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LiDAR Point-Cloud Density Optimization for Geohazard Surveys in
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Abstract: Objectives: Unmanned aerial vehicle (UAV)-borne laser detecting and ranging (LiDAR), which
is relatively insensitive to environmental conditions and offers a distinctive viewing geometry with the capa-
bility to penetrate vegetation, has become an effective tool for geohazard investigations in densely vegetated
mountainous regions. However, point-density requirements tailors to geohazard identification remain un-
derdeveloped. Current practice largely follows general surveying specifications, which often fail to support
the fine—scale depiction of micro—topographic features (e.g., scarps and gullies) needed for early-stage de-
tection. Methods: Focusing on Guangxi, China, where geohazards are typically small in scale and vegeta-
tion cover is dense, we examined the effects of varying point-cloud densities on DEM (digital elevation

model) quality using four relatively large map scales. Local terrain complexity was introduced as a quantita-
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tive indicator to derive the optimal ground—point density. LiDAR penetration rates under different canopy-

closure conditions were further incorporated to back—calculate recommended acquisition point densities. Re-

sults: Local terrain complexity effectively reflected the completeness of micro—topographic preservation in

DEM. Multi-group comparisons across point—cloud densities determined the optimal ground—point density

and the corresponding acquisition point density, and produced canopy—closure - adaptive recommended ac-

quisition densities. Conclusions: We establishe a point—density reference standard for unmanned aerial vehi-

cle=borne LiDAR - based geohazard surveys in densely vegetated mountainous areas of Guangxi, enabling

more reliable DEM representation of micro-topography to support early geohazard identification.

Key words: UAV-borne LiDAR; density of collection points; point cloud dilution; DEM; local terrain

complexity

T PR AT X TR M A 22 AR | b T
WEA, BAZ W B DT RS AR
Ay b R BB 5 R AR AR N2 B AT 2
DA G 5% e, B R =3l HL 2= 75 A TS 8, Ml B
RER o TV H TR XU A 25 R R B,
T 2022 4R 3Lk F K 20 062 40, b iR £
6920, WL & 30% AW A & 10 fE
48 N T M Jot 9 I A 5 2k I 1 O LS % L
DR 5 R I M LA A AR B o R FIE S
FASJE 3 4, ML 2% 3806 F 15 (light detection and
ranging, LIDAR) £ ARAE g — B s 5 B L 0%
AJ R SE A B R Y R I T B, BT N T A
=] by S5 9 3 U0 L A AR U LT 1 AE R LV R
I A B 1L X 2R R R S i K K $ b BT R
e A SR U i

M A LIDAR $14# 5 045 09 i 4h 2E 48 |
L% B B R ) S 2 0T e AR AR R (dligital eleva-
tion model, DEM) i £ 5 43 #E% , — R UL, 51
o B R L ARAR B DEM ) o e, (HAE R
T8t ok S ik B vh AR N 53 ME DLPE AL A ] B A
PO SRR EE R, 2 R0 SR A AU BE R K W b
FHF o 5 % E R B0 DEM MRS BE R 2. — 7
I, BAT B AN ) L ) RO # # DEM 9 5 = R4
5 3 LR IR B X TR 0 22 A7 M S ) 8, {EL b BT K
FEPA PRI LIDAR 5086 09 B 9 /2 A 15 Hh i
U FE AL HUI FEAT B AH L IR I 2 TG 1 X
Hi S0 R B8 S0 R B K (A5 R I 4 Y A R 4
2 PR IR R 58 Al T O U AR
Hby J5E ¢ A K 1) DU )1 A8 RS AE ] L BT R R
A HL BB TR Ik B s 2R B R M E ) (DBS1/T
2695—2020) Hh £ 1 T3S T AS M B R s o AR
HHE,HEANEABEE, IFAEHAFEE .,
3 —J5 T, IR R 2 G U8 03 28 A M T R
[F] — >R B2 02 78 b Y 52 0 B B2 AN () AR i 1 PAD 2
AN T B 25 A AR B Ml TET R S S AP AE — 2 25 5]

W] fE 3 AL DEM BT it 2 25 R 5%, 4 itk T vk 3t
Yy WA B 2 05 R Y B O ML DAY N o B R
& # H DEM R AE B 5 2, 4 By b B Hb 1T o5, 3 A
AN]R8 s T BT 50 R LR B R
HE GO SR IE A PR B AR A0S U0 M T K
1) RT3 B AR AR IR, 2 R A 2 B BN
J1 W) 1 AR IR B N 0 E B A N Ak B
TAE R M,

2 ) 5 A0 6 T LA LIDAR 5 = R %
4 AH 56 SCik L SCHk [ 8 AR 4 A ] 4 = % B A T
ANTR 43 BE R0 DEM 7, I8 3 55 50 06 £l 1
P09 HE A 43 B2 (0 DEM 72 i EAT e R . 45 R 56
W, 5 B A R AT — o B AR S AT DA AR B
o R B E B T 0 R A B0 B U e AR A =
AR 3 SCHk 9] — PR 9% LIDAR # z % B %t
DEM J it K B2 (0 52 ), & 90X I 4 i == B8
17 50 %6 Hdi & Ak 5, A7 Be PR 35— i BOHR A B
SR 3 26 i 5 T PEAR S 7] 55 2= %% BE A8 1 1) DEM
Jo S 0 2 R FH DA 22 R H A AR R 254
VbR, (P T A v R 1R 22 0T AN — i RE Tl 2 A 4t
b B B BRI T B S M T O L
I PE A DEM K 4H 1 550 £ 58 72 B 1 46 b

R VBRGNS R RE S FEYS
DEM %5 [a] 43 ¥ 1 3¢ &, SCik[10-11 1% A [ 43
B2 DEM 04 A i 8 B2 LIDAR 08 28 47 X5
LU 23 BT, 235 5% 2 B b 350 27 F 5 1) i 1 2 1) 4 R
& 0.5 m KT %4 B R 2 8 e AR R AT i A T
T PRI A A Ok ] AR Ak . {HFE b R K
A, BB [R] 0 b 5T 9 3 REAE SO A R/ R
], Jr 5 22 1) fie A 2 [a) 49 B 3 2 BT IX 51, I
b, IO S 0 B ¢ 5 BARE 9 A b R, 1A A
N RCE #E 47 8 = % 5 DEM & 1 6 &R

B XE DL Tl SR 45 7R )T P % % A g L X
JEALA Ot LIDAR #b 5 9¢ 3 0 2 i f BRI T



%551 &5 44

SRS T ) AL X BT R TR A Y LIDAR s & LAl 753

VERR AL il R S H 0, A SCSE LT 7 B Ak
T FH 9 EL g Lt 8 R 2R R LA A F 5
X, iz FHJC AMLEE LIDAR 3R BUAY & %8 B DR 4G s =
H1IE 5} 5 1% (digital orthophoto model, DOM) 1 4
HCE U, X AT DX AT R BT DA R R T AR AR
e ARAR AR Y S A R 1 LA R A T AR R
2% (root mean square error, RMSE ) fil J& 3 #b 2 &2
% BEAAAE iy DEM Jit & PE40 46 b , 15 21 5 00 M i
SRR L e AT B[R] Ll A5 RO bR 23 I8 AT 38 X6 )i
1 B O 5 = R A

1 HRXHER

AR BH 997 B o RO B R 2 SR LA F
X AL F )TV AR e EB o, b B AR bR Ol (1107
23'59"E,24°40" 56" N) , kb 7 55 hy HiL 7Y (1% #4) 1 21
TG L b S5 DX, b S R B R TP R L R E R, B
TERIKT0% LL b WFSERE G o — - R, R
AR H A SR B BE R B 22, B A A E O°
~87.63° Z 0], - ¥4 ¥k FE 29 28 30°, 1 B2 4 A 1
171~472 m Z [8] , &5 22315 301 m, 5 7K 3 3 7 [
25750 m, % 29 400 m, 10 AR 29 0.3 km*( WLIE 1) o
FE20204F 6 H 8 H 2 M 55 F N R A M 3, J5 4L
5 A5 5 S2 05 1 A5 TE |, AT L5 21 BH W00 1 3 4%
JE) 5 B R G FRAE b T AR AE T 248 K
MWEER e

400 m
IONTEERIG AONBYRS 7S KRR E)
S A R AR S
Fig.1 Location Map of the Study Area

2 BES5FIE

2.1 BERERAIE

I 5 D20 75 g # J6 AL 3 DV-Li-
DARI0 OG5 R G AEWF 52 XN iE 17 508 R 4
RGN T LIDAR F 2 i i = 75 A ML, 18
RATIR ML EL LIDAR £ 2 B8 1 18] iR 4 2%

AR I RAT 2N 2R i RAEVE 2 2 km®,
A2 S BN K S B0 IR 1R .

®1 HMFLIDARELSH R
Table 1 Airborne LiDAR Operation Parameters

LiDAR # 4 LI =R ZH
M /m 1430(p<<80%)
T PE RS B /mm +10
Ia] 8 Y A/ Tk 7
LiDAR [\ 35 54 BE /ot 8
K/ nm 1550
KA/ () 100
[ EIMA/ () 20
IRV A /m 0.01
MESEERGE T R A (R B /m 0.02
A1 f A e/ () 0.017
P— A% /10t 4200
$E /mm 18
i /m 250
R IR %
AT/ (m-s™") 10
WOtk / He 200

TE « o (HFR R WO T L1 H AR IR 9 R 55

R IG5 = )5, B e F ] TerraSolid 34
T 2 A % i Z M BRI 402 1R BT X
FE 4 )22 05 2= B50H0 R 5 5 M T 05 = 55080 L SR R R o
HAF B0 5 = S b AT N TAB 5 B oK 5 % T
14 A A T 4 [0 23 28 58 1) s, R AT B8 5 R
A, B A5 B X H LA DEM (9 I A = .
¥ Hb T RUAE AreGIS 10.5 1 A4E i DEM, A B
Pix4Dmapper X} J't 2% 52 AR # 47 &b B 4= )it DOM,
TEAN B (5 Bk 2 i .

F2 HBEBWRAE
Table 2 Data Overview
Kt e EiE 2 ZH
AR =T/ em ™) 144.84
i Bl ‘
B W T 5 2 B/ (A m 2) 16.08
FiER/ U 11.05
F ] R 1:200
DEM Sy HERE/m 0.2
LTS CGCS2000
EAIIN 1:200
DOM Sy HERE /m 0.05
AL bR F CGCS2000

R AL 2R LIDAR 140 5 25 8030 Ak 2 K 3R 4%
8 ] R R A 2 BT



754 VPN = X (SCEI SS9

2026 -4 H

DEM(E Ili{&H5)
12 w2 A B T (A 7 i 2R i T R 1
Fig.2 Flowchart of Point Cloud Processing and Visual

Product Generation
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Investigation in Guangxi
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