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ABSTRACT

Our country has suitable climatic conditions for growing mango trees.
This is a fruit tree that brings economic value to farmers. Therefore,
identifying diseases in the flower during the flowering and fruiting
stages is very important, greatly affecting to productivity of the season.
Therefore, a program on smartphones to identify diseases in mango
flowers through images of mango flowers is very necessary. The
research used a set of data of 4 types of mango flowers: anthracnose
mango flowers, burnt mango flowers (black spot disease), choked
mango flowers, and disease-free mango flowers, with 733 images
collected. The research already used deep transfer learning
techniques to jog the training on model EfficientNetBO and model
MobileNetV2. As a result, the accuracy of the EfficientNetBO model
reached 99.84%, higher than the MobileNetV2 model, which only
reached 95.21%. The results of the research can help agronomists and
researchers have solutions to support farmers and guide the treatment
of disease-carrying mango flowers appropriately and effectively.

Keywords: Android smartphone, EfficientNet network, Grad-CAM,
mango flower disease, transfer learning
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1. GIOI THIEU

Hién nay, & Viét Nam, nong nghiép van la mot
trong nhirng nganh san xuét chu yéu. Qué trinh san
suit thu hoach, phan loai va danh gia chat luong cac
loai san pham ndng nghiép, dac biét 1a nhan dang va
phan loai bénh trén hoa, qua chi yéu con phai thyc
hién bang cac phuong phap thu cong. Day la cong
viéc khong qua kho, nhung tiéu ton nhiéu thoi gian,
cong s cua con ngudi, chi phu hop véi cac vuon
nho Ié va Ia rao can ddi véi ma rong phat trién quy
md san xuit ndng nghiép noéi chung va dic biét 1a
san xuat ndng san ndi riéng (Hau, 2009) nhu véi cac
canh dong mau 16n hay vuon cy an trai ¢6 dién tich
tinh bang hecta. Vi vay, viéc nhan dang duoc mot sé
loai bénh hai trén béng kip thoi trong giai doan ra
hoa, dau trdi nho d6 co nhitng phuong phap xir ly,
phong ngira bénh hai trén bong 1a hét s can thiét
nhidm dat duoc san pham trai dep, dat yéu cau dem
lai hiéu qua kinh té cao (Bao dién tir Dang Cong San
Viét Nam, 2011).

Ky thuat hoc sdu va may hoc da dong mot vai tro
quan trong trong linh virc ndng nghi¢p dé dy doan,
phan loai va phat hién bénh cay trong, dong thoi
cung Cap cac phuong tién phat hién bénh cay trong
v6i chi phi thap, nhanh chong va dang tin cay. Cac
nha nghién ctru khac nhau da nghién ctru chan doan
va phét hién bénh thuc vat, dac biét 1a bénh xoai.
Singh etal. (2019) dé xuat mot phuong phap hoc sau
dé xac dinh 1a xoai bi nhidm bénh than thu. Tac gia
da sir dung mang no-ron tich chap nhiéu Iép (Multi
Convolutional Neural Network - MCNN) dé huén
luyén md hinh phan loai bing cach sir dung bo dit
liéu gdm 1.070 hinh anh vé 14 xoai khoe manh va bi
nhiém bénh than thu. Trén tap thir nghiém, do chinh
X4c 96,89% ciia MCNN cao hon dang ké so vai cac
ky thuat truée d6. Ashok and Vinod (2021) cung cp
mét céch tiép can doc dao dé phat hién bénh trén
x0di bang cach s dung md hinh hoc sau va ung
dung Android. M6t mé hinh mang luéi than kinh
tich chap (Convolutional Neural Network - CNN)
duoc st dung trong quy trinh nay va dwoc huin
luyén bang cach st dung tap dit liéu hinh anh nhing
qua xoai c6 va khong cd bénh. Ung dung Android
sau do str dung mo hinh CNN dé xéac dinh bénh tat
trong anh qua xoai. Mot tap dir liéu gdm 1.000 hinh
anh vé& qua xoai, trong d6 c¢6 500 hinh anh bi bénh
va 500 hinh anh khéng bi bénh. B¢ chinh xac cua
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phuong phap nay dat duoc 1a 95% trong viéc xac
dinh bénh trén qua xoai.

Nghién ciu nham dé xuit mot giai phap ing
dung k¥ thuat hoc sau hién dai dé nhan dang mot sé
bénh thong thuong dua trén hinh anh thu thap duoc
trong khi cham séc ciy xoai dang ra hoa sir dung
mang no-ron tich chap hién dai EfficientNetB0 ddng
thoi nghién ctru ciing tién hanh khao sat thém mang
no-ron tich chap cai tién MobileNetV2 dé so séanh
két qua dat duoc trén mot bo dit lieu béng xodi mot
loai cay trong mang lai nhiéu gi4 tri kinh té cao ¢
Viét Nam noi chung va ¢ tinh An Giang noi riéng.

Hinh anh nhan dang duoc thu thap truc tiép bang
may anh dién thoai hoic thu thap trudc bang may
anh thong dung. Di voi nhiing san pham cay an trai
nhu xoai, chit luong va do dep hay xiu cua san
pham déu bi anh huong trong giai doan tir khi ra hoa
dén khi dau trai non. Nghién ciru nay trinh bay k§
thuat hoc chuyén tiép (Transfer Learning) sir dung
mo hinh mang EfficientNet-B0 trong bai toan nhan
dang bénh trén bong xoai, dit liéu dau vao l1a hinh
anh cua ba loai bénh trén bong xoai va mot loai bong
khéng bénh da duoc gan nhén phan loai dir liéu (data
frame). Méi truong huan luyén mé hinh 1a Google
Colab, thir nghiém mé hinh béng dién thoai théng
minh hé diéu hanh Android. Két qua du doan dat
dugc mét cach hiéu qua trén tap dir liéu kiém tra va
nhan dang voi do chinh xac cao bang dién thoai
thong minh hé diéu hanh Android.

2. PHUONG PHAP NGHIEN CUU
2.1. M6 hinh hec sau EfficientNet

EfficientNet duoc gigi thiéu lan dau tién vé 2 ky
su Google 1a Mingxing Tan va Quoc V. Le vao
thang 5, nam 2019 (Tan & Le, 2019). Kién tric
mang EfficientNet I1a mot mang CNN dat state-of-
the-art vé& d6 chinh xac véi s6 luong tham s6 va
FLOPS it hon nhung dat hiéu qua va nhanh hon cac
kién tric mang khac. EfficientNets dwoc dua trén
maéy hoc ty dong (AutoML) va két hop chia ty 1&
(scaling) dé dat duoc hiéu suit cao ma khong anh
huéng dén hiéu qua tai nguyén (Tan & Le, 2019).
Céc tac gia da thiét ké mot mang co so c6 kich thudc
di dong duoc goi la EfficientNet-B0, hoat dong bang
cach st dung kién trc than kinh da myc tiéu gidp
t6i wu hoa do chinh xac va FLOPS. Mb hinh duoc
Iy cam hang tir Mnas-Net va c6 kién trac nhu sau
(Hinh 1).
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Hinh 1. Kién trac EfficientNet-B0

Hinh 1 cho thiy mé hinh EfficientNet-B0 co s&
nhan hinh anh mau c6 kich thuéc [224x224]. Mang
co so EfficientNet-BO, cac tac gia da ap dung
phuong phéap chia ty 1& hdn hop. Pat ®=1 va thyc
hién tim kiém dang lugi dé tim cac tham s6 off va y
dwa trén cac phuong trinh dwoc dé xuat va theo rang
bude a.p?y*=2. Két qua nhu sau a=1,2, p=1,1 va
y=1,15[10].

Ké tir khi ra doi, MobileNetV2 1a mét trong
nhiing kién trac dwoc wa chuong nhét khi phat trién
cac (ng dung tri tué nhan tao, MobileNetV2 cé maot
s6 diém cai tién so véi MobileNetV1 gitp cho né cé
d6 chinh xé4c cao hon, sb lwong tham s6 va sé lwong
cac phép tinh it hon. Tuy nhién, két ndi tit &
MobileNetV2 dugc diéu chinh sao cho s kénh
(hozc chiéu sau) & input va output caa mdi khdi du
(block residual) duoc thit hep lai. Chinh vi thé, n6
duoc goi la cac hottleneck layers (bottleneck 1a mot
thuat ngir thuong duoc st dung trong deep learning
dé &m chi céac kién tric thu hep kich thudc theo mot
chiéu nao d6). Hinh 2 cho thay kién trdc cai tién caa
mang MobileNetV2 (Mark et al., 2019).

MobileNetV2 building block

Transformation

Bottleneck Bottleneck
inj utput

— A(kl“'— —
She it

Hinh 2. Kién tric MobileNetV2

2.2. Thu thap va tién xir Iy tap dir ligu cho
huan luyén mé hinh

Tap dir liéu béng xoai dwoc chup thii cong bang
maéy anh cua nhiéu hiang dién thoai khac nhau (Hinh
3) nhu: Samsung J7 Prim, Samsung A22 5G,
Samsung Note 5, Asus, Iphone 13.

Hinh 3. Hinh anh qua trinh thu thap dir liéu

Bong xoai dwoc chup tryc tiép trén cly xoai tai
cac vudn xoai dang ra hoa, bong xoai can chup nam
& trung tdm anh chup, khoang cach tir may anh dén
bong xoai khoang 30-50 cm dam bao anh khong bi
mo, chup theo cac giai doan sinh truéng cua bdng
(tir nhii cya ga dén dau trai non). Kich thudc hinh
anh bao gdm [3264x2248] va [3264x1836] pixels.
Dit liéu sau khi thu thap s& tiép tuc xir Iy gan nhan
dir liéu bang cach dua hinh mai loai bdng xoai vao
mét thu muc dai dién cho mot loai bong xoai can
nhan dang (Hinh 4). D liéu hinh anh thu thap dugc
thuong bi tac dong bai nhidu. Vi vay, khau tién xir
ly dir liéu s& dugc ap dung trudce khi dwa vao huin
luyén mé hinh (dugc thuc hién & myc 2.3)

Chi tiét sb luong anh cua tung loai sau khi tién
xtr Iy dugc thé hién trong Bang 1. S6 lwong hinh anh
trong tap di liéu twong ddi can bang gitra cac loai
nhan dit liéu (Tén bdng xoai can nhan dang), tao
diéu kién thuan loi cho viéc huan luyén mo hinh.
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Bong khong bénh Bong chay

Bong nghen

Bong than thu

Hinh 4. Cac loai bénh trén bong xoai cin nhan dang

Bang 1. Chi tiét phan chia dir ligu hinh anh caa
céc loai bong xoai

Tenbong 1o ik tigu Tap dir ligu 2P 4T
x0ai can % N z .o liéu kiem
A huan luyén kiém dinh °

nhin dang tra
Béng khéng

bénh (bong 1134 140 126
binh thuong)

Bong chay 1134 140 126
Bong nghen 1134 140 126
Bong than 1134 140 126
thu

2.3. Huin luyén md hinh

Nhu di dé cap, mang no-ron hoc sau dugc sir
dung trong thuc nghiém nay la mang EfficientNet-
BO0. Uu diém cia mang nay la da dwoc huan luyén
trudc trén tap dir lieu ImageNet (10.000 anh théng

inh anh bong xoai
dau vao

Tién st If anh

bing xoal tinh chinh

Hudn luyén mé hinh
EfficientNetB0 di

Huan luyén mé hinh

MobileNetV2 di
tnh chinh

dung); do do, khi tiép tuc huan luyén véi tap dit ligu
md&i, mang dé dang hoi tu (Chollet et al., 2017).

M6 hinh EfficientNet-B0O can duoc huan luyén
lai va huan luyén thém vai tap dir liéu vé bong xoai
da dugc thu thap. Hinh anh truée khi dugc vao mo
hinh can phai qua budc tién xir ly. Budgc tién xir ly
dau tién 1a chuyén dbi kich thudc hinh anh
(Resize) thugc ca 3 tap dir liéu da phén chia vé kich
thude chuan caa moé hinh 13 [224x224]. Béi véi tap
dir lieu huan luyén, ngoai 4p dung thay doi kich
thudc hinh anh, tap dit liéu nay con dugc ap dung
thém cac phuong phap khac dé ting do da dang cho
hinh anh huan luyén, giap mé hinh duoc hoc tét hon,
gitlp gia ting do chinh xac bao gom:
horizontal_flip, rotation_range, width_shift_range,
height_shift_range, zoom_range. Hinh anh sau khi
tién xur ly duwoc dua vao mé hinh dé huin luyén,
chuyén d6i mé hinh va xay dung tng dung theo cac
bude nhu Hinh 5.

Chuyén doi Wiy dung
0 —— une d]'.n.lg Thyre nghiém
dao tao sang tren dién ol dinh 14 kit
thiet bj di_ "\ thoai théng i
dong va thiét minh hé dieu q
bi nhing hanh Android

Hinh 5. Céc buéc chinh dé nhan dang bénh trén bong xoai

Nghién ctu sir dung Google Colab dé lam moi
truong hudn luyén va kiém tra danh gia mo hinh véi
ngén ngit 1ap trinh Python va hd tro sir dung cac nén
tang hoc sau phé bién nhu Tensorflow, Keras. Ngoai
ra, viéc huan luyén véi sy hd trg caa GPU (Graphics

Processing Unit) gitip qua trinh nay dwoc thuc hién
nhanh hon nh¢ kha ning tinh toan song song.

Mot diém quan trong la nghién ciu sir dung mo
hinh EfficientNet-BO da duoc huan luyén san véi
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tap dir licu ImageNet ¢ khd nang phén loai cho
1000 dbi twong khac nhau. Nghién ciu nay tién
hanh nhén dang cho dbi twong bdng xodi véi s 1op
can nhan dang la 4 l1op. Chi tiét md hinh
EfficientNet-BO sau khi da thay déi, tinh chinh 16p
phan loai cudi Dense output (num_classs=4) dugc
xay dung trén nén tang Tensorflow. Théng s co ban
dugc cai dat dé huin  luyén  mang
gom: batch_size=32, epochs=100, patience=1,
stop_patience=3, threshold=.9, factor=.5,
dwell=True, freeze=False, ask_epoch=10.

2.4, Truc quan hoéa dic trwng anh véi Grad-
CAM

Mac du phuong phap hoc sau da chung té do
chinh x&c cao trong phén loai anh, nhung mot trong
nhiing van d¢ ciia phuong phap nay 1 kha ning dién
giai md hinh, thanh phan cbt 16i dé théng hiéu va go
16i. M0 hinh hoc sau thuong dugc xem 14 “hop den”
va Vi vay ching ta khong c6 thong tin vé: 1) Mang
dang “nhin” & dau trong anh du vao; 2) Cac no-ron
nao dugc kich hoat dé chuyén tiép trong qua trinh
suy luan hozc dy doan; 3) Lam thé nio mang dua ra
quyét dinh cubi cing. Do d6, dé dam bao mé hinh
mang hoat dong dang dan, chinh xac can cé cong cu

Bong khong bénh

Anh gbc

Trie quan
hoa dac trung
anh véi1
Grad-CAM

Bong chay
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dé tryc quan hoa va kiém tra xem md hinh mang
dang “nhin” va “xac dinh” cac vi tri ndo trong anh
dau vao. Vi vay, Zhou et al. (2016) da d& xuat mot
ky thuat dugc goi la Grad-CAM (Gradient-Class
Activation Map), cho phép cac phuong phap rut
trich dic trung anh ty dong bang cach st dung mang
no-ron tich chap hoc sau (Depth Convolutional
Neural Network - DCNN) thyc hién dinh vi ddi
tuong ma khdng can st dung bat ky mot khung gioi
han bao quanh ddi tuong (bounding box). Grad-
CAM (LeCun et al., 1998) sir dung tin hiéu cua
gradient dé két hop cac ban d6 dic trung (feature
maps) ma khong can phai thay doi kién tric cua
mang, ching ta cé thé kiém tra mot cach tryc quan
vi tri mang dang “nhin”, xac dinh chinh xac ddi
tuong trong hinh anh va cac kich hoat xung quanh
no6 (Bazzani et al., 2016). Nghién cru nay sé trinh
bay cac hinh anh truc quan Grad-CAM cua
EfficientNet-B0 v&i mo hinh tinh chinh caa n6 trén
céc anh bdng xoai. Hinh 6 cho thiy EfficienNet- BO
¢6 thé “nhin” dung vao khu vuc cua dbi tuong can
nhan dang thong qua trich xuat dic trung ma mo
hinh da hoc. Cac hinh anh mau nay dwgc chon ngau
nhién tir tap dir liéu kiém thu.

Bong than thw

Bong nghen

Hinh 6. Két qua cia Grad-CAM truc quan ving can trich rit dic trung trén bong xoai

2.5. Chuyén déi md hinh sang TFLite va
thiét ké wng dung Androidd
2.5.1. Chuyén dsi md hinh sang TFLite

Vi dic tha cua cac thiét bi nhu ToT (Internet of
Things), mobile & cau hinh phan cing han ché nén
khong thé dua hin mot mé hinh tri tué nhan tao
(Artificial Intelligence model) 1én thiét bi di dong
dwoc ma can phai xir ly dé giam kich thugc cia mod
hinh xuéng, giam dwoc do tré xt 1y, tiét kiém khong
gian bo nhé. TensorFlow Lite duoc thiét ké dé chay
cac md hinh trén thiét bi di dong va thiét bi nhing
(Hinh 7), TensorFlow Lite la phién ban don gian, it

t6n tai nguyén bo nh¢é hon cua TensorFlow ciing do
Google phat trién.

M6 hinh sau khi chuyén doi dé trién khai trén
thiét bi di dong dwoc trinh bay ¢ Bang 2.

Béng 2. Kich thuéc mé hinh truéc va sau khi
chuyén ddi

Model Tensorflow Kich thwéc (Mb)
flowers_model.h5 51MB
flowers_model.tflite 3.2MB
Flowers_labels.txt 76KB
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Model . B

Hinh 7. M6 hinh trién khai Al model trén thiét
bi di dong va thiét bi nhing

2.5.2. Thiét ké xay ding g dung Android

a. Cdc phwong phdp trién khai md hinh tri tug
nhan tao (Al model)

Viéc dua tng dung dén voi nguoi st dung thuc
t& 12 mot thanh cong 16n trong linh vuc may hoc
(Machine Learning). Dé c6 thé st dung mé hinh tri
tué nhan tao (AI model) trén dién thoai thdng minh
thi c6 hai cach cd thé sir dung, mét 1a cé thé dung
Server, viét mot phuong thuc trung gian két ndi cac
wng dung va thu vién khac nhau (Application
Programming Interface - API) cho ¢ing dung goi dén
server, truyén hinh anh vao input. Server xt ly xong
tra két qua. Cach hai 1a chuyén ddi md hinh sang
dang TFLite dé dua truc tiép Ién trén thiét bi xu ly,
cling tuy thudc vao bai todn ma ap dung lam theo
cach thich hgp. Nghién ctu nay sé xay dung tng
dung voi cach thir hai, 1a dua tryc tiép mo hinh da
chuyén d6i 1én xir Iy tryc tiép trén dién thoai thong
minh Android.

b. Cai dat va thiét ké giao di¢n phan mém

V& y tuong cua tng dung thi nghién ctru s& thiét
ké giao dién nguoi dung dugc trinh bay nhu Bang 3
va Hinh 8.

ns

= W0 bt

Hinh 8. Man hinh giao dién ngwoi dung
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Bang 3. Danh muc cac thiét ké cé trong giao dién

Tén S6 lugng MG ti chire niing
\ung hién thi Vung hién thi hinh anh
) 1 N

anh do ngudi dung chon.

Ving hién thi két qua

Vung hién thi 1 nhan dang trén man hinh

chir ,
ung dung.
i D e
(GALLARY) ong thur vien tren die
thoai.
NGt g e dien thi
(CAMERA) g ¢ bbb
chup anh.
N0t nhan . Dung dé nhan dang anh
(DETECT) da chon.

3. KET QUA VA THAO LUAN

Sau qué trinh huan luyén trén Google Colab véi
tap dir liéu huan luyén 1a 4.536 hinh anh, tap kiém
thir 12 560 hinh anh, tap kiém tra 1a 504 hinh anh caa
bén loai bong xodi trong Bang 1 duoc hoc chuyén
tiép voi mo hinh EfficientNet-BO va MobileNetV2
ma nghién ctru da thyc hién. Két qua tir duong cong
hoc tap cho thay md hinh EfficientNet-B0 (Hinh 9)
¢6 d6 hoi tu tot hon mé hinh MobileNetV2 (Hinh
10) va do6 chinh xéac trén tap kiém tra (Test
Accuracy) dat 99,84% ciing cao hon so v4i mo hinh
MobileNetV2 chi 95,21%.

Tu két qua kiém tra do chinh xéac (Test
Accuracy) chi cho biét dugc bao nhiéu phan tram
lwong dir liéu dugc phan loai dung ma khong chi ra
duoc cu thé mdi loai dwoc phan loai nhu thé nao, 16p
nao dugc phan loai ding nhiéu nhat va dir liéu thuoc
I6p nao thuong bi phan loai nham vao 16p khac. Bé
c6 thé danh gia duoc céc gia tri ndy, ching ta sir
dyng mot ma tran duoc goi 1a ma tran hon loan
(confusion matrix).

Pay 1a mot trong nhiing thudce do danh gia hiéu
suit cua md hinh hoc may dua trén phan loai. Tap
dit liéu thir nghiém s& duoc st dung dé danh gia hiéu
suit cua mo hinh. Mét trong nhitng chi s6 dwoc kiém
tra 1a do chinh xac do lwong phan du doan ma md
hinh di dtng. Cac chi s6 khac nhu sau (Bang 4):

Do chinh xac P (Precision): Ty 1& két qua duong
tinh thyc sy TP (True Positives-dy doan chinh xac)
tir tong s6 két qua cd lién quan, tic la tong TP va két
quéa duong tinh gia FP (False Positives). Ddi véi cac
vin dé phan loai nhiéu 16p, P dwoc tinh trung binh
gitra cac 16p. Sau déy 1a cong thirc cho d6 chinh xac

Q.
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Hinh 9. Puwong cong hoc tip va du doan trén tap test_images mo hinh EfficientNet-BO
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Hinh 10. Pwong cong hoc tap va dw doan trén tap test_images mé hinh MobileNetV2
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Hinh 11. Ma tran hén loan ciia mé hinh EfficientNet-B0
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Hinh 12. Ma tran hdn loan ciia mé hinh MobileNetV2
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Thu hdi R (Recall): Ty 1¢ TP tir tong s6 TP va
am tinh gia FN (False Negatives). i V6i cac van
dé phan loai nhiéu Iép, R duoc tinh trung binh trong
s tt ca cac I6p. Sau ddy la cong thirc dé thu hdi (2).

R—_1P
TP +FN

Diém F1 (F1): Y nghia hai hoa ciia d6 chinh xac
va thu hdi. i véi cac van dé phan loai nhiéu l6p,
F1 duoc tinh trung binh trong sé tt ca cac 16p. Sau
day 1a cong thir tinh diém F1 (3).

* *
£y 2*TP*FP -
TP +FP

HG tro (Support): Sb 1an xuét hién thuc té cua
I6p trong tap dir lieu. N6 khong khac nhau gitra cac
mo hinh, n6 chi chan doan qué trinh ddnh gid hi¢u
suat.

2

Macro Avg (Macro averaged Precision): D¢
chinh xé4c trung binh vi mo dugc tinh bang muc
trung binh cta d6 chinh x4c cua tat ca cac 16p.

Weighted avg (Weighted averaged Precision):
Do chinh xéac trung binh ¢ trong s6 ciing dugc tinh

toan dya trén do chinh xac trén mdi 16p nhung cé
tinh dén s6 luong mau cua ting 16p trong dir liéu.

Két qua tir ma tran han loan cho thay, mé hinh
EfficientNet-BO (Hinh 11) du doan nham Ian giita
céc 16p thap hon so véi md hinh MobileNetV2
(Hinh 12) va béo céo du doan ciia ma tran hon loan
trén tap anh test dugc trinh bay nhu Bang 4 trén hai
md hinh MobileNetV2 va EfficientNet-BO0.

Két qua nhan dang thuc té trén dién thoai hé diéu
hanh Android Samsung Note 5 ¢6 d chinh xac dat
99,6% vo6i mb6 hinh EfficientNet-BO nhu
Hinh 12 (link video: https://youtu.be/8gwjY fWB-
Ho?si=0zhHtVWBOESBIQIC)

Két qua & Bang 4 va Hinh 9, Hinh 10, Hinh 11,
Hinh 12 cho thdy ty 16 md hinh nhan dién dung bénh
bong xoai trén tap dit lieu kiém tra doc lap
(test_images) dao dong tir 98% dén 100% va kiém
nghiém thuc té chay ang dung trén dién thoai thong
minh Android Samsung Note 5 nhan dang chinh xac
tir 96,48% dén 99,60% nhu & Hinh 12 véi cac bénh
can nhan dang. Budc dau cho thdy kha ning tng
dung cong nghé tri tué nhan tao dé nhan dang bénh
bong xoai trong giai doan bét dau ra hoa dén khi dau
trai non trén dién thoai théng minh théng qua viéc
phén loai anh mau la hoan toan kha thi.



https://youtu.be/8gwjYfWB-Ho?si=0zhHtVWBOESBlQIC
https://youtu.be/8gwjYfWB-Ho?si=0zhHtVWBOESBlQIC
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Bang 4. Bing so sanh bao céo két qua mo hinh MobileNetV2 va mé hinh EfficientNetB0

Precision Recall F1-Score Support

Boéng khdng bénh 0,91 0,99 0,95 126

Bong chay 0,98 0,93 0,95 126

Bong nghen 0,95 0,98 0,97 126

MobileNetV2  Bong than thu 0,98 0,91 0,95 126
Accuracy 0,95 504

Macro avg 0,95 0,95 0,95 504

Weighted avg 0,95 0,95 0,95 504

Béng khéng bénh 1,00 1,00 1,00 126

Bong chay 1,00 1,00 1,00 126

- Béng nghen 0,98 1,00 0,99 126
Eg'c'e”t'\'et' Bong than thu 1,00 0,99 0,99 126
Accuracy 1,00 504

Macro avg 1,00 1,00 1,00 504

Weighted avg 1,00 1,00 1,00 504

Phan Logl Bong Xodl

PhHhan Loal Bong Xoal

Phin Loail Bong Xodl

Hinh 13. Két qua nhan dang béng xoai trén dién thoai Android
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4. KET LUAN

Nghién ctru da xay dung dugc mo hinh tng dung
ky thuat hoc sdu trong bai toan phan loai (nhén
dang) anh mau, théng qua phuong phap hoc chuyén
tiép két hop vai tinh chinh mo hinh EfficientNet-BO
da cho két qua nhan dang bong xoai v6i do chinh
xac cao 99,60%. Vi viy, théng qua hinh anh bong
xodi s dung k¥ thuat xir 1y anh, k¥ thuat hoc sau
chuyén tiép va tinh chinh, xay dung tmg dung (.apk).
Nghién ciru da dap tmg dugc yéu cau vé nhan dang
bénh trén bong xoai trong giai doan bét dau ra hoa
dén lac dau trai non.
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Dé xuit nghién ctru phat trién thém ung dung
trén thiét bi di dong hé diéu hanh I0S, Raspbian,
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