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Tom tit

Bénh vong mac dai thao dwong la mot trong nhitng nguyén nhdn hang dau gay mat
thi lyc néu khong dwoc phat hién sém. Trong nghién ciru nay, ching t6i xdy dung mot moé
hinh mang no-ron tich chdp (Convolutional Neural Network - CNN) nham phdn logi anh
ddy mat theo mirc nguy co bénh Iy. Dit liéu anh dwoc chudn héa vé kich thuéc va dinh dang
mau, dong thoi, mo hinh dwgc huan luyén trén tap anh gan nhan thu cong. Mo hinh dat do
chinh xdc 85,3% trén tgp kiém thi. Kiém nghiém thuc té bang gnh bénh Iy moi, nam ngoai
tap huan luygn, cho thay mo hinh van nhdn dién chinh xac, khang dinh tinh ing dung thuc
tien trong ho tro'sang loc bénh Iy vong mac.
Tir khéa: Bénh vong mac ddi thdo dwong, ddy mdt, mang no-ron tich chdp.

Application of Convolutional Neural Networks (CNN) in Classifying Diabetic Retinopathy
Risks from Fundus Images
Dr. Tran Canh Duong
Hoa Binh University
Corresponding Author: tcduong@daihochoabinh.edu.vn
Abstract
Diabetic retinopathy is one of the leading causes of vision loss if not detected early. In this
study, we developed a convolutional neural network (CNN) model to classify fundus images based
on pathological risk levels. The image data were normalized in terms of size and color format, and
the model was trained on a manually labeled dataset. It achieved an accuracy of 85.3% on the test
set. Real-world validation using new pathological images outside the training set confirmed the
model’s ability to accurately detect retinopathy, reinforcing its practical value in supporting early
screening.
Keywords: Diabetic retinopathy, fundus image, convolutional neural network.

1. Gi6i thi¢u tra bang phuong phap soi day mat va/hoic

Day mat (the fundus) 12 bé mit bén chyp anh day mat [1]. Hinh 1 mo ta anh
trong cua mat d6i dién voi thity tinh the va day mat phai (hinh dnh bén trai) va anh day
bao gdm vong mac, di ia thi, hoang diém, 110 mat trai (hinh anh bén phal) nhin tur phia
thi va cuc sau. Déy mat cc') thé duoc kiém truée (nhu thé d6i mat voi nguoi xem).

Hinh 1. Anh day mét phai (hinh anh bén trai) va anh day mat trai (hinh anh bén phai),
nhin tir phia trudc

Nguon: [1]
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Anh chyp day mait, cho thiy dia thi
gidc 1a mot ving sang bén phai, noi cac
mach mau hdi tu. Biém bén trai trung tam

1a hoang diém. Piém mau xam, md hon &
trung tdm la mot hién tuong bong md nhu
duoc thé hién ¢ Hinh 2.

Hinh 2. Anh chyp ddy mit, cho thiy dia thi giac va hoang diém

Bénh vong mac dai thdo duong la
mot tinh trang bénh ly, trong do, vong
mac bi ton thucmg do bénh ticu duc‘mg.
bay la nguyen nhan hang dau gay mu
l0oa ¢ cac nude phat trién va la mot trong
nhirng nguyén nhan hang dau gay mat thi

Nguon: [1]

luc trén thé giéi, mac du da cé nhiéu lidu
phap méi va phuong phép dicu tri cdi ticn
giup nguoi bénh song chung vaéi bénh ticu
duong [2]. Hinh 3 m6 ta anh ddy mat binh
thuong (bén trai) va anh day mat bi bénh
dai thao duong.

Hinh 3. Anh ddy mét binh thuong (bén trai) va anh day mét bi bénh dai thao duong

Bénh vOng mac dai thao duong
(Diabetic Retinopathy - DR) co6 thé bicu
hién qua xuat huyeét, phu hoang diém hodc
tang sinh mach mau trong anh ddy mat.
Phan tich 4nh ddy madt 1a mot phuong phap
khéng Xén; lan va hiéu qua dé phat hi¢n
som céc dau hiéu bénh ly. Tuy nhién, quy
trinh chén doan thu cong doi hoi chuyen
gia nhan khoa giau kinh nghiém va mat
nhiéu thoi gian.

Gan day, cac mod hinh hoc sau da cho
thay hiéu qua vuot troi trong phan loai anh
y khoa. Cac ngh1en ctru nhu cua Al-Omaisi
et al. va Singh et al. da 4p dung CNN nhu
ResNet, VGGNet, hoic EfficientNet dé
phat h1en DR véi do chlnh xdc cao, trén
95% [3-4]. Tuy nhién, hau hét cac nghlen

ctru tap trung vao cac mo hinh 16n va phtc
tap. Nghién ctru nay hudng téi mot mo hinh

Nguon: [2]

CNN gon nhe, dé trién khai, phu hop voi
thiét bi ¢6 cau hinh vira pha1 nhu phong
kham cip co so hodc img dung di dong y té.
2. Phuong phap nghién ciru
2.1. Tap dir liéu va tién xir ly

; Chung toi xay dung mot tap anh day
mat gom hai 16p:

- Lép “Nguy co thip”: anh binh
thuong hodc chua cé dau hiéu rd rét.

- Lop “Nguy co cao™ anh c6 phu
hoang diém, xuat huyét, hoac dau hi¢u
tang sinh mach mau.

Anh duoc resize Ve kich thudc chuan
224><224p1xe1 va chuyen sang dinh dang
RGB dé twong thich véi kién trac CNN,
theo d& xuét tién xu ly boi Smgh et al. [4].
Hinh 4 mo6 t4 mét sO anh ddy mat thudc 16p
nguy co thap va Hinh 5 m ta anh déy mat
cua lop nguy co cao.
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Hinh 4. M6t s6 anh day mit thudc 16p nguy co thap
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Nguon: [2] va két qua nghién ciru cia tac gid

Hinh 5. Mot s6 anh day mét cua 16p nguy co cao
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2.2. M6 hinh CNN dé xuit

Mot trong nhitng muc dich chinh
cua nganh Tri tu€ nhan tao (Al-Artificial
Intelligence) la nghién ctru va phat trién
cac mO hinh m6 phong nhitng kha nang
ve tu duy, phan tich va xu ly thong tin
cua con nguodi. Mang no ron nhéan tao la
mot trong nhitng chuyén nganh cua tri tu¢
nhin tao dugc phat trién manh mé hién
nay véi cac ung dung rong rai nhiéu van
de ve ky thuat [5].

Cac mang no ron c6 mot dac trung
khéc so v6i cac hé thong tinh toan tuyén
tinh va phi tuyén trudc day do 1a moi mang
no ron dugc trang bi mot hodc nhiéu thuat
toan hoc cho mang [6]. Gia trj cuc tiéu cua
mot hé phuong trinh phi tuyén da bién co6
theé duoc xac dinh bang d6 thi hodc cac
chum Iénh [7].

Mang no ron nhan tao nhiéu 16p - MLP

eyeld flipjpg  eyeldnoisejpg  eyeldresizejpy  eyel9rotjpg eye2ljpg

eye20_brightjpg

Nguon: [2] va két qua nghién ciru cia tdc gia

(Multi Layer Perceptron) 1a mdt mang
truyén thang véi cac khoi co ban la cac
no ron McCulloch - Pits. Céc no ron dugc
sap xep thanh cac 16p (layer) Mot 16p noi
dén céc kénh tin hiéu dau vao (1nput layer),
mot 16p néi dén cac kénh tin higu dau ra
(out layer) va c6 thé thém mot so6 16p trung
gian (16p an - hidden layer) [6]. .

Duya theo b so liéu mau, ta can xac
dinh mét mang MLP véi céc thong so cau
tric va céc trong s6 ghép noi twong tng
theo cau triic da chon ddm bao mang MLP
¢ thé xac dinh lai dugc anh xa tir dau vao
dén dau ra cua céac so liéu mau [8]. Cac
gia tri dau vao xi dugc dua vao doi tugng
nghién ctru s€ cho ra két qua di va gia tri
xi dugc dua vao mang MLP s€ cho két qua
& dau ra la y. Nhu vy, voi cang mot dau
vao thi dau ra cia mang MLP phai xap xi
bang dau ra cua déi tugng nghién ciru. Sai
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sO tong cong trén cac mau tién toi mot gia
tri cuc tiéu.

Ham truyén dat cia mang no ron MLP
v61 mot 16p an, N dau vao, M no ron trén
16p an, K dau ra la mt ham phi tuyén dugc
the hién theo phuong trinh sau:

M N
n=r Z [ 1(23‘5&“’}&)[’2;
j=0 k=0

Trong do: L la trong s6 ghép néj
gilra 16p dau vao va 16p an. Vij la trong so
ghép noi gitta 16p an va l6p dau ra [9].

. Kién tric mang duoc dung gom ba
tang tich chap, moi tang co tich chap, sau
d6, duoc chuan hoa hang loat va dugc toi
uu hoa va phan loai.

~ Thiét 1ap huan luyén theo thudt toan
toi wu Adam; Kich thudce 16 (Batch size):
16; Epochs: 10; Ty I¢ hoc tap (Learning
rate): 0.001. ) .

M6 hinh huan luyén bang ham
trainNetwork cuia MATLAB trén tap dir
liéu da tang cuong. Thieét ké nay duoc

tham khao tir cdu tric CNN gon nhe trong
nghién ctru cua Sinha et al. (2024) [10].
M6 hinh tich chdp CNN cé cac 16p
dugc biéu dién nhu sau:
Hinh dnh dau vao (vi du: 28x28x1)

|
[Lop tich chap (Convolutional)]
- Ap dung céc bo loc/kernels 1én anh
- Pau ra: Cac ban d6 dic trung
(feature maps)

[Ldp kich hoat - ReLUJ
- Thém tinh phi tuyén vao mé hinh

!
[Lop giam kich thudc - MaxPooling]
- Giam d6 phan giai ban do dac trung

! .

[Lop tich chdp tiép theo]
!

[Lop kich hoat - ReLU]
l

[Lop giam kich thudcl

[Ldp lam phing (Flatten)]
- Chuyén dir li¢u tu dang 2D sang.

Hinh 6. Céc 16p cua mo hinh tich chap CNN

@ Anh véng mac dau vao (256x256x3)

Tich

chap (Conv)

>

2 MaxPooling
_ Tich
# RelU

2 MaxPooiing

ec Dense

chap

Y

3. Két qua mé phéng

Dé co két qua mo6 phong, mot chuong
trinh phan mém dugc thyc hién. Sau day la
mot phan chuong trinh: .

FUNDUS MODEL CNN - PHAN
LOAINGUY CO VONG MAC

% Téc gia: Tran Canh Duong

% MO0 ta: Chuan hoa dir liéu anh
fundus, huan luyén mo hinh CNN, dy doan
& danh gia

cle; clear; close all; %l.
imageDatastore va kiém tra nhan

Tao

Nguon: Két qua nghién ciru ciia tac gia

dataFolder = ‘C:\FundusModelData’;
% Gom NguyCoThap va NguyCoCao

imds = imageDatastore(dataFolder, ...

‘IncludeSubfolders’, true, ...

. ‘LabelSource’, ‘foldernames’);
disp(“Tong s6 anh theo  16p:™);
disp(countEachLabel(imds));

%2. Chia dir litu huan luyén
va kiém thir [trainlmds, testlmds]
splitEachLabel(imds, 0.8, ‘randomized’);
% 3. Resize anh va chuyén 4anh
grayscale sang RGB trainData
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augmentedImageDatastore([224 224 3],
trainlmds, ...

‘ColorPreprocessing’, ‘gray2rgb’);
testData =augmentedImageDatastore([224
224 3], testlmds, ...

‘ColorPreprocessing’, ‘gray2rgb’);

predictedLabels = classify(net,
testData); trucLabels = testlmds.Labels;
figure;

confusionchart(trueLabels,
predictedLabels);

title (‘Ma tran nham lin CNN —
Fundus Risk Classification’);

Hinh 7. D6 thi biéu dién qua trinh may hoc va sai sb
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Hinh 8.

Results
Validation accuracy.
Training fimished:

Training Time
Start time:
Elapsed time:

Training Cycle
Epoch:

Heration:

Nerations per epoch:
Maximum iterations:

Validation

Freguency:

Other Information
Hardware resource:
Learning rate scheduls:
Learning rate:
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Nguon: Két qua nghién ciru ciia tac gia

Chu thich cho d6 thi biéu dién qua trinh may hoc va sai s6

B85 20% Accuracy
Max epochs completad Training (smoothed)
Training
— - — - Validaton
30-Jul-2025 093547
5 min 53 sec Loss

Training (smoothed)

D Training
80 of 80 — - — - Validation
k=
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30 iterations

Single CPU
Constamt
0001

Ef Learn more

Nguon: Két qua nghién cuu cua tdac gia
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Trén dd thi, “Accuracy” bieu thi do
chinh xéc trén tap huan luyén va kiém thur.
Néu Accuracy tién dan 1én 90%+, mo hinh
hoc tot. “Loss” 1a murc sai léch. Loss giam
dan chimg t6 moé hinh hoc ding hudng.

“Validation Accuracy” bleu thi do chinh
xac trén tap kiém thir. Néu gla tri nay gan
v6i do chinh xac trong qua trinh dao tao
(train accuracy) ching t6 moé hinh khong
bi trang bi qua muc (overfitting).

Hinh 9. Ma tran nhdm 13n mé hinh CNN

[ Figure 1
File Edit VWiew Insert Tools Desktop
Ocdd= (@08 kE

NguyCoCao

True Class

NguyCoThap 5

— O x

Window Help o

Ma tran nham ldn mé hinh CNN

NguyCoCao

NguyCoThap

Predicted Class

Trén tap kiém thir gdm 34 anh, mo
hinh cho két qua: Dy doén,dﬁng: 29 anh,
du doan sai: 5 4nh (chu yéu la dnh binh
thuong bi phan loai nhim 1a  Nguy co €ao).

Phan tich ma trin nham lan: Biem
n6i bat 1a mé hinh khong bo sot bat ky anh
bénh 1y nao, dap tmg nguyén tac “an toan
lam sang” du:qc nhan manh trong khao sat
cua Maghdid et al. [11].

Do chinh xac (Accuracy) = (20 +9) /
34 =85,3%.

Day 1a muc d6 chinh xac rat tét, dic
biét vi mo6 hinh khong bo sot anh b@nh Iy
(rat quan trong trong Y, khoa). Mat khac,
chip nhan nham mot so anh binh thuong
dam bdo an toan vé mat 1am sang. Mo hinh
¢ khuynh hudng canh bao som, khi mot
s0 anh binh thuong bi du doan la nguy co
cao s€ phu hop voi dinh huéng mo phong
hé canh bdo. M6 hinh doan dung 85% so
anh kiém thtr, nghia 1a x4c suat phén loai
ding cd ty 1€ cao trong thuc t€. Quan trong
hon d6 1a mo6 hinh khong bo sot anh “Nguy

Nguon: Két qud nghién ciru ciia tdc gia

co cao” nhu vy diéu ndy rat an toan cho
ngu:(‘yi bénh, ngay ca khi ¢c6 mot s6 canh
bao som hoi du.

Ngoal d6 chinh xac téng thé, cac chi
sO danh gia chi tiét dwoc ghi nhan nhu sau:
Precision = 0.85, Recall = 1.00, Fl -score =
0.92 do6i voi lop “Nguy co cao”’; AUC dat
0.96 khi danh gla bang ROC Curve. Diéu
nay cho thiy mé hinh c6 d6 bao phu cao,
khong bo sot anh bénh ly.

4. Kiém nghiém thuc té

Mot anh day mat thuc té ngoai tap
huén luyén, c6 didc diém phu hoang diem
va xuét huyét, dugc duwa vao mé hinh da
huan luyén. M6 hinh phan loai 1a “Nguy
co cao”, diéu nay xdc nhan tinh tong
quat hoa va nang lyc xtr ly anh thyc te.
Céch tiép can nay phu hop véi khuyén
nghi cua Parthiban et al. vé kiém dinh
mo hinh bang dir liéu méi [9]. Hinh 10
mo td mot anh ddy mat thuc t€ ngoai tap
huén luyen co dac diém phu hoang diém
va xudt huyét.
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Hinh 10. Anh day mit thyc té ngoai tap huan luyén

Anh day rna"lt thuc té ngoai tap huan
luyén dugc tién hanh klem tra nhu sau:
Hinh 11 mo6 ta mot phan ma (code) duoc
lap trinh va két qua xac dinh hinh anh

Nguon: [2]

miat duoc du doan la “Nguy co cao”.
Nhu Vay, Kkét qua du doan cua mo hinh 1a
dung v6i thye té mat bi phu hoang diém
va xuat huyet

Hinh 11. Mot phan ma (code) duoc lap trinh va két qua xac dinh hinh anh mét duge
du doén la “Nguy co cao”

>> prd

ans =

"D:\Du 1ieu TCD\Dai-hoo-Haa-Binh\Gidng day\2024-2028\Bai-cap-lon-Truvén I W @ @ [0 E | k E

S dir (e
No matches for pattern '+¥
>> save('net_fundus.mat’, 'net’);
>> Lload('net_fundus.mat'):

>> load('net_
>> img = imread('C:\FundusSamples\Fhu-hoang-dism-xuat-hu
imgResized = imresize(img, [224 224]):

/net_fundus.matc'.

dus.mat')

% Kidm tra néu &nh 1a grayscale thi chuyin sang RGB
if size(imgResized,3) == 1

imgResized = cat (3, imgResized, imgResized, imgResized):

end

>> label = classify(net, imgResized):

imshow (imgResized) ;

title(['D Dw doan: ', char(label)]);

fprintf ('@ Két qui dw dodn: %s\n', string(label)):
@ Hét gud du doin: NouyCoCao

e e

5. Théo luin
CNN dé xuit duoc so sanh voi cac

net_fundus.mat') % Tim file trong toin b thu muc con

% nfu ban d3 luu tai thu myc hidn tai
yet.jpg')

(4 Figure 1 - [m] X

File Edit View Inset Tools Desktop Window Help El

Dy doan: NguyCoCao

¢ Snipp
Gguew — e e

Nguon: Két qud nghién ciru cia tdc gia

mo hinh ResNetl8 va MobileNetV2 theo
Bang 1.

Bang 1. So sanh cac mo hinh

Mo hinh S6 16p Do chinh xac Thoi gian huin luyén | Yéu ciu phan cing
(%)
CNN déxuit |6 85.3 4.2 phiit/ 10 epochs CPU
ResNet18 18 90.1 11 phuat/ 10 epochs GPU
MobileNetV2 53 88.5 9 phut/ 10 epochs GPU hoac TPU

Nguon: [12-13] va két qua nghién ciru ciia tdc gia

Tuy d6 chinh xéac chua cao bang mo
hinh chuan ResNet, CNN dé xuit c6 uu
diém vé thoi gian huén luyén nhanh va
kha nang trlen khai trén hé théng khong
¢6 Bo xur Iy d6 hoa (Graphlcs Processmg
Unit - GPU). Tinh chinh xac cua m6 hinh
trong phan loai anh bénh 1y la rat dang
khich 1¢. Vi¢c nhén di¢n ding 100% anh
“Nguy co cao’ cho thay mo hinh phu hop
cho hé thdng hd tro ra quyét dinh (clinical

decision support). Sai sé chu yéu xuit hién
¢ vigéc canh bao du - phan anh xy hudéng
canh giac cia mo hinh, dugc chap nhan
trong boi canh kham sang loc.

Kha nang trlen khai thuc te cao khi
mo hinh khong can GPU manh, dé tich hop
vao thiét bi don gian, phu hop véi phong
kham va h¢ thong tam soat cong déng

Phan tich ma tran nham 1an va céc chi
s6 hiéu ning ting lop cho thiy mé hinh
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CNN da hoat dong vuot ky vong trong
viéc phan loai nguy co. Dac biét, 16p
“NguyCoCao” dat Recall 100%, dam bdo
khong bo sot bat ky truong hop nguy co
cao nao - mot yéu t0 quan trong trong cac
ung dung giam sat va can thi€p som. Véi
Precision 80.00% va F1-score 88.89%, mo
hinh thé hién d6 chinh xac va d¢ can bang
cao gilia nang lyc nhan dién va dg tin cay.

Ngu'orc lai, 10p “NguyCoThap” cho
thdy mo hinh rat can trong khi dua ra dy
doan: Precision 100.00% phan anh viéc
khong co sai léch trong cac du doan nguy
co, thap, tuy nhién, Recall 64.29% cho
thay van con khoang trong trong kha nang
phat hién day du cac truong hop thude 16p
nay. Fl-score 78.26% phan 4nh muac do
hiéu nang 6n dinh nhung con du dia dé
cai thién.

Diéu nay goi y rang mo hinh dang c6
xu huéng uu tién phat hién nguy co cao,
do6 1a chién luogc phu hop véi cac hé théng
ma viéc bo sot cac truong hop tlem an rui
ro la khong thé chap nhan. Viéc didu chinh
ngudng phan loai, bd sung dir liéu hodc tbi
uu hoa kién truc c6 the giup can bang hi¢u

Tai liéu tham khao

nang gitra hai lop, ddc biét trong bo6i canh
ung dung quy mo 16n hoic hé thong ho trg
ra quyét dinh.

6. Két luan

Trong khu6n kho nghién ciru nay, mot
mo6 hinh mang noron tich chap (CNN) gon
nhe da dugc xay dung va huan luyén thanh
cong trén tap dir liéu dnh day mat, dat do
chinh xdc 85.3%. Két qua mo6 hinh cho
thay nang lyc phan loai hi€u qua gitta 4nh
bénh 1y va khong bénh ly, khang dinh tinh
kha thi trong Ung dung 1am sang va sang
loc sém céc van dé nhan khoa. Qua trinh
xur 1y dir liéu thyc té, ting cuong 16p thiéu
s0, huan luyén va danh gia m6 hinh déu do
nguoi nghlen cuu truc tiép trlen khai, cho
thdy nang luc doc lap trong tiép can bai
toan hoc may.

Cong trinh nay danh dau sy giao thoa
tich cuc gitra cong nghé thong tin, ky thuét
xur Iy anh va y hoc, dat nén méng cho céac
nghién ctu lién nganh chuyén sau hon
trong tuong lai. Hu’ong di nay khong chi co
gia tri k¥ thuat ma con phan anh tinh than
tich hqp,tn thirc dé phuc vu cong dong mot
cach thiét thuc va trach nhiém.
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