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Accuracy Assessment of UAV-LiDAR in Areas Prone to
Large-Scale Landslides

Meng-Shan Wul'"  Kuo-Wei Chen? Yu-Po Lin @ Wei Li'"! Dong-Yan Wu®!

ABSTRACT High-precision and high-resolution digital terrain model data are crucial for the investigation and in-
terpretation of terrain characteristics in large-scale landslide prone areas. However, dense vegetation in Taiwan’s moun-
tainous areas hinders direct interpretation of surface features. Because of its ability to capture multiple returns and filter
out vegetation, light detection and ranging (LiDAR) technology is commonly used in mountainous terrain surveys.
Unmanned aerial vehicles, which feature high maneuverability, increased payload capacity, and allowance for low
flight altitude, can be combined with position and orientation systems and lightweight LIDAR technology to efficiently
and rapidly acquire spatial data. This technique is particularly suitable for surveying difficult-to-access mountainous
areas. In this study, an unmanned aerial vehicle LiDAR system, called lair X3-H, was used to survey large-scale land-
slide prone areas in Youyelin (Meishan Township) and Leye (Alishan Township), Chiayi County, Taiwan. The surveys
were conducted at a flight altitude of 80 m above ground level, with a lateral overlap of >50% and a cross-flight plan.
To evaluate the accuracy and error of the point cloud data, the flight line adjustments and point density were examined.
In Leye for example, checkpoint verification of point cloud data revealed root mean square error values of 6.68 hori-
zontally and 6.23 cm vertically. Comparisons of point cloud thickness with high-precision terrestrial LIDAR revealed
a precision of approximately +5 cm.

Key Words: UAV-LiDAR, digital elevation model, large-scale landslide, point cloud
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Fig.3 Workflow of UAV-LiDAR survey
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Fig.6 Field operations of VBS-RTK survey
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BT 7 M NG G 0 FRRL A AR E = A A
M (&l 8) -
(3) BEEHPIEAERIE (Trajectory Alignment) : Z 7T
71 A LZE(Greenvalley LiAir X3-H)FR4&
Table 1 Specification of UAV-LiDAR

BRI TRATE ™ 2SR iRrEER - U AT RErF
FERTRESA L BaR A2 - BT TN P RO R AT R
2RI > B EATAZE R A -

HEesidH THH Rt
e A Greenvalley LiAir X3-H
%aﬁﬁg L2581
{E3E =% (AGL) 1208 R
% %
REER 120m 0 307 e
FEE A 4.5°
KR 70.4°
TERERE -20°~+50° C
5 %% & (Precision) 5cm
SHANPESEIR 5~10m/s
BEARR 720,000 points/s
F2 EBAKGEEMEUEETIMUERE
Table 2 Specification of inertial measurement Unit
GNSSZ4: GPS - GLONASS - BeiDou WL KIS (heading) 0.038°
FREERERE (roll & pitch) 0.008° MU BEER 200HZ

7 EACGESIMAER
Fig.7 Trajectory process of UAV-LiDAR

8 MAMOLERERE
Fig.8 Computation of point cloud of UAV-LiDAR
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1. BREMBEERER

AR BB S A 2 SEAE IR SRR 22 AT
%19 A7 (root-mean-square error’ RMSE) #17% 3 o
SEEBIGHIRERHE 2.9~4.9 A5y -

2. BRBHRE

AUITFE{SE F S o e e 2 B SR AR RO NI SR 52
AT BT 221% > FYERAe AU FIRAL AR - J0E
HEE58E (Intensity) BURAERCHE ORFEE  FUREL
SRTAART L > HETTREEC BT - P E A R TG
EAERR > IR 4~ RS EREUR R EFEER- LT
-TO01 f@fZh N~ E ~ H J5 [R5 fRERZ 5171 B 10.37 ~ 10.46 »
547 351 > FEEAPTERIIEE-DO0T fi%E: N ~ E ~ H 7S
TIMREAZZ ST By 2.98 ~ 5.97 ~ 6.23 25} o WIS FRA-FTH
&3 BAEMATERRE
Table 3 RMSE of point cloud after alignment

LLI%E-DO01 /KPR A s2 M-t LLIA-TO01 /N&T 4.5 2%
oyl k> EREIEZ RSB A R saseib-f S
HF-DO0T AFitEHF 28 HI XA LLATAE S - TR T 50x50
DR Fy 60%60 2377 » MR RS SRZ > FTHIRE RATR
WilE 8 Fr > NI BIRTE S T WY - LRk P
/) > FTHIRE R SRR IEIE K RMS Fy 6.68 24007 ~ /&
T2 RMS &5 6.23 N4 »

3. EhEHEIREZZE (precision)

"HEEIE (precision) | FyEUHMEAM AR Btk (ERIC,
2013) - FEBEEE 7 R Ry BE SR EER G R - K 2B A
BRI PRI R RS E R fy Smm 2
M FOEE Rigel VZ-1000 - FYE RS SRR P R 2 e T
R (RO IR MRS - JImELEnE 8 » &
WAZEER A 2 I A B E R B E 3 +-5 A7
E o

2R MGLLIAD-T001 Before Alignment After Alignment 22582 ] B ([45-D001 Before Alignment After Alignment
SN RMSE(m) RMSE(m) EESN RMSE(m) RMSE(m)

2024-06-19-00-54-35-H 0.062 0.049 P1-A-2024-10-09-04-23-24 0.041 0.029
2024-06-19-06-13-51-H 0.055 0.040 P1-A-2024-10-10-02-54-54 0.053 0.040
2024-06-24-22-14-49-H 0.045 0.035 P1-A-2024-10-15-00-46-08 0.054 0.042
2024-06-24-23-09-48-H 0.039 0.029 P1-B-2024-10-10-03-57-37 0.049 0.038
2024-06-25-00-25-05-H 0.040 0.029 P1-B-2024-10-10-04-22-00 0.048 0.036
2024-06-25-01-05-16-H 0.039 0.028 P1-B-2024-10-15-01-24-48 0.053 0.038
2024-06-25-01-27-01-H 0.050 0.031 P2-A-2024-10-08-01-32-10 0.046 0.036
2024-06-25-22-16-12-V 0.035 0.027 P2-B-2024-10-08-02-52-17 0.050 0.038
2024-06-26-00-17-35-V 0.045 0.031 P3-A-2024-10-10-00-58-23 0.051 0.038
2024-06-26-01-17-13-V 0.042 0.033 P3-A-2024-10-10-01-53-31 0.045 0.036
2024-06-27-01-05-15-V 0.047 0.033 P3-B-2024-10-14-22-33-15 0.054 0.040

- - - P4-A-2024-10-09-00-27-42 0.047 0.034

- - - P4-B-2024-10-09-01-09-21 0.046 0.032

&4 EARSERTRBERER - BRMR-BILUEE-TO01 (ANZEM)
Table 4 Check Point Error of UAV-LiDAR at Chiayi County-Meishan Township-T001(You-Ye-Lin)

. FEHIBEEHI(BEAL © M) UAV-LiDAR w852 (B om)
R HEAAfE (N) e (BE)  IEE (H)  4efE (N) tEAsf® (E)  1F& (H) N-error  E-error horizontal error vertical error
YCO01  2604367.993 216016.968  1093.261 2604368.078 216017.025  1093.197 5.75 10.26 6.40
YC02  2604500.412 216635.133  1178.071 2604500.455 216635.255  1178.129 4.35 12.25 13.00 5.80
YCO03 2604305318 216644.62 1107.273  2604305.242 216644.531 1107.245 8.90 11.70 2.75
YC04  2604119.143 216000.878  1041.291 2604119.153 216000917  1041.229 3.95 4.07 6.20
YCO05  2603981.859 216525.663  1036.896  2603981.924 216525.582  1036.869 8.05 10.38 2.70
YCO06  2604219.498 216922.697  1057.166  2604219.594 216922.897  1057.143 20.00 22.21 2.30
YCO07  2604021.797 215886.31 1023.686 2604021.9 215886.454  1023.678 10.30 14.40 17.70 0.75
YCO08  2603790.380 216282.849 986.120 2603790.559 216282.774 986.025 17.95 7.50 19.45 9.45
YC09  2603760.151 216640.007 969.186 2603760.32 216639.916 969.213 16.90 9.05 19.17 2.75
YCI0  2603921.125 216995.958 967.249 2603921.212 216995.934 967.166 2.35 9.01 8.30
o qu’:ﬁ;\%y:‘;: 9.22 13.70 4.74
IR ERZE(RMSE) 10.37 10.46 14.73 5.47
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7 5 AN ERTRBERER + BRM-FIE I L4E-D001(85F)
Table 5 Check Point Error of UAV-LiDAR at Chiayi County-Alishan Township-DOO1(Leye)

wege eI ENERAL © M) UAV-LiDAR FAFE(AL * cm)
HEALFE(N) T 2L (E) EEMH) HEALFE(N) T 2L (E) IE=(MH)  N-error  E-error horizontal error vertical error

LCO1 2597332.755 219385.764 1480.47 2597332.724 219385.681 1480.459 3.10 8.30 8.86 1.10
LC02a 2597218.012 219931.88 1525.96 2597217.97 219931.858 1525.938 4.20 2.20 4.74 2.20
LCO03 2596877.697 219486.927 1381.214 2596877.713 219486.939 1381.184 1.60 1.20 2.00 2.95
LCO05 2596416.838 219309.681 1215.558 2596416.804 219309.605 1215.542 3.35 7.60 8.31 1.60
LCO06 2596395.212 219622.281 1250.49 2596395.23 219622.348 1250.623 1.85 6.75 7.00 13.30
T~ I(Z:;;:j%%??: 2.82 5.21 6.18 423
T RERZZ(RMSE) 2.98 5.97 6.68 6.23

MR ¢ R-PTELILAR-DO01 (S4ET)

9 REAEBHEHEPRNHER
Fig.9 Identification Difference of UAV LiDAR ground control marks in pointclound
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Fig.10 precision of UAV LiDAR pointclound in this study
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&6 FTARKRMERERE - ERR-1LE-TO01 (LDEH)
Table 6 Density of pointclound : Chiayi County-Meishan Township-T001(You-Ye-Lin)

B FANME  WEREER  RERBHE wEp DA, TEREE RN
YYL 01 106,540,524 1,419,484 Y 1.3% 25,182 4,231 56
YYL 02 134,123,190 3,711,179 Y 2.8% 39,222 3,420 95
YYL 03 177,432,469 3,595,734 Y 2.0% 68,071 2,607 53
YYL 05 48,479,955 1,302,456 N 2.7% 17,329 2,798 75
YYL 06 222,883,557 9,009,182 N 4.0% 121,421 1,836 74
YYL 07 233,030,069 10,008,960 N 4.3% 124,000 1,879 81
YYL 08 210,147,399 8,361,266 N 4.0% 124,000 1,695 67
YYL 09 180,010,401 2,833,618 N 1.6% 58,448 3,080 48
YYL 10 53,841,553 1,056,287 N 2.0% 17,391 3,096 61
YYL 11 266,754,789 8,499,408 N 3.2% 101,594 2,626 84
YYL 12 263,646,292 10,991,562 N 4.2% 124,000 2,126 89
YYL 13 310,343,249 17,541,288 N 5.7% 124,000 2,503 141
YYL 14 231,559,585 7,961,386 N 3.4% 76,270 3,036 104
YYL 15 59,479,040 135,086 Y 0.2% 13,014 4,570 10
YYL 16 264,103,418 6,967,865 Y 2.6% 112,555 2,346 62
YYL 17 260,313,967 13,988,445 Y 5.4% 124,000 2,099 113
YYL 18 120,330,841 2,081,626 Y 1.7% 31,118 3,867 67
YYL 19 41,846,978 954,575 Y 2.3% 26,620 1,572 36
YYL 20 67,705,001 3,673,257 Y 5.4% 41,847 1,618 88
2l& 3,252,572,277 114,092,664 - 3.5% 1,370,083 2,374 83
BEFRE AR 1,231,875,428 36,527,251 _ 2.6% 481,629 2,558 64
JembkiEgst  2:020,696,849 77,565,413 - 3.5% 888,454 2274 82

K7 EHRRMERHERE - ZEKFTEL5-D001(LEF)
Table 7 Density of pointclound : Chiayi County-Alishan Township-DOO1(Leye)

B FrAR R WEMME  REREH WERLS N, URER UEEER
LeYe 01 102,888,814 3,500,546 N 3.4% 33,282 3,091 105
LeYe 02 131,869,956 2,532,417 Y 1.9% 47,419 2,781 53
LeYe 03 38,125,674 5,058,396 N 13.3% 8,288 4,600 610
LeYe 04 342,358,927 11,406,509 N 3.3% 122,710 2,790 93
LeYe 05 261,910,778 3,579,569 Y 1.4% 82,398 3,179 43
LeYe 06 140,761,341 4,293,884 N 3.1% 29,720 4,736 144
LeYe 07 422,545,320 8,356,702 N 2.0% 124,000 3,408 67
LeYe 08 441,995,523 3,576,333 Y 0.8% 91,496 4,831 39
LeYe 09 320,011,013 6,523,278 N 2.0% 90,642 3,531 72
LeYe 10 429,227,274 5,922,378 N 1.4% 124,000 3,462 48
LeYe 11 470,326,786 6,844,929 N 1.5% 108,592 4,331 63
LeYe 12 289,915,860 3,607,720 N 1.2% 76,112 3,809 47
LeYe 13 538,798,913 4,682,239 N 0.9% 124,000 4,345 38
LeYe 14 324,690,622 6,282,015 N 1.9% 70,487 4,606 89
LeYe 15 319,732,244 5,130,214 N 1.6% 68,932 4,638 74
LeYe 16 326,889,074 5,698,268 N 1.7% 79,081 4,134 72
LeYe 17 254,553,564 3,085,842 Y 1.2% 53,031 4,800 58
e 5,156,601,683 90,081,239 N 1.7% 1,334,188 3,865 68
B ELEET 1,090,329,821 12,774,161 - 1.2% 274,343 3,974 47
3[3%7%@3% 9,222,873,545 167,388,317 - 1.8% 2,394,033 3,852 70
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REEEEHEL (DEM) - [fARERRI LY. B E B E
{EHFRATAL (DSM) > R {E RS (DSM) ~ B{E SR
A (DEM) AL H T2 E 23 > & 2 280 A
fofiet = AL (Canopy Height Model, CHM) 4152 8 ~ 2 9 Flt
o

&8 MAMESEREE 2 DEM 2 DSM =R : ZERIH-ABILEE-TO01 (AEM)
Table 8 Difference between DEM and DSM derived from UAV LiDAR : Chiayi County-Meishan Township-T001(You-Ye-

Lin)

BEI L (DSM)

BlE=iEfs (DEM)

AEFII

x9 WA EEEZ DEM 82 DSM EE DT - ZER-FUE L4E-D001(%EF)
Table 9 Difference between DEM and DSM derived from UAV LiDAR : Chiayi County-Alishan Township-DOO1(Leye)
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1.ABEERE

AHFZERE RS A EEE LiAir X3-H DUBHHISTE 80 2
RO~ IR BB A 50% ~ SRS EET TR - Hid
R ZITTIREE (RMSE) 5340k 2.9~4.0 2251 + LUK
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