl.
Five representative subdomains are selected, with key research topics summarized for each

SubDomain

Research topic

Paper

Scene Clasification
Semantic Segmentation
Instance Segmentation
Genzpatal Object Detection

RS Image Restoration

RS Change Detection

RS Time Series Anabyss

Li et al. (2016), Nogueira et al. (2017), Christie et al (2018), Helber et al. {2019), Sumbul et al. (2019),
Baz et al. (2021)

Lin et al (2017), Van Etten et al. (2018), Zheng et al. (2020), Shamsolmoali et al. (2020), Azimi et al.
(2019), Rshnemoonfar et al. (2021}, Jung et al. (2021a)

Caztrejon et al. (2017), Acuna et al. (2018), Li et al. (2019), Liang et al. (2020), Shermeyer et al. (2020]),
Weber and Kané (2020), Wagas Zamir et al. (2019), Van Eten e al. (2021)

Girshick et al (2014), Ren et al. (2016), Mundhenk et al. (2016), Redmon e al. (2016), He et al (2017),
Lam et al. (2018), Zhang et al. (2019), Pham et al. (2020a), Yu and K (2021), Paolo e al. (2022)

Liebel and Eorner (2016), Kuang e al. (2017), Xiao et al. (2018), Zhong et al. (2020), Fu e al. (2018),
Fuhara et al. (2020), Mei et al. (2020), Ma et al. (2021), Gong et al. (2021), Chen & al. (2021), Zhang

a al. (2022), Wang et al. (2023¢), Xiao et al. (2023), He et al. (2023b), Mai e al. (2023c)

Gupta et al. (2019), Daudt et al. (2019), Durnov (2020), Guo et al. (2021), Zheng et al. (2021), Zheng et al.
(2022), Lv et al. (2023)

Eermedy et al (2010), #hu and Woodoock [2014), Zhu et al. (2020], Suh et al (2024), Tarasiou et al. (2023)

FeoU (GeoAl):
y)Xe ucnonb3yemblii TepmuH B Poccumn n mupe (2)

Transportaton
Environmental Sustainability
Smart Cities

Energy

Yang et al (2021), Wang et al. (2020a), Jin et al. (2020), Huang et al. (2020), Gangwani and Gangwani
(2021), Wu et al (2023), Samaei (2023), Zhang et al. (2024)

Wang et al (2016), Zhou et al. (2018), Almeida et al. (2021), Lin e al. (2020), Norallahi and Seyed Ksbali
(2021), Yoo and Weng (2024), Gupta et al. (2024)

Gao et al. (2020), He and Zheng (2021), Hou et al. (2021), DMas et al. (2024), Zhang a al (2024d), Liso
et al. (2023), Zhou e al. (2023), Zhu et al. (2024b)

Sachit et al. (2022), Wang et al. (2023a), Shi et al. (2023), Yoo and Weng (2024), Olawade et al. (2024)

Earth system
science

Al-Enabled Earth System Model
Earth System Dynamics

Disgturbances/Extremes Detection
and Early Warning
Food Security

Hydrology and Water Availahility

Ewiatkowski et al. (2020), Irrgang et al (2021), Ruiz et al. (2023), Lin and Chiang (2023)

Friedlingstein et al. (2022), Zuo et al. (2024), Bonire and Gbenga-llor (2021), Saunois et al. (2019),Wang
e al. (2019), Wen et al. (2022).

Sharma et al (2020), Tripathy et al. (2023), Materia et al. (2024), Ramya et al. (2024), Maideen et al.
2024

Ben Ayed and Hanana (2021), Jung et al. (2021h), Kanwal et al. (2022), Wang et al. (2023d), Su et al.
(2023), Xing and Wang (2024)

Pham et al. {2020b), Niu and Feng (2021), Xiang e al. (2021), Dikshit and Pradhan (2021), Goyal et al
(2023), Rezvani et al. (2024)

Antomatic Map Feature Fxtraction
Antomated Map Generation

Map Pattern Recognition
Cartographic Generalization

Map Style Transfer

Chiang et al. (2009), Chiang et al. (2014), Liu et al. (2023f), Chen et al. (2022a), Shi et al. {2022), Esch

e al. (2022), Gong et al. (20207, Xin et al. (2021), Yan and Huang (2022), Brown et al. (2022), Uhl et al.
(2022), Kim et al. (2023), Lin and Chiang (2024), Olson et al. (2023)

Li et al. (2022d), Sharma et al. (2024), Taparia and Math (2024), Liao et al. (2024), Zhang et al. (2024h)
Hecht et al. (2015), He et al. {2018), Jochem et al. {2018), Yan e al. {2019a), Yan et al. {(2021), Yan e al.
(2022, Yu et al (2022)

Karsmnia and Sielicka (2020), Lisiewicz and Karsznia (2021), Feng et al. (2019), Kang et al. (2020), Yang

et al. (2022h), Knura (2024), Zhou et al. (2024a)

Gatys et al. (2016), Jing et al. (2019), Kang e al. (2019), Christophe et al. (2022), Zhang et al. (2024h)

Gen-ontology Enginesring
Genspatial Knowledge Graph
Toponym Reeognition and
Resolution

Gengraphic Information Retrieval

Gengraphic Queston Answering

Janowicz (201Z), Compton et al. (2012), Janowicz et al. (2019), Haller et al. (2019), Battle and Holas
(201%), Shimim e al. (2024)

Aver et al (2009), Janowicz (2010), Regalia e al. (2018), Yan et al. (2019b], Janowicz et al. (2022], Qi

e al. (2023)

Gritta et al. (2018), Karimzadeh et al. (2019), Wang et al. (2020b), Li et al. (2022a), Schmitt et al. (2019),
Li et al. (2023c)

Jones and Purves (2008), Oehrli et al. (2011), Jiang et al. (2016), Karimzadeh et al. (2019), Wang et al.
(2020b), Karpukhin et al (2020), Lewis et al. (2020)

Punjani et al. (2018), Huang et al. (2019), Janowicz et al. (2020), Mai et al. (2021), Scheider et al. (2021),
Zhang et al. (20231), Li and Ning (2023)
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Contents lists available at ScienceDirect
International Journal of Applied Earth Observation and
Geoinformation
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Towards the next generation of Geospatial Artificial Intelligence

Gengchen Mai ", Yiqun Xie "<, Xiaowei Jia ", NiLao *Y, Jinmeng Rao *™¥, Qing Zhu '™,
Zeping Liu ", Yao-Yi Chiang ¢, Junfeng Jiao"
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ARTICLE INFO ABSTRACT

Keywords: Geospatial Artificial Intelligence (GeoAl), as the integration of geospatial studies and Al, has become one of
Geaspatial Artifidal Intelligence the fastest-developing research directions in spatial data science and geography. This rapid change in the
HE'E"-‘E'E“E"Y'_"“’”'E GeoAL field calls for a deeper understanding of the recent developments and envision where the field is going in
Kn“;f';lﬂge'c']"‘te:l_&‘:eﬂ . the near future. In this work, we provide a quantitative analysis of the GeoAl literature from the spatial,
2’; Fm::‘;:: ;ﬂllsmmg temporal, and semantic aspects. We briefly discuss the history of Al and GeoAl by highlighting some pioneering
Fairness-aware GeoAl work. Then we discuss the current landscape of GeoAl by selecting five representative subdomains including
Privacy-aware GeoAl remote sensing, urban computing, Earth system science, cartography, and geospatial semantics. Finally, we
Interpretable and explainable GeoAl highlight several unique future research directions of GeoAl which are classified into two groups: GeoAl method
development challenges and GeoAl Ethics challenges. Topics include heterogeneity-aware GeoAl, knowledge-
guided GeoAl, spatial rep ion leaming, g dation models, fairs GeoAl, privacy-aware
GeoAl, as well as interpretable and explainable GeoAl. We hope our review of GeoAl's past, present, and
future is comprehensive and can enlighten the next generation of GeoAl research.

https://'www.sciencedirect.com/science/article/pii/S156984322
5000159?via%3Dihub
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Future challenges and opportunities for GeoAl

(ieoAl Future Challenges and Opportunities

GeoAl Ethics Challenges
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Hetorogeneity-Aware o, opatial Representation Fairfiess- Aware B Privacy-Aware
GieoAl &;’ Learning GeoAl - CreoAl
-

Enowledge-Guided Geo-Foundation

Interpretable and Explainable
CienAld Models

GeoAl

https..//www.sciencedirect.com/science/article/pii/S1569843225000159?via%3Dihub
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TexXHoNormm onbIT U BO3SMOXKHOCTHU

Visualizations of GeoAl publication trends.
(a) The total numbers of GeoAl publications over the years;

(b) GeoAl publication trends in five subdomains over the years .
The number of published GeoAl papers

from different countries during 1984— 2024
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(a) Total numbers of GeoAl publications over the year

Number of Publications

Earth System Science

Gueospatial Semantics:

https..//www.sciencedirect.com/science/article/pii/S1569843225000159?via%3Dihub

(b) GeoAl publications trends in five subdomains
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TEXHONOIrna U OPrAHM3ALINA CTPOUTENBCTBA

MCKyCCTBEHHbIﬁ MHTENNIEKT B FPEI.CI,OCTPOHTEHBHOE AEATENBHOCTWU. COBPEMEHHBIE METOALI N
MX NEPCNEKTUBI

YOK 69.007
doi: 10.33622/0869-7019.2025.08.77-82
Wnba Neonmposuuy KWEBCKWUW®, 1okTop TEXHWMYECKWX HayK, reHepanbHbiid aupekTop, ikievski@yandex.ru
Cepreii Anexcanpgposuu CEMEHOB!?, 3aM. reHepanbHOro gMpeKTopa no uHdopMaTUsaumm, acnupadt HUY
MICY, s.semenov@dev-city.ru
Anekceii HOpbesnu KPYTAKOB!, 3aM. reHepansHoro aupextopa, a.krutyakov@devcity-project.ru
Wnba bopucosuu MPULLIYTUH!, HayanbHUK oTaena ¢yHKUMOHANBHOMO MOLENMPOBAHUA U PasBUTHA
WHhopMaLIMOHHBIX cUCTeM, i.grishutin@dev-city.ru
Cepreit Oneroeny MAKCUMOB!, HavanbHWK 0TAena Hay4HbIX MCCnegoBaHuia, s.maksimov@dev-city.ru
Muxamn EBrenbesnu KAPTALUMHY, crapwwit nporpammmct, m.kargashin@dev-city.ru
Bnaaucnasa OnerosHa YEJIMAKUHA!, ananuTuk, v.chelmakina@dev-city.ru
1 HayyHo-npoeKTHbIl ueHTp «Paseutue ropogax», 129090 Mockea, npocn. Mupa, 19, ctp. 3
2 HaumoHanbHbIA CCneaoBaTenbeKMA MOCKOBCKWIA rocy1apCTBEHHBIA CTPOMTENLHBIA yHUBepcuTeT (HUY MICY),
129337 Mocksa, fpocnasckoe ., 26
AHHOTaumA. PaccMaTpUBAETCA MCMONB30BAHNE UCKYCCTBEHHOMO MHTEUIEKTA M METOAOB MalMHHOTO 0BydyeHna B
rpagocTpoUTENLCTBE. ABTOPEMM CTATbM BIAENEHL TPU KMOYEBHIE 33[a4M - MIaHUPOBaHUE MPafoCT POMTENBHBIX
MpOLUECCOB, NPOrHO3MPOBaHWE NOKa3aTenei (CPoKK, CTOMMOCTb, HAarPY3KM Ha WHAPaCTPYKTYPY) W KOMMIEKCHBINA
MOHWTOPMHI CTPOMTENLCTEA. [11a WX pPELleHns NPeAnaraeTca UCMosb30BaTh KINACCMUECKOE MallMHHOE obydeHne,
HEPOHHBIE CETW M KOMMBKOTEPHOE 3peHue. [peacTaBneHsl NepenekTUBHLIE BO3MOXHOCTH NMPUMEHEHUS
WCKYCCTBEHHOTO MHTENMEKTA, @ TakoKe yake pa3paboTaHHble pelueHus B Takux chepax, Kak oueHKa
HEBWXMMOCTH, NPOrHO3MPOBAHUE CPOKOB CTPOUTENbLCTEE, aHANU3 rOPOACKOI CPefbl C MOMOLLBK) METOLAOB
MaLLWMHHOMO 0BYYeHMA 1 MOHUTOPMHIA MPOLIECCOB HA CTPOMTENBHBIX MoWaaKax. [poaHanusupoBsaH.l
MEpCNEKTHBLI NPUMEHEHWA TEHEPATUBHLIX MoAeneil M BoMbIIMX A3BIKOBLIX MOAENEN A4S AaBTOMATU3ALMK
J[OKyMeHTo0BOpOTa M NOBbILEHU 3thdEKTUEHOCTW MPOEKTUPOBaHMA. (Opn LT e ME (VT we g = = NI Y ) Tl g

€ 3aMeHsiET TPaAMLIMOHHBIE METOABI, HO 3HAYMUTENBHO NOBbILAET 3(EKTMBHOCTD YNPaBeHWs MEranpoeKTaMm.
MpencraBneHo NpaKTUYECKoe NPUMMEHEHWE METOA0B MalMHHOMO 0byueHna. Mccneposanna npoeeaersl HayyuHo

pom "PasButie ropoaa”, a MX pesynbTaThl by
brivKaymax.

KnroueBbie CnoBa: WCKYCCTBEHHBIA MHTEIEKT, MALLMHHOE 0BydYeHWe, rpafgoCTPOUTENLCTEBO, HEMPOHHBIE CETH,
rnybokoe obyyeHUE, KOMMbIOTEPHOE 3peHKe, DoMblUME A3bIKOBbIE MOAENW, AOKYMEHTOOO0POT, rEHePAaTUBHbIE
MOAENM, MOHWUTOPMHI CTPOMTENBCTEA

http.:.//'www.pgs1923.ru/ru/index.php?m=4&y=2025&v=08&p=10
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Geography of Artificial Intelligence Technologies in Russia!
S. P. Zemtsov*

Russian Presidential Acadi of Ni ! Economy and Public Administration, Moscow, Russia
*e-mail: zemtsov@ranepa.ru
Received January 31, 2024; revised April 10, 2024; accepted July 5, 2024

Abstract—The geography of innovation makes it possible to identify spatial patterns of creation, implemen-
tation, and diffusion of new technologies, but with the development of communications, an illusion appeared
that space is insignificant. In accordance with the aim of the study, the article shows that creation and imple-
mentation of artificial intelligence (Al) as one of the radical innovations cannot be widespread. It will be con-
centrated in centers with high innovation potential and specialized tacit knowledge, where the intensity of
knowledge spillovers is higher. In Russia, an education in Al can be obtained in 21 regions, research is con-
ducted in 35, and technology is being developed in 40. The article proposes a rating of regional potential for
Al creating, assessing scientific and technological development and density of the main elements of regional
innovation ecosystems. The rating shows a high concentration of potential in the largest urban agglomeration,
Moscow, and several creative cores: Moscow oblast, St. Petersburg, the Republic of Tatarstan, and Novosi-
birsk oblast. Sixteen centers have been identified capable of both creating and implementing certain Al tech-
nologies: Sverdlovsk, Nizhny Novgorod, Chelyabinsk, Samara, Tomsk, and Rostov oblasts, Krasnodar krai,
etc.; 23 regions that are predominantly acceptor centers using Al advanced production technologies and
41 regions with minimal potential. Leading regions may receive priority attention and funding by investors.
In acceptor regions, public policy priority may be given to supporting production automation, and in lagging
regions, preference may be given to increasing the population’s receptivity to digital technologies.

Keywords: geography of innovation, digital economy, technology change, innovation ecosystem, Russian

regions, science and technology policy

DOI: 10.1134/52079970524600525
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ChatGPT

ChatGPT': Generative Pretrained Transformer

*Mojens 3anmyleHa B my0andHoe ncnoiab3oBanue 30 Hosops 2022.

Developer OpenAl
*K 5 nekadps 2022 yke okoino 1M mosab30Baresieil BOCIOIb30BaI0Ch MOJICIBIO. | initial release November 30, 2022
(3 years ago)!']
.MOHGHI’ COJICp)KI/IT 175 B HapaMeTpOB‘ Stable release March 5, 2026
(12 days ago)=!
*Mozeiib MyJIbTUA3BIYHAS. Engino ——

Platform Cloud computing platforms
https.//habr.com/ru/articles/708646/ Available in 59 languages!”!

Type Chatbot
Large language model
Generative pre-trained
transformer

License Proprietary service

Website chatgpt.com
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Xapakrepuctuku mojaean ChatGPT 5.4 Pro

Be00: mexcm, uzobpasicenus

Bwv1600: mexcm

Konmexkcmmnoe oxkno: 1 050 000 mokenos (API-eepcus)
Maxcumanvustit 00vem omeema: 128 000 mokenos
Axkmyanvnocms 3nanuii: 0o 31 aseycma 2025 200a
Jlocmynnbie uncmpymenmul: NOUCK 8 cemu, paboma c
Qatinamu,; cenepayus uz00padjicenull, eHeceHue NPasox 8 Koo,
ynpasnenue komnvromepom, MCP; nouck uncmpymenmos.

Toxen B AI/LLM (UN): «Kupnuuuk» TekcTa (CI0BO, YaCTh CJIOBA WJIM CUMBOJ),
KOTOpbIN HEMpoceTh 00pabdaThIBaeT MPU FreHEpALIK OTBETA.

Model Context Protocol (MCP): oTKpbITBIN PpOTOKOI, pazpadoTannbiii Anthropic B
KoHI1le 2024 r., KOTOPBIA CTaHAapTU3UPYyET B3aumoaeiicteue Mexay LLM-monensamu (M)
Y BHEIIHUMHU JaHHbIMU, API 1 HHCTpyMeHTaMH.

benumapk (ot anra. benchmark — opueHTHP, 3TAJOH) — METOJI, UHCTPYMEHT WJIH
II0KA3aTellb, UCIIOJIb3YEMbIN JIJIs1 CPABHEHUS MPOU3BOAUTEIBHOCTH, KAYE€CTBA WIIH

3¢ ()EKTUBHOCTH MTPOLIECCOB C JTYUIIMMHU OTPACIEBBIMU CTAHIAPTAMHU.

GPT-5.4 Thinking

https.//habrastorage.org/r/w780/cetpro/habr/upload files/1d3/

dd7/b6a/1d3dd7b6a339c9f08c8367abf74ea3bs.png

https://habr.com/ru/companies/bothub/articles/101 1040/
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\) About Services Projects Products Testimonials Blog Contact KaK ChatGPT MOKRET IIOMOYb B HOBceHHeBHOﬁ
padore I'MC-cienuasnucra:

MOMCK HaOOPOB JIaHHBIX JIJISI paOOTHI;

6 Ways to Use ChatGPT in Your Everyday GIS Work BBIOOP MIPOrPAMMBI TS PAGOTHI ©

IMPpOCTPAHCTBCHHBIMH JTdHHBIMU,
BOIIPOCHI ITO UCITOJIb30BAHHUIO OIIPCACIICHHOTO
nHcTpyMeHTa B [ UC-nipritoxkeHusix;
® By Mara Stoica i December 16,2022  © No Comments HAIIUCAHUC 6&30BOI‘O KOJa (HpI/IMep - :—)KCHOpT
nanubix B Google Earth Engine (GEE). UaT-60T
ChatGPT has been the talk of the town recently. OpenAl launched the chatbot in research preview last month and is making it free to use during HpCI[CTaBJI}IeT BapHaHT KOI[a I[J—I;I :‘)KCHOpTa
this time. We do not know how long this free preview will last but we highly encourage everyone to check it out. It is one cool tool.

koJutekiuu Landsat-8 u3 o0111e10CTyImHOTO
karanora ganubix GEE, GunbTpyst ciyTHUKOBBIE
JaHHBIC [10 BPDEMEHHOMY IIEPUOAY, TEPPUTOPUHA
WCCJICIOBAHUS U ITPOLEHTY OOJIAYHOCTH).

https ://’www.dymaptic.com/6-ways-to-use-chatept-in-yvour-everyday-gis-work/
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https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
https://cartetika.ru/tpost/y426h937k1-kak-iskusstvennii-intellekt-mozhet-pomoc
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Search results for "chatgpt” (9 items found)

E Ruimtelijke Plann

oy Tim Dubbaidiam - Provincke 73

DEPRECATED - Plugin for using
Dutch online zoning plans from
https:/formgevingswetoverheaid.nlf
regels-op-de-kaart/

B8 17 okr. 20241

Z Download

LandTalkal,

"LandTalk.Al - Your Landscape
Talks wWith You using Al Analyze
map areas using Google Gemini,
ChatGPT. or Claude multimodal
Al

B 14 wmam 20261

& Download

LinQ
l‘\ by Caroline Font. Inrap. ChatGPTS

LinQ permet d afficher un
diagrarmme des relations
enregistrées dans le projet. La
flache entre les tables indigue le
sens de

& Experimental
B 17 gex 20251

Z Download

Reveal Address
by ChaeCPT & EMvinSolutions S_

QGIS plugin generated by
ChatSPT, to reveal address using
reverse geoccoding on Nominatirm
AR

B 13 mas 20267, waw (29)

Z Download 4 5670

satellite_derived_DE:Y
hymetry for is
n;{asef M?lry— -9

A comprehensive and autormated
toolkit for Satellite-Derived
Bathymetry (SDB) using rmachine
learning, featuring integrated
ICESat-2 data retrieval. This plugin
is..

B 6ner 20251 )

& Download & 1.673

sQIER
l‘\ by Caroling Font. InfEp. ChatGPTS

sQIER (prononceé sequeler)
permet de visualiser un
diagramme entité-relation a partir
d'un code SOQL importé ou saisi. 1l
est possible .

A Experimental
B 27 wap. 2026

Z Download

" OpenGeoclAgent
'zt', by Qiusheng Wu

Geolgent-powered multimodal
Al chatbot for QGIS projects.

B 25 man 20261

i Download

QRator
?\ by Caroline Fone. Inrap. Copllot. _

Plugin de gestion de projet.
analyse des arborescences de
couches, des thémes, des mises
en pages et des relations entre _

A Experimental
B 19 doesp. 2026T.

& Download

by Armt Flr Ceslnformation wnd

E bielefel dGEQSUCHE

Official geosearch functionality,
just for Bielefeld!

B 22 mam 2026

4 Download

obHo8seHue Ha 29 maa 2026

https://plugins.qggis.org/search/?g=chatopt

# Home ¥ All Plugins i= Categorles

& Upload a plugin

I + Create empty plugin ‘

#A Home

¥ All Plugins

i= Categories

£ Metrics
Deocumentation

Plugin Tags

|E Metrics =) Login

All Plugins

List of all approved plugins.

3414 records found

=R RS B Table View

age. 32BT Feature
FAT] Annotation Toolbar
by 3287

Quickly add and manage
annotated pointfeatures in a
dedicated layer.

& 10 Man 2026 1. w4 (89)

& Download & 6380

/\ 32BT Feature
FNT] Navigation Toolbar
by 32BT

Quickly navigate a set of features

& 10 man 20261, i v (29)

& Download & 3707

L Download L

Sort by: -

‘ 32BT Verbeter de

kaart
by 32BT

Open verbeterdekaart.nl vanuit
QGIs

& 17 Man 20261, i wu (14)

& Download L2146
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Plugins tagged with: machine-learning

8 records found — Click to toggle descriptions

2024

Plugins tagged with: machine-learning

Ha koHey 0ekabpsa 2025

Latest
Plugin Created
Version on

Magic Georeferencer Mapflow
@ Wai%cmwmmn m I‘.\'Gmm

Map menter
1] bvQusne il

Name Author

Brendan Ashworth 16 AHE. 2024

Bunting Labs Al
‘fectorizer

ClusterPoints

Deep Leaming Datazets

Maker

Deepness: Deep Meural
Remote Sensing

Johannes Jenkner

deepbands (Youssef Harby and Yizhou

Chen)

PUT ision

=

18 asr. 2023
r

18 sHB. 2022
r

28 ceHT. 2023
r

19 gex.
2023

30 map.
2020

11 pex
2021

20 okt
2022

AIAMAS - Al-Asslsted
Map Styler
qun?gomlmmz Vogel 5.

Symibalize your vector yers in
seconds

L Experimental
B8 6 mon. 20251,

A ArcGeek Calculator
P\ bvAncCask

ArcGeek Calculator ks 3 QGIS
plugin that provides a
comprenensive set of tools for
coondinate caloulatons,
comversions. spatfal operations.
wiatershed _

B8 7ok 20251 ns7)

Bunting Labs Al

vectorizer
byErsnidan Astwcrh

Autocomplete for vectortzing and
georefarencing rastar maps.

Al pOWwered SURNTIAHE IMage
georeferencing using
MatchaAnyhing desp learming
medel

L Experimental
B 2B nosb. 2025 1. 4]

Extract real-wiorid objacts from
satellite Imagery with Mapfow by
Gegalen: Mapfiow provides A1

mapping plpeines for bullding
footpnes, roads, felds,

B 17 nomE. 2025 1. nsh

Usas maching learming 1o
SEgMENt 3 Map Into areas of
Itenest.

B Goex 20251

Search results for "machine learning” (44 items found)

& Download & Download —

Plugins tagged with: machine-learning

10 recerds found — Click to toggle descriptions

Semi-Automatic dzetsaka : Al-

Ha koHey mas
Y Mapfi

by Geoalert

2025

Name

AIAMAS - Al-Assisted Map Styler

Bunting Labs Al Vectorizer

ClusterPoints

Deep Learning Datasets Maker

Deepness: Deep Neural Remote

Sensing

EnMAP-Box 3

Mapflow

Map Segmenter

Nimbo's Earth Basemaps

TreeEyed

124589

Author

Diego Fanfino, Niklas Vogel, Samuel Meuli, Stefan Keller

Brendan Ashworth

Johannes Jenkner

deepbands (Youssef Harby and Yizhou Chen)
PUT Vision

Andreas Janz, Benjamin Jakimow, Sebastian van der Linden, Fabian Thiel, Henrike

Dierkes

Geoalert

Quant Civil

Kermap

Andrés Felipe Ruiz-Hurtado, Tropical Forages - CIAT

Latest Plugin
Version

1okT. 2024 1.

15 okt 20241

18 aer. 2023 1.

19 AHE. 20221

10 aek. 20241

20 pek. 20241

2AHB. 2025 1

15 HoRG. 2024 1

9weon. 2024 1.

19 pek. 20241

Created

12 mion.
-

19 pex 2|

30map. 3
e

11 ger 2

20 oxT. 2

7 map. 2

e

4 cenr. 24

G cenr. 24

CartoCultures_ML_G
-8 EE
oy il Aarmiees - Pota Dighal -

Plugin professionnel de
canographie des Cultures avec
Machine Leamning ex Google Earth
Engine - Developpe au Fole
Digltal Agriculure

B8 24 covr. 2025r

& Download

Deepness: Deep
Neural Remote

Sans|
EyPLT Vi

Infarence of deap newral necwork
models [ONNX) for segmentation,
detection and regression

B8 10 pew 20241 ns7)

& Download

https://plugins.qggis.org/search/?g=machine~+learning

g s

Geadl phugin for QGIS providing

}-powered geospatial analysis
Incluging Moandream vislon:
language medel for Image
captioning. querying. object
detection. and semantic

Bf 17 amc 20251,

ClusterPoints
by Jofannes Jerkner

Cluster Polnts CONGUCESs CUStErng
of points basad on thelr mutual
distance o each ather of based
on supplemental information
from .

B 18 anr. 2023 1.

& Download

dzetsaka:
g, Classification tool
by Micolas Karzsiak

Fast and Easy Classification plugin
for Chgts whth 11 ML algorithims +
Auto-inseall

Bf 28 e 20251 nze)

& Download L2033

Geo05AM
EyiDier Bbaga

Advanced segmeneation ool wih
Inteliigent SAM 21 Ukralyrics
SAMZ] B selecton. exceptional
CPU performance f<1s on 24+
oores), GPU acceleration.
Hhreading and _

B
20 cenr. 20251,

Jn . " )
Iiirge Classification Plugin
== by Luca Congedo

The Semi-Automatic Classification
Plugin (SCP) allows for the
supervised classification of remote
sensing images, providing tools for
the download. the ..

B 15 hours ago  wwww (1793)

& Download

B
Interpolation using Ordinary
Kriging and Machine Learning

(Support Vector Machine).
Generate Management Zones

& 2568868

Smart-Ma
by Gustavo willam Peraira (IFSU.

[
20 map. 20251,

& Download L 153717

Powered Remote

Sensing Classification
by Nicolas Karasiak

Next-generation Al for Earth
Observation in QGIS with 11 ML
algerithms, major runtime
optimizations, advanced UX
workflows, recipe-driven
configuration, and ..

B 1anp. 20261

& Download X 231313

ArcGeek Calculator
by ArcGeek

ArcGeek Calculator is a QGIS
plugin that provides a
comprehensive set of tools for
coordinate calculations,
conversions, spatial operations,
watershed ..

]
20 man 2026,

& Download & 152,599

Extract real-world objects from
satellite imagery with Mapflow by
Geoalert. Mapflow provides Al
mapping pipelines for building
footprints, roads, fields. _

B Banp.2026r. wwwwu(70)

& Download & 192067

EnMAP-Box 3

by Andraas Janz, Benjamin Jaki

Imaging Spectroscopy and
Remote Sensing for QGIS

B 19 map. 2026 1.

& Download 121164
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Search results for "remote sensing and Al" (23 items found)

dzetsaka: Al-
Powered Remote

Sensing Classification
by Nicolas Karasiak

Next-generation Al for Earth
Observation in QGIS with 11 ML
algorithms, major runtime
optimizations, advanced UX
workflows, recipe-driven
configuration, and ..

@ 1anp.2026T1. w151

& Download & 231314

GeoAl
by Qiusheng Wu

GeoAl plugin for QGIS providing
Al-powered geospatial analysis
including tree segmentation
(DeepForest), water segmentation
(OmniwaterMask). Moondream
vision-language model, Segment
Anything ..

g 26 man 2026 T.

& Download

Mapflow
by Geoalert

Extract real-world objects from
satellite imagery with Mapflow by
Geoalert. Mapflow provides Al
mapping pipelines for building
footprints, roads, fields, ..

@ 8anp.2026T. Wi (170)

& Download & 192,067

Al Segmentation by
TerraLab

by Yvann and Lilien from Terrala_

Segment buildings, vegetation, or
any object in your raster using Al
refine & export as vector polygons

#@ adayago

& Download & 31.021

B3R Relief Visualization

Toolbox
by ZRC SAZU and University of L.

Relief visualization toolbox (RVT)
plugin helps scientists visualise
digital elevation model datasets.

@& 11anp. 2026 .

& Download & 107.206

Artificial Intelligence
Forecasting Remote

Sensing
by Hafssa Naciri: Mizar Ben Achh..

This plugin allows time series
forecasting using deep learning
models.

@ 12 HomG.2025T. wwww(37)

& Download & 15,049

Mapflow

' Plugin ID: 2452 &
Extract real-world objects from satellite imagery with Mapflow by Geoalert. Mapflow provides Al
mapping pipelines for building footprints, roads. fields, forest and construction sites.

77 0170) votes

% Download latest

m Details Versions

Mapflow provides Al models for automatic feature extraction from satellite imagery. Choose a web imagery provider or
upload you own image, select what type of features you want to extract and your area of interest, and Mapflow will do
the rest. Currently. we can extract

- buildings

- agricultural fields

- forest (optionally, with height)

- roads

- construction sites

Version QGIS == QGIS == - ™ Date

351 3200 3.99.0 geoalert 8 anp. 2026 r. 11:13 GMT+3
3200 3990 geoalert 26 ger. 2025, 21:57 GMT+3
3200 399.0 geoalert 26 pek. 2025, 21:41 GMT+3
3.20.0 3800 geoalert 17 HorG. 2025 r., 10:53 GMT+3
3200 399.0 geoalert 14 okt. 2025 1., 1457 GMT+3
3.20.0 3800 geoalert 6 okt. 2025 1., 0912 GMT+3
3200 3.99.0 geoalert 5 man 2025 . 16:08 GMT+3
3200 3990 geoalert 18 map. 2025 r., 17:10 GMT+3
3200 3.99.0 geoalert 7 map. 2025r.18:22 GMT+3

3200 3990 1264 geoalert 5 map. 2025r., 01:08 GMT+3

https.://plugins.qeis.org/plugins/mapflow/

https://plugins.qggis.org/search/?g=remote+sensing+and~+AIl
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Workflow of using ChatGPT to suggest OSM '"highway' tags

ChatGPT as a mapping assistant: A novel 1. Road selection 2. Visual analysis

method to enrich maps with generative Al and
content derived from street-level photographs O e:Str%etMap
gl

1[0000— 0003 3393—40H]  Potor Moomney 2000000022380 3783]
3[0000— D00 7064 —8238] _

Levente Juhssz

Hartwig H. Hochmear , and Boyuan Cuan’

' QIS Center, Florida International University, Miami, FL 33199, USA
{1jubasz,bguan}éfiu.edu
* Department of Computer Science, Maynooth University, Co. Kildare, Ireland
peter . mooneyiimu. is
* Ceomatics Sciences, University of Florida, Ft. Lauderdale, FL 33144, USA
hbhochmairdufl . edu

Abstract. This paper explores the concept of leveraging generative Al
As & mapping assistant for enhancing the efficiency of collaborative map-
ping. We present the results of an experiment that combines multipls
sources of voluntesred geographic information {VGI) and large language

madels (LLMs). Three analysts described the content of crowdsourced [ : : Q. |it
Mapillary street-level photographs taken along roads in & small test area 4. Tag SuggeStlon { 3 Prompt building .
ChatGPT ;

in Miami, Florida. GPT-3.5-turbo was instructed to suggest the most
appropriate tagging for each road in OpenStreetMap (OSM). The study Q' |a nes
ako explores the utilization of BLIP-2, a stateof-the-art multimeodal

pre-training method as an artificial analyst of strest-level photographs
in addition to human analysts. Results demonstrate two ways to effec- S Q. Oneway
tively increase the accuracy of mapping suggestions without modifying uggested \ =
the underlying Al models: by (1) providing a more detailed description <: <:: Prompt @ | Q.

: : : surface

of source photographs, and (2} combining prompt engineering with ad- tagS
ditional context (eg. location and objects detected along & road). The
first approach increases the aceuracy of the suggestion by up to 207,
and the sacond one by up to 20%.

Keywords: ChatGPT - OpenStrestMap - Mapillary - LLM - volun- HH \ I
teared geopraphic infumml,ic::‘- mn.pping[ ’ AddltIOl‘lal —~ - Ca ptlon
context Visual Analyst

Q: users
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A3bIKOBAA MOOENb CHATGPT U OAHHBIE AUCTAHUWOHHOIO 30HOWPOBAHUA
SENTINEL NNAT®OPMbl GOOGLE EARTH ENGINE HA MPUMEPE OMCKOWU OBJIACTHU

K.T.H., wieH Pocrugporeo Illaraposa JLB.

WacTtuTyT pannodusuky u husnyeckoi anekTporukH OMcroro Hayusoro neHTpa CO PAH

BregpeHHe H HCOOIBIOBAHHE HCEKVCCTECHHOTO HHTEMISKTA B DA3MHYHBIX OOMACTAX HAVEH H TeXHHKH CTAHOEHTCA Bce Oomee
pPACTOpOCTPAHEHHEIM H AKTYATBHEIM. OJHOH H2 NEpCHSKTHEHBIX 00NAcTeH NPHMEHEHHA HCKYCCTEGHHOTC HHTSIUIEKTA ABIAeTCA 00paboTEa
mEbpoEof KocMEYecEol EHGOpMAITHH H aHATH? re0npoCTPAHCTECHHEDX JaHHbX. OdmatHas mmatdopuda Google Earth Engine sengerca
MOITHEIM HHCTPYMEHTOM J71A paboTHl ¢ TAKHMH J3aHHEIMH, NPeJOCTAETAT JOCTYH E KOMIEKITHAM KOCMOCHHMKOE H BEMHCIHTSIEHOH
HHEQPAcCTPYETYpe A0 TeMaTHdeckod o0paboTkH HHGOpMaHH, BHIYAIHIalHH H aHamwsy. B pemaktope koga Google Earth Engine
HCIIONB3YETCA A3EIK IporpaMMHEpPOEaHES JavaScript.

Tenepamus koma ang paboTsl ¢ APT Google Earth Engine Mo%eT OHITh JOBOMBHO CIOKHOHR H TPYIOEMEOH 3amadeii, TpefiveT omerta B
IporpaMMHEpOEaHEH. OOHAKO ¢ DOABIeHHEM H pazEHTHeM ChatGPT - MOIHOH A3HK0EOH MOZENH reHEPAHH TEKCTA Ha OCHOBE HeHpPOHHEIX
ceTel, MOABHINCE HOBEIE BO3MOKHOCTH 718 AETOMATH3AIHHA 3TOT0 IPOIIecca.

B paHHOM JOKTAge NpeACTABICHEl BapHAHTH EzammoncHcTeRg ChatGPT no reHepanss kofa Ha f2kEe Java Script goa pabotst ¢ API Google
Earth Engine W JanHEMHE JHCTAHIHOHHOTO 3OHJHPOBaHHA JeMIH IPYNIHPOBEH KOCMHYECKHX ammapatoB Sentinel ma mpemepe Omckol
0OIACTH.

[Toasnenne A3KKOBEIX Mogeneil, Takux kak ChatGPT u Generative Pre-trained Transformer 4 (GPT-4), Bsi3eano
3HAYHTEIBHEIH HATEPEC K HCIONb30BAHHI0 MOJETEH HCKYCCTEEHHOTO HHTEIEKTA B PAasIHYHEIX obmacTax [1]. Hx hitps://www.elibrary.ru/item.asp?id=75112816
MOTEHIHAI IIHPOKO NPH3HAH, HO B 00IACTH AHCTAHIHOHHOrO 30HAHpOEaHHA BosMoxkHOCcTH ChatGPT 10 koHUA He
PACKpHITHL, HM elle IpeJCcTOHT PasBHBATh BEAPHAHTH B3auMonekicTema [2,3].

AETOMATH3ZAIIHA HANHCAHHA [IPOTPAMMHOIO KOJA 3HAYHTEIBHO 3KOHOMHT EPEMA H YCHIHA HCCICAOBATENCH, a
TAKsKE IPHBOIHT K YIIPOIIEHHIO IIponecca padoTsl ¢ nudpoBoi kocMaYeckoi nHpopmanueil B Google Earth Engine.

Hcnoneszoanne ChatGPT mma reHepanmu koxa Ha Java Script ama padoter ¢ API Google Earth Engine, rax
IMOKA3aHO HA TpHMEpEe MAaHHBIX J[33 TIpynNnHpPOBKH KOCMHYECKHX amnmapatoB Sentinel, npencrtasmaerca
MOTEHIHATBHO MOIIHEIM HHCTPYMEHTOM /1A ABTOMATH3AI[HH 00pab0oTKH H AHANH3a IeONpPOCTPAHCTECHHBIX JAHHBIX.

JansHelnee HCCICIOEAHHE H PA3BHTHE 3TOr0 MOAXONA PACKPBIEAST OTPOMHEIH MMOTCHIIHAT MEpPEl HAYIHBIM
COODIIECTEOM, a TAKKE CIIOCOOCTEYET BOBISYSHHIO MOMOIBIX YISHBIX K H3YICHHIO 3eMIH H3 KOCMOCA.
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CXeMa Geo GPT GeoGPT: Understanding and Processing Geospatial Tasks through

An Autonomous GPT
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Task finish?
Observation

(output)

~t (1 ARTICLE HISTORY
ALI (]nPUI} Compiled July 18, 2023
ABSTRACT
Generally, decision-makers in GIS need to combine a series of spatial algorithms
and operations to solve geospatial tasks. For example, in the task of facility sit-

GEOSpatlal data Geospat]al data ing, the Buffer tool is usually first used to locate areas close or away from some
pl’OCEbSing and 3[‘]3]\-’Sis Vlsualizatl()n specific entities; then, the Intersect or Erase tool is used to select candidate ar-

eas satisfied multiple requirements. Though professionals can easily understand and
solve these geospatial tasks by sequentially utilizing relevant tools, it s difficult for
Mapnpin Insert lecend non-professionals to handle these problems. Recently, Generative Pre-trained Trans-
N . PPINg { g : former (e.g., ChatGPT) presents strong performance in semantic understanding and
L-arl d use C IaSSlﬁCﬁtan baSEd []"ISEI't ﬂQrth arrow, reasoning. Especially, AutoGPT can further extend the capabilities of large language

models (LLMs) by automatically reasoning and calling externally defined tools. In-

on remote sensing 1images Insert scale bar, and spired by these studies, we attempt to lower the threshold of non-professional users
Insert grld} - to solve geospatial tasks by integrating the semantic understanding ability inherent

in LLMs with mature tools within the GIS community. Specifically, we develop a
new framework called GeoGPT that can conduct geospatial data collection, pro-
cessing, and analysis in an autonomous manner with the instruction of only natural
langnage. In other words, GeoGPT is used to understand the demands of non-
professional users merely based on input natural language descriptions, and then
think, plan, and execute defined GIS tools to output final effective results. Several
cases including geospatial data crawling, spatial query, facility siting, and mapping
validate the effectiveness of our framework. Though limited cases are presented in
this paper, GeoGPT can be further extended to various tasks by equipping with
more GIS tools, and we think the paradigm of “foundational plus professional” im-
plied in GeoGPT provides an effective way to develop next-generation GIS in this
era of large foundation models.
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@ dakynbTeT reorpadun u W B peleHnmn 3a43a4 reoaHaIMTUKM Opyrue GPT: MapGPT ‘ 21

MapGPT: aBa Tuna npomnToB (task description u fundamental inputs)

Task Description: [Task background] [Input Definitions] [Output Requirements]
Fundamental Inputs: Instruction: Go straight and pass the bar ... pass the clear glass table
Description with the white chairs and turn right. Whait in that hallway. [History] [Observation]

[Action Space: ... B. go forward to Ploce 4: <Imgd= /<o living room with a bar

Fundamental Previous Trajectory: Place 01
Inpuis Planning | Map:
s Place 0is connected with Places 1, 2, 3
Place 1is connected with Places 4,0, 3
Supplementary Info @ Current O Explared © Accessible

LLM Prompt Manger Place 2: <Imgl>/<a bedroom with a bed and a door> @ unexplored Inaccessible

Previous Planning:
1. Goto Place 1 to check if it matches the first part of the instruction. 2. If it matches,

continue to follow the instruction. If not, consider backtracking or exploring other places

Environment Thought: ... The map shows that Place 1 is connected with Place 4 which matches ...

Mew Planning: 1. Go to Place 4, which matches the first part of the instruction. 2. After
reaching Place 4, ook for the clear glass table with white chairs mentioned in the
instruction. 3. If found, turn right and wait in the hallway as instructed. Action: B

(a) Prompt System (b} Map-Guided Prompting with Adaptive Path Planning

https.//arxiv.org/abs/2401.07314
https..//www.mapbox.com/mapgpt
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WaterGPT: training data production process

Knowledge
Dataset

LLM Reasoning
\ /

Dialogue

@ 2] Reconstruction

o
o

o @

i @ .

®
@ ¢ ¢ . Knowledge QA
Pairs Generation

Water knowledge graph | Negative Sample |

Manual screening

Human-Designed . .
Conversation Multi-turn Dialogue 5
Dataset : Dataset

Network knowledge

Water Conservancy-

Sources Methods
SFT Dataset

LLM-Reasoning - 6oJbIine sI36IKOBBIE MOJICNIN, HAIICJICHHBIE HA JIOTUYECKOE
pacCyX)IeHUE MPU PELICHUU CII0KHBIX 3aa4.

WaterGPT is applied in three main areas:

(1) processing and analyzing data such as
images and text in water resources,

(2) supporting intelligent decision-making for
hydrological tasks,

and (3) enabling interdisciplinary information
integration and knowledge-based Q&A.

WaterGPT achieved the highest accuracy to date in
the field of water resources,

reaching 83.09%, which is about 17.83 points higher
than GPT-4.

Ren, Y.; Zhang, T.; Dong, X.; Li, W.; Wang, Z.; He, J.; Zhang, H.;
Jiao, L. WaterGPT: Training a Large Language Model to Become a
Hydrology Expert. Water 2024, 16, 3075.
https.//doi.org/10.3390/w16213075
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dakynbTeT reorpadunn u
reonHGOPMaLMOHHbIX
TEXHONOTNM
B cpepe uckyccmeeHH020 UHMENLIEKMA HEM HUYEZ0 Donee napa-
JOKCansHO20, YEM CKOPOCMYy YCMAPESAHUA 3HAHULL 3a Mo apems,
NOKa 20MO8UMCA K NEYAmu ouepedHas mMeXHUYeCKaa KHuza, no-
A8nAKMCA Ho8ble (peliMeopKU, anlzopumMmel U nodxodul, KOMOpsle
KapOuHaivHo MeHgom Aandwagdm mexHonozuil. RAG-cucmemsl He

Kak 3aknouyeHue 23

_ [Modern Geogiéfia | The emergence of artificial intelligence in
weeen | geography can be traced back to Dobson’s 1983
work Automated Geography and Openshaw’s

Mez6si, Gabor' —van Leeuwen, Boudewijn’ — Tobak, Zalén® —

UCKIFYeHUe — 3ma 06aacme

MEABHO, YMO NH00a NONsIMKA
3HAHUE 0OpeueHa Ha yemapeaa
OOHAKO UMEHHO NOIMOMY HEOD
HblE PYKOB0JCMEA, KOMOPBIE He
CMpYMeHmMbl, a dawm 2nyeoK(
MexXHOA0ZULl. Ima KHU2a — HE
a cmpeMAcHUE 3afuKcuposar

MYPHBIE PelleHUa, KOMOPBIE OCT
0M CMeHbl eepculi Oubauomex

daHue npedHasHayeHo pa3pads
npodyKmMoesLM MEHEIWEPAM U ¢
308ame 2omossic RAG-peler

Hbl usHympu. Kamdag 21asa
€ NPAKMUYECKUMU NPUMEPAML

Csikés, Nandor” - Szilassi, Péter®
Poman Oywkux

RAG-cucrembli

‘ Ot Teopun
'K NpaKTHKe

Artificial Intelligence: New Horizons in
Geography Education and Geographical and
Earth Science Research

ABSTRACT

In recent years, the application of artificial intellizence (AI) has become increasingly widespread in
scientific research, including geography and the Earth sciences, offering new opportunities while
raising The concept of research results through
lgorithm- and model-based machine ing with diminishing levels of human intervention has
been present in the Earth sciences for some time. The analysis of the rapidly growing volume of geo-
graphical data can now be supperted in novel ways by artificial intelligence, which not only facilitates
the automated identification of specific spatial patterns from satellite imagery but also contributes to
the exploration and interpretation of complex spatial processes. Tts application enables, for example
the prediction of dynamic processes and the reconstruction of the former states of certain regions
The aim of this paper is to provide an overview of the potential applications of artificial intelligence
in geographical research and education, illustrated through both national and international examples
The analysis also highlights that many methodological approaches currently classified under the
umbrella of Al in gecgraphy have already been in use for some time; however, the broader and more
integrated application of Al may lead to dynamic developments in geographical and Earth science
research, as well as in geography education. Given that the range of methodological possibilities
offered by Al is continucusly expanding, this study does not scck to present all potential applications.
Instead, following a general overview, the topic indicated in the title is illustrated through a selection
of representative examples from the field of geography.

Keywords: artificial intelligence, GeoAl examples, geography education, geoscience

1997 volume Artificial Intelligence in
Geography.

One of the primary drivers of the rapid
development of GeoAl over the past decade is
the availability of user-friendly Python and R
libraries, which enable practical applications
even for users with basic programming skills.

We are confident that Al-based methods will
collectively stimulate a rethinking of the role,

U3YHUMBb KOHYENYUL, HO L HEMS
Kke. B anoxy, kozda HH-cucmemi o1
UHGpacmpykmypotl, ROHUMaHL B 01 century.
€MCA U3 NPEUMYECmea 6 Heod "

focus, and objectives of geography in the 21st

[Togonsckas E. C. Mcnonb3oBanne ChatGPT B reonndopmMaimoHHBIX IPOEKTaX: HCTOPHS C
2022 roga u mepcriekTuBbl 2025 rona // Coopuuk marepuanos XIII Mexaynapoanou
[[Ixonbi-cemunapa «CIyTHUKOBBIE METO/IbI M CUCTEMBI UCClIeIoBaHus 3eMiny. Tapyca, 23-
27 mas 2025.M.: UKU PAH. C. 27.
http://d33.infospace.ru/d33_conf/tarusa2025/s05_Podolskaya.pdf

RAG (Retrieval-Augmented Generation,
WJIM TeHEepaIys ¢ JOTIOJHEHHON BRIOOPKOIN)

htips://dmkpress.com/files/PDF/978-5-93700-429-
1L.pdf?utm source=LeadHit&utm medium=email&utm campaien=MRI111125&lh
message 1d=691303d925571a79fc814788&lead id=64106670094d612b95fde0bd
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HANDBOOK OF
GEOSPATIAL ARTIFICIAL
INTELLIGENCE

Introduction to

Song Gao, Yinglk GEOSPATIAL ARTIFICIAL

Wenwen L

INTELLIGENCE

@ a Gordana Jakovljevi¢, Miro Govedarica, Maria Antonia Brovelli

Texoscxuil pesuonazoaseckui scypuas. Taw 21 N 1/2025
HAVKA U PETHOHAJIBHOE PA3BBUTHE
SCIENCE AND REGIONAL DEVELOPMENT

VIIK 9113+004.738.5 DOL: 10.37490/5221979310032649-6

TEOIPOCTPAHCTBEHHBII HCKYCCTBEHHBIH HHTEJLTEKT
JUIS1 TEOI PADHYECKOH SKCIIEPTH3bI IIPOEKTOB
PEITHOHATIBHOI'O PASBHTHS: TPH ITAPAJTHI MBI

OCHOBHBIMHU y4eOHBIMH TTOCOOMAMU Kypca Ha BecHy 2026 rona moxHo Ha3BaTh Handbook of
geospatial artificial intelligence (2024) u Introduction to Geospatial Artificial Intelligence
(2025).

N3ydenne BO3MOKHOCTEN U OTPAHUYEHUIN UCIIOJIb30BaHUs MHCTpyMEHTOB MU, Takux kak
ChatGPT (Candrasari et al., 2024; Gultom et al., 2024) u ero moguduxanuii - MapGPT (Zhang,
He et al., 2024) u GeoGPT (Zhang, Wei et al., 2024), TpeOyIOT OTACIBHBIX UCCICIOBAHUM.

HNucrpymentsl U yike NpuCyTCTBYIOT B y4eOHBIX Kypcax 1o reoMH(popMaTuke, €CTh
IPUMEPHI JOMYCTUMOCTU U HEJIOMYCTUMOCTH TTPUMEHEHHsSI MHCTpYMeHTOB VI npu BeIMOTHEHUT
yueoHbsix ' MC-3ananuii (Mooney et al., 2023), ecTb MOHUMaHNUE UHCTPYMEHTOB KaK
kaprorpadguueckux nomomHukoB (Juhasz et al., 2023; Stutz et al., 2023).

HccnenoBarebcKkue BO3MOKHOCTH CBA3aHbI ¢ KOHUENTYaJIM3alMell HOBbIX MoAeJIeH
apxutektypbl TeoU (GeoAl), yauThiBaromumx 0COOEHHOCTH MPOCTPAHCTBEHHBIX TaHHBIX
(Boutayeb et al., 2024). Takxxe oTMeuaeTcsi HEOOXOAUMOCTh HHTEerparuu oobsicaumoro NN (Al
explainability) B 00pab0TKy mpOoCTpaHCTBEHHBIX JaHHbIX. TepmuH reolU ucnonb3yercs B psiie
pabot (Janowicza et al., 2020; Lunga et al., 2022; Mai et al., 2025; Lee, Li, 2025).

Iliianupyem peausaid Kypca ¢ BKiIw4YeHueM reo-LLLM u GPT, s3kcnepTHbIX M HeYeTKHX
CUCTEM.
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