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ABSTRACT

Using Darknet convolutional neural network technology, YOLO version 3 develops an artificial
intelligence system called EYEDR, that can screen glaucoma by disc imaging automatically.

Purposes: Determining the validity and reliability of the artificial intelligence algorithm EYEDR in
the screening of adult glaucoma by color images of the optic disc.

Methods: Cross-sectional study. The 2470 color images of the optic disc were selected to train
machine learning with Darknet YOLO convolutional neural network to determine the shape of the
optic disc and optic cup, thereby an artificial intelligence algorithm was developed to detect the
glaucoma and non-glaucoma optic nerve. A test dataset of 1028 disc images was used to evaluate
the value of this Al software based on the sensitivity, specificity, area under the ROC curve (AUC),
likelihood ratio, accuracy, and Cohen’s Kappa coefficient.

Results: The area under the curve (AUC) was 0.93 + 0.01 (95% CI; 0.92 - 0.95), with the sensitivity
90.03%, specificity 95.06%, the accuracy 86.8% and the Kappa coefficient 0.86 with p<0.001.

Conclusions: EYEDR artificial intelligence software developed by CNN Darknet YOLO vesion 3
technology with high sensitivity could screen glaucoma by color fundus images in the community.

Keywords: Glaucoma, optic disc, atrificial intelligence.
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Thanh pho Ho Chi Minh, Viét Nam
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Chinh stra ngay: 05 thang 09 nam 2022; Ngay duyét dang: 12 thang 10 nam 2022

TOM TAT

Ung dung cong nghe mang no-ron tich chap Darknet YOLO phat trién hé thong tri tué nhan tao
EYEDR c6 thé tam soat glocom bang hinh anh dia thi tu dong.

Muc tiéu: Xac dinh tinh gia tri va tin cay cua thuat toan tri tu¢ nhan tao EYEDR trong tam soéat bénh
glécom ¢ ngudi tredng thanh bang hinh d&nh mau dia thi.

Phu’(rng phap: Nghién ciru cit ngang. Chon loc 2470 anh mau dia thi dé huan luyén cho may hoc
bang mang no-ron tich chap Darknet YOLO nhiam xéc dinh hinh dang optic disc va optic cup ciia dia
thi, tir 36 xay dung thuét toan tri tué nhan tao dé phat hién dia thi c6 glaucoma va non-glaucoma. Sir
dung bd test gém 1028 anh dung dé danh gia gia tri cla phﬁn mém Al nay dua vao do nhay, do dic
hiéu, dién tich dudi duong cong ROC (AUC), tinh kha di duong, tinh chinh xac va chi sb déng thuédn
Kappa ctia may hoc va bac si doc két qua.

Két qua: Dién tich dudi duong cong ROC (AUC) 14 0,93 = 0,01 (0,92 -0,95; CI 95%), v6i d6 nhay
90,3%, dd dac hi€u 95,06%, ti so tién doan duong 90,80%, d0 chinh xac 86,80% va chi $6 dong thuan
Kappa 1a 0,86.

Két luan: Phan mém tri tué nhan tao EYEDR ung dung céng nghé CNN Darknet YOLO version 3
¢6 d6 nhay cao gitp phat hién tam soat glocom bang anh mau gai thi trong cong dong.

Tuwr khoad: Glocdm, gai thi, tri tué nhan tao.

1. PAT VAN PE 380 ngan ngudi bi mu hai mét, trong d6 c6 hon 24 ngan

ngudi bi mi 10a do glocom (chiém 65% va dimg thi hai
Glocom 1a bénh gay mu khong phuc hdi. Thé gidi c6  sau bénh Iy duc thé thiy tinh 66,1%). Pa s6 bénh nhan
khoang 80 triéu nguoi méac bénh nam 2020 va dy tinh  glocom khong nhan biét minh méc bénh cho dén khi
111.8 triéu ngudi vao nam 2040. Tai Viét Nam, theo s6 mit ¢ tinh trang ndng anh huong dén thi luc trung tam.
lidu thong ké ctia Vién Mit Trung wong, ca nudc cé hon  Tam soat va phat hién som bénh glocom kém véi ké
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hoach diéu trj thich hop s& giup bénh nhan ngin ngira
maét thi luc.

Viéc st dung phan lop may hoc (MLC- machine
lerning classifier) dugc xem nhu la phuong tién c6 do
nhay va do chuyén biét cao (>90%) dé phat hién bénh
1y than kinh thi do glocém tir nhitng hinh anh day mit
chat lugng cao [8]. Tai Viét Nam, viéc ing dung cong
nghé trf tué nhan tao vao viéc chan doan hinh anh nhét
la trong nhan khoa van con chua dugc khai thac. Mot
cau hoi duge dat ra 14 lidu c6 thé phat trién mot thuat
todn tri tué nhan tao c6 kha nang phat hién glocom
bang hinh anh dia thi t6t nhu mot chuyén gia glocom?
Ttr kho dit liéu hinh anh chyp ddy mit ciia bénh nhan
tai khoa Chan doan hinh, chung toi tién hanh chon
loc, phén loai va Uing dung cong nghé mang no-ron
tich chap CNN (Convoluted Neural Networks) cua
Deep Learning nham phat trién hé thong tri tu¢ nhan
tao (AI) c6 thé chan doan glocom bang hinh anh dia
thi tu dong va c6 kha ning tam soat rong trong cong
ddng. Nghién ctru tAm soat bénh Gl6cém bang chup
anh mau gai thi v6i tng dung phdn mém tri tu¢ nhan
tao EYEDR duogc thuc hién véi1 muc ti€u: Xac dinh
tinh gia tri va tin cdy cua thudt toan tri tu¢ nhan tao
EYEDR trong tim soat bénh glocom & nguoi trudng
thanh bang hinh anh mau dia thi.

2. PHUONG PHAP NGHIEN CUU

2.1. P6i twong nghién ciru

Ngudi méc bénh glocom

Anh dia thi nguoi mac bénh glécom
Tiéu chuén lya chon:
Ngudi méc bénh glocom tudi trén 40

Ngudi c6 tién sir gia dinh méc bénh glocom, can thi
nang, dai thao duong, cao huyet ap

Dong y tham gia nghién ciru.

Tiéu chuan loai trir:

Ngudi méc bénh glocom tudi dudi 40

Khong ddng y tham gia nghién ctru

2.2. Thiét ké nghién ctru: Cit ngang trén c& mau 2470
anh chon loc.

2.3. Phwong phap thu thap

Xay dung bd anh diu vao (input)

B6 anh cho may hoc gém 2470 anh dia thi duogc trich
xut tir may chup anh day mit tir kho dia luu trit cta
Bénh vién Mit dugc chia 1am 2 tap anh ngiu nhién: bo
anh cho may hoc c6 1966 anh (Training dataset) va bo
anh danh gia 490 anh (Validation dataset). 14 anh co
keém theo bénh ly dia thi bam sinh hodc bénh Iy vong
mac, khong dat chét luong loai (so dd 1).

Qua trinh hoc may

Qua trinh huin luyén may hoc nay dugc thuc hién trén
b dir liéu Training dataset (hinh 1) voi myc dich tao
ra bg dit liéu nhén dién va phéan loai vi tri ving dia thi
(Optic Disc) va vung 1o0m dia (Optic Cup) thong qua mo
hinh mang tich chép hoc sau Darknet YOLO version 3.

So do 1: So do chon dnh cho tip Training va Validation dataset

n=2.470

[ Anh dia thi J

[ Anh khong dat chit lugng

v

Anh dia thi dat chuén
n=2.456

Chon ngéu nhién

cuu

J

[ Loai khéi nghién

B4 anh cho May hoc
(ML)

n =490

I

B0 anh danh gia }
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Hinh 1: M6 hinh nhdn dién, phédn loai bénh Iy glocom trén dnh mau dia thj

P ] . QUA TRINH PHAN LOAI BENH
QUA TRINH TiM RA TON THUONG TREN ANH GAI THI GLAUCOMA
S
TIM RA VUNG Ggg:%r\'c ;EA
OPTIC DISC PHAN LOAI MAT

TRAI HOAC PHAIL
THUAT TOAN|

TRICH XUAT TINH TOAN CHi SO o 3
DAC TRUNG VCDR PN L0 | |
N N TIM CAC GIA TRT
ANH TIM RA VOUNG LS N.T ANI
e OPTIC CUP GAI THI . ‘
GAI'THI OUTPUT GLAUCOMA
INPUT
N

Sau khi da xac dinh vung dia thi Optic Disc, vung 16m dia Optic Cup dugc xac dinh theo hinh sau (hinh 2):

Hinh 2: Xdac dinh dwong kinh Optic disc, Optic cup trén dnh mau dia thj

A Budng kinh Disc

R &)

Dua trén ti 1¢ duong kinh theo chidu doc giira Optic disc va Optic cup (VCDR: vertical cup to disc ratio), ti 18 nay
xac dinh dugc nhu sau (hinh 3):

Hinh 3: Ti I¢ VCDR cua dia thi binh thuwong va glocom

bPwong kinh Cu
VCDR = Hwang Kinh Lup

Dwong kinh Disc —

VCDR < 0.7

Non Glaucoma

VCDR > 0.7

Glaucoma

VCDR < 0.7

Non Glaucoma

VCDR > 0.7

Glaucoma

Mt binh thwong Mt bj glaucoma

Ngué‘n.' Bénh vién Mdt

Dia thi chia thanh 4 sectors gdbm ving Inferior (I), Superior (S), Nasal (N), va Temporal (T) phan b trén hinh anh
chup mau dia thi twong ting nhu sau (hinh 4):
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Hinh 4: Phén bé vi tri Inferior I, Superior S, Nasal N, va Temporal T trén dnh mau dia thi theo miit phdi (inh trdi)
va mdt trdi (@nh phdi).

Mt phdi

Trén co so do, tuy vao ti I¢ kich thudc cua cac vung ria

Mt tréi

ria phia dudi cao hon phia trén, vung ria phia trén cao

(rim) I, S, N, T ma ti 18 ndy tuan hay bat tudn theo quy hon phia miii va thap nhét 1a & phia thai duong (hinh 5).

luat ISNT ciia 5R [4]. Quy luat ISNT 1a chiéu day ving

Hinh 5: Phdn logi bénh Glaucoma theo ludt ISNT

Non Glaucoma Glaucoma

Mt phii

Nguén.‘ Bénh vién Mt

Glaucoma

Non Glaucoma
Miit trdi

Néu ving dia thi ctia anh tuan thu I> S > N > T thi phén loai 12 khong c¢6 bénh, va nguoc lai.

Bang I: Tiéu chi phin logi tim sodt glocom trén anh chup mau dia thi

Phén loai tim soat bénh

Pic diém 1am sang trén anh mau dia thi (theo thir tw wu tién)

Glaucoma

1. Til¢ VCDR > 0.7
2. Til¢ VCDR < 0.7 va khong tuan theo quy luat
I>S>N>T

Non-Glaucoma

1. Khong 16m gai

2. VCDR <04

3. 0.4 <VCDR < 0.7 va tuan theo quy luat
[>S>N>T.

Qua trinh xac dinh céc gia tri ciia phin mém EYEDR
Tién hanh chup hinh dia thi k¥ thuat s6 tir 2 may chup
hinh d4y mét Visucam 524, Carl Zeiss Meditec va TRC
50DX, Topcon. Ca hai mét cua bénh nhan déu duge
chon néu hinh anh dat chat lugng ciing nhu vi tri dia thi
dang trung tam. Hinh s& dugc ma hod tén bénh nhan,
lru vao phan mém trong mdy tinh ciia khoa Chan doan

) 146

hinh. File hinh sau khi ma hoa s& duogc gti cho bac si
glécom va phan mém EYEDR. doc két qua riéng biét.
Két qua doc ctia BS va phan mém sé& duoc ghi vao phiéu
thu thap phuc vu phan tich.

1.4. Xir ly va phén tich

Hinh s& dugc ma hoa theo tén bénh nhan, luu vao phén
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mém trong may tinh, dwoc giri cho bac si glocom va
phan mém EYEDR doc két qua riéng biét. Két qua doc
ctia bac si va phan mém dugc ghi vao phiéu thu thap,
tap hop thanh dir liéu trén phan mém SPSS 20.0 dé
phan tich va xtr 1y két qua.

Anh danh gia dugc ap dung thuat toan EYEDR nhan dién
xac dinh bénh, dién tich dudi duong cong ROC (AUC)
véi do tin cay 95% dé danh gia do chinh xac, d§ nhay

va dac hiéu, tinh kha di duong, d6 chan doan chinh xac
va hé s6 Cohens’ Kappa ddng thuan giita bac si va thuat
toan. Cac test co y nghia théng ké khi p < 0,05.

3.KET QUA

3.1. Bj anh dir liéu thu thip diu vao

Bing 2: M6 ta tdp div liéu thwe nghigm hudn luyén nhén dién Optic Disc/ Optic Cup

N . N . SL hinh phén chia
Training dataset SL hinh SL hinh .chlr.a §L hinh .chu’a
viing Optic Disc | ving Optic Cup Trainingset Validationset
Optic Disc 2456 2456 1966 490
Optic Cup 2456 2456 1966 490

- Tap huin luyén (Training dataset) gdm 1966 anh
dung cho qua trinh hudn luyén va nhan dién phan loai
vung dia thi Optic disc, Optic cup (bang 2).

- Tap danh gia (Validation dataset) gdm 490 anh.
3.2. Két qua qua trinh hoc may

Thoi gian huan luyén dir liéu trén 2456 anh cta tap
Training dataset mét hon 90 gio cho mdi bo nhan dién
vung dia thi Optic Disc va 85 gio cho 16m chén Optic
Cup v6i sb luong Iterations (max_batches) 1a 10.000
iterations dong déu cho mdi bo (hinh 6).

Hinh 6: Gida tri nhdn dién chinh xac (mAP@0.5) qua tirng qud trinh hoc mady cho bg Optic Disc va Optic Cup

== b 3 CE

Iteration number 1000] 2000] 3000 4000) 5000 6000] 7000) 3000 9000 10000
average traing loss % 021 007) 0.03) 003 003 002 002 002 0.0

IV mAP@os0(10U=500 9572 9937 9938 99.29] 9938
|

e

Iteration number 1000] 2000, 3000] 4000] 5000/ 6000 7000, §000| 9000 10000f =
average fraing loss % 041 022|018 016 014 012] 010 011 007 0.0
AP@0.50 (10U 4395 83.04 83.11] 90.73 897 §80.24| 90.15| 858

92.51| 94.05

Hinh 7: Biéu dé thé hign AUC két qud nhin dién viing Optic Disc (trdi) , Optic Cup (phdi) ciia mdy hoc trén tdp dnh
validation dataset

Loss

" iteration Number

CUP _Training_avg_loss_Validation_loss_curves

C e M e

Iteration Number
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Trung binh gia tri trung binh sai léch (average loss)
va d9 chinh xac nhan dién vai ti 1€ chon IoU tir 50%
(mAP@0.50). Gia tri trung binh sai léch cang thép
ching t6 qué trinh hoc may dién ra thanh cong, dong

thoi gia tri average precision cao ching té mo hinh c6
kha nang nhan dién cao.

3.3. Két qua qua trinh test kiém chirng phin mém
EYEDR

Bing 3: Dic diém dich té ciia tdp div ligu kiém chirng

Pic diém N %

Téng sé mat 1028
Téng s6 bénh nhan 599

1 mét 170

2 mit 429
Giéi tinh

Nam 296 49,4

Nit 303 50,6
Tubi 50,64 +£15.,83 (8-86)

Ti 1¢ nam va nir trong nghién ctru twong duong, d6 tudi trung binh trong nghién ciru 50,64 £15,83. Nghién ciru tap

hop anh tai 2 mét 1a cha yéu trén 429 bénh nhan.

Bdng 4: Gia tri két qud phan logi bénh Iy Glaucoma trén tdp div lieu kiém chirng

May hoc Glaucoma (BS) Non- Glaucoma (BS) Téng cdng
326 33
Glaucoma (TP) (FP) 359
35 635
Non-Glaucoma (FN) (TN) 670
Sensitivity (%) Specificity (%) AUC
90,30 95,06 0,93 + 0,01

Duong tinh thdt (TP-True positive), Am tinh that (FP-
False positive), Am tinh gia (FN-False negative) va
Duong tinh gia (TN-True negative).
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Gi4 trj két qua phan loai bénh 1y Glaucoma trén tép kiém
ching bang phan mém EYEDR: d6 nhay (Sensitivity)
dat 90,3%; d6 dac hiéu (Specificity) dat 95,06%; dién
tich dudi duong cong (AUC) 0,93 = 0,01.
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Hinh 8: Biéu d6 dwong cong ROC

ROC Curve

Sensitivity

0.0 0.2 04 06 os 1.0
1 - Specificity

Diagonal segments are produced by ties.

Két qua Kappa thé hién tinh dong thuan giita két qua doc may hoc va bac si glocom 0.59 % 0.02 ( p<0,001).

Bdng 5: Khdo sdt thoi gian phdn loai hinh dnh dia thi giita bdc si chuyén khoa glocom, BS nhén khoa va may hoc

Phan loai bénh Glaucoma

Bac si Glaucoma Bac si nhan khoa Hé théng may hoc

Thoi gian trung binh (gidy)

45 400 -480 8—12

Hinh 9: Hinh anh dia thi may hoc cho két qua am tinh  Trong cac chuong trinh tam soat, két qua dwong tinh gia
gid. A,B. Gai thi 16n, 16m dia 16n. C,D. Hinh dia thi s& lam cho viéc thim kham lai khong cin thiét va ting

nghiéng.

4. BAN LUAN

Bo anh dir liéu thu thap dau vao

ganh ning cho hé thong chim séc cong dong.Nhimng
hinh anh cho két qua duong tinh gia gdm nhiing dia thi
16n ¢6 16m dia sinh 1y 16n, dia thi can thi ndng di kém
v6i thoai hoa quanh gai rong, teo gai thi, gai thi c6 1om
dia nghi ngo glocom (hinh 10).

Hinh 10: Hinh inh dia thi cho két qiia dwong tinh gia, A. Lom gai sinh Iy, B. Dia thi cin thi ning,
thodi hod hdc vong mac quanh gai, C. Teo gai thi, D. Gai thi nghi ngo glocom.
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Nhirng hinh anh may hoc khong nhan dién dugc dia thi va 16m dia trong cac truong hop tic tinh mach trung tim

vOng mac, drusen gai thi, khong c6 16m dia (hinh 11).

Hinh 11: Hinh dnh mdy hoc khéong xdc dinh dwoc dwong vién disc va cup. A. Tdc tinh mach trung tim gai thi,
B. Gai thi, thodi hod no, khong cup, C. Drusen gai thi, D. Phu gai thi.

Qua trinh kiém chirng phin mém EYEDR

Tétca nhitng hinh anh ma may hoc khéng xac dinh dugc
disc va cup thi két qua mic dinh 1a non- Glaucoma.
Nhu véy, khi két qua tra 101 1a non-Glaucoma thi chi co
nghia 1a gai thi khong phai gai thi glécom; tuy nhién gai
thi van c6 thé c6 cac loai bénh 1y day mit khac khong
phai glocom.

Dbi voi nhitng hinh anh gai thi ciia bénh nhén c6 dic
diém nhu can thi nang, gai thi nghiéng, ving thoai hoa
quanh gai rong, bat thuong gai thi nhu gai thi 16n, gai
thi nho (khong c¢6 16m dia) bén canh két qua méay hoc
can dugc bac si chuyén khoa kham mét cAn than dé
khong bo sot bénh glocom.

Mo hinh may hoc nao ciing c6 uu va khuyét diém, néu
chon d6 chinh xac cao thi thoi gian xir 1y s€ ting va
nguoc lai. Kha ning xir Iy ctia may tinh ciing it nhidu
anh huong dén két qua tinh toan. Bén canh do, véi
luong kién thirc va thoi gian thyc hién nghién ciru gap
nhiéu khé khin khach quan nén sb lugng mau thu thap
dé thuc nghiém khong nhiéu nhu nhiing nghién ctru
nudc ngoai, viéc nay lam han ché cho mé hinh méy hoc
cua nghién clru nay.

5. KET LUAN

Viéc sang loc va chan doan cac bénh co6 ty 1€ mac bénh

) 150

cao dugc hd tro bi phan mém tri tué nhan tao EYEDR
dugc xdy dung giup tam soat glocom bang chup hinh
anh mau gai thi s& gitp cai thién cham soc y té va giam
bot nhiing han ché trong viéc tiép can dich vu cham
soc nhan khoa tai cac vuing sau, vung xa khéng cé bac
si nhan khoa. Tuy nhién, nghién ctru ¢ giai doan thur
nghiém van con nhiéu khé khin nhimng han ché nhét
dinh. Viéc danh gia phu thudc nhidu vao chat lugng
hinh anh. K& tir day, cac yéu t§ cua bénh nhan nhu cir
dong dau va nhn cau va su ¢b dinh kém c6 thé dan dén
hinh anh khéng dat tiéu chuin va mot danh gia sai. Tuy
nhién, day la co s¢ ciia may hoc, va trong trong tuong
lai, chung toi cai tién phﬁn mém nhim dem lai mot hé
théng manh m& hon nhiéu c6 d6 nhay va do chuyén
biét cao.
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