Journal of Korea Society of Industrial Information Systems Vol.28 No.5, Oct. 2023 :1-14
http://dx.doi.org/10.9723/jksiis.2023.28.5.001  ISSN:1229-3741

ATAF 7% T A%EN 9y A7

(A Study on the Artificial Intelligence-Based Soybean Growth
Analysis Method)

HeM) dge? ¥ g R0 0 MY LS A e Y

(Moon-Seok Jeon, Yeongtae Kim, Yuseok Jeong, Hyojun Bae, Chaewon Lee, Song Lim Kim,
and Inchan Choi)

8 ¢ T2 AMA LU AEFE F ostuR A8 dulde Fo FFHoTh AE 5 7
FHgte] utgl T&E AF] F JTFS B g FTHEAYsLANME T EFFE Y B4 S
B8 AEAEY JdFE FPFolth T FTE A BAS A% A A A #YPLe AHsstd
Alz"l oz o] R RE A AAEHE &2, 7|5, 2Aste AAHL FHAYeE JAYgHa o B
=idAE oleld AAHE AFs & F UEE F AE9 G HelHdA TU AAE AEsIe=
YOLOvbs R4z HEH Fdo AN AqFE dAdste F4d+ A4 P (Convolution Neural
Network; CNN) RdS& A7, sFsidch F 2Zde ddsta AEdH Td9 HuvoHz F8
TEIE ¢aFS T F FEY AALE HolHE dHde] AAS BN Z2a¥S
MAetHa, o1 A F FAEe A2~35J7H] A Al7IE dEE 5 AT

AFA N AFA 5, AA A=, AFE v, FAF AZE, 28F 4

Abstract Soybeans are one of the world’s top five staple crops and a major source of
plant-based protein. Due to their susceptibility to climate change, which can significantly impact
grain production, the National Agricultural Science Institute is conducting research on crop
phenotypes through growth analysis of various soybean varieties. While the process of capturing
growth progression photos of soybeans is automated, the verification, recording, and analysis of
growth stages are currently done manually. In this paper, we designed and trained a YOLOvV5s
model to detect soybean leaf objects from image data of soybean plants and a Convolution
Neural Network (CNN) model to judgement the unfolding status of the detected soybean leaves.
We combined these two models and implemented an algorithm that distinguishes layers based
on the coordinates of detected soybean leaves. As a result, we developed a program that takes
time-series data of soybeans as input and performs growth analysis. The program can
accurately determine the growth stages of soybeans up to the second or third compound leaves.
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Fig. 3 Structure of YOLOv5s model consisting of the Backbone, Neck, and Head; multiple
objects can be detected in one image data.
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Table 1 Structure of CNN Model

Layer Output Shape
Conv (K:3, S:1, P:1) [-1, 32, 64, 64]
MaxPooling (K:2, S:2) [-1, 32, 32, 32]
Conv (K:3, S:1, P:1) [-1, 64, 32, 32]
MaxPooling (K:2, S:2) [-1, 64, 16, 16]
Linear [-1, 256] - "
Linear [-1, 2] (0823,  09:39:50] [0823.  16:43:03]
Fig. 4 Example of image data used for floor
24 2 & & L18&F classification of soybean leaves. (A)
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{ Input time series image data ]

Does the image Extract image information
data exist [Plant serial number, Date of capture, Time of capture]
¥

Ne

Detection of soybean leaves
(YOLOv5s model)

Does prev_u:us data Toad the data
[ Growth data analysis ] i
' No
SEHEIEIE [ Floor classification of soybean leaves ]

(Floor classification algorithm)

[ Analysis data collection ]

Judgement the unfolding of each leaf
(CNN model)

v
Save the analysis data ]

(
(

Fig. 5 Flowchart of the growth analysis program

4 B TP + TN 0 Table 2 Hyper parameter used to train the model.
Y = TP EN+ FP+ TN ,
Option Value
Precision = P 2 Epoch 300
TP+ FP poc
R P ) Batch size 4
At = Trp T EN Resize 1280
Optimizer Stochastic Gradient Descent
Learning rate 0.01
3. 2 1 Momentum 0.937
Weight decay 0.0005
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A 2de JdaPste] 2702 vlolHAS + ooz dAstdar 1 A¥ G E(Accuracy)
Agct a1 & 22089  HolgAlow 73.0%, A %= (Precision) 95.0%, A& & (Recall)

YOLOVS gt xdst3ltt. YOLOvSs 8fs5ol 75.9%° Hdess HAT (Table 3). TFo] ¢4=
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Train result

Value

—— Precision
—— Recall
0.0 T T T T T T T
0 50 100 150 200 250 300
Epoch

Fig. 6 Result of YOLOvbs model training.

Table 3 Validation results of the model

Type Value
True Positive (TP) 414
False Positivie (FP) 22
True Negative (TN) 0
False Negative (FN) 131
Accuracy 73.0%
Precision 95.0%
Recall 75.9%
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Fig. 8 Example of leaf image data
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Train result

1.00 4

0.98 4

0.96 4

0.94 4

9 0.92
i
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Fig. 9 Result of CNN model training.
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Table 4 Validation results of the model

Type Value
True Positive (TP) 320
False Positivie (FP) 5
True Negative (TN) 91
False Negative (FN) 2
Accuracy 98.3%
Precision 98.4%
Recall 99.3%
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Fig. 10 Example of prediction results
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Table 5 Comparison of growth state measurement data and program output data

(* means that the actual data and the program output are different)

Sample 8.22 8.23 8.24 8.26 8.27 8.28 8.29 8.30 8.31 9.02 9.03

B_07_08 0 0 0 1 1 1 2 2 2 3 4

B_07_17 0 0 0 1 1 *2 2 2 *3 3 4

B_07_26 0 0 0 1 1 1 2 2 *3 3 x4

B_07_35 0 0 0 1 1 1 2 2 3 #3

B_08_08 0 0 0 1 1 1 *2 2 3 *4
el Hugdls o A2~354971A< G A7) paddy field. Korean journal of organic
s I = AU agriculture, 14(2), 191-204.

2 d4E Fd Fds & 78 gndsy Cho, C., Kim, D. Y., Choi, M. S., Jin, M. and
A AEd TU9 npduls o ofES) Seo, M. S. (2021). Efficient isolation and
7] wiZel HAJUAY Tt AJE Felo] EA gene transfer of protoplast in korean soybean
e AS F R0 AUR o] Fox A FE= (Glycine Max (L.) Merr.) cultivars. Korean
Gdo]l EAs. A FFdde= FO HE journal of breeding science, 53(3), 230-239.
S M FYo] old 2 Fo FUS I Gu, J., Wang, Z., Kuen, J., Ma, L., Shahroudy,
of HAEste WAooz WAsH A 4 X A., Shuai, B., Liuy, T., Wang, X., Wang, G.,
2O JFEE Eole ATV 7MeE AL Cai, J. and Chen, T. (2018). Recent advances
2 Bt T3 Saleem et al.(2019)9] A& A in convolutional neural networks. Pattern
QoA HdeldS AMEste] AWES HAE:ste W recognition, 77, 354-377.

W3 Karlekar and Seal(2020)2] F Ao AH Jeong, Y. S., Lee, H. R., Baek, J. H.,, Kim, K.
S HAEsE WS B Ay FAeA0d F H., Chung, Y. S. and Lee, C. W. (2020).
ZAEo AEAI FA AW AF TS JbF Deep Learning-based rice seed segmentation
g Aoz Helth for phynotyping. Journal of the Korea

Industrial Information Systems Research.
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Code 1. &% &Y AA9 T & dag+=

# leaf_list : YOLOvbs® A& FU A9 FxaL.

# all_top_list : &9 AAE Ao Fuxzk 2ol S AF

# all_center_list : T AAE T4 FEF Ao & 11.
(e}

= o
# all_bottom_list : Y AAE st FAH 3k 2olE AF
# diff 1 29 —> o|u|A] AV]9] 1% LXE V| FOoE AL,

# 3 AAE Hx Aolgks AAkst] A%
for i in range(len(leaf_list)):
if j in range(len(leaf_list)):
#Ag 27t 22 A5 T AAT E2

ST

s 0g 4%,

jlied

if 1 ==t
top_list.append(0)
center_list.append(0)
bottom_list.append(0)

else:
top_list.append(abs(leaf listlilltop] - leaf list[jl[top]))
center_list.append(abs(leaf_list[il[center] — leaf list[j][center]))
bottom_list.append(abs(leaf_list[il[bottom] - leaf_list[jl[bottom]))

all_top_list.append(top_list)
all_center_list.append(center_list)
all_bottom_list.append(bottom_list)

# predict_list : &< AAE NHA i} 2

S

rlo
ol
o,
i)
K
r <
i
&
ro,
i)
[
Z
il
2
o)

for i in range(len(leaf list)):

min_value = -1

min_index = -1

3 (Top) 23 WL

for j in range(len(all_top_list[i])):
# 2 T AAE U4,
if all_top_listlil[j] == O:

continue
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# Be T A (Top) FE AolE Flst™ 7 Afol7t A2 gkt <l
if min_value > all_top_listlil[j] or min_value == -1:

min_value = all_top_list[il[j]

min_index = j

[e] L

# 49(Top) HF vl F 719 Aol7k e gkol oulA 27)9] 1% nr kA Y <)
o) =

if min_value < diff:
predict_list[i] = min_index
else:
min_value = -1
min_index = -1
# = (Center) #¥ WL
for j in range(len(all_center_list[il)):
# 2 T AAE v,

if all_center_list[i][j] == 0:

continue
else:
# = 3 8 A (Center) #E AfolE Elatw 7HF 2pol7F A2 gyt Q19
25 A%
if min_value > all_center_list[il[j] or min_value == -1:

min_value = all_center_list[il[j]
min_index = j
# <4l (Center) 3 Ml ¥ 7b zpol7} A2 ghol o|mx] =7]¢] 1% Rt} 2 3
G Yo F FE Fol vk At
# 718 ¢ro 3leH(Bottom) F3E W] ul Al
if min_value < diff:
predict_list[i] = min_index
else!
min_value = -1
min_index = -1
# shct(Bottom) F ¥ HlL
for j in range(len(all_bottom_list[i])):
# 22 T AAe= Ay,
if all_bottom_list[il[j] ==

continue
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else:

Fd 8 F4(Center) FHE
25 A%,

;‘<]-o] =2 3}

=

+H=
o i

49

if min_value > all_bottom_listlil[j] or min_value == -1:
all_bottom_list[il[j]

min_index = j

min_value =

# sht(Bottom) 3t Wlal § 74 Aol 7} 22
e <l ‘“’\4 FAdH 2 Foll vk A
# a8 o Al Qldlx A > Y S ZARVF A= T
.
if min_value < diff:
predict_list[i] = min_index
else:
predict_list[i] = i
# predict_list A3} o A]
# predict_list = [1, 0, 3, 2, 5, 4]

# predict_list 34

for 1 in range(len(predict_list)):
for j in range(len(predict_list)):
if 1 1S not j:
if predict_list[j] ==
if predict_list[j] is not predict_list[i]:
predict_list[j] = predict_listli]
#49 A3 oA >[I, 1, 3, 3,5, 5]
# TEEE AE AASI 9 A
= len(list(set(predict_list))) - 1

g shop

§ 7 gaste] 29

ofs

X =
for i in range(len(predict_list))5
if predict_list[i] > x:
= predict_list[i]
n-=1
predict_list[i] = n
# dag s Ay dAa] > 02, 2,1, 1,0, 0]

7

A5k 7bg Fol sk A gt

grol olu =] =7]9] 1% Xt} i

A7b EAEHA
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