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ZINATNISKA DARBA APROBACIJA

Pétjuma rezultati apkopoti un publicéti 7 recenz&jamos zinatniskajos
izdevumos. Visi raksti ir indekséti starptautiski cit€jamas datubazes Scopus, Web
of Science vai SciTePress.

1)

2)

3)

4)

5)

6)
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Kalinka M, Geipele S, Pudzis E, Lazdins A, Krutova U, Holms J. (2020).
Indicators for the Smart Development of Villages and Neighbourhoods in
Baltic Sea Coastal Areas. Sustainability (Vol. 12(13)). Indekséts Scopus
un Web of Science datu bazes.

Holms, J., Arhipova, ., & Vitols, G. (2019). Relationship Between
Spatial Datasets and Assessments of Mapped Ecosystem Services
Indicators. Baltic J. Modern Computing (Vol. 7, pp. 1-18). Indekséts
Scopus un Web of Science datu bazes.

Holms, J., Arhipova, ., & Vitols, G. (2018). Linking Environmental Data
Models to Ecosystem Services’ Indicators for Strategic Decision Making.
In Proceedings of the 20th International Conference on Enterprise
Information Systems (pp. 170-174). Indekséts Scopus un SciTePress datu
bazes.

Holms, J., & Vitols, G. (2017). An overview of data from datasets
registered in Latvian spatial metadata catalogue. In International
Multidisciplinary Scientific GeoConference Surveying Geology and
Mining Ecology Management, SGEM (Vol. 17). Indekséts Scopus datu
baze.

Holms, J., & Vitols, G. (2017). Latvian spatial metadata catalogue’
content and summary for referenced spatial data sets and services. In
International Multidisciplinary Scientific GeoConference Surveying
Geology and Mining Ecology Management, SGEM (Vol. 17). Indekséts
Scopus datu baze.

Holms, J., Arhipova, I., Tulbure, 1., & Vitols, G. (2017). Ecosystem
Provisioning Services Automated Valuation Process Model for
Sustainable Land Management. Procedia Computer Science (Vol. 104,
pp. 65-72). Indekséts Scopus, Web of Science un SciTePress datu bazes.
Holms, J., & Vitols, G. (2016). Comparison of attributive and spatial
filtering approaches to retrieve massive datasets through Web Feature
Services, avoiding limitation on feature count per request. Proceedings of
the 16th International Multidisciplinary Scientific GeoConference SGEM
2016, Book2 (Vol. 1, pp. 609-616). Indekséts Web of Science datu baze.



Promocijas darba rezultati tika referéti Sadas starptautiskajas zinatniskajas
konferences.

1)

2)

3)

4)

Starptautiska zinatniska konference “20th International Conference on
Enterprise Information Systems, ICEIS 2018”, Funsala, Portugale. 21.03.-
24.03.2018. Stenda referats: “Linking environmental data models to
ecosystem services’ indicators for strategic decision making”.
Starptautiska zinatniska konference “17th International Multidisciplinary
Scientific GeoConference, SGEM 20177, sekcija “Informatics /
Geoinformatics and Photogrammetry and remote sensing / Cartography
and GIS”, Albena, Bulgarija. 27.06.-06.07.2017. Mutiska prezentacija:
“Latvian spatial metadata catalogue’ content and summary for referenced
spatial data sets and services”.

Starptautiska zinatniska konference “17th International Multidisciplinary
Scientific GeoConference, SGEM 20177, sckcija “Informatics /
Geoinformatics and Photogrammetry and remote sensing / Cartography
and GIS”, Albena, Bulgarija. 27.06.-06.07.2017. Mutiska prezentacija:
“An overview of data from datasets registered in Latvian spatial metadata
catalogue”.

Starptautiska zinatniska konference “The International Multidisciplinary
Scientific GeoConference, SGEM 20167, sekcija “Informatics,
Geoinformatics and Remote sensing”, Albena, Bulgarija. 30.06.-
04.07.2016. Mutiska prezentacija: “Comparison of attributive and spatial
filtering approaches to retrieve massive datasets through Web Feature
services, avoiding limitation on feature count per request”.

IEVADS

levada aprakstita t€émas aktualitate, definéts promocijas darba meérkis un
uzdevumi, uzskaititas pielietotas pétijuma metodes, ka arT tiek sniegta
informacija par zinatniska darba aprobaciju.

Temas aktualitate

Veésturiski cilvécei ir bijis svarigi noteikt atraSanas vietu attieciba pret
debespusém jeb orient€Sanas apkartgja pasaules telpa. Debespuses pazisana
saistTjas ar dazadiem cilvéka ricibas un darbibas veidiem — gan ar parvietoSanas
virziena un dzivesvietas izveli, gan ar majokla izvieto$anu, laika un v&ja virziena
noteik§anu, un tml. [1].



Pedgjos divos gadsimtos zinatné notikuSas zimigas parmainas, kas
veicinajusas dabas un daba notiekoso paradibu izzina$anu no lietu kartibas mikro
pasaulé lidz Visuma uzbiives un izcel§anas noslépumiem. Sis pasaules telpas
centra atrodas cilveks ar apkartgjas dabas apkartni ap sevi, kura vins rod aizvien
jaunus iespaidus, paplasina redzesloku un nostiprina izzinatos prieksstatus [2].

21. gadsimta cilvéce ir iesolojusi informacijas laikmeta. Lai biitu iesp&jams
pieklit gandriz jebkada veida datiem, sazinaties ar cilvékiem visdazadakajas
vietas un apmainities ar jebkada veida informaciju, ir vajadzigs tikai dators un
interneta pieslégums. Informacijas laikmeta vEsmas arvien vairak ir jiitamas ari
valsts un pasvaldibu darbibas attistiba — vairs nav nepiecieSamibas p&c pastavigas
papira dokumentu kop&sanas un izzinu drukasanas, lai iestades sava starpa varctu
apmainities ar datiem. Pateicoties miuisdienu tehnologijam, visu ir iespgjams
paveikt elektroniski [3].

Datu un geotelpisko datu apmainas procesi pastavigi attistas. Vesturiski
galvenais datu apmainu veids starp institiicijam ir bijis pasts, vélak saka izmantot
telegrafu, faksu, datoru un globalo timekli. Paradijas ari iesp&ja kop&t informaciju
datnu veida, izmantojot datu nes€jus un caur interneta tiklu (pieméram, FTP, e-
pasti), ka arT aktivi saka attistities datu bazu replicéSanas iespg&jas, izmantojot
intranetu un internetu. 20. gadsimta beigas strauji saka attistities tehnologijas
informacijas apmainai caur datortiklu, izmantojot timekla servisus. Sakuma
timekla servisi veidojas un attistijas, lai apmainttos ar teksta veida informaciju un
péc tam arT ar geotelpisko informaciju. Tehnologiski vairs nav nepieciesams
kopet visu informacijas komplektu, tipiski datu bazi no vienas iestades vai
institlicijas uz otru. Institiicijas var sniegt publiskus pakalpojumus tieSsaistes
rezima, vaicajot informaciju par konkrétiem informacijas objektiem no citu
institliciju datu bazém, izmantojot timekla servisus, t.sk., telpiskas, nekopgjot
datus. Tapat saka attistities arT makontehnologijas, kuras lauj vairakam iestadém
veidot risinajumus, izmantojot standartizétu un centraliz&tu infrastruktiiru — ta
saucamo Infrastruktiru ka pakalpojumu, kas lautu samazinat izmaksas
infrastruktiiras konsolid€tai uzturésanai.

Pirms Geotelpiskas informacijas infrastruktiras izbiives uzsaksanas,
2006. gada, lai izveidotu homogénu infrastruktiru, t.sk. tehnologisku bazi
Latvijas E-Pakalpojumu $ablonveida izstradei un izmitinasanai, tika uzsakti darbi
pie Latvijas E-Pakalpojumu dzingja VISS (bijusais IVIS) izstrades un jau
2007. gada VISS infrastruktira testa rezima saka bt pieejama E-Pakalpojumu
arhitektiem un izstradatajiem. VISS arhitekttira ir balstita uz SOA principiem,
savukart E-Pakalpojumi izmanto, t.sk., servisus ka kiegelisus, kurus péc
vienotiem VISS un SOA principiem izstradaja dazadi neatkarigie izstradataji un
no kuriem tika veidoti jau sarezgitaki produkti — E-Pakalpojumi. E-Pakalpojumi
var izmantot servisus, ievérojot SOA trisstlira principus, Visi Servisi tiek registréti
specifiska registra — servisu kataloga [4].



VISS infrastrukttira pastavigi attistas, 2020. gada paradijas iesp&ja gan datu
apmaina, gan E-Pakalpojumos izmantot arT REST servisus. Tas panakts ar VISS
infrastruktirai pielagotu WSO2 API Parvaldnieka [5] risinajuma ievie$anu, kas
paplasinaja VISS funkcionalitati ar spgju centralizéti parvaldit ne tikai SOAP, bet
ari REST servisus, nodroSinot $o servisu uzskaiti, droS§ibu, versionéSanu,
izsaukumu mar§ruté$anu un auditaciju.

Primaras VISS infrastruktiiras prieks$rocibas ir iestazu Iémumi un dazreiz no
NA izrietoSie pienakumi pieturéties SOA principiem, centralizEtie servisu
katalogi [6], [7], savs objektu (servisu, E-Pakalpojumu, XML sh&ému un strukttiru
hierarhiju, un tml.) identifikaciju standartizéts piegajiens [4], [8], [9], [10], ka ar1
centralizéts XSD katalogs [11] SOAP servisiem. XSD kataloga XML shému
hierarhisks piegajiens lauj atkartoti izmantot jau aprakstitas datu strukttras. Ar
VISS un saistoSo risinajumu ievieSanu tika nodrosinata infrastrukttira turpmakai
E-pakalpojumu izveidei [12] un attistibai, ka ari A2A, A2B un A2C informacijas
apritei, t.sk., iestades var reglament&t autokomunikaciju starp to informacijas
sisttmam un centralizeti organizét ar liela apjoma (>4MB) [13] visparigu datu
replikaciju.

Velkot paraleles ar INSPIRE direktivu un Geotelpiskas informacijas
infrastruktiiru, VISS infrastruktiira kluva par pamata infrastruktiru Latvijas ne
geotelpiskiem — “teksta” servisiem un E-pakalpojumiem, savukart VISS
infrastruktiira izmitinatais Geotelpisko datu savietotajs (turpmak teksta GDS)
[14] var tikt uztverts par Latvijas Geotelpiskas informacijas infrastrukttiras
pamatiem. GDS sastav no Metadatu kataloga [15], [16] — vienotas vietnes
geotelpisko datu kopu un servisu metadatu uzkrasanai un izplatiSanai Latvija un
Eiropa (t.sk., INSPIRE konteksta), Datu un servisu parvaldibas komponentes —
infrastruktiiras, kas nodroSina geotelpisko datu kopu apstradi, att€lo$anu,
geotelpisko servisu darbinasanu un Dalitas piekluves parvaldibas sisteémas, kura
nodrogina piekluves parvaldibu pie dazadu datu turétaju geotelpiskiem servisiem,
t.sk., kalpo par varteju.

Pirms INSPIRE direktivas isteno$anas uzsakSanas ar lidzigam tiesiskam un
organizatoriskam problémam sadarbsp&ja saskaries Latvijas nacionala atlanta
idejas izlolotajs Janis Strauhmanis [17] un viens no pirmajiem Latvijas nacionala
atlanta idejas izvirzitajiem LU profesors, geografs un kartografs Reinholds
Putnin$ (1881 — 1934), kur$ atlanta jautajumu saka risinat jau 1926. gada. Pirmas
republikas laika uz aicinajumu izveidot nacionalo atlantu atsauciba netika gita,
jo valsts ItmenT finans€jums bija tikai topografiskajam karteém un pirmie Latvijas
atlanti bija domati tikai geografijas apguvei skola. Ari komersantiem neizdevas
sastadit un publicét nacionalo atlantu. Rezultata laika starp abiem pasaules
kariem So ideju Tstenot neizdevas, bet padomju cenziras apstaklos nacionala
atlanta ideju pat piemin&t nebija vélams. P&c valstiskas neatkaribas atjaunoSanas
un tikai 2007. gada, pateicoties firmas “Janpa séta” specialistiem pasauli



ieraudzijis Latvijas geografijas atlanta 1. izdevums. Turpat raksta “Latvijas
nacionalais atlants: ideja un realitate” izskangja ideja, ka $ada fundamentala
darba veidosanu var veikt ne tikai papira forma, bet ar1 elektroniska, papildus
noradot, ka pieméram Sveices nacionalo atlantu veido elektroniski jau kops 1995.
gada. Atseviski minéts, ka Niderlandes nacionala atlanta sagatavoSanai tikai
veidota atseviSka organizacija, kas p&c atlanta izdoSanas papira versija izstradaja
Nacionala atlanta informativo sistému. Janis Strauhmanis aprakstijis [18] ari
Latvijas nacionala atlanta sagatavoSanas secibu.

Lidz ar tehnologiju attistibu ievérojami palielinajas tikai elektroniska veida
uzkrajams informaciju apjoms, §1 tendence prasija jaunu risinajumu informacijas
reprezentacijai, t.sk., operativai lémumu pienemsanai un ilgtermina planosanai.
Misdienas ir nepiecieS$ams orientgties uz to, ka atlantu Satura avoti var but tikai
elektroniski. Ari INSPIRE konteksta atlantu sagatavoSanas secibu ir vérts
méginat salidzinat ar INSPIRE isteno$anas procesu, savukart Strauhmana atlanta
struktiirai vilkt paraléles ar INSPIRE datu temam.

Primaras informacijas reprezentaciju tehnikas ir geografiskas un tematiskas
kartes, tabulas un diagrammas. Velkot paraléles ar INSPIRE tému klasifikaciju,
Nacionala atlanta struktiiras ideju [18], US NSDI t€mam un Tematisko karSu
klasifikaciju, pamanams akcents uz potencialo karSu objektu grup&Sanu péc
lidzigiem kriterijiem. ES telpa ar INSPIRE direktivas ievieSanu tika/tiek
meginats ieviest vienotu t€mu un telpisko objektu slanu klasifikaciju, nodrosinot
vienotu Geotelpiskas informacijas infrastruktiiras standartiz&tu telpu visas ES
valstis.

Tiklidz informacija kluva pieejama elektroniski, ievérojami pieauga ari
elektronisko karSu apjoms, kas ir pieejams caur nacionalajiem geoportaliem un
nacionalo Geotelpiskas informacijas infrastruktiiru. ST pieejamiba lava jebkuram
ieinteres€tajam, pielietojot GIS tehnikas panémienus, veidot kartes un analiz&t
informaciju, paradijas iespgja efektivi kombinét informaciju no vairakiem datu
avotiem. Tapat izkristaliz€jas probléma ar informacijas pieejamibu gala
lietotajiem, jo ne visa, t.sk., par valsts naudu savakta informacija ir pieejama
sabiedribai bez ierobezojumiem.

Pakapeniski Eiropas kopiena izkristaliz€jas idejas par “Atlanta idejas”
ieintegré$anu nacionalaja geodatu infrastruktiira un par centralizéto metadatu
kataloga izveidi ar iesp&ju hierarhiski rasmot informaciju no pakartotiem
Geometadatu katalogiem.

2007. gada Eiropas komisija pienéma INSPIRE direktivu, lai attistitu
geotelpiskas informacijas infrastruktiiru katra ES valsti un ES kopuma. Direktiva
paredz visparigus noteikumus, lai izveidotu telpiskas informacijas infrastrukttiru
Eiropa ar mérki atbalstit vides politiku, ka arT politiku un darbibas, kuras var
ietekmét vidi. Tapat direktiva nosaka prasibas geotelpiskas informacijas
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pieejamibai un sadarbspg&jai un prasa nodrosinat geotelpisko datu kopu un servisu
sadarbspgju.

2009. gada raksta “INSPIRE, GMES and GEOSS Activities, Methods and
Tools towards a Single Information Space in Europe for the Environment™ tika
izteiktas idejas ka var méginat integrét INSPIRE, GMES/GEOSS SEIS vai SISE
pasakumos [19]. Ka arT Eiropa tika izveidoti Sadarbspgjas ieteikumi un Eiropas
sadarbspgjas ietvara (EIF) ievieSanas strategija [20], kur tika nemta véra, t.sk.,
INSPIRE direktiva un jaunas iniciativas — tadas ka Eiropas makondatosanas
iniciativa [21], ES e-parvaldes ricibas plans [22] un Vienota digitala varteja [23].
Vajadziba parskatit Eiropas sadarbsp&jas ietvaru tika apstiprinata apsprieSanas
laika ar visam ieinteres€tajam personam (iestadém un tml.), proti, dalibvalstu
publiskas parvaldes iestadem, iedzivotdjiem, uzp@mumiem un citam
ieinteresétajam pusém, pieméram, ES iestadém un struktiram [20].

Viena no problémam, kas ictekm@s tematiskas kartografijas attistibu nakotné
ir ta, ka, objektivi paplaSinoties specializétajam geotelpisko datu bazém,
mazinasies kartografa loma un pieaugs datorspecialistu ieguldijums. Jo augstaka
biis atsevisku nozaru parstavju kvalifikacija datorzinibas, jo labakas tematiskas
kartes tiks veidotas [18].

Promocijas darba téma ir aktuala, nemot vé&ra ES pienemto INSPIRE
direktivu, akcentgjot geotelpiskas datu infrastruktiiras izmanto§anu, ka arT kopgjo
interesi pasaulé un ir saistita ar ilgtsp&jigu risinajumu izstradi Geotelpiskas
informacijas infrastruktiiras Tsteno$anas vadibai valsts ITmen.

Promocijas darba ir arT apkopota informacija par Geotelpiskas informacijas
infrastruktiru (turpmak teksta GII) istenoSanu Latvija — par tiesiskiem,
organizatoriskiem, semantiskiem un tehniskiem aspektiem un pieradits, ka
izmantojot jau izstradatu un publiski pieejamu pasaules GII Latvijas segmentu, ir
iespgjams nodrosinat mekléSanu péc Latvijas Geotelpisko datu savietotaja
Metadatu kataloga registréto lejupielades servisu Telpisko iezimju parametriem
vai geometrijas (var atrast konkrétu objektu telpiski vai pec ta
parametriem/atribiitiem), ka ari pieklit informacijai, kas biis par pamatu
operativai [émumu pienemsanai un ilgtermina teritorijas attistibas planosanai.

Promocijas darba meérkis

Promocijas darba merkis ir izstradat rekomendacijas Geotelpiskas
informacijas infrastruktiiras TstenoSanas un valsts parvaldes procesu vadibas
uzlabos$anai Latvijas konteksta.
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1

2)

4)
5)
6)

7

Promocijas darba uzdevumi

Apkopot un analizet informaciju par jedzienu — geotelpiskas informacijas
infrastruktara jeb GII (1. nodala);

analizet Geotelpisko datu kopu transformacijas metodes (1. nodala);
analizeét Geotelpisko datu kopu savietojamibas/harmonizacijas aspektus
(1. nodala);

analizét Geotelpiskas informacijas infrastruktiiras metozu pielietoSanas
veiktsp&ju (2. nodala);

piedavat uz GII balstitu konceptualu arhitektiiru Informacijas sist€émai par
teritorijas attistibas planosanu (2. nodala);

izstradat algoritmu Geotelpisko datu kopu lejupieladei no geotelpisko
datu lejupielades servisiem (2. nodala);

izstradat prototipu informacijas ievaksanai no pasaules GII Latvijas
segmenta decentralizétiem datu avotiem potencialai centralizetai
apstradei datu bazes liment un rezultatu izplatiSanai (3. nodala).

Pétijumu metodes

Promocijas darba lictotas miisdienigas analizes un datu apstrades metodes —
literatiiras apskats, klasifikacija, sistmu analize, datu apstrade, programméesana,
model&$ana un prototipésana.

1

2)

AizstaveSanai izvirzamas tezes

Jau paslaik ir iesp&jams organiz&t uz datiem balstitu tieSsaistes Iémumu
pienemsanu, piem&ram, operativo lémumu pienemsanu krizes gadijumos
un ilgtermina teritorijas attistibas planoSanas procesu tikai Geotelpiskas
informacijas infrastruktiras l[imeni, pilniba aizstajot ieprieks lietotos rikus
tadus — ka papira kartes vai atlantus.

Uz servisiem orient&tas arhitektiiras piegajiena pielietosana geotelpiskas
informacijas risinajumos lauj apstradat informaciju gan telpisko iezimju
(objektu) un to atribfitu Iimeni, gan masveida — iterativi norasmojot
(no angfu valodas — harvest) informaciju no metadatu katalogiem (servisu
registriem) un lejupieladgjot datu kopas rekursivi dalot resursus porcijas.
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1

2)

3)

4)

5)

6)

7

8)

9)

Promocijas darba jaunraditas vértibas

Verificéts, ka Geotelpiskas informacijas infrastruktiiras TstenoSanas

process — tas ir infrastruktiiras izbtives un attistibas ilgtermina (bezgaligs)

ciklisks process.

Verificéts, ka Geotelpiskas informacijas infrastruktiiras TstenoSanas

procesu nav iespg&jams realizét tikai tehniskaja plakng, istenoSanas

procesam papildus ir organizatoriska, tiesiska un datu semantikas

dimensijas.

Tika aprobéti un raksturoti risingjumu koncepti, lai nodrosinatu 1) uz

datiem balstitu operativu (pieméram, krizes gadijumos) Ilémumu

pienemsSanu tie§saistes rezima un 2)ilgtermina teritorijas attistibas

planosanu. Verificéts, ka jau paslaik ir iesp€jams organizet uz datiem

balstttu tieSsaistes [emumu pienemsanu.

Tika izstradatas rekomendacijas Geotelpiskas informacijas infrastruktiiras

IstenoSanas un valsts parvaldes procesu vadibas uzlabosSanai Latvijas

konteksta.

Izstradats rekurstvs algoritms Geotelpisko datu kopu lejupieladei no

geotelpisko datu lejupielades servisiem.

Tika izstradats, aprob&ts un aprakstits prototips informacijas ievakSanai

no pasaules Geotelpiskas informacijas infrastruktiras Latvijas segmenta

decentralizE€tiem datu avotiem potencialai centralizétai apstradei

(piem@ram, teritorijas attistibas planos$anas gadijumos) datu bazes liment

un rezultatu izplatiSanai.

Papildus tika izstradati un raksturoti $adi procesi:

7.1) pielagosanas Geotelpiskas informacijas infrastruktiiras
koncepcijai;

7.2) vienkarSots, uz INSPIRE procesiem balstits, datu nodosanas
scenarijs;

7.3) rasmosanas kédes piemérs;

7.4) informacijas iegiSana porcijas;

7.5) procesa modelis ilgtsp&jigai teritorijas attistibas planoSanai un
operativai lémumu pienemsanai,

7.6) datu vakS$anas, apstrades un izplatiSanas risinajuma prototipa datu
pliismas process.

Lai padaritu pieejamaku GII ideju, izstradatie butiskakie pirmkodu

apgabali tika publicéti GitHub pirmkodu kratuvé zem atvértas CCO 1.0

licences.

Uz promocijas darba bazes tika izstradata jauna studiju kursa programma

magistrantiem “Informadcijas tehnologijas geoinformatika” Latvijas

Lauksaimniecibas universitate, ka ari ir planots, ka atseviskas promocijas
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darba praktiskas realizacijas tiks izmantotas laboratorijas darbu izstrade
jaunaja studiju kursa.

Promocijas darba struktiira un apjoms

Promocijas darbs ir uzrakstits latvieSu valoda, satur anotaciju, ievadu, 3
nodalas, secinajumus, rekomendacijas, literatiiras sarakstu, 6 pielikumus, taja
skaita 13 tabulas, 32 attelus, kopa 121 lappusi. Darba lietoti 134 literatiiras avoti.

1. GEOTELPISKAS INFORMACIJAS INFRASTRUKTURA

Nodala tiek apskatita GII jédziena juridiska definicija un Valsts valodas
centra termina SDI skaidrojumi. Definéts GII termina tvérums, nemot veéra arl
pasaules pieredzi, ka arT uzskaititi GII attistibas atskaites punkti pasaulé un
atseviski Latvija. IpaSa uzmaniba pieversta Tiesiskai, Organizatoriskai,
Semantiskai un Tehniskajai sadarbspgjai.

1.1. Jédziena definicija

Jédziena juridiska definicija ir: Geotelpiskas informacijas infrastruktiira —
normativajos aktos noteiktas geotelpisko datu kopas, to metadati, geotelpiskas
informacijas kopigas izmantoSanas un atkalizmanto$anas nosacijumi,
geotelpiskas informacijas pakalpojumi, informacijas un telekomunikacijas
tehnologijas, ar kuram nodro$ina geotelpiskas informacijas apriti un geotelpiskas
informacijas pakalpojumu sniegSanu, un kartiba, kada tiek koordin&ta un
uzraudzita iesaistito institiiciju darbiba [24].

Valsts valodas centra [25] termins SDI registréts Kolekcija “Valsts valodas
centra izstradatie informdacijas un komunikacijas tehnologiju termini” pie
Nozares “Informdcijas un komunikaciju tehnologijas” un tulkojams sekojosi
“Telpisko datu infrastruktira”. Abreviatiras GII tulkojums dazadas valodas ir
pieejams Tabula 1.1. Abreviatiuras GII tulkojumi.

GII ir, t.sk., Geotelpiskas informacijas infrastruktiiras Tstenosanas — izbuives
un attistibas ilgtermina process bez a priori zinamiem rezultatiem [26]. Dazadas
valstis ir centusas izveidot NSDI, bet nevienam nav izdevies to paveikt pirmaja
piegajiena, jo infrastruktiiras veidoSanas process ir ciklisks, 11dzigi ka paredz
Agile metodologija ar savam sprintu spiralém.
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Tabula 1.1. Abreviatiiras GII tulkojumi

Valoda Tulkojums

EN Spatial data infrastructure (SDI)

LV Geotelpiskas informacijas infrastruktara (GII)
DE Geodateninfrastruktur (GDI)

ES Infraestructura de Datos Espaciales (IDE)

FR Infrastructure de Données Spatiales (IDS)

IT Infrastruttura di Dati Territoriali (IDT)

PL Infrastruktura informacji przestrzennej (11P)

CA Canadian Geospatial Data Infrastructure (CGDI)

GII ka jebkurai IS ir jabiit arT orientetai uz gala lietotaju, jo tas galvenais
merkis ir atbalstit IEmumu pienemsanu daudziem dazadiem mérkiem. GII ietver
ne tikai tehniskus jautagjumus, pieméram, datus, tehnologijas, standartus un
piegades mehanismus, bet arl institucionalus jautajumus, kas saistiti ar
organizatorisko atbildibu, vispargjo valsts informacijas politiku, ka ari [27]
finansu un cilvékresursu pieejamibu.

Pat, ja icinteres€tajam pusém ir “vislabakie” datu apmainas Iigumi, liela
darbinieku mainiba var apdraudét datu apmainu. Tehniskie $k&rsli, piem&ram,
kopigas definicijas, modeli un formati, ir mazak nozimigi, un tos var parvarét,
ievieSot atbilstoSus standartus. Dazu valsts pieredze liecina, ka datu kopigas
izmanto$anas iniciativas publiskaja un privataja sektora nedod sagaidamo
efektu [28].

No konteksta un juridiskas definicijas izriet, ka GII sastav no:

1) geotelpiskas informacijas infrastruktiiras TstenoSanas — izblives un
attistibas ilgtermina procesa;

2) NA noteiktam datu kopam;

3) metadatiem;

4) geotelpiskas informacijas kopigas izmantoSanas un atkalizmanto$anas
nosacijumiem jeb licencé$anas noteikumiem,;

5) timekla servisiem;

6) informacijas un telekomunikacijas tehnologijam, ar kuram nodroSina
geotelpiskas informacijas apriti un  geotelpiskdas informacijas
pakalpojumu sniegSanu;

7) kartibas, kada tiek koordin&ta un uzraudzita iesaistito institticiju darbiba —
NA baze;

8) finan$u pieejamibas;
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9) cilvékresursu pieejamibas;

10)darba grupas (am);

11) pieredzes apmainu platformas (am) (t.sk., akadémiska izglitiba);

12)un klientiem — gala lietotajiem, ka arT biznesa risinagjumiem.

Telpiska skaitloSana ir ideja un tehnologiju kopums, kas parveidos
sabiedribas dzivi, izprotot fizisko pasauli un savstarp&jas attiecibas un vietu
taja [29]. Izmantojot datu modelus un matematisko aparatu, tiks sniegta iespgja
planot attistibu un reagét (pienemt lémumus) uz notikumiem lokala un pasaules
merogos.

1.2. Pasaules pieredze GII isteno$ana

Pasaules pieredze GII istenoSanas procesa icklaujama plasaka Digitalas
Zemes redzgjuma kontekstd, un GII var poziciongt ka galveno veicinoSo
elementu Digitalas Zemes ievieSanai. Ipasu lomu GII attistiba ienem semantiskie
jautdjumi un tieSi semantikas standartizéSanas jeb harmoniz&Sanas un
stiprinasanas loma GII izstrad@ un ievieSana var nodrosinat, ka informaciju vares
pienacigi izmantot un atkartoti izmantot jeb ‘“atkalizmantot” ari pasaules
méroga [30]. GII attistibu ietekm& ari pasaules dalu GII konceptu difizija,
lidztekus pieaug ar GII saistito literatfiru un pétijumu apjoms [31].

Papildus nepiecieSams pieminét Amerikas OMB 16. apkartrakstu un ta
reviziju [32] un Amerikas ieguldijumu GII attistiba kopuma. Amerikas
Parvaldibas un budzeta birojs sava apkartraksta A-16 “Geotelpiskas informdacijas
un ar to saistito geotelpisko datu kopu aktivitasu koordinacija” [33] paredz
uzlabot geotelpisko datu kopu izmantoSanu un koordinaciju starp
iesaistitam/ieinteresétajam pusém, ka ari apraksta efektivu un ekonomiski
pamatotu digitalas telpiskas informacijas izmanto$anu un parvaldibu ar mérki
Amerikas federalas valdibas un kopuma tautas labklajibas cel$anai. Tapat tika
standartiz&tas ar1 datu t€mas, bet pec FGDC iniciativas un, saskanojot ricibu ar
OMB, témas un/vai atbildigas iestades var tikt mainitas. Sads piegajiens ir
elastigaks neka ES INSPIRE piegajiens, kur t€mas tika standartizetas.

Centralizéta Datu kopu / ttmu NGDA Portfela ideja ir lidziga Eiropas
INSPIRE idejai ar 34 datu témam, bet papildus paredz arT geotelpisko datu kopu
razotdja ieinteresétibu (investicijas/subsidijas) ieveérot vadliiju prasibas datu
razo$anas procesa (t.sk. sadarbsp&jas nodro§inasanas procesos).

Biitiska atSkiriba no Eiropas un Latvijas GII piegajieniem ir ta, ka Amerika
mégina izveidot sadarbsp&jas uzlaboSanas procesu, kura reizi gada salidzino$a
parskatiSana un konsultacijas tiek parskatitas datu kopas un to atbilstiba Portfela
prasibam un konkrétam t€mam. Uz So parskatiSanu balstas rekomendacijas par
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starpagentiiru/iestazu prioritatém, kas ietekmé ari budZeta veido$anas procesu.
Datu kopu portfelis tiek veidots elastigi, regulari konsultgjoties ar visam
iesaistitajam pusém un veicot korekcijas gan datu t€mu kataloga, gan
subsidéjama finans€juma apjoma. Ta ir viena no galvenajam atskiribam Eiropa
realiz€jamai INSPIRE direktivai, kur datu témas, datu apmainu veidi un datu
strukttiras ir strikti iestradati likumdoSanas Itmeni. NGDA savukart cenSas
nodroSinat starpnozaru koordinaciju datu kopu salagosSanai, lai paSas datu kopas
efektivi atbalstttu uz tam balstitos biznesa procesus un, lai datu kopas tiek razotas
visrentablakaja veida, tai skaita, ietekmé&jot valsts budzeta veidoSanas
procesu [33].

1.3. Sadarbspéja

Attistot datu apmainu mehanismus starp publiskas parvaldes iestazu un ES
pamata registriem, ir jasaglaba vai japilnveido to sadarbspgja, t.sk., semantiska
un tehniska.

Ideala gadijuma GII nodrosina piekluvi datiem sadarbspgjiga jeb harmoniz&ta
veida, t.i., bez TpaSas un specifiskas cilveku vai masinu mijiedarbibas.
Savietojamibas meérki tiek formalizeti savietojamibas (datu) specifikacijas, kas
atbilst datu produkta specifikaciju struktiirai, kas noteikta EN 1SO 19131:2008
standarta [34].

Nemot veéra, ka ir apzinats, izstradats un pieejams GII ievieSanas NA
regulgjums un ir pieejamas detalizé€tas vienadotas Datu Kopu un Apmainu
specifikacijas, INSPIRE direktiva un GII TstenoSanas aspekti harmoniski
ieklaujas EIF konceptualaja modeli.

Toposais Eiropas sadarbspgjas ietvars [20] prezenté Sadarbspgjas parvaldibas
principus, defingjot, ka Integréto publisko pakalpojumu parvaldiba balstas uz
Cetriem sadarbspgjas principiem: Tiesiska sadarbspgja, Organizatoriska
sadarbsp&ja, Semantiska sadarbspg&a un Tehniska sadarbsp&ja. Semantiskaja
sadarbspéja Tpass akcents pieversts saistito datu tehnologijam, kas var palidzet
atkartoti izmantot jau uzkratu informaciju, no viena resursa ierakstiem veidojot
saites pie jau eksistéjosa resursa konkrEtiem ierakstiem, tadiem ka
klasifikatoriem — kontrolétam vardnicam, kodu sarakstiem un atkartoti
izmantojamiem datu modeliem. Tehniska sadarbspgja attiecinama gan uz
lietojumprogrammu, gan tehnisko resursu sadarbsp&u un ietver datu kopu
tehniskas specifikacijas, ttmekla servisu un datu apmainu kanalu specifikacijas,
bet batisks skérslis Tehniskajai sadarbsp&jai ir mantotas sistemas. leteikts,
veidojot Eiropas publiskos pakalpojumus, péc iesp&jas vairak lietot atklatas
specifikacijas un standartus, lai nodro§inatu sadarbsp&ju, t.sk. tehnisko un
semantisko sadarbspé&ju [35].
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1.4. Datu apmainas tiesiska sadarbspéja Latvija

Latvija divdesmita gadsimta nogal€ starp iestazu datu apmaina paral€li datnu
apmainai saka iesaknoties uz timekla servisiem orient&ta arhitektiira. Attiecigi art
Latvija pakapeniski tika izstradata un ieviesta normativo aktu baze par drosu
informacijas apriti interneta. Par pamatu tika panemts Informacijas atklatibas
likums [36]; un par fizisko personu datu apstradi [37], [38], autortiesibu [39] un
valsts parvaldes iekartu [40] likumu komplekts. Atseviski tika atrunata Kartiba,
kada tiek nodroSindta informdcijas un komunikacijas tehnologiju sistemu
atbilsttba minimalajam drosibas prasitbam [41]. Gandriz uzreiz péc Latvijas
iestasanas Eiropas Savieniba ka dalibvalstij, Eiropa tika pienemta un 2007. gada
stajas speka INSPIRE direktiva [42], péc kuras sekoja vairaki Eiropas Iimena
normativi [43], t.sk., regulas [44], isteno$anas noteikumi, vadlinijas un
reguléjumi Uzraudzibas un zinos$anas, Metadatu, Datu specifikaciju, Timekla
servisu un Datu un servisu koplietoSanas kontekstos. Tapat ka pargjas Eiropas
dalibvalstis Latvija transpongja INSPIRE direktivu valsts tiesibu aktos [45].
Operativi tika pienemti Ministru kabineta rikojumi par Latvijas geotelpiskas
informacijas attistibas [46], [47], [48], [49] un vienota geotelpiskas informacijas
portala izstrades [50] koncepcijam ar meérki noteikt institucionalo sistému
geotelpiskas informacijas joma, ietverot geotelpiskas informacijas (tai skaita
geodezisko un kartografisko pamatdatu) sagatavos$anas, izmantoSanas, apmainas
un uztur€Sanas nosacijumus. Lai izveidotu geotelpiskas informacijas
infrastruktiiru Latvijas Republika [24] tika pienemts un 2009. gada izsludinats
Geotelpiskas informacijas likums. Likuma ieklautas tiesibu normas, kas izriet no
Eiropas Parlamenta un padomes INSPIRE [42], valsts sektora informacijas
atkalizmantoSanas [51] un vides informacijas pieejamibas sabiedribai [52]
direktivam. Jau saskana ar Geotelpiskas informacijas likumu 2011. gada tika
pienemti Ministru kabineta noteikumi par geotelpisko datu kopu metadatu
obligato saturu [53], Geotelpisko datu kopas izmanto$anas noteikumu obligatais
saturs un izmantoSanas atlaujas sanemsanas kartiba [54], Valsts vienota
geotelpiskas informacijas portala noteikumi [55] un 2014. gada Geotelpisko
pamatdatu informacijas sistémas noteikumi [56]. Taja pasa gada, lai nodrosinatu
starpinstitiiciju sadarbibu geotelpiskas informacijas jomas planosana un politikas
istenosana, saskana ar Geotelpiskas informacijas likumu tika apstiprinata
Geotelpiskas informacijas koordinacijas padome [57]. Lai mazinatu spekulacijas
“Atverto datu” virziena, INSPIRE direktiva atseviski noradits, ka dalibvalstis var
atlaut publiskam iestadém, kuras izplata geotelpiskas datu kopas, t.sk., ka
servisus, licencét tos un/vai pieprasit maksu no publiskajam iestadém vai Eiropas
Savienibas iestadém un struktiiram, kuras Sos geotelpisko datu kopas un
pakalpojumus izmanto.
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Tabula 1.2. GII isteno$anas atskaites punkti Latvija

Gads | Atskaites punkts Virzitajs

1998. | Informacijas atklatibas likums -

2000. Fizisko personu datu aizsardzibas likums (zaudéjis spéku) -

2000. | Autortiesibu likums -

2002. Valsts parvaldes iekartas likums —

2003. | Direktiva Par valsts sektora informacijas atkalizmantoSanu -
(zaudejis speku)

2003. Direktiva Par vides informacijas pieejamibu sabiedribai un par -
Padomes Direktivas 90/313/EEK atcelSanu

2007. | INSPIRE direktiva -

2007. MK rikojums Par Latvijas geotelpiskas informacijas attistibas AM
koncepciju (zaudéjis spéku)

2007. | MK rikojums Par koncepciju "Par vienota geotelpiskas | TUMEPL
informdcijas portala izstradi"

2009. | Geotelpiskas informacijas likums -

2011. | Noteikumi par geotelpisko datu kopu metadatu obligato saturu AM

2011. | Geotelpisko datu kopas izmantoSanas noteikumu obligatais AM
saturs un izmantosanas atlaujas sanemsanas kartiba

2011. | Valsts vienota geotelpiskas informacijas portala noteikumi VARAM

2013. | MK rikojums Par Latvijas geotelpiskas informacijas attistibas AM
koncepciju

2014. Geotelpisko pamatdatu informacijas sistémas noteikumi AM

2014. MK rikojums Par Geotelpiskas informacijas koordinacijas AM
padomi

2015. Valsts zemes dienesta maksas pakalpojumu cenradis un ™
samaksas kartiba

2013.- | Grozijumi MK 2013. gada 28. decembra rikojuma Nr.686 "Par -

2018. | Latvijas geotelpiskas informacijas attistibas koncepciju"

2018. Grozijums Ministru kabineta 2013. gada 28. decembra AM
rikojuma Nr. 686 "Par Latvijas geotelpiskas informacijas
attistibas koncepciju"

2018. Fizisko personu datu apstrades likums -

2019. Direktiva Par atvértajiem datiem un publiska sektora -
informacijas atkalizmanto$anu

2020. Latvijas Geotelpiskas informacijas agentiras maksas AM
pakalpojumu cenradis un ta piemerosanas kartiba

2021. Par Digitalas transformacijas pamatnostadném 2021.-2027. | VARAM
gadam

2021. Likums “Par valsts budzetu 2022. gadam” (pieskirts -

finans&jums VZD datu publicgSanai atverto datu veida)
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Jebkuram $ada veida maksam vai licencém jabiit saskana ar vispargjo merki
atvieglot geotelpisko datu kopu un pakalpojumu kopigu izmantoSanu starp
publiskajam iestadém. Ja tiek prasita maksa, to saglaba minimala Iimeni, kas
vajadzigs, lai nodro$inatu geotelpisko datu kopu un pakalpojumu kvalitati un
sniegSanu kopa ar pamatotu ienakumu no ieguldijumiem, kur vien piemeérojams,
nemot véra publisko iestazu, kuras izplata geotelpiskas datu kopas,
pasfinanséanas prasibas [42]. Lidz ar ko INSPIRE nevar aizliegt geotelpisko
datu kopu izplatisanu par samaksu, par ko arT liecina Ministru kabineta noteikumi
par Valsts zemes dienesta maksas pakalpojumu cenradi un samaksas kartibu [58]
un Latvijas Geotelpiskas informacijas agentiiras maksas pakalpojumu cenradis
un ta piemérosanas kartiba [59]. Savukart, 2021. gada Saeima ir pieneémusi un
prezidents izsludinajis likumu “Par valsts budZeru 2022. gadam” [60], kur jau ir
paredzeéts finansgjums VZD uzturamo registru (Kadastra, Adresu), Augstas
detalizacijas topografiskas informacijas centralas datu bazes un Apgriitinato
teritoriju informacijas sistémas datu publicéSanai atvérto datu veida. Kop$
2018. gada janvara, INSPIRE direktivas ievieSanas koordinéSanas stafete tika
delegéta Vides aizsardzibas un regionalas attistibas ministrijai no Aizsardzibas
ministrijas [49]. 2021. gada Ministru kabineta limeni tika atbalstits vidgja termina
politikas planoSanas dokuments “Digitalas transformdcijas pamatnostadnes
2021.-2027. gadam”[61], kur viens no attistibas jomas “Digitalas prasmes un
izglitiba” ricibas virzieniem ir “Geotelpiskas, vides parvaldibas un attistibas
planosanas digitala transformacija”™.

Ar tiesisko regul&jumu saistitiem Geotelpiskas informacijas infrastruktiiras
izveides un ievieSanas atskaites punktiem Latvija var iepazities Tabula 1.2. Gl
istenoSanas atskaites punkti Latvija.

1.5. Datu apmainas organizatoriska sadarbspéja Latvija

Valsts informacijas resursu, sisttmu un sadarbspgjas uzskaitei Latvija ir
izveidota Valsts informacijas resursu, sisttmu un sadarbsp€jas informacijas
sistéma VIRSIS. Savukart Geotelpisko resursu datu kopu un servisu uzskaitei
paredzgts Latvijas Geotelpisko datu savietotaja Metadatu katalogs.

GII koncepcijas pielagosanas process (skatit 1.1. att. Pielagosands
Geotelpiskas informacijas infrastruktiiras koncepcijai) paklaujas klasiskai tris
limenu lietojumprogrammu arhitektarai, kur viens no limeniem ir:

1) datu limenis, kur tiek glabati ar lietojumprogrammu saistitie avotu dati.
Parasti, lai nenoslogotu datu bazes, kuras darbojas produkcijas rezima,
veido produkcijas datu bazu klonus, izdalot datus atseviska IzplatiSanas
vidg;

2) datu apstrade, t.sk., transformacijas notiek Lietojumprogrammu liment,
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3) un Prezentacijas limeni informacijai var piekldt, izmantojot lietotaja
interfeisu vai API [imenT — izglistot informaciju no timekla servisiem.
GDS Metadatu katalogs $aja gadijuma pilda klasiska SOA trisstara funkciju,
kur Pakalpojumu sniedz&jam serviss ir jaregistré Servisu registra (metadatu
kataloga), savukart Lietotagjam ir jabht iesp&jai atrast informaciju (INSPIRE
konteksta — meklesanas servisi) par 8o servisu centralizetaja Servisu registra jeb
metadatu kataloga un izmantot/izsaukt So servisu no Pakalpojuma sniedz&ja
infrastuktiiras, nepiecieSamibas gadijuma vienojoties par piekluves rekvizitiem
un izmantoSanas nosacijumiem. Pieméram, Amerika arT ir savs metadatu
katalogs, kas saucas National Spatial Data Clearinghouse un tas nodro$ina
lietotajiem piekluvi ne tikai metadatiem, bet ar telpiskajiem datiem [62]. Saskana
ar OMB A-16 apkartrakstu [32], visiem ASV federalo agentiru savaktajiem
telpiskajiem datiem, vélams, jabut pieejamiem caur federalo Clearinghouse.

Izskatisim trivialo variantu, kad datu devégjs atbild gan par Resursu, gan par
Tému, gan par izplatiSanas servisu izveidi. Lai vienkar§otu pieméru, tiek

Dati <_ Logika, Datu transformacija - TzplatiSana
ati > H N - N > = oo - -
s (Lietojumu limenis) s (Prezentacijas limenis)
I I
I I
E ﬁ I I
| |
T
<
I [ [+ I
o
8 | ! ws A
] Resurss A | Shanis A TemaA |
g I I
I I
I I
I I
I I
I I
Resurss B N ( I
i ‘ !
o
& > m
o
I I
§ | | Slanis B Tema B |
ﬁ [ I |
5 |= ‘ !
o E Resurss C | S !
s |7 — > ! ws B
] ! [+ [+ !
o
b | slanis C Temac |
2 | | O
I I
[¢) I I
I
ﬁ | g | Ws C
] I ¥ I
E ! I
| Téma D |
‘ ! WS D
€ I I
:E D | | Resurs_u &
2% J— ! ! Servisu -,
2 } !l MetaDati .
€ | |
E a2 Piem. koplietojamie 1 1
g N klasifikatori ! I Metadatu
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1.1. att. PielagoSanas Geotelpiskas informacijas infrastruktiiras koncepcijai
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INSPIRE XSD

INSPIRE
SkatiSanas un B
Lejupielades Aréja sistéma /
servisi (Tema A) galalietotajs

Lietojumprogrammataras
serveris

Piekluves
+ nodrosinasanas un
auditésanas

transformacija mehanismi

. Resursa &
lestades A Sadarbspéjigi .. Servisu =~ reeee- O
Resurss A dati MetaDati

VienkarSots uz INSPIRE datu nodosanas scenarijs

Metadatu
katalogs

1.2. att. Vienkarsots, uz INSPIRE procesiem balstits, datu nodoSanas scenarijs

pienemts, ka hipot&tiski tiks apskatita INSPIRE Téma — Administrativas vienibas
(4.tema [47]). Att€la ar nosaukumu “1.1.att. PielagoSanas Geotelpiskas
informdcijas infrastruktiras koncepcijai” bus scenarijs “A”. lestade A > Resurss
A > Slanis A > Téma A > un Timekla serviss A. VienkarSots uz INSPIRE datu
nodosanas scenarijs aprakstits 1.2. att. Vienkarsots, uz INSPIRE procesiem
balstits, datu nodosanas scenarijs. lestade no savas izplatiSanas vides sagatavo
datu komplektu nodosanai uz INSPIRE, bet datu pirmsapstrade un sagatavosana
jeb transformacija notiek atbilstosi nodala Transformeésanas pakalpojumi
aprakstitajam. Rezultata tiek iegiiti sadarbspéjigi jeb ar INSPIRE semantiku
harmonizéti dati, kurus ir iespgjams pieslégt kadam standarta
lietotjumprogrammatiiras serverim ka datu avotu, piem&ram, deegree,
GeoServer, ArcGIS server, un tml. Standarta lietojumprogrammatiiras Serveris
nolasis formali korektu un atbilstosi noraditajai INSPIRE Témai datu struktiiru
no INSPIRE XML Shému (XSD) [63] kratuves un serializ&s sadarbspg&jigus datus
atbilsto$i shémai. Rezultata tiks iegliti vismaz divi, atbilsto$i noraditajai
INSPIRE Témai, servisi, pieméram, Témas A INSPIRE Lejupielades serviss un
Témas A INSPIRE Skatisanas serviss. INSPIRE Skatisanas servisu att€lojums
parasti tiek konfiguréts manuali lietojumprogrammatiiras servera Iimeni vai
izmantojot OGC standarta SLD tehniku, savukart Resursa un Servisu metadati
manuali tiek registréti GDS Metadatu kataloga. Vai pastav iespja saintegrét
rasmoSanas procesus rasmosanas k&dé (skatit 1.3.att. RasmoSanas kédes
piemérs) un iedarbinat metadatu rasmosanu uz GDS Metadatu katalogu no kada
lokala metadatu kataloga. Pieméram, iesp&ot metadatu rasmoSanu uz GDS
Metadatu kataloga no Centralas statistikas parvaldes geotelpisko metadatu
kataloga (https://inspire.stat.gov.lv/pycsw/).
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1.6. Datu apmainas semantiska sadarbspéja Latvija

Semantiska sadarbsp&ja tiek panakta ar standartizé&tu Vardnicu, Kodu
sarakstu, Glosariju un ldentifikatoru izmanto$anu, ko nodro§ina apak$nodala
“1.4.” uzskaititie mehanismi.

Papildus 8o sadarbspgju var nodrosinat ari tadas tendences ka informacijas
atkalizmantoS$ana (t.sk., Rasmosana), saistitie dati un atveértie dati.

Eiropa un pasaulé aktivi tiek diskutéts un attistams datu pieejamibas
jautdjums. Informacijas atverSana var interesét, piem&ram, Zzurnalistus un
petniekus, rezultata sabiedriba var ieglit caurskatamaku un uz faktiem ar zinamu
izcelsmi balstitu informaciju. Ka ari, pateicoties sabiedribas reakcijai, pieméram,
uz datu kvalitati vai saturu, atvérto datu kopu kopgja kvalitate var uzlaboties.
Atverto datu plasa pieejamiba var veicinat arT uznémgjus jaunu produktu jeb
pakalpojumu izveid€, ka arT iestadém bis iesp&ja nodrosinat efektivaku uz
faktiem orientétu 1@mumu pienemsanu, t.sk. teritorijas planoSana un resursu
parvaldiba.

Iepriek§ mingtaja uzskaitijuma ir skaidri redzama paralele ar INSPIRE
resursiem, kur formats ir ma§inlasams un atverts, objektiem un atribiitiem tiek
pieskirti  unikalie identifikatori un objekti/atriblti ir saistiti ar
objektiem/atribtitiem no citam INSPIRE témam un vardnicam. Vienigi INSPIRE

» INSPIRE
Geoportals
Pieméram, Centralas
statistikas parvaldes GDS
geotelpisko metadatu Metadatu
katalogs katalogs
© Pieméram,
H ( ) )( ) Google
5 Dataset
£ Search
7]
&
b4
O ;@ » O Eiropas datu
Geoportala A 4 portals
Atveérto datu Atvérto
geoproduktu datu
katalogs portals

1.3. att. Rasmosanas kédes piemérs
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neparedz, ka pasiem datiem obligati ir jabiit ar vienu no “Atvértajam” licencem.
Latvijas gadijuma Atvérto datu portala 2022. gada sakuma ir pieejamas tikai
divas licences (CCO0 1.0 un CC-BY-4.0 (VZD gadijums)) [64], popularaka licence
ir “CCO 1.0 Universals” [65]. Savukart Eiropas Atveérto datu portala tika
pielietotas virkne ar “Atverto datu” licencém [66], kur dazas neparedz komercialo
izmanto§anu, bet joprojam uzskaitamas par “Atvérto datu” licencém.

Latvija, atbilstosi kartibai, kada iestades ievieto informaciju interneta [67],
iestades tas riciba esosos atvertos datus masinlasama forma kopa ar metadatiem
vai tikai datu kopas metadatus publicé Latvijas Atvérto datu portala
(https://data.gov.1v), savukart atvértos geotelpiskos datus publicé valsts
vienotaja Geotelpiskas informacijas portala (https://geolatvija.lv).

P&c analogijas ar timekla vietnu satura automatizétu vaksanu [68], INSPIRE
Geoportals [69] un Oficialais Eiropas datu portals [70] veic Latvijas GDS
Metadatu kataloga [15], [16], Geoportala Atvérto datu geoproduktu [71] un
Atveérto datu portala datu kopu un resursu metadatu [72] rasmoSanu. Servisu
registri rasmo informaciju no citiem Servisu registriem, veidojot rasmosanas
kedes (skatit 1.3. att. Rasmosanas kédes piemérs). Savukart INSPIRE Geoportals
un Eiropas datu portals var tikt izmantoti ka centraliz&tie informacijas iegtiSanas
punkti argjiem risinajumiem. Piemé&ram, Google risinajums Dataset Search [73]
izmanto Eiropas datu portalu ka datu avotu, lidz ar ko risindjumam ir pieejami ar1
Latvijas Atvérto datu portala kataloga ieraksti.

1.7. Tehniska sadarbspéja

Tehniska sadarbspgja tiek panakta ar standartizétu uz OGC bazes veidojamu
1) Skatisanas (WMS), 2) Lejupielades (piem&ram, WFS) un 3) Mekl&sanas
(CSW/Discovery) servisu komplektu, Latvijas un Eiropas gadijuma papildinatu
ar specifiskam prasibam.

Lai nodrosinatu tehnisku savietojamibu jeb sadarbsp€ju, planojot jaunas
informacijas sisttmas un informacijas uzkraSanas mehanismus, pieturas pie
nozaré definétiem standartiem un vadlinijam vai/un tiesiskajam regul&jumam,
piem@ram, Ministru kabineta noteikumiem. Gadijumos, kad buvgjot jaunu
informacijas sist€ému, nav planots parbiivét informacijas uzkrasanas mehanismu,
bet izplatiSanas noliikiem esoSais formats neder, blivé jaunu datu izplatiSanas
kratuvi, kurai bils jaatbilst toposas sistémas semantiskam un veiktsp&ju prasibam.
Lai nodroS$inatu saikni starp datu uzkrasanas un datu izplatiSanas procesiem, buve
specifiskas datu transformacijas k&des, kuras lauj gan parstrukturet informaciju,
gan nomainit datu koplietoSanas veidu jeb formatu. Viens no klasiskiem
piemériem ir CSV datnes ar koordinattm gan formata, gan struktiras
transformacija un saglabaSana datu bazes tabula ar punktveida geometrijas
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objektiem. Ka labu sadarbspgjas pieméru Tehniskai un Tiesiskai sadarbspgjai var
min& Ministru kabineta noteikumus par Apgratinato teritoriju informacijas
sisttmas izveidi un uzturéSanu un apgritinato teritoriju un nekustama ipasuma
objekta apgrutinajumu klasifikatoru [74], kas satur kvalitativi sagatavotos
tehniskos pielikumus. Piem&ram, Apgratinato teritoriju informacijas sistémas
objektu klasifikators satur objektu identifikatorus/kodus, nosaukumus un
elementu (promocijas darba “elementu” vieta pielietots termins Telpiskas iezimes
tips) tipu (punkts, linija vai daudzstiris).

Savukart datu un struktiiras parveidosana, saglabajot galvenos datu aspektus
un pielagojot datu modeli, satura elementus, aprakstoSos elementus, koordinatu
sisttmu un datu tipus, saucas par datu transformaciju. Veikt datu transformaciju
var vairakos [imenos: datu bazes ltmeni, skriptu IimenT un pielietojot specifisku
programmatiiru. Lai nodrosinatu optimalaku veiktsp€ju, pielieto transformacijas
datu bazes Itmeni. Meérenu veiktsp&ju un elastigumu var panakt ar
transformacijam skriptu [iment. Savukart, lai nodrosSinatu maksimalo elastigumu
1) datu, 2) struktaru un 3) formata transformésanai, biezi vien, pielieto specifisku
maksas ETL programmatiiru.

1.8. Nodalas kopsavilkums

Nodala tiek iepazistinats ar GII termina tvérumu. Apkopota un analizéta
informacija par termina izcelsmi, nemot veéra ari pasaules pieredzi. Konstatgts, ka
GII sekmiga realizacija ir atkariga ne tikai no tehniskiem aspektiem, bet
ietekmé&ta arT no datu savietojamibas/harmonizacijas jeb sadarbspgjas aspektiem
— tadiem ka Tehniska, Tiesiska, Organizatoriska un Semantiska sadarbspgja.
Secinats, ka GII ietver, t.sk., pieredzes apmainas platformas, kur atseviska loma
paredzgta arT akadémiskajai izglitibai.

GII konteksta tika analizeti un apkopoti Latvijas normativie akti, sastadita
parskattabula (Tabula 1.2.) ar istenoSanas atskaites punktiem Latvija. Tika
uzprojekteti universalie procesi: GII koncepcijas pielagosanas process (1.1. att.)
un VienkarSots, uz INSPIRE procesiem balstits, datu nodoSanas scenarijs
(1.2. att.). Tapat tika analizéti semantiskie aspekti un GII Latvijas segmenta
uzbiive, raksturots rasmosanas process (1.3. att.), ka arT analizétas geotelpisko
datu kopu transformacijas metodes.

Pieskaroties Izpluduso logiku témai, akcentéts, ka uz zinasanam balstita
pieeja nozimé metodisku meginajumu aizvietot trikstosas algoritmiskas
procediiras, izmantojot cilvéku zinaSanu izmantoSanu. Tadgjadi pat dal&ji
izpilditie nosacTjumi izraisa dalgji izpilditus secinajumus. Tapéc tiek dota iesp&ja
apsvert nenoteiktas informacijas un starpnozaru zinasanas sistému model&sana.

25



Salidzinot lielakos spéletajus GII istenosana, konstatts, ka butiskaka
atskiriba starp Eiropas un Amerikas piegajieniem ir ta, ka Amerikas piegajiens
paredz arT geotelpisko datu kopu razotaja ieinteresétibu (investicijas/subsidijas).
Pretstata Eiropas piegajienam, kur ieklaujamo datu kopu tvérums ir noteikts
(34 teémas), piedefinéts un neparedz centralizéto finanséjumu no budzetiem
(iesp&jams tikai finansgjums projektu Iimeni), Amerikas datu kopu portfela
centraliz€ta parvaldiba ir aktivs izsekoSanas, uztur&Sanas, paplasinaSanas un
harmoniz&$anas process ar globalu mérki/misiju atpazist un risinat problémas,
pozitivi ietekm&jot arT uzn@mumu biznesa vajadzibas.

Bitiska atskiriba no Eiropas un Latvijas GII piegajieniem ir ta, ka Amerika
megina izveidot sadarbspgjas uzlabosanas procesu, kura reizi gada salidzinosa
parskatiSana un konsultacijas tiek parskatitas datu kopas un to atbilstiba Portfela
prasibam un konkrétam teémam. Uz So parskatiSanu balstas rekomendacijas par
starpagentiiru/iestazu prioritatém, kas ietekmé ari budZeta veidosanas procesu.
Datu kopu portfelis tiek veidots elastigi, regulari konsultgjoties ar visam
iesaistitajam pusém un veicot korekcijas gan datu tému kataloga, gan
subsidéjama finans€juma apjoma. Attistot Latvijas Geotelpiskas informacijas
infrastruktaru, t.sk., attistibas strat€gijas izstrades poSMOS, nepiecieSams
paredzet, ka GII attistibas strategija (MK rikojuma Nr.490 no 2021. gada “Par
Digitalas transformacijas pamatnostadném 2021.-2027. gadam ”[61] konteksta),
ricibas virzieni un informacijas uzturéSanas un izplati§anas principi drikst bat
elastigi un regulari parskatami (lidzigi ka Agile), nevis monumentali iestradati
normativajos aktos, Kur parskati$anas periods jeb iteracijas garums nav garaks
par vienu gadu jeb korel€ ar valsts budzeta ciklu.

2. GII REALIZACIJA UN PIELIETOSANAS RISINAJUMI

Nodala tiek apskatits Latvijas GDS metadatu kataloga saturs un sagatavots
parskats par ieklautajam datu kopam, servisiem un datiem. Tapat tiek uzskaititi
GII TstenoSanas noverté8anas mehanismi un raksturota Telpisko lejupielades
servisu informacijas iegfianas tehnika un algoritms apjomigai informacijas
iegfiSanai porcijas, Ka ari piedavata konceptuala arhitektiira Informacijas sistémai
par teritorijas attistibas planoSanu.

2.1. Isteno$anas novértésana

Prasibas pec GII TstenoSanas novértéSanas gadu gaita ir mainijusas. GII
izstrades sakumposma novertéSanas prasibas nebija skaidri formulStas un
Vertesanas aktivitates Saja perioda sakas, galvenokart, ka akadémisks uzdevums,
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un tas vadija zinatkare. Velak, pieaugot valdibas amatpersonu un politikas
veidotaju uzmanibai GII, mainijas ari prasibas isteno$anas noveért&jumam un tika
definéts, ka ir nepiecieSami oficiali progresa zinojumi par ievieSanu un
izmanto$anu. Citiem vardiem sakot, var novérot pareju no intuitivaka uz
racionalaku GII noveértejumu. Akadémiskajam aprindam ir izaicinajums sekot
mainigajam verteéSanas prasibam, izstradajot zinatniski pamatotas un ar politiku
saistitas noveérté$anas pieejas [75].

Ka GII 1stenoSanas novertesanas raditajus var izmantot:

1) reizi gada iesniedzamus ievieSanas indikatorus [75];

2) reizi tris gados iesniedzamas atskaites [75];

3) parskatus [76].

NepiecieSams saprast, ka INSPIRE ievieSana ir laikietilpigs un resursus
patéréjoss process, kas javeic sistematiski, pastavigi un cikliski. Ta ka jebkurs§
programmatiiras atjauninajums vai datu specifikacijas izmainas var ietekmét
visus GII komponentus, nepiecieSsams nemt vera, ka, jo vairak elementu ir GII,
jo stingrak ir jaievéro standarti un istenoSanas noteikumi.

2.2. Telpisko lejupielades servisu filtrésanas tehnikas
pielietosana

No laikiem, kad INSPIRE direktiva tika publicéta, telpiskos timekla servisus
(t.sk., WFS un WMS) iesaka izmantot ar datu apmainai starp informaciju
sisttmam un klientservera risinajumos. Lai nodrosinatu, ka Eiropas dalibvalstu
Geotelpiskas informacijas infrastruktara ir savietojama un izmantojama Eiropas
kopiena, t.sk., parrobezu konteksta, INSPIRE direktivas TstenoSanai ir
nepiecieSams, lai katra no dalibvalsts adoptetu INSPIRE Kopigos istenosanas
noteikumus vairakas jomas — tadas ka Metadati, Datu specifikacijas, Timekla
servisi, Datu un pakalpojumu koplieto§anas, uzraudziba un zinosana. OGC
Istenosanas Specifikacija paredz telpiskas informacijas transportéSanu,
izmantojot XML kodéta OGC GML veida. WFS nodrosina iesp&ju sanemt
informaciju par geotelpiskiem objektiem ari GML — mainlasama veida. Lai
apietu tehniskos ierobezojumus masivo datu kopu lejupielades procesa, ir
iesp&jams dalit lielas datu kopas porcijas, katru vaicajumu pec datiem siitot tikai
péc porcijas, nevis péc visas datu kopas. So dali§anu porcijas ir iesp&jams
organiz€t, izmantojot telpisko vai parametrisko filtr€Sanas piegajienu.

Galvena priekSrociba starp WFS un pargjiem standartiz€tiem datu apmainu
risindjumiem tadiem ka datu apmaina, izmantojot Datnu transportéSanas
protokolu (FTP) vai datu kop&Sanu, izmantojot fiziskas datu kop&Sanas ierices,
piem&ram, optiski diski vai USB ir sp&ja, izmantojot WFS protokolu pieklit pie

27



‘ Rekursivs vairaku W
avedienu process

o P P Iepriek$€ja apgabala

= o sadaliSana X porcijas.

g X pavedieni O Rekursijas sakums ‘

o

g GetCapabilities, .

4 Nolasam servisa -

:a parametrus ‘ Porcijas izmérs > 0 né Ie?l?;r)%l;?je

Q = = = .

— a - Ja N Ja

1 SQ—>_k —& () > >

s akums i

o ‘ G.?tH'.tS’_ Porcijas izmérs < Max

£ Porcijas izméra

§ ne . noskaidrosana ne

. |

2.1. att. Informacijas iegii$ana porcijas

katra telpiska objekta atseviski — 1) gan nolasit informaciju, 2) gan atrast objektu,
3) gan modificét un tas viss ir iesp&ams — tieSsaistes reZzima. V&l viena
prieksrociba ir ta, ka ir iesp&jams ieintegrét timekla servisus biznesa procesos, ko
Tsteno ka posmu lielos procesos vai soli GIS lietojumprogrammas. Ka norada
Bejars R. un citi — profesionalie lietotaji var git lielaku ieguvumu no timekla
servisiem, kas nodro$ina piekluvi pie lielam datu kopam, jo ipasi, ja tie tiek
regulari atjauninati [77]. Pie SOA prieksrocibam var arT pieskaitit faktu, ka jau
vienreiz kadam noliikam savakta informacija varetu but deriga arl pavisam
savadakiem mérkiem, ka arT informacijai tiks nodros§inata piekluve un ta varétu
bt plasi izmantota visos Iimenos — gan valsts parvalde, gan komercialiem
noliikiem privataja sektora [78].

Lejupielades servisu gadijuma, informacija parasti tiek serializéta GML
veida, kas satur lielu atkartojamu informacijas apjomu (tagus), kura apraksta
informacijas struktiiru. Un, ja ir nepiecieSams lejupieladét veselu datu kopu, kas
biezi vien satur ievérojamu informacijas apjomu, lai izvairitos No Serveru
avarijam vai telekomunikaciju pakalpojumu sniedzgja tikla parslogojumiem, ir
nepiecieSams dalit lejupieladéjamo informacijas apjomu porcijas. Un, lai
lejupieladétu veselu datu kopu, ir nepiecieSams iterativi shitit vaicajumus péc
objektu porcijam un porcijas veidot, balstoties uz telpiskam vai atributivam
objektu Tpasibam (skatit 2.1. att. Informacijas iegiisSana porcijas un apaksnodalu
2.2. Telpisko lejupielades servisu filtréSanas tehnikas pielietoSana). AriLi W. un
citi noradija uz faktu, ka WFS lauj pieklut aktualiem datiem, bet tas genere lielu
atkartojamu informacijas apjomu, veicot geotelpisko un atribitu datu
serializaciju [79].
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2.3. IS arhitektiira teritorijas attistibas planoSanai

Apaksnodalas mérkis ir aprakstit 1) informacijas sistémas arhitektaras modeli
ilgtspgjigai teritorijas attistibas planoSanai un operativai lémumu pienemsanai,
pielietojot GII panémienus un 2) procesa modeli ilgtsp&jigai teritorijas attistibas
planoSanai un operativai l@émumu pienemsanai. Rezultata teritorijas attistibas
planosanas un zemes konsolidacijas specialisti, veidojot teritorijas attistibas
planosanas dokumentus, ka ar operativie dienesti un ipasuma apdro$inataji vares
piemérot So arhitektiiras un procesa modeli gan plano$anai, gan lémumu
pienemsanai, ieskaitot tadus uzdevumus ka zemes kadastralas vertibas
maksimize$ana saskana ar kadastralas vértéSanas metodiku un operativai seku
mazinasanai krizes gadijumos. Monetars piegajiens izveléts tapéc, ka lielaka dala
cilveku saprot vértibas, kas izteiktas naudas vienibas, tas biezi vien ir &rts
kopsaucgjs, lai izteiktu citu kapitala veidu, tostarp dabas kapitala, relativo
ieguldijumu [80].

Ir pieejami daudzi riki, kas ka datu avotu izmanto informaciju, kas nav iegita
no valsts registriem vai pieejama bezsaistes reZima, bet augstaka attistibas
perspektiva ir rikiem, kuri tieSsaistes datu ievadiSanai var izmantot oficialos ES
dalibvalstu datu registrus. Perspektivakie r1ki datu tie$saistes ievadi$anai izmanto
standartizétas datu kopas, pieméram datu kopas, atbilstosi INSPIRE témam. Tas
lauj veidot milzigus modelus visai ES teritorijai, izmantojot vienotu datu
specifikaciju un viegli piemé&rojamu katra no ES valstim.

Eiropas Komisijas tehniskaja zinojuma “Mapping and Assessment of
Ecosystems and their Services” uzmaniba tika pievérsta klasifikacijai un GII
tehnologijam. Atzists, ka izmantojot GII var veikt efektivu telpisko analizi [81],
t.sk., plano$anai un lémumu pienemsanai.

Zemes parvaldibas uzdevumi ir parvaldit un kontrolét zemes
apsaimniekoSanas procesu (ka fiziskas paradibas un ka ipasumu) un planot zemes

Kompetence Datu modelis / Dati

@7? L) Starptautiska dzelzcela Imija
' Tyom Ve
Regionalais limenis @A \4 é Regionalais cel§
e 0

Vietgjais cel$
Mezsaimnieciba

Riciba: Planosana / ilgtermina lémumu pienemsana, indikatoru definé$ana
Reakcija: Rezultatu salidzinasana ar sakotngjiem planiem, indikatoru analize

2.2. att. Dalita lemumu pienemsana ilgtsp€jiga teritorijas parvaldiba
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attistibu [82]. Pastav $adas zemes attistibas planosanas koncepcijas: ilgtspgjiga
attistiba, sociali orientéta attistiba un uz tirgu orientéta attistiba. Visas planoSanas
koncepcijas darbojas labi tikai tad, ja ir skaidri definéti attistibas meérki — Katra
planoSanas iteracija paSreizgja situacija tiek salidzinata ar iepriek$ noteiktiem
raditajiem, tadgjadi laujot pienemt 1@émumus, lai labotu tendences. Var iedalit
§adus attistibas limenus: ES, valsts, regionalo un pasvaldibu limeni (skatit
2.2. att. Dalita lemumu pienemsana \lgtspéjiga teritorijas parvaldiba). Ka
iznémumu var min&t ari teritorijas attistibas projektus zemes vienibu Iimeni —
lokalplanojumus. Biitiba ilgtsp&jigas attistibas koncepciju vispirms pienem valsts
limenT un pakapeniski isteno ari regionala un pasvaldibu limeni. 2.2. att. Dalita
lemumu pienemsana ilgtspéjiga teritorijas parvaldiba paradita ilgtsp&jigas zemes
apsaimniekoSanas pieeja dazados parvaldibas limenos, kur atgriezeniska saite
tiek Tstenota visos attistibas [imenos un §is process iet pa spirali.

INSPIRE direktiva paredz plasu saskanotu/harmonizétu jeb sadarbspgjigu
datu klastu pieejamibu, kas var klat par briniskigu standartizétu ievaddatu
komplektu jebkuram risindjumam, kur ir nepiecieS8ama ticama informacija ar
zinamu izcelsmi par plasam teritorijam un standartizeéta veida. Lai definétu
automatiz€tu zemes apsaimnickos$anas procesa modeli un informacijas sistémas
arhitektiiras modeli ilgtsp&jigai teritorijas attistibas planoSanai un operativai
lémumu pienemsanai, skaidri ir jasaprot, ar kadiem ievades/izvades datiem
vajadzes stradat. Ir skaidrs, ka datu specifikacijas valstis un organizacijas var
atskirties. Optimalakaja gadijuma ar datu kopam, ieklautam INSPIRE témas,
vajadzetu pietikt pie nosacijuma, ka datu kopas eksistg, atbilst INSPIRE prasibam
un izplatas bez kadiem specifiskiem ierobezojoSiem nosacijumiem.

Papildus, nemot vera, ka pamatdatu vieniba var blit zemes vieniba un
informacija par zemi, tika analizéts Zemes parvaldibas doména modelis [83].
Izradijas, ka dazi objektu tipi nav ieklauti standarta, pieméram tadi ka zemes
novertéSanas dati, zemes izmantoSanas dati un zemes virsmas seguma dati.
Pamatojoties uz to, tika pienemts 1@émums neizskatit $o standartu par pamatu
automatiz€ta zemes apsaimniekoSanas procesa modela izveidei. Arhitektiira un
procesa modeli balstas gan uz INSPIRE direktivu, gan klasisko pieeju, piem&ram,
uz SOAP servisiem, DB replikacijam, lai piekliitu datu dev&ju neharmonizétiem
jeb nesadarbspgjigiem (standartizgti tikai iestades robezas) datiem.

Izstradats IS arhitektiiras modelis (skatit 2.3. att. IS arhitektiiras modelis
ilgtspéjigai teritorijas attistibas planoSanai un operativai lemumu pienemsanai)
sniedz iesp&ju stradat ar Nacionalo karteSanas un kadastra agentiru un citu datu
turétaju tekstu un telpiskajiem datiem. Datu apmaina tiek nodrosinata, izmantojot
1) DB saites un DB replikacijas lielam datu kopam un WFS geotelpisko datu
kopam un 2) SOAP/RESTful servisus teksta datu apmainai. Lai padaritu datus
savstarpgji izmantojamus, paredz€ts visaptveroSs datu transformacijas un
parklasifikacijas modelis, kura tiks salagoti jeb harmoniz&ti dati no
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neharmonizétam datu kopam, lai varétu veikt datu apstradi harmonizéta vide.
Nedrikst par zemu noveértét datu parveidosanas, savietojamibas jeb sadarbsp€jas
problému, jo, parsvara vienmér $o problému nevar atrisinat, izmantojot tikai
tehniskus Iidzeklus. Piem@ram, var biit nepiecieSama normativo aktu
saskanoSana / harmonizacija jeb sadarbsp&ja. Detalizétak probléma aprakstita
nodala 1.3. Sadarbspeja.

Lai nodro$inatu teritorijas attistibu “ilgtspejiguma” konteksta, vienkarSots
racionalas planoSanas modelis tiek adoptéts bezgaliga cikla. Cikla soli: 1) datu
vakSana, 2)datu analize (planoSanas vai lémumu pienemS$anas procesa),
3) nakotnes prognoze$ana (planoSana), méerku noteikSana (planosana),
alternativu izstrade (planosana), 4) novertésana, raditaju parbaude, salidzinasana
ar iepriek§ noteiktiem meérkiem, un 5)reakcija uz tendencém. Pé&c
nepiecieSamibas notiek cikla atkartoSana, 1. soli izmantojot 3.soli definéto
alternativo scenariju.

Zemes parvaldibas uzdevumi ir parvaldit un kontrolét zemes
apsaimniekosanas procesu (ka fiziskas paradibas un ipaSumu) un planot zemes
attistibu. So uzdevumu Tsteno$anai var izmantot daudzas pieejas, talredzigaka ir
ilgtspgjigas attistibas koncepcija, kura atkariba no mérkiem vienmer ir iesp&jams

+” Alternativie _\ AN
attistibas plani |

Lémumu pienemsana

Tlgtspgjiga zemes parvaldiba
Planosana Rezultatu salidzinasana

ar sakotn&jiem planiem,
indikatoru analize

Datu - -
- Struktiiras transformacijas
transformacija Parklasifikacija
. SOAP / WFS WS
Datu transporté$anas metodes ‘ DB links / Replikacijas

e — e —
Iestades DBs ar “Geo”
Teksta DBs paplasinajumiem

2.3. att. IS arhitekturas modelis ilgtsp€jigai teritorijas attistibas planoSanai
un operativai léemumu pienemsanai
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pienemt lémumus (vai planot izmainas), lai labotu attistibas tendences. Speciali,
lai tuvinatu $o uzdevumu automatizétu istenoS$anu, darba tika definéta IS
arhitektlira zemes attistibai (skatit 2.3. att. IS arhitektiras modelis ilgtspejigai
teritorijas attistibas planoSanai un operativai lemumu pienemSanai). 1S
arhitektiira ir vérsta uz sadarbspgjigu datu (pieméram, INSPIRE datu kopu)
izmantoSanu, bet ne tikai. Trausla arhitektiiras vieta ir datu transformé&Sanas
modulis, jo dazam datu kopam sadarbspgjas vai datu parklasificéSanas problemu
nevar atrisinat, izmantojot tikai tehniskus Iidzeklus, piem@ram, var bt
nepiecie$ama arT klasifikacija vai normativo aktu pielagosana. Lai istenotu IS
arhitektiiru zemes attistibai, tika izstradats automatiz€ts vispargjs procesu
modelis zemes apsaimniekoSanai. Procesa modelis izmanto modernas
informacijas tehnologijas un nodrosina regularas un neregularas izpildes iespgjas.
Regularais process ir orientéts uz veselo datu kopu registru Iimeni apstradi
planosanas noltkos, savukart neregularais process ir orientéts uz interaktivu vai
pec pieprasjjuma — tieSsaistes l€mumu pienemSanu un nodroSina iesp&ju
darboties ar datiem objektu ltmeni, kas var bt noderigi arkartas situacijas un
nelielam teritorijam.

Gan arhitektiiras, gan neregulara procesa modeli ir orientéti uz GII
pielietosanu.

2.4. Nodalas kopsavilkums

Nodala tiek iepazistinats ar GII TstenoSanas un isteno$anas novert€Sanas
mehanismiem. Tiek analizéti un sagatavoti parskati par metadatiem, datiem un
GII metozu pielietoSanas veiktsp&ju. Izstradati procesu un arhitektiras modeli
informacijas sisteémai par teritorijas attistibas planosanu. Tai skaita tika izstradats
Procesa modelis ilgtsp&jigai teritorijas attistibas planosanai un operativai [emumu
pienemsanai, kur regularais process ir orientéts uz datu apstradi datu
kopu/registru limeni planoSanas nolikos, savukart neregularais process ir
orientéts uz interaktivu vai péc pieprasijuma — tieSsaistes [|Emumu pienemsanu un
nodroS§ina iesp&ju darboties ar datiem objektu Iimeni, kas var biit noderigi
arkartas situacijas un nelielam teritorijam. Piem&ram, neregulars process var
palidzet operativai l@mumu pienemsanai krizes situaciju gadijumos, tieSsaistes
reZima un teritoriali neliela apgabala (lai neparslogotu sistemu, SOA gadijums).

Izstradats rekursivs algoritms Geotelpisko datu kopu lejupieladei no
Geotelpisko datu kopu lejupielades servisiem (2.1. att.).

Secinats, ka INSPIRE ievieSana ir laikietilpigs un resursus patérgjoss process,
kas javeic sistematiski, pastavigi un cikliski, savukart GII istenoSana ir ilgtermina
(bezgaligs) ciklisks process.
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Ta ka jebkur$ programmatiiras atjauninajums vai datu specifikacijas izmainas
var ietekmét visus GII komponentus, nepiecieSams nemt véra, ka, jo vairak
elementu ir GII, jo stingrak ir jaievéro standarti un Tstenosanas noteikumi.

Nemot vera, ka gatavojot timekla servisu Programmatiiras projektéjuma
aprakstus, palielinds programmatiiras projektéjuma apjoms un sareZgitiba,
atseviskam lietotajam noderigas informacijas apjoms samazinasies un
nepieciesamo informaciju no PPA bis griiti vai neiespgjami izvilkt un apgit. Un,
ka nepiecieSamas projektgjuma informacijas praktiska organizeésana ir butiska tas
lietoSanai [84], tiek secinats, ka OGC standartu, pieméram, GetCapabilities
un Describe Feature Type paSaprakstitas metodes (tapat ka jebkuri citi
pasaprakstitie timekla servisi un to metodes), uzskatami par labu pieméru
projektéjuma informacijas praktiska organizé$ana un PPA §ada veida timekla
servisiem papildus nav nepiecieSams.

Secinats, ka nedrikst par zemu novertét datu parveidoSanas, savietojamibas
jeb sadarbspg@jas problému, jo, parsvara vienmer So problému nevar atrisinat,
izmantojot tikai tehniskus Iidzeklus. Pieméram, var biit nepiecieSama normativo
aktu saskanosana vai dati var biit semantiski nesavietojami.

Secinats, ka neskatoties uz servera ierobezojumiem attieciba uz maksimalo
atlauto WFS lejupieladejamas porcijas lielumu, ir iesp&jams lejupieladet veselu
resursu, dalot informaciju porcijas. Labakas prakses risinajums atributivai
(netelpiskajai) filtrésanai ir filtr€t péc unikala identifikatora. Tatad, lai
nodrosinatu labaku veiktsp&ju, unikalais identifikators ir jaieklauj WFS servera
puse izplatamas informacijas tvéruma. Ja servera pus€ izplatamas informacijas
tvéruma telpisko iezimju unikalais identifikators nav ieklauts vai ir nepiecieSams
lejupieladét informaciju par konkréto teritoriju, ir japielieto telpiska filtrésana.

Galvenie plusi netelpiskas (atributivas) filtréSanas pieejai: vislabaka
veiktsp&ja tiek panakta, ja datu sheéma ir ieklauts unikalais identifikators; ir
iesp&jams izmantot $o pieeju, ja telpiska pieeja atgriez noildzi; ja tiek izmantots
unikalais identifikators, ir iesp&jams iztikt bez atkartojamas informacijas
lejupielades. Savukart, galvenie minusi netelpiskajai pieejai: 1€énam strada ar
neunikalajiem identifikatoriem; ja netiek izmantots unikalais identifikators, tiek
lejupieladéta lieka (telpisko iezimju dublikati) informacija.

Galvenie plusi telpiskas filtréSanas pieejai: var izpildit pieprasijumus, noradot
konkrétu teritoriju; labaka veiktsp€ja datu kopam bez unikala identifikatora neka
atributivai filtr€Sanai. Savukart, galvenie minusi telpiskas filtréSanas pieejai:
lielajam datu kopam telpisko filtréSanu vispar nav iesp&jams izmantot servera
noildzes dél (pieméram, méginot aprekinat porcijas lielumu); tiek lejupieladéta
lieka (dublikati) informacija.
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3. PIEDAVATA INFORMACIJAS IEGUVES UN
IZPLATISANAS RISINAJUMA APROBACIJA

Lai aprobétu piegdjienu iterativai metadatu rasmo$anai un geotelpiskas
informacijas lejupieladei, tika pielietotas programmeésanas, sistému analizes un
prototipéSanas metodes. lzmantojot Python interpretéjamu objektorientétu
skriptu valodu, tika izstradati un programméti procesi: 1) informacijas
rasmosSanai no GDS MDK un cilvéklasamas atskaites veidosanai HTML formata,

1) Rasmosana 5) Lejupielades WS
”ofﬁ_?MTDK 3) Csv un Telpisko
iezimju saraksts
atskaite tirisana ezt J(L(I;SV; 9) LeafletlS

7) GML > DB (FrontEnd)

o-0—0—0—0—0—-0—>0—0

8) GeoServer

2) csv 4) Lejupielades 6) Resursu (BackEnd)
atskaite o ws | lejupielade (no
identificeSana visiem GDS MDK

registrétiem un
publiski pieejamiem
avotiem)

Risinajuma prototipa datu plismas process

3.1. att. Risinajuma prototipa datu plismas process

2) cilvéklasamas atskaites HTML formata transformé$anai masinlasama CSV
formata, 3) masinlasamas CSV datnes filtréSanai, lai iegiitu masinlasamu
sarakstu tikai ar lejupielades servisiem un predefinétam datu kopam,
4) masinlasama CSV datnes filtréSana, lai iegitu sarakstu tikai ar lejupielades
servisiem, 5) lejupielades servisu un Telpisko iezimju saraksta veidoSanai un
6) pielietojot izstradato algoritmu filtréSanai un informacijas iegfianai porcijas
(2.1. att. Informacijas iegiiSana porcijas), informacijas masveida lejupielade no
visiem GDS MDK registrétiem lejupielades servisiem un par visam Telpiskam
iezZim&m un to saglabasana lokali GML formata. Papildus tika prototip&ti un
aprobéti 7) GML datnu transforméSanas un saglabasanas process Postgres
PostGIS datu bazg, 8) uz GeoServer tehnologijas balstits Datu izplatiSanas kanala
izveides process un 9) un uz LeafletJS tehnologijas balstits gala lietotaja lietotaju
saskarnes ar kartes parskata logu izveides process. Rezultata tika izstradats un
aprobéts risinajuma prototips iterativai metadatu rasmosanai un informacijas
lejupieladei no Latvijas GDS Metadatu kataloga registrétiem geotelpiskiem
lejupielades servisiem ar mérki nodro$inat atrdarbigu piekluvi geotelpiskiem
datiem operativai lémumu pienemsanai un ilgtermina teritorijas attistibas
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planosanai. 3. nodalas apak$nodalas var iepazities ar katru no $iem procesiem
detalizétak, risinajuma prototipa datu plismas process ir piecjams 3.1. att.
Pirmkodi par procesa butiskakajiem soliem — par informacijas rasmosanu un
HTML atskaites izveidi (3.1.att., solis 1)), ka ari par resursu lejupieladi,
pielietojot rekursivu algoritmu (3.1. att., solis 6)) no apak$nodalas 2.2. Telpisko
lejupielades servisu filtreSanas tehnikas pielietosana, tika publicéti GitHub
pirmkodu kratuvé zem CCO 1.0 licences.

Prototipa datu izplatiSanas (prezentacijas) kanala nodrosinasanai tika izvel&ta
GeoServer tehnologija, kura atbalsta tadus nozares standarta OGC protokolus, ka
pieméram, WFS, WMS. Tapat ka paplasinajums, lai nodro§inatu atrdarbigu
skati$anas servisu, tika nodrosinats ari WMTS (keSots skatiSanas serviss). Ka
datu avots tika piesl€gta Postgres datu baze. Katram slanim definéts savs, uz SLD
tehnikas bazéts, att€losanas stils.

Papildus, lai nodro§inatu atrdarbigu skati$anas servisu, tiek iedarbinats flizu
keSoSanas mehanisms jpeg un png formatos; un LKS92 un google
(EPSG:900913) rezga nomenklataras. Lai nodro$inatu, ka slani izvadas secigi,
pieméram, lai linijveida slanis izvadas pa virsu poligonveida slaniem un
punktveida slanis tiktu attélots pa virsu gan poligonveida slaniem, gan linijveida
slaniem, tika izveidota slanu grupa, kurai tika definéta slanu attélosanas seciba.

Slanu grupai ari iesp&jots png un jpeg flizu seko$anas mehanisms. Kess
genergjas 1) péc pirma pieprasijuma un péc tam ir pieejams arl nakamajiem
lietotajiem, 2) vai ar ir iesp&jams iedarbinat piespiedu flizu kesu veidoSanu visai

3.2. att. DaliSana porcijas - piemérs, Telpiskas iezimes tips — ‘geBorehole’
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pieejamai teritorijai un visam rezgu nomenklatiram uzreiz. Sis masveida process
var aiznemt vairakas dienas, prototipa gadijuma tika iespgjots flizu veidosanas
mehanisms — péc pirma pieprasijuma.

Rezultata tika panakts, ka programmsaskarnes Iimeni ir iesp&jams pieklat
katra Telpiskas iezimes objekta vektordatiem (WFS nodros$ina izplati$anu $ados
formatos: CSV, GML, GeoJson, KML un ShapeFile ) un atribitiem, ka arl
skati$anas servisi (WMS un atrdarbigs WMTS) nodrosina piekluvi datiem rastru
formatos (pieméram, GIF, GeoTiff, JPG, PNG un tml.).

Ka prototipa prezentacijas limenis, papildus programmsaskarném, uz
LeafletJS tehnologijas (biblioteka 1eaflet.js) bazes tika izveidota atrdarbiga
lietotajsaskarne.

Prototipa prezentacijas limena lietotajsaskarne realizéta ka HTML lapa, kuru
ir iesp&jams atvért ar jebkuru parlikprogrammu, kura atbalsta HTML un
JavaScript.

3.1. Nodalas kopsavilkums

Nodala tiek raksturots izstradatais prototips informacijas rasmosanai un
iegiiSanai no pasaules GII Latvijas segmenta decentraliz€tiem datu avotiem,
informacijas ieladei un apstradei datubazg, ka ari rezultatu izplatiSanai.

Pirmkodi par procesa biitiskakajiem soliem — par informacijas rasmos$anu un
HTML atskaites izveidi (3.1.att.,, solis1), ka arT par resursu lejupieladsi,
pielietojot rekursivu algoritmu (3.1. att., solis 6)) no apaksnodalas 2.2. Telpisko
lejupielades servisu filtreSanas tehnikas pielietosana, tika publicéti GitHub
pirmkodu kratuvé zem CCO 1.0 licences un ir publiski pieejami.

Atseviskas promocijas darba praktiskas realizacijas tiks izmantotas
laboratorijas darbu izstrad€ jaunaja LLU studiju kursa Informacijas tehnologijas
nozaré “Informdcijas tehnologijas geoinformatika”.

Prototipa salidzinos$i eleganta tehniska realizacija var liecinat, ka GII
TstenoSana galvena probléma var biit nevis Tehniskaja realizacija un sadarbspg;ja,
bet, tai skaita, Tiesiska, Organizatoriska un Semantiska sadarbspéja. Lidz ar ko
var secinat, ka GII TstenoSana tikai tehniska liment (iesaistot tikai IT specialistus)
nav iesp&jama un tehniskais tvérums aptver tikai provizoriski 25% no kopgjas
GII istenoSanas.

36



SECINAJUMI

(numerdacija traséjas ar izvirzito tézu numerdaciju)

Promocijas darba izstradatas rekomendacijas Geotelpiskas informacijas
infrastruktiiras isteno$anas un valsts parvaldes procesu vadibas uzlaboSanai
Latvijas konteksta tika definétas un ir wuzskaititas atseviska nodala
“Rekomendacijas un galvenas jaunraditas vertibas”. Rekomendaciju galvenie
aspekti ir 1) valsts parvaldes procesu parneS$ana digitalaja plakng, 2) GII
TstenoSanas un valsts parvaldes procesi ir cikliski un bezgaligi un 3) sadarbsp&ju
problémas niveléSana. Visas aizstaveSanai izvirzitas t€zes tiek apstiprinatas, un
uz to pamata tika definéti $adi secinajumi.

1) Telpiska skaitlo$ana ir ideja un tehnologiju kopums, kas parveidos
sabiedribas dzivi, izprotot fizisko pasauli un savstarpgjas attiecibas un
vietu taja [29]. Izmantojot datu modelus un matematisko aparatu, tiek un
tiks sniegta iesp&ja planot attistibu un reagét (pienemt l€mumus) uz
notikumiem lokala un pasaules mérogos. Daudzas INSPIRE témas nav
piecejamas sadarbspéjiga veida. TriikstoSo servisu izveide var pozitivi
ietekmét daudzu saimnieciskas darbibas nozaru attistibu, ka ari Latvijas
GII integraciju Eiropas un pasaules GII. Promocijas darba tika apkopota
informacija par GII TistenoSanu Latvija — par tiesiskiem,
organizatoriskiem, semantiskiem un tehniskiem aspektiem un pieradits,
ka izmantojot jau izstradatu un publiski pieejamu pasaules GII Latvijas
segmentu, ir iesp&jams nodro$inat meklésanu péc Latvijas Geotelpisko
datu savietotdgja Metadatu kataloga registréto lejupielades servisu
Telpisko iezimju parametriem vai geometrijas (var atrast konkrétu objektu
telpiski vai péc ta parametriem/atriblitiem), ka arT tieSsaistes rezima
pieklat informacijai, kas blis par pamatu operativai lemumu pienemsanai
vai/un ilgtermina teritorijas attistibas planosanai;

Jau Sobrid ir pieejams katalogs ar servisu un resursu metadatiem, kur
informacijai var piekliit centralizéti bez jebkadiem ierobeZojumiem un
teoretiski sadarbspgjiga veida. Centralizéts Latvijas GDS metadatu
katalogs atvieglo informacijas mekléSanu, bet informacijas kvalitates
jautajums ir atvérts. No vienas puses informacijas pieejamiba jau Sobrid
lauj buvet tieSsaistes lemumu pienemsanas sist€émas (piem&ram, SDSS),
bet no otras puses informacijas kvalitate nivel€ pieptles. Sabiedribai tiek
piedavats paredzeét ari komercialu geotelpisko datu kopu razotaju
ieinteresétibu (t.sk. finans€jumu), nevis delegét So funkciju tikai valsts
parvaldes iestadeém. Papildus, attistot Latvijas Geotelpiskas informacijas
infrastruktiru, t.sk., attistibas stratégijas izstrades posmos, nepiecieSams
paredzet, ka GII attistibas stratégija (MK rikojuma Nr.490 no 2021. gada
“Par  Digitalas  transformdcijas  pamatnostadnem  2021.-2027.
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2)

gadam” [61] kontekstd), ricibas virzieni un informacijas uzturé$anas un
izplatiSanas principi jeb “GII istenoSanas process” drikst but elastigi un
regulari parskatami péc analogijas ar Agile, nevis monumentali iestradati
normativajos aktos, kur GII istenoSanas procesa parskatiSanas periods jeb
iteracijas garums nav garaks par vienu gadu jeb korelg ar valsts budzeta
ciklu. GII istenosana ir Agile lidzigs ciklisks process un kopiena nekad
nevarés pateikt, ka process ir pabeigts. Kopienai paliek iesp&ja neatpalikt
no GII TstenoSanas procesa, ka ari méginat attistit Tehnisko,
Organizatorisko, Semantisko un Tiesisko sadarbspgju, t.sk., caur
Ieinteres€to pusu dialogu;

Prototipa (3. nodala) salidzinosi eleganta tehniska realizacija var liecinat,
ka GII 1stenosana galvena probléma var bat nevis Tehniskaja realizacija
un sadarbspgja, bet, tai skaita, Tiesiskaja, Organizatoriskaja un
Semantiskaja sadarbspéja. Lidz ar ko var secinat, ka GII TstenoSana tikai
tehniskaja limeni (iesaistot tikai IT specialistus) nav iesp&jama un
tehniskais tvérums aptver tikai provizoriski 25% no kopgjas GII
istenoSanas. Nemot v&ra Sadarbsp&jas aspektus un, lai uzlabotu
geotelpiskas informacijas parvaldibas kvalitati (t.sk., informacijas
kvalitati), tiek piedavats akadémiska ITmen attistit atsevisku ne IT nozaru
specialistu grupu kompetences un kvalifikacijas datorzinibas, t.sk.,
geoinformatika. Pieméram, nozar€s, kuras nodro§ina un attista Tiesiskas,
Organizatoriskas un Semantiskas sadarbspg€jas. Lai $o panaktu, uz
promocijas darba pamata, tika izstradata jauna studiju kursa programma
magistrantiem “Informdcijas tehnologijas geoinformatika” (Latvijas
Lauksaimniecibas universitate). Papildus, lai padaritu pieejamaku GII
ideju ne tikai IT nozares specialistiem, piemé&ram, pé&tniekiem, datu
entuziastiem, Zurnalistiem un studentiem, izstradatie unikalie butiskakie
pirmkodu apgabali tika publicéti GitHub pirmkodu kratuvé zem atvértas
CCO licences, kas lauj visam ieinteresétajam pusém tos brivi (bez
nekadiem nosacTjumiem) izmantot un pilnveidot. Ka arT atseviskas
promocijas darba praktiskas realizacijas tiks izmantotas laboratorijas
darbu izstradg jaunaja LLU studiju kursa Informacijas tehnologijas nozaré
“Informacijas tehnologijas geoinformatika”. Augstak mingtais kopuma
var uzlabot GII stenosanas kvalitati Latvija.

Neskatoties uz servera ierobezojumiem attieciba uz maksimalo atlauto
WFS lejupieladéjamas porcijas lielumu, ir iesp&jams lejupieladét veselu
resursu, dalot informaciju porcijas. Labakas prakses risinajums atributivai
(netelpiskajai) filtréSanai ir filtrét p&c unikala identifikatora. Tatad, lai
nodrosinatu labaku veiktsp&ju, unikalais identifikators ir jaieklauj WFS
servera puse izplatamas informacijas tvéruma. Ja servera pusg izplatamas
informacijas tveruma telpisko iezimju unikalais identifikators nav ieklauts
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vai ir nepiecieSams lejupieladét informaciju par konkréto teritoriju, ir

japielieto telpiska filtréSana.

a) Galvenie plusi netelpiskas (atributivas) filtréSanas pieejai: vislabaka
veiktsp&ja tiek panakta, ja datu shéma ir ieklauts unikalais
identifikators; ir iesp&jams izmantot $0 pieeju, ja telpiska pieeja
atgriez noildzi; ja tiek izmantots unikalais identifikators, ir iesp&jams
iztikt bez atkartojamas informacijas lejupielades. Savukart, galvenie
minusi netelpiskajai pieejai: 1énam strada ar neunikalajiem
identifikatoriem; ja netiek izmantots unikalais identifikators, tiek
lejupieladeta lieka (telpisko iezimju dublikati) informacija.

b) Galvenie plusi telpiskas filtréSanas pieejai: var izpildit pieprasijumus,
noradot konkrétu teritoriju; labaka veiktsp&ja datu kopam bez unikala
identifikatora neka atributivai filtréSanai. Savukart, galvenie minusi
telpiskas filtrésanas pieejai: lielajam datu kopam telpisko filtréSanu
vispar nav iespgjams izmantot servera noildzes dél (piemé&ram,
meginot aprékinat porcijas lielumu); tiek lejupieladéta licka
(dublikati) informacija.

REKOMENDACIJAS UN GALVENAS JAUNRADITAS

VERTIBAS

Promocijas darba raksturotie zinatniskie sasniegumi témas izp&t€ un
promocijas darba izmantotas metodes palidzéja nodefinét $adus inovativus
priekslikumus GII istenoSanas procesa un valsts parvaldes procesu vadibas
uzlabos$anai:

1)

2)

ir jaturpina GII, ka arT saisto$o procesu istenosana, t.sk., datu modelu (ne
tikai geotelpisko datu kopu modelu) un parvaldibas procesu sistematiska
attistiba ar globalo mérki parnest visus valsts parvaldes procesus digitalaja
plakng. Lai atvieglotu valsts parvaldes procesu digitalizaciju, tika
izstradati un raksturoti §adi procesi: Pielago$anas Geotelpiskas
informacijas infrastruktiiras koncepcijai; VienkarSots, uz INSPIRE
procesiem balstits, datu nodoSanas scenarijs; Rasmosanas k&des piemérs;
Informacijas iegliSana porcijas; Procesa modelis ilgtsp&jigai teritorijas
attistibas planoSanai un operativai lémumu pienemsanai un Risinajuma
prototipa datu pliismas process. Papildus tika izstradats un aprobéts
algoritms ar risinajumu rekursivi iterativai informacijas ieguvei no
apjomigiem lejupielades geotelpiskiem servisiem;

nemot vera, ka GII istenoSanas process ir ilgtermina (bezgaligs) ciklisks
process, tiek ierosinats sinhronizét GII TstenoSanas iteracijas ar valsts
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3)

4)

budzeta pienemsanas cikliem, paredzot geotelpisko datu kopu razotaju un
ar GII saistoo procesu virzitaju komercialo ieinteresetibu;

lai celtu sabiedribas kompetenci (nivelétu sadarbsp&ju problémas) GII
IstenoSanas jautajumos, uz promocijas darba pamata tika izstradata jauna
studiju kursa programma magistrantiem “Informacijas tehnologijas
geoinformatika” (Latvijas Lauksaimniecibas universitaté). Tiek ierosinats
So studiju kursu ieklaut ne tikai IT, bet ari citu saistoSo nozaru
magistrantiem. Ka ar ir jaturpina akadémiska izpéte Geotelpiskas
informacijas infrastruktiiras istenoSanas aspektu virziena. Pieme&ram,
izpete par manualo [@mumu pienemsSanas (t.sk. politiskie 1€mumi)
aizstaSanu/neaizstasanu ar zinatniski pamatotu un uz informaciju balstitu
biznesa/informacijas sistému tie$saistés [emumu pienemsanu;

lai nodroSinatu uz datiem balstitu tieSsaistes l€émumu pienems$anu
nelielam teritorijam, piem&ram, operativo 1@mumu pienemsSanu krizes
gadijumos, tiek rekomend&ts organizet datu apmainu, pielietojot telpisko
filtrésanu, savukart, lai iesp&jotu kadu masivu datu apstrades procesu,
pieméram, ilgtermina teritorijas attistibas planoSanas procesu, tiek
rekomend@ts organizét datu apmainu, pielietojot rekursivu filtréSanas
algoritmu ‘Informacijas iegliSana porcijas’ ka parametru izmantojot
unikalus identifikatorus. Gadijumos, kad resurss nesatur unikalus
identifikatorus, ir japielieto rekurstvu filtréSanas algoritmu ‘Informacijas
iegiiSana porcijas’ ka parametru uzradot interes€joSas teritorijas
koordinates.
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INTRODUCTION

The introduction describes the relevance of the topic, defines the aim and
tasks of the doctoral thesis, lists the applied research methods, and also provides
information on the approbation of the scientific thesis.

Relevance of the topic

Historically, it has been important for humanity to determine the location in
relation to the stars, or orientation in the space of the surrounding world. Knowing
that the sky was connected with various types of human actions and activities —
with the choice of the direction of migration, hunt, place for settlements, etc. [1].

In the last two centuries, significant changes have taken place in science,
which have contributed to the study of nature and the phenomena occurring in
nature, from the order of things in the micro world to the secrets of the structure
and origin of the universe. At the center of this world space is a human surrounded
by the surrounding nature, in which he constantly finds new impressions, expands
his horizons and strengthens the ideas he has learned [2].
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In the 21st century, humanity has entered the information age. All you need
is a computer and an Internet connection to be able to access almost any kind of
data and to communicate with people in all kinds of places. The winds of the
information age are increasingly felt in the digitizing state and local government
processes — there is no longer a need in paper documents. Thanks to modern
technology, everything can be done electronically [3].

Data and geospatial data exchange processes are constantly evolving.
Historically, the main form of data exchange between institutions has been mail,
later telegraph, fax, computer and the World Wide Web began to be used. The
possibility of copying information in the form of files using data carriers (tapes,
floppy disks) and through the Internet network (for example, FTP, e-mails) also
appeared, as well as the possibilities of replicating databases using the intranet
and the Internet began to develop actively. At the end of the 20th century,
technologies for exchanging information through a computer network using web
services began to develop rapidly. In the beginning, web services were formed
and evolved to exchange with textual information and then also geospatial
information. Technologically, it is no longer necessary to copy an entire set of
information, typically a database, from one institution to another. Institutions can
provide public services online by requesting information on specific information
objects from the databases of other institutions using web services, including
spatial ones, without copying whole data sets. Also, cloud technologies began to
develop, which allow several institutions to create solutions using a standardized
and centralized infrastructure — the so-called Infrastructure as a service, which
would allow reducing costs for consolidated infrastructure maintenance.

Before starting the construction of the Geospatial Information Infrastructure,
in 2006, in order to create a homogeneous infrastructure, including a
technological base for the pattern-based development and hosting of Latvian E-
Services, work was started on the development of the Latvian E-Service engine
VISS (former IVIS) and already in 2007, the VISS infrastructure began to be
available to E-Service architects and developers in test mode. The VISS
architecture is based on SOA principles, while E-Services use web services as
building blocks, which were developed by various independent developers
according to unified VISS and SOA principles. E-Services can use web services
in compliance with the principles of the SOA triangle, all services are registered
in a specific register — the service catalog [4].

The infrastructure of VISS is constantly developing, in 2020 it became
possible to use REST services in both data exchange and E-Services. This was
achieved with the implementation of the WSO2 API Manager [5] solution
adapted to the VISS infrastructure, which extended the functionality of VISS with
the ability to centrally manage not only SOAP, but also REST services, ensuring
accounting, security, versioning, routing and auditing of these services.
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The primary advantages of the VISS infrastructure are the decisions of
institutions and sometimes the obligations arising from NA to adhere to SOA
principles, centralized service catalogs [6], [7], a standardized approach [4], [8],
[9], [10] to identification of objects (web services, E-Services, XML schemas and
structure hierarchies, etc.), as well as a centralized XSD catalog [11] for SOAP
services. The hierarchical approach of XSD catalog allows reusing of already
described data structures. With the implementation of VISS and binding
solutions, the infrastructure for the further creation and development of E-
services [12], as well as A2A, A2B and A2C information circulation was
provided, including institutions can regulate autocommunication between their
information systems and centrally organize large-volume (>4MB) [13] general
data replication.

Drawing parallels with the INSPIRE directive and the Geospatial Information
Infrastructure, the VISS infrastructure can be imagined as the basic infrastructure
for Latvian non-geospatial — “text” services and E-services, while the Geospatial
Data Integrator (hereinafter referred to as GDS) [14] housed in the VISS
infrastructure can be perceived as the basement of the Latvian Geospatial
Information Infrastructure. GDS consists of the Metadata Catalog [15], [16] —
a single website for the accumulation and distribution of geospatial data sets and
metadata in Latvia and Europe (including the INSPIRE context), the Data and
Services Management component — the infrastructure that ensures processing,
display of geospatial data sets, operation of geospatial services and Shared access
management systems, which provides access management to geospatial services
of different data holders, including serving as a gateway.

Before the implementation of the INSPIRE directive, Janis Strauhmanis [17],
the creator of the Latvian national atlas idea, and Reinholds Putnins (1881 —
1934), one of the first proponents of the Latvian national atlas idea, faced similar
legal and organizational problems in cooperation. During the first republic, there
was no response to the call to create a national atlas, because funding at the
national level was only for topographic maps and the first Latvian atlases were
only intended for learning geography at school. The merchants also failed to
compile and publish the national atlas. As a result, in the period between the two
world wars, this idea failed to be implemented, but in the conditions of Soviet
censorship, it was not desirable to even mention the idea of a national atlas. After
the restoration of state independence and only in 2007 (thanks to the specialists
of the company “Jana séta”), the world saw the first edition of the geographical
atlas of Latvia. In the study “Latvian national atlas: idea and reality” the idea
was expressed that the creation of such a fundamental work can be done not only
in paper form, but also in electronic form, additionally stating that, for example,
the national atlas of Switzerland has been created electronically since 1995.
Separately, it is mentioned that a whole organization was created only for the
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preparation of the Dutch national atlas, which developed the information system
of the National Atlas after the publication of the paper version of the atlas. Janis
Strauhmanis also described [18] the sequence of preparation of the Latvian
national atlas.

With the development of technology, the amount of information that can only
be stored electronically increased significantly, this trend required a new solution
for information representation, including operational decision-making and long-
term planning. Nowadays, it is necessary to be aware that sources of content of
atlases can only be electronic. Also, in the context of INSPIRE, it is worth trying
to compare the sequence of preparation of atlases with the INSPIRE
implementation process, while the structure of the Strauhmanis atlas should
correlate with INSPIRE data themes.

The primary information representation techniques are geographical and
thematic maps, tables and charts. Drawing parallels with the classification of
INSPIRE themes, the idea of a National Atlas structure [18], US NSDI themes,
and the classification of Thematic Maps, there is a noticeable emphasis on
grouping potential map objects according to similar criteria. In the EU space, with
the implementation of the INSPIRE directive, a unified classification of themes
and spatial object layers was/is being attempted, providing a unified geospatial
information infrastructure standardized space in all EU countries.

As soon as information became available electronically, the number of
electronic maps available through national geoportals and the national Geospatial
Information Infrastructure also increased significantly. This availability allowed
any stakeholder to create maps and analyze information by applying GIS
techniques, and it became possible to effectively combine information from
several data sources. Also, the problem with the availability of information for
end users crystallizes, because not all information, including information
collected for public money, is available to the public without restrictions.

Gradually, in the European community, ideas about the integration of the
“Atlanta idea” into the national geospatial infrastructure and the creation of a
centralized metadata catalog with the possibility of hierarchically harvest
information from subordinate Geometadata catalogs crystallized.

In 2007, the European Commission pass the INSPIRE directive to develop
geospatial information infrastructure in each EU country and the EU as a whole.
The Directive lays down general rules to establish a spatial information
infrastructure in Europe with the aim of supporting environmental policy, as well
as policies and activities that may affect the environment. Also, the directive sets
requirements for the availability and interoperability of geospatial information
and requires ensuring the interoperability of geospatial data sets and services.
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In 2009, the article “INSPIRE, GMES and GEOSS Activities, Methods and
Tools towards a Single Information Space in Europe for the Environment”
expressed ideas on how to try to integrate INSPIRE, GMES/GEOSS into SEIS
or SISE activities [19]. As well as in Europe, the Interoperability
Recommendations and the implementation strategy of the European
Interoperability Framework (EIF) were created [20], which considered, among
others, the INSPIRE Directive and new initiatives — such as the European Cloud
Computing Initiative [21], the EU e-Government Action Plan [22] and the Single
Digital Gateway [23]. The need to revise the European Interoperability
Framework was confirmed during the consultation with all stakeholders
(institutions, etc.), namely the public administrations of the Member States,
citizens, companies and other interested parties, such as the EU institutions and
bodies [20].

One of the problems that will affect the development of thematic cartography
in the future is that, with the objective expansion of specialized geospatial
databases, the role of the cartographer will decrease, and the contribution of
computer specialists will increase. The higher the qualification of representatives
of certain industries in computer science, the better thematic maps will be
created [18].

The topic of the thesis is relevant, considering the INSPIRE directive adopted
by the EU, emphasizing the use of geospatial data infrastructure, as well as the
common interest in the world and is related to the development of sustainable
solutions for the management of the implementation of geospatial information
infrastructure at the national level.

The thesis also contains information on the implementation of Geospatial
Information Infrastructures in Latvia — on legal, organizational, semantic and
technical aspects, and it has been proven that using an already developed and
publicly available Latvian segment of the world GlI, it is possible to provide a
search by data parameters or geometry, as well as access information that will be
the basis for operational decision-making and long-term territory development
planning.

The aim of the PhD thesis

The aim of the doctoral thesis is to develop recommendations for the
improvement of the implementation of the Geospatial Information Infrastructure
and the management of state administration processes in the context of Latvia.
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1)

2)

4)
5)
6)

7)

The tasks of the PhD thesis

Collect and analyze information about the concept — Geospatial
information infrastructure or GII (Chapter 1);

analyze methods of transformation of geospatial datasets (Chapter 1);
analyze the compatibility/harmonization aspects of geospatial datasets
(Chapter 1);

analyze the application performance of Geospatial Information
Infrastructure methods (Chapter 2);

propose a Gll-based conceptual architecture for the Information System
on territorial development planning (Chapter 2);

develop an algorithm for downloading geospatial data sets from geospatial
data download services (Chapter 2);

develop a prototype for collecting information from decentralized data
sources of the global GII Latvian segment for potential centralized
processing at the database level and dissemination of results (Chapter 3).

Research methods

Modern methods of analysis and data processing are used in the thesis —
literature review, classification, systems analysis, data processing, programming,
modeling and prototyping.

1)

2)

Theses

It is already possible to organize online decision-making based on data,
for example, operational decision-making in cases of crisis and the long-
term territory development planning process only at the Geospatial
Information Infrastructure level, completely replacing previously used
tools such as paper maps or atlases.

The application of a service-oriented architecture approach in geospatial
information solutions allows processing information both at the level of
spatial features (objects) and their attributes, and on a massive scale — by
iteratively harvesting information from metadata catalogs (service
registers) and recursively downloading datasets dividing resources into
portions.
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1

2)

3)

4)

5)

6)

7

8)

9)

Scientific novelty and practical value

It has been verified that the implementation process of the Geospatial
Information Infrastructure is a long-term (endless) cyclical process of
infrastructure construction and development.
It has been verified that the implementation process of the Geospatial
Information Infrastructure cannot be realized only on the technical level, the
implementation process additionally has organizational, legal and data
semantics dimensions.
Concepts of solutions were tested and characterized in order to ensure 1)
data-based operative (for example, in cases of crisis) decision-making in
online mode and 2) long-term territory development planning. It has been
verified that it is already possible to organize data-driven online decision-
making.
Recommendations for improving the implementation of Geospatial
Information Infrastructure and management of state administration processes
in the context of Latvia were developed.
A recursive algorithm for downloading geospatial data sets from geospatial
data web feature services has been developed.
A prototype was developed, approved and described for collecting
information from the decentralized data sources of the Latvian segment of
the global Geospatial Information Infrastructure for potential centralized
processing (for example, in cases of territorial development planning) at the
database level and dissemination of results.
In addition, the following processes were developed and characterized:

7.1) adaptation to the Geospatial Information Infrastructure concept;

7.2) simplified data transfer scenario based on INSPIRE processes;

7.3) example of harvesting chain;

7.4) obtaining information in portions;

7.5) process model for sustainable territorial development planning and

operative decision-making;
7.6) data flow process of the prototype solution for data collection,
processing and dissemination.

In order to make the GIl idea more accessible, the most important source
code listings were published in the GitHub source code repository under an
open CCO 1.0 license.
Based on the thesis, a new study course program was developed for master's
students “Information technologies in geoinformatics” at the Latvian
University of Life Sciences and Technologies, and it is also planned that
some practical implementations of the thesis will be used in the development
of laboratory tasks in the new study course.
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PhD thesis structure and volume

The thesis is written in Latvian, contains an annotation, introduction,
3 chapters, conclusions, recommendations, bibliography, 6 appendices, including
13 tables, 32 pictures, total 121 pages. There are 134 literary references.

1. GEOSPATIAL INFORMATION INFRASTRUCTURE

The chapter examines the legal definition of the concept of GII and
explanations of the term SDI by the Latvia State Language Center. The scope of
the term GII is defined, considering the world experience, as well as reference
points of the development of GII are listed. Special attention is paid to Legal,
Organizational, Semantic and Technical interoperability.

1.1. Concept definition

The legal definition of the term is: Geospatial information infrastructure —
geospatial data sets, their metadata, conditions for joint use and reuse of
geospatial information, geospatial information services, information and
telecommunication technologies that ensure the circulation of geospatial
information and the provision of geospatial information services, and procedures
for coordination and monitoring [24].

In the Latvian National Language Center [25], the term SDI is registered in
the Collection “Information and Communication Technology Terms developed
by the National Language Center” under the Sector “Information and
Communication Technologies”. The translation of the abbreviation Geospatial
Information Infrastructure (GlI) in different languages is available in Table 1.1.
Translations of the abbreviation GlI.

GIl is, among other things, a long-term process of implementation —
construction and development of geospatial information infrastructure without
a priori known results [26]. Various countries have tried to create NSDI, but none
have managed to do it from the first attempt, because the infrastructure building
process is cyclical, similar to the Agile methodology with its sprint spirals.

Gll, like any IS, must also be end-user oriented, as its primary goal is to
support decision-making for many different purposes. Gll includes not only
technical issues such as data, technology, standards and delivery mechanisms,
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Table 1.1. Translations of the abbreviation GlI

Language Translation

EN Spatial data infrastructure (SDI)

LV Geotelpiskas informacijas infrastruktara (GII)
DE Geodateninfrastruktur (GDI)

ES Infraestructura de Datos Espaciales (IDE)

FR Infrastructure de Données Spatiales (IDS)

IT Infrastruttura di Dati Territoriali (IDT)

PL Infrastruktura informacji przestrzennej (11P)

CA Canadian Geospatial Data Infrastructure (CGDI)
RO Infrastructura de date spatiale

but also institutional issues related to organizational responsibility, general
national information policy, and the [27] availability of financial and human
resources.

Even when stakeholders have the “best of” data sharing agreements, high
employee turnover can compromise data sharing. Technical barriers such as
common definitions, models and formats are less important and can be overcome
by implementing appropriate standards. The experience of some countries shows
that data sharing initiatives in the public and private sectors do not have the
expected effect [28].

From context and legal definition follows that Gl consists of:

1)
2)
3)
4)
5)
6)
7)

8)
9)

implementation of geospatial information infrastructure — the long-term
process of construction and development;

legislation for certain data sets;

metadata;

conditions for joint use and reuse of geospatial information, or licensing
rules;

web services;

information and telecommunication technologies that ensure the
circulation of geospatial information and the provision of geospatial
information services;

procedure in which the activities of the participating institutions are
coordinated and monitored — legislative base;

financial availability;

availability of human resources;

10)working group(s);
11)experience exchange platform(s) (including academic education);
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12)and customers — end users, as well as business solutions.

Spatial computing is an idea and a set of technologies that will transform the
lives of society through understanding the physical world and the
interrelationships and place within it [29]. Using data models and mathematical
apparatus, it will be possible to plan development and react (make decisions) to
events on local and global scales.

1.2. World experience in Gll implementation

World experience in the implementation process of Gll can be included in the
broader context of the Digital Earth vision, and Gll can be positioned as the main
contributing element for the implementation of Digital Earth. Semantic issues
play a special role in the development of GllI, and it is precisely the role of
semantic standardization or harmonization and strengthening in the development
and implementation of GlI that can ensure that information can be properly used
and reused on a global scale [30]. The development of Gll is also influenced by
the diffusion of GII concepts in parts of the world, and the amount of literature
and research related to Gll is also increasing [31].

In addition, it is necessary to mention the 16th circular of the American OMB
Circular [32] and the American contribution to the development of GlI in general.
The US Office of Management and Budget in its Circular A-16 “Coordination of
Geographic Information and Related Spatial Data Activities” [33] aims to
improve the use and coordination of geospatial data sets among
stakeholders/interested parties and describes the efficient and cost-effective of
digital spatial information for the purpose of advancing the welfare of the federal
government of America and the nation in general. Data themes were also
standardized, but at the initiative of FGDC and in coordination with OMB,
themes and/or responsible authorities may change. This approach is more flexible
than the EU INSPIRE approach where data themes were standardized.

The idea of a centralized NGDA portfolio of data sets / themes is similar to
the idea of the European INSPIRE with 34 data themes, but it also provides for
the interest (investments/subsidies) of the producer of geospatial data sets to
comply with the requirements in the data production process (including the
processes of ensuring interoperability).

A significant difference from European GlI approaches is that America is
trying to create a process for improving interoperability, in which datasets and
their compliance with Portfolio requirements and specific themes are reviewed
once a year in peer review process. Recommendations on inter-agency/institution
priorities are based on this review, which also affects the budgeting process. The
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portfolio of data sets is created flexibly, regularly consulting with all involved
parties and adjusting both in the catalog of data themes and in the amount of
subsidized funding. But in Europe INSPIRE directive ensures that data topics,
data exchange methods and data structures are strictly incorporated at the
legislative level. NGDA, on the other hand, tries to ensure cross-sectoral
coordination for the adjustment of data sets, so that the data sets themselves
effectively support the business processes based on them and that the data sets
are produced in the most cost-effective way, including influencing the state
budgeting process [33].

1.3. Interoperability

Developing data exchange mechanisms between public administration
institutions and EU basic registers, it is necessary to maintain or improve their
interoperability, including semantic and technical interoperability.

Ideally, Gl provides access to data in an interoperable or harmonized way,
i.e., without special and specific human or machine interaction. The
interoperability objectives are formalized in interoperability (data) specifications,
which correspond to the data product specification structure defined in the EN
ISO 19131:2008 standard [34].

Considering that the legislative regulation of GlI is identified, developed and
available, and detailed unified specifications of Data Sets and Exchanges are
available, the INSPIRE directive and aspects of GII implementation
harmoniously fit into the EIF conceptual model.

The upcoming European Interoperability Framework [20] presents the
Principles of Interoperability Management, defining that the management of
Integrated Public Services is based on four interoperability principles: Legal
Interoperability, Organizational Interoperability, Semantic Interoperability and
Technical Interoperability. In semantic interoperability, a special emphasis is
placed on linked data technologies, which can help to reuse already accumulated
information, by creating links from records of one resource to specific records of
an already existing resource, such as classifiers — controlled dictionaries, code
lists and reusable data models. Technical interoperability refers to the
interoperability of both applications and technical resources and includes
technical specifications of data sets, web service and data exchange channel
specifications, but legacy (old) systems are a significant obstacle to Technical
interoperability. When creating European public services, it is recommended to
use open specifications and standards as much as possible to ensure
interoperability, incl. technical and semantic interoperability [35].
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1.4. Legal interoperability of data exchange in Latvia

In Latvia, at the end of the twentieth century, an architecture oriented to web
services began to take root in the exchange of data between institutions in parallel
with the exchange of files. Accordingly, the legislative base on the safe
circulation of information on the Internet was developed. The Information
Openness Law was taken as a basis [36]; and a set of laws about persons data
processing [37], [38], copyright [39] and public administration [40]. The
procedure for ensuring compliance of information and communication
technology systems with the minimum security requirements was discussed
separately [41]. Almost immediately after Latvia's entry into the European Union
as a member state, the INSPIRE directive was passed in Europe in 2007 [42],
which was followed by several European-level regulations [43], including
regulations [44] , implementing rules, guidelines and regulations. Like the other
European member states, Latvia transposed the INSPIRE directive into national
legislation [45]. Orders of the Cabinet of Ministers were rapidly adopted on the
concepts of development of Latvian geospatial information and the development
[46], [47], [48], [49] of a unified geospatial information portal [50] with the aim
of determining the institutional system in the field of geospatial information,
including the conditions for the preparation, use, exchange and maintenance of
geospatial information (including basic geodetic and cartographic data). In order
to create a geospatial information infrastructure in the Republic of Latvia [24],
the Geospatial Information Law was adopted and promulgated in 2009. The law
includes legal provisions resulting from the INSPIRE [42] directive of the
European Parliament and the Council, the re-use [51] of public sector information
and the public access [52] to environmental information. Already in accordance
with the Geospatial Information Law, in 2011, the Cabinet of Ministers'
regulations on the mandatory content of metadata of geospatial data sets [53], the
mandatory content of the rules for the use of geospatial data sets and the
procedure for obtaining a use permit [54], the regulations of the State Unified
Geospatial Information Portal [55] and, in 2014, the regulations of the Geospatial
Basic Data Information System [56]. In the same year, in order to ensure inter-
institutional cooperation in the field of geospatial information planning and
policy implementation, the Geospatial Information Coordination Council was
approved [57] (in accordance with the Geospatial Information Law). In order to
reduce speculation in the direction of “Open Data”, the INSPIRE Directive
separately states that Member States may allow public authorities that distribute
geospatial datasets, including as services, to allow them to request a fee from
public authorities or European Union institutions and entities that use these
geospatial data sets and services.
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Tabula 1.2. GIl implementation reference points in Latvia

Year Reference point Ministry

1998. Law on Openness of Information -

2000. Personal Data Protection Act (obsolete) -

2000. | Copyright Law -

2002. | The Law about State (Latvia) Administration -

2003. Directive on the reuse of public sector information (obsolete) -

2003. Directive On the availability of environmental information to -
the public and on the repeal of Council Directive 90/313/EEC

2007. INSPIRE Directive -

2007. | Order of the Cabinet of Ministers On the concept of the AM
development of geospatial information in Latvia (obsolete)

2007. | Order of the Cabinet of Ministers about the concept “On the | TUMEPL
development of a unified geospatial information portal”

2009. | Geospatial Information Law -

2011. | Rules on the mandatory content of metadata of geospatial AM
datasets

2011. Mandatory content of the rules for the use of geospatial data AM
sets and the procedure for obtaining a use permit

2011. | Regulations of the unified geospatial information portal VARAM

2013. | Order about concept of the GII development AM

2014. Rules of the geospatial basic data information system AM

2014. | Order about the Geospatial Information Coordination Council AM

2015. | State land service fee service price list and payment procedure ™

2013.- | Amendments to the order of the MK of December 28, 2013, -

2018. | No. 686 “On the concept of the development of Latvian
geospatial information”

2018. | Amendment to the order of the MK of December 28, 2013, No. AM
686 “On the concept of the development of Latvian geospatial
information”

2018. | The Law on the Processing of Personal Data -

2019. Directive on Open Data and Reuse of Public Sector -
Information

2020. | The price list of the paid services of the Latvian Geospatial AM
Information Agency and its application procedure

2021. | About the Digital Transformation Guidelines 2021-2027 VARAM

2021. Law "On the State Budget for 2022" (granted funding for -

publication of State Land Service data in the form of open data)
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Any such fees or licenses should be consistent with the overall objective of
facilitating the sharing of geospatial datasets and services among public
authorities. Where a fee is charged, it shall be kept to the minimum level
necessary — to ensure the quality and provision of the geospatial datasets and
services together with a reasonable return on investment, wherever applicable,
considering the self-financing requirements of the public bodies distributing the
geospatial datasets [42].

Therefore, INSPIRE cannot prohibit the distribution of geospatial data sets
for a fee, as evidenced by the regulations of the Cabinet of Ministers on the price
list and payment procedure of the Latvia State Land Service fee services [58] and
the fee service price list of the Latvian Geospatial Information Agency and its
application procedure [59]. On the other hand, in 2021, the Saeima has passed,
and the president announced the law about Latvia budget for 2022 [60], which
already provides funding for the open publication of the registers maintained by
Latvia State Land Service — Cadastre, Addresses, the central database of high-
detail (> 1:2000) topographic information and the information system of
encumbered territories. Since January 2018, the baton of coordinating the
implementation of the INSPIRE directive was delegated to the Ministry of
Environmental Protection and Regional Development from the Ministry of
Defense [49]. The mid-term policy planning document “Digital transformation
guidelines 2021-2027” [61] was supported at the level of Cabinet of Ministers in
the 2021. Where one of the action directions of the development field “Digital
skills and education” is “Digital transformation of geospatial, environmental
management and development planning”.

Reference points about implementation of geospatial information
infrastructure in Latvia related to legal regulation can be found in Table 1.2. GlI
implementation reference points in Latvia.

1.5. Organizational interoperability of data exchange in
Latvia

The State Information Resources, Systems and Interoperability Information
System VIRSIS has been established in Latvia to record state information
resources, systems and interoperability parameters. On the other hand, the
Metadata catalog of the Geospatial data aggregator of Latvia is intended for the
inventory of geospatial resource datasets and services.

The process of adaptation of the Gl concept (see Fig. 1.1. Adaptation to the
concept of Geospatial Information Infrastructure) obeys a classic three-level
application architecture, where are the following levels:
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1) data layer where application-related source data is stored. Usually, in
order not to load the databases operating in the production mode, clones
of the production databases are created, separating the data into an
independence Distribution environment;

2) data processing, including transformations, takes place at the Application
level;

3) and at the Presentation level, information can be accessed using the user
interface or at the API level — by retrieving information from web services.

In this case, the GDS Metadata Catalog fulfills the Service Register function
of a classic SOA triangle, where the Service Provider must register the service in
the Service Register (metadata catalog), while the User must be able to find
information (in the context of INSPIRE — search services) about this service in
the centralized Service Register or metadata catalog and use/ to call this service
from the infrastructure of the Service provider, if necessary, agreeing on access
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1.1. Fig. Adaptation to the concept of Geospatial Information Infrastructure

56



INSPIRE XSD

INSPIRE View &
Download services External systems /

(Theme A) end users
Application software server

Access assurance
and auditing
mechanisms

transformation

_ . N Resource&
Authority A interoperable e Service @ cee--- O
Resource A data MetaData

A simplified data transfer scenario based on INSPIRE

Metadata
catalog

1.2. Fig. A simplified data transfer scenario based on INSPIRE processes

details and conditions of use. For example, America also has its own metadata
catalog called the National Spatial Data Clearinghouse, which provides users
with access not only to metadata, but also to spatial data [62]. According to OMB
Circular A-16 [32], all spatial data collected by US federal agencies should
preferably be available through the Federal Clearinghouse.

Let's consider the trivial case, when the data provider is responsible for both
the Resource, the Theme, and the creation of distribution services. In order to
simplify the example, let’s speak about INSPIRE Theme — Administrative units
(Theme 4 [47]). In the figure with the title 1.1. Fig. Adaptation to the concept of
Geospatial Information Infrastructure will be scenario 'A'. Authority A >
Resource A > Layer A > Theme A > and Web Service A. A simplified scenario
of data transfer to INSPIRE is described in 1.2. Fig. A simplified data transfer
scenario based on INSPIRE processes. The institution prepares a set of data from
its distribution environment for transfer to INSPIRE, but pre-processing and
preparation or transformation of the data takes place as described in the chapter
Transformation services. As a result, interoperable or INSPIRE semantically
harmonized data is obtained, which can be connected to a standard application
software server as a data source, such as deegree, GeoServer, ArcGIS server, etc.
A standard application software server will read a formally correct data structure
according to the specified INSPIRE Theme from the INSPIRE XML Schema
(XSD) [63] repository and serialize interoperable data according to the schema.
As a result, at least two services corresponding to the specified INSPIRE Theme
will be obtained, for example Theme ‘A’ INSPIRE Download Service and Theme

57



) 4

< ) INSPIRE
Geoportal

For example, the

geospatial metadata GDS
catalog of the Central Metadata
Statistical Catalog

For example,
( ) )(D Google
Dataset

Search

Harvesting

Y

> ) » European data
L L
Geoportal O 4 O portal
Open data Open data
geoproducts portal
catalog

1.3. Fig. Example of harvesting chain

‘A’ INSPIRE View Service. Representation of INSPIRE View Services is
usually configured manually at the application software server level or using the
OGC standard SLD technique, while Resource and Service metadata are
manually registered in the GDS Metadata Catalog. There is a possibility to
integrate harvest processes in the harvesting chain (see Fig. 1.3. Example of
harvesting chain) and start metadata harvesting to the GDS Metadata catalog
from a local metadata catalog. For example, enable metadata harvesting to the
GDS Metadata catalog from the geospatial metadata catalog of the Central
Statistical Office (https://inspire.stat.gov.lv/pycswu/).

1.6. Semantic interoperability of data exchange in Latvia

Semantic interoperability is achieved through the use of standardized
Vocabularies, Code Lists, Glossaries and Identifiers provided in subsection 1.4.
listed mechanisms.

In addition, the interoperability can ensure such trends as information reuse
(including harvesting), linked data and open data.
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The issue of data availability is being actively discussed in Europe and the
world. The opening of information can be of interest to, for example, journalists
and researchers, as a result of which the society can obtain more transparent and
fact-based information from known sources. Also, the overall quality of open
datasets can improve due to public feedback on, for example, data quality or
content. Wide availability of open data can also encourage entrepreneurs in the
creation of new products or services, as well as institutions will have the
opportunity to implement more effective fact-oriented decision-making, incl. in
territory planning and resource management.

The above enumeration clearly shows a parallel with INSPIRE resources,
where the format is machine-readable and open, to objects and attributes are
assigned unique identifiers, and objects/attributes are linked to objects/attributes
from other INSPIRE themes and vocabularies.

Only INSPIRE does not require that the data itself necessarily have one of the
“Open” licenses. In the case of Latvia, only two licenses (CC0 1.0 and CC-BY-
4.0 (State Land Service)) [64] are available on the Open Data portal at the
beginning of 2022, the most popular license is “CCO0 1.0 Universal” [65]. On the
other hand, a series of “Open Data” licenses were used on the European Open
Data Portal [66], where some do not provide for commercial use, but still is
considered as “Open Data” licenses.

In Latvia, in accordance with the procedure by which institutions place
information on the Internet [67], institutions publish the open data at their
disposal in machine-readable form together with metadata or only the metadata
of a dataset on the Latvian Open Data Portal (https://data.gov.1v), while
open geospatial data is published on the Latvia unified Geospatial Information
Portal (https://geolatvija.lv).

By analogy with the automated collection of website content [68], INSPIRE
Geoportals [69] and the Official European Data Portal [70] harvest information
from the Latvian GDS Metadata Catalog [15], [16], the Geoportal’s Open Data
Geoproducts [71] and the Open Data Portal [72]. Service registers harvest
information from other Service registers, creating harvesting chains (see Fig. 1.3.
Example of harvesting chain). On the other hand, INSPIRE Geoportals and the
European data portal can be used as centralized information acquisition points
for external solutions. For example, the Google solution Dataset Search [73] uses
the European data portal as a data source, so the catalog entries of the Latvian
Open Data Portal are also available in Google.
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1.7. Technical interoperability

Technical interoperability is achieved with a standardized OGC-based set of
1) View (WMS), 2) Download (e.g., WFS) and 3) Search (CSW/Discovery)
services, supplemented with specific requirements in the case of Latvia and
Europe.

In order to ensure technical compatibility or interoperability, when planning
new information systems and information accumulation mechanisms, industry-
defined standards and guidelines and/or legal regulations, such as the Cabinet of
Ministers' regulations, are adhered to. In cases where, when building a new
information system, it is not planned to rebuild the information storage
mechanism, but the existing format for distribution purposes is not suitable, a
new data distribution storage is built, which will have to meet the semantic and
performance requirements of the future system. In order to ensure the connection
between the processes of data accumulation and data distribution, specific data
transformation chains are built, which allow both restructuring of information
and changing the type or format of data sharing. One classic example is the
transformation of a CSV file with coordinates, both in format and structure, and
saving it to a database table with point geometry objects. A good example of
technical and legal interoperability is the regulations of the Cabinet of Ministers
on the creation and maintenance of the Encumbered Territories Information
System and the encumbrance classification of encumbered territories and real
estate objects [74], which contain qualitatively prepared technical annexes. For
example, the object classifier of the Encumbered Territories Information System
contains object identifiers/codes, names and type (point, line or polygon).

On the other hand, the transformation of data and structure by preserving the
main aspects of the data and adapting the data model, content elements,
descriptive elements, coordinate system and data types is called data
transformation. Data transformation can be done at several levels: at the database
level, at the script level and by applying specific software. For more optimal
performance, transformations are applied at the database level. Moderate
performance and flexibility can be achieved with script-level transformations. On
the other hand, to ensure maximum flexibility for 1) data, 2) structure and 3)
format transformation, specific paid ETL software is often used.

1.8. Chapter summary

The chapter introduces the scope of the term GlII. It has been collected and
analyzed information about the origin of the term, also considering world
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experience. It has been established that the successful realization of GlI depends
not only on technical aspects, but is also influenced by aspects of data
compatibility/harmonization or interoperability — such as Technical, Legal,
Organizational and Semantic interoperability. It was concluded that Gl includes,
among other things, experience exchange platforms, where a separate role is also
intended for academic education.

In the context of GlI, Latvian regulatory acts were analyzed and summarized,
a summary table (Table 1.2.) with reference points of implementation in Latvia
was compiled. The universal processes were designed: the adaptation process of
the GII concept (Fig. 1.1) and the Simplified data transfer scenario based on
INSPIRE processes (Fig. 1.2). Also, the semantic aspects and the structure of the
Latvian segment of GII were analyzed, the harvesting process was characterized
(Fig. 1.3), and the methods of transformation of geospatial data sets were also
analyzed.

Analyzing the topic of Fuzzy logics, it is emphasized that a knowledge-based
approach means a methodical attempt to replace missing algorithmic procedures
by using human knowledge. Thus, even partially fulfilled conditions lead to
partially fulfilled conclusions. Therefore, it is possible to consider uncertain
information and cross-disciplinary knowledge in system modeling.

Comparing the biggest players in the implementation of GlI, it was found that
the most important difference between the European and American approaches
is that the American approach also assumes the interest of the producer of
geospatial datasets (investments/subsidies). In contrast to the European approach,
where the scope of the datasets to be included is fixed with 34 themes, defined
and does not provide for centralized funding from budgets (only funding at the
project level is possible), the centralized management of the American dataset
portfolio is an active process of tracking, maintaining, expanding and
harmonizing with a global goal / mission to recognize and solve problems,
positively influencing the business needs of companies.

A significant difference from European and Latvian Gll approaches is that
America is trying to create a process for improving interoperability, in which
datasets and their compliance with Portfolio requirements and specific topics are
reviewed once a year in peer review process. Recommendations on inter-
agency/institution priorities are based on this review, which also affects the
budgeting process. The portfolio of data sets is created flexibly, regularly
consulting with all involved parties and adjusting both in the catalog of data
themes and in the amount of subsidized funding. When developing Latvia's
geospatial information infrastructure, including during the stages of developing
the development strategy, it is necessary to foresee that the GIl development
strategy (in the context of MK Order No. 490 of 2021 “On Digital
Transformation Guidelines for 2021-2027 ”[61]), directions of action and

61



principles of information maintenance and distribution may be flexible and
regularly reviewed (similar to Agile), and not monumentally embedded in
regulatory acts, where the review period or iteration length is no longer than one
year or correlated with the state budget cycle.

2. Gl1 REALIZATION AND APPLICATION SOLUTIONS

The chapter examines the content of the Latvian GDS metadata catalog and
describes an overview of the included datasets, services and data. Also, the
evaluation mechanisms of Gl implementation are listed and the information
acquisition technique and algorithm of the Spatial Download Services are
characterized for obtaining large-scale information in portions, as well as a
conceptual architecture for the Information System for territory development
planning is proposed.

2.1. The assessment of implementation

The requirements for evaluating the implementation of G11 have changed over
the years. In the early stages of Gl development, evaluation requirements were
not clearly articulated and evaluation activities during this period began primarily
as an academic exercise and were driven by enthusiasm. Later, as the attention of
government officials and policymakers to GlI increased, the requirements for
implementation evaluation also changed and defined the need for formal progress
reports on implementation and use. In other words, a shift from a more intuitive
to a more rational assessment of Gl can be observed. Academia is challenged to
keep up with changing evaluation requirements by developing science-based and
policy-relevant evaluation approaches [75].

The following indicators can be used to evaluate the implementation of GlI:
1) implementation indicators to be submitted once a year [75];

2) reports to be submitted every three years [75];
3) review [76].

It is necessary to understand that the implementation of INSPIRE is a time-
consuming and resource-consuming process that must be carried out
systematically, continuously and cyclically. Since any software update or data
specification change can affect all GII components, it is necessary to consider
that the more elements there are in the GII, the stricter the standards and
implementation rules must be.
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2.2. Application of filtering techniques in web feature
services

Since the publication of the INSPIRE directive, spatial web services
(including WFS and WMS) have been recommended for data exchange between
information systems and in client-server solutions. In order to ensure that the
Geospatial Information Infrastructure of the European Member States is
compatible and usable in the European Community, including in a cross-border
context, the implementation of the INSPIRE Directive requires that each of the
Member States adopt the INSPIRE Common Implementation Rules in several
areas — such as Metadata, Data Specifications, Web services, Data and service
sharing, monitoring and reporting. The OGC Implementation Specification
provides for the transport of spatial information using XML-encoded OGC in the
form of GML. WFS provides the possibility to receive information about
geospatial objects also in GML — machine-readable form. To work around
technical limitations in the process of downloading massive data sets, it is
possible to divide large data sets into chunks, sending each query for the data
only for a chunk and not for the entire data set. This partitioning can be organized
using a spatial or parametric filtering approach.

The main advantage between WFS and other standardized data exchange
solutions such as data exchange using the File Transport Protocol (FTP) or data
copying using physical data copying devices such as optical disks or USB is the
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ability to access each spatial object (feature) individually using the WFS protocol
— 1) read information, 2) find an object, 3) modify and all this is possible — in
online mode. Another advantage is that it is possible to integrate web services
into business processes implemented as a step in large processes or as a step in
GIS applications. According to Bejars R. et al, professional users can benefit
more from web services that provide access to large data sets, especially if they
are regularly updated [77]. The advantages of SOA can also include the fact that
information collected once for a purpose could be useful for completely different
purposes, as well as access to the information will be ensured and it could be
widely used at all levels — both in public administration and for commercial
purposes in the private sector [78].

In the case of download services, the information is usually serialized in GML
format, which contains a large amount of repeatable information (tags) that
describes the structure of the information. And if it is necessary to download a
whole data set, which often contains a significant amount of information, in order
to avoid server crashes or overloads of the telecommunication service provider's
network, it is necessary to divide the amount of information to be downloaded
into portions. And in order to download a whole data set, it is necessary to
iteratively send queries for portions of objects and create portions based on spatial
or attributive properties of objects (see Fig. 2.1. Obtaining information in
portions and subsection 2.2. Application of filtering techniques in web feature
services). Li W. et al also pointed out the fact that WFS allows access to up-to-
date data, but generates a large amount of repeatable information when serializing
geospatial and attribute data [79].

2.3. IS architecture for territory development planning

The purpose of the subsection is to describe 1) an information system
architecture model for sustainable territory development planning and
operational decision-making, applying GlI techniques and 2) a process model for
sustainable territory development planning and operational decision-making. As
a result, territory development planning and land consolidation specialists, when
creating territory development planning documents, as well as operational
services and property insurers, will be able to apply this architecture and process
model for both planning and decision-making, including tasks such as
maximizing the cadastral value of land in accordance with the cadastral valuation
methodology and for operational mitigation in cases of crisis. The monetary
approach is chosen because most people understand values expressed in
monetary units, it is often a convenient common denominator to express the
relative contribution of other forms of capital, including natural capital [80].
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There are many tools available that use as a data source information that is
not obtained from national registers or available offline, but tools that can use
official data registers of EU member states for online data entry have a higher
development perspective. The most promising tools for online data entry use
standardized datasets, such as datasets according to INSPIRE themes. It allows
the creation of huge models for the entire territory of the EU, using a uniform
data specification and easily applicable in each of the EU countries.

The European Commission technical report “Mapping and Assessment of
Ecosystems and their Services” focused on classification and Gll technologies. It
is recognized that effective spatial analysis [81] can be performed using Gll,
including for planning and decision-making.

The tasks of land management are to manage and control the process of land
management (as physical phenomena and as property) and to plan land
development [82]. There are the following concepts of land development
planning: sustainable development, socially oriented development and market
oriented development. All planning concepts work well only when development
goals are clearly defined — in each planning iteration, the current situation is
compared to predetermined indicators, thus allowing decisions to be made to
correct trends. The following levels of development can be divided: EU, state,
regional and municipal levels (see Fig. 2.2 Shared decision-making in
sustainable territory management). Territory development projects at the level of
land units — local plans can also be mentioned as an exception. Basically, the
concept of sustainable development is first adopted at the national level and
gradually implemented also at the regional and municipal levels. 2.2. Fig. Shared
decision-making in sustainable territory management shows the approach of
sustainable land management at different levels of management, where feedback
is implemented at all levels of development and this process goes in a spiral.
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The INSPIRE Directive envisages the availability of a wide range of
harmonized/interoperable data, which can become a wonderful set of
standardized input data for any solution where reliable information of known
provenance over large areas and in a standardized form is required. In order to
define an automated land management process model and an information system
architecture model for sustainable territory development planning and
operational decision-making, it is necessary to clearly understand what
input/output data will need to be worked with. It is clear that data specifications
may vary between countries and organizations. In the most optimal case, the
datasets included in INSPIRE themes should suffice, that the datasets exist, meet
INSPIRE requirements and are distributed without any specific limiting
conditions.

In addition, considering that the basic data unit can be a land unit and land
information, the Land Management Domain Model was analyzed [83]. It turned
out that some object types are not included in the standard, such as land
evaluation data, land use data and land surface cover data. Based on this, it was
decided not to consider this standard as a basis for the creation of an automated
land management process model. The architecture and process models are based
on both the INSPIRE directive and the classic approach, for example, on SOAP
services, DB replications to access non-harmonized or non-interoperable
(standardized, but only within the institution) data of data providers.

A developed IS architecture model (see Fig. 2.3 IS architecture model for
sustainable territory development planning and operative decision-making)
provides an opportunity to work with the text and spatial data of the National
Mapping and Cadastre Agency and other data holders. Data exchange is provided
using 1) DB Links and DB Replications for large datasets and WFS for geospatial
datasets, and 2) SOAP/RESTful services for textual data exchange. In order to
make the data interoperable, a comprehensive model of data transformation and
reclassification is planned, in which data from non-harmonized data sets will be
adjusted or harmonized, so that data processing can be carried out in a
harmonized environment. The problem of data transformation, compatibility, or
interoperability should not be underestimated, because, in most cases, this
problem cannot be solved using only technical means. For example,
harmonization of regulatory acts may be necessary. The problem is described in
more detail in subsection 1.3. Interoperability.

In order to ensure the development of the territory in the context of
“sustainability”, a simplified model of rational planning is adopted in an endless
cycle. Cycle steps: 1) data collection, 2) data analysis (in the process of planning
or decision-making), 3) forecasting the future (planning), setting goals
(planning), developing alternatives (planning), 4) evaluation, checking
indicators, comparing with the past for specific purposes, and 5) responding to
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trends (feedback). If necessary, the cycle is repeated, using the alternative
scenario defined in step 1 using in step 3 predefined criteria.

The tasks of land management are to manage and control the process of land
management (as physical phenomena and property) and to plan land
development. Many approaches can be used to implement these tasks, the most
forward-looking is the concept of sustainable development, where, depending on
the goals, it is always possible to make decisions (or plan changes) to correct
development trends. Especially in order to bring the automated implementation
of these tasks closer, the IS architecture for land development was defined (see
Fig. 2.3 IS architecture model for sustainable territory development planning and
operative decision-making). IS architecture focuses on the use of interoperable
data (e.g., INSPIRE datasets), but not only. The weak point of the architecture is
the data transformation module, because for some data sets the problem of
interoperability or data reclassification cannot be solved using only technical
means, for example, classification or regulatory adaptation may also be required.
In order to implement the IS architecture for land development, an automated
general process model for land management was developed. The process model
uses modern information technology and provides regular and irregular execution
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options. The regular process is oriented to the processing of entire datasets at the
level of registers for planning purposes, while the irregular process is oriented to
interactive or on-demand online decision-making and provides the possibility of
working with data at the object level, which can be useful in emergency situations
and for small areas.

Both architectural and irregular process models are oriented towards the
application of GlI.

2.4. Chapter summary

The chapter introduces GIl implementation and implementation evaluation
mechanisms, also analyzing and reporting on metadata, data, and application
performance of GII methods. Process and architectural models for the
information system on territorial development planning have been developed.
Among them, a Process model for sustainable territory development planning and
operational decision-making was developed, where the regular process is
oriented to data processing at the level of data sets/registers for planning
purposes, while the irregular process is oriented to interactive or on-demand
online decision-making and provides the opportunity to work with data at the
object level, which can be useful in emergency situations and small areas. For
example, an irregular process can help operational decision-making in cases of
crisis situations, in online mode and in a territorially small area (will not overload
the system as in SOA case).

A recursive algorithm for downloading geospatial data sets from geospatial
data sets web feature services has been developed (Fig. 2.1).

It was concluded that the implementation of INSPIRE is a time-consuming
and resource-consuming process that must be carried out systematically,
constantly and cyclically, while the implementation of GIl is a long-term
(endless) cyclical process.

Since any software update or data specification change can affect all Gll
components, it is necessary to consider that the more elements there are in the
GlI, the stricter the standards and implementation rules must be.

Considering that when preparing the Software Design Descriptions (PPA) for
web services, the volume and complexity of the software design will increase,
the amount of useful information for an individual user will decrease and it will
be difficult or impossible to extract and learn the necessary information from the
PPA. And that the practical organization of the necessary design information is
essential for its use [84], it is concluded that self-describing methods of OGC
standards such as GetCapabilities and Describe Feature Type (aswell as
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any other self-describing web services and their methods) are considered good
examples of design in the practical organization of information and PPA is not
additionally required for this type of web services.

It was concluded that the problem of data transformation, compatibility, or
interoperability should not be underestimated, because, in most cases, this
problem cannot be solved using only technical means. For example, regulatory
compliance may be required, or data may be semantically incompatible.

It is concluded that despite the server's limitations regarding the maximum
allowed WFS downloadable portion size, it is possible to download an entire
resource by dividing the information into portions. A best practice solution for
attributive (non-spatial) filtering is to filter by a unique identifier. So, for better
performance, the unique identifier should be included in the scope of the
information distributed on the WFS server side. If the scope of information
distributed on the server side does not include the unique identifier of spatial
features or it is necessary to download information about a specific area, spatial
filtering must be applied.

Key advantages of the non-spatial (attributive) filtering approach: Best
performance is achieved when the data schema includes the unique identifier; it
is possible to use this approach if the spatial approach returns a timeout; if the
unique identifier is used, it is possible to do without downloading repetitive
information. On the other hand, the main disadvantages of the non-spatial
approach: work slowly with non-unique identifiers; if the unique identifier is not
used, redundant (duplicate spatial feature) information is downloaded.

The main advantages of the spatial filtering approach: requests can be fulfilled
by specifying a specific area; better performance for datasets without a unique
identifier than for attributive filtering. On the other hand, the main disadvantages
of the spatial filtering approach are — for large data sets, it is not possible to use
spatial filtering at all due to the server timeout (for example, when trying to
calculate the portion size); redundant (duplicate) information is downloaded.

3. APPROBATION OF THE PROPOSED SOLUTION

Programming, system analysis and prototyping methods were used to test the
approach for iterative metadata harvesting and geospatial information download.
Using the Python, following processes were developed and programmed: 1)
information harvesting from GDS MDK (Catalog) and creating a human-
readable report in HTML format, 2) transforming human-readable reports in
HTML format into machine-readable CSV format, 3) filtering machine-readable
CSV files to obtain a machine-readable list only with download services and
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predefined data sets, 4) machine-readable filtering of the CSV file to obtain a list
of only download services, 5)creating a list of download services and
FeatureTypes in it and 6) applying the developed algorithm for filtering and
obtaining information in portions (Fig. 2.1. Information acquisition in portions
and Fig. 3.2.), mass downloading of information from all download services
registered in GDS MDK and Spatial features saving locally in GML format. In
addition, 7) the process of transforming and saving GML files in the Postgres
PostGIS database, 8) the process of creating a data distribution channel based on
GeoServer technology, and 9) the process of creating an end-user user interface
with a map overview window based on LeafletJS technology were also
prototyped and tested. As a result, a solution prototype was developed and
approved for iterative metadata harvesting and information download from the
Latvian GDS Metadata catalog registered geospatial download services, with the
aim of providing high-speed access to geospatial data for operational decision-
making and long-term territory development planning. You can familiarize
yourself with each of these processes in more detail in the subsections of chapter
3, the data flow process of the solution prototype is available in 3.1. Fig. Source
codes for the most important steps of the process — about information harvesting
and creating an HTML report (Fig. 3.1, step 1)), as well as about downloading
resources using a recursive algorithm (Fig. 3.1, step 6)) from subsection 2.2.
Application of web feature services filtering techniques were published in GitHub
source code repository under CCO 1.0 license.

GeoServer technology, which supports industry standard OGC such as WFS,
WMS, was selected to provide the prototype data distribution (presentation)
channel. WMTS (Cached Viewing Service) was also provided as an extension to
provide high speed view service. A Postgres database was connected as a data
source. Each layer has its own display style based on the SLD technique.
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3.2.Fig. Portioning — example. Spatial feature type — "geBorehole’

In addition, a tile caching mechanism in jpeg and png formats is activated to
ensure high-speed view service; and LKS92 and google (EPSG:900913) in grid
nomenclature. To ensure that the layers outputs sequentially, for example, so that
a line layer outputs on top of polygon layers and a point layer renders on top of
both polygon layers and line layers.

In addition, a layer group was created. The layer group also has png and jpeg
tile tracking enabled. The cache is generated 1) on first request and then available
to subsequent users, 2) or it is possible to trigger forced tile caching for all
available territory and all grid nomenclatures at once. This massive process can
take several days, in the case of the prototype the tiling mechanism was enabled
— on first request.

As a result, it was possible to access vector data (WFS provides distribution
in the following formats: CSV, GML, GeoJson, KML and ShapeFile ) and
attributes of each Spatial Feature object at the interface level, and viewing
services (WMS and high-speed WMTS) provide access to data in raster formats
(e.g., GIF, GeoTiff, JPG, PNG, etc.).

As a prototype presentation level, in addition to program interfaces, a high-
speed user interface was created based on Leaflet]S technology (1eaflet.js
library).

The prototype's presentation-level user interface is implemented as an HTML
page that can be opened with any browser that supports HTML and JavaScript.
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3.1. Chapter summary

The chapter describes the developed prototype for gathering and obtaining
information from the decentralized data sources of the Latvian segment of the
global GllI, loading and processing information in the database, as well as
distributing the results.

Source codes for the most important steps of the process — for drawing
information and creating an HTML report (Fig. 3.1, step 1), as well as for
downloading resources using a recursive algorithm (Fig. 3.1, step 6)) from
subsection 2.2. Application of filtering techniques in web feature services, was
published in GitHub source code repository under CCO 1.0 license and is publicly
available.

Some practical realizations of the doctoral thesis will be used in the
development of laboratory tasks in the new LLU study course in the field of
Information Technology “Information Technologies in Geoinformatics ”.

The relatively elegant technical implementation of the prototype may indicate
that the main problem in the implementation of GIlI may not be in Technical
implementation and interoperability, but in Legal, Organizational and Semantic
interoperability. Therefore, it can be concluded that the implementation of GllI
only at the technical level (involving only IT specialists) is impossible and the
technical scope covers only provisionally 25% of the total GIl implementation.

CONCLUSIONS
(the numbering follows the numbering of the proposed theses)

The recommendations developed in the doctoral thesis for the improvement
of the implementation of geospatial information infrastructure and the
management of public administration processes in the context of Latvia were
defined and are listed in a separate subsection “Recommendations and key new
values”. The main aspects of the recommendations are 1) transfer of state
administration processes to the digital plane, 2) GIl implementation and state
administration processes are cyclical and endless and 3) leveling the problem of
interoperability. All these are confirmed, and on their basis the following
conclusions were defined.

1) Spatial computing is an idea and a set of technologies that will transform
society's life by understanding the physical world and the
interrelationships and place within it [29]. Using data models and
mathematical apparatus, it is and will be possible to plan development and
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react (make decisions) to events on a local and global scale. Many
INSPIRE themes are not available in interoperable form. The creation of
the missing services can positively affect the development of many
branches of economic activity, as well as the integration of Latvian GlI
into European and global GlI. The thesis collected information on the
implementation of Gll in Latvia — on Legal, Organizational, Semantic and
Technical aspects and proved that using the already developed and
publicly available Latvian segment of the world GlI, it is possible to
search by parameters or geometry (you can find a specific object spatially
or by its parameters/attributes) in Spatial Features registered in the
Metadata catalog; as well as online access to information that will be the
basis for operational decision-making and/or long-term territory
development planning;

A catalog with service and resource metadata is already available, where
information can be accessed centrally without any restrictions and in a
theoretically interoperable way. A centralized metadata catalog of the
Latvian GDS facilitates the search for information, but the question about
information quality is open. On the one hand, the availability of
information already makes it possible to build online decision-making
systems (for example, SDSS), but on the other hand, the quality of
information levels the effort. The public is also offered to anticipate the
interest of commercial geospatial data set producers (including funding),
instead of delegating this function only to state administrative authorities.
In addition, when developing Latvia's geospatial information
infrastructure, including during the stages of developing the development
strategy, it is necessary to foresee that the GIl development strategy (MK
order No. 490 of 2021 “On Digital Transformation Guidelines for 2021-
20277 [61] context), directions of action and principles of information
maintenance and distribution, or “Gll implementation process”, may be
flexible and regularly reviewed by analogy with Agile, and not
monumentally embedded in regulatory acts, where the review period or
iteration length of the GIl implementation process is no longer than one
year, or in correlation with the state budget cycle. GIl implementation is
a cyclical process similar to Agile and the community will never be able
to say that the process is complete. The community has the opportunity to
keep up with the GIl implementation process, as well as to try to develop
Technical, Organizational, Semantic and Legal interoperability, including
through Stakeholder Dialogue;

The relatively elegant technical implementation of the prototype (chapter
3) may indicate that the main problem in the implementation of GII may
not be in the Technical implementation and interoperability, but in Legal,
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2)

Organizational and Semantic interoperability. Therefore, it can be
concluded that the implementation of GIlI only at the technical level
(involving only IT specialists) is impossible and the technical scope
covers only provisionally 25% of the total implementation of GII.
Considering the aspects of interoperability and to improve the quality of
geospatial information management (including information quality), it is
proposed to develop at the academic level the competences and
qualifications of individual groups of specialists from non-IT sectors in
computer science, including geoinformatics. For example, in sectors that
provide and develop Legal, Organizational and Semantic interoperability.
In order to achieve this, a new study course program for master's students
“Information technologies in geoinformatics ” was developed based on the
doctoral thesis. In addition, to make the idea of GII more accessible not
only to IT professionals, such as researchers, data enthusiasts, journalists
and students, most interested source code listings were published in the
GitHub source code repository under an open CCO license, which allows
all interested parties freely (without any conditions) to use and improve.
As well as individual practical realizations of the doctoral thesis will be
used in the development of laboratory tasks in the new study course in the
field of Information Technology “Information Technologies in
Geoinformatics”. The above mentioned in general can improve the
quality of GII implementation in Latvia.
Despite server restrictions on the maximum allowed WFS downloadable
chunk size, it is possible to download an entire resource by splitting the
information into chunks. A best practice solution for attributive (non-
spatial) filtering is to filter by a unique identifier. So, for better
performance, the unique identifier should be included in the scope of the
information distributed on the WFS server side. If the scope of
information distributed on the server side does not include the unique
identifier of spatial features or it is necessary to download information
about a specific area, spatial filtering must be applied.

a) Main advantages of the non-spatial (attributive) filtering approach:
the best performance is achieved when the unique identifier is
included in the data schema; it is possible to use this approach if the
spatial approach returns a timeout; if the unique identifier is used, it
is possible to do without downloading repetitive information. On the
other hand, the main disadvantages of the non-spatial approach are —
work slowly with non-unique identifiers; if the unique identifier is not
used, redundant (duplicate spatial feature) information is downloaded.

b) The main advantages of the spatial filtering approach: requests can be
fulfilled by specifying a specific area; better performance for datasets
without a unique identifier than for attributive filtering. On the other
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hand, the main disadvantages of the spatial filtering approach are —
for large data sets, it is not possible to use spatial filtering at all due to
the server timeout (for example, when trying to calculate the portion
size); redundant (duplicate) information is downloaded.

RECOMMENDATIONS AND KEY NEW VALUES

The scientific achievements in the research of the topic and the methods used
in the doctoral thesis helped to define the following innovative proposals for the
improvement of the GII implementation process and the management of state
administration processes:

1)

2)

3)

it is necessary to continue the implementation of GlI, as well as the
binding processes, including the systematic development of data models
(not only models of geospatial datasets) and management processes with
the global goal of transferring all public administration processes to the
digital plane. In order to facilitate the digitization of state administration
processes, the following processes were developed and characterized:
Adaptation to the Geospatial Information Infrastructure concept;
Simplified data transfer scenario based on INSPIRE processes; An
example of a harvesting chain; Obtaining information in portions; Process
model for sustainable territorial development planning and operational
decision-making and data flow process of the prototype. In addition, an
algorithm with a solution for recursively iterative information extraction
from voluminous web feature services was developed and tested;
considering that the G1I implementation process is a long-term (endless)
cyclical process, it is proposed to synchronize GII implementation
iterations with the state budget cycles, anticipating the commercial
interest of producers of geospatial data sets and those driving processes
related to GllI;

in order to raise society's competence (level interoperability problems) in
issues of GII implementation, a new study course program for master's
students “Information technologies in geoinformatics” was developed
based on the doctoral thesis. It is proposed to include this study course not
only for IT, but also for master's students of other relevant fields. It is also
necessary to continue academic research in the direction of
implementation aspects of Geospatial Information Infrastructure. For
example, research on the replacement/non-replacement of manual
decision-making (including political decisions) with scientifically based
and information-based business/information systems’ online decision-
making or support;
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4) to ensure data-based online decision-making for small areas, for example,

(1]

(2]

(3]
[4]

(5]

(6]

[7]
(8]
[9]
[10]

[11]
[12]

operational decision-making in cases of crisis, it is recommended to
organize data exchange using spatial filtering, while to enable some
massive data processing process, for example, the long-term territorial
development planning process, it is recommended to organize data
exchange by applying the recursive filtering using unique identifiers as a
parameter. In cases where the resource does not contain unique identifiers,
a recursive filtering algorithm should be applied, using the coordinates of
the area of interest as a parameter.
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