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Image Analysis Based on ResNet50 Model for Classification
of Wheat Seed Varieties and Physical Properties
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Abstract Wheat is one of the major food crops, but the domestic self-sufficiency rate is only 1%. To
increase self-sufficiency, it is essential to manage the quality of wheat seeds by classifying the seed
quality grades. This study used deep learning algorithms to classify wheat varieties and distinguish hard
and soft wheat. Five wheat varieties used in the South were employed, and 21,256 images of individual
wheat seeds were acquired using an image acquisition system. The length of the axes and the average
values in the RGB channels were then calculated. Furthermore, the ResNet50 architecture was used to
classify the five wheat varieties and hardness. The results revealed high classification performances for
the training, validation, and test groups, with rates of 98.17%, 96.68%, and 96.40%, respectively. The
confusion matrix of the test group indicated successful classification, and hardness was classified with
100% accuracy for the same varieties. Deep learning algorithms enable the determination of wheat seed

varieties and hardness.
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Fig. 1. Automatic wheat image acquisition system

= L
Step Motor N

[ 1

olujz] £4 9 F4 AH F5 32 Fig. 29 o]
A=A, £ srjolq A5 HEE 59 €= 4
42 o|% ZHoolg B3 EFoR o

SH}. zdHolo] EdoMes Edol FEH ¥ &
&4 A FFo= YsistH 7E olm|A|7t S5HH.
2 A €Y oA A5E VIEeR ARR
o A8H olvlA|= jpg BA & AL =
€Y omRlollA vigE ALt & g 5 &
= o9t RGB 44| ¥t MAdghe At Al
H F4 AHe CSV FH= Agdr. ol ==

¢

[ Put wheat seed to hopper ]

]

| Discharge in a row on the belt by step motor ‘

]

| Transport seed via conveyor belt ‘

l

| Take image while seed drop at the end of the conveyor

l

| Align images based on seed long axis ‘

l

| Image processing ‘

l

[ Save image and quality information ]

Fig. 2. Flowchart of the image acquisition

B ATEQo]oll= o]d AEiet AEH o] A7t AA|
o7 HAEY. AnEol= LABVIEW (LabVIEW
NXG 5.1, National Instruments Corporation, USA)

2 olgste] A=t

|l=l

H

-

23 25 22 o5 3 4550t

g oA & o]gsto] 5} A -dE RE W}
7] $13H ResNet50 &2 ARE3HT. ResNet2 CNN
TZOA Folof7t HoASE FoliXle HEEEe] T
715kl wEt 2El XA3lof] HolRtks & F&Eoo]
72} sy mEQl9FE AAIGE 2Elo|oH19]. ResNet50
2 50719] Flojoj2 HAg=Ee] om A oJu]R] 27|
£ 224 x 224 x 3 pixelo|t}. B A= ResNet50
9] glojo} 2T 7EAY} FAH onAF o]&st
A& ShEole TRIFd= APt

oju]x] &5 W5 A <5 Hole A& 371
Al717] ste] Hlolg 374 stoitt. TlolE S4dol At
|5 g E= HolE - 4k 40%, - 4ol o]
5 20%, Y] B 20%, F B9 20%, T 2
A 5ol Utk 2d shEZ fdl, Hlold 21,2567h&
k5 60% (12,753), AT 20% (4.251), HIAE 20%
(4,252)9] H]&= WA viEsct. B 8k to]
E]9] A%, HlolE 342 &3l & 164 S7Fsteit

o skES 9%t HH3F Y 2fE(Optimizer) 22+
Adame ARE3SIEoH &4 F<4(loss)= categorical
cross entropy errorg 0]-83dto] AAME Tt S5
3,00081 ®HE(epoch)styl o™ w2 F7|(Batch size)
= 1622 A5 HF dlolEY &4 $<=7F 509
ol FoH|Et M3E vEhfA] gAY, s 271
FTHSIEE Aot ego] Ed =, 2EY wE 4
et &4 3 B0 T5o] AdE olFojF=A &
dstion, it 2dS HAE HolEo &85t
= E£5PH(Confusion Matrix)E UEH0] 5
B7rstart. 2d sks= 98l GPU (RTX 2080Ti,
Nvidia Corporation, USA) 7} Z2Hd AFEE o]835

k.

o my

319 34 E5 2 B4 o]
Fig 32 5714 £59 U $Ao] dhef A5 9
oful oA w3 AL F g o] ol Wit



W 34 B 9 BY BRE

913l ResNet50 24 7]¥te] oju|x] B4

Z
1__

(Length), Fig. 3(b)= &

HAE T EE Yehd Zo|i, Fig. 3(a)= A5
HE(Width)& Uepdit}, £33
2 74, d49] gat dolot #EHA= Fol7t A9 1t
EfLbA] gisith. A9 A9, Bt AE, ©5 dol =F
770] 714 2A Uekton] BAE &0 B¢ A
7o), B0 A9 Lol 7 =7 bt dde)
3%, A% Aol A3} gol| 274o] 14 Aoyt &
% Zoj wi7do] 71 A7 Yehgeh BAe] A9, 3
S2 AEdol, 952 Madd Zadol 71 &711 =)
Bttt olF Bl ¢ wA= Med £50] 7P
A Yehvhe A gelsiatt. A5 ©59] 4ol
27 50l HFE IA yehdou, Z&5a &=
Zol7} Bt Geths RS FRIstat oiF
=q Eioﬂ rH H ﬂﬂo] 017\1_@1:]. Aok 710]7]- =1
é@ﬂ% AE Aol= Zo| Zolet HiF BAY &
g ghlstglet. s, 1 Aol dslAle glot

% ol 7:]5:—'— '?_""‘O]—\_ /\\_ 01;,':]

o
T

o 2 3
=

Length (mm)

Width (mm)

Jokyung F

Fig. 3. Boxplots of axial dimensions by wheat variety
(a) Length (b) Width

3.2 & BXt

Fig. 4= 574 #3599
7+ o] MA} 7F HWHET H
Fig. 4(a)= 7%, b= 97, o=
(e)~ FaY £S5 Adolth. Mg JHER, G, B2

FEHUL, 0~255 HHY g2 2552 vl HAl
EZ Aet9ch 298 R, G, B B3A43e 44
39.12~41.15, 34.12~35.35, 24.06~26.42°] Hv|E&<S
Yelfilon ¥2HA= R 3 B %loﬂ*i 0.70~1.139
HAE, G gl 0.17~0.339] Bl&S Yepl A4 7t
Aol HolF:glrh £l G 2 €9 EEHAL
0.33 wRte = 7P A2 S48 etk A9 3¢
ZolHt} v A Fytgho] AAT W REAUXE UE
U 5 9 A= &7 oA 7FsAdE EofF3ith

ITX
==}

439

P a) o e Hard
@ + + + —Soft
%35 g —_—— — )
3 30 H
X i

b}

40 1

> + + :

S35 8 § —_— ——

=L

2 30 E
-]

25

(=2}

c <)

S 40 ++ _*

Es3s —

Q

£ 30

g

3 25 +
o4 d)_l_i e

c :

S 35 i : + —
£ — 3
9 30 ‘

25 +

‘_g 40 e)+__:

2 35 N :

o + +

230

2

-
R G B

Fig. 4. Boxplots of RGB color index by wheat variety
(a) Keumkang (b) Baekkang (c) Saekeumkang
(d) Jokyung (e) Hwanggeumal

33 2 X 23 ¥ =4 2F 22 45Tt
ResNet50 ¥18EE ol8sto] d F4F 5E5S 4
738 Aeo R ERoh: BES fdsiglon sy
9 A3 dole9] ewet &4 5 ALlsiolrt =
9 552 Ao, 160H2] HHE: Sh5o] o]FojF on s}
& 92 A5 FgeE 217 98.17%, 96.68%2 e,
sk 9 A5 &4 3R 742 0.0515, 0.13882 YeRt
o} ohet 3k 1Rl Hlsl A% 159 HeEet &4

el Wl A veht s 7H’$i°1 et Aos &

Fig. 32 315 ResNet50 Z2& HAE T5F9] 0]
ujxjo] A-gsto] EH3 AANE S5PE= YERd o]
o £ E] g7 R 7 220 digf 2Ht=
A 224 oju)x] £2 ey, v|didA Eo 7+ Z
ol i Fx ERE olnfA| & yEhdth 44571
o 24 44

SolA le W3 B4, 37 W 9,



ARG HRA A2 A9Z, 2023

pi =5

e 93¢ ddz 4% BREg 415719 g3 Zol7} ok vl BAY 4 glort H5
Qe sh AR 9dn A EREel 4 we S Aol UERIA T A GO G
£ AURE u5I A0 LS 59l 25 o] U BRRA A A8 558 ek
HIEE 06.40% 44 WS 0138308 £ ANE 93, Zolurt vlid Bglol A Be BE

UeR. E3 52 3500 HisiMe 57H4 ET
343 AL 100% =2 Besiict mahA, 25
o] gt T4 7&% ﬁX]JJr OS_%jJOH el "eld= 01

_9_‘50:] HEO]— )\

Keumkang Hard

Keumkang Soft

Baekkang Hard 1

Baekkang Soft

Seaekeumkang Hard

Seaekeumkang Soft

Jokyung Hard

Jokyung Soft

Hwanggeumal Hard

Hwanggeumal Soft

Predicted Value

Fig. 5. Confusion matrix of ResNet50 model test set

4. ZE

& =woAE olmlAe gefdS& ol g3t 5714 &
9] & SRl ol T4 FE5 494 o7 vt
HHog Wshe HdE /st 2E Nd &, &
& oJu|AE H53] ffste] ZHofo] ofE AlA'le
AFBIAL, AAEE B 57 olAE 0|85t
i 2EE /st ol At =8 AT A= o
=3 2t

(1) e F on|AE 2522 33| 943 olF
Zd#lolo], CCD 7izt 502 74 ov]A] &
= A2"EE AAstyT) ®3h olm|x] &3 B

Al @ F4} gl 6% dole} RGB A4 2
2 Astel A% AYEE LLEFlS st
Aok £ Aage W BY AN A% 24, 75
o BT % Atk

() @ 54 228 495 o] 9 RCB A HuES
olgsle] F5W W P EXUAES Aushaich

440

HAE U] 5 2R /54 Slsisinh
ResNet50& o]&sto] &7 ndlg /fdstict
SH5 60%, BS 20%, EIAE 20% BlE&E HolE
FARIZ o] Bdl Sk Aot &
A5, HAEY HLdT= 44 98.17%,
96.68%, 96.40%%E, <4 gk 0.0515, 0.1388,
0.1383°0=% £2 455 EC‘%#%‘E} EﬂAE a
59 £5¥ES Q?lé} 23}, 2
4eHor 2F7t o
oi% o]——, 011-_- ﬂo
100% Bg== 01T<>1 At
olmx|e} HEdZ o]-gsto] W TA EF
dd o] 7T Aew
Hed gEEE o8 £&
oz BEY 4% ¥@g B 4w} &1

G

N

=
=

2
H,

(4

=

IEZ Ul 7&
dEt. 23 02
= ndS sueR

BT e Aot ATl Wad Fog B
Qlct.

Acknowledgements
A3 5EIEH oiichRiE@HANE:

PJ016023022023)9] X|¥o2 +P= A

References

[1] Giraldo, P., Benavente, E., Manzano-Agugliaro, F., &
Gimenez, E. (2019). Worldwide research trends on
wheat and barley: A bibliometric comparative
analysis. Agronomy, 9(7), 352.

DO https://doi.org/10.3390/agronomy9070352

Trnka, M., Feng, S., Semenov, M. A., Olesen, J. E.,
Kersebaum, K. C., Rétter, R. P., ... & Blintgen, U.
(2019). Mitigation efforts will not fully alleviate the
increase in water scarcity occurrence probability in
wheat-producing areas. Science Advances, 5(9),
eaau2406.

DOI: https://doi.org/10.1126/sciadv.aau2406

Rempelos, L., Wang, J., Sufar, E.K., Almuayrifi, M.S.B.,
Knutt, D., Leifert, H., Leifert, A., Wilkinson, A.,
Shotton, P., & Hasanaliyeva, G. (2023). Breeding
Bread-Making Wheat Varieties for Organic Farming




I

u 2
=

B4 BHE Y3t ResNet50 29 7]9to] oju]z] BA

(4]

(5]

(el

(71

(8]

9l

(101

(11]

[12]

Systems: The Need to Target Productivity, Robustness,
Resource Use Efficiency and Grain Quality Traits.
Foods 2023, 12(6), 1200.

DOI: https://doi.org/10.3390/foods12061209

Prey, L., Von Bloh, M., & Schmidhalter, U. (2019).
Evaluating RGB Imaging and Multispectral Active and
Hyperspectral Passive Sensing for Assessing Early
Plant Vigor in Winter Wheat. Sensors 2018, 18, 2931.
DOI: https://doi.org/10.3390/s18092931

Wang, X., Zhang, X., & Zhou, G. Automatic Detection
of Rice Disease Using Near Infrared Spectra
Technologies. ] Indian Soc Remote Sens 45, 785-794
(2017).

DOI: https://doi.org/10.1007/s12524-016-0638-6

Guo, J., Huang, H., He, X., Cai, J., Zeng, Z., Ma, C.,
... & Liu, Y. (2023). Improving the detection accuracy
of the nitrogen content of fresh tea leaves by
combining FT-NIR with moisture removal method.
Food Chemistry, 405, 134905.

DOLI: https://doi.org/10.1016/i.foodchem.2022.134905

Hameed, S., & Amin, 1. (2018). Detection of weed and
wheat using image processing. In 2018 IEEE 5th
International Conference on Engineering Technologies
and Applied Sciences (ICETAS) (pp. 1-5). IEEE.

DOI: https://doi.org/10.1109/ICETAS.2018.8629137

Fernandez-Gallego, J. A., Kefauver, S. C., Vatter, T.,
Gutiérrez, N. A., Nieto-Taladriz, M. T., & Araus, J. L.
(2019). Low-cost assessment of grain yield in durum
wheat using RGB images. European Journal of
Agronomy, 105, 146-156.

DOI: https://doi.org/10.1016/j.eja.2019.02.007

Rajalakshmi, S., Dineshraj, G., Brindha Priyadharshini,
R., & Divya Brindha, R. (2021). Automatic Wheat
Grain Grading System Using Physical and Chemical
Characteristics. In Advances in Smart System
Technologies: Select Proceedings of ICFSST 2019 (pp.
359-374). Springer Singapore.

DOI: https://doi.org/10.1007/978-981-15-5029-4 30

Neuman, M., Sapirstein, H. D., Shwedyk, E., &
Bushuk, W. (1987). Discrimination of wheat class and
variety by digital image analysis of whole grain
samples. Journal of Cereal Science, 6(2), 125-132.

DOI: https://doi.org/10.1016/S0733-5210(87)80049-8

Rouillé, J., Valle, G.D., Devaux, M.F., Marion, D., &
Dubreil, L. (2005). French Bread Loaf Volume
Variations and Digital Image Analysis of Crumb Grain
Changes Induced by the Minor Components of Wheat
Flour. Cereal Chemistry, 82: 20-27.

DOI: https://doi.org/10.1094/CC-82-0020

Jahan, N, Flores, P., Liu, Z., Friskop, A., Mathew, J. J.,
& Zhang, Z. (2020). Detecting and distinguishing
wheat diseases using image processing and machine
learning algorithms. In 2020 ASABE Annual
international virtual meeting (p. 1). American Society
of Agricultural and Biological Engineers.

DOI: https://doi.org/10.13031/2im.202000372

441

(13

[14]

[15]

(10l

(171

[18]

[19]

Williams, K., Munkvold, J., & Sorrells, M. (2013).
Comparison of digital image analysis using elliptic
Fourier descriptors and major dimensions to
phenotype seed shape in hexaploid wheat (Triticum
aestivum L.). Euphytica 190, 99-116.

DOL: https://doi.org/10.1007/s10681-012-0783-0

Khoshroo, A. L. I. R. E. Z. A, Arefi, AL R. M. A. N,
Masoumiasl, A. S. A. D., & Jowkar, G. H. (2014).
Classification of wheat cultivars using image
processing and artificial neural networks. Agricultural
Communications, 2(1), 17-22.
https://api.semanticscholar.or:

CorpusID:11027999

Sharma, R., Kumar, M., & Alam, M.S. (2021). Image
processing techniques to estimate weight and
morphological ~parameters for selected wheat
refractions. Sci Rep 11, 20953.

DOI: https://doi.org/10.1038/s41598-021-00081-4

Kumar, D., & Kukreja, V. (2022). Deep learning in
wheat diseases classification: A systematic review.
Multimed Tools Appl 81, 10143-10187.

DOL: https://doi.org/10.1007/s11042-022-12160-3

Haq, S.IL.U., Tahir, M.N., & Lan, Y. (2023). Weed
Detection in Wheat Crops Using Image Analysis and
Artificial Intelligence (AI). Appl. Sci. 2023, 13, 8840.
DOL: https://doi.org/10.3390/app13158840

Laabassi, K., Belarbi, M. A.,, Mahmoudi, S,
Mahmoudi, S. A., & Ferhat, K. (2021). Wheat varieties
identification based on a deep learning approach.
Journal of the Saudi Society of Agricultural Sciences,
20(5), 281-289.

DOI: https://doi.org/10.1016/j.issas.2021.02.008

He, K., Zhang, X., Ren, S., & Sun, J. (2016). Deep
residual learning for image recognition.
Proceedings of the IEEE conference on computer
vision and pattern recognition (pp. 770-778).

DOL: https://doi.org/10.48550/arXiv.1512.03385

In

g 8 #M(Hyeon-Chae Yoo)

[l

B

8

- 20199 29 : AEGSw A
A71AB S (FEAD

20219 29 : AEstE 597
Asstt (FEAAD

201749 2€ ~ @4 : 2L

9 5B A7

.

.



FAte7|&atel= Al A24W A9F, 2023

M & 2(Young-Wook Seo)

- 19999 8¢ : ARty %
AZ8 (F3HA

+ 20024 8¢ : Agtigtu Hlo]Q
o N2egsiat (FshA

st + 20084 89 : ALTigtu Hlo|Q
’M A2t (FotE)
N - 20179 29 ~ @A TGt
ol TR BT

TAEoR

4, 7, FEA=

Z Xl M(Jin-Se Kim) (M52

+ 20004 24 : el Sl
(=4 AD

+ 201849 89 : SHUEtE B714
o3 (s71AESAD

+ 20134 109 ~ @A : FH=GH
o sl sAATA

J
b4

(Suk—-Ju Hong) (=59

+ 20164 89 : ALTigtul Hlo|Q
A2 EFsta} (FEHAD

« 20224 89 : ALtsly Hlo|Q
A= F 8} (FEFErAT)

* 202349 4¥ ~ @A - SHEAT

39 AT HEATY

0| O E(Ah-Yeong Lee) EEE)!
« 20174 89 : ALusti Hlo]Q
A agFs) (Fsh

20199 8¢¥ : ALtsty Hlolo
A ARFsT} (FHAAT)

20184 9¥ ~ &) : 3H5Y
SH FUFIE SADTA



