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Anuin1neaslauarine GCPs ushavaulwan nlukwvuuiudumalaas nansuulsuuudtaeseugesla
RMSE 924n15USulAlyingu 0.21 s Lazauazidengnaaiiasnmeaslsnuunnsgiu NSSDA wuil n1messls
7Y GCPs 13 90 uazgeRTIvARUBATE 59 9PINTS HOV fleuaziBengndeavinfiu 1.52 ms (2.98 3An1) uaz
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Abstract

The research was to study a model of monitoring the quantity and quality of image control
points for Thaichote high-resolution satellites using Hold Out Validation (HOV) and Leave One Out Cross
Validation (LOOCV) methods for screening control points and picture quality by estimating the sensor's
external orientation as a constant for estimating the sensor's position ( ) and the sensor's X-axis of
inclination (), the sensor's Z-axis of inclination correction ( ) is a polynomial squares equation. This
requires 8 unknown coefficients, at least 4 ground-based photo control points (GCPs) are needed to
improve the sensor model. The sensor model improvement results were applied to correct the ortho
image and place the GCPs in the image boundary parallel to the orbital path, the sensor model
improvement result was an RMSE of correction equal to 0.21 m and ortho image accuracy in accordance
with NSSDA standards. It was found that the ortho images using 13 GCPs and 59 independent checkpoints
from the HOV method had a resolution of 1.52 m (2.98 image points) and ortho images using 8 GCPs and
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44 checkpoints. The LOOCV method has an accuracy of 0.84 m (1.63 image points), indicating that the
LOOCV method results in better ortho-produced quality than the HOV method.

Keywords: Thaichote Satellite Imagery, Control Points, Ortho Photo
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(AMnA, 2553) g niieseasidungs 1w anlfigy IKONOS aunsatuiindeyanisnuasidenynnin 1
Wwasluszuuduina1ne1261 (panchromatic) A1Ligs SPOT-5 (2.5 LuAT) A1aLen QUICKBIRD (0.6 1uns)
A1LAiBN Worldview-1 (0.5 las)uasa1 oy Thaichote (2.0 was) Wudu anauaud@denaitaiuisai
Tayannluuszendldiunuiumieg WueItulasanIsnTIvaeuANLasidengnAB R IuIYeININaNY
PufinsIeaziBengs Worldview-1 vesnsuiiau (nsufiiy, 2551) wledeyanmiluldfunisiavesnsuiinu wu
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nsUsukAnmansailavaeds anugnieudaiuniieinnndnisuiuuinesiiafisaunimig
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(lwana, 2553) dmfunisvivudninluauideadedidonwuudiasanisnisninlunisdanioasls
(orthorectification) waadayan1n Thaichote iflesannlidoyasisvaziufinnmvilfauisnanaiunainiadey
VUAMNEAI87LAN1NA15195 V0w UGBS (sensor orientation) LagAINFIN1YR T UsEINA (relief
displacement) tielinmmdsnisusuuitimnugniesannsaiaficn fmms szeene Wwdeafuuuiiatedu ns
afanmesslsaunsavildmamauainnugegiivsemaluudazqn (Kapnias et al, 2008) Muduninsaiu
Wamuudeyaniw (asdinmsmeninluiunie) madeyanmlallddelunnisidudemsuamniinesnisia
190 mMAeUen (Exterior Orientation Parameters; EOPs) Laglhuuidnaasszaugadaa (Digital Elevation Model;
DEM) fausfaglitoyasdsvnzauiisntuiinnmusideyaiildindanunanndewhlinanisduinligniesdad
KarionugnAeseInmonsls Mdudidedaliusuusuuudianmanienin (Refinement of Physical Model)
el uuidmnimeslifeadetumumisaznisnsfsusuedmenisliganuauaim Jon et al,
2017)

dmugamuaunmithanldmsiidmiuaziBeagnaesgeuszanamildumuvesnwazideaveganin
(Crespi et al., 2021) wagdduuanigInad s UNITUSULANIN LLasmimi’maauﬂ’smgﬂé’awauwmﬁaaamﬁi’f
Usuuf vFenmmdanisuiuud Jegiudeudniongamununmilasudsoyaruafuaongy nquusniega
muammwmamﬂﬁyuﬁu (ground control point; GCPs) ﬂajmﬁaaaﬁaﬁmmmaauﬁasx (independent check
points; ICPs) 13813603735 Hold Out Validation (HOV) 38 HOV laimsnslunsaliifigeauaunmiuiudidn uas
orfindeRnnataiiedinsutinguiin Ssnuidendsildiausds Leave One Out Cross Validation (LOOCV) 1y
Snuilunadalunisdaidengamuaunmlnglidoyafmuniu 6eps anduidennisgaiugansnaeunda
fruaimsUiuud nsdunaliuuiirarafnsauiidimuniovesansnaeuiievuldlunsnsesdoyadon
fndengamuaun aedi i uduniwoanaiinaseafindu (Brovellia et al, 2006)
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1) AATUANAIN KUUTIRBITEAVFNTUAY Wazdoyaninaion1ifisusieazidungs Thaichote
fufidnunaevagquiofiuszanm 500 mseilawns nsfsinfivanissuuagnnshansevinlasgunsnidd
\0d B%e Leica 520 T¥n1susuniudonuuuadiuas (Bundle block adjustment) Aaegonsuas ERDAS
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DINUARE
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- fienziueen agludnediuaie Janinszyes
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- fiemziunn aglulndnnatiuate dminszees

flufidnwiasouaguiiiefisn 500 n3.nu. uazlsznaudie 4 uuadug ay 13 3U (3:au91u3 52
5U) Faduaelunuanie-1d drendesdrsguniserniauuuiunin 8%e WILD RC 30 fifiaanuegniluia

152.860 fiadiunsuazludieguniseinieidiowion Suaau w.a. 2545 deuandlunind 1
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2.1) mymuuagaatvauluguarendnluvesd fuanis dAvualiszegvinasendnega

AruAnlusUatendn (Bridging distance, ) Tuuwwidu fd1mng 4 tdugiuslane (i =4b) uwavnn9 du
WiAonseninauuadu (Side lap area) lunwild - wile Fwanslunmnd 2
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A el unalas e
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2.2) mMsfimungamuauluslateseduresuuinis laun 9au1u nd1e uazaalesda
luudazAuuudnaesa1udd (A pair of stereoscopic models) Asuandlunni 3 uazani 4
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(Man - Made features) lunsdfildarunsonldflisimundugnsssueid (Natural features) n13
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Sud g uannaisuiniedlas %éfanﬁz&u%uﬁﬂ (Mask angle) Wand1 15 84A1 kagHAIMUAYA
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niouiistufinnmuesudasvyadioifiothuvszneulunisisingaauaulue suftinis
2.0) mafatafidagamunuluzuiieluninauiy uwiseandu 2 dunoudsil
(1) n1sFedafifan1esiuaisgunsaliiiea nysudsniseingamiuaulusvdrgnaniiuiu
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(1.1) nmsseindygruniidisuinieanieisni15d19219adm (Static survey)
WU 8 nyA
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survey) 14U 12 %y
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¢ a
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AnugnFesiiliisanesensnanunuiiguaieeoslsd uinsdi 1:25,000

2.5) N13599R9ARSIAABUTEAUE VRN TUTEINA

99A529a89U (Check point) AsganiuauluguarendnilaliiiAfidanissiu wazen
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sUdesesildannmsmuiniienssuidnisaumasuaingdienisenialasinisvensg adeduguane s
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d 28 0 AU 56 90 luvnagivssmanglufiuiidnviashuualiygansiaaey D uay 9ansa9a0U
P 1 Hugaifsasuluiidetazvondudifissgansanasy D Feazidonaslugivssimaiifududavusy
01891901017 LLazLﬁuﬁuﬁiwluqﬁﬂismm%a

« MNUAANTIFFOU D Iusﬁ'wmeguﬁgﬂ?ﬂlmawﬁaﬂgﬂmw U 4 99 wazyin1sTelna
dyarunfieuiiiea sae3sn1sd1509aiinedrada

« MNUAYANTITFBU D Iu(ﬁﬂLmu'ﬁﬂﬂmaﬁmﬁgﬂ?{mawﬁaﬂgﬂdw°1 U 4 99 wagyh

D

nsSeiadyrunfisuiied saeisn1sdrsaaainednada

- fnungansiaasvluiumiasngaia (Quadrant, Q) veaudenguany 119y 20 A9
fanualinszasuuuduasounguituiiluudazon nnauagsnisfeindyyiuanionifieadasisnis
d1519adined1159

2.6) N13399R9ARSIAdRURNANI9S1UVRIYAUTTINA
ansa9geufidaniesu (P) axideninlugfivssmaifiusudauuguaionisernia dgdenisidnds uas
aunsasudyyiunindsuiniealan é’m%uﬁyuﬁﬁﬂmﬁVLé’ai’WLLuﬂmimwi’wLmﬁmmmmaauiu 3
Sl

(1) fnuagansiaaey P ludundsuisdvesudengddiea s1uau 4 9a wagsiinig
Seiadygruniiifisudfited aieisnisdisivainegiaia

(2) fvungansiaaey P lumundsianansdiuiedvesudongudien $1uau 4 90 uae
Mn1sseindygiuaniiendnea daeisnisdrsiaainediausa

(3) MruAgAnsI9aau P lusuniiannia (Quadrant, Q) vesudenguaiediuau 20 99
%aﬁmumiﬁmzmaquejmmamquﬁuuﬁiuLwiamqmmmw‘hms%’ﬁmﬁzyiyﬂmmuﬁw%ﬁmaﬁw%%mi
d1519ained1u59

3) n1359ninngAAIuANNINGI8lUTLATY ERDAS IMAGINE Version 9.2

q q
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Bus1nadialasenis (Project) ﬁwumwuﬁﬁ’mLLazms@?m'ﬁwwswﬁmai‘mm WU ANUA
wuudiasdeaunisildlunisdnilasstisaumisulnedeniduwuy Orbital Pushbroom idenwila
voaidulassunuil (UTM) vuftumdng u (datum) World Geodetic System 1984 (WGS84) doyadililu
nsvnnesslsusznaulusig

- TUsun3u ERDAS LPS 9.2

« Yayan1iiily Thaichote Level 1A

- IWld GCP.txt + W& Description usagyn

[

*+ U834 DEM 210 GDEM

(1) U LPS 1890 New... LLaséﬁﬁla Block File %38 Project AM%uA Geometric Model
oA Orbital Pushbroom — THEOS1

(2) fvunszuufidadu UTM WGS84 Zone 47N + fvundia1ugsndnng Tuiiuil lu
fifivualy 90 lwms (Average Elevation) LWadayanin THEOS Level 1A

(3) nady Point Measurement — \d@an Classic Point Measurement Tool

(4) 1@9n Import or Export Points Laen _WhiteSpace uag Return NewLine (DOS)

(5) Select All 3@ GCP wuum”l:u”lvmwum waziaon i‘lJISIJ (Compute Image
Coordinates From The Ground Points) Laa‘uLLmaufﬂqm GCP Twmsqmumumm Description Uy
Uayan1n THEOS

e |
w4+ el —. 4
wpaem
m.
420/
AaLR v |
R
L Ve [ s o w)
ey g
\" [} 20 -
. <] -.e b -

A 5 vhnismnuauaazyn GCP Tnsaiunienyd Description uudayanin THEOS

=b.

(6) 1iloLdou GCP ATUNIMUAKEY — nadu Save waglyinn1sAiuIn Triangulation
a1uLuasy (Triangulation Properties)

ee

(7 ) General — Pixels, Point — Fixed values, Exterior — No weight, i &
Advanced Options — Ldan Use Image Observations of Check Points in Triangulation

(8) natu Run tilegasunan1sduans nalu Report Lilagranisfuinediaazidon na
Ui Accept gausunanIsAuIn LUANTIA9 Point Measurement
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(9) nayu Start Ortho Resampling Process - 1& Output 1a GDEM - Ldan Cubic
Convolution

4) N15AVUATDLALRNIZYININANYANAEN LU AIN1TIAI190INAETY AIN1TTRINAN
neuen 1Uusu

nsimunganrvgulugUdisluses UfUAnisgaaiuanlugdaioniserniadililunisvens qe
dafugUdsanunsasuunooniduz Ussinndadl

(1) 3aaruanlugUarendn (Major photo control points)
(2) WMUﬂqugﬂd’miaﬂ (Minor photo control points)

5) n1sfedaiiinganinvesgantvanamlinsadugduseina d1m5un1sUsuUTauunaeanis
NEAIN

LUUS1a09a1uAR (Stereoscopic model) Taqaziluldifion1sudaunuiininuduiusszniig
FLUUNNAVOILUUIIa03 (Model space coordinate system) warsvuuRAnatafuay (Ground
coordinate system) agfiasgnainstuiidouuaziionit “n1sUiuduysal (Absolute orientation)” 113
USuduysaldedldmisiines / fudsiasy 7 dawusldun nrsvens / wauiasidiu (A nsideulunna
LALNUTIa (Xo , Yo , Zo) uagnyusaukuaunuiisany (Q, @, K)

Tunnsusuduysaluvuuouzden (Analog absolute orientation) n1sUsuaztdunuuiBanaiidos
szuufaniaiiufuraslunisuiu Tnedifidanissusiuau 2 galuuuuiiassaufiiezaslunisvens
/ nou1nsrdudeaziinnisidou (Translation) TUAILLLALAY X LAZUUILAY Y UATNITNLUTOY
(Rotate) WuALNU Z AfANI9AITIUIL 3 9aazdrslun1suiuszduresnuudiandliaenndoatusedy
ANugsmveagfivszma lasnisuyunvuiassawddseg Q uaz O seuwnu X wazunu ¥ (Q and O
rotationflun1sUsuduysaiideiiaseyt (Analytical absolute orientation) n13U3uagduagfunisulas
@1ull# (Three - dimensional / Spatial similarity transformation) Faaunasi (1)

S=A*R*M+T (1)

e = Wipn1ANUAY (Ground coordinate: Xp , Yp , Zp)

> n

= fvsznauu1nI1diu (Scale factor)

R = wn3ngn1suyu (Rotation matrix)

M = AnaLuudaes (Model coordinates: x, y, z)
T = nsidou (Translation: X0, Y0, Z0)

afUstenauazayu

n1sdsuuAdeyanindesA1eenugNA BT Id LN Lﬁ'aiw“lﬁﬁﬁ’mﬁWLLuuaﬁ'qﬂﬁaaLLa5
aamﬂé’aqrﬁ*uG‘hLmu'wuﬁyuiaﬂmmzuuﬁﬂ”wwqﬁmam{ niefinngdidu (Universal Transverse
Mercator; UTM) voaunudl 3elddeasulunis@nuiianizgnisuivudnimdaseiada lnouuanienis
VSTl 2 wwamnandn il

(1) MFUSULANINAIBUUUTI889119n18AW (Physical Model #3® Rigorous Model)

(2) MsUTULANINAIBRUUIIaB9TIUTEANY (Empirical Model %39 Replacement Model)

nsvsuuinmlunuiseadididenuuusiaemenienmlunisdauioasls (orthorectification)
yastayanin Thaichote Msl¥doyasTsvarduiinnmvilfaiunsoanaiuaainiadouuunnaefiin
31NN159146790 U8 ULY03 (sensor orientation) LLammquwanmiumﬂ (relief displacement) i
Tausatafine fianie szegnie Wufeaduunuiianedu nsadienimeedlsauisaildninnsiuan
Augagdvszimalundazyafiiduiundsnssfuganimuudeyanin mndeyaninlaldaielunuifs
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31 Tud0IN51UAINISITLRBINITINIIIAINATIEUDN (Exterior Orientation Parameters; EOPs) iLag
wuudIaessEAUgalea (Digital Elevation Model; DEM) feusiagldtoyaatevazarniisuduiinninus
Toyaildfinfianuaaiandouilinanisduialigniesdainaieninugniosvesnimessls (Jeong et
l., 2008)

dmivganruaunnithunldaisidiaiuazideagniesgeuszunamisluauvesnnuazien
¥849A0 (Kapnias et al., 2008) wazdduiusniiiganadmiun1susuuinIn Lagn15n5I13a8UAINY
gnRevasuuusinesfiliusund nonmmdnisuiuud lnsutsdeyafomuaduassndu nguusnfoqn
muaumwdwmﬂﬁyuau (ground control point; GCPs) ﬂdmﬁaaaﬁaqmmwaauﬁaw (independent
check points; ICPs) #38138n3133 Hold Out Validation (HOV) 33 HOV limunzlunsalfifigaaiuny
amdruiudde wagenatintedanainilednisuuinguin Fauideadaillflaneds Leave One Out
Cross Validation (LOOCV) 1udnuilamadalunisdmionynarvquainlaslidoyaianuadu Gcps
Mndudennisgaifugnasraeuindrmuannisuioud mafmuauivuiusasadiasnsviidiaunde
veagansavaeutiiethanlilunisnsesdoyanoudaidengaaiuquain (Liu et al,, 2008)

BATUszansamlun1smgaaluaNAINi1878 HOV Lagds LOOCY LitevdiulugaauaunInd
T¥3aurvuuudasanianignmiiiiunisuiuugedmiunisuuudnim Thaichote Tiilanugniesuas
Auindedenndedu anunsaidengnarununin 72 9aaingaiavan 78 a Andu 92 % Tasuvadu
GCPs 13 90 uAZ9ANTIAADUDATE 59 90 WONAINHIT HOV §eusdqgaiifiandauni 6 9a dauls LOOCV
annsaidenganiuaunnls 52 9aaniieuua 78 9a Anilu 67 % 35 LOOCY Tutsgaaiuauatmy
GCPs 8 9a wazidugnnsvaoudase 44 90 uagids LOOCY Ustgadidianfinund 26 9a easuldludidin
nsidenyaniuANAInilaa1nis HOV axdd1urugannnd1is Loocy luvagifisrstaueldinis
LOOCV fiinauain15AnAT8Ig9n3138 HOV (Minnesota, 2021)

dlothnanisuivlsanvuiasarusestredululdludauinimessls warluauisedsinige
GCPs U3 utan wluluIvwIuiudun1993A95 nan1sUsulgwuuTaotsulgesta RMSE vo3
MUFULAYIAY 0.21 wns uaziileusziduaiuaziBungndoavesninoeslsn1uu1nggiu NSSDA
(Toutin, 2004) wui1 nweeilsild GCPs 13 9a waggansradeudasy 59 999n3F HOV fAuaziBun
QNFB Ay 1.52 1uAg (2.98 9Anm) wazn1measlsild GCPs 8 9a wazaAnTI9d@0U 44 9091035
LOOCV fanuaziduagndoasiidu 0.84 wuas (1.63 9n1m) Fauansliliiudnis LOOCV denaliigainin
009lsfndnlddnd138 HOV (Wang et al, 2008) lugadoyalusuidod viuideadeiyidovoiaus
wamslunisnuresenauidslusuwiandsi

(1) Arsn1sAnwiAnsdweslunldisusuunnandasviadalvinunzausonnudnyagves
Yoyanindreafisusioazidoags Thaichote waz@nwi3usuussuuudiasuiofinninugndeanay
Anutidededadu Tasnisuiuud Amnndwesnisdannaninaiguen

(2) M3fnBINTTININAVANAIN FUNUINITTAINGAAIVANAIN LazNITARLTENTAAIVAY
M35 Hold Out Validation wag Leave One Out Cross Validation Lwamﬁlm’mﬂmﬂ’mﬂumww
wnzauuazdauamdniunsuivuinndusviadaetiazideaiiieninugnieaveganiugu

(3) msfnwuideiiiedoddiilumaiinainnaislunisidenisnsuivuinimdie

AnfNssuUsENA

vpvauANUMIINgIdemnalulagsivusnasaulnduns Nlvanueyiasisikazaluayuniolle
n¥ouyAaINsluN1TNITNAaeY kazvauAndUNNWITewIgIR(3Y) Tun1satuayusulssuin
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