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Abstract

This paper investigates the comparative positional accuracy

of Simultaneous Localization and Mapping (SLAM) technology

against Real-Time Kinematic (RTK) GNSS surveying and

conventional total station methods through detailed
topographic data acquisition. A total of 30 ground control points
were established, comprising 15 outdoor and 15 indoor
checkpoints. The surveying procedure commenced with the
establishment of a primary benchmark (BM1) referenced to the
Department of Lands’ Network Real-Time Kinematic (NRTK)
service. Subsequently, a secondary benchmark (BM2) was
surveyed using Radio RTK and employed as the reference point
for detailed checkpoint surveying. Both outdoor and indoor
checkpoints were measured using a total station, and their
three-dimensional coordinates were compared with those
derived from the SLAM system. Positional accuracy was assessed
based on the root mean square error (RMSE) values, and the
applicability of each surveying method was evaluated within
different environmental contexts. The results reveal that SLAM
achieved RMSE values of 0.023 meters in the horizontal (dxy)
and 0.019 meters in the vertical (dz) for indoor environments
and 0.018 meters in the horizontal (dxy) and 0.022 meters in the
vertical (dz) for outdoor environments, closely approximating
the accuracy levels obtained from GNSS and total station
measurements. These findings substantiate the potential of
SLAM technology as a viable surveying and mapping solution in
GNSS-denied  environments,  thereby  offering  significant
implications for advancing future geospatial data acquisition

methodologies.

Keywords: Simultaneous Localization and Mapping, 3D Point

Cloud, Real Time Kinematics
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Name Northing (m.) Easting (m.) |Elevation (m.)
BM1 1,534,657.093 660,403.502 3.131
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U 12 Fegadildann SLAM fisauizeues
5. Wan1sAnen

lun1snsIvdeuAIANgNABIveIlayaTIBasBuALUUANTA
(Point Cloud) Wil aLfisuruefifngansIadeu (Check Point) 715¢Tn
frendod Total Station wazn155e3ndieLAT e udY LA T BN
GNSS annsnagUnaldsil

5.1 anugnAesdoyaniglueins

AINTIVADUAINNNAINN1TTITRTIwazBanaulld Wisududs
zdamﬁﬁ'mmgmmq%aumaiummsﬁq 15 90 numAmALdouma
57U (dxy) fAn RMSE iU 0.023 1ims wazApanadeunan (dz)
$iA1 RMSE iy 0.019 wng %aag‘lul,ﬂm‘m‘mmmﬂmam‘%'aaiaLLas

WisuwinAuauLiug1 e AT URygIun ey GNSS
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A15197 3 MsLUTeuifisuAnugniesresteyaTeazidealuy 3 Jauay

o '

doyarfifiavsansavaauneluennis

Name dy(m.) dx(m.) dz(m.) dxy(m.)
CP1 -0.008 0.009 0.001 0.012
CP2 0.008 0.005 -0.005 0.009
CP3 -0.011 0.013 0.003 0.017
CPa 0.004 0.002 -0.006 0.005
CP5 0.021 0.001 0.013 0.021
CP6 -0.004 -0.005 -0.008 0.006
CP7 -0.025 -0.012 -0.016 0.028
CP8 0.002 0.017 -0.014 0.017
CP9 -0.01 0.035 0.002 0.037
CP10 0.019 0.004 -0.019 0.02
CP11 -0.013 -0.005 0.003 0.014
CP12 -0.029 -0.009 0.017 0.03
CP13 -0.016 0.037 -0.015 0.041
CP14 0.002 -0.006 -0.041 0.007
CP15 -0.005 0.001 0.009 0.005
RMSE 0.019 0.023

5.2 A1UgNADITRIAN1EUENIATT

N1395I9dUAINAAIINNTTIIRTIwazBnauild Wguiude
yarfitanyAnsIIeUNTBUBNDIANST 15 90 NUTIAIAMIALAGDY
119510 (dxy) SiFn RMSE wihffu 0.018 1503 wazApaIandeuniafs
(d2) 1A RMSE 1Ay 0022 lwns §s8snangluinasininsgiu
wazaaveuniadle

Foyaitldanmsfnumadsdamsailulfdudoyadiedave
gunsal SLAM 8ve CHC qu RS10 Tungdianlale Tnedunisdudu
UsyAvBnmuazamnn Sannsaaiadeyaideiuivienuuiug

a '

Weuwidunsseiameinssssudygrunauion GNss Fadudade

Y

drAgylunisasnnudesiuuazauionalaliiuglyld

b

= = = ' v v a an
A13790 4 ﬂ'liLiJ‘iEJUWlEJUﬂ']ﬂ’JT&JQﬂGIEN‘UEN‘UBHGSTHaSLBHWLLUU 3 URALaY

JoyaAinNANTINFEUN1EUBNBIANT

Name dy(m.) dx(m.) dz(m.) dxy(m.)
CPO1 -0.002 0.012 -0.028 0.012
CP02 -0.002 -0.003 -0.020 0.004
CP03 0.006 0.017 0.044 0.018
CP0O4 -0.02 -0.027 -0.031 0.033
CP0O5 -0.003 0.001 0.006 0.003
CP06 0.017 -0.029 -0.045 0.033
CPO7 -0.012 0.010 -0.035 0.016
CP08 0.007 0.001 0.003 0.007
CP0O9 0.022 0.007 -0.029 0.023
CPO10 -0.009 0.004 -0.027 0.01

CPO11 0.007 0.003 -0.035 0.008
CP0O12 0.003 0.003 0.039 0.004

CP0O13 -0.004 0.001 -0.026 0.005
CPO14 0.019 0.023 -0.005 0.03
CPO15 0.005 0.011 -0.051 0.012
RMSE 0.022 0.018

6. dsUunauazanusie

n3fnwil §ng Ussasd i o szifiuanugniosvesdaya
swaziBunanuiid (Point Cloud) Aldannmatia SLAM Tneldiaiasiie
SLAM il owlFeuriisuiudeyarifidinainnisieindiondesdisns
Total Station wazia3 095 ud ey AT oY GNSS Tneyiin1s
msuaaaUﬁ?TyaﬂW&ﬁ,uLLaznwuaﬂaw-msshuammmaau (Check Point)
7 15 ﬁmlul,l,m'azv‘v'ym‘/'i dmiunissainnielueiais nudien
ABIALAE BUNIITIU (dxy) A7 RMSE 111U 0.023 1UAT Wazan
AMALAABUMNAA (dz) Ff1 RMSE windu 0.019 was deyaiildeglu
wnasinvaUarenaissiowasdanuuiuguiiouwindunisiatade
w3psiudyanandion GNSS ludiuvesnisiaianieueneaians
ABIALAG BUNIITIU (dxy) A1 RMSE 111U 0.018 1UAT WazAn
AMALAABUMIAT (d2) SN RMSE Wity 0.022 wims Tsagluinasi

o

wnsgrukazailavonas ael o uliediy nan1s@nwidgudu

¥
a A

UsgdvSamuazauninvesnaila SLAM 1anansoasieteyaldail

D.

5 =

Afeausiuguiisuiiiunisiaiafie GNSS Seanansatrdeyad
Il dudeyaddaieaiuainsmnuiilalifugliiniediouas
Fmnsdriala

wan sAnwsd lidudadnenimvosnaia SLAM Tunisadn
Foyameavdunauifninnugnioags wiluiuiianelusasaneuen
91A13 N157i AratalAd ousglussduleuiwnsuazlndiAssty
UINIFIUNVBINITTITAAE GNSS waz Total Station uandliiiuds
mnuwiuguasandeiioveuniadle SLAM daiiderlusuaiy
sduazanvazanlunsiivieyaiiosuiuisnssaiauuy
fadu wonaninsiinemsfinussyitnnuaamaedounisuas
manseglunasiinasgu Sadunstuduinnisimeda SLAM snld

v o

Tun1sdsawardaviuruiaudfiduniadenifuszdnsan
Tnsamzlufiufididesriadunainaznisdifs n1sld sLAM e
ansvezaTluNTETasinUsEANS A svhaulagldanneu
ANUYNADIVDITDYA
Tnensanwasednnanauideilndidestufie nuidoves
Shuran Zheng wavaniz tenagauaruanad euludnvasiiu
wumsuuauu Tnedusaanuminendedusniiad (UNSW) ludsan
Woegd nduTundugs UNSW W oaaunui nuuluudoya
aada '

wazdunauiin 3 dAfidanuuiudgednvasdoyaduniuwu,

¥ .

Wuma [7] winasanwiduwuueians sgrelsinnunlsiinisdnuise
gonluUsEIAUANS 9 19U M3Useiulssansninues SLAM luiiunngd
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