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ABSTRACT

This study aimed to compare the vertical accuracy of digital surface models (DSMs) produced from unmanned aerial vehicle (UAV)
photogrammetry using vertical ground control points calculated from local and global geoid models. The local geoid model applied
was the Thailand Geoid Model 2017 (TGM2017), whereas the global geoid models used were EGM96 and EGM2008. This
research was conducted within the context of preliminary highway engineering design, scrutinizing the accuracy across two

distinctive terrains located in the Northeastern region of Thailand: (1) a gently sloping area situated in the Faculty of Engineering
at Khon Kaen University, Khon Kaen Province, and (2) a mountainous slope located in the residential area of Chulabhorn Dam,

Chaiyaphum Province. Ground control points were created by measuring using the static Global Navigation Satellite System (Static
GNSS) method, complemented with network adjustment processing. At the same time, verification data were obtained from

conventional topographic surveying. After processing UAV-derived imagery using each geoid model, the vertical accuracy of the
DSMs and their resolution were evaluated. The study discovered noticeable differences in vertical accuracy dimensions between
DSMs generated using TGM2017, EGM96, and EGM2008. Notably, at a 95 percent confidence level, the vertical accuracy of
DSMs derived from TGM2017 did not exceed +/- 0.5 meters, while EGM96 and EGM2008 exceeded +/- 1.0 meters. These results
demonstrated that DSMs using control points created from the TGM2017 model meet the vertical accuracy requirements for
preliminary highway engineering design in the construction industry. The findings from this study provide invaluable insights into
GNSS, photogrammetric surveying, and highway engineering. By emphasizing the superior performance of TGM2017 in UAV

photogrammetry for preliminary highway design, it revealed the need for highly accurate local geoid models. These can help
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produce reliable and precise DSMs, sufficiently suitable for engineering projects that demand accurate positional data.
Furthermore, this study underscores the need for continual refinement of UAV-based terrain mapping methods to keep up with
improving construction industry standards amidst evolving technology.

KEYWORDS: Geoid model; Static GNSS; GNSS network processing; Digital surface model
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Misclosure Loop Loop Misclosure
Loop Error Length Error Accuracy Ratio
(m.) (m.) (PPM)
GNSS00 ENO1 EN10 +0.003 278.846 9.0 1/110,000
GNSS00 ENO02 ENO3 +0.003 559.428 6.0 1/167,000
GNSS00 ENO0O4 ENOS5 +0.002 828.141 3.0 1/336,000
GNSS00 ENO7 ENO09 +0.005 531.324 9.2 1/108,000
GNSS00 ENO06 ENOS8 +0.004 806.345 4.6 1/217,000

v ¥y H
9519 2 aﬁJ’t‘)JJﬁ Loops and Misclosures maanﬂmuﬂwﬁuwguﬂﬁ:mﬂmwuuugm

U

Misclosure Loop Loop Misclosure
Loop Error Length Error Accuracy Ratio
(m.) (m.) (PPM)
GPS35555 A01 BO1 +0.010 3824.201 2.5 1/404,000
GPS35555 A02 B02 +0.000 3534.305 0.1 1/7,379,000
GPS35555 A03 B03 +0.012 3188.397 3.9 1/257,000
GPS35555 A04 B04 +0.012 3232.374 3.8 1/263,000
GPS35555 A05 BO5 +0.010 2699.974 3.8 1/263,000
GPS35555 A06 B06 +0.001 2659.186 0.5 1/1,857,000
GPS35555 A07 B07 +0.003 2641.329 1.0 1/992,000
GPS35555 A08 B08 +0.001 2608.699 0.3 1/3,782,000
GPS35555 A09 B09 +0.010 3121.766 3.1 1/323,000
GPS35555 Al0 B10 +0.002 2836.860 0.7 1/1,514,000
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Accuracy | Accuracy Accuracy Accuracy Accuracy Accuracy

GCP Horizontal | Vertical GCP Horizontal Vertical GCP Horizontal Vertical
(m.) (m.) (m.) (m.) (m.) (m.)
ENO1 0.003 0.006 A0l 0.010 0.019 BO1 0.010 0.019
ENO02 0.003 0.006 A02 0.001 0.002 B02 0.001 0.002
ENO03 0.003 0.006 A03 0.012 0.025 B03 0.012 0.025
EN04 0.002 0.004 A04 0.012 0.025 B04 0.012 0.025
ENO5 0.002 0.004 A05 0.010 0.021 BOS 0.010 0.021
ENO06 0.004 0.008 A06 0.001 0.003 B06 0.001 0.003
ENO7 0.005 0.010 A07 0.003 0.005 B07 0.003 0.005
ENOS8 0.004 0.008 A08 0.001 0.002 BO8 0.001 0.002
ENO09 0.005 0.010 A09 0.010 0.019 B09 0.010 0.019
ENI10 0.003 0.006 Al0 0.002 0.004 BI10 0.002 0.004

) o d a v ]
5.2 GuaHawaawﬁmi1J§xmmﬂamgnmmmmummn

a J = Y o = Y zﬁ‘ ~ 1aA A @ Y A 1
Gluﬂﬁ"ll,ﬂi']g“m‘ﬂdifJ'UL‘V]EJ’UUlﬂ‘VHﬂ']iLa’f]ﬂ!L‘Ll’]Lﬁu‘W‘Llﬂ‘Ll‘Ll‘V]lliJiJ’GNﬂﬂ"’lJ’]'NiJTU@HN%WﬂQWHMHL‘W@’dﬂﬂWﬂ’NMﬂaWH

A

Yy A o a PRI o ° X a v o A a Yo
Lﬂaﬂuch’iuﬂﬂ‘ﬂf:fﬂshﬂlﬂ']iu'lll'l']mi']314ﬂW]Nigﬂﬂﬂ'J']iJ'S;NLLH']fJ'l']i]'lﬂ!L‘]J°1Ji]']afNW“LlN?igﬂﬂﬂﬂllwuﬂﬂ"ﬂﬂimﬂﬁ Tﬂﬂllﬂ‘ﬂ']

Y '
A A

A 9 [ A 9 a 4 o 1 A Ay v = [ a
msdenuuaduNuRsuIvaz 3 tunfeuundy uaaslugii s wohannausun lanSsufeusulugluuuvewmugl
Y o { 1 {
dudauaalugili 6 nazuansrfseungnluaisan 3

k4

2 ) : = 4 o w = a 9 A A a
NI NN 4 mauﬁam‘sm‘ﬂamsumﬂmfuﬂammaaummammaammﬁEmmsmmamumaummnﬂlmwumnﬂizmﬁm@

Peazgilsmamasuuug

ilszna TGM2017 (m) | EGM2008 (m.) EGM96 (m.)
A1ABE +0.206 +0.965 +1.075
AMAFUVUYIV +0.332 +1.210 +1.470
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