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PHAN LOAI TINH TRANG THAI NHI TU DU LIEU
CARDIOTOCOGRAM DUA TREN MO HINH ALEXNET-SVM

CLASSIFICATION OF FETAL STATUS BASED ON CARDIOTOCOGRAM DATA USING ALEXNET-SVM MODEL
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TOMTAT

Bai bdo nay dé xuat mot phuong phap phan loai tinh trang thai nhi dya
trén ditliéu cardiotocogram (CTG) bang cach sir dung mé hinh két hop AlexNet
va SVM (AlexNet-SVM). Dit liéu (TG bao gom cac thdng s6 lién quan dén nhip
tim thai nhi (FHR) va can co t cung (UC) clia cdc ba me mang thai, dugc phén
loai thanh ba nhom: binh thugng, nghi nga va bénh Iy. Nhdm tang do chinh
xac trong viéc phan loai di liéu phuic tap nay, tac gid da st dung mang ng-ron
tich chap (CNN) AlexNet d€ trich xudt ddc trung va méy vector ho trg (SVM) dé
thuc hién viéc phan loai. Két qua cho thdy mé hinh AlexNet-SVM dat do chinh
Xdc 98,02%. M6 hinh nay c6 tiém nang ting dung trong viéc hd trg bac si phat
hién sém céc van dé siic khde thai nhi, qua dé gidm thiéu rdi ro va nang cao
stic khde cho cd me va bé.

Tir khéa: Cardiotocogram; AlexNet; SVM.

ABSTRACT

This paper proposes a method for classifying fetal status based on
cardiotocogram (CTG) data using a hybrid model combining AlexNet and SVM
(AlexNet-SVM). The (TG data includes parameters related to fetal heart rate
(FHR) and uterine contractions (UC) of pregnant mothers, classified into three
categories: normal, suspicious, and pathological. To improve accuracy in
classifying this complex data, the author employed the AlexNet convolutional
neural network (CNN) for feature extraction and support vector machine
(SVM) for dlassification. The results show that the AlexNet-SVM model
achieved an accuracy of 98.02%. This model has potential applications in
assisting doctors with early detection of fetal health issues, thereby reducing
risks and improving health outcomes for both mother and child.
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1. GIGI THIEU
Thai gian mang thai kéo dai khodng 9 théng la giai
doan quan trong, trong d6 c6 nhiéu bién chiing c6 thé
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phat sinh, dan dén nguy co tirvong & tré so sinh. Cac bién
ching nay c6 thé xuat phat ti nhiéu yéu té nhu tinh trang
stc khoe clia ngudi me, nhiém trung hodc cac van dé
trong su phat trién cla thai nhi. Cac bién chiing khi mang
thai bao gém tang huyét ap, tiéu dudng thai ky, nhiém
trung, tién san giat, sdy thai va sdy thai, sinh non va thai
chét luu. Ngoai ra, cing c6 thé buén nén, ndbn mda va
thi€u mau nghiém trong do thiéu sét [1]. Truéc nhiing rai
ro I6n déi véGi cd me va bé, viéc gidm thiéu céc tai bién
tiém an la vo cling quan trong. S dung cac cdng cu theo
déi va chan doan hiéu qué cé thé gitp phat hién sém va
can thiép kip thoi, ddm bdo an toan va stc khde cho ca
me va tré sa sinh.

Mét trong nhimng céng cu quan trong nhat dé phan
tich suic khde cda thai nhi trong bung me la thuc hién
Cadiotocogram (CTG). CTG la mét ky thuat phé bién duoc
st dung dé lién theo déi va ghi lai nhip tim thai nhi (FHR)
va cac can co ti cung (UC) trong su6t thai ky, gidp danh
gia tinh trang suc khoée cua thai nhi va chadn doan sém
nguy co gap phai cac van dé thai ky [2]. Phuong phap nay
cho phép phat hién sém tinh trang thiéu oxy & thai nhi,
tUr d6 co thé can thiép kip thai trudc khi xay ra cac bién
ching nghiém trong nhu ngat nang hodc ti vong [3].
Theo Lién doan Phu khoa va San khoa Quéc té (FIGO),
trong qua trinh co t cung, cac dau hiéu quan trong nhu
nhip tim thai nhi, sy bién thién cta nhip, kha nang dap
(ng va giam toc doé la cac chi sé chinh cho thay thai nhi
c6 dang phat trién binh thudng hay khéng [4]. CTG dugc
thuc hién don gian, chi phi thap, tiét kiém thgi gian, dong
thdi cung cap cac két qua véi d6 chinh xac cao nén dugc
cac chuyén gia y té lua chon nham phat hién sém tinh
trang thai nhi, giam bién chiing va giam ty lé t&r vong cho
me va bé.

Tri tué nhan tao (Al) dang tr& thanh mot trong nhiing
cong nghé dot pha trong linh vuc cham séc suc khoe,
mang lai nhiing giai phap tién tién trong viéc ho trg chan
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doan va diéu tri [5, 6]. Mot trong nhiing Uing dung quan
trong cutia Al trong y té la st dung cdc mé hinh hoc sau
(deep learning) dé phan tich dit liéu y té, tir d6 hé trg bac
si dua ra cac quyét dinh kip thai va chinh xac. Trong
nhling ndm gan day, cac phuang phap hoc may da dugc
Ung dung rdng rai trong viéc phan loai dir liéu y té, dac
biét la ditliéu CTG, giup hé trg bac si trong qua trinh chan
doan tinh trang suc khde thai nhi. Cdc mé hinh nhu
Random Forest [7], LS-SVM [8] va DenseNet [9] da dugc
ap dung thanh cong trong cac nghién cdu trudc day vdéi
dd chinh xac lan lugt dat 83,30%, 80,64% va 93,67%. Tuy
nhién, mac du dat dugc nhiing két qua dang ké, cac mé
hinh nay van chua thé ti uu hoa hoan toan dé chinh xac
va kha nang phan loai, nhat la trong cac trudng hgp dir
liéu phrc tap va khong déng nhat.

Trong nhimng nam gan day, mé hinh AlexNet-SVM da
dugc ung dung réng rai trong cac linh vuc khac nhu tai
chinh, an ninh mang, xt ly ngon ngi ty nhién, va thi giac
may tinh. Trong phan tich tai chinh, mé hinh nay hé trg
phan loai dir liéu phuc tap va duy dodn xu hudng thi
truong nhd kha nang trich xuat dac trung manh mé cua
AlexNet va d6 chinh xac cao ctia SVM [10]. Trong an ninh
mang, AlexNet-SVM dugc sirdung dé phat hién xam nhap
va phan loai cac méi de doa, trong d6 AlexNet dam nhan
viéc trich xuat dac trung tir di liéu mang va SVM dam bao
kha ndng phan loai chinh xac cac méi nguy [11]. Trong xu
ly ngén ngl tu nhién, mé hinh nay ho trg phan loai van
ban, phat hién thu rac, va phan tich cdm xuc, tan dung
kha nang hoc sau cta AlexNet va tinh phan loai hiéu qua
clia SVM [12].

Nh{ng ting dung nay cho thay su linh hoat va hiéu qua
clia mé hinh AlexNet-SVM trong nhiéu linh vuc, déc biét
trong x{r ly dit liéu phtic tap. Do dé, nghién ctiu nay dé
xudt stir dung AlexNet-SVM cho viéc phan loai tinh trang
thai nhi tu dir liéu CTG, vdi két qua ban dau dat dugc cho
thay tiém nang I6n trong chan doan y té.

2. PHUONG PHAP NGHIEN CUU
2.1. Dii liéu va tién xir ly

D(tliéu dugc sttdung trong nghién ctu nay la bo dirliéu
Cardiotocogram (CTG) tu Kho Dt liéu Hoc Mday UCI [13]1. BO
d liéu bao gdbm 2126 mau, dugc ghi nhan ti cac ba me
mang thai, vai 21 dac trung lién quan dén nhip tim thai nhi
(FHR) va con co tir cung (UC). D{r liéu dugc phan loai thanh
ba nhém: binh thudng (Normal), nghi ngd (Suspect), va
bénh ly (Pathological) dya trén phan tich clia cdc chuyén
giay té. Cac dac trung dugc mo ta ¢ bang 1.

Theo tiéu chudn cla Vién Stic khde Tré em va Phat
trién Con ngudi Qudc gia, cac bién c6 nguy co chinh dugc
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st dung dé xac dinh tinh trang cda thai nhi dua trén mé
ta ca FHR la nhip tim co s&, d6 bién thién co ban, sé lan
tang t6c mai gidy, s6 1an gidm téc sém, mudn va thay ddi
moi gidy, sO lan giam toc kéo dai mdi gidy va cac con co
tl cung c6 thé dugc nhin thay ti giai diéu co ban cla tu

cung, tan suat, thai gian va cudng d6 ctia con co.

Bang 1. M0 ta cac thudc tinh

Thudc tinh

Mo ta

Baseline Value (BV)

Gid tri nhip tim co ban clia thai nhi (Fetal Heart
Rate - FHR)

Accelerations (AC)

S0 1an tang toc clia nhip tim thai nhi (tang FHR
trén 15bpm kéo dai > 15 giay)

Fetal Movement (FM)

Chuyén dong ctia thai nhi

Uterine Contractions (UC)

Con cotrcung

Light Decelerations (LD)

Gidm nhip tim nhe ctia thai nhi (gidm FHR nhe)

Severe Decelerations (SD)

Giam nhip tim nghiém trong cla thai nhi (gidam
FHR > 30 bpm kéo dai > 2 phiit)

Prolonged  Decelerations
(PD)

Prolonged Decelerations - Gidm nhip tim kéo
dai cta thai nhi (gidm FHR kéo dai > 2 phiit
nhung < 10 phdt)

Abnormal Short-Term
Variability (ASTV)

Bién thién ngan han bat thutng clia nhip tim
thai nhi (dao dong nhip tim < 5bpm

Mean Value of Short-Term
Variability (MSTV)

Gid tri trung binh cla do bién thién ngdn han
clia FHR (dao ddng tic thai gitia cac nhip tim ké
tiép)

Percentage of Time with
Abnormal Long-Term
Variability (ALTV)

Ty |é thoi gian véi bién thién dai han bdt thuong
ctia FHR

Mean Value of Long-Term
Variability (MLTV)

Gid tri trung binh cla bién thién dai han cla
FHR (dao dong I6n han va cham hon trong
khoang thai gian dai han)

Histogram Width (HW)

D0 rong chia bi€u d6 tan sudt nhip tim (FHR)

Histogram Max (Hmax)

Gid tri nhip tim t6i da trong bi€u do FHR

Histogram Min (Hmin) | Gid tri nhip tim t6i thiéu trong biéu d6 FHR

Number of Histogram | S8 lugng dinh trong biéu d6 FHR

Peaks (NP)

Number of Histogram | S6 lan FHR béng 0 trong biéu do

Zeroes (NZ)

Histogram Mode (HMo) | Gia tri mode (gid tri xudt hién nhiéu nhat) clia
FHR

Histogram Mean (HMe) | Gid tri trung binh cta nhip tim trong biéu do
FHR

Histogram Median (HMed) | Gid tri trung vi cGa nhip tim trong biéu d6 FHR

Histogram Variance (HV) | D6 bién thién ctia FHR trong biéu do

Histogram Tendency (HT) | Xu hudng cGa biéu @6 FHR

Tap 61- 503 (3/2025)




P-ISSN 1859-3585 | E-ISSN 2615-9619 | https://jst-haui.vn

SCIENCE - TECHNOLOGY

BO ditliéu gém c6 1655 mau binh thudng (77,8%), 295
mau nghi ngd (13,9%) va 176 mau bénh ly (8,3%). Do su
mat can bang cua tap di liéu, I&p nghi ngd va bénh ly ¢
sO lugng mau it hon nhiéu so vai 1&p binh thuong. Vi vay,
ky thuat tang cudng dir liéu (oversampling) dugc ap dung
cho céac 16p co s6 luong mau it hon dé can bang di liéu
[14]. Ky thuat nay s dung thuat toan k-lang giéng géan
nhat (k-nearest neighbors) dé téng hop thém cac mau
mai. Over sampling la nhém cac phuong phép giup giai
quyét hién tugng mat can bang mau bang cach gia tang
kich thudc mau thudc nhom thiéu s6. Cac mé hinh dugc
dao tao trén di liéu da dugc can bang thusng cé hiéu
suat cao hon dang ké so vdi cac mé hinh dugc dao tao
trén dir liéu mat can bang.

Dé dam bao hiéu qua trong viéc huan luyén mé hinh,
chuén hoa Z-score [15] dugc ap dung cho cac dac trung
trong bd dir liéu. Pay la mét phuong phap phé bién dé
chuén héa cac dac trung cé thang do khac nhau, dac biét
khi cac dac trung c6 gia tri dao dong Ién. Chuan hoa Z-
score gilp dua tat ca cac dac trung vé cuing mét thang do
V@i trung binh bang 0 va dé léch chuan bang 1, théng qua
cong thuac (1):

X—H

Xstd = (1)
o

Trong do6:

x: Gid tri clia dac trung can chuén héa.

p: Gia tri trung binh cla dac trung.

0: D6 léch chudn cda dac trung.

Sau khi chudn héa, di lieu dugc chuyén déi thanh
dinh dang anh d@é phu hgp véi mé hinh AlexNet. Cu thé,
moi mau di liéu bao gém 21 dac trung dugc sap xép
thanh dang ma tran hodac ludi, gitp biéu dién dudi dang
anh. Cac dac trung nay sau dé dugc chudn hoda va chuyén
déi thanh anh c6 kich thudc 227 x 227 x 3, phu hop véi
dau vao ctia mé hinh AlexNet. D{r liéu dang s6 tur 21 dac
trung dugc méd phéng nhu mét dnh mau véi ba kénh RGB.
Qua trinh nay dam bao rang dir liéu dau vao phu hgp véi
cac I6p tich chap (convolutional layers) ciia AlexNet.
2.2.Kién tric AlexNet

M6 hinh mang AlexNet dugc Alex Krizhevsky gidi
thiéu trong nghién ctu ImageNet Classification with
Deep Convolutional Networks. M6 hinh hoc sau nay da
gianh chién thang trong cudc thi ILSVRC (ImageNet
Large-Scale Visual Recognition Challenge) nam 2012 [16].
AlexNet [a mot mang no-ron tich chap (Convolutional
Neural Network - CNN) sau, bao gébm nam I&p tich chap
(convolutional layers), ba I6p két néi day da (fully
connected layers) va cac I6p kich hoat phi tuyén ReLU
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(Rectified Linear Unit) va Softmax. AlexNet ban dau duoc
phat trién cho nhiém vu phan loai hinh &nh, nhung trong
nghién ctiu nay, nd dugc diéu chinh dé lam viéc vai di
liéu tin hiéu y té. Cac Iop tich chap sé trich xuat cac dac
trung tur di liéu dau vao va cac I6p két noi day da sé hoc
cach phan loai dya trén cac dac trung nay.

Mang hoc sau AlexNet st dung cac 16p kich hoat phi
tuyén - ReLU cho moét don vi huan luyén than kinh [17].
Theo d6, phuong phap ReLU c6 thai gian huan luyén
nhanh hon phuong phap <6 dién si dung ham

-1
f(x) = tanh(x) hoac f(x)= (1 + e’x) trong mang tich
chap 4 16p. Pay la uu diém rat I6n ctia mang AlexNet khi
huan luyén cac tap d liéu c6 s6 lugng I6n anh. Phuong
trinh ham ReLU dugc miéu ta nhu sau:
0, x<0
X)={ (2

X, x>0
Véi x la gia tri ngd vao ctia ham sé.
Dua trén phuong trinh (2), ng6 ra cho gia tri 0 néu ngd

vao la am, va ngd ra x néu ngd vao Ién hon 0. Tl d6, ta co
thé miéu ta lai ReLU dudi dang f(x) = max(0, x).

Phuong trinh nay cho thady ham ReLU dé Iap trinh va
kho bi bdo hoa hon cac ham cé dién.
2.3. Support Vector Machine (SVM)

Hinh 1. Siéu phang (w,b) tdi uu phén chia thanh 2 class [19]

SVM la moét gidi thuat mdy hoc dua trén ly thuyét hoc
théng ké do Vapnik va Chervonenkis xay dung [18]. Bai
todn cao ban clia SVM la bai toan phan loai hai I6p: Cho
trugc r diém trong khéng gian n chiéu (méi diém thudc
vao mét I6p ki hiéu [a +1 hodc -1), muc dich cta gidi
thuat SVM Ia tim mét siéu phdng (hyperplane) phan
hoach t&i uu cho phép chia cac diém nay thanh hai phan
sao cho cac diém cing mot I6p ndm vé mot phia véi siéu
phang nay.
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Sau qua trinh luyén tap vai tap d liéu dau vao, SVM
sé dua ra cac tham s6 ctia phuang trinh siéu phang ranh
giGi gilta hai I1&p, hai tham sé nay la véc ta w c6 p chiéu va
tham sé b.

Phuong trinh cla siéu phdng la:w.x +b =0

Khi d6 ham s6 biéu dién ddu cha biéu thuc:
f(x) = sign(wx + b).

f(x) la ham sé c6 kha nang phan chia hoan toan dit liéu
vao mot trong hai I6p.

Sau qua trinh luyén tap, cac véc to mau thir c6 thé
dugc phan vao mét trong hai I6p bang ham s6 f(x):

- f(x) = sign(wx + b) > 0: xép vao I16p (+), y =1

- f(x) = sign(wx + b) < 0: xép vao 16p (<), y =-1
2.4. M6 hinh dé xuat AlexNet-SVM

Trong nghién clu nay, tac gia dé xuat sir dung mo
hinh AlexNet-SVM, mét su két hgp gilra mang ng-ron
tich chap AlexNet dé trich xuat dac trung va SVM dé
phan loai. Day la cach tiép can nham tan dung uu thé
clia cd hai ky thuat:

Trich xuat dac trung bang AlexNet:

- D liéu dau vao la cac anh kich thudc 227 x 227 x 3,
dugc dua qua 5 16p tich chap ctia AlexNet.

- Sau méi 16p tich chap, phép max-pooling dugc s
dung dé giam kich thudc khong gian.

Thay thé I6p Fully Connected bang SVM:

- Thay céc 16p fully connected & phan cuéi cia moé
hinh AlexNet bang Support Vector Machine (SVM). SVM
c6 kha nang phan loai tot hon, dac biét khi d6i mat véi di
liéu y té co su phuc tap.

- SVM giup tim ra siéu phang t8i uu dé phan tach cac
I6p trong khong gian dac trung, gidm thiéu hién tugng
qua khép (overfitting) so véi cac I6p fully connected
théng thudng.

Conv I +RelutPooling

Conv2+RelutPooling SVM

Input Data

Hinh 2. M hinh d€ xudt AlexNet-SVM

Mé hinh AlexNet-SVM trong nghién cliu nay néi bat
vGi viéc ap dung ky thuat hoc chuyén tiép. Thay vi huan
luyén toan bé mang tur dau, nghién ctu tan dung cac
tham s6 da dugc huan luyén, giup tiét kiém thai gian va
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cai thién dang ké hiéu suat phan loai trén di liéu
cardiotocogram (CTG). Céch tiép can nay khong chi tang
dé chinh xac ma con gitp mé hinh thich nghi tot hon véi
ditliéu y té phuic tap va khong déng nhat. Day la diém cai
tién chinh, lam n&i bat su khac biét va tinh téi uu cia moé
hinh dugc dé xuat.

Hoc chuyén tiép [20] la mét ky thuat hoc may cho
phép st dung lai cac tham sé da dugc huan luyén tir mét
m& hinh trudc d6. Trong nghién clu nay, tac gid sir dung
mo hinh AlexNet da dugc huan luyén, sau d6 tinh chinh
noé cho nhiém vu phan loai di liéu CTG.

Viéc st dung hoc chuyén ti€p gilp tiét kiém thai gian
huan luyén, cai thién dé chinh xac va cho phép moé hinh
nhanh chéng thich tng véi dirliéu y té.

Sau khi dac trung dugc trich xuat qua cac I6p tich
chap, va sau khi phan loai bang SVM, két qua cuéi cung
sé dugc chuyén doéi thanh phan phdi xac suat qua Iop
SoftMax. M6 hinh sé dua ra phan loai gita cac nhan: binh
thudng, nghi ngd va bénh ly.

AlexNet-SVM két hop stic manh ctia CNN trong viéc
hoc ddc trung ti di liéu hinh anh va khd ndang phan loai
manh mé ctia SVM. S&r dung hoc chuyén tiép gilp tang
hiéu qua va dé chinh xac, gidm thai gian huan luyén ma
van dam bao hiéu qua cao.

3. KET QUA THUC NGHIEM
3.1. Phuong phap danh gia

DPéanh gid hiéu qua clia cac thuat todn dua trén 4 d6 do
sau day: Accuracy, Precision, Recall va F1-score.

Cu thé dé danh gia mét bo phan loai hai I6p dugc goi
la duong va am:

+ True Positive (TP): s6 lugng phan ti duong dugc
phan loai duong;

+ Am tinh gia (FN): s6 phan ti duong dugc phan loai la
am;

« Am that (TN): s6 phan tir &m dugc phan loai la am;

+ Duang tinh gia (FP): s6 phan t& am dugc phan loai la
duong.

Céc chi s6 dung dé danh gia mé hinh hoc may [21]:

Accuracy: D6 chinh xac phan loai biéu thi ty I& ctia cac
mau dugc phan loai chinh xac trén téng s6 mau va dugc
mé ta & phuong trinh (3).

Accuracy = _ TPHTN. 5500 3)
TP+ TN+FP+FN

Precision: Gia tri du doan duong tinh, precision biéu
thi ty 1&é s6 mau duong tinh dugc phan loai chinh xac trén
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téng sé mau du doan duong tinh va dugc mé ta & phuong
trinh (4).

Frecision = .100% (4)

TP +FP

Recall: Ty 1é duong tinh that hay dé nhay, recall biéu
thi ty I& gita mau duong tinh véi téng s mau duang tinh
va s6 mau am tinh gia, dugc mo ta & phuong trinh (5).

Recall= .100% (5)

TP +FN

F1-score: F1-score dugc dinh nghia la gia tri trung binh
hai hoa gilta Precision va Recall, dugc mé td & phuong
trinh (6). F1-score c6 pham vi tir 0 dén 1, gia tri cao clia no
thé hién hiéu suat phan loai cao.

2.Precision.Recall

F1—score = .100% (6)

Precision+Recall
3.2. Két qua

D(t liéu dugc dugc tdch ngau nhién thanh hai phan dé
phat trién cac thuat toan (phan dit liéu dao tao va phan
dirliéu kiém tra). Phan dit liéu dao tao chiém 70% téng dir
liéu va phan dir liéu kiém tra chi€ém 30% d liéu con lai.

M hinh st dung kién tric AlexNet véi su két hop cla
SVM nham cai thién kha néang phan loai va tang téc d6 hoi
tu. C4u hinh siéu tham s6 ctia mé hinh dugc t6i uu hoa
théng qua qua trinh thi nghiém trén tap di liéu huan
luyén va kiém tra, v6i muc tiéu dat hiéu suat t6t nhat vé
d6 chinh xac va téc dé xt ly.

Cu thé, mo hinh strdung 5 16p tich chap véi cac bo loc
6 kich thuéc khac nhau, dugc thiét ké dé trich xuat cac
ddc trung tu di liéu mot cach hiéu qua. M6 hinh cling st
dung cach thuc téng hop dit liéu max pooling dé giam sé
lugng théng tin dau ra ti cac I6p tich chap, gidp giam
thi€u do phuc tap tinh toan ma van gitt dugc cac dac
trung quan trong. Thay vi st dung cac I6p két néi day du
(fully connected layers) thong thudng, mé hinh nay thay
thé bang SVM & 16p cubi cung, gitip mo hinh tranh bi qua
khép (overfitting) va cai thién do chinh xac trong phan
loai. Qua trinh huan luyén s dung thuat toan téi uu
Adam vaéi ham mat mat cross-entropy, dam bao qua trinh
cap nhat trong sé dién ra hiéu qua.

Céc siéu tham s6 chi tiét cila mé hinh dugc tom tat
trong bang 2.

Hiéu suat ciia mé hinh dugc danh gia bang cac chi s6
chinh bao gém dé chinh xac (Accuracy), dé nhay (Recall),
dé chinh xac du doan (Precision) va diém F1 (F1-score).
NhUing chi s6 nay danh gia muic d6 hiéu qua ctia mé hinh
trong viéc phan loai trang thai stic khde thai nhi, va dugc
trinh bay trong bang 3.
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Bang 2. Cac gid tri siéu tham s6

Siéu tham s6 Gia tri
S6 16p tich chap 5
So bd loc (I6p 1) 96 bo loc, kich thudc 11x11
S0 bd loc (Idp 2) 256 bd loc, kich thudc 5x5
S0 b loc (6p 3-5) 384 bd loc, kich thudc 3x3
Loai pooling Max pooling (stride = 2, kich thugc = 3x3)

56 |6p két noi day du Thay bang SYM
Ham kich hoat (I6p tich chap) ReLU
Ham kich hoat (I6p dau ra) SoftMax
T6c do hoc Ban dau: 0,0001
B6 t6i uu Adam
Ham mat mat Cross-entropy
Kich thudi batch 10
S0 epoch 10

Bang 3. Két qua clia mo hinh AlexNet-SVM

Dan vi tinh: (%)

Ma hinh Accuracy | Recall Precision | F1-score
AlexNet-SYM 98,02 98,61 97,99 98,29

Cac két qua trén cho thdy mo hinh AlexNet-SVM dat
dugc hiéu suat cao véi dd chinh xac tdng thé la 98,02%,
diém F1 13 98,29%, cho thdy mé hinh c6 kha nang phan loai
chinh xac va 6n dinh. Vé6i dé nhay cao 98,61% va dé chinh
xac du doan 97,99%, mé hinh da thé hién kha nang du doan
dung cac trang thai suic khoe thai nhi mét cach hiéu qua.

Cac két qua ctia mé hinh AlexNet-SVM dugc so sanh
v@i cdc mo hinh trudc day nhu Random Forest, LS-SVM,
AlexNet va DenseNet. Két qua cu thé dugc thé hién trong
bang 4.

Bang 4. Két qué ctia md hinh AlexNet-SVM va cac md hinh nghién ctu khac
Don vi tinh: (%)

Mé hinh | Accuracy | Recall | Precision | F1-score | Ngudn
AlexNet- 98,02 | 98,61 97,99 98,29 | Nghién cdu
SVM dé xuat
Random 8330 | 90,29 76,32 82,36 [7]

Forest
LS-SVM 80,64 | 81,28 80,00 80,64 (8]
DenseNet | 93,67 | 8445 82,36 90,52 [9]

Két qua cho thdy mé hinh AlexNet-SVM dat hiéu
suat vugt troi so véi cac mo hinh khac, véi d6 chinh xac
98,02%, cao han so v&i cdc m6 hinh nhu Random Forest
(83,30%), LS-SVM (80,64%) va DenseNet (93,67%).
Diém F1 cla AlexNet-SVM ciing cao nhat vaGi 98,29%,
cho thay kha nang can bang to6t gitta d6 nhay va do
chinh xac du doan.
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4. KET LUAN

Trong nghién ctiu nay, tac gia da dé xuat mo hinh
AlexNet-SVM két hop gitta mang no-ron tich chap (CNN)
va SVM dé nang cao kha nang phan loai trang thai stic
khoe thai nhi. Két qua cho thay mo hinh AlexNet-SVM dat
d6 chinh xac 98,02%, cao hon so véi cdc mod hinh trudc
day. Diéu nay cho thay tiém nang 1én clia viéc két hgp cac
phuong phap hoc sau véi thuat toan phan loai truyén
théng nhu SVM trong viéc phan tich va du doan di liéu y
té€ phtic tap. Su cai tién chinh ctia md hinh la su két hop
gitta mang no-ron tich chap (AlexNet) va SVM & 16p dau
ra, gilp tang cudng khd nang phan loai va gidm thiéu
hién tugng qua khép. M6 hinh nay con c6 uu diém vé téc
d6 hoi tu nhanh hon va hiéu qua tinh toan cao hon so véi
cac mo hinh mang no-ron théng thudng.

Huéng phat trién tiép theo cla bao cdo l1a md rong
viéc thu thap thém dir liéu CTG tur nhiéu khu vuc dia ly va
& cac nhom tudi khac nhau dé tao ra moét bd di liéu
phong phu han, gitip mé hinh ¢6 kha nang téng quat tét
hon. Bén canh d6, ap dung thém nhiéu phuong phap hoc
may khac dé€ nang cao dé chinh xac ctia mé hinh. Ngoai
ra, sé tap trung vao viéc tich hgp mé hinh vao cac hé
théng hé trg chdn doan tu ddng, giup bac si theo déi va
phan loai tinh trang suc khoe thai nhi hiéu qua hon, qua
dé giam thiéu rai ro trong thai ky va nang cao suc khée
cho cd me va bé.
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