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A Construction of Web Application Platform for Detection
and Identification of Various Diseases in Tomato Plants
Using a Deep Learning Algorithm

Na, Myung Hwan® * Cho, Wanhyun® * Kim, SangKyoon®*

“Department of Statistic, Chonnam National University
* Department of Electronic Engineering, Mokpo National University

ABSTRACT

Purpose: purpose of this study was to propose the web application platform which can be to detect and discrim—
inate various diseases and pest of tomato plant based on the large amount of disease image data observed
in the facility or the open field.

Methods: The deep learning algorithms uesed at the web applivation platform are consisted as the combining
form of Faster R-CNN with the pre-trained convolution neural network (CNN) models such as SSD_mobilenet
v1, Inception v2, Resnetb0 and Resnet101 models. To evaluate the superiority of the newly proposed web
application platform, we collected 850 images of four diseases such as Bacterial cankers, Late blight, Leaf
miners, and Powdery mildew that occur the most frequent in tomato plants. Of these, 750 were used to learn
the algorithm, and the remaining 100 images were used to evaluate the algorithm.

Results: From the experiments, the deep learning algorithm combining Faster R-CNN with SSD_mobilnet v1,
Inception v2, Resnet50, and Restnet101 showed detection accuracy of 31.0%, 87.7%, 84.4%, and 90.8%
respectively. Finally, we constructed a web application platform that can detect and discriminate various toma—

to deseases using best deep learning algorithm. If farmers uploaded image captured by their digital cameras

® Received 11 September 2020, 1st revised 16 October 2020, 2nd revised 19 November, accepted 25 November 2020

t Corresponding Author(narciss76@mokpo..ac.kr)

(© 2020, Korean Society for Quality Management

This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License
(http://creativecommons.org/licenses/by-nc/3.0) which permits unrestricted non-Commercial use, distribution, and
reproduction in any medium, provided the original work is properly cited.

% This work was supported by the Research Program of Rural Development Administration (Project No. PJ015337012020)

and the Korea National Research Foundation (Project No. NRF-2020R1F1A1067066) of the Korea Grant funded by the
Korean Government.



_,}_1

ZH HH °

=

Ao AdAEA

oA EnlE

g
-

&
A
=

} A7

A
o

7] 9154

ol Al

il

=

off AlA A 7+

o ARE ARRE7E ) wEbd ErnfEE FRE )

Entg

=N
AT -

}

0|
hid

%

o0 o]
s o}

0|

= 7HA AL
Aog Hy|E

=

24

off 7}
AL

L

for detection, identification and disease control about captured tomato disease through the proposed web

Key Words: Agricultural Tomato Images, Plant Diseases and Pests, Deep Learning Algorithm, Faster

such as smart phone camera or DSLR (Digital Single Lens Reflex) camera, then they can receive an information
R-CNN, Convolution Neural Network, Web Application Platform

Conclusion: Incheon Port needs to act actively paying

application platform.
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Table 1. The number of the types of disease in the collected images

Types of disease Bacterial Late Leaf Powdery Total
P canker blight miner mildew
Number of pests 1534 891 623 528 3576

Late blight

Bacterial canker

Leaf miner

Powdery mildew

Figure 1. Representative images of four types of tomato diseases
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Figure 3. Examples of the form of a bounding box of diseases occurring in tomato leaves
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Table 2. Number of pests included in tomato images used for training and testing

Bacterial canker Late blight Leaf miner Powdery mildew

Training 1,228 739 516 452
Testing 306 152 107 76
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Table 3. System specifications used in the experiment

Hardware / Software Specifications
Processer Intel Core i7-4790 CPU 3.6 GHz
Memory 64 GB
GPU GeForce GTX TITAN Xp 12 GB
ON) Linux Ubuntu 16.04 64 bits
Deep learning Framework Tensorflow-GPU 1.10.0
TotalLoss Losses/TotalLoss

.....

______

- 5 A

0000 1000k 2000k 3000k 4000k 5000k 0000 4000k 82.00% 1200k 1600k 2000k
(a) MobileNet v1 (b) Inception v2
Losses/TotalLoss Losses/TotalLoss
0,500 120
0:400
800
0.300
0200 0.400
o.1ac ; L
s 100 0 sinafaiiis
000
0.000 4000k B0.0Ck 120.0k 160.0k 2000k 0ooc 2000k 4000k 8000k
(c) ResNet50 (d) ResNet101

Figure 8. Convergence graph of loss function for feature extractor by each CNN
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Table 4. Tomato disease detection result according to learned feature extractor

Bacterial . . Powdery
Late blight Leaf miner . Total rate
canker mildew
Test set 306 152 107 76
Mobilenet v1 144 11 14 30 31.0%
Inception v2 301 91 96 74 87.7%
Resnet50 284 80 104 73 84.4%
Resnet101 306 102 96 76 90.5%

JiF
1=
rlo
4
i
o -
i3
o)
il
v
, o
=
H
ui
N,
i,
iCisl
E
>
g,
oX,
o
{e)
S
R
o
oi
-{o
F,:
:;4‘
_1_4

:l:‘4
1o
O
Z
Z
i
2
é
fix}
=
A
[eZa
N e
iy
_>|~l_‘
L
o_>|1
r
5:
z_
B
T
o
ofy
=
=
=
[}
w
Z
@
= o
(@)
—



592 J Korean Soc Qual Manag Vol. 48,

No. 4: 581-596, December 2020

tpacDetca2 BOA2 4227 habd 43823230
9080 jpgiry

tp2fi4cdbb 3204 4021 ba37 fa8eatn2a
D5dipg.ipg

1p3£352102 b46T 4854 BELF BdeTEC 10
036]pgipg

tpO4d787Sd 46D 23

063 jpgjog

tpéeSadc0c_Bc0a_se6d Sbéa felfddacca
83},

POOLAPIES S350 2417 GaTHTOOTSETS  MpOc0eteRl 6082 S307 baBd aBasUGcd  tpOdRfofTe s se?) afad 2amaTRdteltd
&

By

tp2ihicdbt 2294, 2021 037 fUBBAT0N00
diraieg

tpRplita o 288 3tz 1873541060
Tirg oy

e

-

. -
Ip3e3 520 baA 4534 B3b! BdeTBia00s  WpOSATATSA 4600 2uir Bile NSATICHIAS
Eirgmg tiegleg

‘pleBatent Scti detd Bka 1 1p0SaI0I8T gBa1 4edd BS5a THe22EAE0
Irama 61 paleg

1pDd2ibiTe ee13 4871 3833 440570048
01dpgipg

{paa13dct_bbO4 4076 bict _551bb36+
2228 jpg jrg

1p5aE00062_Be74 431d_B3fS_bal420i95
a7z jy

tnZacecTdd 59734755 ad2c 483dasch

b38jpajpg

tp1cld2002 7045 a5be 9023 4bS2057eS
d96pa jpg

— -

1D3baL67E4 B30T 4642 9190 4221313
785309 jeg

tp3c657¢78_7247_4cad 8481 16976911
99dpaipg

tpabTT23e1 5287 4038 2571 21s8caab

tp4e5d16f0_T05e 2dcd_bdff 876800068
b0 jogjog g

=

- - = i = 3k

1pSbfide23 T064_ich3_8Hb_bIsET36E tpSc12f351_B235.4815_83% 623089553 56444934 _3e6f 4604 _3671_7eBbi3bdé
ech,

Te7ipaira

(a) MobileNet v1,

]
=

Tiraleg

tptal 3cdb Bb04_ 4018 bcs BH1BbIEL22
HEgleg

, ]
p3babETé4 B3b1 db42 51504 pIcASTETE, 7201 dead BaRY TERITEN1 1R
j djeging

=

Sapgim

=

tp5e1 2351 B235 4Bt 8219 GabaRgssia
Slraieg

& i g
tpbladean Toae 403 8ftn oE6TINEY
Iray

TSaL45E TeET 4604 261 TeSiInaETe
Tlpaes

(b) Inception v2



MNa et al : A Construction of Web Application Platform for Detection and Identification of Various Diseases in Tomato Plants Using a Deep Leamning Algorithm 593

1p0b43388 936¢ 4477 9379 70d75ede to0d2ii7e 13 4e77 3853 439a7004e tpTan030srecs 4937 bOLAMMSIATS  ipicidaod2 7045 4606 9023 40SXSEfeS ipdaccoTdd 597 4755 ad2r 483d195ch
7345 ipaipg 9980jg jpg 0ldjpajpg 4pglpe 435 jogipg &38pglen

tp2feli5dze el 4608 364c 18735hsTn p2ftdcdn_329d 4021_bad7 fB8aT028 tp03ds7cs5 4477 4603 al40 bi12tafde tp3bab6764 BT 4b4Z.9100 42213t tp3c6STe18.7241 drad BABY 107691
507 g jog U3djogjog 737 jpajpg 79%2jpajog %5dipgig st Jegjog

tade3207_ 461 4804 BAGY BdeTHc120 {pO4C7ATSA 4660 4afe 8140 0872001 tpdat3dcdb bbOd AOFE hact S6TGGISE  pMbTTR 367 9287 4039 2471 Mebicach pdctechS 6110 4047 380 DIFTTA60 tpdeSl16H) 705 ddcd bt A7EA0B0ES
095 g jog 085fpgjog 2228 joujog biddjpgjeg T3aipgipg 85jp9]eg

. N

Acha 9505 T8c22452 tp5aGa0062_BeT4 43Hd 8360 batA20405 tpSbiide23 7hEd 4ch3 Bfob_BOBET3HE to5c121351 8235 4866 830 528450553 p5ed 0932 3261 dEdL 2671 Telbizhde

IpdeBadelle_fels o0 Bb6a fettidet2 10520238 _¢841
82jpging 3061 jrgieg 072ipgivg eclipaipe 43ipgipg Te7ipg ey

(c) ResNet 50

OO B0SE B3t _$427 0479 1007500
7345 jogipg

tpcfdlndl 7045 J6be P02 Sb5I9EMNT
ot jraiog

REcHITC18, 7247 _scad S8 TRlRTEI
S jpg ing bd jpg o9

tpzfudS4an_Gele 4645 #bac T35 TE a7 G477 4603 oD bH2Tatdc
607 jpaira o g TaT@gira TeE g

S5

i L £ SN - N -ty . 4 P
p3e332f02 bodt 4564 Bonl BaeTacTa0 tpOLdTETSd_ 600 4 tpdaTidedb BbOd A0 biel S41003AL Y 301 0987 4039 a7 _4eBcmb tpachechtt_£11d S047_s80a 037705 pdebd1 B8 T05e dcdcd bt ST6E00006
©E5p9 P we3tieaieg 2223)p0 P9 bl pg oy 733y iee a3 ipg o9

ptaBaselc Gely sebd Bbba foifidece? EpOSHIR3ET 1841 Soh 50 TB22052 pSIER00EE BaT4 4310 B39 bal20M5 37064 263 4500 BOSETING 15e121357_ 235 2815 5360, AaBda05s3 TpSea4203a_TebF 644 alT1_Teskilnde
B2ipgleg 3061 1053 TEpieg ecOjpgiog 349 jogjpg Tellpgleg

(d) ResNet101

Figure 9. Tomato pest detection and identification results using CNN feature extractor and Faster R—CNN
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