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Analysis of Drought Phenotypic Characteristics of Poplar Seedlings
Based on TLS Point Cloud Skeleton Extraction
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Abstract; The key to monitoring plant drought stress lies in how to accurately locate and identify targets,
and for this reason, an efficient plant phenotype extraction system has become a necessity. Because of its
ability to provide high-precision 3D description, 3D point cloud information has become an important data
support in this system, which provides a solid technical foundation for the monitoring of plant growth in
arid environments. Ground-based LiDAR technology was used to collect the three-dimensional point cloud
data of poplar seedlings, and an L1 median skeleton extraction algorithm combined with pre-segmentation
was proposed to realize fine phenotype extraction and drought feature analysis. Firstly, the original point
cloud was denoised and preprocessed by elevation analysis, radius filtering and color index filtering.
Secondly, the improved DBSCAN algorithm was used to realize the single-tree segmentation of the group
point cloud, and the octree based on the greedy algorithm was combined with the global search to
optimize the segmentation accuracy. Finally, the KNN algorithm and MRF algorithm were used to pre-

segment the point cloud of a single plant, so as to improve the spatial consistency of the point cloud data,
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reduce the computational complexity of the Ll median algorithm, and calculate the phenotypic
characteristics of poplar seedlings through the obtained skeleton point cloud. Two new indexes were
introduced to reveal the adaptation mechanism of poplar seedlings under drought stress by optimizing
resource allocation and reducing water consumption. Among them, the crown length rate ranked first in
the gray correlation degree of drought resistance evaluation in the CK group and DT group, with a
correlation coefficient of - 0. 85, indicating that it was highly sensitive to water supply and could fully
reflect the resource use efficiency and drought resistance of plants, which was the core index to evaluate
the drought adaptability of poplar seedlings. By combining three-dimensional point cloud technology and
fine phenotypic analysis, the research can provide technical support for efficient and accurate monitoring
of early drought stress in poplar seedlings, which was of significance for determining drought phenotypic
indicators and optimizing the drought resistance evaluation system.

Key words: poplar; terrestrial laser scanning; drought stress; point cloud skeleton; phenotypic

characteristics ; drought response indicators

0 3]

A 1 A 4 BRkORiORE T AR R R M 7 i A 1
ZREAMF Z — 7 T AN B A A B
AR 2 MR, Tl A MR 4R bR, g &
TR FAESME " . Rk RERERT,
S A B R ) K Rk
O SRR AR A K R R i R A T R T R
XA AR I 2B KRR B R R T T IR PR R o Sk g R X —
PRk, Bk i 2 1) AT 50 38 5 26 R 2 2 RS 41 3 R gy
Wrr i E T 5 4 F T R B RS a0 R & T
R BIPER B /NS AR O T R T
) A K S G 3 285 W T R R A B T
T B, AT DL ff s 00 A 4 g A R o A g R K
S B A T S 4 M R A 0 R 3 4 A2 2% R
B, A0 S o A 308 3 R e R B (G R 2 A Al , AT
e o X 42 BRA B AR AR Y o B rh ke P AR

1 G5 MOl 9% U5 E A B BLEE X /NBIE 3 O A B R
b ST 3 A B e AR AR OB RS B . AR, X
For ik fE B A B, A m BORR L TAE = K, O A
DLk B b L 9 A A B A R SR B
FIUL 2580 3 5 o B AR R AR 5 I, 4T AR
FE ) 1 R BURRAE , Ry 8 s FE ) 5 I8 40 B4R I &2
ZeAIL B AL S R b T BOG TR 3K (Terrestrial laser
scanning , TLS) ff Sy — i 5 7 1) J $2 foh =038 8% 4% R
A AR MM AR AL T BB TR TLS il i 3R
N B B S R R R AR R B 2
AR /N ROEE S I I rp LA R A AT A
AR BUE Y I S g iR m s e

Ty v 5B O R A TLS 5 = B8 45 02 4 i
WFSE I ME A, 05 = B 2R P IR AR BRI T 8 2 R, 1]
SR A 2 B RS AN Ak B RR A4 A, 1 — 2B e
Y ER N KR, BAR RN, TLS HA
N LB BB MU L (0 45 6 0 3R T T A Y 3R B

il

UG ANk SR, TLS e R S
AR IO A AFTE LR R 2 5K 2 8048 U 72 A
AR BN, 45 6 o 2 8080 4 IR 28 0T B A OT
AR R Z RIS HZ 0 R K H BB
LRI A

25 ERTR , TLS $ORLER Y T B30 T M sl &5
KA S Z2 282586 o0 7 A AT 8R4 T 25
(), JCH X T B B S R R B Y A
A5 T AN o ) R AR B A SR D o A SCLA RS AR
3804 47 HIEg AR 110 47 P04 47 B il A R A58 %00 4, R
FH TLS $ AR B B A B = 48 5l = 508, 32 1 5
F K #7 4P ( K-nearest neighbors, KNN) 2 % 5 & /R A
K BEHLEG (Markov random field, MRF ) 2 vk i 43 %
f L1 rh B S R IRk 2 B 3R B 2 B0 RS A
B, AR R R T B I Y R SORS VA I i A1
AR F

1 MBS

PR AL T TLS 147 A B R i Ak 38 R Y
SRR, 73 0 55 B AR I TR0 A B 3R R 4y
Br3 BB, HEM A TLS R4k & = % ; R 5 8
SONSE TR SR N S S S B A T i
B35 T 9% B 1Y 28 8] 3B 28 B 3% (Density-based spatial
clustering algorithm with noise, DBSCAN) 3£ #il 82 K
o3 5 B JE SR T T B A 1 28 45 A 4 U AN P
ARERBIZH, o3 A H 5 T FBEE 6 &, g R B AE
38 1 AL T BIF 5 B A S
1.1 H=R¥EIERE

50 b 5 07 T R 5T /NN B AR B B e X
FITL 348 B AR R AL 7 54t (32°13'N,118°49'E) |
TR HACR A T2 b M, AR S
#3804 7 MR Ak 110 45 15 g BF 5T X5 &0 R AT 4
B BEATROAR, 15 S A AR BT 90 d S it i 5
i, B X BR 4H ( Control check, CK) A1 + 5 4



190 £k

DI

2025 4

( Drought treatment,DT) ,CK #H 1F % B&/K , DT 2H 947
TR E, R HoR AR 64 BRI A S = B .
A ffi ] FaroFocus® 70 H T ¥4 5% 39 4 X
(FARO, L) #4786 R4, I & 15 16 R N
— AT . O T B GRS R AR
MR 4 iR ek HeRE 6 N, A
T A B AR R B B AR A bR AT R
] FARO 4@ it i) S F5 8K 4 SCENE 347 il = B ¥

FUR S A T B

Y ol . ,‘ CE
PRAEHT S B S

P v, I Xk SR 4 31 B AR ) B0 R AT BT
1.2 Rz=#EmLE
L2.1 ki

TLS B HARE I A o RS A K R E
SHBEHLE R o g 1 FRAT 53 BT R At 114 4 1) v AR A
B ARSCBETT T IR B (AN 1 B ), i K die
B 2 BRI A TUARAE B, T4 T s o e, o
Jo SR AL PR T TR SRR

el

F1 AR 5 B s i

Fig. 1 Poplar seedling point cloud data filtering process
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Fig.2 Poplar seedling point cloud octagonal tree

search based on greedy algorithm
D(p,;) =tanh(@(p;))
D(p,)
s(p) = | 222
D

L p—AR i T

o—IHE R

py—r p, B REK

S(p) —4 i p, H— 1L E
By 2R B T T AR A WA 2R
S &1 3T R G 0 LS T e POS Lk AN
DRI, AT 30 B AN o 25 1) 3o 12 0 28 D AR AR A 25 4
AR 2004 R, A RE RS A i 280\ SURY
RO, RIS 2 B 1 D b 215 70 A 2 11 45
AR
1.3.2 ETHEIR L 3584 i

L) 22 B A o e SR 4R OnT e B 5 A
2E ERE NS T S WA W) B AR S R AR
i AR R R S R i R B S AR, Ak EL
AN 4 53z Bl R R B TR I R B A, 1 Bt
T3 18 A3 7 M P RS AL DU A 5 A A SR PR o T
L1 R0 o (B4 20 P B 3 SR AR o & e ik, SR B
R
N T HRTE L AP A AR U I R R, AR SR

T — R g G U H 8 L1 AR AR O i Bk

(2)

(3)

ZHne
WARUE 3 iR, T4 8 & 1E X 5 = 47 9] 26 X 45
. e 0o |
s ® ®
® o
KN MRRRE
CKY S = 5dR @ 1
~ . ¢ -
—Is “Z“/f' ’**-
ﬂ; ‘ﬁ‘ ~?’;\ -
- A ~Ys
s i~N g

U R S s X o A o aE R (3R T DY i
NGNS ey R S DI I =8 & NI (TR A ZE | R
DX 3k % SRR O T . L1 (i B AR R
B8R AB S A2 AT B AR 45, (H 4P S5 L R B
PEAEAE T SRR SRR BOR 22 10 F BRI . 8 i T4
F L H N S P25 RS DU AL, 0 48 S5 A B4
A, 51X 385 40 B VR 9 1 ) . 3 R AIG o BE AT, 401
BEAER T 15 42 43 2 8 B AT A TR 8 5 i, AT 0 20 T
BT R A TSGR E . RS S
DX B 34957, 408 3ol A B T A, A AR AR AN T Rl
2 b B v T AE A RS R R 25 SRR A, A 3
Fiw W53 B 5 S 2 B 4278 O 1 RN 0 25 4 T
YA o el s . WA LAk T AR S, Bk T
B Zs (R G540, A i T AR A 2R IE S M 6 &
(18 A A T A B R B

T SEX A s TR T, R BRI B
P10 53 #0538 i KNN 5532 52 3040 46 Jm 750 4B
IR A R, A BR A 2 I e R 45 A R AE 9 R B MRF
B AT 4 SR AL, 51 A ABIR 2 5, 1k — A 4 75 43
SE a2 ] — Bt BRI R T
KB P=1{p pysopy b IPEEAD S p, B9 KL
LG NN =1py.pas it o d(piup;) HRJLE
IR RS, dy (p,) M p, BIEE K A fclt s i B B

R N, A S SRR AR A 6 = (PLE) , Horp
B (pi,p) e EHNHALY peN, o LAARIE 5067 %5 5
TR A oy, B SR T — DRI AR L
FEVI AR 4> B LR L, K i = R A SRR N
BEHLAS &, 3F 51 A MRF X 5% #6455 2 HE AT 004k o

WA RS 1 e Z(FRBHEE) B BEHLAE

i, HAr 2R/ Mea R e it kg, fE i R BUE Lo
E(L) = z ‘#L(l;) +A Z lpi,j(lial,') (4)
i (i,j) ek

551 g, (1) B SR, 0 R b
b 3 R DS R S 2 9y, (L) H B

@zmﬁéféﬁ uﬂ#,ﬁﬁﬁ@

\ DTZE SR )

/ N 4 2 )
P . AL 85
Pt P S Voo de

& _“:: L1 A | \3 | gy ez}‘
N ! , ! . S
Litpfiiteg @ § =
CKYLS A4

U i T A
e e B S
it A TN = 3
., ' AN S o 2 ey

N\ % i & -

N/ | P ) 4%

7777777777777777 - ': 1~

FAEE ST I
YR M B DT A AR
\ BT ) AR ) Uermae )

K3 AR SE T 1 B LU A SR PO AR

Fig. 3  Poplar seedlings extracted based on pre-segmented L1 skeleton extraction process
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using traditional algorithm and algorithm used herein
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Fig. 6  Correlation analysis charts
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Tab.3 The t-test parameter results
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