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Three-dimensional Reconstruction and Phenotype Parameters Acquisition
of Seeding Vegetables Based on Neural Radiance Fields
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Abstract; Accurate and efficient reconstruction of seedling crop structures is crucial for obtaining
phenotype parameters. The traditional method for 3D reconstruction based on the structure from motion
and multi-view stereo ( SFM — MVS) algorithm, which had high reconstruction accuracy and high
computional cost. It was difficult to meet the demand for rapid acquisition of phenotype parameters.
A system for acquiring phenotype parameters and creating 3D models of seedling crops was proposed by
using neural radiance fields ( NeRF ). The system utilized smart phone to capture RGB images of the
objects from various viewpoints and constructed the 3D model through the NeRF algorithm. The
algorithms of line fitting and region growing in point cloud library ( PCL) were used to automatically
segment the plants. Additionally, the algorithms of distance-minimum traversal, circle fitting, and
triangulation were used to measure phenotype parameters such as plant height, stem diameter, and leaf

area. To assess the reconstruction efficiency and accuracy of phenotype parameter measurement, seedling
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plants of pepper, tomato, strawberry and epipremnum aureum were selected as subjects. The
reconstruction results were compared by using the NeRF and the SFM — MVS algorithm. The results
indicated that both methods were capable of achieving superior reconstruction outcomes. The root mean
square errors of the point-to-point distances of each seedlings were only 0. 128 ¢m to 0. 359 ¢m. But in
terms of speed, this method improved the reconstruction speed by an average of 700% compared with the
SFM — MVS method. The method used to extract plant height and stem diameter of chili pepper seedlings
had a coefficient of determination (R*) of 0.971 and 0. 907, respectively. The root mean square error
(RMSE) was 0.86 ¢cm and 0. 017 ¢m, respectively. The R” of the leaf area extracted from the plants at
seedling stage ranged from 0. 909 to 0. 935, and the RMSE ranged from 0. 75 ¢cm’ to 3. 22 ¢m’, indicating
a high level of accuracy in measurement. The proposed method can significantly speed up 3D
reconstruction and acquisition of phenotype parameters. This would provide a more efficient technical

means for vegetable breeding and seedling selection.

Key words: seedling crop;

parameters; leaf area

0 53]

SR E R N A E Rl O D7 N I C
S LA B SR 7 X TR O R £ 2 A Pk
A EEE S MR R TR R 1 4 B G
T ASRRAE , 75 A 15 b, G ad ek bk L i AR A
R (9 5 WL, AT A VR A K R B R
U, 2 O R A B R BT AR A%
G N T RO 7 i TR R R R e 3 A
2% HOHAT DEIR P, b 3 1) 55 R R T 3 43 # 7 b
V0 T R G A ol K AT B R R R . e,
W58 % I % 7 ¥ 2 1 0 A2 A LU T 3 UIE
B A BR800 2 A B A8 O I A L L IR
1 05 2SR AHPL A RGB — D MIHLZ ™Y L &k
TERIHLLE A 7 25 06 40 BE R AR 45 B AT LG
Ul 36 R I R A B A Al R AR 5 AR S AT LA 3
A ST T K A3 B e R T 5 g R S Sl A AL
FF o 4 F & & s RGB - D MIHLEE T 2 HF
RN = e 25497 o SR T 5 63 R AL L BR AL
-4 2 AN HL A5 AL TR AR 0 B0 Bt B i 2,
MRGB — D AHAL % 5 85 4% 14 22 5K v B 77 2 A ife
BRAE A 56 C o S AR DLW R IR AR PR
AR IR A BT R

W% LR 2 1 &R, 3 TR A RGB
MR =i EE T EC R RN R EET
BTN 9% 05 vk F AL B 8l K &2 45 # ( Structure
from motion , SFM ) 3835 A1 57 A # 55 JLAAT ( Multi-view
stereo, MVS) B T ¢ 1 A Wk B = 46 25 40, 5 2K it
P T T AR R B 2 TR A R R Y R A
PRI 117 76156 i 4 b 75 ol 1 EE i) 3 00 e 52 30 T oK 6
VU e gy vk A 0B B K 4 R A ok it
FAHLN AN SR T A R PR R B A
05 32 700 ) e o R A%, AT R S R 9 R T e

il

three-dimensional reconstruction;

neural radiance fields; phenotype

{EINAEE7/E R AN (B 7/ TR I (2 7/~ RO oI
FIEAS BERGSHIESMEE S5 ", Rz
Ty VR K B SRR, B A B
BOUH AR ) 4G, 0 DA g RUOR O 1 R AR B, X AE
—E R 2T R A E R AR B ARl 7 R A
SNSRI S5 R

#2245 51 37 ( Neural radiance fields, NeRF ) & —
o T [ = 24 J5 X s ) ) R B 2 ) Bl i 2 2 TR
FNHL ( Multi layer perceptrons, MLPs) 3% %= 3] Fll % ik
=HYEYaR . MR th T e R A o AR
B RUBCR R T = 4 S b R By 3T 1
I R AE T HLLSE AU A F 5 L NeRF F 5T 34
PR B A R I A e
B R ReE AN shA g R A el g
B A L AR R B £ ) 2 B B 5 v i
A ULHE , NeRF F ] 2 40 £ RS SR I = 4E 45 5L, &
TRz ) 2% 1 B X =GR R A LA T B e
18 BB T R 2 2] R 58 — e 05 i p A5, vl DL
HE HH R T B AR L A ) — A A
RIS HORIBOH BAIRKIE T .

BEXT LA TR) R, AR SCHE T b2 e A 3 TR N
SO AR R T 5T R A R R AR AT = A R T
X & = J% (Point cloud library , PCL) ¥ B £k il & &
TR DXl AR R TR R X s B AL R AT A ) A R
YOk vy ZERL T AR AR R B S 4, O R TN T S
Hon X AR O 2 B S RO AT RS BT AL . Ah ie s
SFM — MVS %5 32 Jir 5l (1% 4 A F A7 = 4k sl 85 0 7,
BT RO EE B O AR 2E VP 2 TR A S B
EERE LSNP DN C Y L B & SO = 2 VAL (A9 NN = B
it AR R AR Y R AL AT R GE, P 58 N 4E T
MRS HORI, LB Y & AR BRSO AR
Al A 7 R e AR R T BB A



186 A Bl B ¥ i

2024 4

1 #RF7TE

L1 {3iRit SHERE

W T 2023 4F 1—12 H 18T = K7 & ol K
FI YA DX ] IR 19 40 3 K B 5 S 30 & (38°29 N,
106°07"E) #E47 o Pe BCHBL T i |5 FI % 2 Y 1 )
A IRAE 00 5 R A8 bk BT 0K BR B O R
FE MR- 6 (] La) T4k, %R0
B Bl e e & S AR = AR LR, 3 SR

(a) R F-LREE

(b) EERET R EE

BT R K H AR R AR BT e & L, e
FE B TEEE 5 Pl 4145 em, KRR AR R R R R T = 4R
1o B R BIL AR B, AR MILASE Sk 48 ) H AR AR B o 38 2
Tié i 5 Bt 2yt 2 Rl bk 92 8 5) UG By e e B e TR
7.2(°) /s, € F G K I E B, M A R S
() Python #2)7 i i Android SDK & FIAHHLIEIFE 1 s R
R N TRRFE MR EE N ER, R
8k 3 A, 1 50 g LA 8] 150 7 EE R4 T W
1b fif7R, Z W RGB 2 A 1c iR,

Bt

() FIBREHR

K1 =gERFAMITR

Fig. 1 3D reconstruction platforms and schemes
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Fig.2  Pipeline of 3D reconstruction and schematic of neural radiance fields
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