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AT o o e 2 m i ek AR Ak Ae 35 T AR
B PR E S8 (Liang %5, 2022; Weise %5,
2022).
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S EOE TR IR BORTEMOL ST A B (Kolle 55
2021; Lin %, 2022; Han 55, 2024) . 2021 4F
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WOL T KR o IT IR , 28R A 7 T R 4
WY 8 Bl 7 PRAMFE SR (Chen 45, 2023) . Z
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RESHRE TS, LA KA Sl K b $UR0 0 i 58 B AT E
ZMH (Cao%F, 2016),
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Gkt . A2 RIS AR 25 D FEHIE R BTSN 4
KPR AEALRE AT S 228 5 WO 7 B K5 UL
MIJ7VE, R B BR AR B A AHLIEOE R ik ALS
(Airborne Laser Scanning) . J& A MLt & ik ULS
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IR R 2 b T A D7, LASBE SRy Rl b T ) 4
PR L
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YRV T3 PR oA, A8 2 80 km 150 km,
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X B F I 2 S, AR SRR 216 °C, AR
BIRE K i 1300.6 mm, FFHZE K i 1643.4 mm, 4F
PRI L 79%, 473 H BEH R 1827 h, HiSH
B, M PUIbE AR, WK 150—400 m, 3R
5°—30°, TEEDIRAEENE, FHohhigE LR R R

K, HREUBRER T, RORRIEBCR R (T
K S, 2024)
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TOBRT S He, FLOR A 8 3 UL IR 1 FEHBAR R R
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UTM (Universal Transverse Mercator) #% 5 . fEFE
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Fig. 1  Distribution map of 25 Eucalyptus, Cunninghamia

lanceolata , and Pinus massoniana sample plots in the study area
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FAEBRATE ALS, ULSHITLS =, HiAR
EFHPANE 2 FR. ALS s T 20224E 12 H6 HE
12 H3REL, ULSHITLS Mix T20224F 10 H 15 H &
11 H 4 HARHL

23.1 ALS

ALS 5 = H CAF-LiCHy (Chinese Academy of
Forestry’s LiDAR,
observation system) F 4t {1 42 I JE SO 4 AL
LMS-Q680i I, HAEAZHUNEK 1 PR (Pang4E,
2016) . BAEREERS, SFEIHIXALR 950 m, S5 HE
BHRT516%, CATHEE 6 m/s, A 240 kHz,

BARAESG, K IBEALE Z G POS (Position
and Orientation System ) FIOGFIHEACEHE , P
BOCT IR = . POSEUEAR A B TEAR BGHO I Al X
YEMV I A7 8 A5 S, AL 4G 2Bk 00 T AL R 58 GNSS

CCD and Hyperspectral airborne
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(Global Navigation Satellite System) el R AR
T %A . A E PR GNSS iz 55 1GS (International
GNSS Service) B SCIfEA R SR , A
F ol GNSS N TR B >8 W, (7 EARE 1 <4.
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Fig.2  Overview of ALS, ULS, and TLS operations and forest

field inventory

R1 BANHNEELERSH (Pang%,2016)

Table 1 Airborne Laser Scanning (ALS) parameters
(Pang et al.,2016)
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bR ZS E B R A B . M g A R Ak bR R
FWGS-84, UTMELZ AR R . AW m 8RS,
G M HEAT AL O £ A A R DL IS, AR i ook
BE o U f A AR 3 T 22 ) 28 CH A RAT R IR R
PURIIUB:E7 PSS ZS ) N B = = B 757 S A= 1% 31)
AR f R AR 22 s At f ket s, TR
ety A A 2 DR BT, T BR AT (8] 4 (B 40 iR
X, SR 22 <0.25 mo XS S EOE,
lastools B AFEET 10 m 25 IX I REHE S = .

2.3.2 ULS

25 Bk i i) ULS i i AL K 22 GENIUS 16
RERE, BRAMBASEIME IR, CTHE
JEARXT HBTET 29 100 m, M B AN 50%, i ]
BER 70 m, CATHREE A 6 m/s, FHIERA 320 kHz,

K2 TANHAEEZERSH
Table 2 Unmanned—Aerial-Vehicle Laser Scanning

(ULS) parameters

2 HfH
R 200 m@20% JZ 3%, 250 m@60% fz 4 %
FAH 320000 £i/s
W 360°%30°
i) 2 FFE 10 em, 7KF-: 10—15 em

28 ¢z
PENE K /mm 1550
Jok b5 5 /s 3.5
KA ] B /ms 1
)£ 1 B /m 30—3000
DU SRS B2 (HEFE) fmm 20
W F53HE/(°) 0.001
5 AR /bit 8
ik wh T A Rk H 80—400
A R0 A%k Hz F i 266
it AT
H /(%) +30
WA K U /mrad <05
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3FAAL A FEAR S RN L 3R . R 2016
PR AR, 7R AR O R b U f A L JF
R A b AR A A3 A0 18 5, E PR 3 2 R 8 A
JRNTBETE R M AR HOAR AR . R HRAE b AT 15 8—12
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BEARbRER, Ao ol 5 A I bR ER >4 1,
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Table 3 Terrestrial Laser Scanning (TLS) parameters

B Leica Trimble FARO
WOGSFEH 1 1 1
H A /mm 1550 1500 1550
AR/ (Ri/s) 2000000 1000000 976000
—— JKF- 1360 7KF- 1360 JKF- 1360
1 :300 317 305
YA IR E 3T E
Jrene 3 mm@10 m, 22.6 mm@30 m, 7J<$ ;0.009:
6 mm@10 m, 11.3 mm@30 m, afE1:0.009
12 mm@ 10 m 5.7 mm@30 m
R /m 0.5—130 0.6—120 0.6—330
) A B /mm 1 <2 +2

Xf Leica RTC 360, Trimble TX8 Fl FARO
Focus3D X330 3R MUY 2% 0l s 2=, 43 il 4t FH
Cyclone, Trimble RealWorks Fl FARO SCENE H¢ #fE
Mz, PAREHTLS fis, maMHERZE<2S em,
TEBKAF CloudCompare 71 H ARG A AE, AR 3 A BE
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“Segment” WJRE, FHEBMWEL S, ERRES
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Fig. 3 Schematic diagram of tree positioning with TLS
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e I PN ER < o F A R ERSE SRl h = N CilEioh o'd
AT, Bl A SR AR g
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(4) el e el E SR AR 7 R AL R ZR P4 7
[] G B A SR, DI AR A A A i BREAR 2 )
HEEAR . B, MOV A B2 B AR E R
ACRZRVGTr ) o SRIE, WEMATTE L H AR

W% . e, T B R B AL FIZR 74 7 1)
VORE, THRPIANTT ) AP (EL, IR E T

3 Bk

R B R R A S 2 O i, T
SOl W & (N R 2 € RN B https : //www.
forestdata.cn/dataDetail.html?1d=249a518a~7266-431b—
926e-784{f8a640c9[ 2024-05-15 | FZ&ffi .

31 R=HE

ALS. ULS MITLS £ ¥l o0 B UL 4 s o *f
TALS fim, P2 5 3 AP 2 KK i TR] B
17.71 £5/m* F10.24 m. ALS 15 25 BE % 58 B i 1 iR A
BT AR B e = AR B, LA A2 R R E |
BERHC R, AHICE: 20 3 SRR T 45, T
WK 4 (a)o X TULS Mz, VXm0 B AF- 4K
- 5 ] BE 4 908.96 45/m* F10.03 m. ULS A 5 BB
SERE RG22 I T A B e A R — 4R AR, L
GRS FIE AN B 254, [EL T AR A
TN ERRI AL, TEILE 4 (b)),

%4 ALS.ULSTTLS R =& ¥k
Table4 ALS, ULS and TLS point cloud resolution

ALS ULS TLS
i SR/ CFEKOP A /m R (Hm) PR RRIE MmO/ (RU/m®) RARIE/m
A 18.28 0.23 1064.17 0.03 115236.67 0.003
A 17.94 0.24 807.73 0.04 191080.67 0.002
M 16.24 0.25 832.07 0.03 222085 0.002
S 17.71 0.24 908.96 0.03 169098.41 0.002

XFFTLS iz, 3 % B R 347K o5 e)
9 169098.41 /m> 1 0.002 m. TLS & = fiE % K
20485 38 T AT AR ol %) AR R 43 A A 1 = Ak S5 4
XEAZ AR BB b2 SRR N R, TR
K4 (¢).

ALS. ULSFITLS s =44 i las 48 A0, SO
AR AT 44, BT B AR B A Sy SO
ISE
32 ZUSH

BB A SRS SR, MRS R, Irf
B AR S 5G4 R B, PR E R
1454 B/hm® ( £649 #h/hm?) , M4 K 14.5 em
(+4.58 cm), FHME R 13 m (£3.1m), FHH

TEHRN714m (222 m), FHEEN 371 m
(£1.07m),

e 14 A b 09 7 34 R OK 2 BE R 1327 BR/hm?
(£533 ¥k/hm?) , M2 4 11.59 em (£1.84 em)
SEIR R 1418 m (248 m), XA R M 84 m
(£2.13m), “FHEIE A 3.74 m (£0.99 m).

K2 K BE Hb 1 7 2 WK %5 BE R 1710 #R/hm?
(+691 #:/hm?) , FEH i~ 1525 em (£2.77 cm) ,
FIREE N 1249 m (2237 m), FHE T &R
591m (£1.25m), “FIEEiEA3.37m (£0.92m).

I B2 P A Ml 1Y 7 2 4 OK B B Ol 1197 BR/hm®
(£593 #k/hm?) , F-Hfg1E K 18.81 em (£6.79 em)
FHRE R 11.65m (2442 m), FHE T EN
7.08m (£2.49m), “FEEIF 434 m (£1.19m),
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ALSHZ ULS A % TLS % &5 BEMMASHGITER
By o Table 5 Statistical results of tree parameters in all plots
- - FE b oy WAKCE,  WatRs W BORw iR/
ETR= (#k/hm?) cm m m m
=
= 1 1183 11.1 9.91 5.64 4.03
- 2 1167 1643 20.12 13.33 4.71
3 2500 9.49 12.35 8.97 3.87
4 1200 11.8 14.68 9.26 5.06
# €
=2 ” ﬂ 5 783 1099  14.09 1008  5.02
&£ it
6 1400 11.43 14.9 7.44 2.73
7 1717 9.6 12.57 7.83 2.46
8 1117 1146 1493 7.09 2.82
(a) A4
(a) Eucalyptus 9 1733 11.05  14.77 8.53 2.46
ULS/H = TLS = 10 467 12.58  13.49 5.83 4.19
11 850 16.78  13.69 7.18 5.06
12 1233 17.3 13.83 7.74 5.02
13 2533 11.89  10.14 5.41 2.67
=
=3 14 2017 12.76 11 5.82 2.69
15 3283 9.93 6.92 2.79 2.49
A
16 1267 17.94  14.95 5.84 3.38
17 1417 17.69  13.18 5.53 3.88
=
= 18 1567 15.39 1275 6.46 2.85
= 19 1200 18.44 15.1 6.13 2.89
20 1733 1439 1333 6.15 2.72
21 1900 15.63 9.05 6.02 3.15
(b) 22 22 1533 14.57 10.49 7.18 3.94
(b) Cunninghamia lanceolata ’ ’ ’ ’
B B B 23 O 1550 114 615 406  3.18
ALSH = ULSH = TLSH &
i 24 667 21.9 13.45 6.53 5.32
25 333 30.56  19.13 11.61 6.12

ML
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M Z RIES AT IE . R AR B 22820
ROFE R oS . AaBabi ., DU B,
BT REZHSEH, i 5 fR. LUR A5 05

AR

() IR FEIT AL BLGE B
(¢) Pinus massoniana
P4 ALS ULSHITLS i (R AZ A Th AR = k2t AERG AEHAR % RIESHHN
Fig. 4 ALS, ULS, and TLS recorded three-dimensional ‘ALS'J?{:‘ | e | ‘ R H e ‘
structure of Eucalyptus, Cunninghamia lanceolata, and Pinus i e ¢ — .
massoniana ‘TLS),E,\Z:‘ = | Hb T E | = ‘Eﬁ?kﬁfﬁﬂﬁiﬁH BARSH ‘
AL A

A OB 1 ] Excel 5060 . fu 35 BA AT ULssiz|  pEA—H  [Hotoaeebip BTsH |

SRR M. We. BCR e, diE, XA BS  #Ebs SR B

MR A Ml i 44 Fig. 5 Workflow for multi-scale forest parameter extraction
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BT LI A L e B 22 S, HILERR I I O
Epe =gy 1 G T By N Py N P i
ALS FIULS ZE25 Wil A LI AR Ak, fEigog 3k |
WERG ML IC S e 38 = e L5 M (5 8, HEME T
A BRI EAEAE R R s AR, TLS H i TE A1 0
DFRAR, ARG AN 20 WA e T 350 = dE 454, (A4
56 1R = AR LS A ) SE RS2 B BRI . Bk, @l
PIFE G 08 23RBS B R = 55 8, 2
PEFFARARGE 1 S BB IBOR B 1) T 24

HIL AN Hb 356 B TR 38 A5 25 43 01 6 P b B8 A8 A
RHAR AR R, I e IO B IR R
~EWBAIRR, LG E S i
3 2 S R FIEBCENL MM L BOL TR R =
AT 53 )2 RIS T A T LR b 2 S
ARTIE, SRIE TR A RIS AR PO SRR B
K, DCRC 2R 28 SRR T & A R R
e Ja T AR BESEA TR DC AL (Chen 55, 2024) .
K 6J&n T ULS FITLS s =@l A 455, TLS MIULS
S R s LR R FROR

6 ULSAHITLS i =il 5 459 (Chen 45, 2024)
Fig. 6 Fusion result of ULS and TLS point clouds
(Chen et al., 2024)

N

42 RZETALE

o T HOEE PR ATRE | WS REUEAR
Woy, AR EXHOLIK T, Sk

Mo MAETEMEFS | XA AR 52 0 J5 S AR PR 2 48 2 4L
PEIORSE ) dn a7 T BE S BB A M
R IR S Z S e s, RIHA
BB BB B IE L. ABFSEAE ] CloudCompare
BAERY “Clean” DIREVUNIFUEFRMIES

Hiu T g, B R 2 S TR SRR B A
ST BR ML R, (E SR R ARG S E ()
#5) ML E LR (Zhang %5, 2016) . F&A1flH—
Tt 223 3% 48 2 U AT RS HULUE I8k 5 125 4 1) M T e A
R AL o A ol B I 25 2 SR Ok 43 e i e
T, SRJE BT R AR 22 RUBE A RS 400V 1
HZHWIE, REETHSSH MY ZH &
25 X4 i T s FAEL W i (380 RIS, 2024) .
K7 (a) BErn T HBTMUEPE LS R, 1B A SR
SO s M THD SRR B N . Hb TR S, @A
e E R A N K SR AR U B D A = S S
H CloudCompare %% £ ] “Distances” Fl “Set SF
as coordinate (s)” HJAE, LR LA = mBEH k.
K7 (b) Nz EfEH—fbgid.

(a) HBTHTIEDE
(a) Ground filtering

(b) Mg —1k
(b) Elevation normalization
[ it o
El 7 HuT g S = s AR — e g5 R

Fig. 7 Results of ground filtering and elevation normalization
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43 SEHIRE

431 MHBH

MO ZHON T HER A B R AR E P,
WIEE e . AR S, TR A s,
fi#i F CloudCompare H' ] “Projection” F1 “Export
coordinate(s) to SF (s) 7 Difig, Xl =ik,
IR TR BRI ER R, SHRIER R S B IR
KB, FAMEREE (Ma%F, 2017). KI8)&
7N TR R AT DRI S A o B TR AR, A
WEREPGE R NGO, HAMRRPE RN K

432 BARSH

PARZUHON TR PR R E, R |
Mate . RSB A . AR E, B S

22.98 m

W i

A4

(a) HAIH

(a) Individual tree segmentation

(b) Tree parameter extraction

SFEIRIB AR A s, ERREARS B,
ST S R 2 TG 0 e 1 S o111 S 7 NP [ O
CloudCompare K/ HIF) “Treelso” TIfg, 4r#] M
Z, R OK A = (Xi Al Hopkinson, 2022) .
K9 (a) JEAR THRARGHEIZER, [F—BRRIAR
BB,

3 .,
i ok i 2

]
| N ERE EEAERE
0 B L/m 2705 phgmEssA = l/(l -+ ED
K8 Wi R R

Fig. 8 Schematic diagram of canopy cover estimation

elE: 4.76 m
—_—>
M4%: 0.18 m
(b) FARSHEEEI (c) RIESHHRIL

(¢) Branch parameter extraction

Ko AR A SHARBUREE

Fig. 9 Schematic diagram of tree and stem parameter extraction

i FH CloudCompare BAFH Y “Point picking”
IHRETFUN B 1 25 B i e R A, 030 P i o
R ZE AR S (19 (b)) . f#HH CloudCompare
BAFF Y “Cross section” TNHE, 7F 1.3 m il & 2
BT S =R, YR S sl “Fit-Circle”
IREE MR+, IRt (B9 (b)), )
CloudCompare X {4 H1 [ “Cross section” 3] fig U]
AW Rz, XU S =M “Fit-2D polygon
(facet) " DIRERMIRGE, IFITEER (B9 (b)),
I F W S =, 71 LBI (Light Detection and
Ranging biomass index) , il & B A FITRE b RE £ AR
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(Fan%§, 2020) (9 (c)).
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Multiplatform laser scanning point clouds of subtropical forests: A case
study of major tree species in Gaofeng Forest Farm, Guangxi
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Abstract: Sharing multiplatform laser scanning point clouds of forests is of great significance for laser scanning research and applications
in forestry. To this end, the Institute of Forest Resource Information Techniques, Chinese Academy of Forestry has constructed a multiplatform
laser scanning point cloud dataset for forest plots in subtropical regions, featuring airborne laser scanning, unmanned-aerial-vehicle laser
scanning, and Terrestrial Laser Scanning (TLS) point clouds, along with forest inventory data. Data was collected at Gaofeng Forest Farm in
Guangxi, China, covering 25 plots with three tree species: Eucalyptus, Cunninghamia lanceolata, and Pinus massoniana. The field forest
inventory data include plot locations, tree positions, diameter at breast height, tree height, height to the first live branch, and crown width.
The dataset enables the analysis of forest three-dimensional structural information captured by laser scanners from various platforms,
evaluating automated processing algorithms like point cloud registration and tree segmentation. It provides important references for forest
research at the regional, plot, and tree levels. Additionally, this study developed a field inventory method guided by TLS data. This method
utilizes tree stem point clouds to mark tree positions and measures individual trees according to tree maps, improving operational efficiency.
Key words: subtropical forest, laser scanning, airborne, unmanned-aerial-vehicle, terrestrial, multi-platform, forest plot, point cloud,
reference dataset, field forest inventory
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