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Rz PAL BEAN 2 H0 B R A SR B AR T 8 S 50
KEEIOP G BN T B2 4 2 R R R R S R
HGETHIESE, /N RS R Al R G D8 kAT~ A
FE GRS T AT PO, Song 25 ] Kinect
MR RS, 8 B HEkth&in s
TR LA, SFEIARKHI R 22 /N 2.34% %Y. =4t 5
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AP, Qiu ZE# IR SIHLAS A FEER 64 LR BOL T L3R
WOy HE R KA, Giabr Bl R — Bt Y] 46 B
Bk (sample consensus initial alignment, SAC-IA) li%
AT s 5592 Citerative closest point, ICP) X FoK iz ik
TPz, — URME AT SRAR 2 0k K (0 Mk s R T 2 4500,
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R AR EEEESSE, HERCGE s IR
AR TSIV E A R 5T
BRI AR N SR R, &2 € Wk
2, A E I I IA) I8 0 B AR B AR T — SRS 2Rk
DAL b 75 00 SR o R 2F R AT R T AS B, A
MWTAERR, FESR, ML I 5 . A SOF)
H B F WL N BIR EAL RS AT RS S8
W o B SRS AS R AL RS R BOR AT X b, DL H%
ROIE G A FERCE R SRR IR B AR IR A o BT3RO
ZHEE, TFRIGESHERIEE, WA B k.
AL, A8 SSURHIE B 7 B (point feature histograms,
PFH) A1 ICP SN AT ARG M i m BT, 25T
Be e J5 1 B RN s AT MG, SRS A ARG
Y AN o SIS R Rk . 2R A AR
POREHh . JCHI R, R S B A E R AR .

1 MR5RE

1.1 HIEIRE

ARSI O A SR A TR BTV KA
wOR BRI A A I (Jbgh 22.548737°, R A
107.91291°) , iRXIAE 2021 4 4 HZE 5 Hiker, &
BRI TEFRAKAER, dE4AKKE, KZ2HE
BRIk A 1~3 IRAEE L.

N T HRERERCE, MR E 3 SH AL N KA
FEBIR AL R R E T RN R8s . Mlas N EE
VU SR Zh 22 I A BRI FR 1Al NVIDIA jetson nano
kit FIEHIARHI A HLEF N RBL AR SR AL R AR S LA A
EeE R4 (robot pperating system, ROS) | f8Kz), W
DA 52 I T B 42 MO0 B A Y BN E AL 5 P

(simultaneous localization and mapping, SLAM) , H &
ERENE FH. PLEAKETFEK 50 cm, % 35cm, &
HEEHLTE S 8 em, RAVURIREN, ZdFm, RARLF
(R I P R AN R M R . SR AL S I AR G S R
PAERAE b, nIREEURE/ANT 2.5 kg MBEREE, fRIERE

AR ERAE 50~90 cm Z [AEEE, REAE SRR R AR
0.4~1.5 m Z [H IR ZE . BCIRAS FALEE ATEAR
/NTF 300, BER A/NT 1SR DL R BERS AR 1T 0, AT
FEEH 0~0.8 m/s.

M RESFEWE 1 PR, P8 AR Kinect
V2. PMD CamBoard pico flexx. ZED X{H A3 AHALAN
Velodyne 16 £i0¢ A (VLP-16) 4 PR LIRSS, %t
IEEU 10 BN FI & BEICZE S BRI T REE . N
PRAEFE R AL T 5 1R 2% B R AR X I, HLA8 N PE 29 FE Mk
1.3~1.7m. BEEBESHIE 1.

a. EEWE RS RENSAN

a. Banana sucker point cloud acquisition robot
LIRS 2R 2 3L AN S S b B s 4. BoR R
5 HLER RS
1. Depth sensor 2. Sensor mounting rack 3. Robot navigation and data
processing module 4. Screen 5. Robot chassis
T BT ALRR RO TR AR IS 2 AR R
Note: The coordinate system in the figure is the coordinate system of depth
sensor installation.

b, FH )& B 2F i = R AR I 1
b. Field banana sucker point cloud acquisition picture
B &EAFEERE
Fig.1 Banana sucker point cloud acquisition
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Table 1 Depth sensor parameters comparison
- . - = = 3 e W3 (KPP X
PRREH Rof. Bl s B Hisz gy PO KT i
Depth Size and weight Th Max fps/H Precisi Distance/ Field of view Col
€p sensor 1Z€ ang welg eory ax S/ 1z recision 1Stance/m (horizontalxverticals) olor
Kinect V2 250 mmxf;’s“gx“ MM ] 30 2>-4mmat3.5m 0.5-4.5 70°%60° B
PMD CamBoard 0% mmX”S“;m”"‘ MM R i 45 <3mmat4m 0.1~4.5 60°%60° HEBE
ZED 175 mmxii)g 4mgmx33 mm s 100 <lcmatlm 0.5~20.0 90°x60° B
R60 mmxH90 mm PN Horizontal: 360° Jew
VLP-16 0.83 ke TKAT I A 20 0.03 m 0.5~100.0 Vertical: +15° B[P

ZED AHHLRFXCH W3R =4 iz, HR B 5
T RATIE (time of flight, ToF) HIVAEE AL B#% . ToF J&
DR PR A IR AR A 10U H SE AR B 7 72 AT T s A
JEFIBTAEETHRRE T 16 LRBOETE LW LA— X PSR
360° K M 2 s, (HAA 16 ML, S5 %R,
TR AL AR 10 05 2 K FE B T AR PR S AR b i ARk, bk

JE— TR R N R TR S LT RE S B i e S =
1.2 HIEMLE

R4 # ] Microsoft Visual Studio 2015 %44 ROS
155 F- & FFJR C++ 45 = % (Point Cloud Library, PCL) %} £
T AR . BE A B AR E W 2 BT
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Fig.2 Pipeline of data processing
HRMEH EEMIEN LR R A, RRHETEHE
P L BRHUEL e A5 R, B A B AL SR R — Bt Bk
(random sample consensus, RANSAC) 47 Hifi 4> #I
EN
2o HIPER LR EEA S R m a7 EXRE
fRIREAE TR AR P i TAMNOGE . SRS P 25
A HICEL B AR 7R S AT UERR . X SeME RS AT DL FH S
IR I TTVEDERR o T7E R R 5 AT A &
A RIERES dy KT BUME Touier WIRZ KT BSHE 5L BUAELTE
CS.Wi|
Toutier=H+ 00 (D
e A o 350 94 JRy AR AT 150 B S R A R bR T 22
LRI T, kA a 46 A1 1.0 B AT DAHLAS R 47 )8
BRCR
A ] RANSAC Sk il i #b AT I8 RR . i T2
FEPAE el A LT MY AN, TR BUR A AR S
DN JERR BTG D0, AEBEAT s I JE BRI R AR B B AR T
ERCERT, W UURIEMS T F 8RR . LI IEER S T e
Y EYIREE R =T, RAKKRERTEHER NS
AL R 7 AR I, R R s R R 2 12K,
RIS 2 Rtk L 2 o
Kinect V2 Al ZED LA LAFRAF AT AU (5 2 1)
=, WEWRIET ARG FIMERIE. EHEEN
MBS —, Bl 2SR N e B, i
(i 13, TR D PR R AR, DRI T AR 5T R
H RANSAC J7 ik JERR T . 4 PR @8 3R 15 1 [F)— IR &
FER RO LI 3 Fros. ZED AHLSREUAE PR A1
s, B CEBIG M ALE T BOR I A,
JETE LA PMD i s MHBLEAZCL N, (H R =W,
HMECAIREL b BE (TR AR S 4L, Kinect V2 FHHLLE 54738

I R SRR o 5 B ] Kinect V2 SRHX) 7 AR
FRZ

T
a. Kinect V2 b. PMD c. ZED d. VLP-16
(11 408) (2004) (25677) (2778)

TE: 465 T AR SRR B R S
Note: The number in parentheses is the number of points of banana sucker point
cloud acquisition by the sensor.

A3 FREEBERENGF—AREERSF L=

Fig.3 Banana sucker point cloud from different sensors
1.3 & EHSHIRE

BT PP M EERCF i, HEEER.
EviE 28
L3.1 HR&HRKRRF*

B REWCE R AE y BT 1) AAAR 1) B K ZE (E B e
BRI, WE 4 s,

73

=
Plant height H

‘ Val

ZERE I IR
I ;
Measurement position of [
stem thickness .

|‘

B4 HEaEanEai
Fig.4 Measuring location for plant height and stem thickness
1.3.2 AT RAdid ey ZHRRT &

S A A REAE A 1) S R I — Pt % [ 7 e FE iR AT
D, (BB IR AR S B 22 i K, HME DAde BT 5 Y v 2
T2, ORIEX RS AN F & IR AR, 22
RIS B R — AR B X, AWk IE R E T
MBS —N R R ORI & X, w4 R,
XN S5 x J7 AR AR RS R, S I
Iz x J5 RO ZEE 2 RARH K

VF 22 BT 50 R R 7] A4 A 22 8 B R4 1R 77 vk o B
VEVIZEAH . AR 2 AT 4R/, B N D & A
B 2R R SRR 7 1) A A 22 8k B B S A5 VA 4 5
PAEBRRZE, ARHFCRA RS, §RNE X,
0E G, EH 2R 0 oy 0k I P B LR 22

B REICE AT, A B R AR I R v P A L
S 3B/ 3k (moving least squares, MLS) X il
TR AT 3 TPV R T, AT DU AR AT A s B A
TSNP, gk N 2R SRR ZE . MLS JRE N X T8
P A ST S — AT, R SRR B
by SRS AR R T AR R

{8 F MLS X7 8 254 jl = EAT Tl JE B s s AR 4
S AR NS, SRl i N EE R . BT RE TS
FIRgHhE, A PCL PER AR HEAT RIS, 53]
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FAREAESH, WAFEERZENZE,
1.4 ELES=HERE

Rz L A2 DR A 7 I 2 SR 4R R BB D38 A ke
Bz, HHAmEA, W 5a fiw. BT LLES WAFE T
) R A9 2 1) s B AT O, 73 30— A s AR AR 1)
=SS RBYE, RIS SRR, RIS el E
AR, MRS B wE 5b Fis.

MaftE— o I HEREACHER 2 . A0
i PFH FHECHE . FHECHEM AR RN 1D MAFRCHE 5
= PHIER K ANFES; 2) fEE S S Q FAERSSAE P
WA SR AR, FPFH RRAE B — DB AN i, X LEAH
L HHBEHLE I — A SAE N E bR s O FHIX RS 3D
THE B A 2 ] NI AR e B, 45 3 il = PR AR R
(48

FEANBCHERE A ICP Sk, AR N: 1D MFS =
P CBFRARH SR S PR — S p, TEHES S O
Hh TR B B BN B R g A 912 H AR A s R
IS5, LAIAERT ANy 20 5 7 A 1) R AR A B
RIS N g s 3) THRRFE R R FFR A T, ffix
NS Z BRI R E RN 4) WEBIME ¢ sk
IERIKEL Npar BB =RIRBIAEH TR S S P, 15
B s Py VR PRI Q HIBE B IR ZE, A0 SRR UGEAR
RZENTRIME e 80E LRNERIRERT Nowo  WEARES
W, BNPEHIGATC AL s L HA PRl O GRERE, B
25 ISREIE B B RIEARIKEL

a. MCHERT b. BCHE)S
a. Before registration b. After registration
A5 &=fef
Fig.5 Registering of point cloud
AT FERE 30 BRAF B A 2 4N T7 1) 3RELE) Kinect V2
.z KU PFHAICP (RCHE TS 0T e Ao HE . = o
(REIFPONE SHEPN S TN YA 2 [E SN T-E
g —MEEES - NES T RIE AR, B
R, RALF R E . TR ST 2 R R R
SRS IR, T I = e A S
FBhBCHEE H CloudCompare RAFHEAT, 15 I & = A
[ P B e BN S T 1) = A s A R BE v AR A, RO RT o
SRR AT AL R, AT R AR ECHE .
1.5 BHEME SHERRE
REEREEDCHEKR S )5, R E TR —
AR AL BAE 2R AL, B A A
TTH R s MR o T s 1 YR AR = A
AT =T A, T A A A ]
SR, WIE eb Frn. SRR A SRR
AN IA =T BT A, e R AR SR 24 2GS

AR, R
S = —a)(l = b)) —c) (2
Sleaf = ’ZZS, (3)

A L RoRE A=A ¥ ain biv ¢ ORI
R =M &K n ST AHG SOBA TR =M
%Zﬁ)#mﬁﬂ:{’ cmZ: Sleafﬁﬂ——\‘n—{_}#ﬁﬂ:{’ szo

b. Mz =Moot

b. Triangular mesh of leaf point cloud

a. Whrz

a. Leaf point cloud

BHe6 wi=fAdhik
Fig.6 Greedy triangulation

2GRS0

B EER AR B A R pRm . 20 IS
N LB AR HEAT R R PR A ST VERIRE . PR 45
F P24 265%4 5 4> Eli% ZE (mean absolute percentage error,
MAPE) . #5#Ri%Z% (root mean square error, RMSE) Fll
R5E 2B R* (determination coefficient) {F AT B FR#E .

% Kinect V2. PMD CamBoard pico flexx~ ZED X H
MIEAIHLA Velodyne 16 ZREOGTE X RER 10 FRAEER
FRFA R S 8T AR AT R B
3T FEAMHT 30 B Kinect V2 F AN S =25 I &5
BlptkE . ZHSHE N TNEHEATE R, UAHE
W HE B BCAE S T B HE I A TE S TR TR E R
.

2.1 HENELER

4 AT IR SR U A AR 2 A 2 R PR PR v 5 R

2 PR
*2 BEKSTEMLERENSEIEL

Table 2 Comparison of plant height measurement between

different sensors m
17357 HAH W #{f Measurements value
Plant Truth
number value Kinect PMD VLP ZED
1 1.61 1.55 1.47 1.50 1.38
2 0.87 0.85 0.82 0.56 0.74
3 0.63 0.69 0.64 0.67 0.48
4 1.12 1.07 1.00 1.18 1.01
5 1.22 1.28 1.06 1.14 1.23
6 0.89 0.84 0.81 0.87 0.82
7 0.48 0.46 0.49 0.46 0.52
8 0.56 0.53 0.54 0.46 0.50
9 0.56 0.58 0.50 0.40 0.59
10 0.54 0.51 0.54 0.52 0.49
MAPE/% 4.85 7.81 11.77 10.48
RMSE/m 0.042 0.083 0.125 0.108

LR, Kinect V2 SREXHI &R Ml Bk s A
B RS RE, Kinect V2 5z $RBLUIAK 250 (1) - 2 4 %t
o bR ZE L PMD MHLN 2.96 N 20 5, HL ZED AL
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/N5.63 NES S, HEVLP-16 /) 6.92 N FH 7 . PMD A
Z R RLAE DB e P R AR IR R 22 45, 1 m LA K
FRER 2R, R R PMD AN S A R, K
PRI AR i s R %, W T RKIRE. 16 4
BWOLTHIRHET A 16 IREAML, X FHEANESLSE WS
TEREA TR, =4 TRKN SRR %E. ZED ML
FREmER, SEAN RS TS A ERK.

Sof TR B G = ) Kinect V2 AEML, REE T 30 £
FHEWEEERN S, HTRIEkRS s EESJEE
IR SE 28 R, S5 RNE 7 fon. HkESNE R FE
WCEE R 5 N LA R EAE 2 7 R A 0.96, MAPE
N 4.79%, RMSE N 0.055 m, S &k KRR AN
95.21%, 5 N TR RA 81—k

1.80 ¢
R*=0.96

£ 160F  RMSE=0.055m %
@ = 0,
1m0l MAPE=4.79% /
> °
B 1.20 //
2 -
= 1.00} o
< &
= .80}
= - :,r' °
2 0.60} (’%

40

218 Measured values/m
B7 MaATNEME A ZNEET
Fig.7 Comparison of plant height between automatic and manual
point cloud measured values

2.2 ZEHEMELER

4 FhAR AR IR B B 25 i 2 N R (1 2R 45 SR
F 3 7R, Kinect V2 KU 2240 S50 T 4068 5 4> b
w2t PMD AL/ 0.21 ANE 4, B ZED AL/ 6.84
ANE ) o ZED FANLTE REE A 25 I 1 2 AL R 2 A0
A T ORI AR, MR ZE R K. HOLEIA R
TR BT, R A SRR,
R INIE S E = {8

#=3 BEEHTEERSINExTE

Table 3 Comparison of Stem thickness measurement between

o TR PR v ) Kinect V2 AAL, SREE T 30 Bk
FREW Sz, HTERAF MLS 38 il 5 220 R Sl
WG, R WA 8 FiR.

2 MLS “Fi Ja Skl & B 2 5 N T
ME R BB L 8 Fin, &l g kG e
ZBR*I 073 WK F]T 0.87, MAPE M 13.39% K&
7 9.20%, RMSE M 0.684 cm F[%%| 7T 0.444 cm, 4°F
T AL FR S 2R A SR R T R IA B T 90.8%, T T2
TSR EL R HERf P

8.0

75b R*=0.73 °
g RMSE=0.684 cm
L 7.0F MAPE=13.39%
5 )
,% 6.5F
g °
6.0
2 e
§ 5.5F . a oo
g 50 ° . .. "
@ 4sr e o
E 40t o
puicd e ¢ °
35F ~7e
~ 00 @
3.0 L

3.0 35 40 45 50 55 60 65 7.0 7.5 80
&8 Measured values/cm

a. “PIERT
a. Before the smooth

R’=0.87

RMSE=0.444 cm P
L MAPE=9.20%

different sensors cm
7351 HAH W {8 Measurements value
Plant Truth
number value Kinect PMD ZED
1 8.00 7.32 7.74 6.40
2 6.40 6.72 6.56 6.68
3 5.50 491 4.82 445
4 7.10 6.32 5.40 7.40
5 6.30 5.82 5.99 4.96
6 6.40 6.62 6.53 7.84
7 5.40 4.90 4.75 4.40
8 5.70 5.23 5.11 6.32
9 4.20 3.84 3.76 3.26
10 4.50 5.10 4.76 4.02
MAPE/% 8.56 8.77 15.40
RMSE/cm 0.53 0.68 1.00

30 35 40 45 50 55 60 65 70
Wl & {f Measured values/cm

b. R
b. After the smooth

B8 FHAIMEML A FHN B/
Fig.8 Comparison of stem thickness between automatic and
manual point cloud measured values

2.3 BUESHERER

Kinect V2 7E7F B ZE PRk ey A ZEAH I & B3, 14
BT HIREP) 52 RORAR T Ho A A B 2% o« X Kinect V2 2R
£E ) 30 BEEF B ZEAE 090 180° AN J7 ] _E ) 55 = AT HiT
AERI AT 5. SRR, AN EER ST
HECHEN S, SRS 2 RIEE 90% LA B AR fE
0~4 mm [X[A]), B PFH+ICP [FIBCHE T 17 LR £ &
FEWRLZE A 5 AT o

B0 e 1 A2 AT 3 TE v Ak A 2 3 B I T AR
R’=0.92, MAPE 5 16.59%, RMSE Jy 197.83 cm?, 1
9 FraR. TR I R 22 A Bl A P T AR 4 KT 16 K
e, RFNMEERIE R, Mol EER S, R AF
TE ARSI 0, TG VR AR I T AR 38 5 7 A A K
2. HTHAE 1000 cm® PR FIREFE DI S5 25 55/ MAPE
KT 9.56%
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g 6000F

S R=0.92 LI

8 5000F RMSE=197.83 cm’® e
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5 4000 Hﬁyf.
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FBhfcHE Manual registration/cm’
|9 Fahiefn et @mRs HkmuER Eet @Rk
Fig.9 Comparison of leaf area measurement between automatic
registering and manual registering point cloud

TR T ET B F MV N T G H E& RER5F =
Ye i o RERGE, NI SLHLH (A& R A =4 = KT
AL EEE KA. X Kinect. PMD. ZED. VLP-16 3t
4 TR P AL R A A B 2F 1 R4 LI RUR, Kinect V2
R IRBUI R i 2 T 8 40t 1 4y bl i 2 EE PMID AL
/N 296 NE A, ZED MM 5.63 NE AL B
VLP-16 /] 6.92 N E 45 i, ZRHSHTI 408 B 43 tiR
7=t PMD AHML/S 0.21 /N E 43 56, E ZED AL 6.84 4
73 1, R KinectV2 KA S 2 BRI T H R LK .

TR T HT FEWE Sk e 20 s 5%,
PEH T HE T R LA R 2, W T 2R
A B IRRGE R BENLIR 2, JHEH MLS Sk e
il | 7 2N ERE. BEREN
Kinect V2 A= 3REUIbR R 22505 T5h A5 1T
B H o LR ZE 5 BN 4.79%81 9.20%, 4175 MR % 2% 7
A 0.055 F1 0.044 m, HR5E REL R 41514 0.96 A1 0.87,

ST A7 1A SRR Kinect V2 FEE S =,
PFH+HICP SyFEHT T i mlicuE, 3T RevEm s 2R
TAE = F R AT = A R T A, TSR R

R [ BITC A PR TR AR S T T PR I TR AR S 2 8 %60
B iR ZER 16.59%, ¥HHTRIRERN 197.83 ecm®, P&
RECR N 092, FWARLAERA A L BSR4
W ZF I TR

ATV R AT IR T BB N FahigdE, &K
A2 AETENL A NRAE b, ANRE RIS U8 R4 = JE A
AR, XM SHEHSHNERERKNERZ —,
TELRAE SR SE AR 0T 5 I, AR I A BE B A R e, 1T
BHIE AR A, WO R A SRR BT T R
BT RENS H 3 U R = A A IR E &, RIE
TR R IE DU AL SRS B A B R — IR T SR
R, PRMERIRZE,

(& £ 3 @kl
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Morphological parameters extraction of banana sucker in the field
based on three-dimensional point cloud

Peng Cheng!, Miao Yanlong?, Wang Liuyang, Li Han'*, Li Xiuhua®, Zhang Man?
(1. Key Laboratory of Agricultural Information Acquisition Technology, Ministry of Agriculture and Rural Affairs, China Agricultural
University, Beijing 100083, China;
2. Key Laboratory of Smart Agriculture System Integration, Ministry of Education, China Agricultural University, Beijing 100083, China;
3. College of Electrical Engineering, Guangxi University, Nanning 530004, China)

Abstract: A banana sucker is a vegetative body that grows out from an underground tuber. The growth status of the sucker has
a great influence on the mother plant. Traditional method for manually measuring plant morphological parameters is both
time-consuming and strongly subjective. This paper proposed a method for extracting the morphological information of banana
buds in the field based on a 3D point cloud. A 3D point cloud acquisition system based on an autonomous navigation robot
platform was developed to obtain high throughput 3D point cloud of banana suckers in large fields. A measuring algorithm of
plant height stem thickness and leaf area based on banana bud sucker point cloud was developed, and a calculating method of
stem thickness based on cylindrical surface fitting was proposed to reduce the random error caused by the selection of
measuring the position of stem diameters. MLS algorithm was used to smooth the banana stem point cloud and improve the
measuring accuracy of stem diameters. Through comparing the effect of Kinect, PMD, ZED and PVP-16 depth sensors on the
collection of the banana bud point cloud, the mean absolute percentage error (MAPE) of plant height parameters obtained by
Kinect V2 point cloud is 2.96 percentage points smaller than that of PMD camera, 5.63 percentage points smaller than that of
ZED camera and 6.92 percentage points smaller than that of PVP-16. The MAPE of the stem diameter parameter obtained by
Kinect V2 is 0.21 percentage points smaller than that of the PMD camera and 6.84 percentage points smaller than that of the
ZED camera, indicating that the point cloud result obtained by Kinect V2 is superior to other sensors. The mean absolute
percentage errors of plant height and stem diameter obtained by Kinect V2 point cloud had the highest accuracy, which was
4.79% and 9.20%, and the root mean square error (RMSE) was 0.055 and 0.044 m, and the determination coefficient R* was
0.96 and 0.87, respectively. For point clouds collected from different directions using Kinect V2, the point feature histograms
algorithm and Iterative Closest Point algorithm (PFH+ICP) were used to register the point clouds. Based on the registered
point clouds acquired from the two sides of a banana sucker, a greedy triangle was used to reconstruct the triangular mesh
surface of the leaves, and the leaf area of the plants was obtained by calculating the area of all the triangular mesh elements.
The mean absolute percentage error of leaf area between automatic registration and manual registration was 16.59%, the
RMSE was 197.83 cm?, and the determination coefficient R* was 0.92, indicating that the registration model could reflect the
leaf area of the banana sucker. The results show that the method proposed in this paper based on the point cloud obtained by
Kinect V2 is suitable for obtaining the morphological parameters of banana suckers, and can provide a fast and accurate
method for measuring the morphological parameters of plant height, stem thickness and leaf area of a banana sucker for
orchard management. If the robot can autonomously identify and measure the morphological parameters of banana bud
suctioning plants, more accurate data can be obtained and the intelligence of orchard management can be further improved.
Keywords: three-dimensional; agriculture; banana; point cloud processing; crop morphological parameters; plant height; stem
thickness; leaf area



