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1. GIOI THIEU CHUNG

Trong nhimng nim gan ddy, cong nghé hop nhat thong tin da cam bién ngay cang déng vai tro
quan trong trong cac linh vuc nhu quan sy, y té va tai chinh. Ly thuyét Dempster-Shafer 1a mot
phan mé rong cua 1y thuyét xic suat Bayes, duoc sir dung dé xur Iy su khong chic chin trong
truong hop cac xac suit tién nghiém chwa duoc biét, didu ma phuong phap Bayes chii quan khong
thé giai quyét hiéu qua, dugc ung dung rong rii trong phan tich rai ro, nhan dang mau, chan doan
16i va phan 16p. Hiéu qua cta luat Dempster phu thudc vao cach xdy dung ham gan xac suit co
ban (BPA- Basic Probability Assignment) hop ly. Tuy nhién, viéc tim giai phap tong quat cho xéac
dinh BPA van 1a vin dé md, voi phan 16n nghién ctru dua trén 1y thuyét phan phdi xac suat hodc
1y thuyét mo.

Bai bao nghién ciru ly thuyét Dempster-Shafer va dé xuit mo hinh xay dung co sé tri thirc dudi
dang cidc ham BPA, véi thuat todn AdaBoost dong vai tro nén tang. M6 hinh duogc trién khai trén
mot sb bo dir liéu va duoc danh gia thong qua viée so sanh mot sé dd do giita AdaBoost va cac
phuong phép xay dung BPA khac.

2. COSO LY THUYET
bat F = {El, oo En} 1a mdt khung phan biét gém mot tp hitu han khong r6ng chtra n bién ¢ loai

trir 1an nhau. Pat ~A=2". Tap liiy thira (Power Set) cia F 1a mot tdp gdm % phan tir
P(F)={9.E,....E,EE,,...,E.E,}, trong d6 E,..E,,Vk =1n dugc goi 1a thé gi6i c6 thé (thp

tiéu diém).

Pinh nghia 1. [1,2] Ham m : P (F ) - R[OJ] dugc goi 1a mot BPA néu thoa man céc tinh chat:

(i) m(D)=0 (i) Y m(®)=1

OcP(F)
Néu A 73(.7-") va A#J thi m(A) biéu dién cho kha ning A tng ho tuyén bd. Néu m(A) >0

thi tip con A dugc goi 1a phan tir tiéu diém va m (A) duogc goi 1a gia tri ham khéi luong cia A.

Dinh nghia 2. [1.2] Pit m va m, la hai BPA, A= > m(©,)m(0,) va

0,10,-6
Q= > m(0,)m, (Q/) Vi, j =1, h, luat Dempster (DSR) dugc dinh nghia nhu sau:
0,10,-7
0 Néu 0=
m(®)= 1
( ) i Nguoc lai o
1-Q
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3. MO HINH DPE XUAT

3.1. Thuat toan Adaboost

Adaboost [3,4] la mot thudt toan Boosting tiéu biéu, hoat dong bang cach tap trung vao cac mau
bi phan loai sai & m01 vong lap dé dan cai thién do chinh xac va tao thanh mé hinh manh. Thuat
toan c¢6 wu diém vé ciu triic don gian, hidu qua cao va khong doi hoi chon loc déc trung dau vao.
Adaboost thuong két hop nhiéu bo phan 16p yéu, pho bién nhat 13 cdy quyét dinh nong, dé tao thanh
mdt bo phan 16p manh. Hinh 1 minh hoa truc quan quy trinh chinh cta thuat toan nay.

TAp huin luyén

|

Trong so w,

> Trong so w;

}

B6 phan 16p yéu 1

l
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|
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l

Ti 18 16i &,

|

Hé s6 50 a,

l
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l

B4 phén 16p yéu T

l

Ti 16 16i ey

l

Trong so ar

‘ B4 phén 16p manh |

Hinh 1. So' d6 hudn luyén 16p phdn 16p manh trong thudt todn Adaboot

3.2. Xac dinh ham BPA cho ménh dé don

Dua trén thuat toan Adaboost [3,4], cic mau cla bat ky hai thudc tinh nao trong tap huén luyén
duoc chon lam tap hudn luyén méi. Gia st cdc mau chira N, 16p (N, >0) thi co thé thu duoc
Cy. phan 16p manh, trong d6 phan 16p manh thir 7 (# €[1,N,]) dugc tao thanh 7, phan I6p yéu. Gia

suA va B 1an luot biéu dién cho 16p thu nhét \{a 16p thir hai cia bg dir liu. Néu bd phén 16p manh
thir ¢ chap nhan mau kiém thir x thi két qua chap nhan mau thudc 16p 4 la:

L
Z Ak

k=Lh, ;>0
.
2
k=1

Trong d6 4, 1a bd phan 16p yéu ctia bo phan 16p manh thir ¢ va a,, latrong sO clia h,,

mT(A): ()

méu x chi c6 thé 1a thudc 16p 4 hodc 16p B nén két qua chap nhan miu thudc 16p B 1a:
m, (B):I—mT (A) 3)

Khi cac két qua chdp nhan cua tat ca cac bd phan 16p manh trén hai thudc tinh hién tai duoc ghi
lai, BPA ctuia mau thtr thude 16p A duoc tinh nhu sau:

12 Zm (4) (4)

N, =1

Cac két qua chép nhan & trén duge xac dinh dua trén hai thudc tinh bat ky trong cac mau d3
chon. Néu c¢6 n(n>1) thuge tinh trong cac mau thi c6 thé xéc dinh C; gié tri BPA cho cac thudc
tinh d6. Tuong tu, cic gia tri BPA cua cac 10p khac trong cac mau thir ciing ¢ thé duge xac dinh
bang cach st dung céc tinh cong thie m, (4), m, (B), m(A4).
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3.3. Xac dinh ham BPA cho ménh dé phirc

Ham BPA ctia ménh dé don dugc chuyén thanh ménh dé phirc thong qua ty 18 dién tich giita cac
ving tuong tmg. Véimdi ® e P(F) va © =@ ma c6 sd phan tirla / ( 1</< N,) thi duge ky hiéu
bang X (/). Khi /=1, area(X (1 )) biéu dién dién tich ciia ving hinh chit nhat trong tng véi cac
mau ciia ménh dé don. Khi />1, area(X (l )) biéu dién dién tich cua vung giao nhau cua hinh chir
nhat tuong Ung véi cac mau thude vé it nhat mot trong cac m¢nh dé don khéc nhau. Ty 1€ dién tich
cua X (/—1)va X (/) duoc xac dinh nhu sau:
area (X (l ))

S(X(Z),X(l_l)): area(X(l_l))

©)

Trong qua trinh phan bd lai BPA, ham BPA ctia ménh dé phtc dugce tinh mot cach dé quy, tic
m(X(l)) dugc tinh dya trén m(X(l—l)) v61 2 <1< Nc. Cong thie dé quy:
me(X (D)= Y S(X(1).X(I1-1))m,(X(1-1))

X(I-l)cXx(I)

X(1-1),x(1)e2° (6)
m (X (1-1)=1=8(X (1), X (I-1))m,, (X (I-1))2<I<N,

v61 budc khai tao:

m, (X(2))= X(l);((z) S((X,,X,))m(Xx (1))

X(1),x(2)e2° (7)
e (X (1) =[1-5((X,, X,)) [m(X (1))

Céc ham BPA sau khi phan b6 lai phai théa man: " m,, (X (1))=1
X(1)e2®
I<I<N,

3.4. M6 hinh xac dinh cac ham BPA dwa trén Adaboost

Pau vao: D - Tél? huin luyén,,NC - $6 16p cua })(f) dit liéu, n - s thudc tinh cua bo dit lidu, T - sd
vong lap, P - Tap kiém tra, T - SO mau cua tap ki€ém tra

Piu ra: Co s tri thire biéu dién bang cac ham BPA.

Tién trinh:

Budre 1 - Huan luyén bo phéan 16p manh:

Cac méu tuong (mg véi hai thudc tinh bat ky trong tap huan luyén duoc trich xuat dé tao thanh
mot tap huén luyén méi D = {(xl(l), X)(2)> yl),...,(xN(l), Xy.y» Vv )} voi X va X2) lan luot biéu
dién dit liéu thudc tinh thir nhat va tht hai ciia mau thr i trong tap kiém tra, va y, {1, 2, ..., N,}
la nhan 16p cua x, . Thuat todn Adaboost duoc sir dung dé huan luyén C,zvﬂ bd phan 16p manh.

Bu’()’,c 2 - Xac dinh BPA ‘t?zling cach huin luyén b(f),phéu} 16p: Cac mau tuong ung Yéi hai thudc
tinh bat ky trong tap kiém tra duogc trich xuat dé tao thanh mot tdp kiém tra mdi
P = {(pl(l), Py ql),...,(st(l), Pry 4r, )} voi Py va P lan luot biéu dién dir liéu thude tinh
thir nhat va thir hai ctia mdu tht i trong thp kiém tra, va g, €{l, 2, ..., N,} 1a nhan 16p cua p,.

Cac ham BPA cuia cac mau kiém tra dugc xac dinh bang cach st dung cong thirc (2)-(4).
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Buéc 3 - Phan bd lai BPA: Néu miu ( Py pi(z)) nam trong vung giao nhau, sir dung cong thirc

(6) dé phan bo lai cac BPA duoc xac dinh trong Buéc 2.
Buéc 4 - Hop nhat cac BPA: Hop nhat C? ham BPA bang cach sir dung cong thic (1).

4. THUC NGHIEM VA PANH GIA

4.1. Cac thuat toan va cac b dir li€u thwe nghiém

Phan nay so sanh phuong phap xac dinh ham BPA dya trén AdaBoost v6i cac thuat toan phan
16p truyén thong gdm SVM (Support Vector Machine), DT (Decision Tree), KNN (K-Nearest
Neighbors), va NB (Naive Bayes). Pong thoi, cac thuit toan cling dugc thyc nghiém trén cac bo dir
lidu khac nhau. Théng tin chi tiét duoc trinh bay tai Bang 1.

Bang 1. Cac bj dir liéu thwe nghiém

Bo dit ligu Dic trung | Mau | Nhan Ngudn
Balance Scale 4 625 3 UCI Machine Learning Repository (https://archive.ics.uci.edu/)
Breast Cancer 30 569 2 sklearn
Diabetes 2 768 2 Kaggle (https://www.kaggle.com/)
Heart 13 1025 2
Penguins 7 344 3 Seaborn

B6 dit liéu Penguins gdm 344 mau chim canh cut thudc ba loai: Adelie (A), Chinstrap (C) va
Gentoo (G). Cac thudc tinh gdm: dao cu trii (island), chiéu dai va chiéu sdu mo (bill length mm-
BL, bill depth mm-BD), chiéu dai vay (flipper length mm-FL), khéi luong co thé (body mass_g-
BM), va gidi tinh (sex: Male hoac Female).

4.2. Két qua xac dinh ham BPA trén bd dir liéu Penguins

Bai bdo sur dung bdn thude tinh sinh hoc cua chim canh cut dé xay dung mo hinh co s¢ tri thuc:
BL, BD, FL va BM. Véi bén thudc tinh, c6 thé tao ra sau t6 hop cap: (BL, BD), (BL, FL), (BL,
BM), (BD, FL), (BD, BM), va (FL, BM), tuong tmg véi sau ham BPA cho mdi mau thir. Phan phdi
mau theo timg cip thudc tinh dugc minh hoa trong Hinh 2. Sau biéu db phan phdi duwa trén hai
thudc tinh bat ky trong bo dit liéu Penguins. (a) Phan phdi mau dya trén cac thudc tinh BL va BD;
(b) Phan phéi mau dya trén cac thudc tinh BL va FL; (b) Phan phdi mau dua trén cac thudc tinh BL
va BM; (d) Phan phdi miu dya trén cac thudc tinh BD va FL; (e) Phan phdi mau dya trén cac thude
tinh BD va BM; (f) Phan phéi mau dua trén cac thudc tinh FL va BM;

(a) bill_length_mm va bill_depth_mm (b) bill_length_mm va flipper_length_mm (c) bill_length_mm va body_mass_g
w» o ° 2301 @ Adelie A O, © ® Adelie ®
20 I__‘-:-.".}_..___...._ ® e Chinstrap | @ _g, .I 60001 ® Chinstrap | o
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E o ¢ A ] E - o f 1
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Hinh 2. Biéu d6 phan I6p ciia hai thugc tinh bat ky trong b dit liéu penguins
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Béng 2 trinh bay céc gia tri BPA ctia sdu cap thudc tinh ddi véi cac tép tiéu diém A, C, G, AC,
AG, CG va ACG, duogc tinh toan dya trén cong thirc (5)-(7). Dong cudi cung thé hién két qua hop
nhit theo nguyén ly Dempster, trong do gia thuyét A (Adelie) chiém uu thé tuyét dbi véi m(A) =
0.8616, cao nhat trong tat ca cac gia tri BPA. Gia thuyét C (Chinstrap), mic du thuong gilr vi tri thr
hai & ting cap thudc tinh, sau khi hop nhat chi con m(C) = 0.1384. Cac gia thuyét con lai nhu G va
cac to hop déu co gia tri BPA gan bang 0. Nhu vdy, c6 thé két luan rang gia thuyét A nhan duoc
mirc d6 tin tudng cao nhat, tiép theo 1a C, trong khi G va céac t6 hop khong co su hd trg rd rang tir
bang chimg.

Bang 2. Cic ham BPA va ham BPA hop nhét

Cip thudc tinh m(A) m(C) m(G) m(AC) m(AG) m(CG) m(ACG)
BL, BD 0.4447 0.2224 0.0 0.1224 0.0996 0.1109 0.0
BL, FL 0.5634 0.2480 0.0 0.0656 0.0376 0.0853 0.0
BL, BM 0.5210 0.2274 0.0 0.1019 0.0438 0.1059 0.0
BD, FL 0.4994 0.2555 0.0 0.1109 0.0564 0.0779 0.0
BD, BM 0.2636 0.4396 0.0 0.1567 0.0615 0.0786 0.0
FL, BM 0.5672 0.2991 0.0 0.0961 0.0033 0.0342 0.0

BPA hop nhit 0.8616 0.1384 0.0 0.0000 0.0000 0.0000 0.0

4.3. Phan tich va danh gia

4.3.1. Két qud thwe nghiém ciia mé hinh dé xudt

Chuong trinh thyc nghiém sir dung train_test_split dé chia dir liéu thanh 80% dé huan luyén va
20% dé kiém tra, trong d6 bo dir liéu test ludn tach biét chi dung cho danh gia véi tham sé random
seed = 42 nham dam bao kha nang tai lap. Mo hinh duogc thiét 1ap vaoi 10 bo phan loai yéu, va hiéu
nang duoc danh gia thong qua cross-validation 5-fold sir dung StratifiedKFold, phu hop cho ca
truong hop dit liéu can bang va mat can bang.
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Hinh 3. Céc dé do va dé léch chudn cia mé hinh Adaboost trén cdc bg dir liéu

Hinh 3 minh hoa rd su khéc biét vé hiéu nang cua mo hinh trén céc tap dir liéu. Véi bd dir licu
Penguins va Breast Cancer, md hinh dat mirc rat cao va 6n dinh voi tat ca cac do do déu vuot 0.92,
déng thoi do 1éch chuan nhé, cho théy tinh tin cay va kha nang khai quat tdt. B6i voi bo dir lidu
Heart, hiéu ning duy tri kha can bang, dao dong trong khoang 0.82-0.92, cing d6 l1éch chudn & mirc
chép nhéan dugc, phdn anh su 6n dinh & murc kha. Nguoc lai, trén b dir liéu Diabetes, hi¢u nang chi
& muc trung binh, trong d6 d6 do Recall va F1 thap nhat (0.64—0.65) va d6 1éch chuan cao hon, cho
théy mé hinh con han ché khi xir 1y dir liéu mét can b'fmg hodc phtrc tap. Pac biét, moé hinh chua
hi€u qua vi bd dir liéu Balance Scale, khi cac do do Precision, Recall va F1 chi khoang 0.61 va do
léch chuén 16n nhét so véi cac bd dit liéu khac. Nhin chung, két qua thyc nghién chung minh
phuong phap dé xuat phu hop va 6n dinh trén da sd tap dit liéu.
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4.3.2. Két qua thwe nghiém Khi sir dung cac thuit toan

Dua trén Hinh 3 va Bang 3, c6 thé théy mé hinh Adaboost luén thé hién hiéu qua vugt troi va on
dinh hon so véi cdc md hinh SVM, NB, KNN va DT. Thuét toan nay dat o do Accuracy cao trén hau
hét cac tap dir liéu, chang han & Penguins dat 0.96 % 0.02, vuot 16 rét so voi SVM (0.85 + 0.02). Do do
Precision va Recall cia Adaboost cling duy tri & mirc cao va cin bang, tiéu biéu nhu Breast Cancer c6
Recall 0.92 + 0.02, nhinh hon KNN (0.89 + 0.01) va NB (0.93 + 0.01) nhung 6n dinh hon. Do d6, do
do F1 cua Adaboost thudng dimg dau, dién hinh 1a 0.83 + 0.03 & Heart, cao hon SVM (0.80 + 0.02) va
DT (0.81 £ 0.03). Bac biét, AUC ctuia Adaboost dat 0.99 + 0.01 trén Penguins, chimg minh kha nang
phén biét 16p vuot trdi, dong thoi duy tri mic cao trén cac bo dir lidu khac nhu Breast Cancer (0.96 +
0.02) va Heart (0.92 + 0.02). Nhin chung, Adaboost 1a mé hinh cho hiéu ning toan dién, can bang giita
dd chinh xac vuot trdi so ngay ca trong truong hop bo dir licu co s6 mau dao tao it.

Béang 3. Cac do do va d¢ léch chuin cua cic thuit toan trén ciac bg dir liéu

et o B dit liéu
Thuat todn o do Penguins Breast Cancer Balance Scale Heart Diabetes
Accuracy 0.85£0.02 0.91 £0.03 0.81£0.01 0.80 £0.02 0.66 £ 0.02
Precision 0.91 £0.01 0.92 £0.04 0.54 £0.01 0.80 £0.02 0.64 £0.12
SVM Recall 0.77 £ 0.04 0.89 £0.03 0.58 £ 0.01 0.80 +0.02 0.53 £0.03
Fl 0.78 £0.05 0.90 £ 0.04 0.56 +0.01 0.80 +0.02 0.48 £ 0.04
AUC 0.96 +0.02 0.94 £ 0.03 0.81 £0.03 0.89 +0.01 0.77 £ 0.04
Accuracy 0.96 £ 0.02 0.93+£0.01 0.83 £0.03 0.82 +£0.03 0.74 £0.02
Precision 0.96 £ 0.02 0.94 £0.02 0.61 £0.03 0.83 £0.03 0.76 £ 0.04
NB Recall 0.95 £ 0.03 0.93 £0.01 0.62 +0.02 0.82 +£0.04 0.64 £ 0.02
Fl 0.95+0.02 0.93 +0.01 0.61 +0.02 0.82 +0.04 0.65+0.02
AUC 0.99 +0.01 0.96 + 0.02 0.81 £0.03 0.92 +0.02 0.82 £0.02
Accuracy 0.93 £0.02 0.90 £ 0.02 0.81£0.03 0.86 £0.01 0.73 £0.03
Precision 0.93£0.03 0.90 £ 0.02 0.54 £0.02 0.86 £0.01 0.72 £ 0.05
KNN Recall 091 +£0.04 0.89 +0.01 0.58 £ 0.02 0.86 +0.01 0.65 £ 0.03
Fl 0.92+0.03 0.90 £ 0.02 0.56 +0.02 0.86 +0.01 0.65+0.04
AUC 0.98 +0.01 0.93 +0.02 0.77 +0.02 0.93 +0.01 0.79 £ 0.03
Accuracy 0.96 £ 0.03 0.78 £0.03 0.83 £0.01 0.81+0.03 0.69 £ 0.03
Precision 0.96 £ 0.03 0.78 £0.03 0.56 £0.01 0.81+£0.03 0.65 +0.03
DT Recall 0.95 £ 0.03 0.80 £ 0.03 0.60 +0.01 0.81 £0.03 0.65 £ 0.03
Fl 0.95+0.03 0.78 £ 0.03 0.58 £ 0.01 0.81 £ 0.03 0.65+0.03
AUC 0.98 +0.02 0.85+0.03 0.77 £ 0.02 0.92 +0.02 0.71 £0.03
5.KET LUAN

Bai bao nghién ctru mot sd thuat toan phan 16p dir liéu, trong d6 tap trung vao viéc ap dung thuat
toan Adaboot dé xdy dyng mé hinh tim cac co so tri thirc dugc biéu dién bang cac BPA tir cic bo
dir liéu. M6 hinh gdm bdn budc co ban: (1) huan luyén bd phan 16p manh, (2) xac dinh BPA béng
cach huin luyén bo phan 16p, (3) phan b lai BPA, (4) hop nhat cac BPA. Ching t6i d3 trién khai
thuc nghiém mé hinh trén mot s6 bo dit liéu véi cac ty 16 huan luyén khac nhau. Két qua cho thay
khi tang ty 1€ dit li¢u huén luyén, d6 chinh x&c ctia mé hinh cé xu hudng dugc cai thién rod rét. Dong
thot, khi so sdnh vo1 cac mo hinh phéan 16p khéc, phuong phap xay dung co sé tri thuc dua trén
Adaboost thudng cho két qua chinh xac cao hon.
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GLOBAL WELL-POSEDNESS AND EXPOTENTIAL STABILITY OF
BOUNDED MILD SOLUTIONS TO THE HEAT EQUATION

Nguyen Thi Van

Thuyloi Universirty, email: van@tlu.edu.vn

1. INTRODUCTION

In 1959, Serrin [6] established a fundamental result demonstrating that the exponential stability
of strong solutions to Navier-Stokes equations implies the existence of time-periodic
solutions to Navier-Stokes equations in bounded domains. In the late 20th century, Kozono and
Nakao [2] introduced a new notion of mild solutions and showed the existence of such a solution to
Navier-Stokes equations on the whole time-axis R . More recently, Huy et.al. [4,5] investigated the
exponential stability of mild solutions to Navier-Stokes equations on non-compact Riemannian
manifolds with negative curvature. The result has been extended further to Boussinesq system by
Ngoc et.al. [3]. Their approach is based on L” — L’- dispersive and smoothing estimates of Stokes

semigroups, combined with the Massera-type principle. Besides, the analytic semigroup 7T (t)
associated with the heat equation, as discussed in [7], satisfies a similar exponential-type estimate in

[4]. This motivates the current study on the global well-posedness and stability properties of
bounded mild solutions to the heat equation.

2. RESEARCH METHODOLOGY

Our approach employs dispersive and smoothing estimates of the semigroup generated by the
linearized heat equation, combined with the fixed point argument and Cone Inequality Theorem.
We first establish existence and uniqueness of bounded mild solutions to the linear equation. Then,
via the fixed point argument, we extend the result to the semilinear case. Exponential stability is
obtained using Cone Inequality Theorem.

3. RESEARCH RESULTS

a. Well-posedness: In this section, we establish the well-posedness of the following linear equation

ou o’u
E(t,x)—a?(t,x)%r}/G(t)v(t,x), teR+,xe[O,ﬂ],
u(1,0)=u(t,7)=0, teR, (3.1)

u(0,x) =u, (x), xe[O,ﬂ].

where G(t)= sint+sin(\/27t)+e7‘t‘,t eR, y >0 is a constant.
Suppose that D(A4)= {u el’[0,7]u"e L’[0,7], u(0)=u(r)= 0} , Au()=—du=u"(.),

Vu(.)e D(A). Because [0,7] is compact, —4 is the infinitesimal generator of an analytic

<e™'. Next, we provide the definition of bounded

semigroup ¢ “ on L*[0,7], satisfying He*”’
P[]
*[0.7] <@ }

functions asC, (R“ r [0,7[]) = {v :R, - I*[0,7]:v is continuous on R, and sup|v(¢)
teR,

with the nomm v o 1o = SUPIMOl -
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From [2], by mild solution to (3.1) we mean the function u(¢) satisfying the integral equation
u(t)=e"u,+yfe j G (yw(r)dr. (3.2)

The following lemma gives us the well-posedness (in time) of mild solutions to (3.1) for each
bounded function v(t, x) .

Lemma 3.1. Suppose that v e C, (]R“ r [0,71’]). Then the problem (3.1) has one and only one
mild solution u € C, (R+, r [0,7[]) . Moreover,

+37|4

”u”cb(m;ﬁ[o,;r]) = ||u0||Cb(]R+;L2[07r G(r.s2[0.]) -

Proof
Utilizing the smooth estimate of the semigroup ¢ on L’ [0, 7], we have

Ju (1)

< H e—xAu
2[0,7] 0

) +yjH NG| de

o]

+37I gz ||v||

=
=40 Gy(R.;22[0,7]) Cy(R.522[0.7])

)*+37 ||V||

<o
= |Uy (R, :2[0.7)) Gy (R :2[0.2]) "

b. Exponential stability: In this section, we establish the well-posedness and exponential
stability of the bounded mild solution to the following semi-linear equation

2
a_”(t,x):%(t,x)+yG(t)u(t,x), teR,,xe[0,7]
s

ot
u(1,0)=u(t,7)=0, teR,, (3.3)
u(0,x)=u, (x), XE[O,ﬂ'].

The mild solution to (3.3) is the function u() satisfying the integral equation
u(t)=e"u, + 7J. G (u(r)dr. (3.4

We now introduce the concept of a cone in a Banach space. A closed subset 3 of a Banach
space W is called a cone if and only if it satisfies the following conditions:

(1) x,eI=>Ax,€3,120, AR,

(i) x,x, eI =>x, +x, €3,

(i) £x, e I = x, =0.

Then, we define the ordinal ( <) on a cone J be given in the Banach space W as follows: For
x,y €3,wethenwrite x<y if y —xe3J.

If the cone J is invariant under a linear operator A, then 4 preserves the inequality, i.e., x < y
implies A4Ax < Ay. We now present the following Cone Inequality Theorem, adapted from
[1,Theorem 1.9.3].

Theorem 3.2 (Cone Inequality) Suppose that 3 is a cone in a Banach space W such
that 3 is invariant under a bounded linear operator A € J(W ) having spectral radius

r, <1. Foravectorx € W satisfying
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x<z+ Ax forsome givenz e W,
we have that it also satisfies the estimate x < y, where y eW is a solution of the equation
y=z+Ay.

The main theorem is stated and proved as follows:

Theorem 3.3. Suppose that y < % Then the following assertions hold

a) The problem (3.3) has one and only one mild solution u on a small ball of C, (]R+ , I [0, 72'])

b) The bounded mild solution u of Equation (3.3) is exponentially stable in the sense that for
any other mild solution v € C, (]R+ , [0, 7[]) to Equation (3.3) such that ||u(0) — v(O)”C (

(R, 2[0.7]) o

small enough, we have
) =0y < e O O, 0y -
forall t >0 and ax <1-3y.
Proof

a) Let B; = {v eC, (R+§L2 [O, ”]) : ||v||cb(R+; 2[o,x])

< 5}. For v e By, we define
(1) = u(t),

where u(1):=e "u, + 7.[ e 7 G(7)v(r)dr for t20.

From Lemma 3.1, we have ||u||cb(R+;L2[0ﬁ])S||u0||cb(R+;L2[O,”])+3y||v||cb(R+;L2[o’ﬁ]) <o if

||u0|| 6 (.2 (0) <ao . Therefore, the transformation y acts from B; into itseft. Moreover, for

v,v, €B;, y< %, we have ||1//(v1)—z//(v2 )||Cb(R+;LZ[0’”]) < 37/||v1 -V, ||Cb(R+;L2[O’ﬁ]) . It implies that
v :B; = B; 1s a contraction. There exists a unique fixed point u of y, and by definition of v,
this function u is the unique bounded mild solution to Equation (3.3).

b) Let veC, (RH r [O,;z]) be any solution of Equation (3.2) corresponding to initial value
v, (x) =v(0,x) . We have

t

u(t)—v(t)=e" (u, —v, )+ ]/J‘ ef(tfr)AG(r)(u(z') —w(r))dr,

0

for t > 0. Then

Ju(?)

o + ]/j-He(’r)A G(r)(u(r) - v(f))H dr

2[0,7]

2los] = He% (Y

< e_t

u(0)=v(0)

Let ¢(7)=u(t)—v(¢). We obtain that sup ¢(¢) <o and

t>0

+ 37j. e ) (u(r) - v(r))” dr.
] 0

2 [0.7 2 [0.7]

t
+3yje_(t_’) o(7)dr (3.5)
0

2[0.7]
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Cone Inequality Theorem will be used for W =L” ([0, oo)) which is the space of
real-valued functions defined and essentially bounded on [0, oo) (endowed with the sup-norm

denoted by

) with the cone 3 being the set of all (a.e.) nonnegative functions. Consider the

b

linear operator A defined for f e W,

t

(4f)(1)=37[e " f(r)dr

0

Now,

sl )= s rfet s

t
s3yje*””dr”fﬂw
0

<37 |71.
It implies that A € 2(W) and |4 <1.
Besides, 4 leaves the cone J invariant. The inequality (3.5) can now be expressed as
p<y+Ap

u(O)—v(O) , 120.

2 [0./{]

where y(t)=e”

Hence, by Cone Inequality Theorem we obtain that ¢ < ¢, where is a solution in W of the
equation ¢= y+ A¢ which can be rewritten as

¢(t) =e”

u(O)—v(O)H +37/J.67(H) ¢(7)dr.
[o.x] 0
Setting (1) =e" #(¢), ¢=>0. Then

u(0)-v(0)

We define the linear operator ¢ defined for p € W by

8(r)= e

t
+3yje*“”“”gaoda(36)
2[0,7] 0
(0 o)(t)=37[e " p(r)dr
0

u(0)-v(0)

Equation (3.6) can be written as $ =z +p 9, where z(¢) ="

2[0,7]

Again, we can estimate

stljg)‘(gog)(t)‘= suop 37/_[6_(1_“)04) Hr)|dr
P t> 0

<

1

3y
],

137/ < 1. Therefore, the equation $=z+p
—a

It yields p € 2(W)and if a <1- 3y then || <

is uniquely solvable in W and its solution is $ = (1 - 50)71 z . Hence,
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”‘9 Cb(]Rg L2[0,7r]) = H(l _50)71 z CI;<R+;L2[O,”]) < H(] —@)*IH ”Z Cb(R+; Lz[o’”])
1 l-a
< ——|[#(0)-v(0 <———|u(0)=v(0
1= ”50” Hu( ) v( )LZ[M] - a-3y Hu( ) v( 2[0.]

<C [u(0)-v(0)

2[0,7]

Consequenly, S(t) <C Hu(O)—v(O)

. Because of S(t) =e” ¢(t) and ¢ < ¢, we obtain that

2[0,7]

”u(t) N v(t)||Cb(R+;L2[O,7z]) <Ce™ ”u(()) N v(0)||Cb(R+;L2[O,ﬂ]) ,for£20.

4. CONCLUSION

In the present paper, we prove the existence, uniqueness and exponential stability of bounded
mild solutions to the heat equation by Cone Inequality Theorem. The exponential stability of these
solutions is also investigated by using Gronwall’s inequality. The result of exponential stability can
be extended to prove the existence of time-periodic solutions to such the heat equation by Serrin-
type theorem.
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CUA PHUONG TRINH VI PHAN TUYEN TiNH KHONG O-TO-NOM
TRONG KHONG GIAN CAC HAM BI CHAN
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Truong Pai hoc Thuy loi, email: huynn@tlu.edu.vn

1. GIOI THIEU CHUNG

Xét phuong trinh vi phan tuyén tinh khong 6-t6-ném
dv
j—A(t)v(t)+Bf(l‘) teR,velX (1)
trong d6 ho toan tar (A(¢))
ham bi chan
C,(R,X):={v:R— X| sup||v(t)||,<oo} trang bi bsi chuan ||v
teR

ol tuan hoan theo chu ki T, f 1a ham lién tuc thudc khong gian cac

o, rx) — SUDicr ‘V(f)H B la

toan tir tuyén tinh anh xa tir khong gian C, (R, X) vao X .

Bai todn nghién cuu dang di€u ctia nghiém hau tudn hoan, hdu tudn hoan tiém cin cla céc
phuong trinh vi phan c6 nhiéu ¥ nghia va dugc cac tac gia quan tdm trong thoi gian gan day nhu
Nguyen, N.H., Nguyen, T.H. & Vu, T.N.H. [3] Xuan P.T., Van, N.T.[5]. DPdi voi céc cong trinh
trudc day, Cheban [1] nghlen cuu nghlem hau tudn hoan tlem can cua cac phuong trlnh vi phan
trong khong glan Euclid n chiéu. Gan day Nguyen, Nguyen & Vu [3] thu duoc két qua vé su ton tai
nghlem hau tudn hoan tiém can cho 16p phuong trinh Ung dung cu thé Oseen-Navier-Stokes md ta
luong chét long chdy qua vat can xoay va dlCh chuyen véi van tde phu thudc thoi gian. Bén canh do,
Xuan & Van [5] nghién ctru nghiém hau tudn hoan tiém cén cua phuong trinh Navier-Stokes trén da
tap hyperbolic.

Trong bai bao ndy ching t6i tong quat hoa két qua dat dugc trong [3] cho 16p phuong trinh tong
quat, cu thé chung t6i nghién ctru sy ton tai nghiém hau tudn hoan tiém can cua phuong trinh (1)
trong khong gian cac ham bi chin. Bai toan tong quat hoa cac két ‘qua dat dugc vé dang di¢u
nghiém tir phuong trinh cu thé Navier-Stokes cho 16p phuong trinh tong quat van 14 bai toan mo,
chung t6i van dang tiép tuc nghién ctru cc bai toan nay dé thu duoc cac két qua méi.

Két qua chinh dat duoc trong bai bao nay 1 néu gia thiét ho toan tir (A(¢)),_, 14 tudn hoan theo
chuki 7', f la ham hau tudn hoan tiém cén thi phuong trinh (1) c6 nghiém hau tun hoan tiém
can. Két qua thu duoc sau d6 mo rong cho phuong trinh nira tuyén tinh. Céc két qua nay dugc néu
trong Pinh ly 2.1 va Dinh 1y 2.2.

2. NOI DUNG CHIiNH

Trudce khi dua ra két qua chinh, ching t6i nhéc lai mot sb khai niém va tinh chét (trong tai li¢u
tham khao [1], [2] va [4]).

Pinh nghia 2.1. Ho toan tir tuyén tinh U = (U(¢,7))
tién hoa lién tuc manh néu:

HU((tt)y=Id vaU(t,r)U(r,7)=U(t,7) v6i t,r,7eR.

2) Anhxa (¢,7) — U(¢,7)x1a lién tuc véimoi x € X .

trong khong gian Banach X 1a mot ho

(244
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Trong bai toan Cauchy
du(t)
dr
u(r) =x elkX,

v6i A(t) (trong truong hop tong quat) 1a mdt toan tir tuyén tinh khong bi chan trén X, thi
u(t) :=U(t,7)u(r)la nghiém cua bai toan trén (xem Pazy [4]).

Su ton tai cua ho tién hoa U = (U(¢,7))

phuong trinh (1) 1a ham v: R — X théa man phuong trinh tich phan

vt)=[ U@t,r)Bf (r)dz, te R. )

=At)u(t),t >,

cho ta dinh nghia nghiém du t6t (mild solution) cta

(244

Tiép theo chung t6i néu ra khai niém vé ham hau tuan hoan, hau tuan hoan tiém can (xem [1] va [2]).

Dinh nghia 2.2. Cho X 1a khong gian Banach. Mot ham f € C, (R, X) dugc goi la him hau
tuan hoan néu véi moi € > 0 ton tai mot sb thuc L >0 saocho véimdi a e R, tacod thé tim dugc
7, €la,a+ L] saocho

|f+T,)- f(0)] <€ véimoi teR.

Tap tt ca cac ham hau tudn hoan, ky hiéu boi AP(R, X) 1a mot khong gian Banach trang bi
boi chuén HfHAP(]R,X) = %Eﬂg”f(t)ux

Pé dua ra khai niém ham hau tuan hoan tiém can, ta can st dung khong gian C,(R,X) 1atap
@(1)|, =0. Khi d6 C,(R,X)1a mot khong

tat ca cac ham lién tuc @:R — X thoa min lim‘
t—>0

gian Banach v6i chuan H(D ) SupH(D(t)HX :
’ teR

Dinh nghia 2.3. Cho X 1a khong gian Banach. Mot ham f € C, (R, X) dugc goi la ham hau
tudn hoan tiém can néu néu ton tai cic ham he AP(R,X) va ¢eC,(R,X) thoa man
f(@)=h(t)+e(t) véimoi teR.

Khong gian cac ham hau tuan hoan tiém can A4AP(R, X ) 1a mot khong gian Banach trang bi boi
chudn | £1],,pe., =l e, + o

Ta str dung Gia thiét sau ddy dugc dung trong phan tiép theo cua bai béo.

Gia thiét 2.1. Gia thiét rang A(¢) 1a tuan hoan theo chu ki T, nghia 1a A(t+T) = A(t) véi
T >0 13 mot hang sé ¢b dinh véimoi £ € R.

Nhén xét 2.1. Vi Gia thiét 2.1 duoc thoa man, A(f) 13 tudn hoan theo chu ki 7. Khi d6 theo
Pazy ([4, chuong 5, Dinh 1y 6.1]) ta c6 (U(#,7)),., cling tudn hoan theo chuki 7' theo nghia

Uit+T,c+T)= U(t,r) véimoi t > 7.

Ta thu duoc két qua chinh nhu sau:

Pinh Iy 2.1. Gia si rang Gia thiét 2.1 duoc thoa min. Gia thiét f 1a ham hau tuan hoan ti¢m
can va nghiém du tot cuia phuong trinh (1) thdéa man

<M fl oy (3)

C(RX) —
v6i M 1a mot hang s6 duong thi phuwong trinh (1) c6 nghiém du t6t hau tudn hoan tiém can trong
khong gian C, (R, X).

Cp(R,X) "

|
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Churng minh. Vi
vt)=[ U@t,7)Bf ()dz
=[U@t-1)Bf(t-7)dz , 1eR

1a nghiém du t6t ciia phuong trinh (1) xac dinh trong (2). Theo gia thiét ham f 14 hau tudn hoan
tiém cdn nén ton tai cac ham s e AP(R,X) va ¢ e C,(R,X) théa man f(¢)=h(t)+¢(1),
teR.

Ta co
v(t)=[  U(t,0)Bf ()dr
=[" Ut,0)Bh(r)dr + | U(t,7) Bo(r)dr
Dit
S,(h) =" U(t,7)Bh(z)dz,
S,(p)0) =] U(t.1)Bo(r)dr,
Ta duoc

v(t) =8, (h)(1)+S,(p)t), teR.
Ta chirng minh dugc
S, (h)e AP(R,X) va S,(p)eC,(R,X).
That vy, dé chimg minh S, (%) € AP(R, X). Ta c6
S\(h(0) = U(t,7)Bh(z)dz
=[U@t.t-7)Bh(t—7)dz , 1€R
Do ham/ € AP(R, X) nén voi moi € >0 ton tai mot s6 thuc L >0 sao chovéimdi aeR,
ta c6 thé tim duoc 7, €[a,a+ L] sao cho Hh(t+ Ta’e)—h(t)H < j véimoi teR.V6i T la
chu ki cua (A(?)), ., trong Gia thiét 2.1

teR

Ta co

S (h)(t+T)
= ["U(+T,t+T-0)Bh(1+T -1)dr
= ["U@t.t—7)Bh(t+T —7)dz

do U(t+T,t+T—1)=U(t,t —7) (theo Gia thiét 2.1).

Tuong tu ta co

S (h)(t +nT)
= ["U@+nT.t+nT—7)Bh(t+nT —7)dr

ZI:U(Z,t—T)Bh(t+nT—T)dT ,nez.
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Khi d6 voi €>0 bat ky ¢ trén, ta dat [ =L +T.Vé6i aeR, ta chon n, € Z sao cho
nT ela,a+1],thi|nT -7, |<I. Theo (3)taco

S, ()t +n,T) =5, ()0
= [ Ut~ o)BlA(t +n,T 1)~ h(t - r)]dTH

[U@t—0)Blh(t+n,T -7)
~h(t+T, —0)+h(t+7T, —7)—h(t-71)ldz

|n(-+n,1)-n(-+T,,)
e+ T ) =R
Do d6 S.(h) € AP(R,X).
Mat khac, theo (3) ta c6

e, te R.

|S.(@)0)] < M)
Do lim|(2)] =0 nén lim|S, (@)(¢)[ = 0.
Hay S,(¢)eC,(R,X).
Do d6 v(¢) 1a nghiém du tot hau tudn hoan tiém can cua phuong trinh (1).

Tiép theo ta xét phuong trinh nira tuyén tinh

% AW+ BgO)(@), teR,veX  (4)

trong d6 ho toan tir A(¢) théa man gia thiét cua phuong trinh tuyén tinh (1) va toan tir phi tuyén
g:C,(R,X)— C,(R,X) théa man cic diéu kién sau:
(a) Hg(O)HC ) SV trong do ¥ 1a mot hang s6 khong am.
b i
(b) g anh xa mot ham hau tuan hoan tiém cén thanh mot ham hau tuan hoan tiém cén.

(c) Ton tai cac hiang s6 duwong p va L théa min

lgv) =gl vy S L=V,

C, (R, X)

véimoi v,,v, € C, (R, X)

va Hvl o, @) °1V2lle, (r.x) sp. (&)
Khi d6 nghiém du t6t ctia phuong trinh (4) 1a ham v : R — X thoa méan phuong trinh tich phan
v(t) = J._ZOOU(f,T)Bg(V)(Z')dT, te R. (6)

Ta duoc két qua vé sy ton tai va duy nhat nghiém hau tudn hoan tiém cin cta phuong trinh (4).

Pinh Iy 2.2. Gia thiét cdc diéu kién ctia Pinh 1y 2.1 dugc thoa man va ham g thoa man cac diéu
kién trong (5). Khi d6 néu L va y da nhé thi phuong trinh (4) ¢6 duy nhat nghiém du tot hau tun
hoan ti¢m can ¥ thudc hinh cau ban kinh p trong khong gian C, (R, X).

Chirng minh. Xét hinh cau
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B, , xac dinh boi
={xe C,(R,X):|x|

< p} trong @6 x 1a ham hau tudn hoan tiém cin. V&i

aap p G, (R,X)
x€B,,  tadinhnghiaanh xa © nhu sau
O(x)=v
voi ve C,(R, X)1a nghiém hiu tudn hoan ti¢m can cta phuong trinh
dv
% =A()v(t)+ Bg(x)(t), teR,velX. (7)

Chtrng minh dinh 1y gdm 2 budc chinh nhu sau:
+ Bu6c 1: Ta sé ching minh v6i L va y du nhé thi phép bién d6i ®(x) anh xa B, vio

aap,p

chinh no. That vay, do véi x € B theo tinh chét cua g théa man (5) ta co

|lg(x)

aap,p ?

C,(R,X) < Hg(x) o g(O) C,(R,X) T Hg(())HC,,(]R,X)
<Lp+y.
Ap dung Dinh 1y 2.1 cho phuong trinh (7) va tir (3) ta dugc v(¢) 1a nghiém hau tudn hoan tiém
can cua phuong trinh (7) thoa man

Gy (R, X) < MHg(x)HCb(R,X) <M(Lp+y).
Do d6 v6i L va A dinho thi phép bién doi ®(x) anh xa B, vao chinh no.

[

+ Budc 2: Ta chirng minh véi L va ¥ dunho, anh xa @ : Baap,p - Baap’p la anh xa co. That vay,

theo cong thirc (6) ta c6 nghiém du tét cua phuwong trinh (7) duoc xac dinh boi
D(x)(2) = w(?)
=[ U(t,r)Bg(x)(r)dr, teR’
Véi v,v, € C,(R,X), tir (8) va ap dung lan nita Dinh 1y 2.1 ta c6 ham

(8)

v:=0(v,) - ®(v,) 1a nghiém du tt hiu tudn hoan ti¢m can ctia phuong trinh

V(t) = A()v(0)+ B(g(n) - g(v,))(®)

va ta duogc

H(D(Vl) - (D(Vz)

G, (R.X) <M Hg(vl) - g(vz)
< MLHV1 -V

2 HCb(R,X) )

C,(R,X)

Do d6 voi L va y dunho, anh xa
(O Baup , Baap , la anh xa co nén t6n tai duy nhit diém bat dong v ciia @ va theo cach xac
dinh cta 4nh xa @ thi v 13 nghiém hau tuan hoan tiém cn duy nhét cua phuong trinh (4).

3. KET LUAN

Bai bao nghién ctu su tdn tai va duy nhét nghiém hau tudn hoan tiém cén cho phuong trinh vi
phan tuyén tinh khong 6-t6-ném trong khong gian Banach cac ham bi chan. Tac gia xay dung
khung 1y thuyét dwa trén khai niém ho tién hoa tuyén tinh, ham hau tudn hoan, ham hau tuan hoan
tiém can va ap dung vao phuong trinh tuyén tinh, ciing nhu phuong trinh ntra tuyén tinh. Cac két
qué chinh thu dugc bang cach sir dung phuong phap tich phan, tinh chit cua ho toan tir tuin hoan va
dinh 1y &4nh xa co.
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MOT SO TiNH CHAT CUA TOAN TU HESSIAN THUONG

Nguyén Hiru Tho
Truwong Dai hoc Thuy loi, email: nhtho@tlu.edu.vn

1. GIOI THIEU CHUNG

Pa thire d6i xtng co ban da duoc giang day va cé nhiéu tng dung & bac phd thong. Dang tong
quat cua da thuc doi ximg co ban chinh la cdc ham do6i xing co ban, cac tinh chat ctia cac ham doi
xtng co ban di dugc sir dung nhiéu trong nghién ctru phuong trinh dao ham riéng phi tuyén, chang
han nhu cac phuong trinh dao ham riéng lién quan dén cac bai toan vé do cong (xem [5], [6]), lién
quan dén sy ton tai va tinh duy nhat nghiém cua bai toan Dirichlet d6i v6i phuwong trinh kiéu
k —Hessian trong mién bi chan véi dir kién khong nhat thiét tron (xem [1], [3]).

Nham mé rong cac két qua trong [1] va [2], chung t6i dang quan tim t&i 16p cac bai toan vé
phuong trinh Hessian thuong. Nhu mot 18 ty nhién, chung t6i cAn nghién ctru t6i cac toan tir dang
O, . . \ , Ar n oA A A, Ao A
—"(77) voi 1</ <k <n. Trong bdo cdo nay ching t6i sé tap trung nghién ctru mét so tinh chat co
0,
ban cua toan tir Hessian thuong, ddy 1a budc rat quan trong dé dat dugc nhitng két qua tron ven
trong hudng nghién ctru tiép theo.

2. NOI DUNG BAO CAO
Ham d6i xtmg co ban bac k cta n bién, ky hiéu 1a o, , va duge xac dinh béi

o (D=2 AA A, (1)

1<i <iy ..<iy<n
trong do 1<k<mn va A= (/11,/12,...,/1”) e R". Ham o, thuong dugc xét trong non tuong g trong

R" do1a ', , non d6 dugce xac dinh nhu sau:

r,={1er’

Ojf(/l)>0,j=1,2,...,k}. )

Dé théy I', 1a mot non 16i 6 dinh 1a géc toado, I', T ; voi k> j,va I', chinh 1a nén duong
2

. . . Oo . . oo A 1y A X
A:>0,i =1,2,...,n}. bit o, (1]i)= 6/{ va o, ,(1]ij)= /18;, , sau diy la mot so

tinh chat co ban cta o, (xem trong [5]), cac tinh chat ndy s& dugc sir dung trong qua trinh chimg

{AER”

i

. ny A 1A Y
minh mot s6 két qua vé —(77).
O,

Pinh ly 2.1 ([4]) Xét A=(4,4,,...4,)eR" v6i 1T, va 1<k <n,khidé taco
(1) o (A]1)>0 véi 1<i<n;

Q) 0. (A) =0, (A|i)+ Ao, (A]i) véi 1<i<n;

G)Néu 424224 thi o (A|)<o (A|2)< <0, (A]n);

@) Yo, (A1) =(1—k+1)o(A):
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(5)Néu 4, >4, >..>4, thitaco o, (A|k)>C,, > o, (A]i), trong d6 C,, 1a hang s0 duong

chi phy thu¢c vao n va k;
(6)Néu 4, 24, 2.2 4, thi o (A]k)2C,,0,,(1);

(HNéun>k>1>0,n>r>s5>0,k>r, 1>sthitacd

I 1
o, (A) |- | oD |~

C, G,
o,(4) o,(4)
C, C,

!

, k-1

(8) Neu A=(4,4,--,4)el’, thi {%} ,(0<I<k<n) la 16m theo A. Do do vai
o,

(616y»-rG,) tacod

a{cw)} 2
z o,(4) c
o {Gk@)} SO
o,(4)
Zj onoA, oI (1_ k—lj o, ()
o,(4)
Véi z=(z,z,,7,2,)eC", ky hi€u u-=0-u= Ou , n.=10,+u.véi 7>0. Goi
" ij ij aZl@Z; i ij if

A= Auz) = (A, 2.+, 4,) la cac gia tri riéng cua {ui;} va = A0(u)) = (@1.17,.++.1,) 1a cac gia

tri riéng cua {77 } ; khi do ta co 1, = A, + 7 Xét phuong trinh

F(u)=(%T_I 3)

trong mién Q, voi Q 1a mién C* trong C". Néu 7 =0 phuong trinh (3) tr¢ thanh phuong trinh
Hessian thuong ¢6 dién. Khi =0,k =n,/ =0 phuong trinh (3) tr¢ thanh phuong trinh Monge —
Ampere.
Ham u duogc goi 1a mot nghiém (7,k)— chép nhan dugc cua phuong trinh (3) néu
A= /’t{ui;} =4, A, ,A4) el voi ze Q. Khido {ul_}} la ma tran dudng chéo tai mdi diém ze Q.
oF

U -
ij

Dé thuan tién ta dit F'/ =

Giasu 424224, khidon=2n,2..27 va o(n|)<---<o,(n7|n) vé1 1<]<k-1. Sau

n

o 3 o
day chung ta nhan dugc mot s6 két qua quan trong ve toan tu —k(n) .
0,

1

, =
Pinh 1y 2.2 Néu A=(4,4,,-,4)eT, thi {“kg’ﬂ ,(0<I<k<n) lalom theo A.

o,

Chitng minh. Ta s& chimg minh rang, véi (6,,6,,""»6,) thitaco
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2
a|:o-k(77)i|
o,(n)
z-onl;
pe |:O-k(77):| i i
zﬂ c. < (1— ! j
= oaoA, TV k-l o, (17)
o,(n)
Chung ta luu y rang: A e I, s€suyra o,(4)>0 véimoi 1< j<k dodd o,(r7)>0 va cac dao
ham x4c dinh. Theo Pinh 1y 2.1 ph'?m (8),taco

a|:ak(77):| ’
0-1(77) 677(1
a{ak(m} a{ak(m} 2o, [Z o2, g"j
o,(n) B o,(n) |on, on, 1
Z‘ Ao, _,;,, on.on, o4 04, g"gfg(l k—lj o)
o,(n)
a{q(n)} 2 a{akm)} 2
o,(n) on, o,(n)
Z on, oA " Z PYR
S[l— 1 ] S[l— 1 j
k-1 o, () k—1I o,.(n)
o, (1) o,(n)

1

o,(n)

Pinh 1y 2.3 Véi 0</ <k <n,r 1a ma trdn Hermit cép nxn, A(r) 1a cac gia tri riéng cua r voi

s Ay oh - s | o) [
va tir day ching ta nhan dugc tinh 1dom cua | —/——| ,(0</<k<n).

n=ty A,1+1el, Khidé

Jj=1
i
f1> Ckl f
nr+1 n”,-_l P

6do 0< f, <---< f 1acéc gia tri riéng cua {Fﬁ(r)} , C,, lacac hang s6 phu thudc vao n, k, 1.

Chitng minh. Khi [ =0 két qua nhan dugc theo B6 dé 9 trong [2]. Do d6 ta chi chimg minh khi
1>1. Khong mat tinh tong quat gia st rang ma trdn » 1a ma trin dudng chéo véi A(r)z---24.(r).

Tawdo n(r)=..2n,(r). Bang cach tinh toan truc tiép ta c6

a(“’f]’” () L
f= oy 8771; 1 (&]H +zo_k71(77|P)(T+5}p)o-1_O-ko-171(77|P)(7+5,‘p)
T !

an, o4 k- P o' (1)

o

p#i

o (1)

| [ J (c+ Do, (| Do, 7|1 ~a)+7) 0 (1] p)o,(n| p)1-a,)
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o0 do a, Xac dinh béi

o _o,(nlpo.(mlp) _

= ,p=L...,n.
g O-k—l(n | P)01(77 | p)
Chu ¥ rang
ol p)=C,.> 0.,mli),om| p)=C,,> 0n|i),Vp=k. 4)
i=1

i=1
Ta s€ chia thanh hai trudong hop:
Trudng hop 1: o,(7| p)>0.Do nel’, nén | pel,, n|p lavécto n — chiéu véi thanh phan
thir p 1a bang 0. Theo bét dang thirc Newton — MacLaurin voi 1< p<n ta cé

S GAC, _ln=k)
recell k-0’
l(n—k) n(k—1)
k(n=1) k(n-1)
Truong hop 2: o,(7]p)<0. Khi d6 tir cong thire xac dinh ¢, nhu ¢ trén, ta thiy o , <0 va
l-a, 212 (k=0
! (n=1)

va tu do l—ap >1-

. Bay gio str dung danh gié (4) ta nhan dugc

| (0 )7 w001 p)oyr pYi-a,)
>_— | 2k
Y [ J ;%1; o (1)

k=) z(n—k+1) ancnl( A ] 70,10,
K= k=l 0

[

1

— 1

k—1 n
c[i} /N A o

0, o(n) "nr+145
& day bat dang cudi suy ra tir

Zn:ak—l(n |)o,(17) _Zn‘,o-z—l(ﬂ | D)o, (1)
Ll (r+ )= - i=l n
Zn:f :L(ﬂ]k_l o, (17)
i=1 ' k _Z Ji n . n )
i ZZO-HO7 |)o, () - 2201—1(77 |1)o ()
+7 i=l p#i i=l p#i

k-1

o,

nr+1 [&jklll ; 1 (710)0,(7) =0 ()0, (711)
o ()

1
— 1
nt+l{ o, |1 .
< k—] (_k] —ZUH(UU)

o ] =l

1
_ (D= +1) [ o j )
k=1 0, o,(n)
Nhu vay, dinh 1y dugc chiing minh.
Chu y. Theo bét déng thirc Newton — Maclaurin, néu 0 </ < k ta nhan thiy
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1_’1 2” Ok_l(ﬂ |i)01(77) Ok(ﬂ)ol_l(ﬂ |l)
Z +1 I
f( ) nr ( J pay

o, (n)

k=1l 2

R
_nr+l (ﬁ]“ 1 (n—k+1)o, ,0,—(n-1+1)o, 0,
0

_ (nr+1)(n—k+1)(ﬂJklf o _(m’+1)(n—l+l)(&j"l’&

o, k—1 o, o,

L
B +1 o, | kC:O'k_l B ZC,iO'l_1 _nt+l{ o, |- i CI‘O'k L C,iO'l_1
=(nr+1) o = = Tl I
o, (k=1)C, o, (k-DC, o k-1 o C o C o

1 O O | Tua e
k=1 k-1 k k-1 k |j—1
> (nz +1) (ﬂ] Ca = (nr +1)| —= Ca [%}

)1

khi AeR" véine

Tir d6 chiing ta nhan duoc hé qua quan trong sau day vé tinh elliptic ctia ﬂ(77) , tinh chat nay

0,
dong vai tro rat quan trong khi nghién ciru vé su ton tai nghiém chap nhan dugc cua phuong trinh
(3). Ta nh¢ lai rang: Toan tt A dugc goi 1a elliptic chit néu ton tai hang s ¢ >0 sao cho:

a’ (¥)g6; 2 c|g| véi moi x thudc tap compact M , moi ¢ € R”.

Hé qua. Néu A eR"véi 77 I, , toan tu ﬂ(77) la elliptic chat theo A.
o,

3. KET LUAN

3 . . , o .
Béo céo trinh bay vé mot sb tinh chat co ban cia cta toan tir & —Hessian thuong —k(77) VOl
O,
1<I<k<n, cac tinh chit nay dong vai tro quan trong dé dat dugc nhiing két qua tron ven trong
hudéng nghién curu tiép theo ve phuong trinh (3).
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MO HINH PHAN LOP DU LIEU KHONG CHAC CHAN

Nguyén Vin Thiam, Nguyén Quynh Diép

Truong Dai hoc Thuy loi, email: thamnv@tlu.edu.vn

1. GIOI THIEU CHUNG

Dt liéu khong chéc chian (Uncertain Data) l1a dir li€u chura sai s6, thiéu hut hodc khong ro rang,
bt ngudn tir giéi han k¥ thuat, do ludng hoidc thong tin khong day du [1-4]. Dit liéu khong chic
chén phd bién trong mang cam bién (IoT, robot, xe ty hanh), van ban nhidu trén mang xa hoi, dir
liéu doanh nghiép 15i thoi, dit liéu y té mang tinh xac sudt va mo hinh toan hoc chi mang tinh xap
xi. Khi Iuu trit cac dit liéu nay, can lya chon mé hinh co s& dit liéu phu hop dé xur 1y tinh khong
chic chén. Tuy nhién, cac nghién ctru da cong bd phén 16m str dung céc tap dir li¢u Iris, Wine, Glass
va Ecoli tir UCI Machine Learning Repository dé thuc nghiém. Day déu 1a nhing tap dit liéu chic
chdn, do d6 cac nghién ctru thudng phai gia dinh thém yéu t6 khong chic chin khi thir nghiém,
ddng thoi chura xem xét dén tinh hoi tu trong qua trinh tinh toan lai medoid cta timg 16p.

Bai bao tap trung nghién ctru dir liéu khong chic chin va dé xuat mot mé hinh phan 16p phu hop
cho loai dir liéu nay. M6 hinh duoc trién khai trén tap dir liéu khong chic chin va duge danh gia
thong qua so sanh chét luong phan 16p véi mot sé thuat toan phan 16p khéc.

2.COSOLY THUYET

2.1. Cac khai niém co ban

Dé biéu dién dit lidu khong chic chin ¢ cép d6 thudc tinh, hai mé hinh dugc st dung phé bién la
md hinh khong chac chan don bién (Univariate Uncertainty Model) va mé hinh khong chac chan da
bién (Multivariate Uncertainty Model).

Trong md hinh khong chic chin da bién, mot diém dir liéu khong chic chan m-chiéu duoc biéu
dién bdi mot vung m-chiéu cung vdi mgot ham mat do xac suat da bién, trong dé xac suat dugc phan
bo sao cho diém dir li¢u co thé trung khép véi bat ky diém nao trong vung nay. Nguoc lai, trong mo
hinh khong chac chan don bién, moéi thudc tinh ctia diém dir li¢u m-chi€éu dugc gan vdi mét khoang
gia tri va mot ham mat do xac suat don bién, dung dé gan gia tri xac cho bat ky diém nao trong
khoang tuong ung.

Pinh nghia 1. Cho o diém dir liéu khéng chdc chan da bién, R < R" la vimg ma o duwoc xdc
dinh, f:R" >R, la ham mdt do xac sudt ciia o tai méi diém z e R. Piém o dwoc dinh nghia la
mot cap (R,f).

Pinh nghia 2. Cho f(h) ‘R >R, la ham mdt do xac sudt gan mot gid tri xdc sudt cho moi
zel(h), voi h e[l...m]. Mbi thudc tinh a" g mot cap (I(h),f(h)), trong do 7" z[l(h),u(h)] la

khoang xdc dinh ciia a" . Mét diém dit liéu khong chdc chén don bién o la mét bé (a,...,a™).

Ham mat d¢ xac suat lién quan dén biéu dién cia diém dir liéu khong chac chan da bién co the 1a
lién tuc hoac roi rac. MOt ham mat do xac suat da bién m-chiéu lién tuc duoc xac dinh trén mot

vung R < R” lamét ham 1 : R — R, sao cho: J. Rf(z)dz=1 Vé.J. f(z)dz=0.

bat z, e R" v6i u €[1...v]. Mot ham mat do x4c suat da bién roi rac m-chiéu dugc xac dinh trén

zeR"\R
mot tap cac diém S ={z,...,z,} A mot ham f ::R" — R; sao cho:
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Zf(z)zl va z f dz—

zeS zeR"\S
Poi vé1 mo hinh don bién, mot ham méat do xac suat don bién lién tuc hoac roi rac co thé duoc
dinh nghia mét cach don gian theo mdt ham mat do xac suat da bieén lién tuc hodc roi rac, trong do6
tap xac dinh cua dinh nghia 1a mdt tdp hop con cua R, thic m=1.

2.2. P do khong chic chin

Pé do khoang céach giira cac diém dir liéu khong ’chéc’ chép, can xdy duyng mot khai niém khoang
cach phu hop trong trong di€u kién khong chac chan gan lién voi thuét toan phan 16p [1-4]. Khai
ni¢m nay dugc cu thé hoa thong qua ham khoang cach khéng chac chan, cho phép dinh luong mire
do khac bi¢t gitra cac di€m dir li¢u chua chinh xéc.

Pinh nghia 3. [1,3] Cho mét tip cdc diém khéng chdc chin © = {01,...,0n} . Ham khoang cach
khong chdc chan dwoc dinh nghia trén © la mot ham A:DxD xR - R, théa man cdc diéu kién:
{1 nOui=j,z=0

IA(O,-,OJ’Z)‘ZZZI Vo, ,0,€D va A(O"’OJ’Z): 0 nOui=j,z#0

zeR

Véi mbi cip diém dir liéu khong chic chin 0,,0;,i# j, A ¢co thé duoc suy ra tir cac ham mat do

xac suat lién quan dén cac doi tuong khong chac chan. Pinh nghia cia A phu thudc vao mé hinh

khong chac chan dugc sir dung dé biéu dién o, va 0;. Ham dic trung cua sy kién A 1a 1] 4]. Néu su
kién A xay ra thi /[ A] =1, nguoc lai 1[A4]=0

Dinh nghia 4. [1,3] Dat o,=(R, .f,) va o, =(R,.f,) la diém dit liéu dit liéu khong chdic chin

da bién, d(x,y) la khodng cdach Euclide gitta x va y, ham khodng cach khéng chdc chan da bién

(Multivariate uncertain distance function) A(ol. 0, ,z) dwoc dinh nghia nhw sau:

A(ol ,0, ,z)— J. J- I[d(x,y):z]f[(x)fj(y)dxdy

X€ER; yeR;

Pit y' DxDxR >R véi W(/')(oi,o_/,xh)z .[ j I[|u—v|:xh]ﬁ(h)(u)f(h)(v)dudv va

J
wel™ uel

he[l...m]. Ham vo huéng f,,:R" — R 1a mot ham anh xa tir khong gian vector R” vao tap s6

thuc: £, = lix,f :
m p=
Pinh nghia 5. [1,3] Bat o,=((1" , ). (17, 1)) va 0, = (1, £, (197, £7)) da
cdac diém dir lieu dir liéu khong chdac chan don bién, ham khoang cdach khong chac chan don bién
A(ol. 0, ,z) duwoc dinh nghia nhw sau:

m

0 ,0; z J. J-I[fdm Xyeens X }Hl// (oi,o_/,xh)dxl...dxm

xeR x,eR =1
Pinh nghia 6. [1,3] Cho mét tdp cdc diém khéng chic chin © = {01,...,0n} , A la ham khoang
cach khéng chdc chan dwoc dinh nghia trén ®©. Khoang cdch khéng chdc chan la mét ham
0:9xD >R, dwoc dinh nghia nhuw sau: 5(0i ,0(1.) J- zA(ol ,0; 52 )dz

zeR

Néu o, ,0, 1a hai diém dit liéu di¥ liéu khong chéc chin da bién thi
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o)= [ [ d(x.3)f(x)f,(»)dxdy

X€ER; yeR;

pat v (0,0,)= [ [ [x=2| " (x) /" (y)dxdy. Néu o, ,0, la hai diém dit ligu khong

xel(h) )el(h)
= < A 3 (O] (m)
chac chan don bién thi 5(01. ,0; ) fdm( ( j),...,l// (ol.,oj))
Vi du: Gia st ¢6 hai diém dit liéu khong chéc chin o,,0,, mdi diém dugc bicu dién bdi mot phan
phéi x4c suat mot chiéu. Piém o, phan phéi déu trén doan [2,4]. Piém o ; phén phéi déu trén doan
[5,6]. Theo dinh nghia 6, khoang cach khong chic chin & (0[,0_/) duoc tinh bang ky vong cia

khoang cach tuyét doi gitta hai bién ngéu nhién X ~o,va Y ~o,. Mat do xac suat cua X la

ﬁ(x):ﬁ:% véi xe[2,4]va mat do xdc suat cua Y la f(¢)=1véiye[5,6].Khi do,
46 1 6 [ 11

5(0i,01):£!|x—y|.5.1dydx. Vi y>x nén £|x—y|dy:_!(y—x)dy:?—x. Ta co,
4

5(0i,0j):.[%(%—xjdx 2.5. Khoang cich khong chéc chén giira hai diém dir lidu 0,,0,1a2.5.
2

3. MO HINH PE XUAT

3.1. Mo hinh phan l6p UK-Medoids

Thuat toan UK-Medoids (Uncertain K-medoids) 1a mot phan mo rong cua phuong phép K-
Medoids [1,3], duoc thiét ké dé xtr 1y dit liéu khong chédc chan. Trong UK-Medoids, mdi diém dir
lidu khong con duoc biéu dién bang mot gia tri c¢b dinh, ma bang mot phan phdi xac suat. Khoang
cach gitta cac diém khong duoc tinh truc tiép bang khoang cach Euclid, ma dwa trén ky vong cua
khoang céch gitra cac phan phdi xac suét tuong tng.

Thuat toan UK-Medoids

Pau vao: Tap cac diém dit liéu khong chic chin D = {0,..,0,} s6 luong 16p k
Piu ra: Tap k 16p {€.¢,,...,¢,}

# Budc 1: Tinh cdc Rhodng cdch Rhéng chdc chdn theo timg cdp
d = {(0i,0;): 6(0,,0,) for o, in D for o; in D}
# Budc 2: Khéi tgo ngdu nhién k medoids
S = initialize_medoids(®, k)
while True:

SPrime = S.copy()

S = set()

= {1i: set() for 1 in range(k)}
# Budc 3: Gdn mbéi d61 tuong cho medoid gdn nhdt

for o in ®:
minDist = float('inf")
assignedCluster = -1

for j, medoid in enumerate(SPrime):
= d[ (o, medoid)]
if A < minDist:
minDist = A
assignedCluster = j
¢ [assignedCluster].add(o)
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# Budc 4: Tinh Llai medoids cho méi Ldp

for i in range(R):
cluster = @[ﬂ
bestMedoid = min(cluster,key=Lambda o: sum(d[(o, 0,)] for o, in cluster))
S.add(bestMedoid)

# Budc 5: Kiém tra su héi tu

if S == SPrime: break

return List(& .values())

Pinh 1y 1: Cho mét tdp cdc diém khéng chdac chin © = {01,...,0n} va sé lan lgp t6i da I, do
phuee tap cua thuat toan UK-Medoids la O(nzl )

4. THUC NGHIEM VA PANH GIA

4.1. By dir liéu thwe nghiém

EmoBank (A Corpus of Multi-Level and Multi-Dimensional Emotion Annotations) la mot tap dir
liéu cam xuc da tang (https://github.com/JULIELab/EmoBank) tiéu biéu, dong thoi dugc xem 1a
mot tap dir lidu c6 yéu t6 khong chic chin trong linh vue hoc may va xir Iy cam xtc. Tap dir lidu
bao gdm hon 10.000 cu & cap do cau, duoc trich xuat tir nhiéu ngudn khac nhau nhu Yelp, Reddit,
tin tic, blog,... Muc ti€u chinh ctia EmoBank 1a hd tro viéc do luong va phan tich cdm xtc theo hai
mo hinh:

- M5 hinh cam xuc da chiéu bao gém ba chiéu cam xtic co ban:

+ Valence (V): Muc d9 tich cuc, dao dong tu budn dén vui.

+ Arousal (A): Mtrc d6 kich thich, tir binh tinh dén hung phéan.

+ Dominance (D): Muc d6 kiém soat, tir bi dong dén 1am chu.

Madi chiéu duoc danh gia trén thang diém tir 1 dén 5, dya trén trung binh ¥ kién ctia nhiéu ngudi
chu thich (Annotators), phan 4nh cam xtc tir ca goc nhin cta nguoi viét va nguoi doc. Didu nay dan
dén sy khong nhét quan (Inconsistency) trong gan nhin cam xtc - mot dic diém quan trong ddi véi
nghién ciru biéu dién cam xtc khong chic chan.

- M6 hinh cdm xuc phan loai: Phan loai cac cau theo mot s6 cam xuc co ban nhu joy, anger,
sadness, fear, surprise va cac trang thai cam xuc khac.

4.2. D¢ do danh gia thuwe nghiém

Dé danh gia két qua phan 16p cho dir liéu khong chic chén, bai bao tim hiéu cac do do Silhouette
Score (SIS), Davies-Bouldin Index (DBI) va Calinski-Harabasz Index (CHI).

Chi s6 SIS 13 mot d6 do danh gia chét luong phan 16p, phan anh mic do gan két noi 16p va tach
biét lién 16p. Gia tri SI nam trong khoang [-1,1]: gia tri gan 1 cho thdy diém dir liéu dwoc phéan 16p
t6t; gan 0 cho thay diém nam gan ranh gidi 16p va gan -1 cho thiy kha ning bi phan sai 16p.

Chi s6 DBI sir dung dé danh gia mirc d6 twong dong giita cac 16p trong phan 16p. Gia tri DBI
cang nho phan anh chét lugng phan 16p cang cao, do cac 16p dugc phan tach rd va ¢ tinh gan két
noi bo tot. Nguoc lai, DBI 16n cho thay su chdng l4n giita cac 16p hodc phan 16p khong hi¢u qua.

Chi s CHI danh gia chat luong phan 16p dua trén ty 1& gitta phan tan giira cac 10p va phan tan
trong 16p. Gia tri CHI cang 16n cho thdy phan 16p cang t6t, voi cac 10p dugc tach biét rd rang va tap
trung noi 16p cao.

4.3. Phan tich va danh gia

Cac ham mat do xac suét lién tuc (PDF - Probability Density Function) nhu phan phdi dong déu
(Uniform Distribution) va phan phdi chuan (Normal Distribution), cung véi ham khoi xac suat roi
rac (PMF - Probability Mass Function) nhu phén phoi nhi thitc (Binomial Distribution), 1a nhitng
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thanh phan cdt 13i trong xac suat théng ké va hoc may. Trong thuc nghiém, cac ham nay dugc sir
dung dé danh gia anh hudng cua viée chon phan phéi xéc suat khi trién khai c4c md hinh phén 16p.
Hinh 1 thé hién két qua phan 16p dit liéu str dung thuat toan UK-Medoids theo ba mé hinh phan
phéi xac sudt phan phdi dong déu, phan phdi chuan va phan phdi nhi thirc. Dit liéu duoc phan 16p
trén khong gian dic trung gdm ba truc: Valence, Arousal, Dominance twong tng véi ba thudc tinh
trong tap dir lidu. Thuat toan UK-Medoids cho thay kha nang phan 16p tot trén nhiéu loai phan phdi
xéc suat khac nhau. Khi sir dung phan phdi dong déu, cac 10p dugc phéan tach twong dbi 16 rang, co
hinh dang dong déu va kich thudc khong qua chénh 1éch. Tuy nhién, ranh gidi giita cac 16p van con
su chong 14n nhe, dic biét & ving tiép gidp. Vi phan phdi chuan, 16p mau vang duoc tach biét rd
rang va chiém wu thé & ving c6 gia tri Dominance cao. Trong khi d6, 16p xanh va tim c¢6 xu huéng
giao nhau nhe ¢ ving bién, din dén kha ning bi nham 1an tai cac viing chuyén tiép giira 16p. Khi sir
dung phan phéi nhi thtrc, cac 16p c6 xu hudng tap trung voi mat do diém cao tai vung trung tam.
Mot sb diém rai rac c6 thé 1a nhiu hodc khong thudc vé 16p rd rang. Cum mau vang mé rong dang
ké vé phia truc Valence va Dominance, tuy nhién phan 16p c6 déu hiéu khong déu, voi mot sd 16p bi
co 16p hoic 1éch tAm so véi cau tric chung.
UK-Medoids st dung phan phédi ddng déu UK-Medoids str dung phan phéi chun UK-Medoids st dung phan phéi nhj thirc

0.0
0.2

0.4
Vaje, 0.6
Ie"Ce

0.8
10 00

Hinh 1. Két qua phdn 16p diF liéu khéng chdc chan sir dung thudt toan UK-Medoids

Hinh 2 minh hoa két qua thuc nghiém so sanh hiéu qua cua thuat toan UK-Medoids véi DBScan
va Optics, dua trén hai tiéu chi: chat lwong phan 16p va hiéu sut tinh toan.

SO SANH P& PO SILHOUETTE SCORE (SIS) SO SANH B0 DO DAVIES-BOULDIN INDEX (DBI)

UK-Medoids mDBScan mOptics ®UK-Medoids mDBScan
0

Optics
]
©
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.78
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o

© © ~
-

=
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F; - - -
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3 a
i

s © PHAN PHOI PONG DEU PHAN PHOI CHUAN PHAN PHOI NHI THUC
> 9
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I e.e3
0.18
0.28
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-0.14 ﬁ

w SO SANH PO PO CALINSKI-HARABASZ INDEX (CHI) SO SANH THOI GIAN CHAY THUAT TOAN
! mUK-Medoids mDBScan mOptics h S
a (theo giay)
= 1400 1312
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o
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g g “5 200 0.96 ..BSB 4.24 4.43 1.00
5 R LR § 1 g o o2 403
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— —
PHAN PHOI PONG PEU PHAN PHGI CHUAN PHAN PHGI NHI THUC ®UK-Medoids mDBScan =Optics

Hinh 2. So sanh d@é do chat lwong phén 16p va hiéu qua ciia thudt todn
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Thuat toan DBScan dat chi s6 SIS cao nhit véi cac phan phdi dong déu va chuan, trong khi d6
UK-Medoids thé hién hiéu qua vuot trdi véi phan phdi nhi thirc, noi ma DBScan va Optics cho két
qué SIS am, phan 4anh kha nang phan 16p kém. Vi chi s6 DBI, UK-Medoids thuong dat gia tri thap
nhat hodc dung tht hai, cho thiy cac 10p duoc phan biét rd, dic biét 13 trong phan phdi nhi thic.
Véi chi s6 CHI, UK-Medoids vuot troi tuyét dbi trén ca ba loai phan phéi, l1a minh chig cho kha
nang tao 16p rd rang va chit ché cua thuat toan nay. Xét vé mit hiéu suét, Optics ludn c6 toc do
nhanh nhét, trong khi UK-Medoids chdm hon dang ké, dic biét & phan phbi dong déu va chuan. Véi
phan phdi nhi thite, UK-Medoids va DBScan c6 thoi gian twong duong nhung van kém Optics.
Nhin chung, UK-Medoids thich hgp cho céc bai toan can chét lugng phéan 16p cao, con Optics phu
hop khi wu tién toc do.

Két qua kiém dinh ANOVA trong Hinh 3 cho thiy tham s6 F ¢ ca ba d6 do SIS, DBI va CHI déu
dat gia tri rat 1on, xap xi 1an luot 13 2156, 244, va 1990 trén ca ba dang phan phdi dit liéu (d6ng déu,
chuén, nhij thirc), dong thoi gia tri p x4p xi 0. Didu nay khing dinh su khac biét vé hiéu qua phan
cum giita cac thuat toan UK-Medoids, DBScan va Optics 1a c¢6 ¥ nghia thong ké, cho thdy lya chon
thuat toan co tic dong quan trong dén chét luong phan 16p dir liéu khong chéc chan.

THAM SO F TRONG KIEM DINH ANOVA

SSI
1DBI
m CHI

41

2,156.57
2,157.
2,157.51

243.93
I 1,000.58
243.92
N 100179
W 243,01
I 100368

PHAN PHOI PONG PEU PHAN PHOI CHUAN PHAN PHOI NHI THUC

Hinh 3. Két qua kiém dinh thong ké Anova
5. KET LUAN

Bai bao nghién ctru van dé phan 16p dir liéu khong chic chin thong qua viéc tim hiéu mot sé do
do khoang cach khong chic chin gitta cac diém dit liéu. Dya trén d6, mo hinh phan 16p UK-
Medoids duoc dé xuit, bao gdm bdn bude chinh: (1) Tinh toan khoang cach khong chic chén giita
cac cap diém dir liéu; (2) Khoi tao ngau nhién & diém medoid ban dau; (3) Gan mdi diém dit liéu
vao cum c6 medoid gin nhat theo khoang cach di tinh; (4) Cap nhat lai medoid cho timg cum. M6
hinh dugc trién khai va danh gia trén tap dir liéu khong chic chan EmoBank. Két qua thyc nghiém
cho thay thuat toan UK-Medoids c6 kha ning phan 16p hiéu qua trén nhiéu loai phan phdi xac sut
khac nhau. Chét luong phan 16p duoc do ludng bang ba do do SIS, DBI va CHI déu cho két qua kha
quan. Ngoai ra, thoi gian thuc thi cta thuit toan van nam trong pham vi chip nhan dugc, qua do
khang dinh tinh kha thi cia mé hinh trong tmg dung thuc tién. Trong tuong lai, mo hinh dé xuat s&
dugc mo rong thir nghiém trén céc bd dir li¢u khong chic chin thyc té véi quy md mau 16n hon.
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PHAT HIEN TRANG THAI LOI MAY CONG NGHIEP,
UNG DUNG TREN TAP DU LIEU MIMII

Nguyén Pic Phwong Théio, Nguyén Thi Dinh, Hoang Quang Vinh, Biii Minh Dirc
Truong Dai hoc Thuy loi, email: ndpthao@tlu.edu.vn

1. GIOI THIEU CHUNG

Trong san xuit cong nghiép, hu hong thiét bi co thé gay gian doan 16n; giam sat bang tin hi¢u 4m
thanh 1a giai phap hiéu qua nho gidu thong tin, d& thu thap va khong can tiép xuc [1]. Nghién ctru nay
str dung MIMII Dataset [3] dé phan loai da 16p trang thai hoat dong (binh thuong/bét thudng) cia
thiét bi (fan, pump, slider, valve) dua trén dic trung 4m thanh va huin luyén bang LightGBM [2], so
sanh v&i SVM va XGBoost. SVM thich hgp cho dir li¢u nho, LightGBM nhanh va gon nhe phu hop
thiét bi bién, con XGBoost 6n dinh va khang nhiéu tdt nhung huén luyén cham. Muc tiéu 1a xay dung
hé thong phat hién bt thuong chinh xac, linh hoat va trién khai dugc trong bao tri du doan.

Bén canh do, hoc sau (CNN, Autoencoder) da chung minh hi¢u qua trong viéc tu dong trich Xuét
ddc trung tr tin hiéu am thanh trong khi cic md hinh hién dai nhu Transformer (AST) cung véi
cach tiép can hoc ty gidm sat tiép tuc ma ra tiém nang 16n trong nang cao d6 chinh xac va kha ning
khai quat hoa cua hé thdng [4][5][6][7]. Tuy nhién, theo nhléu nghién ctu cac ky thuat hoc sau
thuong doi hoi tai nguyén va dir liéu 16n, gy kho khan khi trién khai trong méi truong han ché.
Vige khai thac cac mo hinh hoc may truyén thong hiéu qua nhu LightGBM va XGBoost két hop
trich Xuat dic trung thu cong van mang ¥ nghia thuc tién cao, can bang giita do chinh xac va kha
nang trién khai.

2. PHUONG PHAP NGHIEN CUU

2.1. Tién xir Iy

Am thanh cﬁlu vao dugc chuan hoa vé do dai ¢ dinh 9 gidy voi tan s6 1dy mau 16 kHz. Tt mdi
doa_l‘n, trich xuat 80 dac trung bao gom: l}é s0 MFCC (20 h¢ s6 x {trung binh, do léph chuan} — 40
chiéu), Chroma (12 h¢ s6 x 2 — 24 chi€u), Spectral Contrast (7 dai x 2 — 14 chiéu), cung hai chi
s0 Spectral Centroid va Zero-Crossing Rate [3].

bé khic phuc mét can b?mg lé’p, dir liéu hudn luyér} dugc xu ly béng SMOTE. Sau do, ‘toén bo
tap dir li€u dugc chia 80% huan luyén — 20% kiém tht theo phuong phap phan tang voi
random_state=42.

2.2. Light Gradient Boosting Machine — LightGBM

el

Déng 4m thanh

Trich xuat dac trung am thanh

M& hinh LightGBM

Hinh 2.1. Pipeline cua mo hinh LightGBM
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Mo hinh tan dung tét m01 quan h¢ phi tuyen giita cac ddc trung pho, xtr Iy hidu qua dit liéu 16n,
mAt can bang va phu hop trién khai thuc té.

LightGBM dugc huin luyén véi objective="multiclass', num class=8, num leaves=31,
learning_rate=0.05, n_estimators=100. M6 hinh dy doan nhén va xac suit 8 16p (4 may x 2 trang
thai), danh gia bang AUC-ROC, AUC-PR, F1-score (macro) vi MCC, dong thoi phan tich riéng
tung loai may theo dang nhi phan (normal vs abnormal) [8].

2.3. Extreme Gradient Boosting - XGB

$ha— 2 =

N R Trich xuat dic trung am thanh
Déng am thanh

L Gia tri dw doan J h

00 01 02 03 04

Tién xtr ly chuan héa

Extreme Gradient Boosting - XGB

Hinh 2.2. Pipeline cua mé hinh XGB

M6 hinh XGBoost dugc xdy dung duwa trén kha ning hoc phi tuyén cta gradient boosting, phu
hop vdi tinh chét phic tap va da dang ciia dit 1iéu 4m thanh. Qua trinh huan luyén st dung tham sb
eval metric="logloss' cho bai toan phan loai nhi phan (normal/abnormal), dugc thuc hién riéng 1¢
cho tirng loai may (fan, pump, slider, valve) ciing nhu trén tap dir liéu téng hop.

2.4. Support Vector Machine — SVM

Trich xuat dic trung 4m thanh

Dong am thanh

Tién xir ly can bang

1

Gia tri dw doan ‘ h

00 01 02 03 04

M4 hinh SVM-RBF Tién xi ly chuan héa

Hinh 2.3. Pipeline cua mé hinh SVM

M6 hinh phén loai dugc xay dung dya trén Support Vector Machine (SVM) v6i ham nhén Radial
Basis Function (RBF). Céc siéu tham s6 duoc lya chon thu cong véi gid tri ¢d dinh: tham so diéu
chuan C=10 va gamma = "scale". Sau khi huén luyén, mo6 hinh c6 thé du doan nhén va x4c suét cho
8 16p twong ung v4i bdn loai may (fan, pump, slider, valve) trong hai trang thai hoat dong
(normal/abnormal).[8].
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3. KET QUA NGHIEN CUU
AUC-PR (Area Under the Precision—Recall Curve) danh gia kha nang phan biét 16p trong dir li¢u

mét can bang, nhdn manh vao precision va recall thay vi d chinh x4c tong thé.
MCC (Matthews Correlation Coefficient) do trong quan cn bang gitta du doan va thuc té, duogc
coi 1a thudce do dang tin cdy hon accuracy hay F1 trong trudng hop phan b 16p khong déu.
3.1. Két qua ciia mé hinh LightGBM
Bang 3.1. Két qua ciia md hinh LightGBM

AUC-ROC AUC-PR F1-Score MCC

Fan 0,9532 0,8860 0,7933 0,7224
Pump 0,9683 0,8861 0,8176 0,7969
Slider 0,9923 0,9839 0,9533 0,9414
Valve 0,9472 0,8450 0,7799 0,7565
All 0,9853 0,8989 0,8293 0,8583

Mo hinh LightGBM dat hiéu suat cao trén ca 4 loai thiét bi, voi cac chi s6 AUC-ROC > 0.94 va
Fl-score > 0.77. Pic biét, Slider c6 két qua xuat sic nhat (AUC-ROC: 0.9923, F1: 0.9533, MCC:
0.9414), cho thay kha ning phan biét rat tot giira trang thai binh thuong va bat thuong. Két qua tong
hop toan bd dir lidu (All) ciing rat 4n twong: AUC-ROC: 0.9853, Fl-score: 0.8293, MCC: 0.8583,
ching t6 m6 hinh tong quat hoa tét trén nhidu loai may.

3.2. Két qua ciia mé hinh XGB

Bang 3.2. Két qué ciia md hinh XGB

AUC-ROC AUC-PR F1-Score MCC

Fan 0,9882 0,9858 0,9476 0,8938
Pump 0,9994 0,9994 0,9873 0,9747
Slider 0,9984 0,9986 0,9837 0,9673
Valve 0,9988 0,9988 0,9846 0,9691
All 0,9879 0,9885 0,9465 0,8917

Mo hinh XGBoost dat hiéu suit xuét sic trong phat hién bat thuong am thanh may moc, véi
AUC-ROC trung binh 0.9879 va Fl-score 0.9465. Pump va Slider dat két qua t6t nhat (F1-score lan
lwot 0.9873 va 0.9837), cho thdy mo hinh xtr 1y hiéu qua dic trung 4m thanh cua hai thiét bi nay.
Fan va Valve ciing cho thiy do chinh xéc cao, phan anh kha ning tong quat héa manh ciia mo hinh.
Cac chi s6 MCC (0.8917) va AUC-PR (0.9885) khing dinh tinh 6n dinh trong bdi canh mat can
bang nhén. Viéc két hop dic trung phd 4m thanh véi chuan hoa va SMOTE di gop phan nang cao
hi¢u nang. Hi¢u suét co thé tiép tuc cai thién qua t8i wu tham s6 va chién lugc tang cuong dir licu.

3.3. Két qua ciia mé hinh SVM

Bang 3.3. Két qua ciia mé hinh SVM

AUC-ROC AUC-PR F1-Score MCC

Fan 0.9696 0.9305 0.8366 0.7846
Pump 0.9644 0.8652 0.7702 0.7542
Slider 0.9923 0.9804 0.9318 0.9165
Valve 0.9513 0.8575 0.7425 0.7246
All 0.9694 0.9084 0.8203 0.7950
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Mo hinh SVM dat két qua rit tot trén ca 4 thiét bi, didc biét v6i Slider (F1 = 0.929, MCC = 0.91).
Fan va Pump ciing c6 hiéu suit rat 6n dinh.Valve tuy van thap hon cac may con lai, nhung van dat
muc chép nhan duogc (F1 = 0.74). So voi Autoencoder, SVM vuot troi 1o rét néu co dit lidu da duoc
gan nhan va phan loai 16i rd rang.

3.4. Phan tich sy khac bi¢t hi¢u nang

XGBoost dat két qua tt nhat nho co ché regularization (thém tham sb phat dé kiém soat do phtc
tap ciia cdy, tranh qua khop) va tdi uu bac hai, giap mé hinh 6n dinh hon trén dit liéu nhidu va mat
can bang. LightGBM du huin luyén nhanh nhung d& overfit néu khong tinh chinh tham sd, nén kém
6n dinh hon. SVM nhay cam véi nhiéu va khé mo rong khi dir liéu 16n, dan t6i hiéu qua thap hon
hai m6 hinh boosting.

XGBoost cho thay uu thé nhd kha ning khai thac thong tin tir dir liéu mat can bang, két hop vai
regularization manh va thuat toan tdi uu béc hai, gitip mo6 hinh duy tri do on dinh trén ca bén loai
méy. Nguoc lai, LightGBM c6 tdc do huan luyén nhanh nhung nhay cam véi phan bé dir lidu: hiéu
sudt rat cao trén Slider (F1 > 0.95) nhung giam manh ¢ Fan va Valve. Diéu nay phan anh viéc
LightGBM d& bi anh huéng bai dic thu dit liéu timg thiét bi va nguy co overfitting khi s 14 qua
nhiéu. Trong khi d6, SVM hoat dong kha tét khi ranh gidi gitta normal/abnormal rd rang, nhung
kém On dinh & dir liéu nhidu cao va khé mé rong cho tap dir liéu 16n, do chi phi tinh toan ting
nhanh theo s6 mau va s6 chiéu dic trung.

4. KET LUAN

So vé6i nghién ctru trong bai bao [8], nghién ctru nay c6 diém nhan & viéc tip trung khai thac cac
md hinh hoc may truyén thong (XGBoost, LightGBM, SVM) két hop dic trung thu cong dé dat
hiéu qua cao trén dir lieu MIMIL Péng gop dic thi nam & viée chi ra rang cac md hinh nay, khi
duge xtr 1y va t6i wu phi hop, co thé dem lai két qua tSt va dé trién khai trong moi truong cong
nghiép han ché tai nguyén.

DPong gop chinh ciia nghién ciru 1a chig minh rang cac mé hinh hoc may truyén thong két hop
dic trung thu cong van c6 thé dat hidu qua cao va d& trién khai trong méi truong céng nghiép han
ché tai nguyén. Trong khi d6, cic phuong phép hoc siu hién dai nhu Autoencoder [4], IDNN [5]
hay Audio Spectrogram Transformer (AST) [6] d& dat do chinh x4c rat cao trén cac tap dir liéu &m
thanh céng nghiép, xong thudong doi hoi GPU va dit liéu quy md 16n. Do d6 cach tiép can trong
nghién ctru nay cung cip mot giai phap thay thé thuc tién.

Bén canh d0, nghién ctru nay con st dung SMOTE dé xur Iy mét can bang dit liéu. Tuy nhién,
SMOTE ciing ¢6 nhiing han ché: k¥ thuat nay tao ra mau tong hop dwa trén ndi suy tuyén tinh, co
thé 1am giam tinh da dang va d6i khi sinh ra mau khong thuc sy dai dién cho phan bd dit liéu géc.
Trong trudng hop dir liéu nhidu, SMOTE tham chi c¢6 thé khuéch dai nhidu, lam suy giam hiéu qua
mo hinh.

Nghién ctru méi dimg ¢ muc so sanh cac mo hinh véi cau hinh mic dinh, chua c6 danh gia hé
thdng khi thay d6i tham sb (s dic trung, sé vong ldp, muirc d6 nhidu). Viéc phan tich cac yéu t nay
trong nghién ctru tiép theo s& lam rd tinh 6n dinh, kha ning khang nhiéu va hiéu qua trién khai cua
mo hinh. Mic du MIMII cung cip nén tang quan trong cho phat hién bat thudng, tap dit liéu van
con han ché: nhidu chua phan anh day du diéu kién thuc té, chi bao gdm bén loai thiét bi, dir liéu
bat thudng mat can bang va thoi lugng mau ngin, dé bo sot 16i. Do do, cac hudng nghién ciru tuong
lai can tap trung vao nang cao kha ning khai quat hoa thong qua hoc chuyén giao va tu giam sat, ap
dung tang cuong dir liéu va loc nhiéu, mé rong tap dir ligu voi nhiéu loai thiét bi, cling nhu phat
trién mo hinh lai két hop phat hién bat thudng va phan loai 16i. Bén canh d6, t6i uu hoa mo hinh nhe
va trién khai trén thiét bj bién (IoT, edge devices) 14 budc quan trong dé ing dung hé théng trong
moi trudng cong nghiép thuc té.
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PHAN LOAI TIENG THO TRONG GIAC NGU
PE PHAT HIEN NGUNG THO KHI NGU

Nguyén Dic Phuwong Théo, Nguyén Quang Hiéu, Biii Minh Dirc, P6 Thi Hién Luong
Truong Pai hoc Thuy loi, email: ndpthao@tlu.edu.vn

1. GIOI THIEU CHUNG

‘Ngung th¢ khi ngu tac nghén (Obstructive Sleep Apnea — OSA) 1a mét rdi loan glac ngu pho
bién, dic trung boi ngung thd hodc giam thong khi kéo dai > 10 gidy, lap lai nhiéu lan trong subt
dém. Tinh trang nay gy gian doan giac ngu, giam oxy mau, kich hoat hé than kinh giao cam, tir d6
lam tang nguy co ting huyét 4p, bénh tim mach, dot quy, dai thdo duong va suy giam nhan thirc [1].

Theo phan tich dich t& hoc ciia Benjafield va cong su, ty 16 mic OSA & Bic My 1a 15-30% nam
gidi va 10~15% nit gidi; toan cau cé khoang 936 triéu nguoi trudng thanh (30-69 tudi) cé nguy co
mic [2]. Tai Viét Nam, tinh trang nay ngay cang duoc quan tdm nhiéu hon, dic biét & nhitng nguoi
trung nién, béo phi hodc c6 bat thuong giai phau ving hau hong [1].

Chién lugc diéu tri hién nay chi yéu nham kiém soat cac yéu td nguy co va céi thién sy thong
khi duong thé. Cac phuong phap bao gdm sir dung thiét bi thong khi ap luc duong lién tuc
(Continuous Positive Airway Pressure — CPAP), dat khi cu trong miéng nham duy tri d6 mo cua
duong ho hap trén, hodc can thiép phau thuat cac cdu trac nhu man hau, ludi ga va khau cai mém.
Trong mot s6 truong hop ndng hodc khang tri, liéu phap kich thich than kinh ha thiét ciing c6 thé
duoc xem xét nhu mot lya chon thay thé [1].

Pa ky giic ngi (Polysomnography — PSG) 14 tiéu chuan vang chan doan OSA, nhung bi han ché
boi thiét bi chuyén mon, chi phi cao, yéu cau nhan luc ky thuat va gay kho chiu cho bénh nhan khi
thue hién tai bénh vién vao ban dém. Diéu nay dan dén ty 1€ chan doan thép, ké ca & cac nude phat
trién. Tai Hoa Ky, chi phi y té lién quan dén OSA wéc tinh khoang 12,4 ty USD nam 2015 [2].

Cac giai phap sang loc thay thé c6 do chinh x4c cao, chi phi thip va dé str dung tai nha dang thu
hat nhiéu sy quan tam. Trong do, cac phuong phap st dung tri tu¢ nhan tao (Al) dé phan tich tleng
tho khi ngi thu tir micro méi trudng ndi 1én nhu mot hudng tiép can day tiém nang. Khong yéu cau
gan cam bién 1én co thé, khong gay kho chiu, d& trién khai nhidu dém lién tiép — mo hinh nay dic
biét phit hop véi cac thiét bi han ché tai nguyén nhu dién thoai di dong hodc hé théng nhung [3].
Huéng di nay mo ra trién vong cho viée sang loc va quan 1y OSA tai cong dong véi chi phi hop 1y
va dg bao phu cao.

2. XAY DUNG MO HINH

Nghién ctru nay xdy dung mot hé thong sang loc hoi chimg ngung thé khi ngu tic nghén
(Obstructive Sleep Apnea—Hypopnea Syndrome — OSAHS) bang cach nhan dién ngung thé va giam
thong khi tir tiéng the ban dém, tip trung giam tham s6 moé hinh dé dam bao tinh gon nhe va hiéu
qua tinh toan.

Mo hinh chinh sir dung kién triic ConvNeXt két hop LSTM, dugc thiét ké theo hudng tiép can
ctia Song va cong su (2025) [3], tap trung vao tdi wu hoa hiéu suit nhan dién cac sy kién ho hap bat
thudng va don gian hoéa quy trinh xtr Iy tin hiéu. Ngoai ra, nghién ctru con phat trién thém mot bién
thé sir dung ConvNeXt két hop Transformer nham danh gia va so sanh hiéu qua phan loai ciing nhu
kha ning ude lugng chi s6 AHI (Apnea—Hypopnea Index).

Céu trac hé théng bao gdm hai pipeline xir 1y song song: (a) ConvNeXt + LSTM va (b)
ConvNeXt + Transformer. Dir liéu dau vao sir dung 13 tip PSG-Audio cong khai, gdm 305 ban ghi
giéc ngu tron dém duogc thu tai Bénh vién Pa khoa Sismanoglio—Amalia Fleming (Athens), véi dinh
dang EDF, tan s 1dy mau 48kHz va do sau 16 bit [4].
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Céc ban ghi dugc chia thanh cac doan am thanh dai 9 gidy, trugt khung 3 giay, va gan nhan dya
trén muc d6 chong 1ap v6i chu ky ho hép trudc — sau sy kién ngung thd hoic giam thong khi. Pho
Mel duge trich xuit, chuan hoa 1am dau vao cho mo hinh ConvNeXt két hop LSTM hoic
Transformer dé phat hién mau 4m thanh dic trung. Két qua phan loai duoc dung trong mé hinh hoi
quy tuyén tinh dé u6c lugng chi s AHI, danh gia mic do nghiém trong cia OSAHS.

Ca hai bién thé déu duy tri téng s6 tham sb khoang 2,1 triéu, gitp ddm bao do nhe cua mo hinh,
tiét kiém bo nhé va phu hop véi cac ing dung c6 gidi han tai nguyén. Toan b quy trinh xtr ly tin
hiéu dugce tinh gian gém ba budce chinh: (1) trich xudt phd Mel tir 4m thanh ban dém, (2) phan loai
cac doan Am thanh chira sy kién ho hap bat thuong, va (3) udc lugng AHI bang hoi quy tuyén tinh.

-,

AHI =BX

(a) ——— AHI —p OSAHS?

S+

neng Phé Mel ConvNeXt LSTM ngung tha ? e lwgng AHI
am thanh giam tha
f )
— 1
AHI =BX
= > 5 —_ U AHI —J» OSAHS?
= 1 7
— 1
— o
o Diang Phéd Mel ConvMeXit Transfomer ngung ﬂﬂc 5 éac lwong AHI
am thanh giam tha

Hinh 2.1. Khung tong thé hé thong sang loc OSAHS véi hai pipeline:
(a) ConvNeXt + LSTM va (b) ConvNeXt + Transformer.

2.1. Xir ly tin hi¢u Aam thanh

Toan bd tin hi¢u tir bg dir li¢u PSG-Audio dugc chia thanh cac doan dai 9 giay, truot cua s6 3
gidy dé bao quat it nhat hai chu ky ho hap (2,7—6 s/chu ky). Phd cong suét tinh bang STFT (khung
1024 mAu, budc truot 499 miu, cira s6 Blackman), chiéu qua 64 bo loc Mel (60 Hz-22,5 kHz), tao
ma trdn Mel-spectrum kich thudc 64x684. Ma tran dugc chuin hoa trung binh béng 0 va do léch
chuan bang 1 trudc khi dua vao mé hinh hoc sau. Thay vi 4p dung cac thuét toan khir nhidu truyén
thong nhu spectral subtraction, chiing t6i dé mang no-ron sau tu hoc tryc tiép trén Mel-spectrum da
chuan hoa, vira don gian hoa quy trinh xir Iy vira pht hop voi cac thiét bi c6 tai nguyén han ché [3].

2.2. Chia dir li¢u

Nghién ctru s dung chién lugc chia dir lidu doc 1ap theo chu thé (subject-independent split),
phan bo toan bo dir liéu cia mot bénh nhan vao duy nhat mot tap (train, validation hodc test) vdi ty

1€ 80% train, 10% validation, 10% test. Phuong phap nay tranh chdng 1ap, dam bao danh gia trén
bénh nhan mai, phan anh thuc té trién khai va ting kha ning tong quat hoa mé hinh.

2.3. Kién triic mo hinh

2.3.1. Mang trich dac trung ConvNeXt

Mo hinh ConvNeXt dugc dé xuét nham trich xuAt dac trung cuc bd tu tin hi¢u am thanh. Piu
vao cua mo hinh la ma tran Mel-spectrum hai chiéu da duoc chuin hoa véi kich thude (1, 64, 684).
ConvNeXt Z la mot phién ban rit gon nhe cia ConvNeXt dugc sir dung 1am backbone dé trich
xuét dic trung sdu, cho ra tensor kich thudc (256, 2, 27). Cu thé, Quy trinh gém: (1) Stem véi
convolution 4x4, stride 4 va LayerNorm giam d¢ phan gidi; (2) Downsample Layer v6i LayerNorm,
convolution 2x2, stride 2, tdng kénh va giam d6 phan giai; (3) ConvNeXt Block voi depthwise
convolution 7x7, hai 16p pointwise convolution 1x1, kich hoat GELU, layer scale, DropPath va
residual connection. Pau ra cua backbone dugc flatten va qua mot fully-connected layer tao
embedding 128 chiéu, lam d4u vao cho 16p phan loai nhi phan. Cubi cling, ham SoftMax dugc ap
dung dé dy doan xac suat hai 16p [5].
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N

(C,H,W) Stem

(1,64, 684) \

Downsample Layer

ConvNeXt Block

Hinh 2.2. Cdu tric chi tiét ciia mé hinh ConvNeXt

2.3.2. Mo hinh ConvNeXt + LSTM

M0 hinh ConvNeXt + LSTM dugc thiét ké dé nhan dién cac dic trung tam thoi trong 4m thanh,
gitip phat hién ngung thd — giam théng khi. Pau vao mé hinh 1a phd Mel hai chidu duoc chuan hoa
v6i kich thudc (64, 684). Tin hiéu nay dugc dua qua ConvNeXt Z dé trich xuit dic trung sau, cho
ra tensor co6 kich thudce (256, 2, 27). Sau do, dac tru:ng dugc gop trung binh theo chiéu cao thanh
(256, 27), r0i hoan vi thanh (27, 256) dé phu hop véi mé hinh tuan tu. Mang LSTM mot 16p (128
don vi 4n) xtr 1y dau vao dé hoc thong tin thoi glan Trang thai a an cudi cung ctia LSTM duoc s
dung 1am dau vao cho 16p két ndi hoan toan v6i dau ra gom 2 16p. Cubi cung, dung SoftMax du
doan xéc suat c6 hay khong c6 su kién ngung thd — giam thong khi trong doan 4m thanh.

(27, 256) (128,)
x,‘_’ h_n’

—— LSTM

© H,W re— nt t

(1,64, 684) \ N "I;STM
. (256, 2, 27) |

— . :

) [ i
— I

LSTM
|

e

LSTM

DiuU vao ConvNeXxt_z L&y trung binh LSTM Lép két ndi day du

theo chiéu cao H

Hinh 2.3. Cau triic tong thé ciia mé hinh ConvNeXt két hop LSTM

Ciu trac cua mot 6 LSTM bao gdm ba cbng chinh: cong quén f;, cong dau vao i, va cong dau ra
0,. Cac cong nay str dung ham kich hoat sigmoid (o) va tanh dé dleu chinh qua trinh cép nhat, duy
tri hodc loai bo thong tin trong trang thai bd nhé ¢, va trang thai 4n 4, Trang thai méi duoc truyén
sang buodc tlep theo dua trén dir li€u dau vao x, cung vdéi cac trang thai trude d6 A1, c-1.

h, Cy

h

|8 G X — +
it
— 8
X, 6 If; %
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Hinh 2.4. Cdu triic chi tiét ciia mot LSTM trong mé hinh
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2.3.3. M6 hinh ConvNeXt + Transformer

Mo hinh ConvNeXt + Transformer dugc thiét ké nhe‘im’ phat hién cac sy kién ngung thd — giam
thong khi trong tin hi¢u am thanh. Dau vao moé hinh 1a pho Mel hai chiéu dugc chuan hoéa véi kich
thudce (64, 684). Tin hiu nay dugc dwa qua ConvNeXt Z d€ trich xuat dac trung séu, cho ra tensor
c6 kich thudce (256, 2, 27). Ti€p theo, ap dung trung binh theo chiéu cao, thu dugc ma tran dac trung
(27, 256). Ma tran nay dong vai tro la dau vao cho chudi 6 16p Transformer, voi dau vao ban dau X,
€ R**%va diu ra cudi cung Z € R**°. Sau d6, két qua dugc lam phing va dua qua mot 16p két
nbi day du dé tao vector embedding 128 chiéu, phuc vu cho bai toan phan loai nhi phan nhim xéc
dinh c6 hay khong su kién ngung tho — gidm thong khi (Hinh 2.5).

Xo = R?” x 256

(C, H, W) (27, 256) . i (128,)
A
(1,64, 684) (256, 2, 27) I
o N g
- Layer 2
- Transfomer
~ - = : Layer 3
P - - . - Transfomer -
Layer 4
]
Transfomer
— endtoner
Layer 6
!
Z = R?” x 256
Dau vao ConvNeXt_zZ L&y trung binh Transfomer Lop k&t ndi day du

theo chiéu cao (H)
Hinh 2.5. Cdu triic tong thé ciia mé hinh ConvNeXt két hop Transformer

Mot Transformer layer (Hinh 2.6) gdm ba thanh phan chinh: (i) chuan ho4 theo 16p, (ii) co ché tur
chu y da dau kém residual connectlon (111) mang truyen thang ciing kem remdual connection. V&i
cdu tric ndy, dau vao x € R duogc tudn ty bién di dé cho ra diu ra z € R™, giir nguyén kich
thudc nhung mang thong tin biéu dién giau dic trung hon.

Dau vao: x € RTX4

i

Chué&n hod theo I6p

Co ché tuchuy
da dau

Mang truyén thang

!

Daura: z € RT*4

Hinh 2.6. Cdu triic chi tiét cia mot Transformer layer trong mé hinh

Nghién clru trong bai bdo “Screening for obstructive sleep apnea hypopnea using sleep
breathing sounds based on the PSG-audio dataset” [3] mdi chi dung & mé hinh ConvNeXt +
LSTM dé trich xuat dic trung chudi tir tiéng thd. Trong nghién ctru niy, ching toéi mé rong voéi
ConvNeXt + Transformer, thay thé LSTM bang co ché Multi-Head Self-Attention. Uu diém ky vong
ctia hudng nay 1a khai thac t6t hon quan hé dai han giita cac khung thoi gian trong Mel-spectrogram,
ddng thoi giir s6 tham s gon nhe (~2.1 triéu), pht hop cho thiét bj han ché tai nguyén

2.4. Uéc hrong chi s6 AHI

bé ude luong chi s6 AHI cho ca dém, tin hiéu 4m thanh dugc chia thanh cac doan dai 9 gidy voi
mirc chong l4n 6 gidy, sau d6 chuyén ddi thanh Mel-spectrogram véi kich thude 1x64x684 va dua
vao ConvNeXt Z nham trich xuat dic trung (256x2x27). Véi mé hinh ConvNeXt + LSTM, dic
trung sau gop trung binh theo chidu tin s6 c6 dang (27x256), duoc dua vaio LSTM mét 16p 128 an
dé hoc phu thudc dai han theo thoi gian, sau d6 qua fully-connected dé du doan nhi phan su kién
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ngung thd — giam thong khi: “co sy kién” (label = 1) hoac “khong sy kién” (label = 0). Véi
ConvNeXt + Transformer, dic trung sau gdp trung binh theo chiéu tan sb co dang (27x256), qua 6
16p Transformer (LayerNorm, Multi-Head Self-Attention, Feed-Forward, residual connection),
flatten va fully-connected dé du doan x4c suat nhi phan tuong tu [3].

3. KET QUA
3.1. Panh gia hiéu sudt phin loai trén tiap dir litu khong phu thudc chi thé (Subject-
Independent Dataset)

Hai md hinh ConvNeXt + LSTM va ConvNeXt + Transformer dugc huén luyén va danh gia trén
tap validation va testing khong trung lap doi tuong nham kiém tra kha nang tong quat hoa doi véi
dr liéu méi. Bang 1 trinh bay chi tiét két qua danh gia dua trén cac chi s6 Accuracy va Fl-score.

Bang 1. So sanh hiéu suét hai mé hinh trén tip di liéu khong phu thudc chii thé

Mo hinh Tham s6 (Triéu) Tap dir liu Accuracy (%) F1-score (%)
Validation 63.12 70.74
ConvNeXt + LSTM 2.10 -
Testing 64.75 71.63
Validation 62.56 72.89
ConvNeXt +Transformer 2.10
Testing 65.99 74.10

So véi két qua trong bai bao “Screening for obstructive sleep apnea hypopnea using sleep
breathing sounds based on the PSG-audio dataset” [3], dat Accuracy va Fl-score cao hon trén tap
dr liéu khong phuy thude chu thé, cho théy viéc thay thé LSTM béng Transformer da cai thién kha
nang khai quat hoa — diém yéu chinh ctia phuong phap géc.

Két qua (Bang 1) cho thay ca hai mé hinh déu c6 hiéu suat 6n dinh trén dir liéu khong tring lap
chu thé. ConvNeXt + Transformer dat Fl-score 72.89% trén validation so v&i 70.74% cua
ConvNeXt + LSTM, va 74.10% trén testing so vdi 71.63% cta ConvNeXt + LSTM. V& Accuracy,
ConvNeXt + LSTM cao hon mgt chut trén validation (63.12% so vé1 62.56%), trong khi ConvNeXt
+ Transformer lai vuot trdi trén testing (65.99% so véi 64.75%).

Tong hop két qud, ConvNeXt + Transformer vira dam bao d¢ chinh xac cao vira dat Fl-score
vuot troi, ching t6 6n dinh va hiéu qua hon trong moéi trudng thuc té ¢ da dang chu thé va nhin
khong dong déu, do d6 1a Iya chon tdi wu cho dit liéu chua tung xuét hién khi huin luyén.

3.2. Hiéu suit wéc lwgng AHI

Dé danh gia kha ning mo hinh trong viéc udc lugng chi s6 AHI — mot chi s6 quan trong phan
anh muc dd nghiém trong cua chiing ngung thd khi ngd — nghién ctru st dung ba thude do chinh:

Hé s6 twong quan Pearson (PCC): Do muc dd tuong quan tuyen tinh gitra AHI thuc té va du
doan, gla tri gan 1 cho thay du doan chinh xac va bam sat thyc té.

Sai s6 tuyét doi trung binh (MAE): Do chénh 1&ch trung binh tuyét dbi giira gia tri du doan va
thuce té, khong phu thuoc huodng sai so.

Can bdc hai sai 6 binh phuong trung binh (RMSE): nhin manh cac sai s6 16n hon bang cach
binh phuong sai s trude khi 1iy trung binh, do 6 phan 4nh mirc d6 6n dinh va tin cdy ctia du doan.

Két qua wdc luong trén tap dir liéu khong phu thude chi thé duoc trinh bay trong Bang 2.

Bang 2. Hi¢u suét wéc hrgng chi s6 AHI

PCC MAE (lan/gid) RMSE (lan/gi®)
Transformer Independent 0.848 10.89 17.56
LSTM_Independent 0.824 11.07 17.87

Két qua trong Bang 2 cho thay ca hai mo hinh déu dat hiéu suét tét trén tap dit liéu khong phu
thudc chu the, vai PCC déu vuogt mirc 0.82. Trong do, m6 hinh Transformer Independent thé hién
hi€u suat nhinh hon so vdi LSTM_Independent trén ca ba chi s6 danh gia.
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Mo hinh Transformer Independent vuot troi véi PCC = 0.848, bam sat xu hudng thyuc té hon
LSTM_Independent (PCC = 0.824). Transformer cling dat MAE = 10.89 (so voi 11.07) va RMSE =
17.56 (so v6i 17.87 1an/gid), thé hién d6 chinh xac cao va kiém so4t sai s6 10n tot horn

Du chénh 1éch khong 16n, Transformer Independent vuot trdi & cd ba chi s6 (PCC, MAE,
RMSE), thé hién kha ning tong quat hoa manh mé hon LSTM_Independent, dic biét phu hop véi
dit liéu thue té ¢ su da dang chu thé.

4. KET LUAN

Nghién ciru d& xuit moé hinh ConvNeXt + Transformer (~2.1M tham sd) cho sang loc OSAHS tir
tiéng thd ban dém, vira gon nhe vira hiéu qua, phu hop ca trén thiét bi han ché tai nguyén. So véi
ConvNeXt + LSTM, mé hinh khéng chi dat F1-score va accuracy cao hon ma con cho két qua wdc
lvong AHI chinh xac, 6n dinh (PCC cao, MAE, RMSE thép). Diéu nay cho thay Transformer c6 loi
thé rd rét trong viéc khai thic quan hé dai han va dic trung ngit canh, gitip nang cao kha ning khai
quat hoéa trén dir liéu mai.

Poéng gop chinh cta nghién ctru 1a mo rong mo hinh gbe ConvNeXt + LSTM bang viéc tich hop
Transformer, qua d6 chimg minh rang Transformer khong chi c6 thé thay thé LSTM trong pipeline
gon nhe ma con mang lai hiéu qua cao hon trong phan loai tiéng thé va udc lugng AHI. Pay 1a mot
budc phét trién tiép theo so voi bai bao [3], md ra hudng nghién ctiu két hop ConvNeXt va
Transformer trong phan tich tin hi¢u sinh ly.

Nghién ctru dong thoi khing dinh tiém ning ing dung ctia md hinh ConvNeXt + Transformer
trong cac hé théng sang loc tu dong ngoai méi trudng 1am sang. Tuy nhién, han ché cia nghién ciru
1a mo hinh chua dugc kiém chimg vé d6 6n dinh trong diéu kién dir liéu nhidu va da dang moi
truong (khac bi¢t thiét bi thu am, tap am thuc té, su khac biét gitta cac bénh vién). Do do6, cac
nghién cru twong lai cAn mo rong thir nghiém trén tap dit liéu phong pha va thyc té hon, nhdm nang
cao d6 tin cdy va kha ning trién khai trong 14m sang ciing nhu cong dong [6].

Ngoai ra, mot huéng nghién ciru tiép theo 14 mo rong so sanh véi cac md hinh hoc siu khéc
ngoai ConvNeXt két hop LSTM va Transformer. Céc kién triac nhu GRU, CNN thuan tiy hodc md
hinh lai (CNN-GRU, CNN-BiLSTM) c6 thé mang lai két qua bd sung nho cach khai thac dic trung
khac biét. Viéc dbi chiéu ciac md hinh nay s& gitp danh gia toan dién hon, dam bao tinh khach quan
va hd tro Iya chon kién trac t6i wu cho phat hién ngung tho khi nga [7].
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UNG DUNG HQC SAU TRONG DU BAO CAP PO MUC NUOC
PE CANH BAO LU LUT

Tran Thi Cim Giang, Phan Anh
Truwong Dai hoc Thuy loi, email: giangttc@tlu.edu.vn

1. GIOI THIEU CHUNG

Trude tinh hinh cac hién tugng thoi tiét cuc doan nhu 1ii lut gia ting ca vé tin suit va cudng do
gdy thiét hai nghiém trong, Viét Nam vo6i h¢ thong song ngoi day déc, thuong xuyén chiu anh
huong ning né boi 1d, dic biét & Pong bang song Cuu Long va mién Trung [1]. Du bao myc nuoc
song chinh xac va kip thoi tré thanh yéu cau cap thlet nham h trg tmg pho6 hiéu qua. Tuy nhién, cac
mo6 hinh thuy e truyen thng bi han ché bdi yéu cau dir liéu phire tap va thoi gian xur 1y dai, dic
biét trong diéu kién thiéu dix liéu. Cac m6 hinh nhu CNN, RNN, LSTM, Transformer [2][4] va mo
hinh lai RCNN d cho thay tiém nang trong dy bao thuy van [3]. Tuy nhién, van con thach thuc vé
dit liéu nhiéu, do chinh xac trong diéu kién thoi tiét cuc doan va kha nang dy bdo theo thoi gian
thuc. Nghién ctru nay so sanh hi¢u qua cua cac moé hinh ML va DL trong dy bao muc nudc song
Miami (Nam Florida) giai doan 2010-2020 nham xac dinh mé hinh t6i wu cho canh béo I

2. MO HINH BAI TOAN

Bai toan dit ra 1a xdy dung va danh gia hiéu qua cac mé hinh hoc may va hoc sau dé du doan
muc nude tai cic vi tri ha luu song Miami (tram S1, S25A, S25B, S26) véi cac mbc thoi gian du
bao 1 gio, 7 gio, 13 gio, 19 gio va 24 gio trude khi 1i xay ra. Muc tiéu la phat trién mo hinh dy bao
ngan han chinh xac, 6n dinh va dap tng yéu cau thoi gian thue, sir dung dir liéu muc nude, luu
luong bom, lugng mua va thity triéu tir nam 2010-2020, bao gdm ca diéu kién thoi tiét binh thuong
va thoi tiét cyc doan (bdo nhiét d6i Isaias, thang 8/2020).

2.1. Khu vuc nghién ctru va tap dir liéu

Khu vyc nghién ctru 1a ha luu song Miami (Nam Florida), dai 5,6 ddm, v6i cac tram thuy van S1,
S4, S25A, S25B va S26. Bo dit liéu bao gdm muc nudc, luu luong bom, lwong mua va thay triéu tir
1/1/2010 dén 31/12/2020, dugc chia thanh tép hudn luyén (80%, 2010-2018) va tap kiém tra (20%,

2018-2020). Dir liéu thoi tiét cuc doan tir bio Isaias (1-3/8/2020) duoc sir dung dé danh gia hiéu
suat trong diéu kién bat 6n. B dir liéu nghién ctru chinh dugc miéu ta trong bang sau:

Bang 1. M6 ta dic trung dir li€u va cach sir dung

Mo ta Viét tat Pon vi Bién muc tiéu
Muc nude tai cong xa S26 Flow_S26 feet khbi/gidy Khong
Luu lugng bom tai S26 Pump S26 feet khbi/gidy Khong
Muc nude ha luu S26 TWS S26 Feet khoi/gidy Khong
Muc nudc tai cong xa S25A Flow_S25A feet khbi/gidy Khoéng
Muc nuéce ha luu S25A TWS 25A feet Co
Téng luu lwong cong S25B Flow S25B feet khbi/gidy Khong
Luu lugng bom tai S25B Pump_S25B feet khbi/gidy Khong
Muc nuéce ha luvu S25B TWS_S25B feet Co
Muc nude tai tram S1 WS S1 feet Cod
Muc nudc tai tram S4 WS _S4 feet Co
Cuong d¢ mua trung binh theo luédi Grid_Rainfall inch/gio Co
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2.2. Tién xir Iy dir liéu
Dit liéu dugc chuan hoa theo phuong phap Min-max nhim ngin chin hién tuong gradient trd
nén qué nho hoic qua 16n. Phuong phap nay dugc thé hién theo cong thirc:
X~ Xmin

X' =~ “min_ (1)
X X

trong do: x' 1a gid tri sau khi chuén hoa, x 1a gia tri géc VA Xmin, Xmax 12 14 tri nhd nhit va 16n nhat
cua tap dir ligu.
2.3. M6 hinh nghién curu
2.3.1. Y twéng va nguyén Iy
Mang no-ron hdi tiép (RNN) Ia kién trtic hoc siu phu hop dé xur ly dir licu tuan tu, dic biét hiéu
qua voi cac phu thudc ngan han theo thoi gian. Tuy nhién, RNN gip kho khin trong viéc hoc céac
quan hé kéo dai do han ché bo nhé va hién twong mét dan gradient. Trong khi d6, mang no-ron tich
chap (CNN) c6 kha ning hoc cac quan hé khéng gian cuc b, gitp rat ngin chudi dau vao va giam
ap luc luu trir cho RNN. Tan dung su bo sung ndy, kién tric két hop RCNN (Recurrent-
Convolutional Neural Network) da dugc dé xuat, trong d6 RNN trich xuét dic trung thoi gian, con
CNN tiép tuc khai thac cic mbi quan hé khong gian. Cac 16p gdp sau CNN gitp chon loc dic trung
ndi bat, giam chiéu dir liéu va tang kha nang tong quat hoa. Vi co ché két hop thoi gian — khong
gian, RCNN cho thdy tiém ning cao trong cac bai toan chudi thoi gian dai han [3].
2.3.2. Kién triic RCNN
Tang tich chap lap 1a khdi mo-dun cdt 18i cia RCNN. Céc trang thai cta cac don vi trong ting
tich chap lap phat trién qua céc budc thoi gian roi rac. Hoat dong cia mot don vi tai vi tri (7, j) trén
ban dd dic trung k tai thoi diém ¢ dugc xac dinh thong qua 2 budc:
Budc dau tinh toan dau vao Z (1), zy (1) dugce tinh bang tong hop cua hai thanh phan chinh, dau
vao truyén thang va dau vao lap lai:
T .. T
2@ =(w] ) u"P @) +(w)) x" (=1 +b, )
trong do:
u(i”)(t): dai dién cho dau vao truyén théng tr cac ban dd dac trung cua 16p trude.
x7 (t-1): dAu vao 13p tir 16p hién tai tai thoi diém trude (7 - 1).
W), (Wo): trong sb feed-forward va lap.
by hé s6 bias.
Sau khi tinh toan dau vao ziik(t), hoat dong (hay trang thai) x;x(2) ciia don vi dugc xac dinh bang
cach ap dung mot chudi cac ham phi tuyén tinh va chuan hoéa.
(=g (f (2 0)) (3)
[ (253 () = max (2, (1), 0) 4)
trong do:
£ 1a ham kich hoat tuyén tinh chinh luu (ReLU). Ham nay giup giai quyét van dé gradient bién
mat va thuong duoc dinh nghia 1a:

f(Zijk(t)) =maX(Zijk(t)JO) (5)

g: 12 ham chuédn héa phan tng cuc bo.
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Kién triic trong ma

RCNN bao gom:

o Mot tang tich chap dau tién.

e Bon tang RCL, két hop két ndi feed-forward va lap.

e Ba tang max-pooling dé giam kich thuéc khong gian.

Khi trién khai qua (T) budc thoi gian, RCNN tao ra mang feed-forward véi do sau ti da (T+1),
nhung gilt sO lugng tham so6 co dinh.

Céu tric da dwong din

RCNN tao ra nhiéu duong dan tir ddu vao dén dau ra voi do dai khac nhau (tir 1 dén (T+1)). Diéu
nay gilp:

e Giam van dé bién mat gradient (vanishing gradient).

e Ting kha ning hoc cac dic trung phirc tap ma van duy tri tong quat hoa.

Di¥ liéu dau vaio ———» RNN _— i —— i —_— Paura

—_——

L&ép RNN Lop tich chap Léop gop

Hinh 2. M6 hinh hoat dong cua RCNN

RCNN mang lai nhiéu vu diém nbi bat trong du bdo muc nude, nhd kha ning tich hop ngit canh
t6t hon khi str dung két ndi lip dé xur 1y thong tin trong cing tang, khic phuc han ché cia CNN
truyén théng von chi xir Iy ngit canh & ting cao hon. RCNN vira tan dung kha ning nim bt phy
thudc dai han cua RNN, vura trich chon dac trung cuc b hiéu qua nhd CNN, gitip mo hinh thich
hop véi dir liéu co6 tinh tuan hoan va chiu tic dong ngoai sinh phuc tap. So véi cac kién trac
Transformer vén manh vé chudi dai nhung doi hoi tap dit li€u 16n va chi phi tinh todn cao, RCNN
cho théy su can béng gitta d§ chinh xé4c va tinh kha thi trong diéu kién dit liéu va ha téng thuc té
con han ché. Hiéu suit cia RCNN duoc ching minh qua két qua du bao chinh xac trén céc tap dir
liéu phuc tap.

3. KET QUA NGHIEN CUU

Bai bao di str dung cac do do MAE, RMSE dé danh gia hiéu sudt mé hinh RCNN véi cac thuat
toan khac nhu Linear Regression (LR), Random Forest (RF), XGBoost (XGB), Multi-Layer
Perceptron (MLP), Convolutional Neural Network (CNN), Recurrent Neural Network (RNN), Long
Short-Term Memory (LSTM).
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3.1. Phan tich hiéu suit dau ra theo thoi diém dyw doan

Bang 2. Sai s6 tuyét dbi trung binh (MAE) ciia cac md hinh DL
ciia tit ca cac vi tri (S1, 25A, S25B, S26) tai cic budc thoi gian du doin khac nhau (gio)

1 gioy 7 gio 13 gio 19 gio Tt ca
RCNN 0.05536 0.05986 0.05619 0.06071 0.06298
RNN 0.08859 0.10208 0.09741 0.10734 0.10073
CNN 0.06595 0.06226 0.06804 0.06379 0.07254
LR 0.08094 0.08205 0.09149 0.08489 0.1011
LSTM 0.14473 0.14631 0.16057 0.15769 0.15381
MLP 0.13053 0.12095 0.12384 0.11263 0.116
RF 0.11328 0.12314 0.11199 0.1251 0.11939
XGBOOST 0.21802 0.19117 0.21916 0.19107 0.18506

Bang 3 Sai s6 binh phwong trung binh (RMSE) ciia cac mé hinh DL
ciia tit ca cac vi tri (S1, 25A, S25B, S26) tai cic budc thoi gian du doin khac nhau (gio)

1 gioy 7 gioy 13 gio 19 gio Tt ca

RCNN 0.07993 0.08492 0.08109 0.08708 0.08889
RNN 0.11918 0.139 0.12862 0.1462 0.0973
CNN 0.08784 0.08742 0.09097 0.0899 0.13259
LR 0.10537 0.11376 0.11551 0.11659 0.13672
LSTM 0.1889 0.19189 0.20395 0.20534 0.14902
MLP 0.1637 0.15599 0.15664 0.14545 0.15718
RF 0.14655 0.16314 0.14462 0.16614 0.1996
XGBOOST 0.30889 0.28521 0.31022 0.28527 0.2685

O trong bang 2 va bang 3, cot ‘Tat ca’ biéu thi gid tri trung binh (mean) cta chi sb
(MAE/RMSE) téng hop qua céc méc thoi gian du bdo 1h, 8h, 16h, 24h va qua céc vi tri S1, S25A,
S25B, S26. RCNN 1a mé hinh hiéu quéa nhat véi MAE va RMSE thép nhat, cho thiy d chinh xac
va 6n dinh cao ¢ ca du doan ngén va dai han. RNN phu hop véi du bao ngén han, CNN va MLP
cho két qua 6n dinh & trung va dai han. LSTM khong vuot tréi nhu ky vong va cho sai s6 cao hon
RNN. Cac mo hinh hoc may c6 hi¢u suit kém, khong phu hop véi bai toan du bdo muc nudce nhiéu
budce thoi gian.

3.2. Truc quan héa két qua

3.2.1. Giai dogn binh thuong

Muyc nudc quan trac va dy bdo ngay 1 thdng 4 nam 2019 tai S1

. --- OBS
£ 55 MLP MAE =0.079
o g —— RNN MAE =0.048
‘é 2.0 —— LSTM MAE =0.065
o 1.5 —— CNN MAE =0.043
1.0 —— RCNM MAE =0.025
= LR MAE =0.79
0.5 = - —— XGBoost MAE =0.158

% 2 4 6 8 10 12 14 16 18 20 22 RF MAE =0.06
Thoi gian [gid]

a) Muc nudc tai tram Sl
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Myc nudc quan trac va dy bao ngay 1 thang 4 ndm 2019 tai S25A

— —== OBS
2.5 MLP MAE =0.08
20 RNN MAE =0.051
2, LSTM MAE =0.085

. CNN MAE =0.061
=2 1.0 RCNN MAE =0.05
= o5 ] LR MAE =0.718

o XGBoost MAE =0.093

o 2 1 6 8 10 12z 14 16 18 20 22 RF MAE =0.096
Thai gian [gid]

b) Myc nwoc ha luu tai tram S254

Muc nudc quan trac va dy bao ngay 1 thdng 4 ndm 2019 tai S25B

— --- OBS
£ 2.5 MLP MAE =0.064
8 RNN MAE =0.054
2 2.0 LSTM MAE =0.086
o 1.5 CNN MAE =0.032
=1.0 RCNN MAE =0.042
= 05 LR MAE =0.799

’ XGBoosl MAE =0.134

D =

0 2 4 6 8 10 12 14 16 18 20 22 RF MAE =0.104
Thai gian [gid]
¢) Myc nuéc ha luu tai tram S25B
Muc nudc quan trac va du bao ngay 1 thang 4 nam 2019 tai 526
— --- 0BS
& 2.5 —— MLP MAE =0.06
8 2.0 —— RNN MAE =0.044
2 —— LSTM MAE =0.075
1.5 —— CNN MAE =0.042

51.0 —— RCNN MAE =0.048
= 0.5 LR MAE =D.581

) —— XGBoosL MAE =0.16

0

0 2 4 6 8 10 12 14 16 18 20 22 RF MAE =0.087
Théi gian [gid]
d) Myc nudc ha luu tai tram S26
Hinh 3. Myc mede quan trdc va dw dodn tai 4 vi tri vao ngay 1 thang 4 nam 2019 gom: (a), (b), (c), (d)
RCNN 1a md6 hinh du bédo hiéu qua nhét tai ca bdn tram, vé6i sai s6 MAE thép va d0 chinh xac cao,
dac biét noi bat tai cac tram S1 va S25A. Nho két hop gitta CNN va RNN, RCNN khai thac tot dac
trung khong gian—thoi gian trong dit 1iéu myc nudc, giap moé hinh héa bién dong phure tap hi¢u qua.
3.2.2. Giai doan co bdo

Muc nudc quan trac va du dodn trong thai gian bdo nhiét ddi Isaias (1-3 thang 8 nam 2020) tai S1

--- OBS

& _ MLP MAE =0.124

I 3.0 —— RNN MAE =0.173

£25 —— LSTM MAE =0.215
£2.0 —— CNN MAE =0.118

5.1.5 —— RCNN MAE =0.089
=10 LR MAE =0.865

0.5 —— XGBoost MAE =0.266

RF MAE =0.154

0 6 12 18 24 30 36 42 a8 54 B0 513 12
Thoi gian [gio]

a) Muc nudc tai tram Sl

Muec nudc quan trdc va du doan trong Lhai gian bio nhiét dédi Isaias (1-3 thang 8 n&m 2020) Lai S25A

OHS

Eso0 MLP MAE —0.146
> RNN MAE =0.153
= 2.5 LSTM MAE =0.151
= 2.0 CNM MAE =0.1
515 RCNN MAE —0.089
=30 LR MAE =D.B63

y XGBoost MAE =0.171

0.5 RF MAE =0.136
o]

0 6 12 18 24 30 36 42 48 54 60 66 72
Thai gian [gig]

b) Myc nucce ha luu tai tram S254
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Muc nudc quan trac va du doan trong thdi gian bio nhiét déi Isaias {(1-3 thang 8 ndm 2020) tai S25B

--- DAS
£ MLP MAE =0.134
5 3.0 —— RMNMN MAE =0.162
‘g 2.5 —— LSTM MAE =0.171
c2.0 —— CNN MAE =0.105
S1s —— RCNN MAF =0.107
LR MAE =0.914
o —— XGBoost MAE =0.202
0.5 RF MAE =0.125
Q

0 6 12 18 24 30 36 42 48 54 60 66 72
Thai gian [gig]

¢) Myc nuéc hg luu tai tram S25B

Muc nudc quan trac va du doan trong thai gian bao nhiét dgi Isaias (1-3 thang B nam 2020) tai 526

3.5 --- 0Bs
= 3.0 MLP MAE =0.098
'G' 2.5 RMNMN MAF =0.183
‘g - —— LSTM MAE =0.166
= 2.0 —— CNN MAE =0.112
g_ 1.5 —— RCNN MAE =0.107
= 1.0 LR MAE =0.664
—— XGBRoost MAF <0155
0.5

RF MAE =0.141
o]

0 6 12 18 24 30 36 12 a8 541 60 66 72
Thdi gian [gid]

d) Myc nuoc ha luu tai tram S26
Hinh 4. Mytc mede quan trdc va die dodn vao ngay 3 -8 thang 4 nam 2019 tai 4 vi tri:(a), (b), (c), (d)

~RCNN cho thy hiéu suat vuot troi khi dat MAE thip nhat tai S1 va S25A (0.089) va duy tri sai
s6 nho tai S25B va S26 (0.107).

4. KET LUAN

Két qua thuc nghiém cho thdy mé hinh RCNN vuot trdi so véi cic md hinh khac vé do chinh xéac
va tinh on dinh, dat sai sd tuyét ddi trung binh (MAE) thdp nhét (0.0629) va sai sé binh phuong
trung binh (RMSE) thap nhat (0.0888) trén tat ca cac tram va mdc thoi gian dy bao. Hiéu qua cua
RCNN duge khang dinh trong diéu kién phirc tap: tin dung hiéu qua kha ning trich xuét dic trung
khong gian ciia CNN va dic trung thoi gian ciia RNN, gitip cai thién dang ké hiéu suit du bao, dic
biét trong céc diéu kién thoi tiét phurc tap nhu bao nhiét daoi Isaias (thang 8/2020). Cac mo6 hinh hoc
sau khac nhu RNN va CNN ciing cho két qua tét, nhung khong 6n dinh bang RCNN. Du vy,
RCNN van tdn tai mot s6 han ché nhu chi phi huén luyén 16n, yéu cau dit lidu lich st day va dé suy
giam hiéu nang khi dir liéu dau vao thiéu hodc nhiu. Cac nghién ciru tiép theo s& hudng tdi tdi wu
kién dé giam chi phi tinh toan, tich hgp mé hinh lai véi kién thirc thuy vin — thiy lyc dé ting kha
nang giai thich, va mé réng so sanh véi cac kién trac tién tién nham danh gia toan dién hon.

5. TAI LIEU THAM KHAO
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TiINH LOI, LOM CUA PO THI HAM SO VA BAT PANG THUC

Nguyén Thi Ly, Nguyén Hitu Tho
Truong Pai hoc Thuy loi, email: lycs2@tlu.edu.vn

1. GIOI THIEU CHUNG

Pay 1a mot bao cao tong quan vé mot chu dé ma chung toi di timg sir dung trong qué trinh 6n
luyén trong nhiéu nam cho ddi tuyén Olympic Toan hoc cta Trudng Pai hoc Thuy lgi tham du cac
ky thi Oympic Toan hoc sinh vién Toan qubc. Tir qua trinh day hoc, chiing toi duc két thanh mot
bao c4o mang tinh tong quan dé co thé ap dung va phat trién tiép trong nhitng nim tiép theo.

2. NOI DUNG BAO CAO
A. Co s6 1y thuyét

a. Pinh nghia ([3]). Cho ham s6 y = f(x) lién tuc trén doan [a;b] c6 db thi 1a (C), xét hai
diém (a; f(a)) va (b; f(b)) ndm trén dd thi (C). Khi d6

i) Do thi (C) dugc goi 1a 16i trén [a;b] néu tiép tuyén tai moi diém thudc cung AB ludn ndm
phia trén d6 thi (C).

i1) Db thi (C) duoc goi 1a 10m trén [a;b] néu tiép tuyén tai moi diém thudc cung AB ludn nam
phia duéi d6 thi (C).

b. DAu hiéu do thi 16i, 16m

Pinh 1y 2.1 ([2]). Cho ham s6 y = f(x) thudc C*(a;b), khi d6

i) Néu f"(x)>0 véimoi x € (a;b) thi dd thi cia ham sb 13 16m trén (a;b).

ii) Néu f"(x)<0 v6imoi x € (a;b) thi dd thi ciia ham sb 13 151 trén (a:b).

¢. Mot s6 bat dang thirc co ban

Pinh Iy 2.2 ([1]). (Bdt dang thirc tiép tuyén)

Cho ham s6 y = f(x) lién tuc va c6 dao ham dén cap hai trén doan [a;b], khi d6

) Néu f"(x)=0 véimoi x e [a;b] thitaco f(x)2 f'(x,)(x—x,)+ f(x,), Vx, € [a;b].

ii) Néu f"(x)<0 véimoi x [a;b] thitacd f(x)< f'(x,)(x—X,)+ f(x,), Vx, € [a;b].

Dau "=" dat dugc khi va chi khi x = X, .

Pinh 1y 2.3 ([1]). (Bdt ding thirc cdt tuyén)

Cho ham s6 y = f(x) lién tuc va c6 dao ham dén cap hai trén doan [a;b], khi do

i) Néu f"(x)>0 véi moi xe[a;b] thi ta co f(x)ZLl];(b)(x—a)+f(a), Vxe[a;b].
a—

ii) Néu /"(x)<0 v&i moi xe[a;b] thi ta co f(x)SLZj:(b)(x—a)wa(a), Vxe[a;b].
a—

DAu "=" dat duoc khi va chi khi x=a hodc x=5b.
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B. Mt s6 vi du ap dung
Vi du 1. Cho céc s6 thuc duong a,b,c théa min a +b +c =1. Hiy chimg minh rang

a N b N c <3\/E
Ja2+1 b+l e+l '

o N e , Lo , a X £ . 1
Giai. Tu gia thict suy ra a,b,c € (0;1), do tinh doi xing cua a,b,c nén de¢ thay tai a=b=c=—

thi ta nhan dugc ddu "=". Xét ham s§ f(x) = \/f_ v6i x € (0;1), khi do ta co
x +1
[ 1 A " 3x
@)= ——— Vi f"(x) =~

(x2+1) (xz—i-l)5 |

D@ thay f"(x)=—3—x5<0 Vx e (0;1). Ap dung bat dang thirc tiép tuyén lan luot tai
(x2 + l)

. 1 A
x=a,b,c va x, =§ ta nhan duoc

f@)< s G
1

fo)ysr' (
sty
o3 3 3)

Cong hai vé cua cac bat dang thirc trén, khi d6

f(a>+f(b>+f(c)Sf'@(a+b+c_1)+3f@:i:@,

Ding thirc xay ra khi va chikhi a=b=c= é

Vi du 2. Cho céc s thuc khong 4m a,b,c thoa man a’ +b* +¢* =3 . Hiy chimg minh rang
1 1 1
+ + >1
Ji48a 1+8b 1+8¢

Gidi. Tur gia thiét suy ra a,b,c e [0;\/5} do tinh dbi xing nén dé thay tai a=b=c=1 thita

, , 1
nhan dugc ddu "=". Xét ham s§ f(x)= véi x e [o;ﬁ ] khi d6 ta c6
\/1 +8x

f(X)__w/ 1+8x v «/ 1+8x

D& thdy f"(x)>0 Vxe[o;ﬁ } Ap dung bat déng thire tiép tuyén 1an luot tai x=a,b,c va
x, =1 ta nhan duoc
f@)= (1) (a=1)+£(1),
FB)= £(1)(b=1)+ (1),
£©= £'(1)(c=1)+ £ (1).
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Cong hai vé ctia cac bat dang thic trén, khi d6
f@+fb)+f()= f'(1)(a+b+c-3)+3f(1).

Mit khéc, theo bt déng thirc Bunhiacopski ta c¢6 (a+b+c)2 < 3(a2 +b’ +c2) =9,suyra
a+b+c<3 hayla a+b+c—-3<0, honnira f'(1)=—2i7<0;

Nhu vay f(a)+ f(b)+ f(c) Zf'(l)(a+b+c—3)+3f(l) > 3f(1) =1. Piang thic xay ra khi va
chikhi a=b=c=1.

Chi y. i) Phuong phap duoc sir dung trong hai vi du trén c6 thé mé rong cho viéc chirng minh
cac bat ding thuc dang f(a,)+ f(a)+ -+ f(a,)2k hodc f(a)+f(a)++f(a,)<k véi
a (i=1,2,...,n) la cac s6 thuc cho truée.

ii) Néu bat dang thirc c6 dang f(a,).f(a,) -+ f(a,)2k véi f(a)>0(i=12,..n);k>0 thita
c6 thé 14y loga co s ty nhién hai vé roi sau d6 sir dung phuong phap nhu trén.

Vi du 3. Cho cac s6 thuc duong a,b,c théa man a+b+c=3. Tim gia tri l6n nhéat cua biéu thuc

P=(a+m)b(b+\/ﬁ)c(c+m)a.

Giai. Bang céch lay loga co s0 tu nhién ta c6

ln(P)zbln(a+m)+cln(b+W)+aln(c+m).

Tur gid thiét suy ra a,b,c € (0;1). Xét ham $6 f(x)= ln()Hr\/er2 ) VOl x € (0;1) , khi d6 ta co

S P

X1 (1+°)

S =

D& thiy f"(x) <0 Vxe(0;1). Ap dung bat dang thirc tiép tuyén lan luot tai x=a va x, =1
f@< f((a=-1)+7(1)=fDa+ D)~ 1'0).

Nhaén hai vé cta bat dang thic trén voi b nhan duoc
bf(a)< f'Dab+[f(D)-fD]b,

tuong tu ta cling co:

of 0)< f'(Deb+[f)~f'D]e,
af ()< f'Dac+[f1) - f'D]a.

Cong hai vé cua cac bat dang thirc trén, khi do:
In(P) < f'(l)(ab+bc+ca—(a+b+c))+f(1)(a+b+c) .

Mat khacdo a+b+c=3>ab+bc+ca nén
In(P) < f'(1)(ab+bc+ca—(a+b+c))+ f(I)a+b+c) < 31n(1+J§)

3

In(P) < In(1++2)

3 5
Va tir do Ps(1+ﬁ) . Déng thirc xay ra khi va chikhi a=b=c=1.

138



Tuyén tap Hoi nghi Khoa hoc thuong nién ndm 2025. ISBN: 978-604-82-8713-9

Vi du 4. Cho céc s6 thuc duong a,b,c théa min a +b+c =1. Ching minh rang

10(613+b3+c3)—9(as+b5 +c5)21.

Gidi. Tt gia thiét suy ra a,b,c € (0;1), do tinh d6i xtmg nén d& thdy tai a=b=c :% thi ta nhan

duoc ddu "=". Khong mat tinh tong quat gia st rang a >b>c.
Xéthamsd f(x)=10x"—9x°, x € (0;1), khi dé ta c6

f'(x)=30x" —45x* va f"(x)=60x—180x".
Dé thdy f"(x)=0& x=x, = \E Tir d6
f"(x)>0 voi xe(05x,)) va f"(x) <0 véi x e(xy1).

Néu O<a< X, Ap dung bat déng thire tiép tuyén lan luot tai x=a,b,c va X, =% ta nhan duoc
1 1 1
>l =|la—=|+7|=|,
r@zr(3) a3} s3]
1 1 1
by f''=||b—-=|+f]| =],
10213 o-3 e 1(3)

1 1 1
> = ec—=|+f|=|
r@zr(3) -3 )+[3)
Cong hai vé cua cac bat dang thirc trén, khi do:

f(a)+f(b)+f(c)Zf'(%j(a+b+c—l)+3f(%j:1.

Néu x,<a<l: Ap dung bt dang thirc cat tuyén ta co

AORIACY
1—

X0

f(a)> (@-D+f(1)>fM)=1.

Ta lai &p dung bét d:fmg thire tiép tuyén lan lugt tai x=b,c va X, =0 tanhan duoc
f(b)= f'(O)(b—O)+f(0) =0,
fle)= f'(O)(c—O)+f(O) =0.
Vatrdé f(a)+ f(b)+ f(c)>1, két hop lai ta nhan dugc diéu can ching minh.
Vi du 5. Cho tam giac nhon 4BC . Tim gia trj 16n nhét ciia biéu thirc
F =sin A.sin® B.sin® C .
Gidi. Ta ¢6 In(F) = In(sin 4) + 2In(sin B) +31n(sin C) . Xét ham sb

f(x)=In(sinx), x € (0; %)

khi do ta co
1

sin’ x

f'(x)=cotx va f"(x)=—

D@ thdy f"(x)<0Vxe (0;%}. Ap dung bat dang thic tiép tuyén véi tam giac nhon MNP ta

nhan duoc
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fAL (M) (A-M)+ f(M)=(A4-M)cotM +In(sin M),
f(B)= f'(N)(B-N)+ f(N)=(B-N)cotN +In(sin N)
f(C)= f'(P)(C—P)+f(P)=(C—P)cot P+In(sin P).
Cong hai vé cua cac bat dang thirc trén, khi d6
tan M. f(A)+tan N.f(B)+tan P.f(C) > tan M .In(sin M ) + tan N.In(sin N) + tan P.In(sin P).

Ta chon tam gidc nhon MNP sao cho: tanlM = ta1;N = ta131P =k,(k>0),suyra

tanM =k
tan N =2k
tan P = 3k.

Mat khac lai ¢6 tanM +tan N +tan P = tanM.tanN.tanP, vay nén 6k = 6k>hay 1a k =1 khi d6
tanM

sinM =

\/1+tan \/_
sinN =—

J§
sinP =

S‘w
)

Vado do

F(A)+ f(B)+ f(C)<In—+2In—=+31In 27

\/_ «/_ J_ SETN

dang thirc xay ra khi va chikhi 4=M;B=N;C=P.Vay max F = 27

25410

tucla F <

27
25710
C. Mot so bai tap tu luyén
1. Cho cac s6 thuc duong a,b,¢ théa man a+b+c =1. Chitng minh rang

a b c>i

+
l+bc 1+ca 1+ab 10
2. Cho cac sb thuc duong a,b,c¢ . Chimg minh rang

(b+c—a) N (c+a—b) N (a+b—c) >3

(b+c)+d* (c+a)’+b> (a+b)Y+c* 5

3. Cho tam giac nhon ABC . Tim gia tri nho nhat ctia biéu thirc
F=tan4+2tan B+3tanC .
4. Cho céc s6 thuc duong a,b,c thoa min a+b+c =1. Tim gia tri nho nhat cta biéu thic

P=a’+J1+b* +1+c*.

3. KET LUAN

Béo cdo nay 1a mot tong quan dat dugc sau mot qué trinh lau dai giang day 6n luyén cho doi
tuyén Olympic Toan hoc ctia Trudng tham dy cac ky thi Olympic Toan hoc sinh vién Toan qudc.
Trong bao cdo, chiing toi st dung cong cu tinh 16i/1dm ctia ham sb trong viéc chimg minh cac bai
toan vé bat dang thirc, phuong phap nay c6 wu diém: dé chon duoc ham dic trung phi hop va sau
d6 cac budc tién hanh thuong tuan theo 19 trinh rd rang, dé hiéu.
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LAP KE HOACH PUONG BAY BAO PHU KHONG PONG NHAT

Tran Thi Cim Giang, Phan Anh
Truong Pai hoc Thuy loi, email: giangttc@tlu.edu.vn

1. GIOI THIEU CHUNG

Trong nhitng nim gan diy, UAV (phuong tién bay khong nguoi 1ai) dugc ing dung rong rii
trong cac linh vuc nhu néng nghiép thong minh, giam sat, ciru hg va khao sat dia hinh [1]. Xu
huong st dung nhiéu UAV hoat dong dong thoi thay vi don 1é ngay cang pho bién, dac biét 1a he
thong UAV khong dong nhat (Heterogeneous UAVs) [3]. Nho sy da dang vé tdc do, tam bay, cam
bién va tai trong, cic UAV nay giup khai thac t6i vu kha ning timg chiéc, ning cao hiéu qua toan
hé théng.

Tuy nhién, sy khong dong nhét ciing lam phirc tap bai toan 1ap ké hoach dudng bay, dic biét
trong céc nhiém vu yéu cau bao phu toan bo khu vue (Coverage Path Planning - CPP) ma khong bo
sOt hodc chong 1ap [2] [4]. Chu dé “Lép ké hoach dudng bay bao phu cho UAV khéng ddng nhat”
giai quyet bai toan nay bang cach cai tién thuat toin APPA (ACS-based Path Planning Algorithm),
nham tdi wu phan cong nhiém vy va 19 trinh, giam thoi gian hoan thanh va nang cao hiéu suit van
hanh. Trong khi cac phuong phap truyén théng nhu chia 6 luéi con nhidu han ché trong phdi hop
UAV va xtr Iy rang budc mdi trudng, thi cac hudng tiép can gan ddy dua trén hoc may va heuristic
du tiém nang nhung van gip tré ngai vé do phirc tap va chi phi tinh toan.

2. PHAT BIEU BAI TOAN

Tap hop ciac UAV khong dong nhét: duge ky hiéu 1a U = {Uy, U,, ..., Uy}, mdi UAV U; dugc
dic trung boi cac thong sd chinh nhu sau: U; = {V; ™, W;}. Trong d6: V; ™ 1a tdc do bay tdi da
cua UAV Uj, W; l1a do rong quét cia cam bién trén UAV U;. Bai bao khong xét dén cac yéu td khac
nhu dung lugng pin kha ning lién lac trén mdi UAV.,

Tap hop ving can bao phu: gdm m ving doc 1ap R = {Ri,Ro, ..., Rin}, mdi vung c6 dién tich Aj
(m?), vi tri toa d6 trung tim (x4, yj)- Ma tran khoang céach: Biéu dién khoang cach giita cac khu vuc,
dugc dinh nghia nhu sau: D={D;}. Trong do6: D la khoang cach bay tir khu vuc R; dén khu vuc
Ry. Néu R; va Ry trung nhau, ta c6 Djx = 0. Nguoc lai, D duoc tinh 1a khoing cach Euclidean tur
khu vuc R dén khu vuc Ry.

2 2
Dy =(x %) +(v,-») (1)
Ma tran vén tdc quét: bleu dién téc do t6i da ma UAV Uj ¢6 thé quét khu VlIC R;. Taco: V =
{V;i J} trong do: Vi; la tdc do tbi da cuia UAV U khi thuc hién quét khu vuc R; (m* /s) d o, la

hé s6 can. Néu UAV U; khong thuc hién nhiém vu quét tai khu vuc R;, ta ¢6: Vi; = 0. Nguoc lai, Vi
duoc tinh nhu sau:

V;’l :dl’]V;max (2)
Biéu dién thoi gian:
Thoi gian quét tai khu vuc R; béi UAV Uj, néu ;> 0:

7S, = 3)

Thoi gian bay tir khu vuc R; dén khu vuc Ry caa UAV U;:

D.
TF ik (4)

i, k= Vmax
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Rang bujc:

(1) UAV khong duoc bay vé cin cir cho dén khi hoan thanh tit ca khu vuc duoc giao.

(2) Téng s6 UAV thuc hién nhiém vu khong vuot qua téng s6 UAV co.

(3) Mdi UAV phai duoc xudt phat tir can ¢t hoic khéng tham gia nhiém vu.

(4) Mbi khu vuc chi dugce quét mot 1an boi mot UAV.

Ham muc tiéu: THi thiéu hoa thoi gian hoan thanh nhiém vu ctia toan b hé thong UAV.
min max F(U,)

5
1<i<n )
trong d6: F(U;) 1a téng thoi gian thye hién nhiém vu ciia UAV U
F(Ui):TSi,j"'TE,j,k (0)

3. THUAT TOAN

3.1. Tong quan thuit toin

Dé giai quyét bai toan lap ké hoach duong bay bao phu UAV khong ddng nhat, dé xuat sir dung
thuat toan APPA. Thuat toan APPA duoc xay dung dua trén su két hop gitra 2 giai doan:

Giai doan 1: Phan chia cac ving nhiém vu cho nhiéu UAV khéng dong nhit.

Giai doan 2: Lap ké hoach duong di cho tung UAV sao cho thoi gian hoan thanh nhiém vu toan
cuc 14 nho nhét.

Do phuc tap tinh todn cao: bai todn bao gom hai van dé tdi vu hoa 1ong vao nhau d6 1a phan cong
nhiém vu va lap ké hoach duong di. Khac véi [5], nghién ctru nay khong chi str dung Ant Colony
System (ACS) dé t6i uu 16 trinh ma con két hop thém mot giai doan phan ving nhiém vu dua trén
chi s6 Effective Time Ratio (ETR). Cach tiép can hai giai doan nay cho phép can bang tai giira cac
UAV khong dong nhat truéce khi tién hanh t6i uu dudng bay, tir ¢6 giam thiéu chénh léch thoi gian
hoat dong va cai thién dang ké hiéu suét toan cuc. bay 1a diém khéc biét cdt 15 giip APPA dat
duoc thoi gian hoan thanh thap va 6n dinh hon trong nhiéu kich ban phirc tap.

Bit diu J ( Bit diu J
fE Khoi tao | | Khei tao pheromone ban diu |
‘ Lap qua méi véng lap ‘
| Lap qua tirng kién |
Chon UAV cé thei gian hoan thanh Chon viing tiép theo
nhé nhat
) ]
| Tim viing cudi cia UAV dé | ‘ Cap nhat pheromone cuc bd ‘
E I
‘ Tinh ETR cho cac vung cén lai ‘ Sau khi tit ca cac con kién xay
dwng xong hanh trinh, chgn con
v kién cé dwéng di tot nhit
Chon viing ¢é ETR cao nhit gan 9
cho UAV \lr
i ‘ Cap nhat pheromone toan cuc

\ Cap nhat th&i gian hean thanh cia
UAV 1

1 [ Két thic ]

[ Két thac J
Hinh 1. Luu do thudt todn APPA (phdn viing va toi wu thir ti)
3.2. Thuat toan APPA

3.1.1. Giai dogn 1: Phdn vang

Giai doan nay nham phan chia cac ving cho cac UAV sao cho phan chia hop 1y dé giam chénh
1éch thoi gian hoat dong gitta cac UAV. Céc vung s€ dugc gan cho UAV nhan roi dua trén ty 1€ thoi
gian hi¢u qua (ETR).
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Gia st mot UAV U, dang 6 vi tri R; can bay dén va quét khu vuc R. Thoi gian UAV U, bay tir R;
dén R, va quét khu vuc Ry dugce ky hi¢u 1a 7F;;x va TS;x twong tmg. Vi muc dich cua UAV la quét
khu vuc Ry, nén thoi gian cho viée quét khu vuc R, dugce goi 1a thoi gian hiéu qua. Ty 1€ thoi gian
hiéu qua duoc dinh nghia 1a ty 1é giita thoi gian hiéu qua va tong thoi gian, theo cong thirc sau:

TS, ,
ETR, = —"*
TF, . +TS,,

1

(7)

Néu gia tri ETR cao, diéu d6 c6 nghia 1a UAV danh nhiéu thoi gian cho nhiém vu quét hon 14 di
chuyén. Do d6, néu ving Ry c6 ETR cao s& dugc uu tién gan cho UAV U..

3.1.2. Giai dogn 2: Ldp ké hoach dwong bay bang thudt toin ACS

Sau khi phan ving, m&i UAV dugc gan mot tip hop ving nhiém vu. Giai doan tiép theo 14 téi uu
thir ty tham cac ving niy dé rat ngin thoi gian hoan thanh. Thuat toan ACS dugc p dung riéng cho
tung UAV trong qua trinh 1ap 19 trinh.

Khdi tao

¢ Khoi tao gia tri pheromone

Trén mdi canh (i,j), pheromone ban dau duoc khéi tao nhu sau:

.. 1
T(laj)—fo—m (8)
trong d6: m 1a s6 luong ving duoc gan cho UAV dang xét, L 1a d6 dai hanh trinh dwoc wéc luong
bang thuat toan Nearest Neighbor (NN).
e Khoi tao do hap din heuristic
Gia tri heuristic trén cung (i,j) dugc dinh nghia la:
.. 1
n(, j)= o )

l’.j
trong do: D;; 1a ma tran khoang cach gitra cac vung. Gid tri 7(i, j) cang 16n thi cung duong (i,j) cang
hap dén, tirc cang c6 kha ning dugc Iya chon bai kién trong qua trinh x4y dung 10i giai.
Chon khu vue tiép theo
Tai mdi budc di, con kién dang dimg s& chon ving tiép theo dé di trong tap cic ving chua dén
theo mot trong hai céach:
e Néu q < qp chon khai théc:
R, =argmax z(i, ))*n(i, j)*
, =argmaxz(i, ). ) 10)

Rj€7Z'a

e Nguoc lai, néu q > qo, chon theo xac suit:
2(i, )" 0, )’
R ex,

pli.j)=1 2 herat R (iR (b

0, nguoc lai

trong d6: 7, 14 tap cac ving con lai ma kién chwa di qua; ¢, #1a hé s diéu chinh mtrc d6 anh huong
tuong Umg cua pheromone va heuristic (a, > 0); go (0 < go < 1) la tham s6 di€u khién chién lugc
Ivra chon buoc di.

Cap nhat pheromone cuc b
(i, j) = (1= p)z(i, j) + pr, (12)
trong d6: p 14 hé s6 diéu chinh tdc d6 bay hoi pheromone cuc bd nam trong khoang (0,1).
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Cap nhat pheromone toan cuc

Sau khi tt ca cac ca thé kién hoan tit viéc xay dung 101 giai trong mot vong 1ap, thuat toan s&
chon ra 161 giai t6t nhit toan cuc (pgp). Chi nhitng cung (i,j) thudc trong 161 gidi t6t nhat nay mai
duoc tdng cuong lugng pheromone.

(i, )) =(-¢&)c(Q, j)+erz(i, ) (13)
Néu (R;, R)) thudc p thi:
Az(i, j) = —— (14)
Ly

trong do: Ly 1a chi phi cua 101 giai t6t nhat toan cuc, € 1a hé sé diéu chinh téc d6 bay hoi pheromone
toan cuc trong khoang (0,1).

4. KET QUA NGHIEN CUU

Céc thi nghiém duoc trién khai bang Python 3.10.4 trén may tinh c6 bd xir 1y Intel Core i7, 16
GB RAM, hé diéu hanh Windows 10. Céac tham sb chinh cua ACS duoc thiét 1ap & muc chuan (sé
luong kién, sé vong 1ap, hé sé bay hoi pheromone va tham sé diéu khién qo) dé dam bao cong bang
giita cac phuong phap so sanh. Vi mbi cdu hinh, 50 bo dit liéu ngiu nhién duoc sinh ra va chay lap
lai, két qua bao cao 1a gia tri trung binh thoi gian hoan thanh nhiém vu.

4.1. Anh hwéng cia so lwgng viing

B
g

—8— APPA
GA
0 1 —& PSO

IS
S

W
&
=)

3300 1

3250 1

Thoi gian hoan thanh nhiém vu (s)
S

&
=)

3100

20 30 40 50 60
$6 lwgng viing

Hinh 2. Anh hieong ciia s6 leong viing
Bang 1. Thoi gian hoan thanh nhiém vu khi hé thong thay doi sé lwong vung tir 15 dén 60

S6 ving APPA GA PSO
15 3104.9 3115.8 3103.6
20 3137.5 3169.0 3176.0
25 3190.6 3240.0 32553
30 3212.5 3290.8 3300.5
35 3162.8 3273.9 3298.4
40 3258.6 3370.2 3411.6
45 3174.3 3314.9 3353.9
50 3175.5 3334.1 3395.9
60 3145.8 3371.5 3439.0

S6 lugng ving ting kéo theo thoi gian hoan thanh nhiém vu c6 xu hudéng tang, do khdi luong
cong viéc cua UAV tang lén (nhiéu vung can quét, nhleu doan duong can bay hon). Tuy nhién, vi
dir liéu dau vao 1a ngu nhién, c6 thé xuét hién cac cau hinh thuan loi gitp thuat toan chia ving va
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t6i vu hoa duong di hiéu qua hon, khién thoi gian khong ting déu ma c6 nhimng diém “giy giam”.
Thuat todn APPA th¢ hién kha nang phan chia nhiém vu va toi vu hoéa duong di rat hi¢u qua, dac
biét 16 khi s0 lugng vung 16n.

4.2. Anh hwéng ciia s6 lwong UAV
Bang 2. Thoi gian hoan thanh nhi¢m vu khi hé thdng thay d6i s6 lwong UAV tir 2 dén 8

S6 UAV APPA GA PSO
2 3249 .4 3404.8 3479.3
3 2190.0 2334.9 2344 .4
4 1678.3 1868.9 1792.5
5 1306.9 1470.6 1404.2
6 1102.5 1283.3 1182.8
7 989.7 1188.0 1063.8
8 878.8 1047.0 917.2

3500 4 —&— APPA
GA
3 —8— PSO
E' 3000 4
E'.
:E 2500 4
<
E
_E 2000 4
'En 1500 4
k)
= —
1000 4 \_‘._\-\
2 3 4 ; 6 IT 8

S6 Iwgng UAV
Hinh 3. Biéu d6 anh huong cia sé heong UAV

Khi s6 UAV tang tur 2 dén 8, thoi gian hoan thanh nhiém vu cua cac thuét toan gidm rd rét nho
phan chia khéi luong cong viée t6t hon. Tuy nhién, tir 6-8 UAV, muc giam dan bdo hoa do nhiém
vu dd duogc chia nho tdi da. V6i it UAV, mbi UAV phai xir ly nhiéu vung nén mét thoi gian hon;
khi tang UAV, vung duoc phan déu hon, giam tai va rat ngan thoi gian. O moi mirc UAV, APPA
ludn dat thoi gian hoan thanh thap nhat.

4.3. Anh huéng hé sé can
Bang 3. Thoi gian hoan thanh nhi¢ém vu khi hé thong thay d6i hé sé can tir 0.1 dén 0.9

Heé sb can APPA GA PSO
0.1 59920.4 60148.5 59921.2
0.2 14891.9 14993.8 14971.5
0.3 9284.5 9369.4 9360.1
0.4 7584.6 7649.5 7674.4
0.5 5656.4 5732.7 5746.2
0.6 4832.9 4907.4 4925.9
0.7 4010.9 4083.9 4105.5
0.8 3562.4 3636.6 3660.3
0.9 3263.4 3364.9 3363.7
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Hinh 4. Biéu do anh huong cia hé so can

Trong nghién clru nay, hé sO can (di,j) khong mang ¥y nghia vét Iy nhu lyc can, ma dugc hleu la
hé sb higu suat quét. Hé sb cang cao thi khu vyc cang dé quét, UAV di chuyen nhanh va tiéu t6n it
thoi gian hon. Nguoc lai, hé s6 cang thap thi khu vuc khé quét, UAV can bay cham va xir Iy phirc
tap hon, lam ting thoi gian hoan thanh nhiém vu.

Két qua cho thay khi hé sb can tang, thoi gian hoan thanh nhiém vu giam dang ké. Piéu nay phan
anh dung ban chit bai toan: ~vung cang thudn loi thi UAV hoat dong cang hi€u qua. Tuy nhién, khi
hé sb can tiém cén gia tri t6i da (0.9), mirc do cai thién thoi gian giam dan, do mdi trudng da gan
dat diéu kién Iy tudng, va cac thuat toan kho tiép tuc t6i vu sdu hon.

5. KET LUAN

Nghién ciru ndy trién khai va danh gia thuat toan APPA cho bai toan 1ap ké hoach dudng bay bao
phit voi doi UAV khong dong nhét, gom hai giai doan: phan ving nhiém vu va tbi uu 16 trinh bay.
So v&i GA va PSO, APPA chiém wu thé vé thoi gian hoan thanh, dic biét trong kich ban phirc tap
v6i s6 viing, s6 UAV va hé sé can thay ddi. Ngoai ra APPA ciing dong gop tinh méi trong viée dé
xuat co ché phan ving dua trén ty 1¢ thoi gian hiéu qua (ETR) nham phan cong nhiém vy hop 1y
giita cac UAV khong dong nhat, két hop véi ti wu 16 trinh bang ACS cho timg UAV.

Thue nghiém cho thiy APPA khong chi rat ngin thoi _gian ma con duy tri do 6n dinh cao nhd
phén chia ving hop 1y, can bang tai gitra cac UAV. Viéc t6i wu dong thoi phan vung va 19 trinh gitp
APPA dat hiéu suat vuot trdi, phu hop véi cac tng dung thuc. Tich hop thém yéu t6 nhu pin, lién
lac va rang budc moi truong trong twong lai s& nang cao tinh Gng dung thuc té.
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NHAN DANG GIONG BA MIEN VIET NAM
DUA TREN KET HQOP PAC TRUNG ASR VA SV

Lé Minh Dirc', P6 Vin Hai®
'Pai hoc Cong nghé - Dai hoc Quéc gia Ha Ngi
’Truong Pai hoc Thuy loi

1. GIOI THIEU

Trong nhitng nim gan day, nhan dang vung mién (accent recognition) trong giong noi tiéng Viét
ngay cang thu hut sy quan tdm nhd tiém ning tmg dung rong rii trong cac hé thong tuong tac
nguoi-may, trg ly o, cting nhu nghién ctru phén tich mang xa hoi. Viéc phén biét o Bic, Trung,
Nam khong chi gop phan nang cao chat luong hiéu ngon ngit ty nhién, ma con gitip c4 nhan héa trai
nghiém ngudi dung (vi du: tiy chinh phan hdi 4m thanh) va thim do hanh vi, quan diém theo dia
ban dia ly.

Trudc ddy, cac phuong phap théng ké nhu GMM-HMM két hop cac dic trung MFCC, formant
va FO timg dugc ap dung dé phan loai ving mién. Nhitng phuong phéap nay tuy don gian, it ton kém
tai nguyén, nhung d6 chinh xac chua cao. Su bung nd ctia hoc sdu va ky thuat transfer learning da
m¢ ra huong di moi: cac md hinh self-supervised nhu Wav2Vec 2.0 [1], PhoWhisper [2] va
WavLM [3] cho phép thu duge embedding ngir &m giau biéu dién, trong khi cac kién trtic speaker
verification dem dén cac dic trung giong ndi dic thu ca nhan. Mot s6 cong trinh ciing da thir két
hop hai ngudn thong tin nay thong qua fine-tuning hoic transfer learning chung, nhung hau hét méi
dirng lai & khau ghép ndi (concat) hodc cong don gian, chua khai thac triét dé tinh chat local-global
ctia mdi ludng dic trung.

Nghién ctru nay gidi thidu co ché Attentive Feature Fusion cho hai ludng embedding Automatic
Speech Recognition (ASR) va speaker verification (SV). Sau khi chiéu xubng cung khong gian qua
Multi Layer Perceptron (MLP), moi khung thoi gian s& dugc cén chinh trong so két hop thong qua
module attention song song lip (Parallel iAFF), cho phép diéu chinh dan dan va giir lai chi tiét quan
trong cua cd hai embedding.

2. CAC NGHIEN CUU LIEN QUAN

Trong nghién ctu [4] da su dung cdc md hinh hoc tu gidm sit nhu Wav2Vec 2.0 [1] va
PhoWhisper [2] trén bo dir liéu ViIMD, nham khai thac dic trung biéu dién ngit 4m phong phu trong
dir liéu néi. Bén canh d6, [6] trién khai cac kién tric dya trén CNN ([7], [8]) trong thi giac may tinh,
dé xtr Iy mel-spectrogram cho bai toan nay. Nghién ciru [12] da chi ra mdi lién hé giita cac dic
trung Automatic Speech Recognition (ASR) va cac ddc trung tir bai toan speaker verification voi
déc trung vung mién phuong ngir, tu do dé xuét hoc chuyén giao tir cic mo hinh ASR va speaker
verification dé dat hiéu suit cao hon.

Bén canh huong tiép can qua biéu dién 4 am hoc va transfer learning, mot huéng tiép can hiéu qua
1a két hop cac ludng dic trung tir nhidu ngudn hitu ich cho bai toan. Cac phuong phap két hop dwa
trén cha y (attentive fusion) dong vai tro then chét nh¢ kha nang hoc trong s6 dong cho ting ngudn
dau vao, thay vi két hop don gian nhu cong hoac xép chong. SENet [11], von duoc thiét ké cho thi
gidc may tinh, trich xuat trong s chu ¥ cho timg kénh sir dung hai budc squeeze va excitation. Ap
dung co ché channel-wise attention trén toan bo dic trung dau vao théng qua hai budc squeeze va
excitation. Méc du don gian, SE chi khai thac nglt canh toan cuc ma bd qua céac bién d6i cuc bod theo
ting frame, dan dén c6 thé bo sot cac chi tiét nho trong ludng tin hiéu 4m thanh. MS-CAM [9] m&
rong SENet bang cach bo sung thém nhanh attention local: song song véi global average pooling,
mot cdu tric bottleneck khac dugc ap dung truc tiép 1én timg frame, gitp moé hinh vira nim bt
duoc bdi canh tong thé vira bao toan cac dic trung cuc bd. Nho vady, MS-CAM giam thiéu tinh
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trang "lam muot" qua muc cua SE, nhung van chi tip trung vao mdt lan sinh attention, chua tdi uu
trong viéc diéu chinh trong so két hop theo timg cap dac trung. Dya trén MS-CAM, AFF [9] st
dung attention dé hoc trong sé két hop cho timg ngudn, tir d6 diéu khién mirc dong gop cua ting
luong dac trung. Bang cach cho phép mé hinh hoc ti 1& két hop phu hop cho tung phan t, AFF
khic phuc nhugc diém cua phép cong (muot chi tiét) va phép concat (tang tham so) Tuy vay, AFF
chi thue hién mot bude attention duy nhat voi Jinput dd dugc ghép, dan dén han ché trong viéc tan
dung sau hon théng tin ban dau de sinh trong s6 attention. Dé khic phuc diém nay, iterative AFF [9]
dé xuit 1ap lai viéc sinh trong sb attention nhiéu 1an, mdi 1an dung dau ra cua budc trude 1am dau
vao cho module MS-CAM. Co ché ldp gitp md hinh hiéu chinh dan trong s6 két hop, gitip sinh ra
trong sb attention t6t hon, nhung van st dung chung mot attention map, chua tach riéng dugc anh
huong ctia mdi ludng. Mot hudng tiép can khac 1a Parallel AFF [10], trong d6 mé hinh sinh song
song hai ban db attention riéng biét cho mdi ludng dic trung, tir d6 két hop ma khong "pha tron" 1an
nhau qua sém. Cach lam nay bao ton t6i da thong tin dic trung riéng, nhung lai thiéu co ché lap dé
tinh chinh trong sb két hop qua nhiéu budc.
3. PHUONG PHAP KET HQP PAC TRUNG

Céc dic trung s& duoc két hop (feature fusion) giita hai mo hinh tién huan luyén: mé hinh nhan
dang tiéng n6i (ASR) PhoWhisper-small [2] va md hinh xac minh ngudi néi (Speaker Verification)
WavLM-Base-Plus for Speaker Verification [3]. Pac trung ASR s€ dugc sir dung nhu dac trung cuc
bd X,qw € RT*P1 v6i d6 phan giai T = 1500 frame cho 10s. Pic trung Speaker Verification s&
dugc sir dung nhu dic trung toan cuc Yy, € R**P2. Trong d6 D,;va D, thé hién s8 chiéu ban dau
ctia hai dic trwng. Hai dic trung nay sé duoc chiéu xudng cung chiéu khong gian X € RT*P,Y €
R¥™P sir dung hai md hinh Multi-layer Perceptron (MLP) 2 16p: X = MLP(X,.4,,); Y = MLP(Y,qu),
gitp dam bdo cung so6 chiéu va gilt sw twong thich ngilt nghia gitra hai dac truwng.

3.1. Phwong phap fusion co ban

Phuong phap cong (Add Fusion) va phuong phap xép chong (Concat Fusion) s€ dugc st dung
1am hai phuong phép baseline. Cu thé, dic trung Z € RT*P dugc két hop theo phuong phap Add

Fusion nhu sau: Z = X @ Y, va dic trung Z € RT¥?P s§ duogc két hop theo phuong phap Concat

Fusion: Z = Concat(X Y), trong d6 @ 1a phép cong broadcast, va Concat la phép xép chdng cac
déc trung. Nhuoc diém cua phép cong la thuong can hai chiéu giéng nhau va thleu linh hoat, trong
khi phép xép chong lai 1am tang s6 lugng tham s6 va khién mé hinh tré nén cong kénh. Vi nhiing
han ché nay, & phan tiép theo cac co ché fusion dua trén attention s& duoc thir nghiém.

3.2. Multi-scale channel attention

Nghién ctru [9] dé xuit module multi-scale channel attention (MS-CAM) nhu mét cai tién cho
module Squeeze-and-Excitation (SE) [11] bang cach cho phép mo hinh hoc dugc attention tir ngit
canh hai géc nhin local va global (multi-scale), dugc mé ta nhu trong Hinh 1(a).

Cu thé, v6i dic trung ddu vao X € RYP gdm L frames 1a cac vector D chiéu, ngit canh dic trung
D
toan cyc g(X) € R trong module MS-CAM duoc tinh nhu sau: g(X) = W,6 (LN (W1 g(X))),

trong d6 g(X) = %Zli“le [i,:] duoc tinh bang Global Average Pooling (GAP), & 1a ham kich hoat
Rectified Linear Unit (ReLU), va LN 1a 16p layer normalization (LN). Cau tric bottleneck gom co
hai 16p fully connected (FC), trong do W, € ng 1a 16p giam chiéu, con w, e RDXglé 16p tang
chiéu, voi r 1a ty 18 giam chiéu cua dic trung. Tuong ty, ngit canh dic trung cuc bd L(X) €
RY*P dugc tinh thong qua mot cu trac bottleneck nhu sau: L(X) = FC, <LN (F c,(X )))

, . A A \ A D \ D ;o3 .
Kich thudc ma tran trong so ctua FC; va FC, lan luot la —XDvaD x—. Luu y rang L(X) co
cung kich thudc véi ddc trung dau vao, gitp bao toan va 1am ndi bat cac chi tiét nho trong dic trung
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cuc bo. Vi nglr canh kénh toan cuc g(X) va nglr canh kénh cuc bd , ddc trung da dugc tinh chinh
X' € RY*P thong qua MS-CAM duoc tinh nhu sau: X' = XQMX) =X & O'(LN(L(X) +
gX ))), trong d6 M(X) 1a trong sd attention duoc sinh ra boi MS-CAM, @ biéu thi phép cong
broadcasting @ biéu thi phép nhan element-wise, va ¢ 1a ham Sigmoid.

ASR sv
I TxD
l TxDy 1xD, i
l [ e ‘ MLP
GAP - .
Jieo v v
A X Y

Linear + LayerNorm + ReLU] [Linear + LayerNorm + ReLU]

1xD/r TxD/r TxD @ 1xD
Linear Linear kTJ

— -

1xD TxD A

&
%D
Y
LayerNorm :@‘
)4 z
(a) MS-CAM (b) AFF
ASR sv
TxD, 1%0; |
MLP MLP
...................... | : :
sv,—_—; MLP TTDY ,]J® TxD 1xD
10} TxD
H : Y 168
: MS-CAM | | z MS-CAM
Asnh—DL MLP :: X ,]® 1 .
"""""""" Y ;
(c) iAFF (d)AFF Parallel.

Hinh 1. Cdc phwong phdp két hop ddc trung
3.3. Attentional feature fusion

Pé két hop hai dic trung X € R™*P va Y € R™P, dua trén module MS-CAM M, module
Attentional Feature Fusion (AFF) tao ra dic trung két hop Z € RT*P nhu sau:
Z=MXO®YNQRQXD(1-MXDY))QRY ¢))
Module AFF dugc minh hoa trong Hinh 1(b), trong d6 duong nét dirt thé hién trong s attention
1-MX@Y). O day, trong sd két hop M(X DY) val—MX @ Y) déu co gia tri trong khoang
0 dén 1, gitip mo hinh thyuc hién lira chon dic trung bang phép trung binh c6 trong sb giita X va Y.
3.3.1. Iterative attentional feature fusion

Céc phuong phap sir dung ddy du ngir canh thudng gip phai mot van dé tit yéu, do 1a cach tich
hop dic trung dau vao ban dau, cu thé & day 1a dau vao cho module MS-CAM M. Pau vao cho
module attention c¢6 thé anh huong dén trong sb két hop cudi cung. Vi vay [9] dé xuét sir dung thém
mot module attention khac dé tich hop dac trung dau vao ban dau cho MS-CAM, goi la iterative
Attetional Feature Fusion (iAFF), duoc minh hoa trong Hinh 1(c). Khi d6, phép tich hop ban dau

X @ Y dugc viét lai nhu sau:
XuYy=MXOYR®X+(1-MXDY))QY )
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3.3.2. Parallel attentional feature fusion

Nghién ciru [10] dé xuit mot phuong phap khac nhiam giai quyét van dé tich hop dic trung ban
dau cho module attention, bang cach 4p dung song song module MS-CAM cho cac dic trung X va
Y dé sinh ra hai trong sb attention riéng biét SXva SY. Sau d6 trong s6 s& duoc st dung song song
dé két hop hai dic trung X va Y ban dau, nhu dwoc minh hoa trong hinh 4. Bang cach tao ra céc
trong so attention SX va SY dya trén noi dung riéng cua X va Y, mo hinh c6 thé linh hoat giir lai t6i
da cac chi tiét quan trong trong timg ludng va chi két hop chung ¢ giai doan cudi. Qua trinh tinh
toan dugc mo ta nhu sau:

S$¥ = MS-CAM(X) (3)
SY = MS-CAM(Y) 4)
Z=XQS*RUesH+r1es’Hes’ &)

trong d6 SX va §Y 1a cac trong sd attention dwoc sinh ra dya trén ndi dung ctia X va Y twong tng.

4. PHUONG PHAP DE XUAT

Mic du dé cai thién kha nang biéu dién, phuong phap iAFF van sir dung mot dau vao duy nhé’t
cho module attention, trong khi phuong phap Parallel AFF khong sir dung lap dé cai thién trong s6
attention. Dé két hop nhing wu diém cua iAFF va Parallel AFF, phuong phap Parallel iterative
Attentional Feature Fusion (Parallel iAFF) duoc dé xuit nham g1a1 quyét triét dé hon van dé tich
hop déc trung ban dau cho module attention. Cu thé, v&i dau vao lan lap thrila X ® vay®, di lidu
dau vao s& duoc ghép theo chiéu thoi gian thanh C® € RT*+DXP Nho giit nguyén toan bo T+1
frames, MS-CAM s¢& hoc dugc dugc dac trung cuc bd toan cuc trong cung mot tensor C @, Module
MS-CAM sé€ dugc ap dung song song hai l‘ﬁn cho € dé dua ra hai trong s6 attention LY, G fi),
gitp mod hinh Iya chon dac trung tr tirng ludng ma khong gap van dé tich hop dic trung ban dau.
Module dugc minh hoa trong Hinh 2. Qua trinh tinh todn dugc mo ta nhu sau. Trudce tién ddc trung
s& dugc xép chdng theo chiéu thoi gian nhu sau: € = Concat(X@, Yy ®).

sv > wmp Y o .
1xD, 1xD N T

108 |8
Concat ——>» MS-CAM ¢ | Concat ————» Z
(T+1) xD ‘ (T+1) xD
S| .1es

TxD, T=xD :
ASR MLP X 0

Hinh 2: Minh hoa module Parallel iAFF

MS-CAM sé& dugc tach thanh hai nhanh: MS-CAM,,.,; hoc trong sb trén timg frame, con
MS-CAM;,pqihoc trong s6 toan cuc. L& = MS-CAM;5.4;(CY) va 6© = MS-CAM 1554, (CV)

Sau d6, mdi bd trong sd attention duoc tach ra thanh cac thanh phin danh cho ludng local va

@ _ @ @ _ ;@ » ) A0 @ _ W
Ly =Li7,Ly =Ly, va Gy~ = Gl:T,:' Gy = GT+1,:

global:

Tiép’ theo, dic trung local va global tai budc 1ap i+1 duoc cap nhat tudn tu qua hai phép gop co
trong so:

XG0 =x0@LY @ (1-19) +r0 @ (1-19) @ LY ©6)
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Y+ — GAP (G)gi) R x® R (1 _ G}Ei)) + (1 _ G)Ei)) R y® R G}Ei)) (7)

Trong d6 GAP nham muc dich chuyén dic trung local-global thanh mot dic trung global duy
nhat YD, Cudi cing, dic trung dugc két hop dugc tinh nhu sau: ZE+Y = Concat(X 1), y (+1))

Qua do, Parallel iAFF vura gitt dugc chi tiét local 1an global, vtra tan dung dugc dac trung dau
vao qua cac budce lap bo trg, gitp cai thién tinh biéu dien so véi cac phuong phép trudce.

5. THU NGHIEM

5.1. Thiét I1ap thir nghi¢m

- D liéui Dir ,liéu duoc st dung 1a bg dir li€u accent Zalo voi 2879 file way dulqc, gén~nh§1n gidi
tinh va 3 mién Bac, Trung, Nam. Cac file audio dai khoang tir I's dén 32s voi tan s6 lay mau 16kHz.
béu vao duge sir dung 1a cac chunk 10s. Nhiing file dai dudi 10s s& duge ap dung cyclic padding.
Dt liéu dugc chia ngau nhién thanh ba tap training (65%), validation (15%), testing (20%).

- Metrics: Panh gia bang Accuracy va F1.

- Céc phuong phap so sanh:

+ Baseline Finetune W2V2-base: Fine-tune Wav2Vec 2.0 base cho bai toan phan ving mién.

+ Linear Probing WavLM (SV): Chi huin luyén 16p phan loai trén embedding cua
WavLM-Base-Plus SV.

+ Finetune WavLM (SV): Fine-tune toan bd WavLM-Base-Plus SV cho bai toan ving mién.

+ Linear Probing PhoWhisper (ASR): Chi huan luyén 16p phan loai trén embedding ASR tir
PhoWhisper-small.

+ Add Fusion/Concat Fusion: Két hop embedding SV + ASR bang cong broadcast va ghép chudi.

+ Parallel iAFF K=2, K=3: Phuong phap Parallel iterative AFF v&i s6 vong lap K.

5.2. Két qua thir nghiém

Bang 1. Két qua thir nghiém ciia phwong phap dé xuit
va cac phuwong phap co sé khac

Phuong phap Accuracy F1
Baseline Finetune Wav2Vec 2.0 0.7639 0.7586
Linear Probing WavLM (SV) 0.6788 0.6651
Finetune WavLM (SV) 0.8524 0.8443
Linear Probing PhoWhisper (ASR) 0.8854 0.8813
Add Fusion 0.9080 0.9054
Concat Fusion 0.8767 0.8710
Proposed Parallel iAFF K=2 0.9115 0.9078
Proposed Parallel iAFF K=3 0.9132 0.9085

C6 mot s6 két luan duoc rit ra tir bang trén:

- Embedding don ludng: Linear probing trén PhoWhisper (ASR) dat Acc = 88.54%, F1 =
88.13%, cho thay embedding ngir am giau thong tin semantic c6 kha ning nhan dang ving mién t6t
hon embedding SV (Acc = 67.88%, F1 = 66.51%). Fine-tune WavLM cho SV cai thién dang ké
(Acc = 85.24%, F1 = 84.43%), nhung van thap hon ASR.

- Fusion don giin: Add Fusion dat Acc = 90.80%, F1 = 90.54%, cho thiy viéc két hop hai
luéng embedding bd sung 14n nhau. Nguoc lai, Concat Fusion chi dat Acc = 87.67%, F1 = 87.10%,
chting to phép ghép chudi dé giy over-parameter va khong hiéu qua bang Add Fusion.

- Attention-based Fusion: Phuong phap Parallel iAFF véi K = 2 vugt lén Acec = 91.15%, F1 =
90.78%, va tiép tuc cai thién nhe voi K = 3 (Acc = 91.32%, F1 = 90.85%). Két qua nay khang dinh
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co ché song song lip gitp mo hinh vira giit dugc chi tiét local-global, vira tinh chinh trong s két
hop hiéu qua qua cac vong, mang lai do chinh xac cao nhat.

6. KET LUAN

Trong nghién ciru ndy, bao céo tap trung giai quyét bai toan nhan dang ving mién tiéng noi bang
cach két hop hai loai dic trung: ddc trung cuc bo tir mo hinh ASR (PhoWhisper-small) va dic trung
toan cuc tr mo hinh Speaker Verification (WavLM-Base-Plus). Cac dong gop chinh cia nghién clru
nay bao gdm: (1) thiét k& module Parallel iterative Attentional Feature Fusion, cho phép tich hop
hai ludng embedding ASR va SV thong qua co ché chu y ¥ lap song song; (2) thuc hién danh gia toan
dién trén Zalo Accent Corpus, so sanh hi€u nang v6i nhiéu phuong phap baseline va cac chlen lugc
fusion don gian. Két qua thyc nghiém cho thay, phuong phap Parallel iAFF dé xuat véi s6 vong lap
K=3 di dat dugc cai thién 2.78% accuracy va 2.72% F1; dong thdi vuot troi hon han so véi cac
phuong phap fusion don gidn (Add Fusion, Concat Fusion) va cac phuong phap dua trén attention
AFF, iAFF, Parallel AFF.
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VIETNAMESE TEXT NORMALIZATION FOR TEXT-TO-SPEECH

Nguyen Tung Luong’, Do Van Hai’

Wiettel Al, Viettel Group
’Thuyloi University

1. INTRODUCTION

Text-to-Speech (TTS) technology plays an essential role in many modern applications, including
virtual assistants, automated customer service, audiobooks, and assistive tools for people with
visual impairments [1]. The goal of a TTS system is to convert written text into clear, natural-
sounding speech that closely mimics human prosody and pronunciation [1].

To achieve high-quality synthesis, the input text must be clean, grammatically correct, and fully
normalized [2, 3]. However, in real-world scenarios, especially in Vietnamese, input text often
suffers from multiple issues: lack of diacritics, missing spaces between words, or inclusion of
special spans such as email addresses, URLs, or search keywords that do not follow standard
language rules [4].

For example, a user might input a query like xinchaoquyvi instead of the properly spaced and
diacritic-rich version Xin chao quy vi. Such errors can significantly degrade the quality of generated
speech, leading to mispronunciations or unnatural intonation [8-10]. These problems often occur in
contexts such as email addresses and usernames like hotrokhachhang@gmail.com, domain names and
brand names like dienmayxanh, or OCR outputs from scanned documents like Xinchao. Humans
resolve these forms rapidly via contextual reasoning, prior lexical and idiomatic knowledge, and
cognitive flexibility, highlighting the difficulty of replicating such inference in computational models
[5, 12-14]. Consequently, TTS/NLP systems should aim to learn robust representations of Vietnamese
structure, exploit wider sentential context beyond local cues, and jointly perform word segmentation
with diacritic restoration to accurately reconstruct noisy text [11, 13, 14].

‘ Chinhtri Thoisy Thégiéi Kinhté Doisdng Sirckhde Giditré Gidoduc Dulich \

Tin lién quan
Khai triong Cang thong tin di¢n tif Ding Cong san Bang su nang dong, sang tao cta nguoi tré, nhom
Viét Nam . T o A A ta )
sinh vién cong nghé da miét mai nghién cuu va
Cdng thong tin dién t& Dang Cong san Viét Nam chinh ’ i 5 o *
thirc khai truong séng 29.3, ¢6 dia chi tai chinh thic dua ra cong cy phan tich bang Al'
dangeongsan.org.vn dugc tich hop trén website Chongluadao.vn vada
dugc PV tryc tiép trai nghiém. Mdi day, khi xac
Cong Thong tin dién tif Chinh phi ra mét chuyén trang 'Xay dyng chinh minh mét hinh thic Itra dao qua dich vu d6i thé
sach, phap lugt' . i i L -
Source: thanhnienvn Source: Vietnam Net

Figure 1. Examples of typical non-diacritic, unsegmented Vietnamese inputs in real scenarios

In this report, we propose a unified text-normalization framework for Vietnamese that jointly
performs word segmentation and diacritics restoration, converting raw noisy strings into TTS-ready
text. The method casts spacing and accent recovery as a single sequence-editing task with a joint
decoder, allowing cross-task signals (e.g., predicted syllable boundaries) to disambiguate
homographs. Training uses span-level supervision: only the corrupted n-gram is masked while the
remaining context is copied, mirroring real post-OCR cleanup and reducing unnecessary edits. To
capture long-range dependencies, each example couples the full sentence with the localized
corrupted span, enabling the model to learn agreement cues (e.g., tense, named entities) that n-gram
baselines miss.
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This integrated design avoids the cascading error loop of pipeline systems and delivers cleaner
inputs for modern Vietnamese TTS. To the best of our knowledge, this is the first approach to
formulate Vietnamese spacing and diacritic recovery as a single, end-to-end task.

2. METHODOLOGY

This section details our method for Vietnamese text normalization, comprising context-
rich training data and two model-design choices.

2.1. Synthetic Data Generation Pipeline

Corpus:
S1: "Ha Néi la thu dé."
S2: "T6i yéu Ha Noi." Remove space,
S3: "Ha N§i dep va yén binh." ” e
diacritics
Filter by frequency
Index:
(
“"HA NOi": [
("Ha N§i la thu dd.", 0:6), # S1
("Téi yéu HA N§i.", 8:14), ¥ s2
n-grqm ("HA NOi dep va yén binh.", 0:6) #
s3
1
s
"HA N$i”, “thu dé”, “yén binh" Luu n-gram - [ (sentence id, char span) ]
Indexing

+
|
|
i
1
1
|
|
1
i
i
|

Connect to sentences containing it !
]

Figure 2. End-to-end synthetic data pipeline. Starting from a clean corpus we extract
frequent n-grams, remove spaces and diacritics to generate realistic noise spans, and finally
produce aligned (input, target, span) triples. Both “no_context” and “full context” variants are
emitted so the model can learn phrase-level and sentence-level cues simultaneously.

To compensate for the scarcity of naturally corrupted Vietnamese text, we construct a large-scale
synthetic dataset from clean corpora using a controlled noise injection framework. As shown in
Figure 2, starting with 100,000 sentences from a Vietnamese news corpus [6], we extract frequent
2—6-grams, filtering by length-aware frequency thresholds to preserve meaningful patterns while
discarding noise. These n-grams are indexed with precise character spans, then normalized by
lowercasing, removing diacritics, and stripping whitespace to simulate common real-world
corruption. For each n-gram, a limited number of contexts are sampled to balance frequency and
diversity. We generate two training formats: isolated phrase restoration and in-context sentence
correction with span annotations. Finally, the dataset is split into stratified train and validation sets,
preserving n-gram diversity and preventing data leakage.

N-gram Length Histogram N-gram Frequency (log)

8000 2500

6000 2000

1500

Count
Count

1000

2000

10! 10? 10°
freq

Figure 3. Left: Histogram of n-gram lengths (from 2 to 6).
Right: Frequency distribution of n-grams on a log scale.
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The final synthetic corpus includes 18,905 distinct n-grams and 112,734 aligned sentence
contexts. This coverage ensures a balanced representation of common phrases and rare expressions.
Figure 3 visualises the distribution statistics: the left panel shows the length histogram, while the
right panel presents the frequency distribution on a logarithmic scale.

In Figure 3, the length histogram (left) confirms that shorter n-grams (2—3 words) dominate:
frequent collocations tend to be short, whereas longer expressions are rarer but often more
meaningful for context. The tail of longer n-grams (6—7) ensures the model is exposed to multi-
word units that help resolve ambiguity in real sentences. The frequency plot (right) shows a clear
heavy-tail distribution: most n-grams occur fewer than 100 times, but a small subset appears
thousands of times. This motivates the frequency thresholding and quota sampling strategy, which
reduces oversampling of extremely common short collocations and preserves rare but linguistically
valid phrases [15].

Together, these evidence indicates that our synthetic pipeline yields a corpus faithful to natural
language frequency laws while still covering the diversity needed to train a robust restoration model.

2.2. Restoration pipeline

Input

Vao trang web dienmayxanh.com dé biét thém théng tin sén pham.

Rulebased,
Regex

Vao trang web <noise> dienmayxanh </noise> dé biét thém théng tin sdn pham.

Output | dién may xanh

Figure 4. Proposed end-to-end restoration pipeline. A rule-based detector locates the noisy phrase
(here “dienmayxanh”), wraps it with <noise> tags, and re-inserts it into the original sentence.
BARTpho then generates the clean span “dién may xanh” conditioned on full sentence context

Our restoration module builds on BARTpho’s syllable-level sequence-to-sequence architecture
[13]. Unlike vanilla mBART, BARTpho is pre-trained exclusively on Vietnamese, which makes its
representations more robust to local spelling variations and word order. Previous diacritic restorers
often operate at the phrase level or treat each corrupted token in isolation. This neglects crucial
syntactic and semantic cues: Vietnamese tone marks can flip word meaning entirely, so the
surrounding words often disambiguate homographs. For example, the string dienmayxanh without
context could mean anything, but when embedded in “Vdo trang web dienmayxanh dé biét thém
thong tin” the broader sentence clarifies it must be the well-known brand “Dién May Xanh”.

By explicitly feeding the whole sentence and highlighting the noisy span using <noise> markers,
the model can:

e Leverage long-range grammatical signals (subject—verb agreement, collocation).
¢ Better handle named entities and domain-specific terms absent in dictionaries.
¢ Avoid over-correcting or hallucinating words outside the corrupted region.

This synergy between local and global context turns a generic pre-trained encoder—decoder into a
targeted text normaliser that mimics how human readers fix garbled input: they do not guess a word
in isolation but interpret it coherently with the entire sentence.
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Figure 4 illustrates the complete workflow: Integrated detection—restoration pipeline. A simple
rulebased or regex detector scans each sentence for suspicious merged or unaccented tokens.
Detected spans are wrapped in <noise> tags and the modified sentence is then passed to the fine-
tuned BARTpho. The decoder restores the correct diacritics and inserts missing word boundaries,
producing clean, TTS-ready output in a single forward pass.

This architecture is designed to enhance disambiguation through contextual information,
preserve the integrity of already correct text, and maintain modularity, allowing for seamless
integration of improved detectors without needing to retrain the generator. Empirical results 4 show
that context-aware decoding reduces unintended substitutions and improves both word error rate
(WER) and sentence fluency.

3. EXPERIMENTS
3.1. Experimental Setup

To evaluate our method, we compare three models:

» Bi-LSTM (baseline): A strong sequence labeller trained on the same corpus without explicit
span masking or context injection.

« BARTpho (no context): A standard BARTpho fine-tuned to restore corrupted spans but
without feeding the surrounding sentence.

« BARTpho with context: Our proposed model, fine-tuned on full sentences with explicit
<noise> tags to highlight the span.

All models are trained on the same synthetic corpus (2.1), with identical tokenisation and
maximum sequence lengths. Inference uses on a single NVIDIA RTX 4070.

3.2. Evaluation Metrics

We report four complementary metrics:
« WER (Word Error Rate): Proportion of words incorrectly restored.
o CER (Character Error Rate): Finer-grained version at the character level.
« BLEU: Measures n-gram overlap between predicted and reference spans.
 ROUGE-L: Measures longest common subsequence overlap.

Lower WER/CER and higher BLEU/ROUGE indicate better performance.

3.3. Experimental results

Table 1. Comparison between the Bi-LSTM baseline and BARTpho without context.
Lower WER/CER and higher BLEU/ROUGE-L indicate better performance

Model WER (|) CER ()) BLEU (1) ROUGE-L (1)
Bi-LSTM (baseline) 0.43 0.31 39.20 0.69
BARTpho no-context 0.15 0.08 60.52 0.92

Table 2. Comparison of BARTpho with and without added context.
Lower WER/CER and higher BLEU/ROUGE-L indicate better restoration

Model WER (]) CER (}) BLEU (1) ROUGE-L (1)
BARTpho 0.15 0.08 60.52 0.93
BARTpho + context 0.09 0.06 91.25 0.95
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Table 3. Average inference time per sentence for BARTpho variants.
Higher context usage increases runtime due to longer input sequences

Model Average Inference Time (s) ()
BARTpho 0.01
BARTpho + context 0.21

Table 1 and 2 summarises the restoration accuracy of all models, while Table 3 shows the
average inference time.

The Bi-LSTM baseline achieves 43% WER and 31% CER, highlighting the challenge of
restoring both diacritics and spacing with purely sequential labelling. Switching to BARTpho
without context reduces WER to 15% and CER to 8%, confirming the advantage of span-level
generation. When full sentence context is added, WER drops further to 9% and CER to 6%, while
BLEU jumps from 60.52 to 91.25 and ROUGE-L reaches 0.95, demonstrating that global syntax
cues help disambiguate difficult cases.

However, this improvement comes at a cost: inference time rises from 0.01s (no context) to 0.21s
(context) because transformer self-attention scales quadratically with tokens, memory pressure rises,
and autoregressive decoding becomes progressively slower as more tokens are generated.

For batch offline TTS pipelines or high-quality voice assistants where restoration accuracy is
critical, we recommend deploying BARTpho with context despite its higher runtime. For real-time
applications with tight latency constraints (such as on-device TTS), the context-free variant still
offers robust restoration at minimal cost.

Discussion: To compress a BART-style encoder—decoder for joint restoration without sacrificing
accuracy, we recommend knowledge distillation [16] that aligns intermediate encoder layers
(patient KD) [18] and distills token/sequence distributions on the decoder [17], optionally
augmented with on-policy [19] distillation to curb exposure bias by training on the student’s
rollouts. For aggressive targets, combine capacity-gap strategies with post-training quantization and
structured pruning to meet strict latency budgets. To address detection errors, replace the pure regex
stage with a hybrid detector: retain high-precision patterns for canonical formats
(emails/URLs/brands), add a lightweight neural span-tagger to boost recall on open-class noise [20],
leverage upstream confidence signals and lexicon mismatches, and use active learning plus a small
contextual verifier to suppress false positives. This preserves precision while improving coverage,
robustness, and runtime efficiency.

4. CONCLUSION

We introduced a unified, context-aware approach for joint Vietnamese diacritic restoration and
word segmentation, addressing key shortcomings of traditional and task-separated methods. Our
solution combines realistic synthetic data, span-level fine-tuning of BARTpho, and a lightweight
rule-based noise detector. Experiments show substantial improvements in word error rate,
hallucination reduction, and disambiguation of homographs and named entities. Nonetheless,
limitations remain in rule-based span detection, data coverage, and inference efficiency. Future
work should explore learned noise detectors, expanded corruption patterns, and model compression
for real-time applications. Overall, this framework offers a strong foundation for robust Vietnamese
text normalization in TTS and beyond. To the best of our knowledge, this is the first end-to-end
framework that jointly tackles Vietnamese spacing and diacritic recovery, providing a novel
foundation for robust text normalization in TTS and related applications.

In our future work, we will replace the rule-only detector with a hybrid ML approach using
active learning, compress the BART-style model via patient/on-policy distillation with pruning and
quantization for low latency, optimize inference (caching, batching, beam tuning), and run end-to-
end TTS evaluations to guide deployment.
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ABSTRACT

Text-to-Speech (TTS) technology plays a crucial role in various applications such as virtual
assistants, customer service automation, and assistive devices. In the Vietnamese language context,
incorporating English borrowings into TTS models is essential, especially in sectors like technology
and business. However, existing Vietnamese speech datasets, particularly those from single
speakers, often lack sufficient English content, limiting a model’s ability to generate natural and
accurate bilingual speech. This paper addresses the issue by using a zero-shot multilingual TTS
model, XTTS, to generate hybrid Vietnamese-English speech data, which was then used to fine-
tune the FastSpeech 2 model. The fine-tuned model demonstrated improved accuracy in
pronouncing English borrowings within Vietnamese speech while significantly reducing the
computational load, achieving a sixteen-time increase in efficiency compared to XTTS. This
approach offers a lightweight and effective solution for developing Vietnamese TTS systems
capable of handling English borrowings in real-world applications.

1. INTRODUCTION

In recent years, Text-to-Speech (TTS) technology has become a critical component in various
applications, including virtual assistants, automated customer service, and assistive devices for
individuals with visual impairments. High-quality TTS systems significantly enhance user
experience by providing natural and intelligible speech synthesis, thereby improving
communication and accessibility. In the Vietnamese language context, the integration of English
borrowings is increasingly common, particularly in sectors such as technology and business.
However, existing Vietnamese speech datasets, particularly those collected from a single speaker,
often fail to capture the linguistic nuances required for effective bilingual speech synthesis. These
datasets typically contain limited English content, restricting the model’s ability to learn and
replicate English pronunciations accurately. Moreover, the speaker’s limited English proficiency
and inconsistent accent can lead to unnatural or inaccurate pronunciation, creating challenges for
models aiming to deliver high-quality bilingual TTS.

A potential solution to this problem is to leverage multilingual zero-shot TTS models (ZS-TTS),
such as XTTS [1] or VALL-E-X [6], which are capable of synthesizing high-quality speech across
multiple languages with minimal additional training. Despite their effectiveness, these models are
considerably larger and more computationally intensive compared to traditional TTS models like
FastSpeech 2 [3] or StyleTTS [4]. This makes them less suitable for deployment in scenarios that
require efficient and real-time inference or adaptation to new speakers.

To address these challenges, this paper proposes a novel approach: using fine-tuned ZS-TTS
models to generate hybrid Vietnamese-English speech data, which is then used to train a more
efficient traditional TTS model, such as FastSpeech 2. This method not only mitigates the
limitations of existing datasets but also enables the development of lightweight TTS models
capable of accurately pronouncing English borrowings while maintaining high-quality
Vietnamese speech synthesis.
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The contributions of this paper are summarized as follows: (1) A pipeline was developed to
generate hybrid Vietnamese-English speech data using a large language model in conjunction with
the XTTS multilingual TTS system. (2) This synthesized data was used to train a FastSpeech 2
model, enabling it to accurately pronounce common English borrowings within Vietnamese speech.
(3) The resulting model is sixteen times more efficient and thirty times smaller than the XTTS
model, making it highly suitable for practical deployment.

2. RELATED WORK

Recent advancements in Text-to-Speech (TTS) technology have focused on improving speech
quality and introducing multilingual capabilities. Models like StyleTTS and FastSpeech 2 [3] have
been adopted for their efficiency, but they struggle with multilingual and code-switching tasks. To
address this, zero-shot multilingual TTS models like XTTS [1] and VALL-E-X [6] have emerged,
capable of generating speech in multiple languages with minimal fine-tuning. However, these
models are large and resource-intensive, making them impractical for real-time use.

In Vietnamese TTS, little work has been done to address the challenge of synthesizing speech
with English borrowings, which are common in Vietnamese, especially in domains like business
and technology. Existing Vietnamese datasets lack significant English content, limiting the ability
of monolingual models to handle such borrowings. Some efforts have explored synthetic data
generation using large language models to supplement underrepresented linguistic features, but this
remains underutilized in the Vietnamese-English context.

This paper builds on these approaches by using a finetuned XTTS model to generate hybrid
Vietnamese-English speech, which is then used to train a more efficient FastSpeech 2 model,
addressing both dataset and computational challenges.

3. METHODOLOGY

3.1. Prerequisites

In this subsection, we provide an overview of the XTTS - Zero-shot Multilingual TTS model and
the FastSpeech 2 TTS model, highlighting their key features and relevance to this paper.

3.1.1 XTTS model

XTTS [1] is a multilingual, zero-shot, multi-speaker TTS model designed to adapt efficiently to
new languages and speakers. Pretrained on 27,000 hours of multilingual data, including 14,000
hours of English, XTTS excels in generating high-quality English speech. As illustrated in Fig. 1,
the model architecture consists of two primary components: a GPT-based text encoder and a Vector
Quantized-Variational Autoencoder (VQ-VAE) [5].

Speaker

R ]||||[.||||||[|||Ilh|||[| Text logits Audio code logits
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Discriminator [ Decoder ] [ LM heads }

-
’/’"’w;,
Speaker
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™

t jog = _
Ref. Spectrogram GT Spectrogram

Figure 1. Overall architecture of XTTS [1]
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During training, the model processes text, reference audio, and ground truth audio, which is
converted into mel-spectrograms. The VQ-VAE encodes the mel-spectrogram into tokens, while the
GPT-2 encoder predicts these VQ-VAE codes from the input text tokens. A conditioning encoder
extracts speaker-specific features from the reference audio to capture voice characteristics, and a
HiFi-GAN [2] vocoder converts the predicted tokens back into waveforms. A speaker embedding
model computes speaker consistency loss (SCL) to ensure similarity between the generated speech
and the reference speaker.

During inference, XTTS generates speech using the input text and reference speaker audio.
Although not originally trained on Vietnamese, XTTS can be fine-tuned on Vietnamese datasets to
handle both Vietnamese speech and English borrowings. Despite its ability to produce high-quality
outputs, XTTS’s large size and slow inference limit its practicality for real-time applications.
Additionally, the absence of a duration predictor occasionally leads to abnormal speech durations
and gibberish at the end of outputs.

3.1.2 FastSpeech 2 model

FastSpeech 2 [3] is a lightweight, non-autoregressive text-to-speech (TTS) model designed for
fast and efficient speech synthesis. Unlike autoregressive models such as CosyVoice [7] that
generate speech sequentially, FastSpeech 2 synthesizes speech frames in parallel, drastically
improving inference speed while maintaining high speech quality. Fig. 2 illustrates the overall
architecture of FastSpeech 2.
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Mel-spectrogram Waveform
Decoder Decoder J: Ener

Energy Predictor

Positional

Encoding e Pitch
Variance Adaptor ] Pitch Predictor
)
Encoder ] @ Duration
/'y
—
Encoding 9
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(a) FastSpeech 2 (b) Variance adaptor

Figure 2. Overall architecture of FastSpeech 2

The model comprises several key components: a phoneme encoder, a variance adaptor, and a
melspectrogram decoder. The phoneme encoder processes the input text, converting it into
phoneme-level representations. The variance adaptor then introduces critical variation factors such
as duration, pitch, and energy, allowing for more expressive and natural-sounding speech. Finally,
the melspectrogram decoder generates a mel-spectrogram, which is then converted into speech
using a vocoder like HiFiGAN [2].

FastSpeech 2’s non-autoregressive nature allows for much faster inference compared to
autoregressive models, making it ideal for real-time applications. Additionally, its smaller size
ensures greater deployment efficiency, especially in monolingual TTS tasks like Vietnamese. When
fine-tuned with hybrid Vietnamese-English data, FastSpeech 2 can generate high-quality
Vietnamese speech while accurately pronouncing English borrowings.
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3.2. Hybrid data generation

To generate hybrid Vietnamese-English speech data, we began by selecting a diverse corpus of
Vietnamese text. From this corpus, we filtered the most common English borrowings. Using these
borrowings, we then constructed a Vietnamese text dataset where each sentence contained at least
one out-of-vocabulary (OOV) English borrowing. This dataset was generated by using an LLM via
a custom prompt. Next, we trained the XTTS model on a single-speaker Vietnamese dataset to
ensure it could accurately synthesize Vietnamese speech in the speaker’s voice. Once trained, using
the original Vietnamese speech data as reference, we employed XTTS to synthesize speech from
the constructed sentences, producing the final hybrid Vietnamese-English training data. For more
details on the datasets used, please refer to the Dataset section.

Additionally, since FastSpeech 2 learns to speak based on phonemes, the FastSpeech model
trained on pure Vietnamese and common English words cannot adapt well to unseen phoneme
patterns in Vietnamese that are prevalent in English such as double or triple phonemes. To tackle
this issue, we also generate hybrid data based on words containing these sequences to allow the
model to be able to speak unseen English words with these sequences.

3.3. FastSpeech 2 Training

In this subsection, we describe the training process for the FastSpeech 2 models: FS-baseline and
FS-hybrid. The FS-baseline model was trained on a dataset of Vietnamese speech from a single
female speaker. This dataset provided a robust foundation for learning Vietnamese phonetic and
prosodic features.

For the FS-hybrid model, the dataset was extended by incorporating synthetic hybrid
Vietnamese-English speech. This hybrid dataset was generated using the XTTS model, which was
fine-tuned on the same single-speaker Vietnamese dataset. The goal of this additional data was to
improve the model’s ability to handle English borrowings in Vietnamese speech, enhancing
pronunciation accuracy and fluency when integrating foreign words into natural sentences.

Both models were trained using the same FastSpeech 2 architecture with identical
hyperparameters and a standard training-validation split. The FS-hybrid model, however, leveraged
the hybrid dataset to develop the capability to synthesize accurate Vietnamese-English speech,
while FS baseline focused solely on Vietnamese content. For results of these models’ comparison,
please refer to the experiment details and results section.

4. EXPERIMENTS
4.1. Dataset

4.1.1 Text corpus

The text corpus for this paper was built from two main sources: transcriptions of YouTube
speech content and text crawled from various online newspapers. The data was manually labeled by
annotators to ensure quality. From this corpus, we filtered out the 200 most common out-of-
vocabulary (OOV) English borrowings, which became the foundation for generating hybrid
Vietnamese-English speech data.

Half of the 5,000 synthetic sentences were generated using these filtered OOVs by prompting a
large language model (Gemini-pro) to naturally incorporate the English borrowings into
Vietnamese sentences. The remaining half of the sentences were designed to include complex
phoneme sequences uncommon in Vietnamese (e.g., double or triple consonants). This approach
created a comprehensive dataset with both typical borrowings and challenging phoneme patterns,
resulting in approximately five hours of hybrid speech data.

The testing dataset followed a similar method. It was split into three parts: 500 sentences
featuring common English borrowings, 500 sentences with more difficult phoneme sequences and
500 pure Vietnamese sentences. These three subsets were used to create the test sets, referred to as
test_common, test difficult, and test viet.
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4.1.2 Speech datasets

The speech data used in this paper consists of 10 hours of high-quality, studio-recorded
Vietnamese audio from a single female speaker. This dataset was employed to train the baseline
FastSpeech 2 model and fine-tune the XTTS model. Once fine-tuned, the XTTS model was used to
generate 5 hours of hybrid Vietnamese-English speech based on the hybrid text mentioned earlier.
The resulting 15 hours of combined speech data (10 hours of Vietnamese and 5 hours of hybrid)
were then used to train the hybrid FastSpeech 2 model. A 9:1 training-validation split was applied
consistently throughout the training process to ensure model stability and robust performance.

4.2. Speech quality analysis

In this subsection, we compare the performance of the XTTS model, the FastSpeech 2 baseline
(FS-baseline), and the FastSpeech 2 model trained on hybrid data (FS-hybrid) using the Word Error
Rate (WER) as the primary metric. WER objectively measures how accurately the models generate
speech, particularly focusing on their ability to handle English borrowings in Vietnamese.
Following XTTS, we also employed the open-source UTMOS model [9] to predict the Naturalness
Mean Opinion Score (nMOS) on a 1-5 scale.

Table 1. WER and UTMOS of XTTS and FastSpeech 2 models on the test sets

Model test common (WER %) | test diff (WER %) test viet (WER%) UTMOS (overall 1)
XTTS 2.54 2.13 1.38 3.43
FS-baseline 4.94 9.86 0.39 2.95
FS-hybrid (ours) 4.46 4.86 0.44 2.92

As shown in Table 1, FS-hybrid improves WER over both XTTS and the FS-baseline, with the
biggest gains on test_difficult (harder English borrowings). On test common, where borrowings
are simpler, the gap to the FS-baseline is smaller but still in FS-hybrid’s favor. While XTTS records
the lowest overall WER, it has practical drawbacks, including a large model size, odd duration
behavior, and occasional content inconsistencies.

FS-hybrid strengthens handling of English borrowings while keeping the efficiency benefits
discussed earlier. It also maintains robustness on Vietnamese speech, matching or exceeding XTTS
on test_viet in WER. By contrast, UTMOS favors XTTS in predicted perceptual quality. Overall,
FS-hybrid offers a good balance of accuracy and efficiency for code-switching use cases.

4.3. Performance Analysis

In this section, we compare the FS-hybrid model with the XTTS model in terms of model size
and inference speed, which are key factors for practical deployment. As presented in Table 2, the
FS-hybrid model is nearly 30 times smaller than the XTTS model, allowing for more efficient use
of computational resources. This smaller size contributes to a significantly faster training process,
as FS-hybrid completes more epochs per hour due to its streamlined architecture. Moreover, FS-
hybrid outperforms XTTS in inference speed, offering a 16x improvement, making it far more
suitable for real-time speech synthesis applications.

Table 2. Performance comparison of XTTS and FS-hybrid

Model Inference time (s) #Params
XTTS 1.44 480M
FS-hybrid (ours) 9x10-2 16M
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5. CONCLUSION

This report presents an efficient method for building a Vietnamese TTS model that handles
English borrowings. We use XTTS to generate hybrid Vietnamese—English data and fine-tune a
FastSpeech 2 model to synthesize both languages seamlessly. This approach addresses the lack of
English in existing Vietnamese datasets and yields a model roughly ten times smaller and faster
than XTTS, making it suitable for real-time use. Overall, it offers a practical, scalable path to
improve Vietnamese TTS with integrated English content while improving both performance and
deployment efficiency.
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PHUONG PHAP ADVANTAGE ACTOR-CRITIC
CHO PIEU HUONG UAV LIEN TUC
TRONG MOI TRUONG KHE HEP

Ta Chi Hiéu, Nguyén Anh Huy, Phan Thi Phwong Anh
Truong Pai hoc Thuy loi, email: hieutc@tlu.edu.vn

1. GIOI THIEU CHUNG

UAV (Unmanned Aerial Vehicle — phuong tién bay khong nguoi 14i) ngay cang dugc ung dung
rong rai trong cac nhi¢ém vu nhu gidm sat cong trinh, ctru hd va giao hang thong minh [1]. Mot
trong nhing thach thirc 16n 13 lam sao dé UAV c6 thé didu hudng chinh xac va an toan trong moi
truong chat hep v6i cac khe hep lién tiép — nhu hanh lang k¥ thuat, khu cong nghiép hodc d6 thi
dong duc.

Trong cac hudng tiép can bang hoc ting cuong sidu (Deep Reinforcement Learning — DRL),
thuat toan Proximal Policy Optimization (PPO) thuong duogc sitr dung dé huan luyén UAV trén céc
hanh trinh dai dugc chia thanh timg doan [1]. Tuy nhién, trong cac méi trudng ¢ cau trac 13p lai va
khong bi phan doan nhu chudi khe hep lién tuc, viéc tai st dung chinh sach theo doan khong con
hiéu qua.

Dé tai nay lya chon thuat toan Advantage Actor-Critic (A2C) — mdt phuong phap hoc ting
cudng theo chinh sach — nham danh gia kha ning hoc chinh sach diéu khién 6n dinh va toan cuc
cho UAV khi di chuyén trong méi truong c6 khe hep tuan hoan [2]. Viéc lya chon A2C xuét phat tir
uu diém vé tinh 6n dinh trong cap nhat va kha ning thich nghi t6t voi méi trudng c6 ciu tric 1ap lai.
Qua do6, nghién ciru hudéng dén dénh gia tiém ning ciia A2C trong cic tmg dung UAV doi hoéi tinh
bén vitng va lién tuc trong diéu hudng.

2. PHUONG PHAP NGHIEN CUU
2.1. M0 hinh vat ly UAV va moi trudng mé phong

UAV dugc md hinh hoa trong mat phang 2D véi cac bién trang thai gdom vi tri (x, z), goc nghiéng
(), van tdc theo phuong ngang va phuong thang dung (X, 2) va toc do goc (). Po cao duogc dicu
khién bang PID (Proportional Integral Derivative — bo diéu khién ty 18 tich phan vi phan), con
huéng bay diéu chinh théng qua mé-men quay t [3].

Mo hinh dong hoc duoc mb ta bang cac phuong trinh sau:

x=Ts1n9_ﬁx (1)
m m

EZTCOSQ_g_k_dZ. (2)
m m

. 3

6==1 ®)

trong d6: T 1a luc day tac dong theo truc than UAV, T 1a moment quay, m 13 khéi luong UAV, I 1a
md men quan tinh, g 1a gia toc trong trudng va k4 1a hé s6 can khong khi.
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bé duy tri do cao 6n dinh, bo diéu khién PID tinh toan luc déy nhu sau:
“4)

Tzkpez+kl..|. g i

véi cdc hé s6 cta bo diéu khién PID: k, =10.0,k, =0.03,k, =4.0, €, = Z,,o, —Z la sai sd
dd cao tai thoi diém z va luc déy (thrust) dugc gidi han trong khoang [20,35]N. Trong do:
e Qua trinh huan luyén, nhan thay luc t6i thiéu 20N du thing trong luc va luc t6i da 30N tranh
qua tai.
e Thanh phén ty 1¢ £ e : Tao lyc day ty I¢ thudn voi do 1éch so voi muc tiéu
e Thanh phéan tich phan ki'fez dt: Loai bo sai s6 du do nhifu bén ngoai véi hé s6 nho
k,=0.03

€ , . X an \ , 2 s
=: Du doédn xu hudng thay doi do cao va tao luc can dé giam dao

dong, giup 6n dinh nhanh hon.

e Ham e, dai dién cho sai s6 vé& d6 cao cia UAV so véi d6 cao muc tiéu trong méi trudng 2D.
Cu thé, e, la mot ham do do 1éch giita d6 cao thuc té ciia UAV va do ©ao mong mubn, ding
dé tinh toan phan thuong nham khuyén khich UAV duy tri 46 cao 6n dinh trong qua trinh
bay. Ham nay c6 thé duoc dinh nghia la ham khoang cach tuyét d6i hodc binh phurong sai s6
vé do cao, gitp dua ra tin hi¢u dleu chinh luc diy dé UAV khéng bj 1éch qua cao hodc qua
thap s0 vO1 muc tiéu. Diéu nay rat quan trong trong moi trudng 2D bdi vi ngoai viéc di
chuyén ngang, UAV ciing can kiém soét chit ché chiéu cao dé tranh va cham hodc roi, dic
biét khi bay qua cac khe hep gilra chudng ngai vat.

Méi truong mo phong cé dang “FlappyDroneEnv”, thiét 1ap Xiarget — 100m, v6i cac chudng ngai
vat hinh chir nhat bd tri cach nhau 10m. Khong gian quan sat 1a mot vector 10 chiéu:

X z=500 % : 0 .dx sign(d)i dy Z—Z
T

x. 50 ’50°2.0°20° x50 x.. 50 )

target target target

trong d6 dx = x,,,, —x, d, la khoang cach dén chudng ngai vat tiép theo, va zgsp € [4.0, 6.0]m 1a
tam khe ho. Khong gian hanh dong 13 mot mo-men xodn duy nhat 7 €[-0.6,0.6] , dugc chuan hoa vé
khoang [-1.2, 1.2] N-m.

2.2. Him phin thuéng

Ham phan thudng 1a tong co6 trong sb ciia cac thanh phan thuc day tién d6 di chuyén, duy tri o
cao On dinh va tranh va cham véi chudng ngai vat:

_ (6)
AR A N D O e

Trong do:

- 1, : giit UAV & gan d6 cao muc tiéu (5m);

7, : thic déy tién d6 hudng téi muc tiéu,
- ¥, : duy tri van tdc 6n dinh;

- Tgqp : can gilta UAV vao vi tri khe hep;

¥y : kiém soat do nghiéng;
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gt = —3000 néu khoang cach | dx |< 0.5m

oy = —~1000 néu UAV va cham véi chudng ngai vat.
- Tiem = Fige = —1000 néu d6 cao z < Im hodc z > 14m

Vongie =00 néu goc nghiéng | O[> 7/2.12 (85)

Phan thuong 1¢erm la phan thuong hodc phat dwgc tinh vao cubi mdi tap (episode) bay ctia UAV,
nham cing c¢d két qua ciia toan b hanh trinh bay. Cu thé:

e Néu UAV bay thanh cong, ttc 1a tiép can muc tiéu voi sai s6 nho theo truc hoanh (trong méi
truong 2D), thi 1yep, S€ c6 gid tri duong 16n dé khuyeén khich hanh vi do.

e Nguoc lai, néu UAV va cham vao chudng ngai vat, vi pham gi6i han an toan vé do cao hoic
goc nghiéng, hodc khong dat muc tiéu trong thoi gian quy dinh, thi 7, s€ 1a mot phan phat
ning, nham ngan chin cac hanh dong nguy hiém hosc khong hiéu qua.

Phéan thudng nay dong vai trd nhu mot phan danh gia téng thé cho ca quing duong bay, khong
chi dua trén timg budc di chuyén ma con nhim dam bao UAV hoan thanh nhiém vy mot cach an
toan va hiéu qua.

Khac véi bai PPO chia phan thuéng theo doan, ham phan thuong A2C dugc ap dung toan cuc
trén mot doan 100m duy nhat, nhan manh sw on dinh lién tuc thay vi chuyén doi chinh sach giira
cac doan.

2.3. Thuit toan A2C va quy trinh huén luyén

Thuat toan Advantage Actor-Critic (A2C) dugc trién khai duéi dang cap nhat dong b theo chinh
sach (on-policy), sir dung két hop hai mang: Actor (chinh sach) va Critic (wdc luong gia tri), véi cau
trac mang da 16p (MLP), cip nhat dong thoi ca module hanh dong va module danh gid déu duoc
cap nhat cing lic. Khong dung replay buffer nhu SAC, A2C yéu cau cap nhat ngay sau mdi batch,
dan toi toc d6 hoi tu chdm hon nhung 6n dinh hon trong méi trudng ¢6 cau trac dinh ky [2]. Qua
trinh hudn luyén dién ra trong 1 triéu budc thoi gian, co checkpoint lvu mé hinh va danh gia dya
trén 100 tap kiém thr.

Thuit toan Advantage Actor—Critic (A2C) cho diéu huéng UAV:

1: Khéi tao moi truong UAV (FlappyDroneEnv véi d§ cao muc tiéu 5.0m).
2: Khoi tao mang Actor-Critic:

e Mang Actor du doan chinh sach g (als).

e Mang Critic udc lugng gia tri trang thai V,(s).

e (Cac mang co kién tric: 2 16p an MLP, mbi 16p 256 no-ron, ham kich hoat ReLU.
3: Lapcho dén du sb budc huin luyén (vi du 1 tri¢u):

e Thu thap mot batch céc trai nghiém bang cach twong tic voi méi truong theo chinh sach
hién tai.

e Tinh toan loi ich (advantage) A, = R, — V,,(s,), trong d6 R, 1 phan thudng thuyc nhan
sau buoc t [4].

e Cap nhat mang Critic bflng cach giam thiéu mat mat: L(w) = (R, — V,,(s0))? [5].

e Cap nhat mang Actor bang cich t6i da héa ham muc tiduJ(6) =
E;[logmg(acls:)Ac] [S]-

e Cap nhat tham s6 mang bing gradient ascent/descent theo ham mit mat/loi ich
tuong Ung.
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4: Pinh ky danh gia mo hinh trén tap thir nghiém, luvu mé hinh t6t nhat.
5: Két thuc, xuat mo hinh d3 huan luyén.

Thuat todn A2C cho phép UAV hoc chinh sach diéu khién lién tuc, thich nghi t6t véi méi trudng
c6 sy thay ddi va tinh phtic tap ctia chudng ngai vat khe hep.

3. KET QUA NGHIEN CUU

Sau khi hudn luyén, mo hinh dat hi¢u suit cao nhat (dya trén tong phan thudng trong giai doan
danh gia) duoc kiém thir trén 100 tap doc 1ap v6i cac bd tri chudng ngai vat duoc sinh ngau nhién.
Mot tap duoc coi 1a thanh cong néu UAV tiép can muc tiéu & khoang cach 100m. Céc trudng hop
tht bai bao gdm: va cham véi chuéng ngai vat, vi pham do cao cho phép, goc nghiéng vuot qua
gidi han an toan hodc két thic sdm do vuot qua s6 bude tdi da.

3.1. Két qua dinh hrong

Pé danh gia hiéu qua dao tao UAV bang thuit toan Advantage Actor-Critic (A2C), ching t6i
thuc hién hudn luyén va kiém thir trén 100 tap bay v6i do dai quang duong 100 m trong moi truong
2D c6 nhiéu khe hep va chudng ngai vat. Bé dam bao tinh khach quan, két qua A2C duoc dbi sanh
dong thoi vai cac thudt toan pho bién gdm PPO va SAC, trong d6 cac tham s mdi truong va qua
trinh kiém thtr déu gitr nguyén. Két qua SAC sir dung dir liéu thuc nghiém tir bdo céo ndi bo nhém
tac gia (chua xuét ban), dam bao dong nhét diéu kién so sanh.

Céc chi s6 danh gia gém: ti I¢ thanh cong (success rate), s6 bude trung binh, ti 1€ va cham, ti I¢ vi
pham an toan, cling nhu gi4 tri phan thudng trung binh. Bang sau trinh bay két qua so sanh dinh
luong chi tiét gitra cac thuat toan.

Bang 1. Két qué danh gia cac thuat toan A2C, PPO, SAC
trén méi trueong 2D trong bai toan diéu huéng UAV cé khe hep

Thut todn Ti 1€ thanh S6 bude trung Ti 1€ va cham Ti 1¢ vi pham Tl‘ung binh
’ cong [%] binh [%] an toan [%] phan thudng
A2C 93.0 229.5 +36.08 6.0 1.0 1850
PPO 90.5 240.1 + 38.7 7.5 2.0 1760
SAC 94.0%* 129.0 + 28.2%* 4.0* 2.0% 1980*

(*Két qua SAC tir bao cdo ndi bd nhom tac gia, chwa xuat ban chinh thirc nhung kiém thir cing diéu kién thiét 1ap.)

Phan tich chi tiét cho thdy SAC c6 uu thé noi bat vai ti 1¢ thanh cong cao nhét, sb budc trung binh
thép va phan thuéng trung binh 16n hon so véi cac phuong phap con lai. Pudng cong hoc ciia SAC
hoi tu nhanh, 6n dinh va phan phdi phan thuéng déu, trong khi A2C ciing dat hiéu qua 6n dinh, hoi tu
t6t. PPO mic du c6 kha nang thich nghi nhat dinh nhung ti 1¢ va cham va s6 budc trung binh déu cao
hon, cho thiy qua trinh hoc chinh sach khong t6i wu bang SAC/A2C trong mdi trudng nay.

Két qua nay 1am co s thuyét phuc cho tinh hiéu qua cta cac thuat toan off-policy nhu SAC
trong diéu huéng UAV phtc tap, dong thoi xac nhan vai trd ctiia A2C trong cic mdi truong doi hoi
su On dinh vé chinh sach va tdc do hoc tap.

3.2. Phan tich quy dao

Dé danh gia chién lugc tranh chudéng ngai vt dua trén mé hinh A2C, tién hanh nhiéu mé phong
trong mot moi trudng 2D phire tap, day dic cac rao chin thing ding. Drone dugc huan luyén nhim
tiép can muc tiéu dit tai khoang cach 100 m theo phuong ngang (truc x), qua do6 kiém tra kha ning
thich ing va diéu hudng an toan trong cac bd cuc day thir thach.
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Moi truomg bay va quy dao cia drone dugc truc quan hoa trén mét phang 2D, trong do:
« Diém xanh 14 biéu thi vi tri xuét phat ciia drone.
¢ Diém mau do la vi tri muc ti€éu
» Duong di c6 mau sic thay ddi theo van toc (st dung bang mau viridis) mé ta quy dao di
chuyén cua drone.
o Cac mili tén minh hoa hudng quay cua drone tai cac thoi diém khac nhau.

e Hinh chir nhat mau dé l1a cac chudng ngai vat
Puong bay drone qua chudng ngai vat 100.0m
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Hinh 1. Két qua diéu hudng ciia mdy bay khéng nguwoi ldi & khodng cdach 100 mét

Phén tich quy dao bay tir mé hinh A2C cho thdy UAV hoc duogc chinh sach lién tuc va linh hoat
dé vuot qua cac khe hep. Hanh dong diéu chinh do cao, huéng bay, goc nghiéng dién ra muot ma va
nhit quan, gitp UAV han ché va cham, duy tri nhiém vu diéu huéng an toan.

So véi cac thudt toan phan xa cuc bd nhu PPO, A2C thé hién uu diém ndi bat 1a hoc duge mot
chinh sach tong quat cho toan hanh trinh bay, phti hop voi méi trudng c6 tinh tuan hoan hodc lap lai
céu truc khong gian.

4. KET LUAN

Nghién ciru trién khai va danh gia hiéu qua thuat toan A2C trong diéu khién UAV bay vuot qua
moi trudng chudng ngai vat khe hep cho thdy A2C c6 kha ning hoc chinh sach hiéu qua, duy tri ti
1€ thanh cong cao va do on dinh tét. So v&i PPO, A2C ¢6 uu diém vé kiém soat hanh vi va kha nang
thich nghi trong moi trudng tuan hoan, du chua dat hiéu suat tdi vu nhu SAC khi sir dung buffer va
entropy regularization.

Két qua cho thdy A2C c6 kha ning hoc dugc mét chinh sach diéu khién tuong ddi hidu qua, voi
ty 1¢ thanh cong 93% trén doan 100m. So v6i PPO va SAC:

e A2C it yéu cau bd nhé hon (do khong dung replay buffer),

e D& trién khai trong méi truong tudn hoan do cap nhat truc tiép theo phan phdi trang thai
hién tai,

e Tuy nhién, hoi tu cham hon va phu thudc nhiéu vao viéc tinh chinh phan thuéng va kién triic
mang.

Mot han ché duoc ghi nhan 1a A2C ¢6 xu hudng bi qua khép v6i moi truong huin luyén néu
céu trac khe hep thay d6i manh, do dic diém on-policy khong hd trg hoc tir kinh nghiém cii nhu
SAC. Ngoai ra, chinh sach hoc duoc d& gip van dé khi gip khe c6 khoang cach/chiéu cao thay d6i
dot ngdt.
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Tir két qua nay, co thé dé xuit cac hudng mé rong:
e Tich hop perception (thi gidc may tinh) @& UAV hoc chinh sach tir anh hoic lidar,
« So sanh v&i A2C async (A3C), PPO-LSTM dé tang kha nang ghi nhd ngir canh,
o Két hop A2C véi ké hoach dudng di offline dé giam khong gian hanh dong.
Nghién ctru dong gbp vao buc tranh toan canh vé hoc ting cuong UAV bang cach chi ra ring
A2C la mét 11_12\1 chon can bér}g gitra 6n dinh, hiéu‘qué va don gian trién khai, dac biét thich hop véi
cac bai toan di€u huong co6 cau truc khong gian tuan hoan hoac gidi han dia hinh 10 rét.
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UNG DUNG SOFT ACTOR-CRITIC CHO PIEU HUONG UAV 2D
TRONG MOI TRUONG CHUONG NGAI VAT SINH NGAU NHIEN

Ta Chi Hiéu, Phan Thi Phwong Anh, Nguyén Anh Huy
Truong Dai hoc Thuy loi, email: hieutc@tlu.edu.vn

1. GIOI THIEU CHUNG

Trong nhitng nam gan day, sy phat trién nhanh chong cia UAV (Unmanned Aerial Vehicle) da
mo ra nhiéu ing dung trong cac linh vue nhu giam sat nong nghiép, giao hang, khao sat ha tang, va
ctru ho khan cap. Mot yéu cau quan trong trong cac Umg dung nay la kha nang diéu huéng tw dong
an toan trong moi truong phuc tap cod nhiéu vat can, dic biét trong cac khu vuc do thi hoac khong
gian hep nhu hanh lang, rung rdm, hodc nha may [1].

Céc thuat toan hoc ting cudng nhu DQN, PPO, A2C, SAC di duogc nghién ctiru dé giup UAV hoc
chinh sach diéu khién ti vu tir dit liéu moi truong. Trong sé d6, PPO thuong duge sir dung cho céac
hanh trinh dai, chia thanh timg doan huén luyén [2]. Tuy nhién, cach tiép can chia doan nay c6
nhuoc diém 1a phai reset chinh sach hoc lai tai mdi doan, lam giam tinh ké thira va tinh lién tuc
trong hanh vi diéu khién [3].

Bai nghién ctru nay ap dung thuét toan Soft Actor-Critic (SAC) — mét phuong phap off-policy
t61 wu entropy — cho bai toan diéu huéng 2D c6 vit can sinh ngau nhién [4]. SAC c6 vu diém la:

« Khong yéu cau tai khéi dong mo hinh theo doan (khdéng can segmented training)
« Kha ning kham pha t6t nho tdi da hoa entropy
« D@ tong quat hoa trong mdi trudng chua timg thy

Muc tiéu cta nghién ciru 14 kiém tra xem SAC c6 thé hoc dwoce chinh sich toan cuc dé diéu
khién UAV vugt qua chudng ngai vét ngau nhién trong mét hanh trinh lién tuc ma van dam bao an
toan, hiéu qua va on dinh.

2. PHUONG PHAP NGHIEN CUU

2.1. M0 hinh vat ly UAV va moi trudng moé phong

Mo hinh UAV dugc xdy dung trong khong gian 2D gdm 6 bién trang thai: vi tri (x, z), goc

nghiéng (0), van ‘géc theo phuong ngang va phuong thang ding (%, 2) va toc do goc (0). Po cao

duoc diéu khién bang bo diéu khién PID (Proportional-Integral-Derivative) roi rac tac dong 1én luc

day chinh (thrust), luc quay 1 (torque) diéu chinh hudng bay.

Mo hinh dong hoc duoc mé ta bang cac phuong trinh sau:
_Tsinb &, B

(1)
m m
zzTcose_g_k_dZ. @)
m m
ST
0=— 3
7 3)

Trong d6: T 1a luc day tac dong theo truc than UAV, T 1a moment quay, m 1a khéi luong UAV, I
la mé men quan tinh, g 1a gia toc trong truong va k; 1a hé s6 can khong khi.
Dé duy tri d cao 6n dinh, bo diéu khién PID tinh toan lyc day nhu sau:

T(1)=K,-e(t)+K [ e(t)dr+K, d‘;(t) 4)
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V6i e(t) = Zpmye tiew — z(t) 12 sai 56 d0 cao tai thoi diem t va K, K;, K, 1an luot 1a cac hé sd cua
bd diéu khién PID. Trong cac thi nghiém, hé s6 PID dugc lya chon lan luot 1a K, =5.0, K; = 0.05,
Kq4 = 3.0, v6i d§ cao muc tiéu zp gy = 5.0m. Gia tri luc day T(t) dugc chan trong khoang [25,40]
nham dam bao UAV hoat dong an toan va on dinh.

Moi truong mé phong (FinalDroneEnv) ¢ chiéu dai ¢b dinh 100m, trong d6 mdi tap hudn luyén
s& sinh ngau nhién tir 6 dén 10 cip chudng ngai vat dang cot thang dung. Cac cip vit can nay duoc
bb tri thanh khe hep c¢6 d rong c¢b dinh 2.0m, v6i tam khe thay d6i ngiu nhién trong khoang z €
[4.0, 6.0]m. Nhiém vu ctia UAV la diéu chinh d6 cao dé bay qua cac khe hep mot cach an toan ma
khong xay ra va cham.

Tai mdi budc thoi gian, agent nhan dugc mot vector quan sat 9 chiéu, bao gém thong tin vé trang
thai dong hoc ciia UAV, dic trung khong gian ctia muc tiéu va chudng ngai vt gan nhat. Khong
gian hanh dong 1a mét dai lugng v6 hudng lién tuc trong khoang [—1.0, 1.0], dugc anh xa tuyén tinh
thanh moment quay t dé diéu khién goc nghiéng va hudng di chuyén ctia UAV.

Nghién ctru ndy tap trung phat trién giai phap SAC cho diéu hudng UAV trong méi trudng 2D c¢6
chudng ngai khe hep, vi cac dac diém thiét ké sau:

e M&i trudng 2D tbi wu: Lira chon mdi trudng 2D gitp tap trung vao viée toi vu thuit toan
SAC va thiét ké ham phan thudng hiéu qua trudc khi mé rong sang cic bai toan phirc tap
hon [2]. Nghién ctru gan day cua Tayar et al. [5] ciing chi ra rang moi trudng 2D c6 thé dat
hiéu qua cao trong khong gian hep, phtl hop véi bai toan diéu huéng khe hep ctia nghién ciru
nay.

« K&ét hop diéu khién PID va RL: Sir dung PID cho diéu khién do cao dam bao tinh 6n dinh,
trong khi SAC t6i uu chinh sach diéu hudéng ngang, tao ra kién trac hybrid hi¢u qua va dé
trién khai. Phuong phap hybrid nay dwoc ching minh hi¢u quéa trong cac nghién ctru gan
day , trong d6 viéc két hop PID véi hoc ting cuong giup dam bao ca tinh 6n dinh va kha
nang hoc thich tng. [6]

« Vector quan sat toi wu: Thiét ké vector quan sat thii cong dd duogc t6i wu hoa dé cung cip
du thong tin cho SAC hoc chinh sach hiéu qua ma khong gay qua tai tinh toan.

2.2. Ham phén thwéng

Ham phan thudng 1a tong o trong s6 cua cac thanh phan thuc ddy tién do di chuyén, duy tri 46
cao 6n dinh va tranh va cham véi chudng ngai vat:

Ham phén thuéng duoc thiét ké da muc tiéu nham huéng dan agent hoc chinh sach diéu khién
hiéu qua, on dinh va an toan. Céu triic phan thuong ké thira ky thuat shaping tir PPO, nhung dugc
diéu chinh phu hop vé6i dic trung cua thuat toan SAC.

Tong phan thudng tai mdi bude duge dinh nghia nhu sau:

K= Rr, T T (5)

term
Trong do:
o T giit on dinh d6 cao;
o T1,: thuong theo tién d6 vé phia muc tiéu;
o Ty kiém soat van téc;
o 1, phan thudng ving gan muc tiéu;
0 Tiem: thudng/phat cudi tap (va cham, hoan thanh, vuot gidi han);
Trong thi nghiém, cac hé s6 1an ludi 1a: tién do 7, = 150; toc d0 ,, = +25/-10; 7, = +100 néu |dx|
<5; thuong két thiic +2000, phat va cham —5000, nguong an toan z € [3,8], [0 < 90°.

Phan thuong 7, trong SAC duoc tinh vao cudi mdi tap (episode) bay dé danh gia tong thé hanh
trinh va cting cb cac két qua tét hodc ngan chin hanh vi khong mong muon:

- Néu UAV hoan thanh nhiém vu bay t61 muyc tiéu voi sai s6 ngang dudi ngudng cho phép, Tiem
la gia tri duong 16n, khuyén khich agent 1ap lai chién lugc do.
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- Néu UAV va cham, vi pham gi6i han an toan vé d6 cao/gdc nghiéng, hodc khong dat muc tiéu
trong thoi gian quy dinh, 7., 14 phan phat ning, nham giam xac suat agent chon hanh dong nguy
hiém hosc khong hiéu qua.

Do d0, Tiey khong chi phan anh thanh coéng hay thit bai tong quat cua toan bo chuyén bay, ma
con gitup SAC tdi wu chinh sach sao cho UAV bay an toan va hiéu qua trén toan hanh trinh.

Khac véi phan thuéng phan doan ciia PPO (mdi 100m c6 doan riéng), phan thuong trong SAC
duoc 4p dung toan bo theo tirng tap riéng biét, khong c6 khai niém checkpoint theo doan.

2.3. Thuit toan SAC va quy trinh huin luyén

Nghién ctru str dung thuat todn Soft Actor—Critic (SAC), m¢t phuong phap hoc tdng cudng ngoai
chinh sach (off-policy) theo cau tric actor—critic, dugc trién khai thong qua thu vién Stable-
Baselines3. SAC tdi wu chinh sach bang cach cuc dai hoa téng phan thuong ky vong cing véi
entropy cua chinh sach, qua dé ting cudng kha nang kham pha va han ché hoi tu som.

Qua trinh cap nhat dya trén hai mang no-ron chinh:

e Mang Critic (Q-value): udc lwong gia tri hanh dong Q (s, a) bang cach téi thiéu hoa ham mat
mat Bellman:

Lo=Epurn|(Q050) (7 £ [0 () -atogn(@)]) | ©

Trong d6, Q'1a mang muc tiéu va a 13 hé sb entropy.

e Mang Actor (Chinh sach): Puoc cap nhat dé t6i da hoa phan thudng ky vong va entropy:
J, =E [ E, [elogr(as)-0(s.a)]] @

Mo hinh duoc huin luyén trong 1 triéu budc thoi gian. Ca hai mang Actor va Critic ¢ cung kién
trac mang MLP gém hai 16p an, mdi 16p gdm 256 no-ron, st dung ham kich hoat ReLU. Cac siéu
tham s chinh bao g@)m: tdc d6 hoc 3x10*, hé sb chiét khau v=0.99, h¢ s6 lam muot mang muc tiéu
theo co ché Polyak 1=0.005, va kich thudc 16 (batch size) 1a 256.

Trong qué trinh huin luyén, mé hinh duoc danh gia dinh ky sau mdi 1.000 budc trén 100 tap
kiém thir véi chudng ngai vat sinh ngiu nhién. Mot tdp duoc xem la thanh cong néu UAV tiép can
muc tiéu véi sai s6 theo truc hoanh nhé hon 0.5m. Nguogc lai, mot tap bi xem la that bai néu UAV
va cham, vuot giéi han an toan vé d6 cao (z<3.0 hodac z>8.0) hoac géc nghiéng vugt qua +90°.
Mb hinh c6 tong phan thuéng trung binh cao nhat trong céc lan danh gia s& dugc chon lam mé hinh
t6t nhat dé sir dung trong giai doan kiém thir chinh thuc.

Ngodi ra, cac tham sd mic dinh cua thu vién Stable-Baselines3 ciing duoc giit nguyén, bao gom
kich thudc bd nhé kinh nghiém (replay buffer) 1a 10°, s6 budc khoi dong (learning starts) 1a 5,000,
moi budc moi trudng thyc hién mot budc gradient update, va hé ) entropy a dugc diéu chinh tu
dong. M6 hinh dugc t6i wu bang Adam va tt ca cac thi nghiém str dung gi tri khoi tao ngau nhién
mac dinh ctia moi trudng
3. KET QUA NGHIEN CUU

Mo hinh SAC duoc lya chon duya trén tong phan thudng trung binh cao nhét trong giai doan
danh gia va kiém thir trén 2000 tdp bay (20 lan lip, mdi 1an 100 tip) voi chudng ngai vét sinh
ngau nhién. Diéu kién thanh cong: UAV tiép can muc tiéu véi sai sd theo truc X < 0.5 m. That bai
bao gébm va cham, vi pham gidi han an toan (d6 cao/gdc nghiéng) hodc khong hoan thanh trong
hanh lang bay.
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3.1. Két qua dinh lwong

Bang 1 so sanh hiéu suat SAC véi cac phuong phap PPO segmented [3] va A2C.

Bang 1. Két qua dinh gia mé hinh SAC trong bai toin diéu huwéng 100m

Thuét toan Ti 1€ thanh cong S6 bude trung binh | Til€ va cham | Til€ vi pham an Phan thudng
[%] (£std, 95% CI) (%std, 95% CI) [%] toan [%] trung binh
SAC 92.35% + 2.35% 126.86 +£32.05 5.20 245 1980
[91.25%, 93.45%)] [125.46, 128.27]
A2C 93.0%* 229.5436.1%* 6.0* 1.0* 1850*
PPO 90.5 240.1+£38.7 7.5 2.0 1760

(*Két qua A2C tir bao c4o ndi bd nhom tac gia, chwa xuét ban chinh thirc nhung kiém thir cing diéu kién thiét 1ap.)

Phén tich két qua dinh luong cho théy:
e Ti l¢ thanh cong: SAC dat 92.35%, tuong duong véi1 A2C nhung cao hon 21.55% so véi
PPO segmented. Diéu nay khing dinh SAC hoc chinh sach diéu huéng 6n dinh va hiéu qua
trong toan hanh trinh ma khong can chia doan.

e S0 budéc trung binh: SAC hoan thanh véi trung binh 126.86 budc, giam 44. 8% so vi A2C
(229.50 budc) va 21.9% so voi PPO (162.30 budc). Két qua nay minh ching rang ham phan
thuong da thanh phan toan cuc gitip SAC tim quy dao ngan hon va t6i wu hon.

e Va cham va vi pham an toan: SAC giam ti 1¢ va cham xudng 5.20% va vi pham an toan
2.45%, thap hon dang ké so v6i PPO (7.50% va 2.00%) va twong duong véi A2C. Nho
entropy regularization, SAC duy tri chinh sach ngau nhién du dé kham pha duong bay an toan.

o Phin thwéng trung binh: SAC dat 1980, cao hon 7% so vo1 A2C va gan gip doi so voi
PPO, cho thy ham phan thudng toan cuc va co ché off-policy learning gitip SAC tdi da hoa
hiéu suét bay tong thé.

Pong gop noi bat ciia bao cdo:

1. Ham phén thwéng toan cuc téi wu: Thiét ké phan thuong két hop duy tri do cao, tién d6 di
chuyén, kiém soat van toc va phan thuong két thuc, gitip SAC hoc chinh sach lién tuc khong
can reset hodc transfer learning.

2. Hiéu qua off-policy voi entropy regularization: SAC tan dung replay buffer va entropy dé
can bang kham pha—khai thac, dat hiéu sut vuot troi vé tbe do hoi tu va tinh on dinh so voi
cac thuat toan on-policy nhu PPO va A2C.

3. Kha nang tong quat héa: Kiém thir trén 2000 bd cuc ngu nhién cho thay SAC thich tmg
t6t v6i da dang cau hinh chudng ngai vat, chiing to tinh linh hoat cho trién khai thyc té.

Két qua nay khoéng chi xac lap uu thé cua SAC trong gheu huong UAV lién tuc, ma con mo
hudng nghién curu sau hon vé ablation study thanh phan phan thuéng va mo rong sang moi trudong
3D do6 thi phtc tap.

3.2. Phan tich quy dao

‘M5 hinh SAC thé hién kha ning kiém soat vimg vang va tinh tong quat hoa tbt trong bai toan
diéu huong UAV trén quang duong 100m. Hinh 1 minh hoa mét quy dao thanh cong ti€u biu, dugc
chon theo tiéu chi tong phéan thudng cao nhat trong 2000 tép thir nghiém, trong d6 UAV da vuot qua
toan by chudng ngai vat vai chuyén dong mugt ma va 6n dinh.

Maéi truong bay va quy dao cua UAV dugc biéu dién trén khong gian hai chiéu, trong d6 céc
thanh phan bao gom:

« Diém mau xanh 14 1a vi tri xut phat cia UAV

o  Diém mau do 1 vi tri myc tiéu

o Duong xanh lam 1a qui dao bay thuc té cia UAV trong qua trinh diéu huéng

e Mii tén cam biéu thi huéng bay (géc nghiéng) ciia UAV tai cac thoi diém khac nhau
e Hinh chir nhat xam la cac chudng ngai vat
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Hinh 1. Két qua diéu huwéng ciia mdy bay khong nguoi ldi & khodng cach 100m

Phan tich quy dao cho théy mo hinh di hoc dugc mot chinh sach diéu khién toan cuc va nhat
quan. UAV duy tri dugc chuyén dong 6n dinh, diéu chinh d6 cao linh hoat va thyc hién cac doan ha
d6 cao chién lugc dé vuot qua cac khe hep mot cach hiéu qua. Kha nang xur Iy trén toan khéng gian
trang thai va thich nghi v6i rang budc dong hoc ngau nhién cho thiy tiém ning cia mé hinh SAC
khi trién khai thuc té trong méi trudng phi ciu tric.

So v6i phuong phap PPO trong bai nghién ctru gbc (66-76% thanh cong cho timg doan 100m,
yéu cau transfer) [3], mo hinh SAC khong chi dat ti 18 thanh cong cao hon ma con cho thdy kha
nang thich nghi tot hon trong méi trudng c6 chudng ngai vat thay dbi ngau nhién lién tuc. Pic biét,
SAC hoc dugc chinh sach diéu khién toan cuc ma khong can chia doan huan luyén hay chuyén mé
hinh gifra cac doan, gitip UAV ra quyét dinh lién tuc va nhat quan trong su6t hanh trinh.

Két qua ndy mé ra huéng nghién ciru moi cho viée ing dung thuét toan off-policy trong diéu
huong UAV lién tuc. Cac nghién ctru gin day ciing cho thiy xu hudng tuong ty vé viéc st dung
SAC cho navigation tasks, khang dinh tinh cap nhat ciia phuong phap. [8]

4. KET LUAN

Nghién ctru da trién khai thanh cong thuat toan Soft Actor-Critic dé giai bai toan didu hudéng
UAV 2D trong méi trudng cé cau triac chudng ngai vat bién thién ngau nhién. Khac v6i hudng tiép
can segmented PPO, SAC cho phép UAV hgc chinh sich tong quat toan hanh trinh, khong can
chia doan hoic thyc hién hoc chuyén tiép (transfer learning).

Két qua cho thay:

e Nghién ctru da ching minh tinh hi¢u qua vugt trdi cua SAC so voi phuong phap PPO
segmented trudc ddy, voi ti 16 thanh cong cao hon (92.35% vs 66-76%) va quy trinh trién
khai don gian hon.

« Til¢ thanh cong cao (92.35%) trong mdi truong chua timg thay;

« S6 buéc di chuyén trung binh it hon so v6i A2C va PPO trong diéu kién tuong duong;

« Kha niing phan tng linh hoat, thich Gmg véi nhiéu loai cu trac khe hep;

« Chinh sach hoc duge ¢é tinh 6n dinh cao, phu hop vdi cac Gng dung thuc tién yéu cau an
toan va do tin cay.

Tuy nhién, ciing can luu ¥ ring SAC yéu cau nhiéu by nhé hon dé luu buffer va dé bi anh
hudéng boi ham phin thuéng khong chuin héa. Ngoai ra, viéc thiét ké ham phan thwéng da
muc tiéu can duoc tinh chinh cin than dé tranh gay léch hudng hoc.

176



Tuyén tap Hoi nghi Khoa hoc thuong nién ndm 2025. ISBN: 978-604-82-8713-9

Dua trén két qua tich cuc cia md hinh 2D, nhém nghién ciru dang trién khai cac huéng mé rong:

M0 hinh 3D d6 thi thyc té voi mat do toa nha va chuéng ngai phue tap, nham danh gia kha
nang di€u hudng trong khong gian da chiéu.

e Tich hop perception dua trén camera va LiDAR dé thay thé vector quan sat thu cong, theo
xu huong perception-based navigation da ching t6 hiéu qua trong RELAX va cac nghién
ctru vé vision-based RL [7].

« Hop nhit Qiéu khién d6 cao truc tiép vao chinh sach SAC thay vi PID tach roi, ting cuong
kha nang to1 uu toan dién cho toan hanh trinh.

« Thuc hién ablation study dé phan tich dong gdp cua timg thanh phan trong ham phan thudng
va so sanh dinh lugng toan dién vai cac thuét toan off-policy khac nhu TD3, DDPG tinh chinh.

. Kiém thir robustness du7(')’i cac diéu k@én nhiéu méi truong (gid, do tré cam bién) va mo rong
s0 lugng tap danh gia dé thu dugc thong ké dang tin cdy.

Nhimng két qua nay s& dugc cong bd trong cac nghién ctru tiép theo, gop phan hoan thién hé

thong diéu huéng UAV ty dong an toan va hiéu qua.
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NGHIEN CUU SO SANH HIEU SUAT CUA CAC THUAT TOAN HQC MAY
CHO BAI TOAN PHAT HIEN EMAIL LUA PAO

Vé Td Hoang', Nguyén Trung Thinh?, Poan Thi Qué’
ITruong Pai hoc Thuy loi, email: hoangvota@tlu.edu.vn
2Swinburne University of Technology (Vietnam).

1. GIOI THIEU CHUNG

Trong ky nguyén sb hoa, email 1a cong cu giao tiép thiét yéu nhung cing tiém éin nhiéu rii ro vé
an ninh mang, dac biét 1a cac cude tan cong lua dao (phishing emall) nham danh cip thong tin nhay
cam [1]. Hau qua cua cac cudc tan cong nay rit nghiém trong, tir ton that tai chinh cho dén thiét hai
vé uy tin va danh tiéng. Trudc su gia ting vé quy mo va murc do tinh vi cia ema11 Itra ddo, vi¢c xay
dung cac hé théng phat hién tu dong v6i do chinh xac cao tré nén ngay cang cap thiét.

Trong bdi canh d6, cac phwong phap hoc may va hoc sau da dugc khai thac manh mé, thé hién
hiéu qua vuot troi so véi cac phuong phéap truyén théng dwa trén ludt va danh sach den [1]. Nhiéu
nghién ctru da ung dung thanh cong céac thuat todn hoc may nhu Naive Bayes, Support Vector
Machine (SVM), Logistic Regression, Random Forest, cling nhu cac mé hinh hoc sau dua trén
mang no-ron dé phan loai email Itra dao [1], [2]. Gan day, nghtGBM [3], mot thudt toan boosting
t6i uu héa hidu nang va tdc do, ndi 1én nhu mot huorng tiép can day hua hen nho kha nang xur 1y
hiéu qua dit liéu van ban 16n va dic trung phirc tap. Pong thoi, sy xuit hién cua cac mé hinh ngdn
ngt dya trén Transformer, dac bi¢t 1a BERT va cac bién thé rat gon nhu DistilBERT, da m¢ ra mot
ky nguyén mdi cho bai toan phat hién phishing, nhd kha ning nim bét ngit canh va biéu dién ngén
nglr & muc sau hon so vdi cac ky thuat tha cong nhu TF-IDF [4], [5].

Vi vdy, bai bio nay tip trung nghién ctru so sanh hiéu suit cia cic thudt toan hoc mdy
(LightGBM, Random Forest, Naive Bayes, SVM, Logistic Regression) khi két hop véi ki thuat TF-
IDF, dong thdi mo rong danh gia thém mo hinh hoc sdu DistilBERT dé lam rd wu thé cua cac
phuong phap hién dai trong bai toan phat hién email lira dao. Tap dir liéu duoc sir dung dé huan
luyén va kiém thir dugc 1y tir kho dir liéu cong khai zefang-liu/phishing-email-dataset.

Phéan con lai cua bai bao duge cdu trac nhu sau: Muyc 2 trinh bay co sé 1y thuyét va cac cong
trinh lién quan; Phuong phép nghién ctru dugc trinh bay trong Muc 3; Muc 4 cung cp két qua thuc
nghiém va thdo luan; Muc 5 néu két luan va hudng phat trién tiép theo.

2.CO SO LY THUYET

2.1. Tién xir Iy vin ban va K§ thuit trich chon dic trung

Dé cac thuat toan hoc may co thé xir 1y dit liéu van ban, email can duoc chuyén di thanh dang
s0. Qua trinh nay bao gom tién xir Iy va trich chon dac trung. Cac budc tién xir Iy van ban co ban
dugc thuc hién bao gdm chuyén ddi tit ca noi dung email sang chir thuong. Cac URL duoc thay thé
bang mot token chung ("URL") dé giir lai thong tin vé sy hién dién cta lién két nhung loai bo chi
tiét cu thé cua chung. Cac ky tyr khong phai chir cai va khoang tréng, cling nhu cac sd, duoc loai bo
dé 1am sach van ban. Nhleu khoang trang lién tiép duoc chuan héa thanh mot khoang trang duy
nhat, va cac khoang trang & dau/cudi chu01 duoc x6a bo. Cudi cung, cac gia tri NaN (néu cd) trong
cot van ban di duoc dién bang chudi rong dé tranh 13i trong qua trinh xur 1y.

Sau khi tién xur 1y, ndi dung email da 1am sach duoc chuyén ddi thanh cac dic trung sé bang TF-
IDF Vectorizer. TF-IDF (Term Frequency-Inverse Document Frequency) 1a mot k§ thudt thong ké
phé bién duoc sir dung dé danh gia muc do quan trong cua mot tir trong mot tai li€u so vdi toan bo
tap tai liéu [6]. TF-IDF tao ra mdt ma tran $0, trong do mdi hang dai dién cho mot email va mdi cot
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dai dién cho mdt tur (hodc n-gram), voi gia tri 1a trong s6 TF-IDF cua tir d6. biéu nay cho phép
thuat toan hoc may hiéu duoc "ngir canh" va "tim quan trong" cta céc tir trong email. Gia tri TF-
IDF duogc tinh theo cong thirc sau:

tf-idf (t,d) = tf (t,d) - idf (t) (1)
trong d6, tan suat tir (Term Frequency - TF) tf(t,d) 1 ty 1& s6 lan mot tir “t” xudt hién trong mot
tai ligu (f; 4) so véi tong s tir trong tai lidu do (X fi.a)» dugce tinh theo cong thirc (2) va idf (t) dé
biéu thi mac do quan trong cua cac tu, dugc tinh theo cong thure (3) voi N 1a téng sb trang va n; la
s6 trang chira tir “t”.

tf (6,d) = 5 e )
idf(t) =log (n_t) 3)

Bén canh d6, chiing t6i da trich xuat 10 dic trung bd sung tir ndi dung email gbc, nham nim bit
cac ddu hiéu phi vin ban thuong thdy trong email lira ddo. Cac dic trung nay bao gém: has url
(email c6 chira URL hay khong), num_urls (s6 lugng URL), has_shortened url (email ¢6 chira URL
rt gon), has_ip_address_url (email c6 chira URL str dung dia chi IP), email length (d6 dai tong thé
ciia email), has urgent keywords (email c6 chira cic tir khéa tao cam gidc khan cép),
has_financial keywords (email c6 chira cac tir khoa lién quan dén tai chinh), has_login keywords
(email c6 chtra cac tir khoa lién quan dén thong tin ding nhap), num_capital words (s6 luong tir
dugc viét hoa toan bd), num exclamation marks (sé6 luwong dau chidm than), va
num_question _marks (s6 lrong du hoi). Cac dic trung nay duoc két hop voi ma tran TF-IDF dé
tao ra mdt tap dir li¢u huén luyén toan dién hon.

2.2. Cac thuat toan hoc may va hoc sau

Nhiéu thuat toan hoc may da duoc ap dung thanh cong cho bai toan phat hién email lira dao.
Logistic Regression 1a mot mo hinh tuyén tinh don gian nhung hiéu quéa cho phan loai nhi phan.
Multinomial Naive Bayes dua trén gia dinh doc 1ap gitra cac dac trung va thuong duoc st dung
trong xir Iy van ban. Linear Support Vector Classifier (Linear SVC) tim siéu phang t6i vu dé phan
tach cac 16p dir liu. Random Forest 1a mot mo hinh ensemble két hop nhiéu ciy quyét dinh dé giam
overfitting va ting d¢ chinh x4c. LightGBM 1a mot framework boosting hi¢u suat cao, tdi wu hoa
tdc do va kha nang xtr Iy dit liéu 16n [3].

Bén canh hoc may truyén théng, cac md hinh hoc sdu, dic biét 1a cac kién tric dua trén
Transformer, da chimg minh hiéu quéa vuot troi trong nhiéu tac vu xir Iy ngdn ngit tu nhién. BERT
(Bidirectional Encoder Representations from Transformers) dugc gi('yi thi€u bdi Devlin va cong su
[4], d m& ra ky nguyén méi cho NLP nhd kha ning hoc biéu dién ngit nghla hai chiéu.
DistilBERT, mot phién ban rt gon cua BERT do Sanh va cong su phat trién [5], van giit dugc phan
16n hiéu ning nhung nhe va nhanh hon, phii hgp cho cac bai toan can trién khai thyuc té. Di véi
phat hién phishing, DistilBERT c6 loi thé & kha nang hiéu ngit canh sau va phan biét tinh vi giita
email hop phap va email gia mao, von thuong kho nhan biét chi bang cac dic trung thong ké nhu
TF-IDF.

3. PHUONG PHAP NGHIEN CUU

3.1. Mo ta tap dir liéu

Bai bao sir dung tap dit liéu email lira dao dugc cong bd cong khai trén Hugging Face [7]. Bo dit
liéu ban dau gém 18.650 email véi ba cdt: chi muc (Unnamed: 0), ni dung email (Email Text) va
nhan phan loai (Email Type: “Safe Email” hodc “Phishing Email”). Sau khi xtr 1y té€n c{t va loai bo
cOt thira, phan bd nhin xac dinh gém 11.322 email an toan va 7.328 email Itra dao. Cac nhan sau do
duoc chuyén ddi thanh dang sd, trong d6 “Safe Email” duoc gan nhin 0 va “Phishing Email” duoc
gan nhan 1.
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Hinh 1. So' do khéi mé ta quy trinh xir Iy vin ban va hudn luyén mé hinh hoc mdy

3.2. Quy trinh tién xir Iy va tao diic trung

3.2.1. Tién xi¢ Iy va tao dic trung doi véi mé hinh hoc mdy

Dir liéu email dugc chuan hoa bang cach chuyén toan bo ndi dung sang chit thudng, thay thé
URL bang token chung, loai bé ky tu dac biét va khoang trang thira, dong thoi xir 1y gié tri khuyét.
Ngoai TF-IDF, chung t6i trich xuat thém 10 ddc trung phi van ban nhu s6 luong URL, su xuat hién
cia URL rat gon hoac dia chi IP, d¢ dai email, tir khoa khan céap/tai chinh/dang nhép, so tir viét hoa,
dau cham than va dau héi. Céc dac trung nay dugc két hop véi ma tran TF-IDF dé tao thanh tép dir
liéu huan luyén hoan chinh.

3.2.2. Tién xir Iy déi v6i mé hinh hoc sdu DistilBERT

D6i v6i cac md hinh deep learning nhu DistilBERT, viéc trich xuat ddc trung thu cong khong
con can thiét. Thay vao d6, mo hinh hoat dong truc ti€p trén van ban gdc. Dt liéu dugc phan tach
thanh cac don vi bang b tokenizer “distilbert-base-uncased” véi do dai toi da N token. D€ han ché
mat mat thong tin quan trong, ky thuat head-tail truncation dugc ap dung nham gitr lai dong thoi
phan dau cua email (khoang S ky tu) va phan cudi (khoang E ky tu), vi day thuong la nhiing vi tri
chtra cac lién két hodc 161 kéu goi hanh dong.

3.3. Huén luyén mé hinh
3.3.1. Huin luyén mé hinh hoc mdy

Tap dit liéu sau khi tién xu ly duoc chia thanh hai phan gom tap huin luyén chiém 80% va tap
kiém tra chlem 20%, vi phén b6 nhin dwoc giit can bang. Trén co s nay, nim mo hinh hoc may
dugc trién khai bao gébm Logistic Regression, Naive Bayes, Linear SVC, Random Forest va
LightGBM. Cac m hinh dwoc huin luyén voi nhitng tham sé phd bién thudng dugc sir dung trong
thuc nghiém, nhdm dam bao tinh khach quan trong so sanh. Hiéu qua ctia chung dugc danh gia trén
tap kiém tra thong qua cac chi s6 do luong nhu Accuracy, Precision, Recall, F1-score va ROC-AUC.

3.3.2. Hudn luyén mé hinh DistilBERT

Déi véi DistilBERT, dir liéu duoc phén chia thanh ba phan theo ty 16 80% cho huén luyén, 10%
cho validation va 10% cho kiém tra, dong thoi ap dung stratification dé giit phan b6 nhan nhat quan.
Qué trinh hudn luyén sir dung optimizer AdamW véi learning rate Ir, batch size b va s6 epoch 1a 4.
Dé han ché hién tugng overfitting, co ché EarlyStopping duoc trién khai trong sudt qué trinh huin
luyén. Sau khi hoan tat, mo hinh dwgc danh gia dua trén cac thude do Accuracy, Precision, Recall,
Fl-score va ROC-AUC. DistilBERT duogc huan luyén trén GPU véi thoi gian trung binh khoang
450 giay cho bdn epoch, cho thay kha ning vira dam bao hiéu qua phan loai vira tiét kiém tai
nguyén so voi cac md hinh BERT day du.
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4. THUC NGHIEM VA KET QUA

Bai bao nay dwa ra két qua so sanh sau mé hinh: Logistic Regression, Multinomial Naive Bayes,
Linear SVC, Random Forest, LightGBM va DistilBERT trén cac chi ) Accuracy, Precision, Recall,
F1-Score, ROC-AUC va thoi gian huin luyén. Két qua thé hién & Bang 1 cho thay cac m6 hinh tuyén
tinh (Logistic Regression, Naive Bayes, Linear SVC) chi dat hiéu suit trung binh: Logistic Regression
c¢6 Precision cao (83,46%) nhung Recall thap (44,07%), trong khi Naive Bayes nguoc lai (Recall
82,26%, Precision 64,18%). Linear SVC cai thién hon vdi Accuracy 83,32% va ROC-AUC 0,92. Cac
md hinh ensemble vuot troi rd rét: Random Forest dat Accuracy 95,90%, ROC-AUC 0,9912;
LightGBM nhinh hon véi Accuracy 96,14% va Recall 97,61%. Dang chu ¥, DistilBERT vuot xa tat
ca cac mo hinh truyén théng, dat Accuracy 97,21%, Precision 95,45% va Recall 97,54%, v&i F1-score
97,08% va ROC-AUC 0,9978, phan 4nh kha ning phan loai gan nhu hoan héo. Piéu nay khang dinh
wu thé manh mé ctia cac mo hinh Transformer trong phat hién email lira dao.

Bang 1. Bing so sanh két qua cAc mé hinh

Mo hinh Precision Recall F1-Score Accuracy ROC-AUC
LightGBM 0.9292 0.9761 0.9521 0.9614 0.9941
Random Forest 0.9427 0.9536 0.9481 0.9590 0.9912
Linear SVC 0.8689 0.6780 0.7617 0.8332 0.9200
Multinomial Naive Bayes 0.6418 0.8226 0.7211 0.7499 0.8037
Logistic Regression 0.8346 0.4407 0.5768 0.7458 0.8427
DistilBERT 0.9545 0.9754 0.9708 0.9721 0.9978

Biéu d0 radar & Hinh 2 thé hién truc quan su khac biét vé hiéu suét ctia cic mo hinh. C6 thé nhan
thdy da giac cua DistilBERT bao phu ving 16n nhét, cho thdy su cn bang vuot trdi giita Precision,
Recall, Accuracy va Fl-score. LightGBM va Random Forest cling bao phu dién tich 16n, phan anh
hiéu qua cta cac phuong phap ensemble. Nguoc lai, Logistic Regression va Naive Bayes thé hién
hinh dang “léch”, mot bén wu tién Precision, mot bén uu tién Recall, cho thdy su danh doi trong
phat hién phishing.

—— Logistic Regression

So sanh hiéu suit cac ni§%lhh (bao gém DistilBERT) Multinomial Naive Bayes
= Linear SVC

= Random Forest

—— LightGBM

—— DistilBERT

F1

Hinh 2. Biéu do Radar so sanh hiéu suat cac mé hinh
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Bén canh hiéu suét, thoi gian huén luyén cling dugc so sanh va thé hién trong Hinh 3. Logistic
Regression va Naive Bayes huin luyén rat nhanh nhung cho két qua han ché. Linear SVC can thoi
gian dai hon (11,52 gidy), trong khi Random Forest va LightGBM mét nhiéu thoi gian hon ca (37—
38 gidy) do do phirc tap cao, nhung cho do chinh xac cao hon. Trong khi d6, DistilBERT can
khoang 450 gidy cho 4 epoch, ldu hon han cac mé hinh hoc may truyén théng nhung hiéu qua vuot
trdi trong viéc phan loai ding phishing email.

So sanh thai gian hudn luyén cac mé hinh (bao gém DistilBERT)
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Hinh 3. Biéu do cot so sanh thoi gian huan luyén giita cac mo hinh

Cudi ciing, dé c¢6 cai nhin toan dién, chung toi tién hanh so sanh cac kich ban trich chon dac
trung riéng biét va két hop, nhu minh hoa trong Hinh 4. Két qua chi ra rang viéc két hop TF-IDF
v6i dic trung bd sung mang lai hiéu suat t6t nhat cho cac mé hinh hoc may. Trong khi dé, viéc chi
sir dung dic trung bo sung cho hiéu suat thap nhat. Két hop nay gitip cac md hinh nhu LightGBM
va Random Forest dat hiéu suét toi wu. Tuy nhién, v6i DistilBERT, von khong dua vao TF-IDF hay
dic trung thi cong, hiéu qua van vuot tri, cho thdy tiém ning cta hudng tiép can dya trén hoc siu
trong phat hién email Itra ddo.

F1-Score Comparison across Feature Sets (bao gém DistilBERT)

1.0 4 MM TF-IDF + Feature Engineering
I Feature Engineering Only
I TF-IDF Only

B Transformer (DistilBERT)

0.8

0.6 1

F1-Score

0.4

0.2

0.0 -

Hinh 4. So sanh F1-Score ciia cac mé hinh trong cdc kich ban trich chon ddc trung
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5. KET LUAN

Trong nghién ctru nay, ching t6i da phan tich va so sanh hi¢u suit cua cac thuat toan hoc may
truyén thong (Logistic Regression, Multinomial Naive Bayes, Linear SVC, Random Forest,
LightGBM) va mot mé hinh hoc sau hién dai (DistilBERT) cho bai toan phat hi¢n email Itra ddo.
Két qua thyc nghiém cho théy cac mo hinh td hop, déac bi¢t 1a Random Forest va LightGBM, dat
hiéu suit rit cao véi Accuracy trén 95% va ROC-AUC trén 0,99, vuot trdi so voi Logistic
Regression, Naive Bayes va Linear SVC. LightGBM ndi bat ¢ Recall 97,61%, gitp giam thiéu dang
ké s6 email lra dao bi b sot, trong khi Random Forest c6 Precision cao hon mdt chut, dam bao do
tin cay khi dy doén email 1a ltra ddo.

Diém nhin quan trong ctia nghién ciru 1a mo hinh DistilBERT. Vi Accuracy 97,21%, F1-score
97,08% va ROC-AUC 0,9978, DistilBERT thé hién hiéu ning vuot trdi hon tit ca cac mo hinh hoc
may, dong thoi dat sy cAn bang tdi wu giita Precision va Recall. Két qua nay khang dinh tiém ning
manh me cua cac mod hinh hoc sau dua trén Transformer trong viéc phat hién email Itra dao, dac biét
trong bdi canh cac hinh thirc tan cong ngay cang tinh vi va kho nhan dién.

Bén canh nhiing két qua dat dugc, nghién ctru cling ghi nhan mot s6 han ché. DistilBERT yéu
cau nhiéu tai nguyén tinh toan hon so voi cac md hinh hoc méay va bo dir liéu sir dung chu yéu 1a
tiéng Anh, do d6 kha ning ap dung truc tiép cho ngit canh tiéng Viét con han ché. Trong tuong lai,
chung t6i hudng dén viéc tinh chinh siéu tham s6 cho DistilBERT, thir nghiém véi cac mo hinh
ngdn ngir da ngit khac nhu mBERT hodc XLM-R, ciing nhu mé rong tap dir liéu sang email tiéng
Viét. Ngoai ra, mot hudng nghién ctru tiém ning 1a xdy dung hé thdng phat hién phishing da nén
tang, khong chi qua email ma con mo rong sang SMS va mang xa hoi, nham mang lai giai phap
toan dién hon cho nguodi dung.
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GENERATOR-BASED FUZZING HIEU QUA KHI TANG COVERAGE
VA TAI SU DUNG CAC PAU VAO CHAT LUQNG

V6 Ta Hoang, Poan Thi Qué, Piu Dirc Pat
Truong Pai hoc Thuy loi, email: hoangvota@tlu.edu.vn

1. GIOI THIEU CHUNG

Fuzzing 1a mot k¥ thuat phat hién 16 hong bao mat hidu qua. K¥ thuat fuzzing kiém tra hé thong
bang cach xu 1y lién tuc cac truong hop kiém thir duoc tao ra boi mot chuong trinh khac. Dong thoi,
hé théng duoc giam sat dé phat hién bat ky 15i nao dwoc phat hién thong qua viée xu 1y dit lidu dau
vao nay [1]. Nhiéu nghién ciru di dé xuat cic chién lugc fuzzing khac nhau nham ting hié¢u qua tim
ra 10 héng bao mat. Cac chién luge d6 chu yéu tap trung vao viéc sinh dir li¢u dau vao cho kiém
thir, goi v tu dong sira 16i, md rong da dang cac loai 16i, iung dung fuzzing vao Internet van vat [2].
Trong bai bao [3], Huang va cdng su da gidi thiéu ky thudt fuzzing dya trén mo hinh ngoén ngir 16n
(LLM) nham ning cao kha nang tu dong sinh va bién dbi dir lidu kiém thu, tir d6 cai thién do bao
phu mé va hiéu qua phat hién 16i so véi cac phuong phap fuzzing truyen thdng. Bén canh do, bai
béo [4] da cung cAp mot tong quan toan dién vé ky thuat fuzzing, bao gom quy trinh chung, cach
phan loai, cac k¥ thuat hién dai cai thién kha ning cua fuzzing, va cac tinh hudng ung dung phd
bién cua fuzzing. Trong d6, Generator-based fuzzing 1a mot trong sé cac k¥ thuat fuzzing duogc sir
dung dé sinh dau vao danh cho qua trinh kiém thir. Y tuéng chinh cia generator-based fuzzing 1a
tao dau vao ngiu nhién theo ding dinh dang, dam bao dau vao ludn duoc sinh ra hop 1& vé mit cu
phap dbi véi cac hé thong can kiém tra (System Under Test - SUT) va day la mot nhiém vy kha
phue tap [5], [6]. Phuong phap JQF-Splicing [7] da phan nao giai quyét dugc thach thic nay bang
cach tao dau vao dua trén cau triic cdy va thuc hién splicing c6 dinh hudng. Tuy nhién, mot diém
yéu cua phuong phap 13 chua xac dinh chinh xac dugc xu hudng ting trudng mic do bao phu
Coverage, ddc biét 1a trong giai doan dat trang thai bao hoa (con goi la trang thai “plateau” ma khi
tdc d bao phu chiing lai, ddn dén hiéu qua thuc té chua cao).

Nghién ctru nay d& xuat mot phuong phap fuzzing, duoc dat tén la LR-Zest, dé xac dinh chinh
xéac hon trang thai bido hoa bang cach ap dung hoi quy tuyén tinh va phan tich tbc do tang muc do
bao phu Coverage trong mét khoang thoi gian ngan. Phuong phap dé xuét c6 kha ning nhan biét
linh hoat hon cac du hiéu chirng lai trong Coverage, tranh phat hién nham do dao dong nho, tur do
s& toi wu dugc thoi diém chuyén pha trong qué trinh fuzzing. Bén canh dé, thay vi quay lai budc
chon nhanh (Branch Selection) nhu phuong phap JQF-Splicing, chung toi cai tién phuong phap
fuzzing bang cach diéu chinh dé quay lai budc Zest Fuzzing ban dau. Y tuong niy gitp tin dung
hiéu qua cac dau vao da duoc ting cuong boi Splicing, tir do tao ra thém cac input co chat lugng
cao cho cac chu ky tiép theo. Tuy vay, diéu nay ciing din dén viéc tén nhiéu thoi gian hon dé quét
16 hong.

Phuong phap LR-Zest ap dung trén cic ngdn ngit cd ciu trac cdy, vi du nhu XML hay
Javascript. S6 liéu thuc nghiém dugc danh giad trén cac phﬁn mém nhu Ant, Maven, Closure va
Rhino. Két qua dat duogc cho théy dd bao phu co su gia tang dang ké va cac doan ma it duoc thuc
thi dugc quét ti nhidu hon.

Bén canh d6, LR-Zest con dugc so sanh véi hai dai dién tiéu biéu ctia nhom fuzzer dya trén dot
bién 1a AFL++ va libFuzzer. Ca AFL++ va libFuzzer déu 1a coéng cu duoc dan hudng boi do
coverage: chiing cung cap co ché chén ma do phu hiéu qua, quan Iy tap truong hop kiém thir, cac
chién luoc t6i wu hoa phép dot bién (lich trinh nang lyc, tir dién mau, phan hdi tir so sanh, v.v.) va
béo céo cac chi sb thoi gian chay co ban nhu do coverage, tdc do thuc thi, sb truong hop kiém thir
duy nhét, s6 15i sap va s 16i treo. Nho toe d6 cao va do 6n dinh, AFL++ va libFuzzer rat phu hop
cho cac kich ban fuzzing théng thudng va 1a nén tang thuc nghiém dang tin cay khi so sanh hiéu
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nang. Tuy nhién, cac cong cu ndy thuong chi cung cip cac sb lidu thd vé do coverage ma khong tich
hop co ché phan tich xu hudng ting truong do coverage theo thoi gian (vi du xéc dinh hé s6 do doc
hay phat hién trang thai bao hoa), day chinh 13 diém LR-Zest hudng t6i dé tu dong diéu chinh chién
luge kiém thir. Do do, LR-Zest c6 thé dong vai tro b tro cho AFL++ va libFuzzer: vira tn dung ha
tang do luong va tbc do cua ching, vira thém 16p phan tich theo thoi gian thuc dé quyét dinh khi
nao nén chuyén sang pha sinh dau vao c6 cau tric hodc ghép ndi nham tiép can cac nhanh it dugc
kham pha va gia tang d¢ coverage mdt cach hi¢u qua hon.

2. PHUONG PHAP NGHIEN CUU

2.1. Tong thé qua trinh fuzzing

Hinh 1 m6 ta tong thé qua trinh fuzzing cia phuong phap LR-Zest ma bai bao nay dé xuat voi 2
pha gdm pha Zest Fuzzing va pha Fuzzing truc tlep Phuong phap fuzzing LR-Zest cai thién hi¢u
qua fuzzing bang cach khai thac cac nhanh ma hiém khi dugc thuc thi trong chuong trinh. Qué trinh
bat dau bang chién dich fuzzing thong thuong sir dung Zest dé giam chi phi ban dau. Khi phat hién
coverage khong con ting dang ké (roi vao trang thai bdo hoa) hé thong s& chuyén sang giai doan
fuzzing c6 chi dich. Tai ddy, mot nhanh ma hiém s& dugc chon 1am muc tiéu, sau d6 thu thap cac
input da ting di qua nhanh nay va thyc hién khai pha m:?lu dwa trén cdy cdu trac cua chung. Tur do,
hé thdng trich xuat cac dic trung dau vao quan trong, roi tai tao cac déac trung nay bang cach chén
chung vao céc input dugc sinh ngau nhién. Muc tiéu 1 ting xac sudt truy cap nhanh mi hiém dé
kham pha thém mi méi phia sau. Néu sau 10 phat hodc khi nhanh khong con hiém, hé thong s&
chon nhanh méi hodc quay lai qua trinh fuzzing ban ddu néu khong con nhanh nao phu hop.

Pha Fuzzing Trwc Tiép
Plateau?

Zest Fuzzing (1) —

]

1
1
1
1
1
1 Branch Pattern Mining -
: Selection (2) 3) —  Splicing (4)
L}

[}

Hinh 1. Tong thé qud trinh fuzzing

2.2. Heuristic phat hién trang thai bio hoa dwa trén hdi quy tuyén tinh.

Khi bt dau qué trinh fuzzing, thuat toan Zest fuzzing van dugc sir dung nhim dam bao su 6n
dinh cho ca toan b qua trinh. Nham xéac dinh dugc thoi di€ém qua trinh fuzzing roi vao trang thai
bao hoa, nghia 1a d¢ bao phu khong con ting dang ké theo thoi gian, thudt toan heuristic dya trén
hoi quy tuyén tinh da dugc dé xuat nhu sau

Tai mdi thoi diém i, hé thong 14y mot tdp gom k gia tri d6 bao phii gan nhit va anh xa tip cac gia
tri ndy thanh cac cap dit li¢u {(t;, ¢;)}j=j—x+1 trong do t; =j At 1a mdc thoi gian twong tmg (A
t = 1000s) va ¢; la gid tri d6 bao phu ngay tai thoi diém t;.

M5 hinh hoi quy tuyén tinh dugc xay dung v&i muc tiéu udc lugng do dbc b; dai dién cho tdc do
ting do bao phu trong khoang thoi gian gan nhat dugc xac dinh bdi phuong trinh ¢ = a; + b;t;.
Trong d6 a; 12 hé s6 chin, b; 1a hé s goc duoc tinh theo phwong phap sai s6 binh phuong t6i thiéu

l l
o1 o1
2T 2
Jj=i—k+1 Jj=i—k+1
Yj=icier1(t=D(cj=0)
z:;‘=i—k+1(t]'_f)2

Néu b; nho hon ngudng tdi thiéu ky vong by, hé thdng s& xem nhu do bao phi dang ting qua
cham va chuyén sang trang thai dung. Ngudng b,,;, duoc tinh toan dya trén muc tang toi thiéu ky

biz

,a; = C — b;t (1)

Cmin

——= , Trong do6, A cjuin
kAt mm

vong cua d¢ bao phu trong khoang thoi gian k A t, theo cong thic b =
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1a d6 bao phu tdi thiéu duorc ky vong trong mot khoang thoi glan dai. Viéc so sanh truc tiép téc do
tang do bao phu thuc té b; véi toc do ky vong by, gitp hé thong phat hién trang thai bio hoa mot
cach linh hoat, tranh bi anh huong bdi cac nhidu nhé trong dit licu.

2.3. Lua chon nhanh muc tiéu

Khi hé thong phat hién d6 bao phu bat ddu roi vao trang thai bio hoa, qua trinh’chuyén sang giai
doan fuzzing c6 chu dich. Budc dau tién cua giai doan nay 1a chon nhdnh ma hiém lam muc tiéu.
Qua trinh xdc dinh nhanh muyc tiéu dya trén y tuong duge trinh bay trong nghién ctru cua Caroline
Lemieux and Koushik Sen [8]. Nhanh duogc coi 1a “hiém” néu s lan bi cham t6i thip hon mot
nguong dugc tinh toan dong, goi 1a cutoff point.

Cu thé, néu min(hits) (> 0) 1a s6 1an truy cép it nhat trong tit ca cic nhanh tai thoi diém hién
tai, thi cutoff point dugc dinh nghia 14 gid tri nho nhat dang 2¢ > min(hits).

2.4. Khai thac cic dic trung chung ciia diu vao

9 Sau 1§hi nhénh muc tiéq da duogc lga chon, cac dac trung tt cua gﬁu \(a‘lo tiép tuc dugc sang loc
dé c6 thé phat trien thém bang cach st dung k¥ thuat khai thac cdc mau tuan tu [9].

_Gia su dbi tuong xét dén 1a mot chudi XML c6 dang “<libraries><lib src ="web””, dugc biéu
dién dudi dang cay nhu Hinh 2. Pau tién, cac dau vao sé duoc tach lam cac dac trung, sau d6 ghép
lai dé thanh duong di dac trung. Vi du nhu Hinh 2, s€ c6 2 duong di dac trung:

e Libraries[E] - Lib[E] - Lib-A[T]
e Libraries[E] - Lib[E] - src="web”[A]

Libraries
[Element]

l

Lib
[Element]

SN

Lib-A src="web”
[Text] [Attribute]

Hinh 2. Céu triic thanh phan cia cdy XML

Toan bd cay s& duoc ma hoa thanh mot chudi ky ty mot chiéu bang cach ghép cac dic trung lai
v6i nhau, nhu thé hién trong Hinh 3.

A A
A
B < B B ©
B G
Input 1 Input 2 | Input 3

Hinh 3. Cau tric cdy cua cdc ddc trung

Sau do6, thuat toan khai thac chudi tuan tu s& dugc sir dung nham tim ra cac duong di dic trung
chung. Cubi cing, cac duong di dac trung chung nay duoc chuyén nguoc lai thanh cdy bang cach
hop nhét cac nut co tién tét gidng nhau.
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Diu vao Diu vao di ma héa
Mi
1 A,B,D, 1,A,C i
q A.B
2 A,B,C
C
3 A,B,3,A,C

Hinh 4. Qua trinh khai thac ddc trung chung

2.5. Tai tao lai dau vao véi nhirng dic trung tot

Budc cudi trong chu trinh fuzzing 1a chén cdy dic trung d hoc duge vao cac input duoc sinh
ngau nhién. Muc tiéu 1a tao thém cac test case chira dic trung dau vao phu hop dé ting s6 lan truy
cap nhanh muc tiéu. Qua trinh chén khong thuc hién mot cach ngau nhién ma sé& thay thé mot nat c6
cung kiéu trong cdy dau vao nhim dam tinh cdu trac tong thé. Néu c6 nhiéu cdy dugc sinh ra tir
pattern mining, cdy con tao ra nhiéu lugt truy cip nhanh nhét trong 100 1an thir dau tién s& duoc
chon lya.

Viéc tao thém dir liéu dau vao mai (Splice) duoc thyc hién béng cach bién dbi cac Input hién tai
thanh cac Input méi trong hang doi ciia Zest. Tuy nhién, khéng phai Input ndo ciing dugc chon dé
Splice. Xac suét Splice phu thudc vao mirc d6 twong dong vé do bao phu giita cac dau vao di dung
dé hoc dac trung va input hién tai. Néu dd bao phu cao, xac suit Splice ciing s€ cao hon, vi vay kha
nang thanh cong cua ca chién dich fuzzing s& 16n hon.

Giai doan fuzzing c6 Splice két thuc sau 10 phut hodc khi nhanh khong con dugc xem 13 hiém.
Néu viéc Splice khong tao ra thém luot truy cap nhanh muc tiéu, qua trinh ciing bi dimg sém. Sau
d6, mot nhanh hiém méi s& duoc chon va chu trinh lap lai.

3. KET QUA THU'C NGHIEM

Pé danh gia thyc nghiém, bén hé thng di duoc kiém tra boi Zest: Apache Maven (v3.5.2),
Apache Ant (v1.10.2), Google Closure (v20180204) va Mozilla Rhino (v1.7.8) van tiép tuc duoc sir
dung v6i diing phién ban da duogc kiém tra.

Cac thyc nghi¢m duoc tién hanh trén may chu chay h¢ diéu hanh Ubuntu 22.04.5 LTS Virtual
Machine, sir dung bd xir Iy 13" Gen Intel® Core™ i7-13700 2.10 GHz véi bdo nhd RAM 12GB.
MB&i hé théng duoc kiém thir (System Under Test — SUT) nhu Ant, Maven, Closure va Rhino duoc
chay trén mot may ao cha doc 1ap dé dam bao tinh cach ly giita cac chién dich fuzzing.

Ca ba phuong phap Zest, JQF-Splice va LR-Zest déu dung chung mét kiéu bo tao (XML hoic
Javascript) dé dam bao rang cic nhanh mi c6 cung sd higu giéng nhau. Diéu nay dé tranh sy sai
1éch gitra cac bo tao. Cac ndi dung trong thé XML ciing dugc dung bai cac tir dién c6 san cua JQF.

Chi s6 danh gia duoc dya trén s6 1an cham t6i nhanh “hiém” va gia tri ctia d6 bao phu ca qua
trinh. Bang 1 trinh bay két qua Rare Branch Hits ciia 3 phuong phap khi chay véi dit liéu ctia Apache
Ant, Apache Maven, Google Closure va Mozzila Rhino.

Biang 1. Két qua Rare Branch Hits ciia 3 phwong phap Zest, JQF-SPLICE, LR-ZEST

SUT ZEST JQF-SPLICE LR-ZEST
Apache Ant 954205 1104983 1385022
Apache Maven 1662875 1683507 2134947
Google Closure 1244954 1795504 1185315
Mozilla Rhino 545661 516945 632064
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Pdi v6i Rare Branch Hits, ta dinh nghia muc cai thién cia LR-Zest so vdi Zest trén tung h¢
thong thu nghiém (SUT) la:

XLR*ZeSt _ Zest

_ i i 0 -
A= 7 x100%,i=1,...,4 2)
Két qua thu dugc nhu sau: Ant A =+45.1%, Maven A = +2$.4%, Rhino A = +15.8% va Closure A
= —4.8%. Trung vi (median) cua cac A, dat +22.1%, cho thay LR-Zest nhat quan mang lai lgi ich
trén da s6 SUT.

Két qua thuc nghiém trét} cho théy LZ-Zest ¢6 s 1an cham duoc nhanh hiém vuot t7r(f)i hon Zest
va JQF-Splicing trén hau hét cac SUT, ngoai trir Google Closure. Nguyén nhén c6 thé do Google
Closure c6 quéa nhiéu nhanh hiém hodc dinh dang Javascript phurc tap hon nhieu XML, dan t61 qua
trinh pattern mining va splicing don gian khong du tai tao chinh xac.

Ngoai ra, két qua trong Bang 2 cho thé’y d6 do Unique Coverage Trace thé hién mirc d6 bao phu
duy nhat cua 3 phuong phap trén, tirc 1a s6 nhanh duy nhat dugc thyce thi khi fuzzing.

Tuong tu, do1 vé1 Unique Coverage Trace, ta co:

LR—Zest Zest 3
A:uxloo%,l—l L4 ©)

i YZest
voi két qua: Ant A = +54.5%’, Maven A = +46.6%, Rhino A = +12.17%, Closure A =—1.49%. Trung
vicua A, = +29.4%, cho thay LR-Zest dat d coverage cao hon han so v&i Zest. Khi so sanh véi
JQF-Splice, muc cai thién trung vi ciing dat to1 +27.1%, chimg minh LR-Zest gilr uu thé ngay ca
trudc doi thu gan nhat.

LR-ZEST ciing dat két qua cao nhét & ca 3 SUT Apache Ant, Apache Maven, Mozzila Rhino,
cho théy hi€u qua vuot trdi trong viéc tao dau vao c6 kha nang bao phu céc nhanh ch}m‘ng trinh
méi. Boi véi Google Closure, LR-Zest chi thap hon 2 phuong phap con lai khong dang ké.

Bang 2. Két qua Unique Coverage Trace ciia 3 phwong phap Zest, JQF-SPLICE, LR-ZEST

SUT ZEST JQF-SPLICE LR-ZEST
Apache Ant 70374 72533 108713
Apache Maven 231329 245896 339222
Google Closure 109881 112693 108249
Mozilla Rhino 92246 88948 103438

4. KET LUAN

Nghién ctru di dé xuit mot phuwong phéap cai tién quy trinh xac dinh trang thai bdo hoa trong
Fuzzing bang cach ap dung hoi quy tuyén tinh dé phén tich xu hudng gia ting Coverage trong mot
khoang thot gian ngan. Ky thuat nay gitp hé théng nhan dién chinh xac hon thoi diém Coverage co
dau hiéu chimg lai, tir 46 quyét dinh chuyén sang giai doan Fuzzing c6 chii dich nham t6i wu héa tai
nguyén va thoi gian. DPong thoi, chung toi ap dung chién luoc lua chon Input dé tai sinh dic trung,
chuyén tir co ché lap lai cac Input hiém gan nhét sang khai thac truc tiép cac Input sinh ban dau tir
pha Zest Fuzzing giup kha niang kich hoat nhanh ma hiém hiéu qua hon.

Két qua thyc nghiém cho thay phuong phap nay mang lai loi ich rd rét vé s6 lan truy cdp nhanh
hiém va s0 lugng trace phu mé duy nhat. Tuy nhién, phuong phap chua vuot trdi trong viéc cai
thién vé tong do coverage hodc kha ning phat hién 16i. Mot vai kha nang duoc dat ra 1a cac ving
ma hiém ma phuong phap hudng t6i co thé khong din dén ma méi, hodc cac mau duge Splice vao
chua phan anh day du dic trung dau vao can thiét dé kich hoat hanh vi méi. Cac két qua trén da goi
moé rang cac dinh dang dau vao phirc tap c6 thé hudng loi nhidu hon tir phuong phap dé xuat LR-
Zest, dac biét trong thoi gian Fuzzing kéo dai.
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Déi véi hudng phat trién twong lai, ching t6i dy dinh ap dung phuong phap khai pha mau phtc
tap hon, chang han nhu dya trén d thi (graph-based mining); Tap trung vao cac vung ma con nhiéu
doan chua dugc bao phu (uncovered) va Tich hop ky thuat kiém thir dua trén ngit phap (grammar-
based fuzzing), nham sinh ra dau vao c6 ciu trac chit chg, phii hop véi cac kiéu dit liéu phic tap.
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