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Multi Perspective Point Cloud Reconstruction Method for
Sweet Pepper Fruit under Occlusion Conditions

WANG Yu' YI Zhenfeng' TAN Wenchao' GUO Jinju” ZHOU Xingxing’ ZHAO Junhong’
(1. College of Engineering, South China Agricultural University, Guangzhou 510642, China
2. Institute of Facility Agriculture, Guangdong Academy of Agricultural Sciences, Guangzhou 510640, China)

Abstract; The in-situ phenotype of sweet pepper is an important reference indicator for fruit breeding and
management. Automated measurement of phenotype in-situ through phenotype collection robots is one of
the effective ways for digital breeding and management of sweet pepper. However, fruit occlusion during
the measurement process seriously affects the success rate of detection. Therefore, a three-dimensional
reconstruction method for multi view sweet pepper fruit point cloud was proposed to address the problem of
target occlusion in in-situ fruit phenotype measurement. By using the method of virtual leaves, an
enhanced dataset was created, and a sweet pepper fruit recognition model based on YOLO v5 algorithm
was established to recognize fruits with different degrees of occlusion. At the same time, a fruit phenotype
collection algorithm considering fruit position and occlusion degree was constructed to achieve multi view
three-dimensional data collection of fruits. Finally, the three-dimensional point cloud of sweet pepper
fruit was registered, the phenotype parameters of sweet pepper was extracted, and the effectiveness of the
point cloud reconstruction method was validated through the greenhouse sweet pepper fruit phenotype.
Compared with manual measurement data, the average relative error of fruit width was 1. 72% , and the
average relative error of fruit height was 1.60% . The experimental results indicated that the in-situ
phenotype point cloud reconstruction method proposed for sweet pepper can provide effective solutions and
feasible methods for crop phenotypes under occlusion conditions.

Key words: sweet pepper; phenotype; data augmentation; occlusion conditions; point cloud three-

dimensional reconstruction; YOLO v5

Wk H 49T 2023 -10-07  f&[E H ). 2023 -12-10

E&TA: R ARRFIESH LIH (32372002) ) RA AR B U R G5F 03 H (XT202201) T~ 7848 58 ST & 15 50 5
(2023B0202090001 ) J 7545 4 MV BF 2 bz 2 Bk ] BAEE 3 35 H (202130TID ) F1J R 4 4l BF 22 Be BH 4 A A 51 kL 1 95 4 1 §
(R2019Y] - YB3003)

EEE T £5(1987—) 2, BIlBER, WL, FENF AL BT J7 A REAR WL A BFY , E-mail ; yu-wang@ scau. edu. cn

WSS BRZ(1989—) 55, BT 01, W1, FE M FeR0ll A5 B AL 5 R BEAR L 2 45 B 5%, E-mail ; junhongzhao@ 126. com



45 ] T8 PR T 2 AR A S R ik 219
0 315 1 XWHBETE

RS 2 ERE E L FEY, e R E Tz
M SRS AR AR A M T AN AR PR A B A
FEFEAR ) A REBURIC s B A 2 A0 8 (R
RGEAED ) AT T B I sl i Je i
PR IEAFAGIN A AECRA A DU SR S 4t /b ) B ) i
Pidhse, FEFAHLAE N 5 By JEAL SR 52 R R
BRI A, SRy BRI 8 Rl R A= =48 B4R L E T
HE VRIS [B] DCIR Ay S S5 i | 2 4 sh AR = A
R FR

YRR KAG N R E KSR R AR = A
TEBEME, ) Z NS O, A 1Y = 4
FE vk, F B I = A TR AR R A B bk
=4 LA RS A O R
JEEIA 7 RGB — D LA Jr ik, MO
15 B ELA RS FE RO, B A TS 40 #r
Az K W RIFSY , PAULUS 25130 ) i v ks 1 ot A
Wi R G E & = WY I A A R K
ORI B AT R R, B
ARSI FHE A B R R A, P PR SRR 1
TR =4 5 2 500 , GARRIDO %5U'S) 3 3 0O 55 34
ST R AR S bk TR H, NS
KB PE UL T ARTFB . RGB — D ] [A] Ay 3k HX
RGB EUGEE 5 TR B 5 = B, A 1GR9 | Al
AN G HE 5 B2 A = e
NGUYEN %5 Bt — 3 T 55 My e i M 4 = 4 i
H ARG, F 2445 AR DL R AT 58 38 1 =
g fﬁjﬂé%m] FF Kinect AHALEE H —Fh =
Y g AR, U I R S
A AP TR S LA ATF & T —Fh Tk bk =
A RAERG, HIL R LA N SCBLTC PRI £ KSR
R, R TARE XK R vk RO i T 25T
HR , AR % SR 52 R BE B 3R 18 1 By AR MBS il ok A
TR, FEUEN AR E P2 W] 32 B &k A
SERE A, [, I R e S S A 308 24 ) R DA fie e,
NSRS SR B —

ARSCIETRACRENIEN B REETHAR
Bt Y AA T D A7 SR S AR I, $ H —Fh 2
FATIBCR SE i = B = T A J7 7 4 Azure Kinect
DK AUTR BEAH AL AE R S AR AR Xk i R 52
PR T 14 R 25 4 0 AT SR R S O I 4R % R
SRS B 5 PR R AR A SRIBOCR 42 FL A
(7 S5, 1) ML AR R S B0 4R 5 22 00 = 4k 4K
PR, ISt Bl s = e 5 R B E B
PRRE HEFR B,

1.1 FREHSFEAN

A RARUR YL AL 1 FR, 84
T R HUNTER2. 0 B4 %% 31 i £ | Azure Kinect DK
FIREE AL 07 RVC — Xmini FIG5FOGAHBL bl
CRS BUBLARRE | Tolk APl B s 6 843,
HUNTER2. 0 U5 sl IS £ % G 58 Ik s =, 3 25
JrECh Z ] Azure Kinect DK BIVREAHHLEE WS
BONIF BRI R TR EEAR B . WA RVC — Xmini
RIZER S EARPUE B ZE A7 2 AL, B dd 5 = AR B
BTE 350 ~700 mm Z[H], EEHEERF A FAE 7 CRS
RIPUBE , B 6 X5 .6 A M B, ARSI 2 R
ETRMZ AT R, WINETARE R T
A FE IR S il , 057 WO R B A i ik
KGR, ERELSERVSANEZS, KPIT
48 V HL L AR AL sl U UR 4 TR LA B BB £t

Bl 1 RAMLAEA
Fig.1  Phenotypic robots
1. RVC — Xmini BIZERGHIHL 2. 58 CRS BIHLARE 3. Azure
Kinect DK BUIREEHIHL 4. TR HIH4EHL 5. Balh i
6. HUNTER2. 0 RS B i %

K1 EESH

Tab.1 Equipment parameters

g Al S SR
=] T2 /JX:
AHIBLIRE SR CRS mj;)o fE¥
l s
B AHHL T Azure Kinect DK fiaH
0 ~2 000 mm
TAEER
GHDEHBL  WRRHE  RVC - Xini Rt
250 ~ 1500 mm
=) »* i3
Bahli ARHLEEA  HUNTER2.0 BREH
6 km/h
Tk R T PCX —9068 CPU i7 9700
LR 48 V
2R PG o
716 A-h

ol RIS AL B SRS R IR E iz g,
24 Azure Kinect DK T F8 AH A1 3R B2 GH B 258 591)



220 P 1 R A= 4

2024 4F

5B SWREE B , IR 1R 3, HUE R AR 1L %
URIE N5 BT sh 248 S A AL B 17 3R 52
SRR LA, IR = R 5 | IS A4k 25052 3 3|
T—AHRME(E L),
1.2 BHEE

R AL AL T TR A A B E B 2 5L 50 Sk
Mo TR AR RRE B AR T AR = P, R
IR 2023 4E 4 H 2 H, 2 YCREEETT 1700 BRIE
% R FH B AR E T TG — 4 TIBSARBL, 23 PR Ny
3200 53R x2 400 42 A% E 4 350 ~ 700 mm,
SRAEABE NG K 2 YCRE M FIHUT A B3R,
TS FIABUZE S BT 5 IR 62| 7 SRS i S R
218, RIS TR I AR | 2 b € 1 SR SR T
BURAE , ARV AE Tl 2 2 P (SR,
1.3 Rz=zElAFE

B ot v SR S A I g v 1 B AR Y ) 4
HH — T 2 A TR S 5 2 B = e B A O 3, AR
TRENE 2 i, A A SR AR K AR, TR E R
FE A EIARCR SC 8 H A SR, B 25t/ SR
Z 0t Ry, e AR A UR S R R
L OpenCV AN FE 38 5 B4 42 | 1 FH bR T 401 Xt
B EGEAT 4325, Wi YOLO v5 8 vk <7 4r 2540
SRR FEAE Azure Kinect DK YR AHAL 5 245
RUPUI I ELFI BRI AR SCE PR . R HIA SCHR
PR 5 T R S o7 g 3 P R R ) SR S R R R AR T
I 15 2 ARPLAZ 3, X RIABGIEA T 2 A0 M A4,
KA S, fa @it 1CP DE R s gk A T B
Rl T M | T ETRBUR S = 4R | TR B
BIREPR S 5 (R ke Bk AR S X R B e
M, i CouldCompare 3R A48 S 52 5 M K 4 25, 15
B RS =Yk R

OpenCVEHE YOLO v5EH#HL ICP£ AL
YR AL [ Eillava JaPN

L—T——J v
SRR

Kinectif, B3
FIFHL

T )
— UEPAR
PG

v

SYRHEH
SR

K2 JEPZEPF T RS & By A i
Fig.2  Reconstruction method of point cloud for

sweet pepper fruit

2 ETF YOLO v5 EXREHH R TR 5 4R 8

2.1 R FIEE R R
AL FAF Photoshop #2IBCHHARUIM A IF 4 7 57 15

WIfEAb 3, PR A7 png 4% 3K, f ] OpenCV 1 4644
R AT AN R AR B A e e, AU TR AL AR T R
JEA, Gt b B REat 100 J, BRI s 46
TPk 500 W R M7 R A B 8 0 BIBRUVE S 00 1R
BUE , T 2h#k A2 5 AR S 0 B INEDE B, BE AL
PRI A7 B AR it R 3T R 7 R TR 43 51| 3 B
2 YRR Y BRI 30% LA DL K 30% ~
60% Z[8], B J5 BEAIL 53 A7 7ERIBIUCR SCAEAE N | 8 i
IR T R AR AN L S 3 5 AR G Y A
(K 3a~3c),3 FPiE oL BT 1500 iR & RS 4
I

. OYGES
B3 YIZREER IR
Fig.3 Example diagrams of training set

2.2 REEHHIEIEE

J A BUREA DR UG A P s A iy
EEVELL RAEATR 5 iR A RE ), 76 L SC R
A FH OpenCV 22 St 355 3 IR A TASER] | W 75 Ak
MO S EARIR AT B BIEE JT, i H OpenCV
PRI R ST B, B R DA B R 5% ('] 3d ~
3f) , &t 1500 BEFEAHUEE
2.3 HEH%E

B 1 5 B 4 ST 3 000 MR RIS H R L
1] 8: 2 AR AR 43 I 2B 5 ik 4R S &l 2B
k2 400 HREG, B UESE R 600 R &5, i AR
A Labellmg #% 18 F 3R] 7GR 3 Fh2E 8L, 25
AR IC AN A R 28, A5 28 pepper X 7 1Y 42 TG
PRI F5% pepper_occlusion_1 X L [ 2 18 45 T FR
R0 ~30% Z [a] (8 5 5 52, T BR % pepper _
occlusion_2 WX 1 3 $4 T ALk 30% ~ 60% 2 [B] 1)
PR AR SOl SRR B AL  BUR A PR A
it W24 R DL bR % g i Ak R, i Python
PR R A PR A B9 XML A% X S5 i YOLO
vS YR Iras i e 48 XS0
2.4 YOLO v5 #&25)l %

YOLO 5" J&—Fh sy Bt B il 553k, B
AN B IS A TER S . BT



5

FEAF PRI T ZUMEMBUR SN =TT Ik 221

IR AR SR YOLO vs SRR HGHAT B ARG
P, A YOLO v5 XPBEE AT 2k, DI 2Rt %k
BN 200 %8, I ZRgE At i R RF 2 —i%
B 640 B FR x 640 1R F, BRI Z5 ALK ( Batch
size) X E N 32,

3 ERMESEBENEERNRIRIRETE

3.1 REMFI=EER

N RAEAE N 25 [T SRR | Kinect AH
B GEAEDCARAIL BHABUR 52 22 1) 1 25 Al 67 B O &R,
TR SRR A (08 A A T
3.1.1 FIRRGhrE

SR TR A 22 0 7 X A AL A i AT
AR R SHRPLAR bR R Z 8 A2 3 OC &R | DU AR
Sl R g, APLEs AR 2 S HEL,
BEHAT 2 RFRFRE ., A4 RVC MHLS WL 2
(BRI IRAET b7 i BT Or 20, B I iE R . [l g
— SR IAR R E A, TEHUAMUE IS )38 A B5 52K | Base |
( F3CHEHR | Base | A H5 R ), AR i AL ¥R &2 4 | End |
(R 3CHEFR [ End | A F5 &), RVC MIHLAR AR R
{ Camera| ( T 3CHLHR | Camera| AR R ) , BRE M AL bR
Z M { Board | , A4t A AR 22 B AIHLAL bR Z A0 &% 0
W e MR | B AR i 4115545 5] | End | A2
PR 2] { Base | A5 R A AR 00 B M, B S HLAK
& AR, FE ] RVC AHHLAS [ £ B2 A5 bR o i i &
1%, H Matlab FYAHHL T A1 H { Board | AL R 22 2|

{ Camera | AR AR 28 B FE S BE e M, W) AT 75
M =M (1)
L /N
= e MM ()

H T AR R LA T A8 A X o7 AN R
BOEFERR) 3 T n ASAS RS T 7 2R 2 A R
B n -1 407N

oM, St M S0t M = St MM M,
(3)
id S M, i M = A
M M =B (4)
ChaM =X
X X——{Camera| FR R 5 | End | Aeb5 £ 1742
PSR
TR AR AR R B
MAT %) 7 # AX = XBPY SRk X B4R 3]
AR RVC AHML S HUME A AL PR R IR

n

3.1.2  Kinect R RGHRE

Azure Kinect DK VR FE AL 5 WL E 22 [6]
EFANRIRIETHN . % Azure Kinect DK BIVR
LA AR 2R 9 (K} (R SRR K A48 5 L il
Azure Kinect DK YU B AH ML ALK 2 8] i) A5 4
TP Ay e M T A A 5 2 AR, BT 2 A A A 2R
A Board, , BEAE ML K I 2 ) RVC AHHLA A R
ﬁﬁi‘ﬂ%ﬁiﬁ@%,ﬁﬁﬁ Azure Kinect DK ¥R
JEARBLATI R [ — > bn s MR 1R . 1 Matlab B AL
TEAG A5 thbr e A b R BN K BB RS
| Camera| A § 10 7 M P, M G M E

RNCT M WS K AR BR R A | Base | A8 5 2R Y22
B M
Baan = g:ér]r:::lrlaMBnaillMcag;e;?M (5 )

Azure Kinect DK IR EEAHMIAR TR AR R T AR5

HC AR BR A (w,v) X BE N o, 3 3 AR BILASE Y

THRCRSE LA | K AR PR R P R AR AR E (X, Y,
Z,)

X,

u
Y, |=wP ' v (6)
Z, 1

X P—HAPLN SRR

EH K| A bR R 5 { Base | A2 b5 & 09 5% Ho S
I M 38 5 56 R 48 PSR A R S TR0 AT TE | Base |
MEARAR N AR (X, LY, ,Z,) T

X/) X]r
Y, Y,
' = Ba]:eM - ’ ( 7 )
Z, Z,
1 1

FET G RS ETUR SEARBR R G (R SR
FRUGHAFRER) , HE | G AR FR 3 AR FRAH T 17)
55 { Base | AR R —EC, RUKEFEAEFE N 3 x 3 A9 AL
FE(E) , BEFRS BN @, { G bR AR 5 { Base | 2845
RS I M

i | E 2
BaseM_|:0 1:| (8>
/ﬁ\:qj Q:<Xb7Yb’Zb)T

IR HE S AR A ] A A AR FR Z ] Y e 46
KFR, AR (] 4) 2 BT S8
3.2 RELRBREHEE

SRR R PN T A P I Ol
ARARE S R O E A 55 3 BRI 52 8 =, 1R
BS54 1) 2 Y oy i) ) AS [A]  R 4R R
W, feft AL 2 30 AR AL 22 400 A 410 18 e 0 3 4 1

LA



222 A VIR A I 2024 4
—» Xl o (I Sb) AR ZE A A ALAFA 48 1 I, BT
me B - 12 VA 1. 08 min( % 2) . LA 2 X

‘/ C"ESZZM\\\\ Bmf]M AT R I 2 AP RS AR 0 ~ 30% SR 5%, P L

i ‘ ey PR DX IR 25 R, S I B BRI 96 9 d K

BuscbfiR 1, PBREEILERS > - 3N HARSHRE, E8 1 AR ERn 2 4K
A i WA 2 AL, BT 10 LA (1 Se)

P I
) EndiiRE
~
4

B4 SRR

Fig.4  Establishment of collection space model
SRAETREME 1 X JCHEPE RS, Bt 6 AL
AR T AL 3 A ACELA, LR 3 AL A

—> X7l —>YHl — 7l
FHE AR

LI

(b) RAFews VLS
IS OREEAS AR A

Fig.5 Acquisition strategy perspective diagrams

(a) RARA A 2= AT

R2 TRRERM

Tab.2 Different collection strategies

e WAL A RSB0 RERT/min
AR 1 6 2 12 1.08
SRAEHEWS 2 10 2 20 1.75
R AR 3 15 2 30 2.50

BERENAPRR N (HY |G BFRR TR 7,
Y X U T 5 A 7 i 45 | HL A & 1] — K
PR (a,b, o) " PS5 (H| AR RIS EA,
AR (G H | AR R 2 ) B B R B M, 2
K(8) VAR | G AR RS | Base | 2645 R 2 [H]
ARG I, O M, T % IR M A5 400 1| AR R R 1
[ Base | ALTR 22 Z [A] A 4 400 46 B, MR

Bal:eM = Ba(:eMgM (9)
;H\:E':I gM:f(a’B’y’a,b’c):

cosycos  sinasinBeosy - cosasiny  cosasinBcosy +sinasiny @
sinycosB  cosacosy + sinasinBsiny  cosasinBsiny — sinacosy b
-sinf sinacosB

0 0 0 1
(10)

cosacos

o

El:] 350 mm )
6_%9"

YOBCH 20 W, FERT 1. 75 min (K 2) o RN 3 X
PP 3 AP P AL 30% ~ 60% FL, 1R 2
P48 7 2 (R FE At 38 InARE AL A1, AR A 17 208 44
AT BRI = 3RO (18] 5d) st 15 SR fa
FOERUECH 30 YR BHE] A 2. 50 min( £ 2) .

PN

THE

30
I:H 350 mm ' : )
C%@"

45°

TR

(d) SRERMEIHL A

(c) A ML

B——HI IR RELE |G AFR R Y FlEFS 1Y
AR

y——{HI AR R LS G AR R Z Sl 1Y
fARE
W X MPFREFE 2, mm

b— Y PP RS R E  mm

c— Z WP IR B mm

M——{H| R RS G AR R 140
S
HHEM A AR X Shiess , B « 2 0°, i
K 5aml %0, B BUME N ( - 30°,0°,30°),y HUE N
( —=90°, —60°, —45°,0°,45°,60°,90°) , 1 A F5 F
B ¥ il X f5a, Bl @ =350 mm,b.c A0,
HRAE £ 1 SR g B s AT S50, A (9) |
(10) fin] 3K X R R A 5 { H A8 bR R 5 { Base |
AL TR 2R B AR I
ZS [ rh— e 6 NSE (v, y,2,r, 1, ) FERIAL



5

T AR PR Z A ORI B = B Uk 223

WS R 8l , S0 TR AR
X = Bag-,MM

_ H
Y= BaseM24

_ H
Z = Base M34

_ H H
r, = atan2( BaseM32 ’ BaseM33 )

(11)

r,= atan2( - Bal:eMBI s Bal:eM§2 + Bal:eMg,?)
r.=atan2 (y Moy M)

K oM, —FEFE, M 2 m 4756 n B R

[ H}ABHR 2R A | Base | 2BBR R T X

AL bR

y——{ H} A AR RF S TE | Base | BB R T Y
AL bR

z [H} A8 b5 R SAE { Base | 235 R T Z
AL bR

r, {End| AEbR R %8 { Base | AEhR R X Filiie
W s R IUETERI [ - 180°,180° ]

r, {End| AEbR R %8 { Base | AL FR R Y filiie
W s R IUETERI [ - 180°,180° ]

r, {End} A HR R 48 { Base | AR F1 & Z BlliE

SR A A - 180°,180°]
I FIREOR A RN S AR PR S 4
P LA A s AN “ 27 TR o :Rig B
BN R A FAEE, STIUEHTUER 32 5 = R E T RE

4 XIIEIE

Shy I SR SR SRR LA R SR S AR R ARk 11
AT S HERAYE 7R AR 48 AR 27 Bt it 4 Ml AF
FE T EHABURR A R 25 P I R AR 50 E
4.1 RELOFIRBILGER

SRR A 5 B AR ZE a3k 3 R, Hop
MRS UERE (P) B BIR(R) T4 Y (mAP)
SR 91.5% 92.7% 95.3% , I 2577 A 1 I B A
RIS A i H &8 13.7 MB,,

x3 SRR
Tab.3 Training effect %
251 SAKEUERE R SIS R (E
T3S B 5 90.2 96. 0 98.0
PSR 0 ~30% F5L 90.5 92.0 94.2
BRI 30% ~60% F5¢2 93.9 90.0 93.8
JEREN 91.5 92.7 95.3

2023 44 A 6 HAE] AAE AR B B i AR
M ATFFE P EHUR AR IR 25 P, (0 P DI i i) A 5 T
Azure Kinect DK UV EEAHAIL I 2K 18R 84 80 | U050 2%
RUNE 6 Firs ASERLRE S 58 I 3 Fh i e B AL

Pl

e

Ko 2RI S5 R
Fig. 6 ldentification diagram of various types

of sweet peppers

4.2 REEMFHERWEIE

2023 4F 7 H 2 H T ARE AR B Bt A<
MEAFSE BT A RSURD AR T 28 P9 5 A7 2R AR 12U, 18 1) it
WA B R, BT R R R R A
FHARE 10 2H i = 8, O B e -~ Rl &
FEAEHO SR i R SEAE X R SR AR 30 4
S EBHES 30 4T R,

BRI S = Bl ) ICP L FC e IS, R EAS
AL S, TR R = G s AL (] Ta) , 26T
Kinect AHALER BE(EE (770 #1 35 5 S5k (8 7b) |
Ik 8 U B v o MR A B AR A s MR P Y 5 T
(K 7¢) , #3334 CloudCompare 43 E) 15 =~ = 4 A5
B P BRI SRS R BIR SR = LR s/
FREAE R RE AR AR s RS R R (B 7d) .

Tyl 1 o i | g
} o I o | EI%
(a) FCVEEME (b) i H (c) ZPpMps  (d) ArE0RsL

K7 RIHUCRSE = 4E s 4]

Fig.7 3D reconstructions of sweet pepper fruit

AR SRS F 2 a BT, 5 R
K8 Fizn , JC PR 52 10 2 B8 b SR i f KA xR
FEN2.52% RTEERKHMNTIRZE R 3.03% F i F
PIAIXTRZE R 1. 72% SRIETFHIFHXTRZE N 1. 36%
(& 8a) ;RS AL O ~ 30% S 5 5 5 Fe KM Wi 25
H2.52% Fi X R 2E R 1.80% R A K
FEXT 12 225 4 3.03% | A 58 F ¥ AH X% 22 R 1. 80%
(I 8b) ; EPHHIFN 30% ~ 60% 5% W w8 Fe KA N 5%
PR 3.40% SFHFIXTIR2E A 1. 64% , 5 G 5 KA X
BRZEN 3.54% TFHFXHRZE N 1. 64% (B 8c) Bk
SRR AR 2E R 1. 72% , BT8R 1. 60% , KA
R HECRAE TR M AR IR o 2 80 15 5 o ) o 5 4
WRZEAK BEAS S R ISR SRy R TERAUFE L
5 #it

(1) TER 2 PR AL R RRURE A RS, (1 FH R Lt
RS RS TS A ik, 0 49 i R e A o
YOLO v5 Bk gy 3 i $4 78 B AR I B A A5
RIS 3 2 P4 R B A ARG M BE 43 1 R 90. 2% |



224 A VIR A I 2024 4
120 ] B o -4 1201 , - .
- R e R R . RS e AR
100 100 .
3 3
80 = ®
g o £ R
£ W g H
w60 2K @ iy
B 2o =
40 = =
1
20
0 0
(a) ToHER R
1201 o -4
- N S e R R
100
3 ;
S 80 x
g o = ol
= 2 ;ﬁf P 60 5
P4 N {3]:3 iN
z 40 z2
1
20
0
N3 4 s 6 7 8 9 10 0
2151
(b) FEFYHEIFRO~30%H 52
120 N I R, 1201 iae e o e pemas 14
- .S e R - .S S e R R
100
3
_ © _ 80 ©
z 40 z
1
20
0 0

1 2 3 4 3
433

1 2 3 4

(c) IEFHIET30%~60% 3%
RS

Fig.8 Error analysis result

[ 8

90.5% .93.9% , A PIZ5 5128 96% 92% 90% .,

(2) BT YU ZE SR 0 — BB XA [ P A
YT RSUR S R AU S R AR TR | 3 e Y e SR 5
XN 3 AR AR SR MG, o Sk A B RIS H AR
BT SEOHEIEL 4 D H A% S #2545 6 HLAR
B IR 27 TR AR 7328 A0 56 BRI RUR 52 05 = R 4R
Uitig.

(3) T AL S SR SR A T 1L A FIABURP A UL 25
FHERAINLAS N AT R A0, il 1CP BBk xRk 4
BT Z 0 R s R G N s YRR

5
[1]

ST R RELRE  S R R 4 i, 8 o U Dl B
RCIE A5, T 4K CouldCompare ¥ 552 5 A Ak 43
AR =S m R, R AR S R
5T A X e As . AR o A AR R R 22
H1.72% ,RFEFFXTRZE R 1. 60%

(4) A SO HE A SEE P 25 1 1 Z2 300 A FEARLR:
SE s ERY T P R AT P T L AR S
FERUPLI 52 | 52 B % 8 ST ARGER B R A 1 34k
RBUTAE, A 710 & A S 58 2 it —F
AR i e R BRI AT AT

% X wk
ARAEAT, Thf, WU, F. HMEREMNEES AR 22, 2020, 47(9) : 1715 -1716.

70U Xuexiao, MA Yanqing, DAI Xiongze, et al. Spread and industry development of pepper in China[ J]. Acta Horticulturae

Sinica, 2020, 47(9): 1715 =1716. (in Chinese)
(2]

BACHI L, LEFEBVRE V, SAGE-PALLOIX A M, et al. QTL analysis of plant development and fruit traits in pepper and

performance of selective phenotyping[ J]. Theoretical and Applied Genetics, 2009, 118; 1157 —1171.

(3]
[4]

NAEGELE R P, MITCHELL J, HAUSBECK M K. Genetic diversity, population structure, and heritability of fruit traits in
Capsicum annuum[ J]. Plos One, 2016, 11(7): e0156969.
HURTADO M, VILANOVA S, PLAZAS M, et al. Phenomics of fruit shape in eggplant ( Solanum melongena L. ) using tomato

analyzer software[ J]. Scientia Horticulturae, 2013, 164 625 —632.



el T AR PR Z A ORI B = B Uk 225

(5]
[6]
[7]

(8]

(9]

[10]
(11]
(12]

[13]
[14]
[15]
[16]
[17]

[18]
[19]

[20]

[21]

[22]

(23]

[24]

(25]

[26]
(27]

(28]

(29]

[30]

[31]

BHARATH S M, CILAS C, UMAHARAN P. Fruit trait variation in a caribbean germplasm collection of aromatic hot peppers
( Capsicum cnense Jacq. ) [J]. Hortscience, 2013, 48(5) : 531 —538.
MARTINEZ-ISPIZUA E, CALATAYUD, MARSAL J I, et al. Phenotypic divergence among sweet pepper landraces assessed by
aro-morphological characterization as a biodiversity source[ J]. Agronomy, 2022, 12(3) . 632.
XU R, 5158 A0k, 45 RV L g AOCHERORBETE SR S R ka4 [ J]. AR LB =41 ,2022,53(7) :1 -22,55.
LIU Chengliang, GONG Liang, YUAN Jin, et al. Current satus and dvelopment tends of aricultural robots[ J ]. Transactions of
the Chinese Society for Agricultural Machinery,2022,53(7) :1 —22,55. (in Chinese)
FT R, FHERE, A R HLE AR BEEAR RIPE TR [ )] AR HUA R ,2022,53 (BT 1) <1 - 19.
WANG Ning, HAN Yuxiao, WANG Yaxuan, et al. Research progress of agricultural robot full coverage oeration planning[J].
Transactions of the Chinese Society for Agricultural Machinery,2022,53 (Supp. 1) :1 —19. (in Chinese)
LI L, ZHANG Q, HUANG D. A review of imaging techniques for plant phenotyping[ J]. Sensors, 2014, 14(11); 20078 —
20111.
SUN G, WANG X. Three-dimensional point cloud reconstruction and morphology measurement method for greenhouse plants
based on the kinect sensor self-calibration[ J]. Agronomy, 2019, 9(10) : 596.
FAN J, ZHANG Y, WEN W, et al. The future of Internet of Things in agriculture: plant high-throughput phenotypic platform
[J]. Journal of Cleaner Production, 2021, 280 123651.
MR ZEEtA R, 45, BET Kinect v2 ARG AR T = 4EEEIIE )] AU R 202253 (35T 2) 197 -203.
REN Dongyu, LI Xiaojuan, LIN Tao, et al. 3D reconstruction method for fruit tree branches based on Kinect v2 sensor[ J].
Transactions of the Chinese Society for Agricultural Machinery,2022,53 ( Supp.2) :197 —203. (in Chinese)
PAULUS S, SCHUMANN H, KUHLMANN H, et al. High-precision laser scanning system for capturing 3D plant architecture
and analysing growth of cereal plants[ J]. Biosystems Engineering, 2014, 121 1 —11.
WANG Y, WEN W, WU S, et al. Maize plant phenotyping: comparing 3D laser scanning, multi-view stereo reconstruction,
and 3D digitizing estimates[ J]. Remote Sensing, 2018, 11(1): 63.
GARRIDO M, PARAFOROS D S, RRISER D, et al. 3D maize plant reconstruction based on georeferenced overlapping
LiDAR point clouds[J]. Remote Sensing, 2015, 7(12) : 17077 - 17096.
FORERO M G, MURCIA H F, MENDEZ D, et al. LiDAR platform for acquisition of 3D plant phenotyping database[ J].
Plants, 2022, 11(17): 2199.
X, X, #EEG, . B THESEOUE IR EUR M AR R =GR ] ], rhEfROE R 2#47,2014,19(3) 1196 - 201.
LI Rui, LIU Ting, DONG Runru, et al. 3D modeling of individual maize based on ground-based LiDAR data[ J]. Journal of
China Agricultural University, 2014,19(3) ;196 —201. (in Chinese)
TENG X, ZHOU G, WU Y, et al. Three-dimensional reconstruction method of rapeseed plants in the whole growth period
using RGB — D camera[ J]. Sensors, 2021, 21(14) ; 4628.
WANG Y, CHEN Y. Fruit morphological measurement based on three-dimensional reconstruction[J]. Agronomy, 2020,
10(4) . 455.
PNERE, T/, XVSIR, A8 kT AR OLAH OC AR % MR pk 2R = Al 5k (1], Rk TR =, 2019,
35(18) . 134 —142.
SUN Guoxiang, WANG Xiaochan, LIU Jingna, et al. Multi-modal three-dimensional reconstruction of greenhouse tomato plants
based on phase-correlation method[ J]. Transactions of the CSAE, 2019, 35(18) : 134 —142. (in Chinese)
NGUYEN T T, SLAUGHTER D C, MAX N, et al. Structured light-based 3D reconstruction system for plants[ J]. Sensors,
2015, 15(8): 18587 - 18612.
KRl TEETE THUA, 5. BET Kinect ALHRIAZSR A L =4 i < B[ T ] AR, 2021 ,52(7) 1159 - 168.
ZHENG Lihua, WANG Luhan, WANG Minjuan, et al. Automated 3D reconstruction of leaf lettuce based on Kinect camera
[J]. Transactions of the Chinese Society for Agricultural Machinery,2021,52(7) ;159 —168. (in Chinese)
MG, DT RIE i, S FET R AL AT B I F KA 4R 5 BRE RG] R4, 2019 50 (F4 ) 15 - 21.
LI Peng, LLAO Cailian, YANG Han, et al. Maize plant 3D information acquisition system based on mobile robot platform[ J].
Transactions of the Chinese Society for Agricultural Machinery,2019,50( Supp. ) :15 —=21. (in Chinese)
XURLR, EHRAR, PRI, 4%, BT OpenCV RYSIASHIA) TEPESEMPUN[T . ol TR, 2019, 35(23) : 177 - 184
LIU Xingxing, WANG Shuoshuo, XU Liming, et al. Real time color recognition of moving raisin based on OpenCV[]].
Transactions of the CSAE, 2019, 35(23) . 177 —184. (iin Chinese)
FRAZE, AR, IRIEEE, A BE TG YOLO v4 B RRSAT A RIBSE T ]. Al WU 41,2023 ,54(4) 1347 - 355.
GUO Jianjun, HE Guohuan, XU Longqin, et al. Pigeon behavior detection model based on improved YOLO v4 [ ]J].
Transactions of the Chinese Society for Agricultural Machinery,2023,54(4) :347 —355. (in Chinese)
HU J, LI G, MO H, et al. Crop node detection and internode length estimation using an improved YOLO v5 model [ J].
Agriculture, 2023, 13(2) . 473.
WU W, LAIU H, LI L, et al. Application of local fully convolutional neural network combined with YOLO v5 algorithm in
small target detection of remote sensing image[ J]. PloS One, 2021, 16(10) ; €0259283.
MR, MRS, FDeRR, . 35Tk YOLO vSs il TensorRT #6558 14 fr il o #e i 0 [ 1], A L4 ,2022,53(12)
314 -322.
LI Jianyuan, LIU Chunna, LU Xiaochun, et al. Fish passage monitoring based on improved YOLO v5s and TensorRT
deployment[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(12) ;314 -322. (in Chinese)
FIf, B FIRHE, S IETHUE YOLO vSm B RAFHL AR A RRAT 77 2 U [T ] A AU 41 ,2022,53(9) -
28 -38,59.
YAN Bin, FAN Pan, WANG Meirong, et al. Real-time apple picking pattern recognition for picking robot based on improved
YOLO v5m[ J]. Transactions of the Chinese Society for Agricultural Machinery,2022,53(9) ;28 —38,59. (in Chinese)
SHARIFZADEH S, BIRO I, KINNELL P. Robust hand-eye calibration of 2D laser sensors using a single-plane calibration
artefact[ J]. Robotics and Computer-Integrated Manufacturing, 2020, 61 101823.
HORAUD R, DORNAIKA F. Hand-eye calibration[ J]. The International Journal of Robotics Research, 1995, 14(3) . 195 -210.



