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TOM TAT— Anh vong mac mit chira nhiu théng tin hitu ich. Dic trung clia &nh véng mac mat dwoec rut trich tir cAic mo hinh
hoc can dwoc cai thién va tdi wu gitp qua trinh phan loai bénh dwoc chinh xdc hon. Kha ning phan loai cang cao thi qua trinh
chan doan va diéu tri bénh ly cang thuan lgi. Thach thirc trong xtr Iy &nh vong mac la trich xuit dic treng quan trong véi cac
tham s& dau phu hop véi hinh thai hoc twong &ng. Trong nghién ciru nay, ching tdi dé xuit qua trinh cai tién mang
GoogLeNet dwa vao co ché hinh thai hoc waveform dé phan loai bénh cao huyét ap trén 4nh vong mac mit. Phwong phap dé
xudt gom hai giai doan: tién x ly tham s& dau vao cho mé hinh hoc v&i hinh thai hoc waveform, GoogLeNet chiét xuit dic
trung voi sw cai tién & s6 lwong tang Inception hd tro chiét xuat dic trung sau. K&t qua dwoc thir nghiém trén tap dit lidu
STARE vé&i dd chinh xac 93.25 %. Qué trinh so sdnh két qua phan loai dwgc so sdnh véi mot s6 phwong phap gin diy va cho
két qua kha quan hon.

Tir kh6a— GoogLeNet, hinh thai hoc waveform, phan 1¢p bénh cao huyét 4p, &nh vong mac mit.
I. GIO'l THIEU

Bénh cao huyét 4p v&i nhiéu bién chitng phirc tap da giy ra nhiéu hé luy bénh 1y phttc tap. Viéc phat hién sém
cin bénh ndy c6 thé hd tro cho qué trinh chin doan va diéu tri 1Am sang cla cac chuyén gia y té. Ngoai cac thiét
bi do, thiét bi tham kham cu thé da ap dung, viéc dwa trén cic hinh thai b6 phin trong co thé bénh nhin dé chin
doan bénh 12 mot trong cac yéu t6 dang lwu tAm. Dwa vao vong mac mit danh gia cac yéu t6 bénh nhin khoa. Tuy
nhién, cdc mach méau nay van chira dwng nhiéu thong tin hitu ich. Vi vay, phat hién bénh nhan bi bénh cao huyét
ap dua trén anh vong mac mat 1a mét trong cac chti dé dwoc quan tAm trong thi gidc may tinh.

Do d6 day ctia mach mau vong mac chi tir 3 dén 5 diém anh va lién tuc gin nhau trong anh, nén viéc trich xuit
cac dic trueng phai chi ti€t va ddm bao yéu t6 hang x6m gin nhau. Chinh vi nhitng yéu t6 nay, néu qua trinh lam
min (smoothing) hay cai thién chat lwgng (enhancing) dién ra vé&i nhiéu ngudng (threshold)/ bd loc (filter) sé&
giy mit thong tin cn thiét. Trong thoi gian qua, nhiéu phwong phap da dwoc dé xuat dé thyc hién viéc nay va
xoay quanh cac chu dé: clra s6 trwot, phép bién d6i mién khong gian hay cé thé bo qua giai doan lam min, thuc
hién ti€p tuc cdc mo hinh hoc trich xuit dic treng. Ban do dic trung dwoc trich xut tir cdc mo hinh hoc véi so
lwgng tham s& dau vao 6n dinh, chiu chi phéi béi s6 tAng, ciu triic ma hoa - gidi ma, dic trung hoc bd sung, ...
Tuy nhién, néu lwa chon sy 6n dinh ctia tham s§ d4u vao, sw can thiép vao viéc binh 6n nay cin dwgc quan tim.
Chinh vi vy, cidc phwong phép tién xir Iy ddu vao anh da dwoc nghién ctru c6 thé ké dén nhw: mién tin s6, mién
khong gian, phép bién ddi va hinh thai hoc. Qué trinh nay tin dung két qua dau vao dwoc phat trién trong cac
nghién ctru gan day do cac két qua kha quan khi 4p dung mé hinh may hoc trich xuit dic trung. Kién tric cia cac
mo hinh may hoc hoic hoc sau dd dugc dé xuat va trién khai rong khip véi nhiéu lwa chon ciu triic backbone.
GoogLeNet v&i kién triac phéin ting Inception va tich chip bo loc két hop di mang lai nhirng két qua kha quan
cho ban d6 dic trung.

Bai bdo nay dé xudt mot phwong phap phan loai bénh cao huyét ap trén dnh vong mac mét s dung hinh thai hoc
waveform va cai tién GoogLeNet. Phwong phip dé xuit gdbm hai giai doan: tién xi 1y tham s6 ddu vao mo hinh
hoc vé&i hinh thai hoc waveform, va GoogLeNet cai tién & s6 lwgng tang Inception hd tro trich xuat dic tring sau.
B6 cuc ciia bai bdo nay gom 5 phan: phan 1 gidi thiéu téng quan; cic nghién ctru lién quan dén van dé nghién ctiru
dugc trinh bay & phan 2; phwong phap dé xuit phan loai bénh cao huyét 4p trén dnh vong mac mit dwgc néu &
phan 3; két qua thwc nghiém va dinh huéng phat trién trong twong lai dwoc trinh bay I4n lwot & phan 4 va 5.

II. CAC NGHIEN CU’U LIEN QUAN

Kha ning trich xuit dic treng cia cdc mé hinh hoc dwgc 4p dung nhiéu trong bai toan phan loai, v&i phan loai
bénh cao huyét 4p trén dnh véng mac mat khong phai 1a ngoai 1&. Phwong phap phat hién tw dong bénh cao
huyét 4p véi hé thong hd tro dwoc trién khai tir 2012 véi cong trinh [1] cta Kevin va céng sw. Qua trinh nhan
dang tw dong tai nghién ctru nay con so khéi véi phép bién déi Radon véi hd tre tinh toan dic trung bing ROI
(Region of Interest). Céng trinh [2] tiép tuc phat trién ROI bing co ché cuc bd trung tAm dé xac dinh ban do dic
trung. Vao ndm 2019, bai toan phan viing da dwgc 4p dung dé hd tro phat hién bénh cao huyét ap véi co ché
mang no-ron hoc siu ngit nghia hinh anh. Py ciing chinh 12 mét trong nhirng cach thirc tin dung hé théng ma
héa - giai ma cho qua trinh téng hop dic trung ctia bai toan phan 1ép. Vé&i sy phat trién rong khip cia mang luéi
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hoc sdu cho chiét xuét dic trueng, lan lwot cic mang lwdi méi dwoc dé xudt nhu: ResNet-50 [4], DenseNet [5], hay
két hop véi diéu kién co ché phan tich va diéu kién loc dic trung [6, 7]. Nhwoc diém cla cic phwong phap theo
dinh hwéng nay 1a viéc tdi wu tham sé dau vao cho moé hinh hoc va gid¢i han phwong phép tién xir 1y dir liéu. Bén
canh d6, cic mé hinh hoc véi hé thong ma hoa - gidi ma chung thwdng bao gom trinh tw twong xing vé sd lwong
block thyc hién & tirng ting, tirng giai doan nén déng nghia viéc chiét xuat dic trwng sdu 1a van dé thach thirc.

Tién x Iy hinh anh d4u vao cta cic hé thdng phin 16p bao gdm nhiéu hinh thic: da cdp d6 mién khong gian
hodc cai thién chit lwgng diém anh. Tinh todn wave di dwoc dé xuit bdi Nucci va cong sw [8]. Tai diy qua trinh
trich xuit dic trwng hinh thai hoc dwgc thwe hién tw dong dwa trén hoc ground-truth cia déi twong trong anh.
DPa dang héa hinh thai véi bién d6i waveform cho tin hiéu dau vao va hd tro phan tich phan lép t6i wu véi
support vector machine (SVM) da dwoc dé xuit tai [9]. Nam 2023, Yang va cong sw [10] di tién hanh nghién ctru
may hoc 4p dung cho chup cit 1&p ddong mach phdi nhdm danh gia 4p lwc nay 1én bénh nhan cao huyét ap. Qua
trinh st dung may hoc danh giad da st dung hinh dang, khu vwc hinh thai cta déi twong can thiét. Piém chung
cla cac cong trinh nghién ctru nay l1a khong bién d6i hinh thai ma chi tip trung vao viéc tai két ndi gitta cac khu
vuc cung tinh chit.

Bién d6i hinh thai hoc déi twong con cé thé dwa vao cic yéu td: téng dién tich khu vwec, bién d, thoi gian (thy
loai tin hiéu s6) hoic dic tring hinh thai. Cac yéu t6 nay da dwoc dé xuit tai [11 - 13]. Bén canh do, két hop giita
hoc sau va dic trieng hinh thai tin hiéu da dwoc 4p dung dé tinh to4n gidm tai tAm thit trai theo dang bai toan
phén 16p [12] va hinh thai biéu hién gen [13]. Nhin chung, cic dic trung hinh thai hoc dwoc str dung nhw yéu td
tién xt 1y cho hinh dnh d4u vao cta cac hé théng phin 1&p hay phat hién d6i twong sé str dung di kém mé hinh
hoc siu hodc cai thién d4u vao cho hoc siu [14-17]. Qua trinh hoc dédc trung trai qua két cdu nhiéu ting x Iy cla
hoc sau va cac co ché tdi wu ban db dic treng bang thuyét ngit nghia phan doan hodc x4c suit tinh toan.

Dwa vao cac nghién ctru c6 lién quan da liét ké & trén, két qua lién déi va két hop gitra hinh thai hoc cling cic mé
hinh hoc siu da tré thanh xu thé va tit yéu trong cac hé théng phan 16p hay phat hién bit thwdng trén anh tuw
nhién va y khoa.

I1I. PHUONG PHAP PE XUAT PHAN LOAI BENH CAO HUYET AP

Nhw d3 trinh bay & phin 1, nghién ctu nay dé xuit phwong phap phan loai bénh cao huyét 4p dwa trén hinh thai
hoc waveform va céi tién mé hinh GoogLeNet. C4c giai doan cia phwong phap dé xuit dwgec mod tad nhw hinh 1
dwéi day.

Paura
softmax

Hinh 4nh Hinh thai hoc
dau vao waveform

GoogLeNet cai tién
tang Inception

Hinh 1. Phuong phdp dé xudt phan loai bénh cao huyét dp
Nhw d3 m6 ta, phwong phap dé xuit bao gom hai giai doan:

e Giai doan 1: tién x® ly vé&i hinh thai hoc waveform cai thién chit lwong tham sé dau vao cho giai doan
sau. Qua trinh nay tip trung vao hinh gon séng theo bién waveform va tai st dung cho qua trinh lam
min.

e  Giai doan 2: cai tién ting Inception trong kién tric mé hinh GoogLeNet. Két qua ting cudi cing la xac
suit du doan softmax nham lwa chon két qua phan loai.

A. HINH THAI HOC WAVEFORM
Hinh thai hoc waveform Ia trang thai ctia hinh thai dang s6ng cta tin hiéu. Hinh thai nay lién quan dén khu vuc
d6i twong, bién d6 khodng cach giita cic diém anh. V&i hinh théi hoc co ban sé bao gom cac yéu té:

Gian n& (Dilation).
X6i mon (Erosion).
Mé thuc thi (Opening performs).
Poéng thuc thi (Closing performs).
Tinh toan khac biét (TopHat calculates).

e Tinh todn watershed (Watershed calculates).
Qua trinh tinh toan tirng giai doan hay téng hop quy trinh déu dwa vao co ché thuin dic trung ciia giin n& va x6i
mon trén nén tang déng/ mé khu vuc dwoc lwa chon. P8i véi dnh vong mac mat, hinh thai séng con dugc ghi
nhén theo két hgp véi phan tng cdm quang khi chup va dé nhay sang. Cac gia tri d giy trong qua trinh phuc vu
hdi d6 nhay sang c6 hinh nén va thwdng dugc tay trang. DAy chinh 13 cac yéu t6 quan trong d€ xac dinh hinh thai
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gon séng va cai thién chit lwgng tham s6 dau vao cho giai doan lién sau. Hinh thai song waveform trong phwong
phép dé xuit dwoc 4p dung nhu sau:

—  Tinh to4n di€m ndi bat trén toan cuc anh.

Chon lya s& diém n6i bat trung tAm (s& cum hinh thai) bing tinh chit gom cum k-means. Lwa chon s6
cum tuy theo tirng khu vye sau khi da x6i mon va gian né.

Tinh todn dwdng co sé gitta mbi diém anh véi diém trung tAm clia cum gan nhit. Qua trinh nay dwoc
tinh theo khoang cach Euclidean.

Trén mbi diém anh p, tinh khoang cach véi cac diém hang x6m trong khu vuc cira s6 3 X 3. Diém q
nao gan v&ip hon sé hgp véip 1 géc sao cho p va qla 2 tia tao ra dwoc tlir diém trung tAm cum cda p.
Néu gbc hop thanh c¢6 d6 16n hon 300 sé dugc gép chung khu vwre gom cum va cip nhéat gia tri méi
bang gia tri diém p ban d4u. Ngworc lai sé loai khoi khu viec gom cum hién tai.

Viéc tinh todn nay di hd tro cho hinh thai gan giita cic diém anh trong anh véng mac mit dugc ting cuwdng tinh
lién d&i gin hon so v&i trede day. Trd thanh tién dé t6t cho md hinh hoc chiét xuit dic trung.

B. PHAN LOAI BENH CAO HUYET AP VOl GOOGLENET PUO'C CAI TIEN
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Hinh 2. Qud trinh cdi tién GoogLeNet.

Sau khi trai qua giai doan tién x 1y v&i waveform, két qua dau ra & giai doan 1 sé thanh diu vao cho mé hinh
GoogLeNet cai tién & giai doan 2. Kién tric cia mdt md hinh GoogLeNet truyén thong bao gbm 3 khéi nhw hinh
2, bao gom:

Khéi 1: 1 ting Convolutional (strike = 2), 1 ting MaxPooling (strike = 2) va 1 ting tich chip tai st
dung dai han (Long-Term Recurrent Convolutional Network - LRCN).
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e Khoéi 2: 1 tAing Convolutional (1 kernel), 1 ting Convolutional (strike = 1) va 1 ting LRCN, ting
Inception.
e Khoi 3: 1 ting Average Pool (1 kernel), 1 ting Fully Connected (FC) va 1 ting softmax activation.
Kién tric cla ting Inception sé bao gbm 4 thanh phén tinh song song nhau:

Thanh phén 1: 1 ting Convolution (1 X 1)

Thanh phén 2: 1 tAng Convolution (1 X 1) va 1 tAng Convolution (3 X 3)

Thanh phén 3: 1 tAng Convolution (1 X 1) va 1 tAng Convolution (5 X 5)

Thanh phén 4: 1 ting MaxPooling (3 X 3) va 1 tAng Convolution (1 X 1)

K&t néi Filter Concatenation.

Khi cdi tién ting Inception, phwong phap dé xuit 4p dung co ché Bottleneck cho thanh phin 1 cla ting nay. Cu
thé chi tiét toan bo kién tric GoogLeNet cai tién nhw hinh 2. V&i Bottleneck, qua trinh thyc hién bao gom:

e 1 ting batch normalization: gitt kich thwéc clia ban d6 dic trung & ting truede do.

e 1 tingbatch normalization: hudn luyén véi kich c& 64 x 16 va gitt padding.

e No0i két ban d6 dic treng cho budc filter concatenation lién sau.
Bottleneck dwoc st dung nhim muc dich ting cwdng dic trung trich xudt sau trén cing kich c& ctia ban do dau
va0. Qua trinh t6i wu sau nay hitu ich véi md hinh trén hinh dnh véng mac mit. Ly do dén tir 46 day méng va do
lién két gin giira cAc di€m anh trén loai hinh anh nay. Vén di bénh nhan cao huyét 4p sé gap kho khin & dir liéu
d4u vao so v&éi md hinh hoc siu. Viéc lwa chon téi tao tai tAng Inception con la ting cwong cho ting loc két hop &
cudi khéi 2 cia GoogLeNet.

IV. THi NGHIEM VA PANH GIA KET QUA

A. TAP DU LIEU

Tap dit liéu STARE (STructured Analysis of the Retina) [18], dwoc mé rong gom 402 anh véng mac mit cé kich
thwée 605 X 700 va chuin 24 bit trén 1 diém dnh mau RGB. Trong d6, c6 26 dnh 1a clia bénh nhin bi cao huyét
4p va sd con lai 1a khong c¢6 d4u hiéu bénh cao huyét ap (c6 thé roi vao loai bénh khac).

bi cao huyét dp

(b) Hinh dnh vong mac mdt cia bénh nhin bi cao huyét dp
Hinh 3. M¢t s6 hinh dnh trong tdp dir liéu STARE [18]
Bang 1. Cic tham s6 dé€ ting dit liéu cho tdp dir liéu STARE

Loai bién ddi M6 ta
Xoay (rotation) Xoay ngiu nhién giira (-10, 10)
Cat (clipping) Cat ngau nhién trong cac géc (-10, 10)
Lat (flipping) Lat ngang (horizontal) va doc (vertical)
Dich chuyén (translation) Dich chuyén ngiu nhién trong pham vi -5% dén 5% s6 lwgng diém anh

Hinh 3 trinh bay mdt sé hinh anh trong t4p STARE [18]. Toan bd hinh anh dwoc thyc hién thay ddi kich thwéc
512 X 512, bién ddi xoay va cit dé da dang héa tap dit liéu mau thanh 1000 anh phuc vu cho thuwc nghiém. Cac
phép bién d6i xoay quanh cac tinh chit nhw bang 1.

B. THU'C NGHIEM
Qua trinh thwc nghiém trén tip STARE [18] dwoc dp dung theo tirng giai doan cia phwong phap dé xuit. Két qua
dwoc thyc thi va so sdnh v&i phwong phap GoogLeNet truyén théng [17], ResNet-50 [4] va Al semantic [3]. M6i
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trueong thyce thi c6 moi treong twong dong vé tham s va kich c& dau vao. Két qua thwce nghiém dwgc danh gia
bing do6 chinh xac (Accuracy) ctia két qua phan 16p bénh nhan cao huyét ap trén anh vong mac mit dugc néu cu
thé & bang 2. Gi4 tri do do chinh x4c theo céng thirc dwéi day:

ACC = — P+TN (1)

TP+FN+TN+FP
Trong doé:

e True Positive (TP): s§ lwong két quéa phan loai ding 16p so v&i dir liéu mau.

e True Negative (TN): s6 lwong két qua khéng thudc vé nhém ding (ground-truth), két qua phan loai la
két qua khong thudc 16p (phan 1é¢p khac so véi TP) nhwng trong dit liéu mau lai thudc.

e False Positive (FP): s6 lwong két qua thudc phan 1&p nhwng khéng dung véi thue té (ground-truth),
két qua thudc phan lép nhung khong ding trong dit liéu mau.

e False Negative (FN): s6 lwgng két qua khong thudc phéan 16p nhung khéng ding véi thuc té€ (ground-
truth), két qua phan loai khong thudc 1ép va khong thudc ca trong dit liéu mau.

Khi danh gia, ACC cang cao cho thdy phwong phap dang thir nghiém cho két qua phan loai cang chinh xac.

Bang 2. D§ chinh xdc trung binh cia phwong phdp dé xudt va mot s6 phwong phdp khdc khi thwce nghiém trén tdp STARE

Phwong phap thuc nghiém Do chinh xac Do chinh xac
(tap STARE gdc) (tap STARE di dwoc bién d6i tang dir lidu)
GoogLeNet truyén théng [17] 91.17% 90.33%
ResNet-50 [4] 90.08% 89.92%
Al semantic [3] 89.66% 88.35%
Phwong phap dé xuit 94.68% 93.25%

D& kiém chitrng sv thich hop giita waveform va nguwdng loc dé€ tao min cho dau vao GoogLeNet cai tién, chiing toi
da tién hanh thwc nghiém véi mot sd ngwdng phd bién: Gaussian, Bayesian véi Waveform. Hinh 4nh dwgc ddnh
gi4 bing gia tri do chinh xac cla toan b tap dit liéu STARE di dwoc bién déi ting dir liéu twong ¢ng véi tirng
ngwdng nay. Cac gia tri cu thé dwoc thé hién & bang 3 dwdi day.

Bang 3. D chinh xic trung binh giita cdc ngudng loc va waveform trén tdp STARE

Phwong phap thuc nghiém Do chinh xac b0 chinh xac
(tap STARE gdbc) (tip STARE di dwoc bién déi tang dir liéu)
Gaussian + GoogLeNet cai tién 92.89% 92.13%
Bayesian + GoogLeNet cai tién 90.77% 89.04%
Waveform + GoogLeNet cdi tién 94.68% 93.25%

Duwa trén cac két qua so sanh trén, ching t6i nhin thiy hinh thai hoc waveform phtu hop véi sw cai tién cia
GoogLeNet. Tir viéc cai thién tham s§ dAu vao, qua trinh cai tién tAng Inception bang Bottleneck da mang lai két
qua kha thi vi t6i wu duwgc ban do dic trung cho qué trinh phan 16p bénh cao huyét 4p trén anh vong mac mat.
Qua trinh chiét xuit dic trung sdu da phu hop véi co ché Bottleneck do d6 day va dé lién két yéu giira cic diém
anh vong mac can su két néi sdu & tAng tinh toan dic trung.

V. KET LUAN VA HUO'NG NGHIEN C(U MO’ RONG

Phan loai bénh cao huyét 4p rat can thiét cho y hoc hién dai. Nghién ctru ndy da dé xuit mot phwong phap hé tro
phan loai bénh cao huyét 4p dwa trén 4nh véng mac mat nhd vao hinh thai hoc waveform va cai tién GoogLeNet
dé trich xuit dic treng siu. Tir d, ban d6 dic trung gép phin xac dinh dau 1a cdc mach mau véng mac ctia bénh
nhan bi cao huyét 4p. Phwong phap dé xuit da dwoc thwe nghiém trén tip STARE [18] va so sanh v&i cic phuong
phép: GoogLeNet truyén théng [17], ResNet-50 [4] va Al semantic [3]. Kt qua da cho thiy tinh kha thi cla sw két
hop hinh thai hoc waveform va mé hinh hoc sdu GoogLeNet trong bai toan phan 1&p nay. Tuy nhién, trong twong
lai cAn tién hanh da dang hoa yéu t6 hinh thai hoc cho ban d6 dic treng siu va thir nghiém trén nhiéu tip dir liéu
khac d€ mé hinh dwoc hoc chuin xac hon. Bén canh d6, nghién ctru cai thién s6 ting cho mé hinh hoc siu dua
trén trang thai va hinh thai cling 1 vin dé can dwoc lwu tAm nhim gidm thiéu thoi gian huin luyén ma van tan
dung tét cac tham so dit liéu d4u vao.
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VI. LO'I CAM ON

Nghién ctru dwoc tai trg bdi Truedng Dai hoc Ngoai ngit-Tin hoc Thanh phd H6 Chi Minh trong khuén khé Dé tai
ma s6 H2023-07.
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IMPROVING GOOGLENET FOR HYPERTENSION CLASSIFICATION BASED ON
RETINAL VESSEL IMAGES
Vo Thi Hong Tuyet, Nguyen Thanh Binh

ABSTRACT— Retinal vessel images contain a wide range of information that is a manifestation of the disease. Features of
these images extracted from learning models need to be improved and optimized to help the disease classification process
be more accurate. The higher the classification ability, the easier the diagnosis and treatment of the disease. The challenge is
to extract deep features based on retinal images with initial parameters consistent with the corresponding morphology. In
this paper, we propose an improvement process of GoogLeNet based on the waveform morphology mechanism to classify
hypertension on retinal images. The proposed method includes two stages: preprocessing input parameters for the learning
model with waveform morphology, GoogLeNet feature extraction with improvements in the number of Inception layers
supporting deep feature extraction. The results were tested on the STARE dataset with an accuracy of 93.25 %. The
classification results are compared with some recent methods and show more positive results.

Keyword— GoogLeNet, waveform morphology, hypertension classification, retinal vessel image.
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PH Quéc Gia TPHCM. Hién nay, c6 1a gidng vién b6 mon nhin dang, x Iy 4nh, hé théng thong tin da phwong tién, hé
Khoa hoc may tinh, Khoa Céng nghé thong tin Trudng Pai  théng hd tro quyét dinh va dit liéu chudi thoi gian.

hoc Ngoai Ngit-Tin hoc TP.HCM. Linh vuc nghién ctru chinh:

thi gidc may tinh, x(r ly anh va nhan dang.


https://orcid.org/0000-0002-9153-2883
https://orcid.org/0000-0002-9153-2883
https://orcid.org/0000-0003-0136-874X
https://orcid.org/0000-0003-0136-874X

