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Referencing of UAV point cloud with TLS point cloud for excavation surveying

in Mae Moh Open-pit Coal Mine
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Abstract

Electricity Generating Authority of Thailand (EGAT) Mae Moh

mine uses the terrestrial laser scanner (TLS) for excavation

volume determination. About 2 million sgm of complex and
large terrain are scanned each month. The TLS needs a lot of
scanning position for quality data and takes so much operation
times, which enforces the excavation to stop for longer time and
lower the production rate. Enrichment the data with the
unmanned aerial vehicle (UAV) is an interesting solution, but the
accuracy of the UAV is terrible, which can be resolved with fair
amount of ground control point (GCP) covering the target area.
However, the GCP preparing in Mae Moh mine is a time-
consuming work, that cause the surveying process to be more
complicate and doesn’t significantly reduce the working time.
Because of these, using UAV with GCP is impractical for us.
Hence, we tried to reference UAV point cloud with TLS point
cloud as control point. The results revealed the height
difference between UAV and TLS surface, which provide the
average difference of 0.023 m. and the standard deviation of
0.013 m. This amount of difference is in acceptable range, in

this way, the determination of excavation volume can be rapidly

done and can achieve the best result.

Keywords: Terrestrial laser scanner, Unmanned aerial vehicle,
Excavation volume determination, Mae Moh mine
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Water degrade the reflectivity
,which depend on the wavelength.
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a$19970 TLS wazdrunasaduiiulafasieann VAV agslsiinnu
ieann TLS udeyagiivsznaldliasudiusin UAV Aedvesis
JzdafiasuLienianzdiuiToyaannisaesgunsaiiinmunin

dayaniiiiguiuinmwinilieuliigy
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Volume

=""B
Ref. Volume «

|
4

SUR 16 n1sAMUSIINSIAYY

L} ]

WURIIN TLS Uag UAV 9nAuinUTunnsya-yuiuiiuiinagy
(Initial) duifeniu wargnuuIMIANLANA1ENIUTURSTLA
TgUsunsfiduanmniiuis TLS foinduadedenifinnnugnsies

= a o o A
UINYALLRYANITATUIUAINITIN 1

A19°99 1 USASYRTURINiuRa TLS way UAV

L Y3unsyau ey Initial
uas A (m?)
TLS UAV (TLS as ref.)

1 101,720 291,132 293,024
2 89,920 58,881 57,469
3 4,989 2,321 2,318
4 100,754 122,689 125,847
5 463,819 2,218,608 2,207,987
6 287,915 1,088,481 1,080,738
8 4,989 2,318 2,321
9 100,754 125,847 122,689
10 463,819 2,207,987 2,218,608
11 287915 1,080,738 1,088,481
13 19,752 18,815 18,255
14 10,747 30,005 29,646
16 53,184 136,901 135,033

17 30,395 215,360 215978
18 24,246 119,236 118,854
19 10,087 49,894 50,394
20 8,219 27,089 26,825
21 56,364 267,077 266,702
22 9,365 3,701 3,319
23 72,291 125,414 123,206
24 6,613 8,682 8,359
25 28,842 12,572 11,873
26 63,002 217,425 216,249
27 13,683 21,921 21,826
28 36,189 26,979 26,814
29 126,355 359,322 363,614
30 335,765 1,087,749 1,095,722
31 131,084 566,483 566,593
32 131,129 669,559 666,241
sAunnuUag 3,073,906 11,163,186 11,164,985

4. WANTSIVYWATIATICING

v v o

NATUTEIIARAUT B UTIEUTaYan1539Tn U 32 uuaq
WUI1A1517 point cloud 310 UAV 118139AAA A8 point cloud
910 TLS Lﬁaa%'wﬁuﬁaLLaz‘vi"lmiﬁwmmﬂ%‘mmw—w T au
wanAsaINUSIRsenedeiilaann TLS Weseghaiien Tnseds 2.3
WuRAS §A1N1515¥318 (Standard Deviation: SD) 1.3 lwuALuAS
Tagilautasdi UAV dunalldannniuasiiosnin TLS fudlewlouiu

nausinugnAesiingandmiunseinlumilosiung [4]

Avsims

AVIUFT NN NIEANY g0 = ( ) < 5 oudiumy (7
Aouvas

i
Adssms

: ) < 3 wudumsy 8)
394

APWANNNIEAY = ( —
WU

A157199 2 wanSUSBUBUUSUIRSIERINGLRY TLS way UAV

AUBANAI
wuag
U31195 (m®) A3E6U (M) %
1 1,892 0.019 0.650
2 -1,412 -0.016 -2.398
3 -3 -0.001 -0.129
4 3,158 0.031 2574
5 -10,621 -0.023 -0.479
6 -7,743 -0.027 -0.711
8 3 0.001 0.129
9 -3,158 -0.031 -2.509
10 10,621 0.023 0.481
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11 7,743 0.027 0.716
13 -560 -0.028 -2.976
14 -359 -0.033 -1.196
16 -1,868 -0.035 -1.364
17 618 0.020 0.287
18 -382 -0.016 -0.320
19 500 0.050 1.002
20 -264 -0.032 -0.975
21 -375 -0.007 -0.140
22 -382 -0.041 -10.322
23 -2,208 -0.031 -1.761
24 -323 -0.049 -3.720
25 -699 -0.024 -5.560
26 -1,176 -0.019 -0.541
27 -95 -0.007 -0.433
28 -165 -0.005 -0.612
29 4,292 0.034 1.194
30 7973 0.024 0.733
31 110 0.001 0.019
32 -3,318 -0.025 -0.496
saunnuvas 1,799 0.001 0.016

nuusazilamagauiiailainiy 5 wuiiwes Wethusunsuas
& & o | A | a a ~ |
NulagsamanAwIunuIdia iy 3 wuiuns nedanuuanmig
Wige 1 Jadwns 9ndSunsnan 11 814 av.dl. feuunsden UAV
uldlun1sseinudumnslaalald GCP weld point cloud a1n TLS Tu

o

Asesaainm Fadlanudululdnazaruisaldluwiiealungld

31J1‘7i 17 99U0AT09 TLS wag UAV

WIHAINNWITE TR VAT UAV anansathunbesainusung

SNy o W

Iereutnafiuszansatn us UAV weaffidedniinlunisseingiuseine

Adntgauuulaadi 1wy ninuresaiasdng bucket wheel @4

o

anafiyaveavilideyaldanysal Tuvaieaiu TLS Addedialy

X Ao & 1% o XA ! & o
ANFABNUNUN AN BULLTUTBIUN N NIDWUNNFININYAAY TLS v

q

Tideadroiundsannududiuiugin wazeravilildauisaify

Joyalansuiuui

TLS diauiiedr hida
HOIN NI IWMTAUAVUUNIATUINEIN

3U# 18 n15th point cloud 910 UAV anldluauisinusnas

nazgnamnlfinmizyaiiuea

wazfausiinUsnmsves UAV aglndifiesiu TLS iuiiwelaus
\esnmilesuiunsdafiodoya TLS iWundn lumsufoandeann
¥n15a3a point cloud wda aviliiesiuiives TLS Midudesdns
Wil point cloud 910 UAV gnidenunldy Fohlfanurainmdou

antiesastludn wardwmalimuiagiivsswaiinugnieaniuniny

2, a a X
LUTwNNEIu

ANABIMINIANNITA

UM 19 Amnwanssavesiuingivssmalelidoyann UAV alduayu
a o
5. @gunani19ive

ANK. WD LUNEABIN1SIA NUSEANS A1wn1svausedn

USuns TnetaSesiienldidundn Ae TLS Fafidedinlunisawny

¥
A A

a v o a do v o
WUNUILIUNIN LLﬁ%MﬁﬂHﬂJ%QNUiZLMﬂW%U%@U N15ULD1 UAV U1

v o

Fafasaudradunmadenduiaula win15119 GCP fArnugen

Wesnnumiiowdlauialuguazidunisneluvemile sudeu s1nse

o
a2

AU WunisiinanseausarldnaiuinnIfisiay Snvieainy

o
o

gnipwa3unsiilaain UAV dueuioueulild anideddld
1314 point cloud 910 TLS sdudeyadiedslunisnia point

cloud 970 UAV Wnun1sasen g GCP

v o
v o o

87l4n15597me8 UAV wainseafinngmeie TLS tuauidediu

]

=

LifigansoTnquuninaudmsuldiduganageu (Check Point) 3

)
ausansuigenugnaedludaliuins dunnugndesuds
UV L8997N point cloud vBd UAV gnéaleariudn point cloud

v
o o

¥83 TLS Nazdifiinyansiasesdnlessie GNSS RTK anvinis lagit
naun1sANluUusIinynAse 1ATeY GNSS Azgnivinasuiisuuu
nyanang unthdinnuiagdesdianuaaiandoudinumiieg

Tunauein bl uannnseureIn1sYaIuYae GNSS Tua1un1ssedin
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d1579 [27] ilWanansamamaneanugndeadiundsldiiu 5
a A a1 o da a P

\wuFlAT (BallAnnnBalinugndesge)
HaRlANUINANULANATTENINUTUINTTOS TLS waz UAV lag

a a = | = A v a o '

1wde 2.3 lwuRung JelgmdunidafineAAaliRLLANA1w110

115919V LAT 039N5T W uRaeaIat viliuiigadnig

Wasuulas vligunsalivaewiudeyalduanssiulundiyn

va o

Aanan Fagidelavinsdauwendeyauiiiaminnudnaiiesnli

U
v

wniian BnviannuaziBeatesan point cloud firoutaunnsaiy
vosgUnsaiifsans Tas TLS fin1slTnunnruazidonnisaunuid
wanuate Uszneuiusverlunisaunuinliszesvinsvesyaly
aiauoiu yuilufsgauenves TLS vilisidestniuu point cloud
Tuwais?t UAV finszuaunis point cloud densification viituiiaves
Qﬂﬂiﬂiﬂ/’?ﬂﬁ@ﬁﬁﬁmmLm%hﬁﬁ’mﬂunmﬁu danasion1sAIuIY
Wisuidley uinszdumnuuandnafidieglutasmiunainindoudi
wilesushanzeensulildnuld (4] Bnsinugduuuiiazdasling
%’ﬂi’ﬂﬂ%mmﬁﬂqmﬁuuauLLazdwuﬁuﬁm%aLLazaugifﬂfﬁuaﬂNmm

v v

oglsfmunuifodistudunsinendoyaionuavenis
aunudae TLS wldlesBarioun Tunuidedusioly asiiendoya
910 TLS wldlunisnssudiisunsdauindy tileandiuaunsi
TLS wisdudesiinnesisnaugalunisda TLS anumuiuiuves
AIINNITAUNY FNYULNITNTLINYAIVBIIAIINNITARNY AL
AspUARUtLTItosTignuasnIsauny ilemamvnzaniigad iy

Idn3etoya UAV 16 Tnglidndudosdis TLS nanesunis uifidans

vilsirsuanenedseglunasineensuld
AnAnssuUsznA

middedlFsunmsatuayueiosodsaninau reviumes
wazlusunsudszananannmsiwidendnuiasemelng wagldsu
AUTINTDIINYARINTUNUNTTIRmTY NN URNT Hre
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muingusvasd anzdnvhidedmeveunszaanluegaas
v a
LDNH1991984

[1] VYurtseven, H. (2019). Comparison of GNSS-, TLS- and
Different Altitude UAV-Generated Datasets on the Basis of
Spatial Differences. ISPRS Int. J. Geo-Inf, 8(4), 175.

[2] Son, S.W. et al. (2020). Integrating UAV and TLS Approaches
for Environmental Management: A Case Study of a Waste
Stockpile Area. Remote Sens, 12, 1615.

(3] 33nud nosrh (2564). Wisuisunsiaiadiemuinysuns
fendenawesaununeiuRuwazrernreulfauduluiui
wioaiing Jswind1une. n1sUszyuIvInsimnssules
W@ Aded 26, s¥99, 23-25 Aquieu 2564, Wi 1434 -
1440.

(4]

—
—
(=]

=

[11

—

[13]

[15]

SGI10-9

3605, Wiswa sety (2564). lassnImsavaeuanugndesly
nsdsafeiaiiomuTuasyavuiunufiuanugniees
vinnUANUTRImTT W iuN LA M Aamunsiadeush
209 UAUUS AT UT 7 1AW (Third Party) AS 7 1/2564.
wIneaedadlng wi 7.

Aber, J., Marzolff, |. and Ries, J.B. (2016). Small Format
Aerial Photography: Principles, Techniques and Geoscience
Applications. Elsevier, pp.394.

Suchocki, C. (2020). Comparison of Time- of-Flight and
Phase- Shift TLS Intensity Data for the Diagnostics
Measurements of Buildings. Materials, 13(2), pp.1-18.
Weixing, W. (2014). Applications of terrestrial laser scanning
for tunnels: a review. Journal of Traffic and Transportation
Engineering, 1, pp.325-337.

Wehr, A., Lohr, U. (1999). Airborne laser scanning-an
introduction and  overview. ISPRS  Journal  of
Photogrammetry and Remote Sensing, 54, pp.68-82

Payne, A. et al. (2009). Multiple frequency range imaging to
remove measurement ambiguity. Conference on Optical 3-
D Measurement Techniques, Vienna, Austria, 1-3 July 2009,
pp.139-148.

San José, A. etal. (2011). Comparing time- of-flight and
phase-shift. The survey of the royal pantheon in the Basilica
of San Isidoro (Leon). ISPRS, 4th, Trento, Italy, 2-4 March
2011, pp.377-385

Jaboyedoff, M. A. et al. (2012). Use of LIDAR in landslide
investigations: a review. Nat Hazards, 61, pp.5-28

Marion, J. et al. (2017). Adequacy of pseudo-direct
georeferencing of terrestrial laser scanning data for coastal
landscape surveying against indirect georeferencing.
European Journal of Remote Sensing, 50:1, pp.155-165.
Aysar, A. etal. (2012). Establishment oF 3D Model With
Digital Non-Metric Camera in Close Range Photogrammetry.
Master. Thesis, Ministry of Higher Efucation & Scientific
Research University of Technology, Iraq.

Chee Ming, L. (2010). Fusion of optical and terrestrial laser
scanner data. Canadian Geomatics Conference, Calgary,
Canada, 15-18 June 2010, pp.156-161.

Zhang, J. (2018). Measurement of Unmanned Aerial Vehicle
Attitude Angles Based on a Single Captured Image. Sensors,
18(8), 2655.

Verhoeven, G. (2011). Taking computer vision aloft -

archaeological three- dimensional reconstructions from



N13UTEYNIVINTIANITTUTESWMAIVIR ATeN 27

E Sufl 24-26 FvinAu 2565 9.4T89518

The 27t National Convention on Civil Engineering

August 24-26, 2022, Chiang Rai, THAILAND

(21]

aerial photographs with photoscan.  Archaeological
Prospection, 18(1), pp.67-73.

Basant, A. et al. (2019). Analyzing The Effect of Distribution
Pattern & Number of GCPs on Overall Accuracy of UAV
Photogrammetry Results. Unmanned Aerial System in
Geomatics, Roorkee, India, 06-07 April 2019, pp.339-354.
Mona, F. (2010). Point cloud densification. Master. Thesis,
Umed University, Sweden.

Gm. (2016, November 14). OPALS - Orientation and
Processing of Airborne Laser Scanning data, Retrieved from
https://opals.geo.tuwien.ac.at/html/stable/ModuleDSM. ht
ml

Silvester, S. et al. (2019). Geometric Accuracy Assessments
of  Orthophoto  Production  from  UAV  Aerial.
Imagesinternational Conference on Geodesy, Geomatics,
and Land Administration, Semarang, Indonesia, 24-25 July
2019, pp.333-344.

Mehad, H. et al. (2018). Towards Automated Generation of
True Orthoimages for Urban Areas. American Journal of
Geographic Information System, 7(2), pp.67-74.

Yi-Chun, T. et al. (2021). New Orthophoto Generation
Strategies from UAV and Ground Remote Sensing Platforms
for High-Throughput Phenotyping. Remote Sensing, 13(5),
860.

Yayavs 120311 (2560). MsUszifiumugndesuasnisiein
WioyUTuasugavunihAuwezauiuuInumiesd iy,
FeEanssuaansuIt e, Tne1gnus, un1Tnende
Jeglul \Wealugd

Lefu, N., Nokwe, V. (2020). Use of laser scanner technology
as part of the slope stability risk management strategy at
Letseng diamond mine. International Symposium on Slope
Stability in Open Pit Mining and Civil Engineering, Perth,
Australia, 12-14 May 2020, pp.241-254.

Trimble Navigation Limited (2013). Trimble R10 GNSS
SYSTEM datasheet.

Wingtra AG (2018). WingtraOne Technical Specification
Sheet.

Zilkoski, D. et al. (1997). Guidelines for Establishing GPS-
Derived Ellipsoidal Heights [standard: 2 cm and 5 cml].
National Geodetic Survey, Rockville, MD, pp.10.

SGI10-10



