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Xiilasa: Yer sathinin miiayyan hissasini shats edan arazi, insan faaliyya-
tinin tobiatlo daima tomasda oldugu makandir. Bura torpagq, su va bitki ortiyii
kimi tabii elementlarla yanasi yasayis mantagalari, yollar sabakasi, kommuni-
kasiya xatlari, kanallar, fermer tasarriifat1 tikililari, senaye va sosial-madani
obyektlar va insan faaliyyatinin mahsulu olan digar siini elementlar aid edilir.
Global texnoloji inkisaf yerin tokine, sathine vo atmosfer ortiliyiine tosirsiz
otiismur ki, bu da 6z névbasinda iqlim dayisikliyina sabab olur. Naticada nain-
ki insanin arsaya gatirdiyi infrastriktur tikililar, butiinliikls arazinin lansaft
qurulusu bels durmadan dayisikliya maruz qalir. Dayisikliklarin izlanilmasi,
tohlil edilmasi va galacaya olgun prognozlar verilmasi iso dévriimiiziin an ak-
tual masalalarindan biridir.

Harbi sahada amaliyyatlarin planlasdirilmasi ve hayata kegirilmasinda
orazido bas vermis dayisiklilorin nazors alinmasi miihiim shomiyyat kasb
edir. Ciinki harbi faaliyyatlar hava makanini ve doniz akvatoriyasini shata etsa
da bels, asas va halledici marhalalar quru arazisinds carayan edir.
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Magalada boyiik arazilardaki dayisikliklarin operativ askar edilmasi ti¢iin Er-
das imagine va ArcGIS Map programlarinin spektral analiz ve dayisiklik as-
karlama iisullarinin qarsilirh istifads edilmasi imkanlari teqdim olunur.

Acar sozlar: Cografi Informasiya Sistemi, geomakan kasfiyyati, tasvir kasfiy-
yati, multispektral tasvirlar, spektral analiz, dayisiklik analizi.

Ginlimiizda carayan edan miiharibalarin tahlillari gostarir Ki,
doytis ve amaliyyatlarin operativ planlasdirilmasi va ugurla hayata ke-
cirilmasi liglin talab olunan kasfiyyat malumatlar: yliksak texnoloji va-
sita va Usullarin tatbiq edilmasi ila alds edilir. Kasfiyyat malumatlarinin
coxmanbali qiivva va vasitalarin calb edilmasi ilo toplanmasi ve analiz
edilmasi etibarliliq daracasi baximdan shamiyyat kasb edir. Ciinki bir
manbadan alda edilan informasiyanin etibarliliginin digar manbalardan
alds edilan informasiyalarla tasdiq edilmasi talab olunur. Yalniz tasdiqi-
ni tapan informasiyalarin ger¢ak amaliyyat miihiti daxilinds qiymatlan-
dirilmasi aparilir.

Informasiyalarin slds edildiyi kesfiyyat névlarine A¢iq manba
kasfiyyati1 (Open-source intelligence, OSINT), Texniki kasfiyyat (Techi-
nical intelligence, TECHINT), Insan kasfiyyati (Human intelligence, HU-
MINT), Elektron kasfiyyat (Electronical intelligence, ELINT), Signal
kasfiyyat1 (Signals intelligence, SIGINT), Tasvir kasfiyyat1 (Imagery in-
telligence, IMINT) va digar kasfiyyat novlari aid edilir. Aciq manbs, sig-
nal, tasvir va elektron kasfiyyatlari malumatlarini vahid mihitda
comlasdiran yeni kasfiyyat néviine isoa Geomakan kasfiyyati (Geospatial
intelligence, GEOINT) deyilir (Harpreet, 2019: s. 1).

Geomoakan kasfiyyat1 fealiyyatinin terkib hissasi olan Tasvir
kasfiyyat1 zamani peyk, tayyars, helikopter va pilotsuz ugus aparatlar
(PUA) ils alda olunan tasvirlarin (aerofotosakillarin) tizerindaki malu-
matlarin tahlili hayata kecirilir. Harbi dills ifada etsak, tasvir kasfiyyati
zamani harbi faaliyyatlor meydanlarinda ve ya maraq sahalarinda
corayan edan faaliyyatlorin harbi desifrlanmasi aparilir. Harbi de-
sifrloma arazinin topoqrafik elementlari iizorindaki harbi obyektlarin
askar edilmasi, faaliyyatlari barade malumatlarin toplanmasi, hamginin
onlarin kamiyyst va keyfiyyat xilisusiyyatlarinin tayin edilmasi prose-
sine deyilir. Harbi desifrlama bu sahade faaliyyat gosteren
miitaxassislorden mantigsal zehni diisiince, amak va vizual gavrama
tolab edir (Musayev, 2020: s. 12).

Tosvir kasfiyyati yuxari gerargahdan daxil olan tapsiriglara
asasan milayyan harbi obyekt, istigamat, saha vo genis arazilari sahata
eda biler. Istar harbi obyektlar va istiqamatler, istorse do maraq sahsle-
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ri va arazilar iizrs yerina yetirilan tahlillards vaxt amili miihiim rol oy-
nayir. 9gar asas diqqgat va saylar miiayyan obyektlars va ya ¢ox da genis
olmayan istiqgamatlare comlasdirilmissa, bu zaman kasfiyyat iformasi-
yalarinin toplanmasi ve emal edilmasi baxinindan alde mévcud olan
kompiiter taminati proqramindan istifade edilmasi yetarlidir. Maraq
sahalari va genis arazilor lizra tasvir kasfiyyatinin aparilmasinda isa
vaxt amili va etibarliligin tamin olunmasi ticiin artiq bir deyil bir ne¢a
kompiiter proqramindan emal vasitasi olaraq istifade olunmasi
somaraliliyi artirir. Tahlil prosesinda informasiyalarin tasnifatlandiril-
masl va etibarliliginin artirilmasinda baximindan insan, yani tacriibali
miitoxassis amilinin nazars alinmasi da vacibdir. Clinki masin emal1 ge-
nis arazilorda bas vermis dayisikliklari avtomatik olaraq qisa zamanda
toqdim etma imkanina malik olsa da bels, amaliyyat sahasinda carayan
edan hadisalarin tahlil edilmasi, sakillardirilmasi ve mantigsal miiha-
kima yuriidilmasi insan amililna baglidir.

Tosvir kasfiyyati dérd marhale iizra yerina yetirilr. Birinci
moarhalada yuxari garargahdan verilan tapsiriglarin aydinlasdirilmasi
aparilir, aciq moanbalardon oalds edilon kasfiyyat malumatlari, ob-
yekt/obyektlar qrupu, istigamatlar, maraq sahalari ve amsaliyyat ara-
zilarinin Oyrenilmasi hayata kegirilir. Bundan sonra arazids carayan
edan faaliyyatlorin imumi xayali modeli qurulur ve formalasdirilmasi
hayata kegcirilir. Ikinci moarhalads tesvir iizerinda desifrlanmasi talob
olunan obyektlarin axtarisi yerina yetirlir. Obyektlorin axtarisi, ya-
ranmis vaziyyat va arazinin xiisusiyyatlari nazara alinmaqla xiisusiden-
imumiya ve ya oaksina, lUmumidan-xiisusiye gaydasinda aparilr.
Uciincii moarhsaloda tosvirlorin tofsilath tohlili aparilmagla sade va
miirakkab obyektlarin taninmasi ve izahli sahr olunmasi, yani tafsiri va
ya interpretasiyasi hayata kecirilir. Dérdiincii marhalads iss tok-tak ob-
yektlar va ya obyektlar qrupunun arazi fonunda yeri va faaliyyatina da-
ir yekun raylar formalasdirilir (Kapnosuy, 1990: s. 62).

1. Tohlil arazilarinin sec¢ilmasi

Genis oarazilorde bas vermis dayisikliklari operativ askar etmak
uciin avvalco Edas Imagine proqraminda “Spektral analiz” (Spectral
Analyses), sonra isa ArcGIS Map proqraminda “Dayisikliyin askarlan-
mas1” (Change Detection) tisullarinin tatbiq olunmasi diisiiniiliir. Dayi-
sikliklarin asakarlanmasi ti¢lin Ermanistan Respublikasinin Azarbaycan
Respublikasi ile hamsarhad olan Tavus ve Gegharkunik (Basarkegar)
vilayatlarinin sarhada yaxin olan arazilari sec¢ilmisdir (Sakil 1). Bu ara-
zilorin secilmasinda maqgsad “44 giinliik Vaton miiharibasi"ndan 6ncs,
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sonra va hazirki harbi-siyasi durumda buradaki diisman harbi mévqels-
rindan 6lkemiza gars1 miitamaddi olaraq texribat xarakterli foaliyyatla-
rin hayata kecirilmasi naticasinds oradaki miihandis-istehkam siste-
minda bas vermis dayisikliklarin askar edilmasidir.

Birinci tahlil arazisinin aksar hissasi Ermanistan Respublikasinin
kecmis Semsaddin rayonunu shats edir. Burada yiiksaklik giymatlari
1100 m. ila 2000 m. arasinda dayisir. Bu xiisusiyyat gostaricisina gora
arazini orta yiiksaklikli daghq relyef qurulusuna aid etmak olar!. Sarga
dogru, Azarbaycan Respublikasinin Tovuz rayonu arazisina irsliladikca
yuksaklik giymatlari 700 - 1000 m tagkil edir. Relyevin bu xiisusiyyati,
yani garbdan-gaerqge Kiir ovaligina dogru taedricen algalmasi sarhad bo-
yunca miidafia movqgelarinda tortiblonmis ermoni harbi boélmalarina
respublikamizin Tovuz rayonu arazisinin miisahide olunmasina va
harbi qarsidurma zamani moévqgelarimizin atas altina alinmasina imkan
yaradir.

—

Sakil 1. Monitoring tahlillor aparilan arazi va maraq sahalari

Ikinci tohlil arazisi Ermanistan Respublikasinin Qegharkunik vi-
layati orazisini oshate edir. 9razi simal, sarq ve conub terafdan
hiindurliyt 3000 m. ilo 3300 m. arasinda dayisan yiiksak silsilo daglar-
la ahatalanir. Goy¢a golu sahillarindan silsile daglarin staklarins qadar
olan arazi nisbatan diizenlik olmasi ile segirilr. Bu sebabdan da birinci
tohlil arazisindan farqli olaraq respublikamizin arazisinden Qarbi Azar-

1 Algaq dagliq srazi 500-1000m, orta dagliq srazi 1000-2000m, yiiksek dagdliq srazi 2000m
va daha hundur (By6Hos, 1976: s.61).

16



Respublika elmi - praktiki konfransinin materiallar1. Baki, 6-7 dekabr 2022-ci il

baycanin Basarkeg¢ar mahali olan bu arazi tamamils miisahids oluna bi-
lir.

2. Erdas Imagine proqraminda dayisikliklarin askar edilmasinin
yoxlanilmasi

Qeyd edak ki, Erdas Imagine kompiiter programinda doyiis saha-
sinin panxromatik ve multispaktral peyk tasvirlarinin miiqayisali tahli-
linin aparilmasi miimkiindir. Panxromatik, yani ag-qara tasvirlar
moanzarani realistik, yani insan goziiniin gabul etdiyi goriintiiya yaxin
sokilda aks etdirir. Panxromatik tasvirlorde arazidaki obyektlar daha
aydin va tafsilatll gériinmasina ragman eyni arazinin miixtalif tarixlara
aid tesvirlarindaki piksellar eyni daysrlare malikdir. Buna gors do
mixtalif tarixlore aid panxromatik tasvirlor asasinda spektral analiz
Usulunun aparilmast uygun deyil. Clinki spektral analiz tsulu
tosvirlardaki piksel dayarlarinin (P1 - P2) va spektral parlaqliq forgina
asaslanir. Multispektral tasvirlor isa elektromaqnetik spektrin xiisusi
dalga uzunlugu diapazonlarinda alinmis tasvirlardir. Yiiksak ayirdetma-
li panxromatik va asag1 ayirdetmali multispektral tosvirlarin birlasdi-
rilmasi yolu ils vahid yiiksak ayirdetmali rangli tasvir alinmasi prosesina
pansarpetma prosesi deyilir (Musayev, 2020: s.18).

Piksel rong dayarlarine malik olduguna gora Erdas Imagine proq-
raminda yerina yetirilon spektral analizlords multispektral va ya pan-
sarp tosvirlardan istifada olunur. 9sasin1 gdy, yasil ve qirmizi (blue, gre-
en, red) rang bandlari taskil edon multispektral tasvirlarls filtirloma
aparilmasi alverislidir, naticads arazide bas vermis ciizi dayisikliklarin
bels tasbit edilmasi ve miixtalif rong c¢alarlarinda teqdim olunmasi im-
kani yaranir (Musayev, 2019: 5.7).

Yuxarida, cografi seraiti ve oradaki harbi-siyasi duruma dair qisa
aciglama verdiyimiz arazilarin miiqayisali tahlillarinin aparilmasindan
onca dayisiklik askarlanmasinda tetbiq edacayimiz spektral analiz tisu-
lunun etibarliligini sinaqdan kegirak. Bunun li¢lin doyiis sahasindaki
diisman faaliyyati yerlarinin askarlanmasi ilo bagh miixtalif tarixlarde
¢okilmis multispaktral peyk tosvirlarinin spektral analizini aparaq.
Spektral analizi aparilacaq multispaktral peyk tosvirlari 2020-ci ilin 21
iyun, 19 sentyabr ve 2021-ci ilin 16 aprel tarixlorinds ¢akilmisdir
(Qeyd: peyk tasvirlari Google Earth a¢iq geoinformasiya portalindan
gotiiriilmiis ve Global Mapper proqraminda koordinatlasdirilmisdir).
Soziigedan tasvirlar asasinda yerina yetirilmis spektral analizlarin
naticasi asagida, sakil 2-da taqdim olnur.
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Spektral analiz 1, 25 % Spektral analiz 2, 25 %:
21 iyun 2020-ci il ve 19 sentyabr 2020-ci il tarixli 19 sentyabr 2020-ci il ve 16 aprel 2021-ci il tarixli
peyk tesvirleri esasinda peyk tesvirleri esasinda

- Deyisiklik bas vermeyen sahsler Deyisiklik bag vermis saheler

Sakil 2. Miixtalif tarixlarda ¢akilmis peyk tasvirlari asasinda
yerina yetirilmis spektral analizlar (Test varianti)

Peyk ¢okilislori aparilan doévr arzinds arazidski ¢emanliklarda
artiq yaz ciicormasi bas vermisdir ki, bu da spektral analizlards oradaki
qazintilarla birlikds yasil rangls dayisiklik kimi taqdim olunur. Qazinti-
larin bitki ortiiyli dayisikliyindan secgilmasi l¢lin avvalca 10, sonra 20,
lazim olduqda 25 va 30 %-li spektral miiqayisalarin aparilmasi talab
olunur (9lasgarov, 2020: s.11). Naticada yeni qazilmis sangar va sigina-
caglar arazi fonundaki digar dayisiklikloardan tadricen secilmaya bas-
layir (Sakil 3, spektral analiz 2). 9gar qazintilar maskalanmis olsaydi va
ArcGIS proraminda vizual monitorinq zamani askar edilmasaydi bels,
Erdas Imagine proqraminda aparilan spektral analizlor onlarin askar
edilomasini miimkiin edardi.

3. Tahlil arazilarinin spektral analizlarinin aparilmasi, dayisik-
liklorin agkar edilmasi

Genis arazilards bas vermis dayisikliklorin operativ askar edilma-
si ugiin avvalcadan secilmis tahlil arazilorinin Erdas Imagine prog-
raminda spektral analizlarininin yerina yetirilmasi talab olunur. Bunun
liclin avvalca Google Earth aciq geoinformasiya portalindan gotiiriilmiis
peyk tasvirlarinin Global Mapper proqraminda koordinatlasdirilmasi,
sonra ArcGIS Map programinda mazmun dayisikliyi yerlarinin miiayyan
edilmasi, daha sonra Erdas Imagine proqraminda spektral analizlarinin
aparilmasi yerina yetirilacok. Qeyd edilmasi lazimdir ki, spektral ana-
lizlar zamani eyni araziys aid olan peyk tasvirlarinin koordinatlarinin
ist-lista diisma daqiqliyinin yoxlanilmasi da zaruridir. Clinki Erdas Ima-
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gine proqraminda eyni makana aid tasvirlar arasindaki msazmun farqi-
nin miiayyen edilmasi piksellar va parlaqliq farqina gors aparilir. Koor-
dinatlardaki stiriismalar planli xatalarla yanasi spektr ranglarinin yayil-
masina da sabab ola bilar (dlasgarov, 2020: s.3).

Biz, avvalca 1-ci tahlil arazisinin 27 noyabr 2021-ci il ve 24 iyun
2022-ci il tarixlards ¢akilmis, 0.5 m ¢ox yiiksak ayirdetma imkanl peyk
tasvirlarinin Global Mapper programinda, WGS-84 koordinat siste-
minds koordinatlagsdirilmasini apardiq ve bu tesvirlarin TIF formatinda
olan koordinath variantlarinin ArcGIS Map proqraminda mazmun dayi-
sikliyi, sonra Erdas Imagine proqraminda ardicilligla 10, 20 va 30 %
spektral analizlarini yerina yetirdik. Naticods Ermanistan Respubli-
kasinin Tavus vilayatinin Berd saharindan 8 km simal-sarqdas, Ayqgepar
kandinin yaxinliginda yeni qazint1 aparilmasi, qazinti-hamarlama islari-
nin yerina yetirilmasi va yeni sangarlar hazirlanmasi askar edildi (sakil

inci ts Zisi, spektral analiz 30 %:
20 iyun 2020-ci il ve 23 oktyabr 2021-ci il tarixli peyk tesvirleri esasinda

Deayisiklik bag vemis sahaler

Sakil 3. Birinci tahlil arazisi tizra yerina yetirilmis spektral analiz

Doayisikliklarin bilavasite Azarbaycan Respublikasinin doévlat
sarhadi yaxinhigindaki kandda yerlason harbi bolmanin va tayyaralar
liclin ehtiyat ucus-enma zolag1 yaxinliginda aparilmasi diggat olunasi
maqamlardandir. Qeyd edak ki, b6lma yaxinliginda qazintilarin aparil-
masi ila tepalarin topoqrafik yallar1 boyunca yeni sangarlarin hazirlan-
masi eyni vaxta tosadiif edir.

indi ise Ermonistan Respublikasinin Gegharkuniq (Basarkecar) vi-
layatinin Azarbaycan Respublikasinin Kalbacar rayonu ilo hamsarhad
hissasini tagkil edan 2-ci tahlil arazisi lizre yuxarida, 1-ci tahlil arazi-
sinda oldugu qaydada mazmun dayisikliyi vo spektral analiz proro-
seslarini yerina yetirak (Sakil 4)
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i isi, spektral analiz 30 %:
27 noyabr 2021-ci il ve 24 iyun 2022-ci il tarixli peyk tesvirleri esasinda

Deyisiklik bag vemis saheler - Deyisiklik bas vermeyen saheler

Sakil 4. ikinci tahlil erazisi lizra yerina yetirilmis spektral analiz

Bu tahlil arazisi liglin 20 iyun 2020-ci il va 23 oktyabr 2021-ci il
tarixlerinda ¢akilmis peyk tasvirlarinin miiqayisali analizlarindan isti-
fada edildi. Analizlarin naticasi olaraq Yuxari Sorca kendinden sarga
dogru, yiliksek dag yamaclarinda avvalcadan hazirlanmis miidafia
movqelarina dogru yeni yolun ¢akilmasi tasbit edildi. Yolun miidafia
movqelarindaki harbi bélmalarin taminat va texliyyasinin hayata kegi-
rilmasi, hamcinin yaxinhqdaki digar movqgelarla slags saxlanilmasi
moagqsadils ¢akildiyi diistiniiliir.

Noatica

Boyiik araziler lizra dayisikliklorin operativ askar edilmasi li¢iin
CIS programlarindan qarsiiqh istifade edilmasi ham vaxta ganast
edilmasi, ham daqiqlik, ham ds arazi fonunda ¢atin secilon dayisiklikla-
rin tasbit edilmasi baximindan samaralidir. Miixtaf aciq geoinformasiya
moanbalarindan alda edilon peyk tasvirlarinin Global Mapper prog-
raminda mutispektral rang calarlar1 pozulmadan daqiqlikle koordinat-
lasdirilmasi, miixtalif dovrlards ¢akilmis peyk tasvirlari asasinda Arc-
GIS Map programinda mazmun dayisikliyinin, Erdas Imagine proq-
raminda isa spektral analizlarin aparilmasi slverislidir. Erdas Imagine
programinda yerina yetirilon spektral analizlar naticasinds askar edilan
dayisikliklorin novlarina gore tosnifatlandirilmasi masalasinda
miitoxassis amilinin miitlaq nazara alinmasi talab olunur.

CIS programlarindan qarsihglh istifade edilmasi ilo béyiik ara-
zilords bas vermis dayisikliklarin askar edilmasi tisulunun topoqrafik
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xaritalarin yenilasdirilmasi vo xarite mazmununa operativ diizalislor
edilmasinda praktiki tetbiq olunmasi tovsiyys olunur.
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DETECTION OF CHANGES OVER LARGE AREAS USING GIS PROCESSING
SOFTWARE
Ilgar Musayev

Summary: The area covering a certain part of the Earth's surface is a space
where human activity is in constant contact with nature. Along with natural
elements such as terrain, land, water and vegetation, it includes settlements,
road network, communication lines, canals, farm buildings, industrial and cul-
tural objects and other artificial elements that are the product of human acti-
vity. Global technological development does not go unnoticed on the ground,
surface and atmospheric cover, which in turn causes climate change. As a re-
sult, not only the infrastructural buildings created by man, but also the entire
landscape structure of the area is constantly changing. Monitoring the chan-
ges, analyzing them and making predictions for the future is one of the most
urgent issues of our time.

[t is important to take into account the changes that have occurred in
the area in the planning and implementation of operations in the military fi-
eld. Because even though military activities cover the air space and sea water
area, the main and decisive stages take place on land. If detecting changes in
the area by selecting them from the background of the past area is one side of
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the problem, recognizing them and classifying them according to their locati-
on is another. All of these processes that is, detection, recognition, and classifi-
cation must be done faster so that the decisions made take into account the
current geographic conditions.

At present, a number of GIS programs are used in military command
centers equipped with modern technological supplies and equipment choud
timely detect all changes in the terrain and combat conditions and for inclu-
ding them in the current operational environment. At this time, in order to
speed up the process of data processing and analysis, the characteristics of
GIS programs should be taken into account and their mutual use opportuniti-
es should be taken advantage of.

The article presents the possibilities of effective use of spectral analy-
sis and change detection methods of Erdas Imagine and ArcGIS Map programs
for prompt detection of changes in large areas.

Keywords: Geographic Information System, geospatial intelligence, image in-
telligence, multispectral images, spectral analysis, change detection.

BbISIBJIEHUE U3BMEHEHUI HA BOJIBIIUX IJIOIIAAX C UCIT0JIb30-
BAHHUEM INPOTPAMM JJI1 OBPABOTKH I'C
Wabrap Mycaes

AnHoTanusa: TeppuTopHs, 3aHUMAINAsA ONpeAe/IeHHYI0 YacTb 3eMHOU I0-
BEPXHOCTH, SBJISIETCS MECTOM, IJle AeATeJbHOCTh YeJ0BeKa HaX0JUTCS B MO-
CTOSIHHOM KOHTaKTe ¢ mpupojoi. Hapsaay c npupoaHbIMU 3jieMeHTaMHU, Ta-
KHMH KakK 3eMJisl, BOJla U PaCTUTEJbHOCTb, K TEPPTTOPUIO OTHOCATCS Hace-
JIEHHbIE IYHKTHI, JOPOXXHAs CeTh, PEKH, KAaHAJIbl, X03IUCTBEHHbIE IIOCTPOUKH,
NPOMBIIJIEHHBIE U COI[UA/IbHO-KYJIbTYPHBIE 00BEKThI U APyTUe UCKYCCTBEH-
Hble 3JIEMEHTHI, SIBJSIONIMECS MNPOJAYKTOM JesATeJbHOCTH dYesioBeka. [Jio-
0aJibHOE TEXHOJIOTUYECKOE pa3BUTHE BJHUSET Ha HeJpa U NMOBEPXHOCTH 3eM-
JIM, B TOM 4uCJe aTMocdepy 4YTOo, B CBOIO OYepelb, BbI3bIBAET M3MEHEHUE
KJIMMaTa. B pesysibTaTe MOCTOSSTHHO MeHSIETCS He TOJbKO CO3/JaHHas yesoBe-
KOM WHQPACTPYyKTypHasl 3acTpoika, HO W BCA JaHAmadTHasA CTPYKTypa
MecCTHOCTH. OTC/IeXKMBaHHe U3MEeHEeHUH, UX aHa/IM3 U IMPOTHO3UPOBaHUE Ha
Oyaylee — oZjHa U3 CAMbIX aKTYaJIbHBIX TP0O06JIeM COBPEMEHHOCTH.

[Ipy naHUPOBAHUHU U OCYILIECTBJEHUM ollepaluil B BoeHHOU cdepe
OYeHb Ba)KHO YYUTHIBATh NPOU30IIE/IIIHNEe B palloHe U3MeHeHUs. [loToMy uTO
XOTsI 60eBble JeMCTBUS OXBATbIBAIOT BO3AYIIHOE IMPOCTPAHCTBO U MOPCKYIO
AKBATOPHIO, HO OCHOBHBIE U pellalolye 3TaNbl MPOUCXOJAT Ha cyie. Eciu
o6HapyXeHHWe U3MeHeHHWH Ha MEeCTHOCTH SBJIETCS OJHOW CTOPOHOU Mpo-
0J1IeMbI, TO UX paclo3HaBaHHE U KJAacCUPUKAIUS B COOTBETCTBHUM C UX Me-
CTOIIOJIOXKEHUEM - Jipyras. Bce 3TH mpoijecchbl, TO eCTh 0GHAPYKeHHE, PaCIIo-
3HaBaHHWeE U KJacCHUKaALUsA, AO/HKHBI BBITOJHATHCA ObICTpEe, YTOObI TEKY-
mue reorpapuyeckKre yCJI0BUA YYUTHIBAJIMCH NIPU MPUHATUHN GOEBBIX pellie-
HUH.
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B HacTosllee BpeMsi B BOEHHbIX LieHTpax yIpaBJeHus], OCHAIleHHbIX
COBpeMEeHHBbIMU TEXHUYECKUMU CPeACTBAMU U 060pyA0BaHHEM, UCTIOJIb3YET-
ca psag nporpamm ['MC, no3BossilOIIMX CBOEBpeMEHHO OOHApY»KHUBaTb BCe
M3MeHeHUs] MeCTHOCTH B 60eBOH 06CTaHOBKHU. [Ipu 3TOM AJig yCKOpeHU:
nporecca o6paboTKU U aHa/IM3a JAaHHBIX CleJyeT yYUTbIBAaTb 0COGEHHOCTHU
nporpaMM I'MC ¥ ucnosib30BaTh BO3MOXKHOCTHA MX B3aUMHOI'O MCIOJIb30Ba-
HUS.

B cTaTbe mpejcTaBjeHbl BO3MOXXHOCTU B3aWUMHOI'O KCIOJIb30BAaHUA
MeTo/ia CIeKTPaJbHOT0 aHaiu3a nporpaMmsl Erdas Imagine u onepatusHoro
0OHapyKeHHsI U3MEHEHUH Ha MeCTHOCTH porpamMmmsbl ArcGIS Map.
Knio4yeBble cioBa: reouHpopMalMoHHasi CUCTEMa, FeolpoCTPaHCTBEHHaAs
pa3Bejika, BHU3yaJbHasd pasBe/lKa, MYJbTUCHEKTpPa/JbHble H300paxeHUs,
CIeKTpaJIbHbIA aHA/IU3, 06HAPY>KEeHHEe U3MEeHEeHHU .
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Abstract: Nowadays, especially in engineering and scientific applications
where high accuracy is required, some effects need to be well modeled and/or
corrected to achieve cm and dm accuracies. This study focuses on three cor-
rection models: satellite antenna phase center correction (SAPC), receiver an-
tenna phase center correction (RAPC), and receiver antenna reference point
correction (RARP). As it is known, single point positioning (SPP) is an absolu-
te positioning technique that uses only code (C/A: Coarse Acquisition) obser-
vations with a single frequency GNSS receiver, and the accuracy that can be
obtained from this technique varies between *1-3 meters. In this study,
KTUN_SPP software is used to investigate the effect of these correction mo-
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dels on position accuracy and satellite-receiver distance (pseudorange). For
this purpose, calculations were performed using 24-hour static data sets at 6
different IGS stations on the 31st day of 2022, and the results were compared
with the results obtained from the "CenterPoint RTX Post-Processing" service
in the topocentric coordinate system. The results show that the contribution
of the RAPC correction and RARP correction to the horizontal (east and north)
component position accuracy is less than 0%, while the up component impro-
ves up to 35%. On the other hand, RMS 3D accuracies of SAPC correction,
RAPC correction, and RARP correction improved position accuracy for all se-
lected stations.

Keywords: receiver antenna phase center correction, receiver antenna refe-
rence point correction, satellite antenna phase center correction, KTUN_SPP,
single point positioning

INTRODUCTION

In order to obtain precise positioning with GNSS, some effects
must be well modeled and/or corrected. One of these impacts is anten-
na phase center correction, which requires exact knowledge of the pha-
se centers of the transmitting signal from the satellite and the received
signal from the receiver. The position of the antenna phase center is not
always the same as the geometrical center of the antenna. In fact, the
phase center is not constant but rather depends on the direction of the
incoming radio wave (Kahveci, 2010: p.3-9; Kahveci & Yildiz, 2022:
p.130; Schmid et al,, 2005: p.283-293).

Single point positioning (SPP) is an absolute positioning technique
that uses only code (C/A: Coarse Acquisition) observations with a single
frequency GNSS receiver. The real-time accuracy that can be obtained
using broadcast ephemeris is between *1-3 meters. Since the broadcast
ephemeris refers to the satellite's antenna phase center (APC), no furt-
her correction is necessary when using the broadcast ephemeris. Howe-
ver, as in this work, antenna phase center corrections are required
when precise ephemeris is used instead of broadcast ephemeris. This is
because the precise ephemeris referred to the satellite's center of mass
(Subirina etal., 2013: p.132).

The satellite antenna phase center (SAPC), receiver antenna phase
center (RAPC), and receiver antenna reference point (RARP) correcti-
ons are used in this study to investigate the effect of these models on re-
ceiver position accuracy RMS (3D, 2D, North, East, Up) and satellite-to-
receiver distance using the KTUN_SPP software.
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DATA PROCESSING STRATEGY OF KTUN_SPP

Calculations were performed at 6 different IGS stations on Day 31
of 2022 (DQY) using 24-hour static observation files at a sampling rate
of 30 seconds and IGS final products of the same day. On the other hand,
the 'igs14.atx' file provided by IGS was used for antenna phase center
corrections (URL 1). The results from KTUN_SPP and the results from
the "CenterPoint RTX Post Processing” evaluation service were compa-
red in the local geodetic (topocentric) coordinate system. The parame-
ters used in the calculation are shown in Table 1, and the geographical
distribution of the selected stations (FAIR, MADR, ZECK, CHAN, ABPO,
and VACS) is shown in Figure 1.

FAIR

MADR ZEACK CI‘{AN

ABPO » .VACS

Figure 1. Geographical distribution of selected stations

Table 1. Summary of KTUN_SPP data processing strategy (Ayso, 2021)

Items Models and Strategies

Observations Undifferenced code observations
Signal selection GPS L1 and Galileo E1

Satellite orbit and clock | IGS final products

Ionospheric delay Iono-free combination

Tropospheric delay Niell (1996)

PODT* 30 meters

Elevation cut-off angle | 10 degrees

PDOP threshold 4

Sampling rate 30 seconds

Estimator SPP: Kalman filter

Satellite APC PCO* values corrected with igs14.atx
Receiver APC PCO* values corrected with igs14.atx
Receiver ARP Corrected

Relativistic effects Rel.clock corr./Rel.signal path range
Tidal effects Solid tides

PODT*: Prefit outlier detector threshold
PCO*: Phase Center Offsets
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The mathematical model used in KTUN_SPP is given in Equations 1.
P¢ = p% + ¢ = (At§ — At + Arel$) + TS + SAPCE + RAPCS
+RARP§ + RSPR§ + STide§ (D

where, the superscripts G denote GPS satellites, and the subscripts
R denote receiver. P¢ denotes the code observations in meters, p© is
the geometric range between the satellite and the receiver in meters, ¢
is the velocity of light in vacuum in meters per second, At is the GPS
receiver clock offset in seconds, At is the satellite clock offset in se-
conds, ArelC is the relativistic clock correction in seconds, TRG is the tro-
pospheric delay in meters, RSPRS is the relativistic signal path range in
meters, STide§ is the solid tide effect in meters, SAPCS, RAPCE and
RARPE are in meters as expressed above.

RESULT AND DISCUSSIONS
Tables 2-7 show the SAPC, RAPC, and RARP corrections obtained
from 6 different IGS stations in the topocentric coordinate system. Whi-
le 'Full Model' in the tables shows the results obtained by taking into ac-
count all correction models, 'No SAPC', 'No RAPC', and 'No RARP' show
the results calculated without including each of them individually. In
addition, the values of each model in terms of the maximum (Max.), mi-
nimum (Min.), and average (Avg.) components of the satellite-receiver
distance (variation in range) are shown.

Table 2. Topocentric coordinates of the models and range variation at the FAIR
station
Topocentric Coordinates (m) - FAIR Variation in Range (m)
RMS3D | RMS2D | North | East Up | Max. [ Min. | Avg.
Full Model | 0.4217 | 0.1737 | 0.1532 | 0.0818 | 0.3842
No SAPC | 0.5257 | 0.2523 | 0.2210 | 0.1218 | 0.4612 | -0.6024 | -1.6520 | -1.1797
No RAPC | 0.4798 | 0.1737 | 0.1533 | 0.0818 | 0.4473 | -0.0013 | -0.0877 | -0.0469
NoRARP | 0.4776 | 0.1737 | 0.1532 | 0.0818 | 0.4449 |-0.0012 | -0.0846 | -0.0452
Table 3. Topocentric coordinates of the models and range variation at the
MADR station

Topocentric Coordinates (m) - MADR Variation in Range (m)

RMS3D | RMS2D | North | East Up | Max. | Min. | Avg
Full Model | 1.2423 | 0.2911 | 0.1714 | 0.2353 | 1.2077
No SAPC 1.4556 | 0.2666 | 0.2077 | 0.1672 | 1.4310 | -0.6026 | -1.8118 | -1.1861
No RAPC 1.3305 | 0.2911 | 0.1708 | 0.2358 | 1.2983 | -0.0016 | -0.0918 | -0.0520
No RARP | 1.2666 | 0.2911 | 0.1714 | 0.2353 | 1.2327 | -0.0006 | -0.0254 | -0.0144

Model

Model
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Table 4. Topocentric coordinates of the models and range variation at the ZECK
station
Topocentric Coordinates (m) - ZECK Variation in Range (m)

RMS3D | RMS2D | North East Up Max. | Min. | Avg.
Full Model | 1.2790 | 0.2506 | 0.1973 | 0.1545 | 1.2542
NoSAPC | 1.4664 | 0.2882 | 0.2090 | 0.1984 | 1.4378 | -0.6036 | -1.7096 | -1.1829
No RAPC | 1.3639 | 0.2504 | 0.1965 | 0.1552 | 1.3407 | -0.0012 | -0.0888 | -0.0445
No RARP | 1.3220 | 0.2506 | 0.1973 | 0.1545 | 1.2980 | -0.0001 | -0.0450 | -0.0225

Model

Table 5. Topocentric coordinates of the models and range variation at the

Topocentric Coordinates (m) - CHAN Variation in Range (m)
RMS3D | RMS2D | North East Up Max. | Min. | Avg.
Full Model | 0.4854 | 0.2773 | 0.1923 | 0.1998 | 0.3984

No SAPC 0.7146 | 0.3415 | 0.2069 | 0.2716 | 0.6277 | -0.4449 | -1.7758 | -1.1834
NoRAPC | 0.5481 | 0.2777 | 0.1923 | 0.2004 | 0.4725 | -0.0058 | -0.0899 | -0.0538
NoRARP | 0.6746 | 0.2773 | 0.1923 | 0.1998 | 0.6150 | -0.0169 | -0.2499 | -0.1496
CHAN station

Model

Table 6. Topocentric coordinates of the models and range variation at the
ABPO station
Topocentric Coordinates (m) - ABPO Variation in Range (m)

RMS3D | RMS2D | North East Up Max. Min. Avg.
Full Model | 1.6956 | 0.2033 | 0.1876 | 0.0783 | 1.6834
NoSAPC | 1.7663 | 0.2306 | 0.1746 | 0.1507 | 1.7512 | -0.5880 | -4.3080 | -1.2003
NoRAPC | 1.7817 | 0.2040 | 0.1883 | 0.0785 | 1.7699 | 0.0009 | -0.0892 | -0.0445
NoRARP | 1.7036 | 0.2033 | 0.1876 | 0.0783 | 1.6915 | 0.0000 | -0.0083 | -0.0041

Model

Table 7. Topocentric coordinates of the models and range variation at the VACS
station

Topocentric Coordinates (m) - VACS Variation in Range (m)
RMS3D | RMS2D | North | East Up | Max. | Min. | Avg
Full Model | 1.0267 | 0.5589 | 0.5577 | 0.0373 | 0.8612
No SAPC 1.1429 | 0.6095 | 0.5944 | 0.1348 | 0.9668 | -0.5800 | -3.9900 | 1.2100
NoRAPC | 1.0988 | 0.5584 | 0.5571 | 0.0378 | 0.9464 | -0.0038 | -0.0897 | -0.0487
NoRARP | 1.2342 | 0.5589 | 0.5577 | 0.0373 | 1.1004 | -0.0068 | -0.2500 | -0.1358
The interesting aspect of this study is that KTUN_SPP obtained
these results using code observations with an accuracy of 1-3 meters
(Ayso & Kahveci, 2022). In other words, it was thought that the effects
of these models might be lost in the coarse accuracy of the code obser-
vations and that these effects would be more understandable in a PPP
(Precise Point Positioning) software that was planned to be developed.
However, as shown in Tables 2-7, it is clear that the models improve the

Model
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RMS 3D and RMS up position accuracy at all stations, even though code
observations are used. More clearly, the RMS 3D SAPC improvements at
FAIR, MADR, ZECK, VACS, ABPO and CHAN stations were (19.8%,
14.6%, 12.8%, 10.2%, 4.0%, and 32. 1%), RMS 3D RAPC improvements
were (12.1%, 6.6%, 6.2%, 6.2%, 6.5%, 4.8%, 11.4%), RMS 3D RARP
improvements were (11.7%, 1.92%, 3.3%, 16.8%, 0.5%, 28.0%), res-
pectively.

CONCLUSIONS

In this study, the effects of antenna phase center models (SAPC,
RAPC, RARP) added to the KTUN_SPP software, which is under develop-
ment, on position accuracy and satellite-receiver distance are investiga-
ted. The results reveal that these three models improved the RMS 3D
and RMS up component accuracies at all stations, but the contribution
of the RAPC and RARP models to the horizontal (RMS 2D) component is
approximately 0%. On the other hand, the SAPC correction model has
the highest effect on the satellite-receiver distance.

References

1. Ayso, E. (2021). GPS L1-C1 ve Galileo E1-C1 gozlemleri kullanilarak ii¢ bo-
yutlu konum belirlenmesi iizerine arastirma [Master's thesis, Konya Technical
University]. Retrieved from https://tez.yok.gov.tr/UlusalTezMerkezi/

2. Ayso, E. & Kahveci, M. (2022). GNSS kod (pseudorange) olgtileri ile tek nok-
ta konum belirleme yazilimi: KTUN_SPP. Konya Miihendislik Bilimleri Dergisi,
10 (3), 578-598.

3. Kahveci, M. (2010). GPS/GNSS Go6zlemlerini Degerlendirme Yontemlerinde
Son Gelismeler. Jeodezi ve Jeoinformasyon Dergisi, (102), 3-9.

4. Kahveci, M., & Yildiz, F. (2022). Uydularla Konum Belirleme Sistemleri
(GNSS): Teori ve Uygulama, Nobel Yayincilik.

5. Schmid, R., Rothacher, M., Thaller, D., & Steigenberger, P. (2005). Absolute
phase center corrections of satellite and receiver antennas. GPS solutions,
9(4), 283-293.

6. Subirana, ].S., Zornoza, ].J. and Hernandez-Pajares, M., 2013, GNSS Data
Processing Volume 1: Fundamentals and Algorithms, 299, ESA Communicati-
ons ESTEC, PO Box.

7. Trimble CenterPoint RTX Post-Processing Service. (2022, October 1). Ret-
rieved from https://trimblertx.com/

8. URL1:https://www.ngs.noaa.gov/ANTCAL/LoadFile?file=ngs14.atx

28


https://tez.yok.gov.tr/UlusalTezMerkezi/
https://www.ngs.noaa.gov/ANTCAL/LoadFile?file=ngs14.atx

