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Abstract

The Objectives of the study are collecting cassava leaf disease images and environmental factors of
cassava fields at Nakhon Ratchasima, Prachin Buri and Sa Keao Province during October 2019 to September
2020 and developing cassava leaf disease images classification model. Images are classified to 5 classes; 0)
Healthy 1) Bacterial Blight 2) Brown Streak Disease 3) Anthracnose and 4) Mosaic Disease. In the pre-processing,
all images are normalized and created database of cassava leaf disease images in order to design machine
learning model of leaf disease images classification. Cassava fields were found that tree humidity around 31-
40%, tree temperature around 31- 35 Celsius degree, soil temperature more than 31-35 Celsius degree, and
soil moisture more than 31-40 9%, the:maximum temperature 31-35 Celsius degree, Minimum temperature
21-25 Celsius degree , relative humidity 61-70 %. Developing Cassava leaf disease images classification model
were used the sample size of<9,907 images from the dataset of cassava leaves images collected in Nakhon
Ratchasima, Prachinburi, and Sakaeo province. Label mapping encoded categories to 5 classes; 0) Healthy
1) Bacterial Blight (CBB) 2) Brown Streak Disease (CBS) 3) Anthracnose and 4) Mosaic Disease (CM). Building
transfer learning model used ResNet (Deep Residual Learning for Image Recognition) of 70 % training data and
30% testing data. The result got 94.90% for accuracy and this model will be developed to application platform

for users.
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Ariudulufu 31-40 % waswlasdoriaassuidiaruduludu 60%

gaumiigegn wasiudendfminuassvdundoumgigean 31-35 samgadea wuasdanin

RV}
a

ﬂi?%uU%‘ﬁ’quQ Qﬂﬁ(}ﬁl 35 NG BIEEE LLauLL‘U?N‘\N‘VT’J@ﬁiwLLﬂﬁN@mMﬂNﬁﬂﬁﬂ 31-35 a9ALwalded

9 Y

qmmumaﬂ wlastiud1uy waqmwmumiwamuammumam 21-25 93Flwaldod uwUadanin

Usnauysilgauugilingn 21-25 aswnwaiid LLavLLiJaqmmmaivLLmuaﬁumumam 21-25 DeALvAlTe
AnuBuduring LLanum‘wammmmmﬁiwamumﬂmuamwmmma1 61-70 % WUasTenin
UsiuyEiimmdudivdinnnd 61-70 % uarulasdminaszufadiautudinivs 71-80%

A151991 2 uLarSesazvaUanuE UL rdwRazdain wenmutaduan LAy

Uady UATIIYENN U37AUY3 dssuin 39U

uutaya (n) 1532 1192 1188 3912
Arwtidldvses (Wasidus)

1oena1 31 WU 184 142 159 485

Sovay 12.01 11.91 13.38 12.39

31-40 U 394 304 247 945

Jovay 2572 25.50 20.80 24.16

41-50 U 391 378 263 1032

Jovay 25.52 31.71 22.14 26.38

51 - 60 U 318 168 231 717

Jozay 20.76 14.10 19.44 18.33

11NN 60 U 245 200 288 733

Souay 15.99 16.78 24.24 18.74

gauuiilinsaa (eAlwaIges)

1ounin 26 WU 110 23 132 265
Jovay 7.18 1.93 11.11 6.78
26 - 30 MU 535 260 285 1080
Jovay 34.92 21.81 23.99 27.61
31-35 WU 669 429 512 1610
Sovay 43.67 35.99 43.10 41.15
36 - 40 U 190 452 220 862
Sovay 12.40 37.92 18.52 22.03
11nA71 40 U 28 28 39 95
Sovay 1.83 2.35 3.28 243

9o iinu (sAvaltys)
Weunin 26 T 110 23 132 265
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Uade UATTIVFUN Us1auys dszunn 523
Sovay 7.18 1.92 11.11 6.77
26 - 30 U 535 260 285 1080
Sovay 34.92 21.81 23.99 27.60
31 - 35 U 669 429 512 1610
Sovay 43.67 36 43.10 41.15
36 - 40 U 190 452 220 862
Sovay 12.40 37.92 18.52 22.03
11nA77 40 MU 28 28 39 95
Sovay 1.83 2.35 3.28 2.43
AuTuluAy (Wasidus)
N1 31 U 244 228 175 647
Sovay 15.93 19.13 1473 16.54
31-40 MU 482 369 243 1094
Jovay 31.46 30.96 20.45 27.96
41 - 50 U 239 199 168 606
Jovay 15.60 16.69 14.14 15.49
51 - 60 MU 159 43 9 296
Sovay 10.38 361 791 757
11NN 60 MU 408 353 508 1269
Sovay 26.63 29.61 42.76 32.44
gaunligedn (aerwales)
o8N 31 1 364 0 0 364
Sovay 2376 0 0 9.30
31 - 35 117 916 954 950 2820
Sovay 59.79 80.03 79.97 72.09
1NA 35 S 252 232 232 728
Sotag 16.45 19.97 20.03 18.61
anumpianga(Uafidud)
Hoenan 21 Fauu 594 0 470 1064
Sovay 38.77 0 39.56 27.20
21 -25 1 938 954 718 2610
Sovay 61.23 80.03 60.44 66.72
11NN 25 ST 238 238
Jovay 19.97 6.08
anuTuduAng (Wadidud)
19N 61 U 0 308 0 308
Sovay 0 25.84 0 7.87
61-70 11 706 638 190 1584
Sovay 46.08 57.72 15.99 40.49
71-80 U 546 196 760 1502
Sovay 35.64 16.44 63.97 38.40
11nM11 80 Fuau 280 238 518
Jovay 18.28 20.04 13.24
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1.3 MM55UTWMNWIVTUEIULNAS

wamsmuswsamamamwiuuumﬂ g1 Innsoendrautasiud Usnds 5au 24 ads USuusis
A IFTANLALTATY WaTLENAUMLEINNST (5197 3) WU mwmamaﬂmmnwama MWeINstuane Seeay 39.0
immmmmwimimmamma Sovay 31.2 nmnauund Sawar 15.0 ﬂ’]‘WIiﬂIUImJ Sovay 13.5 LATNINLSALBULNSTA

lua Seway 1.3
AN51991 3 SuUsarSesarvaIn WluTud Usuduana1nsiulse

1sA MU (W) fowaz
21M3luA 3,867 39.0
Tugmdthima 3,087 31.2
Tuun@ 1,491 15.0
Tulwgl 1,336 135
uaULVIALU 126 13

39U 9,907 100.0

2 nMswaL lumadunlsantansain1sunlusiud Uz nas

2.1 M3t laussaldlunsnaunluna msddidesinadlausisunazialuniyl Python neu uis

UTYUAIFIUU Jupyter Notebook f4il

import numpy as np

import time

import copy

import os

import torch

import torch.optim as optim
import torch.nn as nn

import torchvision

import matplotlib.pyplot as plt

from torch.optim import Ir_scheduler

from torchyision import datasets, models, transforms

o ¥ ¥
2.2 NITUNVIYAVBYANTN

1) Wamlududvendaindrnanunulannulasnunsnsdaminuassgdun Usauys was
aszui thamanusuusidlidianueuda dadaiilisasnsesn uazuendumueinistsaifauulududuznds (115199 3)
WU amiTuTliuniigade nmenislusig (CMD) Sevag 39 sesmandeninlsalugaduinia (CBS) Sevay 31.2

mwAuUNA (Healthy) Sowaz 15 nlsaluludl (CBB) Sovaz 13.5 uaznmlsAusuunsalua (CAN) Sovay 1.3

2) wissunm nesuusadeyanimludeyaiin Toyadudu uazdeyavaaeu daludnwuenaiu

Inlawne$ Train, Val uag Test (N wdi 1)
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\DATA
+---train

| +—--CAN

| 126 files

| +—--CBB

| 500 files

| +-—-CMD

| 1,400 files
| +—--CBS

| 1,100 files
| +—Healthy

| 600 files
+---val

| +—--CAN

| 126 files

| +--CBB

| 300 files

| +--CMD

| 1,000 files
| +—--CBS

| 800 files
| +—Healthy
| 200 files

+

| +—-CAN

| 126 files

| +--CBB

| 500 files

| +--CMD

| 1,400 files
| +-—--CBS

| 1,100 files
| +—Healthy

| 600 files

\

A9 1 Ialndnnkenauliawnes Train, Valuay Test

3) N15LUAININ TEIRIANIN 224x224 NALLA NAUNTN LLUmmWLﬂugULLUU Tensor U5u
11RTFIU NANAMN LagAruAvUIg batch

transforms = {

'train"; transforms.Compose([
transforms.RandomResizedCrop(224),
transforms.RandomHorizontalFlip(),
transforms.ToTensor(),
transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])

D,

‘val': transforms.Compose([
transforms.Resize(256),
transforms.CenterCrop(224),
transforms.ToTensor(),
transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])

D,

'test”: transforms.Compose([
transforms.Resize(256),

transforms.CenterCrop(224),

transforms.ToTensor(),

18




transforms.Normalize([0.485, 0.456, 0.406], [0.229, 0.224, 0.225])

data_dir = 'data’
image_datasets = {x: datasets.ImageFolder(os.path.join(data_dir, x), transform=transforms([x])
for x in ['train’, 'val', 'test']}
dataloaders = {x: torch.utils.data.DataLoader(image_datasets[x], batch_size=5, shuffle=True, num_worke
rs=5)
for x in ['train’, 'val', 'test']}
data_size = {x: len(image_datasets[x]) for x in ['train’, 'val| 'testT}
class_names = image_datasets['train'].classes
device = torch.device("cuda:0" if torch.cuda.is_available() else "cpu")

4) NMSHAAININ FILUT LazAIADAAIe

def imshow(inp, title=None):

inp = inp.numpy().transpose((1, 2, 0))
mean = np.array([0.485, 0.456, 0.406])
std = np.array([0.229, 0.224, 0.225])
inp = std * inp + mean
inp = np.clip(inp, 0, 1)
plt.imshow(inp)
if title is not None:

plt.title(title)
plt.pause(0.001)

out = torchvision.utils.make_grid(images)

imshow(out, title=[class. names[x] for x in labels])

;e.- S jy\;‘

Iﬂr

. f’/jlf

0 200 400 600 800 1000

2.3 msasreilendulunistinuaznegauluna

def train_model(model, criterion, optimizer, scheduler, num_epochs=25):

since = time.time()

best model wts = copy.deepcopy(model.state dict())
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best acc = 0.0

for epoch in range(num_epochs):
print(Epoch {}/{} format(epoch, num_epochs - 1))
print(-' * 10)

for phase in ['train’, 'val'l:
if phase == 'train":
model.train()
else:

model.eval()

running_loss = 0.0

running corrects = 0

for inputs, labels in dataloaders[phase]:
inputs = inputs.to(device)

labels = labels.to(device)

optimizer.zero_grad()

with torch.set grad enabled(phase == ‘train’):
outputs = model(inputs)
_, preds = torch.max(outputs, 1)

loss = criterion(outputs, labels)

if phase == 'train".
loss.backward()

optimizer.step()

running_loss += loss.item() * inputs.size(0)

running_corrects += torch.sum(preds == labels.data)

if phase == 'train":

scheduler.step()

epoch_loss = running loss / data_size[phase]

epoch_acc = running_corrects.double() / data_size[phase]

print(‘{} Loss: {:.4f} Acc: {-.4f} format(

phase, epoch _loss, epoch acc))

if phase == 'val' and epoch_acc > best acc:

20




best acc = epoch_acc

best_ model wts = copy.deepcopy(model.state_dict()

print()

return model

time_elapsed = time.time() - since

print('Training complete in {:.0fim {:.0f}s".format(
time_elapsed // 60, time_elapsed % 60))

print('Best val Acc: {:4f} . format(best_acc))

model.load_state_dict(best model wts)

2.4 msiianldluwanisauunan anvlvanlumaninisilnseusosnad ekn

ResNet (Deep Residual Learning for Image Recognition) s??aLﬂquLmaﬁiﬁiﬁ'ﬁ%ﬁasﬁayjaﬁauﬂs

(Features) d115U Deep Convolutional Neural Network (DCNN) fasns1adi 4

a1519% 4 uea ResNet 971 pytorch.org

layer name | outpul size 18-layer | 34-layer 50-layer 101-layer 152-layer
convl 112x112 T=T, 6_—1 stricE2
33 max pool. stride 2
1xlo6d | [ 1x1.64 | [ 1x1.64 ]
-, Y . .
SoR¥EE. | SRNSH [ :::z ]:-c2 [ :::2 ]x.’- fof, ¥%3.68 [ x3 3%3.64 | %3 33,64 | %3
ER R [ 1> 1,256 | | 1x1,256 | | 1x1,256 |
[ 11, 128 [ 11,128 [ 11,128
- -
convd x | 28x28 [ ::":: :;2 ]xz [ ::": :;g ]x4 b 3x3.128 | xa Ix3, 128 | x4 I%3, 128 | <8
Hise 4 SESREE | 1x1.512 | | 1x1.512 | | 1x1.512 |
1x1, 256 11,256 [ 1x1.256 ]
25 25
comvdx | 14x14 [ o ]xz [ o, ] x6 || 3x3.256 [x6|| 3x3.256 [x23 || 3x3.256 |x36
v 2 G | 1x1.1024 | | 1x1.1024 | | 1x1.1024 |
[ 1x1.512 ] 1x1,512 1x1, 512
5 5
convS_x Tx7 [ :‘_::‘_ q;f ]><2 [ f_:f_q:f ]x3 3%3.512 | x3 3x3.512 | =3 3x3.512 | x3
s s | 1x1.2048 | 11, 2048 11, 2048
=1 average pool, 1000-d fe, softmax
FLOPs 1.8 107 EEERE 3.8x107 | 762107 | 113107

1) aulanliina ResNet18 AIN1UASENUILAD

model_resnet = models.resnet18(pretrained=True)

2) HaAaAa USULAIAILUT AILNEU WaZdNLANAILINTIN

param.requires_grad = False

for param in model_resnet.parameters():

num_ftrs = model resnet.fc.in_features

model_resnet.fc = nn.Linear(num_ftrs, len(class_names))

model_resnet = model _resnet.to(device)

criterion = nn.CrossEntropyLoss()

optimizer_conv = optim.SGD(model _resnet.fc.parameters(), r=0.001, momentum=0.9)

exp_lr_scheduler = lr_scheduler.StepLR(optimizer_conv, step_size=7, gamma=0.1)
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3) Hnlumalual

model resnet = train_model(model resnet,

num_epochs=25)

criterion,

optimizer_conv,

exp_lr_scheduler,

4) naswsnsiinluea finnugndeseanisdiun 94.90 wWesidud

Epoch 0/24

train Loss: 0.8808 Acc: 0.8067
val Loss: 0.4606 Acc: 0.8941

Epoch 1/24

train Loss: 0.6680 Acc: 0.8703
val Loss: 0.2884 Acc: 0.9333

Epoch 2/24

train Loss: 0.7559 Acc: 0.8615
val Loss: 0.3503 Acc: 0.9216

Epoch 3/24

train Loss: 0.6549 Acc: 0.8786
val Loss: 0.2968 Acc: 0.9294

Epoch 4/24

train Loss: 0.6638 Acc: 0.8817
val Loss: 0.3350 Acc: 0.9373

Epoch 23/24

train Loss: 0.3775 Acc: 0.8655
val Loss: 0.2080 Acc: 0.9247

Epoch 24/24

train Loss: 0.3543 Acc: 0.8712
val Loss: 0.2183 Acc: 0.9247
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Training complete in 10m 20s
Best val Acc: 0.9490

2.5 nMsnagaulung

dataiter = iter(dataloaders['test])

images, labels = dataiter.next()
imshow(torchvision.utils.make_grid(images))

print(GroundTruth: ', ', "join('%5s' % class_names([x] for x in labels))
images = images.to(device)

labels = images.to(device)

output = model_resnet(images)

_, predicted = torch.max(output, 1)

print('Predicted: ', ', ".join('%5s' % class names[x] for x in predicted))

00 1000

Ground Truth: CBS, (CBB, CBB, CBB, CBS
Predicted: CBS. €CBB,CBB, CBB, CMD

2.6 n1sUUNNIULAA

# Save The Model
PATH ="'/m1_resnetl8.pth'
torch.save(model resnetistate_dict(), PATH)
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{ £

3.2 NaNAATtNAYU3Y (Output)

- . o . e . da X A . U8 19D UANANER -
NANAAAUAISUTDY U . NANAATINATUDSS MUY - Y N LBIAUATN
Uy Uy (WTDUUUUKANG ) )
1. WAUANUN 2. NAUARUN
1.1 S2AUTA 1 Sos | 1.1 seduwd 1 509 ARG TumaduuneInis
SuuneINsTNEna Fuansuulusiu
vulusiudznds loe | dzude lngld
Twmatinnng WmALANT
Uszananan waavia | Uszaiananin
agsynidliums | Advia Ay
Usuugedeyaiileds | gndfesesnis
AL Fuun 94.90
Wasidud ey
wiiuggeluns
Fuunuagitadely
SfudUsndsiuans
amsdulsalugnd
thona Tsalulmt
uag 81n15luANg
dulsAuouunse
Tug Januudugl
i Fedlasunis
el
2. MIUTTYUNIUNS 2. MIUTTYUNBLNS
NAU/FUUUITZAUTIR NAU/FUUUITZAUTRA
2.1 YIAUBLUY 1 S04 2.1 WIAUBLUY 1 Sos | mswauluwa lumaduuneInis
Wanas Wanas SuuneIMsTNEna Fuansuulusiu
vulududrevas g | drznas Ingld
Twmatinnng wmALANNT
Uszananan waavia | Uszaiananiw
agsgningdnliums | @dvia dA1Any

Uuusadeya uay
FAMUNAGUNIUNT

QNABIYBINTT
UN 94.90
Wasidud ey
wiuggeluns
Puunuazifdadalu
SfudUsndsiuans
amadulsaluyed
thana Tselulvl
uag 81n15luAng
gulsAlauLnsa
Tua danuusiugl
# adldsuns

fusaly
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3.3 NAANSNLANTUISS (Outcome) (§13)

ANAANS

D

b

b
=2

NAANWSTINATUDS

Tumalunissnwunlsanwansainisuuluiudrlzudalagmaianisussulananinaana drluwmun 2564
seuuIunlsAfkansansuulusudlenas Yaelinunsns Ynide whdaaslduselovdannlunale
18U

adns : waduianiinannisimande (Outputlusesen nswasuglvemandnludsuwuuildusslonilaaga
9 o .:4' a 1a oA = Y a N .:4' o ~
N19wI19 Miensndounandnlugnanssufiderlies denelinnisiuasuuyas (Change) MUsINgdn wavd

AMAINIAATYEAY AN Wazdalandon

ia & a a
3.4 HANTENUMAATUITY (Impact) (§1%)

Wiesnnuandniilianlasinsiden dndudeahluiaundussuuniorsesde wsligldnuausailuld
Usglowild Fevhlvdslaiiinansenuiiinduainiasenis

3.5 Maumanuidglulduszlovd
Bm/nszurunsranauanuddelulduselevy (usauuunangaudalszindnsimanululdusslevi)
weunsnsiuunlsauaznslilinansiuunlsafiuansernsuulusudwendslusuuuuesdanmg
tniduanunsoldifutoyaiugulunsfnuidudsiaulinaluiivdug fetismdeinynsns uasdntidlun s
adelsefindosudoluld

audrIng lny audimaluladansaumanaznisdedns nsuivIn1sinens InUsegusenuran1saniunuiugn

1A59N1S NSBUNIMAANUTAI1TTLUNLSA BaglunanI53kunlsATkan9e1NSUNTUTUA UL AWM 1utg WA de

Y

nwnsng washaulaluiunfidndunisivdeya
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unil 4 d3unauazafuIena

dyunauazaiusena

msneaasi 1 nwlusudzndudseondu 5 nau muonsTivanadulsn Ao 0) fuund S1uIu1,491 Am
1) Tsaluluel d1uau 3,087 2) Isﬂiua;mﬁﬁwma FIUIY 1,336 NN 3) LSALDULNTALLE 91U 126 AN Lag 4) 81A1S
TusnasudUgnds 317U 3,867 2 53U 9,907 A é’]’m/‘hL“ﬂuimﬁagaLﬁaﬁwlﬂiﬁumiﬁmuﬂmmamiﬁ'auimaq
w389 WieduwunUssiamvesnn wazvhwsnwluiudUzndeilimediuntouindensdulsalandels

nsnaaesdl 2 nsaunlumanissiuunamlsaiiuansenisunlutiudends sudunisdisanassiusau

Foyalufiufismiauassvdu Usduys uarassuia sswinafeunanau 2563 i ileuiueneu 2564 Tinnlutfu
d1Uguda 9,907 A usserenmuUadu 0) Auund (Healthy) 1)15?11Uﬁ1®§1‘136’]ma (CBS) 2)1salulug (CBB) 3) lsAuau
unselud (CAN) waw 4) 91n3lusing (VD) thnmisnundgnssusunstneneaniaeusidsdn (Transfer Leamning) Tng
14lma ResNet (Deep Residual Learning for Image Recognition) wusayanimdudeyalin 70 % wasdayanagou
30 % wadwsTilsTAmNgnFesTesNTT N 94.90 Wesldud annsathlunaluiminteundrtuiiodonldoly

17 ° [ o

1%  yoa a '
‘UatﬁuaLLumaﬁdan*‘uaﬂmmun'ﬁmmumuimzama‘l‘d

WeliuAdedenuindefouaziinuninundliu amsiimsfivisyaiinnuazseiiowesusayszeznisiia

lsatelvinisiseuivesaIesiinnuuiug Ny

Ugymuazauassalunisingu

- laidl
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AIANUIN ﬂ’]id’]wamﬂ’]iﬁ'aui@ﬁﬂ (Transfer Learning) 1#n1slusunsun1®1 Python Uu Jupyter Notebook
1. msAnRa Miniconda
Miniconda Wushdnanmwandeslyt Python wudrddensitaunlusunsulianunsasuldins 32 On
uar 64 On wavannsnLdenIuves Python I9kiens config iteliAduney
maﬂwamﬁ'ﬁam&dm?jﬂﬁ https://conda.io/miniconda.html
Miniconda

Miniconda is a free minimal installer for conda. It is a small, beotstrap version of Anaconda that includes only conda, Python, the
packages they depend on, and a small number of other useful packages, including pip, zlib and a few others. Use the
conda instsll command to install 720+ additional conda packages from the Anaconda repository.

See if Miniconda is right for you.

Windows installers

Windows
Python version Name Size SHA256 hash
Python 3.8 Minicondad Windows 64-bit 57.0 MiB 4faz2bbapas7babbsbes0scheEs3545372595 5321081289993 10502 7627061
Miniconda3 Windows 32-bit 54.2 MiB 3c2ef76baes7 2460850206733 ca3efd1febsaabafonazas11feasalcerebcesl
Pythion 2.7 Miniconda2 Windows 64-bit 54.1 MiB 537202540453 29442874b F02bda8C4594980ee2d4707bb510aas Foobaabfa26C

Miniconda2 Windows 32-bit 47.7 MiB £304902678bEbass57bcd4E992d72d1FFal2F4a6b218264264158442 7026170

2. nsARAY Jupyter Notebook
Jupyter Notebook Ju Open Source Web Application Tasnsaisun1w python lededu @snse
Share ¢ wazanunsaldmedune (Markdown) lasae

2.1 \Uantimng Anacoda Poweshell Prompt (miniconda3) fisv

(base) C:\> conda install -c conda-forge notebook

2.2 \Ualdau Jupyter notebook LT

(base) C:\> jupyter notebook

agUsnglusunsuiiieilin Browser videfisi http:/localhost:8888/tree
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¢ > @ (0O lbehessegajes 2 x)E = e = H N
= upyter
Files Running Clusters

Select items to perform actions on them.

v e~ 0]

Y |Namew | LastModiied  Filesize |
O D azu 5 dauiiuda
O [ csvbuddy 1 flstuan
- . o o \ 9 » Run o ¢
2.3 1a8n New > python3 (|pykemel) f]aumaﬂmm Python r[,‘I«l‘ﬂ'é]\“l In[]wane LW@ﬂNaaWﬁ

I In[1]:
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