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Abstract

This research aimed to investigate the application of Unmanned Aerial Vehicle (UAV) technology
to enhance the completeness of geospatial information for the Ramkhamhaeng University (Hua Mak
Campus) area. The research process began with flight mission planning at an altitude of 90 m, achieving
a Ground Sampling Distance (GSD) of 2.46 cm/pixel. A total of eight Ground Control Points (GCPs) and
three independent Check Points (CPs) were surveyed using a Real-Time Kinematic Global Navigation
Satellite System (GNSS RTK), referenced to the RU-07 geodetic control point. A total of 916 digital aerial
images were processed using computer vision techniques, including the Scale-Invariant Feature
Transform (SIFT) algorithm for image matching, combined with the Structure from Motion (SfM) and
Multi-View Stereo (MVS) methods to generate a dense three-dimensional point cloud comprising 670,871
tie points. The quantitative results demonstrated the successful generation of high-quality True
Orthophoto imagery and a Digital Surface Model (DSM). Unlike conventional orthomosaics, the True
Orthophoto completely corrects geometric distortions caused by relief displacement across all surface
objects, including buildings. Meanwhile, the DSM accurately captures top surface features-such as
buildings and vegetation canopies-setting it apart from DEMs and DTMs, which represent only the bare-
earth topography, achieving a horizontal positional accuracy (RMSEr) of 0.50 cm and a vertical positional
accuracy (RMSEz) of 0.25 cm. These values were compared with the ASPRS (2014) accuracy criteria on a
preliminary basis. However, three independent check points are below the minimum required for
accuracy testing, so compliance with the stated accuracy classes cannot be established.The resulting
geospatial datasets provide a reliable baseline database for civil engineering applications, architectural
and infrastructure design through Building Information Modeling (BIM), and sustainable flood

management planning within the university campus.

Keywords: Unmanned Aerial Vehicle (UAV), Photogrammetry, True Orthophoto, Digital Surface Model
(DSM)
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3) NsasInesinaAuILuY Ttvale
fufeasdeaiivuiuiy Weadanguaafitn
ail@A (Tie Points %58 Sparse Point Cloud) ¢t
F1U3U 670,871 90 nautlUszaiananeniy
mafla Multi-View Stereo (MVS) Litead1anes
AAANUILIL (Dense Point Cloud)
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3.4 N13UTTRIUANNGNABATIAIUMLY

NsUsEHluANNNABATWILIINTUEN
pAAUANNIANUAY (GCPS) $1uam 8 aitldly
N13UTULUUTIADY 8BNIINYANTIAADUDATY
(Independent Checkpoints) 91u3u 3 30 lagi
A1 RMSE 7 furaldundSeuiieuid oadu
(Preliminary Comparison) i ULN M 110155714
ASPRS 2014 wag 2an. 012033-22 9 ail
9AnI9aeUdaszIIwIU 3 adeidudediinis
U 11un1uu195g1% ASPRS 2014 Edition 1
(0 7.10 w1 A9) Bsrimuslvidiosligansiaaey
dasglaitesnin 20 pdmsunIsnaaaunI9aia
2949 NVA wag Planimetric Accuracy Fardu A
senuiaduiisnisuszfivanuaaiand ou
Jesu seldannsoagunisiuduaniugnies
U384 (Certified Accuracy Class) Wnegeauysal
WEIMUINMIAISINT d89T09ALARALAT BU
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RMSEr = \|RMSEx? + RMSEy? (1)
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Zdata,i—Zcheck,i)?
RMSEz=\/Z( a aln check,i) )

nafi sy lussuiisuiuinasidusy
ANUNIRTZIUAINEA ASPRS 2014 LLazd1nIgIU
@9, 012033-22 Lﬁaa'wﬂmmwmaqmuﬁi’aim
T¥szduauidosiufi 95% Hunasinisinau

31N91897UNTUTEIIARANIUTUTWATUNS
UsEaanalikanInanns19qansIaaeudasy fail

- X error = 2.74142 mm. (0.27cm)
-Y error = 4.23851 mm. (0.42cm)
- Z error = 2.4918 mm. (0.25cm)

-GSD = 2.46 cm/pix

ANUIIANAIUARIALAA BUIINYDINIAIADY
LAY NILULUITIUBALLUIA

RMSEr = | RMSEx? +RMSEy?
= 0.50 cm.

RMSEz = 0.25 cm.

Wisuieudn RMSE 7ieuanlaiuinae
UINSFIUN Avualag 3an. 012033-22 wag
ASPRS \loa3UTuAMATNAINNABIVBIUNUTN

ATIVABUAUYNABIUTIUNLS 21NATWT 1
B.6 Mu11%9§1U ASPRS 2014

- GSD = 2.46 cm/pix
- A1 RMSEx Wag A1 RMSEy laitfiu 5.0 cm

- @1 RMSEr TaliAu 7.1 cm
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Fig. 4. GCP locations and error estimates.
Z error is represented by ellipse color. X,Y errors are represented by ellipse shape.
Estimated GCP locations are marked with a dot or crossing.

Count | X error (mm) | Y error (mm) | Z error (mm) | XY error (mm) | Total (mm)
8 1.82073 4.32596 3.11346 4.6935 5.63228

Table 4. Control points RMSE.
X - Easting, Y - Northing, Z - Altitude.

Count | X error (mm) | Y error (mm) | Z error (mm) | XY error (mm) | Total (mm)
3 2.74142 4.23851 2.4918 5.04781 5.62934

Table 5. Check points RMSE.
X - Easting, Y - Northing, Z - Altitude.

SUN 2 UARIAUAIALARBUTINYDIVLAAIUAN ANEY

M1919% 1 A1519 B.6 MUNATFIU ASPRS 2014 AIUYNABATIAUMU

Equivalent to Equiva
ASPRS
map scale in lent to
Horizontal Horizontal Accuracy | Approximate
Accuracy Class RMISE at the 95% GSD of ASPRS 1990 | ASPRS 1990 | map scale in
r
RMSEx and Confidence Level Source Class 1 Class 2 NMAS
RMSEy (cm) (cm) Imagery (cm)
0.63 0.9 1.5 0.30 to 0.63 1:25 1:12.5 1:16
1.25 1.8 3.1 0.63 to 1.25 1:50 1:25 1:32
2.5 35 6.1 1.25t0 25 1:100 1:50 1:63
5.0 7.1 12.2 25t0 5.0 1:200 1:100 1:127
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A15°99 2 B.5 M1UNIRSFIU ASPRS 2014 Mg dmsutuau

Commom Recommended Horizontal Orthoimage RMSEx and
Orthoimagery Accuracy Class RMSEx and RMSEy in terms of pixels Recommended use
Pixel Sizes RMSEy (cm)
<13 < 1-pixel Highest accuracy work
Standard Mapping and
2.5 2-pixels PPInS
GIS work
1.25 cm
Visualization and less
> 3.8 > 3-pixel
accurate work
<25 < 1-pixel Highest accuracy work
Standard Mapping and
5.0 2-pixels PP
25cm GIS work
Visualization and less
275 > 3-pixel
accurate work
<50 < 1-pixel Highest accuracy work
Standard Mapping and
10.0 2-pixels
5cm GIS work
Visualization and less
> 15.0 > 3-pixel
accurate work

ATIVADUANUNRUIZENTUTUIY 1NA1T
1 2 B.5 @uum3g11 ASPRS 2014

- A1 RMSEx Wag A1 RMSEy #esnin 2.5 cm

- WSgugunuwngl Highest accuracy
work Tuidasiu Inedaldgudutuainugneies

ATIVABUAUYNABINITEAU TUAI597 3
B.7 @uu1m3g1u ASPRS 2014

- A1 RMSEz 1a8n71 1.0 cm

- J1@A7 RMSE buf9is1891uuUSausiau
fFuwnaual Class 1 cm turleedu aedalugudy
FUAILYNABIAULIATIIY

4. WAN1SIY

nsfnuideatuivszauanudusaluns
Usggnaldiveluladeiniaeuliaudy iedar
grudoyaansaunadsi uiidmivaminede
FIUAWN (Frsn) wansaiuauainsaagy
anszdfalaedl

4.1 NANARLISNUNKAZSZAUAINNAZLDYN

MATEETONEARNUT AN E8085T593
LATLUUTIRRITEAUFUTUAY ffanuazisen
ULAUAY AU 2.46 wuRmsdefinia
Fenseumquituiidnuunnndt 300 Tsu (0.713
as19Rlang) nsEUIUNSIE A MENen19eInA

Fosonl vyey warany, N199RvgINTByad TaumAdmansTaIgeIN AL INLTAUTY NTEIANY) UNITNEITETINFAING

(Fav317n)



* @
dEIr

and Industrial Technology

UNAUIRY (Research Article)

NsmFImnssuLazmaluladgnavingsy aminerdeniidus I7 4 atuil 5 fugieu - ganeu 2569
Journal of Engineering and Industrial Technology, Kalasin University, Vol. 4 No. 5 September — October 2026

= =
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A15197 3 #1319 B.7 AUNINTFIU ASPRS 2014 FUITUAIAINNYNABINITEAU

Absolute Accuracy Relative Accuracy (where applicable)
Vertical RMSEz NVA at WVA at Within-Swath Swath-to- Swath-to-
Accuracy Non- 95% 95" Hard Surface Swath Non- Swath Non-
Class vegetated Confide Percentile | Repeatability (M Veg Terrain Veg Terrain
(cm) nce Level (cm) ax Diff) (RMSDz) (Max Diff)
(cm) (cm) (cm) (cm)
1-cm 1.0 2.0 3 0.6 0.8 1.6
2.5-cm 2.5 4.9 7.5 1.5 2 4
5-cm 5.0 9.8 15 3 a4 8
10-cm 10.0 19.6 30 6 8 16

4.2 AUYNABUYIAINUL (RMSE)

AINNIFIATIZITIA AU suLABUAU
PnTIERUdaTENlesdnNuYAENg U RU-07

o
P

NUINLAIANUARIALARDUNED AR

1) A1UQNABILUITIVU (RMSED): SAnvinfiy
0.50 LuALLAS

2) mmgﬂé’fmum?{q (RMSE2): m31ugnfas
LLmﬁaUszL:ﬁumﬂwawmaauqmmmaauﬁaﬁs
(Independent Checkpoints) 3143u 3 90 7i¥e¥n
fa81ms oS udyrainnaniien GNSS wuu RTK
9198 My AndngIu RU-07 baA1 RMSEZ Wiy
0.25 W@uRUAS (cm) (Veue?i A1 Residuals 109
GCPs $1uau 8 dildusunuudaes A RMSEz
WU 0.31 WwuRuns 3o 3.11 daduns) vl
A RMSEZ = 0.25 cm fisteanudunanisuszdiu
mmﬂmmm?{auLﬁjmﬁumﬂﬁmmwaauﬁaiz
wanizaa deldauiseasuiduaiiugndes
ﬂ’lauaﬂﬁmyjiﬁ (Absolute External Accuracy)

voaunuiinaueld Wesandosiiansananlsl
WUUDUYDINITTIIN (Measurement Uncertainty)
ABNIAININ LA TIUIURANTIVABUANLN L
UINTFIUTILAEY

(Y o < a
4.3 Uadgaudn LIAINTNAUALASNS ANY

UadudnAgyivilianddeilaainig gndes

Tuseaugs Ao

1) nsldmalulagnisseyinuagseudiumia
AILANITEUN AR AANYNADIIUEZN
lusgAuwuiiwmsuuusealngd (RTK) Alesdaiu
VA 1aNgIU RU-07 Allauunienegs

2) nsiden Yranarduiiyuuangandn 45

DA LINDANWNIAN NTTNUVDIDIAT

3) MG BaNA WIS USEUIaNaN I T N15a Y
WSUAIEAULDY bN 8USULANISITLABS NA DY
aelukazvindgymiusingnisalanuiaieu
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2890710 (Rolling Shutter Effect) 91nn& 891U
Non-metric yinlushwanauts masuntnues
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4) MIMMUAEIUTOUVBIN NGNS 80/75%
vl wadafiufinseasBeaiivuuiuanuse
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1) MsiSsuiisusuanuas snd i ui:
mu%’aﬁﬁmsﬁmummmmazL'S&Jmmmwuu
fiuAn(GSD) TilmnuaziBngeds 2.46 iwufiuns
RoNnga §9dualaunsanan1sana1nl
naeadsulunwIfg (RMSEZ) Tiwdawiias 0.25
Uil dedinuuusuiisanediviuldduen
T2AUE1989lUN1TATIAADUNITNIARIVBIBIANT
lusgavdadiuns ud1uIToves dana 361
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2) Wisuisudunsldannuau: siaded
T¥aanruauniafiufu 8 9nsrufumnyandng u
RU-07 WAE318911A 1 RMSE LUIf 4 0.25
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ANUARIALAA DUNIA A 47 Leuflung N3
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