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TOM TAT

Nghién ciru nay gidi thiéu mét phiwong phdp t6i wu héa cdc mé hinh hoc sdu
duwoc thiét ké dé nhén dién cdc bénh trén hinh anh cay tro”hg, chcfng han nhu
bénh tungro, bénh rdy ndu va bénh héo. Bang cdch sir dung Keras Tuner voi
ky thudt Random Search, chiing t6i tinh chinh cdc siéu tham sé cia Mang
no-ron tich chdp (CNN) dé cai thién hiéu suat phan loai bénh. M6 hinh 16
wu héa dat dwoe dé chinh xdc kiém tra 97.92% va dé chinh xdc xdc nhén
98.61%, cho thdy hiéu qud ciia mé hinh. Nhitng két qud nay nhan manh tiém
nang ciia mé hinh trong néng nghiép théng minh, cung cdp mot cong cu hitu
ich cho viéc phat hién som cac bénh trén cay lua.

Tir khoa: Hoc sau, Phan logi bénh cay tro”‘ng, Téi wu héa siéu tham s6, Thi
giac may tinh, Keras Tuner.

ABSTRACT

This study introduces an optimization method for deep learning models designed
to detect diseases in crop images, such as Tungro, Brown Planthopper, and
Wilting diseases. By using Keras Tuner with the Random Search technique, we
fine-tuned the hyperparameters of Convolutional Neural Networks (CNN) to
improve disease classification performance. The optimized model achieved a
test accuracy of 97.92% and a validation accuracy of 98.61%, demonstrating
the effectiveness of the model. These results highlight the potential of deep
learning models in smart agriculture, providing a useful tool for early disease
detection in rice crops.

Keywords: Deep learning, Crop disease classification, Hyperparameter
optimization, Computer vision, Keras Tuner.

1. Giéi thiéu dinh trong nhiéu linh vuc, dic biét 4 cong nghé
thong tin. Trong nganh néng nghi¢p, nhitng
k¥ thuat ndy ngay cang dugc ap dung dé phat
hién bénh cay, mang lai nhiing gidi phép tu
dong hoa rat quan trong cho viéc dam bao an
ninh lvong thyc va nang cao ning suit nong
nghiép. Khac vdi cadc phuong phap phat hién

Cong ngh¢ hoc sau da c6 nhiing tac dong
manh mé trong phan tich dir liéu va ra quyét
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bénh truyén thong, thudng dwa vao kién thirc
chuyén mon va ton nhiéu thoi gian, hoc sau
cung cap mot phuong phap hiéu quéa hon, dic
bi¢t 1a trong cac hoat dong canh tac quy mo
16n (Kumar et al., 2021; Zhang et al., 2022).

Lua 1a cdy trong chu yéu trén toan cau,
dic biét 1a & cac qudc gia thu nhap thip va
trung binh, va dong vai trd quan trong trong
viéc dam bdo an ninh lvong thuc. Mot bd phan
16n dan sb phu thudc vao laa nhu nguén thuc
pham chinh, do d6 bat ky su gian doan nao
trong san xuét lta do bénh tat ¢ thé dan dén
nhitng kho khin kinh té nghiém trong. Véi
tam quan trong cta viéc phat hién bénh nhanh
chong va chinh xac, cac mo hinh hoc sau, chéng
han nhu Mang no-ron tich chap, cung cip mot
phuong phap htra hen (Ferentinos ef al., 2018;
Mohanty et al ., 2016).

Tuy nhién, hiéu qua cua cdc mo6 hinh
nay phan 16n phy thudc vao viéc chon lya
siéu tham sd. Viéc tinh chinh siéu tham s
dtng cach 1a yéu té quan trong dé tdi wu
hoa dd chinh x4c ciia mo hinh va kha nang
tong quat hoa voi dir liéu méi (Hutter et al
., 2019). Trong bai viét nay, chung toi sir
dung Keras Tuner, mot thu vién ndi tiéng cua
TensorFlow, dé tinh chinh mo hinh CNN cua
chuing t61 cho nhiém vu phan loai bénh cay
trong. Phan con lai cua bai bao nay gdm cac
phan nhu sau: Phan 2, tong quan cac nghién
ctru trude day, tap trung vao nhitng tién bo
trong viéc ung dung hoc siu dé phat hién
bénh cdy trong. Phan 3, mo ta phwong phap
nghién ctru, bao gém kién trac cia CNN.
Phan 4, giai thich qua trinh tinh chinh siéu
tham s bang Keras Tuner va phuong phap
Random Search. Phan 5, trinh bay thiét lap
thi nghiém, bao gom bo dir lidu va céac chi
sO danh gia. Phan 6, trinh bay két qua, tap
trung vao cac chi s6 hiéu suat nhu d6 chinh

34|56 38 nim 2025

x4c va 16i. Cudi cung, phan 7, thao luan vé
cac ung dung rong rai cta két qua nghién ctru
dbi véi thuc tién néng nghiép va dua ra cac
hudng nghién ctru trong tuong lai.

2. Céc nghién ciru lién quan

Mang no-ron tich chap da duoc stir dung
hiéu qua dé nhan dién chinh xac cac bénh trén
hinh anh cdy trong. Mohanty va cong su 1a
nhitng nguoi tién phong trong linh vuc nay,
dat duoc do chinh xac xuat sic véi bo dit ligu
cdy trong quy mo 16n. Cong trinh dot pha cua
ho d4 tao tién dé cho cac nghién ciru sau nay,
cho théy cic md hinh hoc sau c6 thé vuot troi
hon so vé6i cac phuong phap hoc may truyén
thdng trong cac tng dung nong nghiép.

Cung voi nhitng nghién ctru nén tang
nay, nhiéu nha nghién ctru da tap trung vao
viéc cai tién kién trac moé hinh va chién luoc
huén luyén. Ferentinos dd cung cip mot bai
danh gia chi tiét vé cic mo hinh hoc sau trong
chan doan bénh cay, nhan manh loi thé cua
CNN trong viéc hoc cac dic trung phan cap
tryc tiép tir hinh anh, loai bé su can thiét phai
thue hién ky thuat ki ludng dé tao dic trung.
Day la mot thach thirc pho bién trong hoc may
truyén thong. Nghién ctru nay ciing nhan manh
tam quan trong cua vi¢c st dung bd dir li¢u
16n va céac k¥ thuat hoc chuyén giao (transfer
learning), da chiing minh Ia c6 ich trong vi¢c
diéu chinh cdc md hinh d3 duoc huin luyén
trude cho cac nhiém vu nong nghi¢p cu thé.

Mot dong gop dang cha y khac 1a nghién
clru cua Zhang va cong su, trong do ho kham
pha mot phuong phap hoc sau két hop CNN
vo1 mang Long Short-Term Memory (LSTM).
Mo hinh nay duoc thiét ké dé nim bét cac mo
hinh khong gian va thoi gian trong qua trinh
phat trién ciia bénh ciy, cai thién d chinh xac
du bao. Két qua cho thiy viéc két hop cac kién
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trac mang no-ron khac nhau c6 thé ting cudong
dd 6n dinh va do chinh xac cta cic hé théng
phan loai bénh.

Mot linh vuc nghién ctru quan trong khac
1a t&i wu hoa siéu tham sb, mot yéu t6 quan
trong trong viéc cai thién hi¢u sudt mo hinh.
Hutter va cong sy da cung cap cai nhin tong
quan vé cac ky thuat t6i vu hoa, bao gdbm tim
kiém theo ludi (Grid Search), tim kiém ngau
nhién (Random Search) va tdi uu hoa Bayes.
Ho nhan manh tam quan trong cua viéc tinh
chinh siéu tham s6 c6 hé thong, vi n6 co thé
anh huong dang ké dén hiéu qua va do chinh
xac cua cac mo hinh hoc sau. Keras Tuner da
tro thanh mot cong cu hang dau dé tu dong
héa qua trinh nay, gitip kham pha khong gian
siéu tham s hiéu qua (Gonzalez et al ., 2020).

Hoc chuyén giao ciing da tré thanh mot
diém nhan trong nghién ctru hoc sau, dic biét
trong cac truong hop co it dit liéu dugc gan
nhan. Yosinski va cong sy da lam ndi bat loi
ich cua hoc chuyén giao, trong d6 kién thirc
tr cac bg dir liéu quy mo 16n dugce ap dung
dé cai thién hiéu sudt mo hinh trén cc bo dit
li¢u nho hon, chuyén biét cho tirng nhi¢m vu.
Phuong phéap nay da dugc ing dung thanh cong
trong nong nghiép, cho phép cac nha nghién
ctru 4p dung cac mod hinh di duoc huin luyén
trudc nhu VGG16 va ResNet cho cac nhiém
vu phan loai bénh cay tréng (Kumar et al.,
2021; Zhang et al., 2022).

Nhimng tién bd gan day trong k¥ thuét tién
xtr Iy hinh anh ciing d4 nang cao hiéu suat ciia
cac mo hinh hoc sau. Cac nghién ctru cho thay
viée ting cudng dit lidu c6 thé cai thién dang
ké tinh 6n dinh ctia mo hinh bang cach ting
cuong su da dang cua dir li¢u huin luyén mot
cach nhan tao. Cac phuong phap nhu xoay, 1at
va thay d6i ty 1¢ da chimg minh hiéu qua trong

viéc cai thién kha nang tong quat ctia mo hinh,
dac biét trong cac tinh huéng vo1 bo dir liéu
khong can bang (Shorten et al,. 2019).

Tom lai, nghién ctru vé hoc sau trong
phat hién bénh cay trong di phat trién manh
m¢, dua ra mot loat cac ky thuat nham nang
cao dg chinh xac va dd tin cdy cua mo hinh.
Nghién ciru nay xay dung trén nhiing tién bo
nay bang cach sir dung Keras Tuner dé ti uu
hoa cac siéu tham sd, véi muc tiéu cai thién
hiéu suit cuia CNN trong viéc phan loai bénh
cay lua.

3. Mang no-ron tich chap

Mang no-ron tich chap 1a mét loai mo
hinh hoc sau dic biét dugc thiét ké dé xu 1y
cac cau trac dit liéu dang ludi, dic biét 13 hinh
anh. Bang cach str dung céc hé thong phan cap
khong gian (spatial hierarchies) va mau hinh
(patterns), CNN giup nhan dién cac dic diém
trong dir li¢u mdt cach hiéu qua, 1am cho chiing
rat hidu qua trong cac ing dung nhu phan loai
hinh 4nh va phat hién ddi tuong.

Céu trac chuan cia CNN bao gém nhiéu
16p ap dung cac phép bién ddi khac nhau 1én
dir liéu dau vao. Cac thanh phan chinh cua
CNN la:

« Lop dau vao (Input Layer): Lop nay
nhan gia tri pixel tho tir hinh anh, thuong duoc
biéu dién dudi dang mot tensor véi cac kich
thude tuong ing voi chiéu cao, chiéu rong va
cac kénh mau.

o Céc 16p tich chap (Convolutional
Layers): Cac 16p nay st dung mot tap hop
céc bo loc (hay con goi 14 kernel) dé xtr 1y hinh
anh dau vao. M&i bo loc (filter) 1a mot ma tran
nho di chuyén qua hinh anh dé thuc hién phép
toan tich chap. Phép toan nay c6 thé dugc biéu
dién toan hoc nhu sau:
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7= W s A" + bl (1)

trong d6, Z' dai dién cho dau ra cua 16p tich
chap tht /, W' 1a trong s6 cua b loc, * chi ra
phép toan tich chap, 4/ 1a kich hoat tir 16p
trude d6, va b' 1a hang so sai s6 (bias) ctia 16p /.

« Ham kich hoat (Activation Function):
Sau budc tich chdp, mdt ham kich hoat (thuong
12 ReLU) duoc ap dung dé dua vao mé hinh
tinh chat phi tuyén. Viéc dua vao tinh phi tuyén
nay gitip mang c6 kha ning nam bt cac mau
phuc tap trong dir lidu.

A' = ReLU(Z") = max (0, Z') ()

 Cac 16p gop (Pooling Layer): Cac 16p

nay giup giam kich thudc khong gian ctia cac

ban do dic trung, déng thoi gitr lai cac dac

trung quan trong nht.

P=Ui:i+2,j5+2]) (3)

trong ngit canh nay, P’ dai dién cho két qua
cua phép toan pooling & 16p thur /.

« L6p phang (Flattening Layer): Sau mot
s6 16p tich chap va gdp, cac ban do dic trung
duoc chuyén thanh mot vector mot chiéu, sén
sang dé dua vao cac 16p két ndi day du.

F = Flatten(P") 4)
trong d6, P* dai dién cho dau ra tir 1ép pooling
cudi cung.

o Cac 16p két nbi day &t (Fully Connected
(Dense) Layers): Vector mot chiéu ny duoc
dua vao mot hodc nhiéu 16p két ndi day du,
hoc cac biéu dién trtru tuong dua trén cac dac
trung da duoc trich xudt tir cac 16p tich chap.

Df = WEEF + b (5)
trong d6, D* dai dién cho dau ra cua 16p dense
tha k, W¥1a trong sb, b* 12 bias.

o LOp dau ra (Output Layer): Lép cubi
cung sir dung ham kich hoat softmax dé phan
loai da 10p, tao ra cac gi tri xac suat cho mdi 16p.
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O = softmax(D") (6)

trong d6, D" 1a dau ra tir 16p dense cuoi cung.

4. Toi wu héa siéu tham so bang Keras
Tuner va Random Search

Téi wu hoa siéu tham s6 dong vai trd quan
trong trong viéc huan luyén cac mé hinh hoc
may, dic biét 1a trong cac khuon khd hoc siu
nhu Mang no-ron tich chap. Hi¢u qua cua cac
mo hinh nay phu thude nhiéu véo viée lya chon
siéu tham sd, va viéc thiét 1ap chinh xac céc
siéu tham sd nay 1a can thiét trude khi qué trinh
huan luyén bat dau. Keras Tuner 1a mot cong
cu manh mé gitp don gian hoéa qua trinh t6i
uu hoa nay, cung cip cac ki thuat khac nhau,
bao gdm ca phuong phap Tim kiém ngiu nhién

Keras Tuner duoc thiét ké dic biét dé hd
tro viéc diéu chinh siéu tham sb cho cac mo
hinh dua trén Keras, giup dé dang tim ra cac
cAu hinh cai thién hiéu sudt mo hinh. Cong cu
nay cung cp nhiéu thuat toan tim kiém dé hd
tro cac chién lugc tdi wu hoa khac nhau.

Mot trong nhitng phuong phép chinh la
Tim kiém ngau nhién, trong d6 ngu nhién lay
mau tir khong gian siéu tham sd. Phuong phap
nay cho phép kiém tra nhiéu cau hinh khéc
nhau ma khong phai thir tit ca cac két hop
nhu trong phuong phap Tim kiém theo luéi.
Mot phuong phap khac 1a Téi wu hoa Bayes
(Bayesian Optimization), xay dung mdt mo
hinh x4c suat cia ham muc tiéu, tir d6 giap
lwa chon siéu tham s6 c6 kha nang mang lai
hiéu suat tot hon. Cudi cung, Hyperband két
hop tim kiém ngiu nhién véi viéc dimg sém
(early stopping), phan bo tai nguyén linh hoat
hon cho céc ciu hinh trién vong dua trén hi¢u
sudt cta chiing. Cac thuat toan nay cung cp
mot khuon kho manh mé dé tdi uu héa siéu
tham s6 mét cach hiéu qua.
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4.1. Phwong phap tim kiém ngiu nhién

Tim kiém ngau nhién 1a mot phuong phéap
t6i wu hoa siéu tham sd hiéu qua va tiét kiém
tai nguyén tinh toan. N6 c6 thé duoc bicu dién
toan hoc nhu sau:

0" =f(0) (7)
trong d6, 6”14 tap hop siéu tham sd ti vu, ©
1a khong gian tim kiém siéu tham sd, va f(0) 1a
chi s6 hiéu suat (vi du: 6 chinh xac xac thuc)
dugc ti da hoa trong qua trinh tim kiém.

Khac véi tim kiém luéi, phuong phap
nay khong danh gia tat ca cac két hop kha thi
ctia siéu tham s6 ma thay vao d6 tim kiém cac
két hop ngdu nhién, diéu nay giup phat hién
cac cdu hinh hiéu qua nhanh chéng hon. Céc
nghién ciru thuc nghiém cho thay tim kiém
ngau nhién cé thé vuot tréi hon so véi tim
kiém theo ludi, dic biét khi khong gian siéu
tham sd ¢6 d6 phirc tap cao.

4.2 Trién khai trong Keras Tuner

Trong khuon kho Keras Tuner (Oktay et
al ,.2018), phuong phap tim kiém ngau nhién
theo mot quy trinh hé théng dé t6i uu hoa siéu
tham sb cho cac mé hinh hoc méy. Quy trinh
nay bit dau bang viéc dinh nghia Hypermodel,
mé hinh x4c dinh kién tric va céc siéu tham
s6 can t6i wu. Tiép theo, khong gian tim kiém
(Search Space) dugc thiét lap, trong d6 pham
vi hodc phan phéi cho ting siéu tham s6 duoc
xac dinh. Vi du, sd luong bo loc trong cac 16p
tich chap c6 thé dao dong tir 32 dén 128, trong
khi ty 18 hoc (learning rate) cho bo t6i wu cd
thé theo thang logarit, thay doi tir 10 dén 10,

Khi khong gian tim kiém di dugc xac
dinh, qua trinh tim kiém duoc tién hanh, bao
gdm viéc thuc hién mét s6 thir nghiém da dinh
san. Mbi thir nghiém dénh gia mot sy két hop
duy nhét cta siéu tham sd, va két qua duoc

do luong bang chi sé hiéu suit di chon. Cudi
cung, sau khi hoan tit qua trinh tim kiém,
Keras Tuner s& xac dinh ciu hinh tdt nhat,
cung cip cac siéu tham s tdi wu ciing voi cac
chi s6 hiéu suit ciia mo hinh tuong tmg. Qua
trinh tong thé nay co6 thé dugc tom tat bang
ham muc tiéu:

Accuracy, = f(filters, dense . learning )(8)

nits’

Trong do, Accuracy, 1a 4§ chinh xac xac
thuc, va cac bién dai dién cho cac siéu tham sb
tuong ung duoc diéu chinh. Cach tiép can co
céu triic niy dam bao rang ciu hinh mé hinh
tdt nhat dugc xac dinh mot cach co hé théng,
nang cao hi¢u sut tong thé.

5. Thue nghiém

Phéan thuc nghiém mé ta phwong phap
duoc sir dung dé danh gia hiéu suit cia mo
hinh CNN dugc dé xuat trong viéc phan loai
céc bénh trén 14 lua. Phan nay cung cap thong
tin vé& bo dit liéu st dung, quy trinh huén luyén,
céc chi s6 danh gia, va viéc trién khai cac k¥
thuét toi wu hoa siéu tham sé.

5.1 Dir lieu su dung

B¢ dit li¢u trong nghién ctru nay la Rice
Leaf Disease bao gom 120 anh JPEG cua 1a
lua, duoc chia thanh ba nhém bénh: tungro,
blast va blight (RiceLeafDisease Dataset,
2024). M&i nhoém bao gdm 40 anh, dam bao
su phan bo can bang giira cac bénh. Céc hinh
anh dugc chup dudi nhiéu diéu kién khac nhau,
didu nay giup ting cuong kha ning tong quat
cua mod hinh va lam cho mé hinh hoat dong
t6t hon trong céc tinh hudng khac nhau. Sy da
dang nay giup mo6 hinh CNN hoc duoc nhiing
dic diém phan biét cho mdi loai bénh, tir d6
cai thién hiéu suat ciia mé hinh trong cac Gmg
dung thuc té.
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(a) tungro

(b) blight

(c) blast

Hinh 1. Mét s6 anh trong tip dir liéu RiceLeafDisease

Trudce khi huin luyén mé hinh CNN, cac
budc tién xtr Iy dd dugce thuc hién dé tdi vu hoa
bo dit liéu. Pau tién, tat ca cac anh dugc thay
d6i kich thudc thanh mét kich thudc ddng nhét
1a 224x224 pixel, dam bao tinh nhat quan vé
kich thudc dau vao cho mé hinh. Sau d6, gia
tri cac pixel dugc chuin hoéa vé pham vi [0,
1], giup tang toc qua trinh huin luyén va 6n
dinh s6 hoc. Hon nita, cac k¥ thuat ting cudng
dir liéu nhu xoay, 1at va phong to da dugc ap
dung dé mo rong kich thudce hi€u qua ctia bo
dir li¢u. Nhitng phuong phap nay khong chi
lam tang s luong dit liéu huan luyén ma con
gitp mo hinh hoc dugc cac dac diém téng quat
hon, tir 46 nang cao hiéu suat ctia n6 khi lam
viéc voi dir liéu chua thay.

5.2 Kich ban 1: M6 hinh CNN mac dinh

M5 hinh CNN dugc huin luyén str dung
mot bo tham sb ¢6 ciu trac tot nham tdi da hoa
hiéu suit cia n6. Ban dau, bd dir liéu duoc chia
thanh mot bo dit liéu huan luyén (80%) va bd
dir li¢u xac nhan (20%) thong qua phuong
phéap 14y mAu phén tang, dam bao rang mdi
16p bénh dugc dai di¢n mot cach ty 1€. Phuong
phap nay gitp duy tri su can bang, diéu nay
rat quan trong dé huan luyén mo hinh higu
qua. Kich thudce 16 (batch size) duge chon la
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32, cung cip sy can bang tbi wu giita viée st
dung b nhé va téc d6 huan luyén. M6 hinh
dugc huan luyén trong 100 epoch, voi viée ap
dung k¥ thuat dimg som dé tranh qua khép
(overfitting), dua trén viéc theo ddi mat mat
trén bd dir liéu xac nhan. Phuong phap nay
khong chi cai thién kha nang tong quat ciia md
hinh ma con ting cudng do bén khi 4p dung
cho dit liéu chua thay.

Trong thi nghiém nay, mot Mang no-ron
chap duoc thiét ké dic biét dé phan loai cac
hinh anh 14 lia bi anh hudng bdi cac bénh nhu
tungro, blast va blight. Kién triic mé hinh theo
dang tuan tu, bat dau voi 16p dau vao nhan
cac hinh anh c6 kich thudc 224%224 pixel
v6i ba kénh mau (RGB). Lép chap dau tién
(Convolutional Layer) st dung 32 b0 loc kich
thudc 3%3 véi1 ham kich hoat ReLU. Sau do la
mot 16p giam kich thudc toi da (Max Pooling
Layer) gitip giam mot nira kich thude ban do
ddc trung (feature map). Lop chép thir hai su
dung 64 b0 loc kich thudc 3x3 va ham kich
hoat ReLU, tiép theo 1a mot 16p giam kich
thude t6i da khac dé tiép tuc giam kich thudc.
Lop chap tha ba, cling vdi 64 bd loc va kich
thude 3%3, tiép tuc qua trinh v6i ham kich hoat
ReLU. Két qua dau ra sau d6 duoc lam phang
thanh mot vector 1 chiéu thong qua 16p 1am
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phang (Flatten Layer), va dugc dua qua mot

cua mo hinh dugc tao ra boi 16p dau ra voi 3

16p két ndi day du (Dense Layer) vi 64 don  don vi va ham kich hoat softmax, cho ra xac

vi va ham kich hoat ReLU. Cubi ciing, dau ra

Conv1 + ReLLU Poolingl

Input

224 x 224 x 3

111 x 111 x 32
222 X 222 X 32

Conv2 + ReLU

109 % 109 x 64

suét cuia cac 16p bénh tuong ung.

Densel
Pooling2 “Dense2
Conv3 + BgLU’
\. 1 Blast
\/* Tungro
“ Blight

52 x 52 x 64 64
54 X 54 X 64

Hinh 2. Kién tric mé hinh CNN

Mo hinh dugc tbi wu hoa sir dung Adam
optimizer va su dung sparse categorical cross-
entropy 1am ham mat mat (loss function). Viéc
Ira chon Adam optimizer giup cai thién toc do
hoi ty va diéu chinh toc d hoc trong sudt qua
trinh hudn luyén, trong khi sparse categorical
cross-entropy 1a sy Ira chon phé bién trong cac
bai toan phan loai da 16p, dac biét khi cac 16p

1a ro1 rac va khong c6 ma hoa one-hot.

Mot ban tom tit vé kién tric caa mé
hinh CNN duoc tao ra va luu lai dudi dang
hinh dnh dé tham khao va tai liéu héa sau
nay. Diéu nay giup d& dang theo dbi cac thay
d6i trong cau triic ciia md hinh trong céc thi
nghi¢m sau va lam tai liéu tham khao cho viéc
cai tién mé hinh.

Bang 1. Tom tat vé Kién triic mé hinh CNN mdc dinh

Layer (type) Output Shape Param #
conv2d_3 (Conv2D) (None, 222, 222, 32) 896
max_pooling2d_2 (MaxPooling2D) (None, 111, 111, 32) 0
conv2d_4 (Conv2D) (None, 109, 109, 64) 18,496
max_pooling2d_3 (MaxPooling2D) (None, 54, 54, 64) 0
conv2d_5 (Conv2D) (None, 52, 52, 64) 36,928
flatten_1 (Flatten) (None, 173056) )
dense_2 (Dense) (None, 64) 11,075,648
dense_3 (Dense) (None, 3) 195

5.3 Kich ban 2: Téi wu héa siéu tham s6
Pé ndng cao hiéu suit ciia md hinh CNN,
chung t61 da st dung Keras Tuner v&i phuong

phap Tim kiém ngau nhién, tap trung vio viéc
tinh chinh cac siéu tham s6 quan trong. Nhiing
yéu t6 nay bao gdm sb lugng bo loc trong cac
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16p tich chép, s6 luong don vi trong 16p duoc
két ndi déy du va tde do hoc cua trinh tdi wu
hoa. Thong qua tim kiém c6 hé thong trén nhiéu
két hop si€u tham s6 khac nhau, muc tiéu 1a
x4c dinh cau hinh tbi da hoa do chinh xac x4c
thuc, do do cai thién hi€u qua phan loai cua
mo hinh d6i v6i cc bénh vé 14 lua.

Trong Kich ban 2, chiing t6i d4 phat trién
mot md hinh CNN ¢6 thé tiy chinh bang cach
str dung Keras Tuner dé toi uru hoa céc siéu tham
s6 chinh. Kién tric bao gom ba 16p tich chap,
v6i s6 luong b loc thay doi tir 32 dén 128, cho
phép trich xudt tinh ning linh hoat. Mdi phép
tich chap duoc theo sau bai mot 16p gop tdi da

dé giam kich thudc khong gian. Mo hinh ciing
bao gdm mot 16p duogc két ndi day du, véi sd
luong don vi day dic co thé diéu chinh giira 32
va 128, va mot 16p dau ra duge thiét ké riéng
cho ba loai: tungro, blast va blight.

M& hinh dugce bién dich véi trinh t6i vu
héa Adam va entropy chéo phan loai thua thét
lam ham mat mét, khién né phui hgp véi phan
loai da 16p. Phuong phap Tim kiém ngau nhién
duoc str dung dé diéu chinh siéu tham sd, voi
muc dich ti da hoa d6 chinh xac xac thuc.
Phuong phap nay cho phép chung t61 kham
pha nhiéu cau hinh khac nhau thong qua 10 lan
thir nghiém, t61 wu hoa hiéu suét ciia mé hinh.

Bang 2. Tém tit vé Kién triic M6 hinh CNN duwoc t6i wu hod siéu tham sé

Layer (type) Output Shape Param #
conv2d (Conv2D) ( , 222, 222, 64) 1,792
max_pooling2d (MaxPooling2D) ( , 111, 111, 64) 7
conv2d_1 (Conv2D) (None, 109, 109, 128) 73,856
max_pooling2d 1 (MaxPooling2D) ( , 54, 54, 128) 2
conv2d_2 (Conv2D) (None, 52, 52, 32) 36,896
flatten (Flatten) (None, 86528) )
dense (Dense) ( , 128) 11,075,712
dense_1 (Dense) ( , 3) 387

M6 hinh CNN duoc ciu trac véi nhiéu
16p duoc toi wu hoéa cho phan loai hinh anh.
N6 bat dau v6i mot 16p tich chap (Conv2D)
chtra 32 b6 loc, theo sau 1a mot 16p gop toi
da dé giam kich thudc khong gian ciia ban
d6 dic diém. Sau d6, mot 16p tich chap khac
v6i 64 b loc dugc ap dung, theo sau 1a mot
16p gop t6i da khac va mot 16p tich chap thi
ba, cling v6i 64 b0 loc. Cac ban dd dic diém
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do cac 16p tich chép tao ra sau d6 dugc lam
phéng thanh mot vecto mot chiéu, duge truyén
qua mét 16p day dic voi 64 don vi. Cudi
cung, md hinh két thic bang mét 16p dau ra
phan loai hinh anh thanh mdt trong ba loai:
tungro, blast hodc blight. M6 hinh c6 tong
cong 11.132.163 tham s6, phan anh do phirc
tap va kha nang trich xuét cac dic diém chi
tiét dé phan loai chinh x4c.
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6. Két qua

Trong Kich ban 1, m6 hinh dat dugc do
chinh xac xac thuc la 85,42%, vd1 muc mét
xac thuc tuong ung 1a 56%. Khi dugc danh
gia trén bo kiém tra, d6 chinh xac kiém tra

Training and Validation Accuracy

van nhat quan ¢ mirc 85,42%. Hiéu suat nay
1am noi bat kha ning phan loai hinh anh hi¢u
qua cua mo hinh, mac du c6 mot sy sut gidm
nhoé vé& do chinh xac trong cac giai doan xac
thuc va kiém tra.

Training and Validation Loss
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Hinh 3. P9 chinh xdc/Mat mat trong qua trinh dio tao va xic thue -
Kich ban 1: M6 hinh CNN méc dinh

Trong Kich ban 2, mé hinh dugc t6i uvu
hoa dat duoc do chinh xac xac thuc 1a 97,92%
trong 1an thir nghiém thir 5, cho thy hiéu sut
manh m¢€ cua no trong phan loai bénh thuc
vat. Céc siéu tham sd t6t nhat duoc xac dinh
14 96 bo loc cho 16p tich chap dau tién, 128 bo

Training and Validation Accuracy

loc cho ca 16p tich chap thtr hai va thur ba va
64 don vi trong 16p duoc két nbi day du. Do
chinh x4c kiém tra ctia mé hinh 1a 92%, xac
nhan thém tinh manh m€ va dg tin cay ctia n6
trong nhi¢m vu phan loai nay.

Training and Validation Loss
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Kich ban 2: Toi wu héa siéu tham s6
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7. Thao luin va két luan

Nhirng phat hién ctia nghién ctu nay
1am ndi bat hiéu qua dang ké cua cac moé hinh
Mang no-ron tich chap duoc ti wu hoa trong
viéc phan loai chinh xac hinh anh bénh thuc
vat, ddc biét 1a cac bénh trén 14 lua. Cac két
qua thu dugc tir viée ap dung cac ky thuat toi
vu hoa siéu tham s6 cho mé hinh CNN cho
théy su cai thién rd rét vé do chinh xéac khi so
v6i cac mo hinh chua duoc toi wu héa. Nhitng
s6 liéu hiéu suét thu duoc trong nghién ctru
nay phu hop véi nhitng két qua dugc quan sat
trong cac nghién ctru trude ddy, diéu ndy cang
cling c6 thém tim quan trong cia viéc dicu
chinh va t&i wu hoa cic siéu tham s trong qua
trinh hudn luyén mé hinh hoc sau. Pic biét,
cac tham s6 nhu s6 lwong 16p tich chap, kich
thudc cua bg loc, ty 1€ hoc, va sb lugng don vi
trong 16p két ndi ddy du da dong gop rat 16m
vao viéc cai thién do chinh xac ctia mo hinh.

Viéc t6i wu hoa siéu tham s khong chi
gitip nang cao hiéu suit cia md hinh ma con
gitip giam thiéu hién twong quéa khop, von 1a
mot van dé thuong gap khi huan luyén cac mo
hinh hoc sau vai cac bg dit 1iéu nho. Nhitng
két qua nay cang tré nén quan trong trong bdi
canh nong nghiép chinh xac, noi viéc phat
hién sém va chinh x4c cac bénh trén cdy trong
c6 thé gitp nong dan thyc hién cac bién phap
can thiép kip thoi, tir d6 giam thiéu tén that do
bénh tit va ning cao nang suat ciy trong. Vi
du, viéc phat hién bénh nhu Tungro, Blast, va
Blight trén 14 lta c6 thé giup dwa ra cac bién
phap phong ngira hodc diéu trj sém, tranh sy
lay lan va gitip bao v¢€ mua mang hiéu qua hon.

Nghién ctru ciing chi ra ring mé hinh
CNN c¢6 thé 1a mot cong cyu manh mé trong vi¢c
phan loai bénh thyc vat, dic biét khi duoc t6i
uu hoa véi cac ky thuat nhu Keras Tuner va
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cac phuong phap tim kiém siéu tham s6 nhu
Random Search. Piéu ndy mé ra co hoi 16n
dé trién khai cac hé théng tur dong ho trg nong
dan trong viéc giam sat stirc khoe ciy trong
va phat hi¢n bénh mot cach nhanh chong va
chinh x4c hon.

Trong tuong lai, cac nghién ctru tiép theo
c6 thé md rong tap dit lidu dé bao gdm nhiéu
loai bénh thuc vat khac nhau, nham gia tang
tinh da dang va phong phu cua dit liéu huin
luyén, tir 46 nang cao kha ning tong quat cua
mo hinh. Viéc két hop cac phuong phap hoc
chuyén giao cling 12 mot hudng di day hira
hen, khi cac mé hinh da dugc huin luyén trén
cac tap dir liéu 10n va da dang c6 thé giup cai
thién hiéu suat phan loai trén cac bo dir liéu nhod
hon, chang han nhu bé dit lidu cac bénh thyc
vat trén cdy lta. Bang cach nay, mo hinh co
thé hoc duoc céac dic trung chung va dac trung
riéng biét tir cac nguodn dir lidéu khac nhau, tir
do cai thién kha nang phan loai chinh xac céc
bénh trén cay trong trong moi truong thuc té.

Ngoai ra, vi¢c tich hop cac k¥ thuat hoc
sdu tién tién nhu hoc sau da nhiém (multi-task
learning) hodc hoc tu giam sat (self-supervised
learning) ciing c6 thé 1a mot hudng nghién ctru
tha vi dé cai thién chat lugng va d6 chinh xac
cua cdc mo hinh phan loai bénh thuc vat, dac
biét 1a khi s6 lwong hinh anh bénh 13 han ché
hoic khong day du. Nhiing cai tién nay co thé
gitp mo hinh phan loai khong chi chinh xéc
hon ma con c6 thé ap dung cho nhiéu loai cay
trong khac nhau, mé rong pham vi tmg dung
ctia cac hé théng phat hién bénh trong nong
nghiép chinh xac.

Nhimg két qua ctia nghién ctru nay khong
chi khiang dinh vai tro quan trong cta viéc toi
uu hoa mo hinh trong phan loai bénh thyuc vat
ma con mo ra nhidu hudng nghién ctru va ting
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dung méi trong tuwong lai, tir d6 tao diéu kién
thuan loi cho viéc phat trién cac cong cu hd
tro nong nghié¢p thong minh va hi¢u qua hon.
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