THONG TIN VA TRUYEN THONG

AN PHAM KHOA HOC CUA TAP CHI THONGTINCTROVEN THONG - BO THONG TIN VA TRUYEN THONG

CONG NGHETTTT

"

2 Tap 2021
$62
Thang 12

SO DAC BIETVNICT 2021

Journal of Research,
Development and
Application on
Information and
Communication
Technology




CONG NGHETTTT

Tong bién tip
Nguyén Vin B4

Thuong tryc Hoi dong bién tip
Chu tich
GS. TS. Lé Hoai Bic,
Truong Dai hoc Khoa hoc Ty nhién,
Dai hoc Qudc gia TP. Ho Chi Minh

Pho Chu tich
GS. TS. Tran Xuén Nam,
Truong Dai hoc Ky thugt Lé Quy Don

PGS. TS. Nguyén Khanh Vin,
Truong Dai hoc Bdch khoa Ha Noi

Thanh vién
GS. TS. Nguyén Thanh Thuy,
Truong Bai hoc Cong nghé, Pai hoc Qudc gia Ha Noi

PGS. TSKH. Nguyén Xuan Huy,
Vién Cong nghé thong tin, Vién Han Lam KHCN Viét Nam

GS. TS. Tit Minh Phuong,
Hoc vién Céng nghé Buu chinh Vién thong

GS. TS. Tzung-Pei Hong,
National University of Kaohsiung, Pdi Loan

GS. TS. Nguyén Xuén Hudn,
Middlesex University, Anh

TS. Giuseppe D’Aniello,
University of Salerno, Italia

Thu ky
TS. Nguyén Quang Hung

Dia chilién hé:

115 Tran Duy Hung, Ha Néi

Tel: (84)-24-37737136, Fax: (84)-24-37737130,
Website http://ictmagyn
Email: chuyensanbcvt@mic.govvn

Chi nhdnh TP. H6 Chi Minh
27 Nguyén Binh Khiém, Quan 1, TP. H6 Chi Minh

Tel/Fax: (84)-28-38992898

Lién hé quang cdo phat hanh:
Pham Thi LAm
Email: ptlam@mic.gov.vn, Tel: 84-948503999

Technical Editor-in-Chief
Le Hoai Bac
University of Science,
Vietnam National University Hochiminh City

Associate Technical Editor-in-Chief
Tran Xuan Nam
Le Quy Don University of Technology, Vietnam

Nguyen Khanh Van
Hanoi University of Science and Technology

Editor
Nguyen Thanh Thuy,
University of Engineering and Technology,
Vietnam National University Hanoi

Nguyen Xuan Huy
Institute of Information Technology,
Vietnam Academy of Science and Technology

Tu Minh Phuong
Posts and Telecommunications Institute of Technology,
Vietnam

Tzung-Pei Hong
National University of Kaohsiung, Taiwan

Nguyen Xuan Huan
Middlesex University, London, England

Giuseppe D’Aniello
University of Salerno, Italia

Secretary
Nguyen Quang Hung
Journal of Information and Communication,
Vietnam Ministry of Information and communications

Gidy phép xudt ban s6 365/GP-BTI'TT, ngay 19/12/2014;

stia d6i s6 233/GP-BTI'TT ngay 23/5/2017.
In tai Cong ty CP In Ha Noi.
In xong va ndp luu chiéu thang 12/2021.

Gid: 40.000 dong



Cdc cong trinh nghién cuu phat trién va ung dung

Cong nghé Thong tin va Truyén thong

https://www.ictmag.vn Tap 2021, S6 2, Thang 12
So6 dac biét VNICT 2021

MUC LUC

Chin doan bénh trong Y hoc ¢4 truyén: Huéng tiép can dua trén Do thi tri thifc md dang cip . . . ..
............................................... Cu Kim Long, Tran Manh Ti uin, Lé Hoang Son
Pham Minh Chuin, Luong Thi Hong Lan, Pham Vin Hzi, Nguyén Tho Théng
Xay dung hé théng nhan dang hanh dong st dung cam bién gia tdc va cac phuong phap hoc may

trén vi diéu khién hiéu ndng thap .. ... ... .
............................................. D:o To Hiéu, Ngé Vian Céng, Nguyén Quang Huy
Tran Piic Nghia, Tran Pire Tin

A Reliable Numerical Scheme for a Computer Virus Propagation Model .......................
.......................................................... Pham Hoai Thu, Hoang Manh Tuan
Nang cao hiéu qua tra cifu dnh nhan hiéu st dung ciy quyét dinh va phan héi liénquan ..........
............................ Nguyén Viét Anh, Vii Van Hiéu, Nguyén Thi Trang, Lé Ngoc Minh

Qua trinh tién héa sinh khang thudc cia vi-rit HIV vé6i cdy dot bién di truyén theo md hinh

....................................... Nguyén Vin Thé, Ta Vin Nhan, Nguyén Thi Kim Duyén
Trinh Mai Phurong, Nguyén Ti hi Hcfng Minh
Ngan sach t6i thiéu phat hién ngudn thong tin sai léch trén mang xa hdi truc tuyén, dam bao dat it
nhat mot NEUONZ ChO tIUGC . ... ... e e
.................................................... Pham Vin Diing, Nguyén Thi Tuyét Trinh
Vii Chi Quang, Ha Thi Hong Van, Nguyén Viét Anh
Searching 3D Motion Patterns of Vietnamese Traditional Dances..............................
.......................................................... Le Thi Thanh Van, Vu Ngoc Quang
Pham Thanh Huyen, Ma Thi Chau, Le Thanh Ha

59

69

77

84

94

104

112



Research, Development and Application on
Information and Communication Technology

https://www.ictmag.vn Volume 2021, No.2, December
VNICT 2021 Special Issue

TABLE OF CONTENTS

Disease Diagnosis in the Traditional Medicine: A Novel Approach based on FKG-Pairs..........
............................................... Cu Kim Long, Tran Manh Tuan, Le Hoang Son
Pham Minh Chuan, Luong Thi Hong Lan, Pham Van Hai, Nguyen Tho Thong

Building Human Activity Recognition System using Accelerometers and Machine Learning
Methods on Low-Performance Microcontrollers . ............ ...,

............................................. Dao To Hieu, Ngo Van Cong, Nguyen Quang Huy
Tran Duc Nghia, Tran Duc Tan

A Reliable Numerical Scheme for a Computer Virus Propagation Model .......................

.......................................................... Pham Hoai Thu, Hoang Manh Tuan

Improving Image Trademark Retrieval Effectiveness using Decision Trees and Relevance
Feedback . .. ... o

............................ Nguyen Viet Anh, Vu Van Hieu, Nguyen Thi Trang, Le Ngoc Minh
Evolution of Drug Resistance of HIV Virus with Mutagenetic Tree according to Markov Model . .
....................................... Nguyen Van The, Ta Van Nhan, Nguyen Thi Kim Duyen

Trinh Mai Phuong, Nguyen Thi Hong Minh

Minimum Budget for Misinformation Source Detection in Online Social Networks with
Guaranteed to Reach at Least a Given Threshold . ......... .. .

.................................................... Pham Van Dung, Nguyen Thi Tuyet Trinh
Vu Chi Quang, Ha Thi Hong Van, Nguyen Viet Anh

Searching 3D Motion Patterns of Vietnamese Traditional Dances..............................
.......................................................... Le Thi Thanh Van, Vu Ngoc Quang
Pham Thanh Huyen, Ma Thi Chau, Le Thanh Ha

59

69

77

84

94

104

112



Tap 2021, S6 2, Thing 12

Chan doan bénh trong y hoc co truyen°
Hudng tlep can dua trén do thi tri thac mo
dang cap

Cu Kim Longl’5 , Tran Manh Tuén?, Lé Hoang SOn3,Pham Minh Chuén?, Luong Thi H6ng Lan?2, Pham Vin Hai!,
Nguyén Tho Thong?

! Trudng Cong nghé thong tin va Truyén thong, Trudng Pai hoc Bach khoa Ha Noi

2 Khoa Cong nghé thong tin, Trudng DPai hoc Thiy 1gi

3 Vién Cong nghé thong tin, Pai hoc Qubc gia Ha Noi

4 Khoa Cong nghé thong tin, Trudng Pai hoc Su pham Ki thuat Hung Yén

> Trung tam Cong nghé thong tin, Bo Khoa hoc va Cong nghé

Tac gia lién hé: Tran Manh Tu4n, tmtuan@tlu.edu.vn

Ngay nhan bai: 30/07/2021, ngay sta chita: 28/10/2021, ngay duyét dang: 15/11/2021
Dinh danh DOI: 10.32913/mic-ict-research-vn.v2021.n2.1003

Tém tit: Chin doan bénh trong y hoc ¢8 truyén thudng duge cbt lai trong bén cach 1a “Vong - Vin - Vdn - Thiét” (hay
con dudc goi 1a “Tii chan™). Trong nhiing nim gan day, doi ngd luong y, bac si da sit dung két hop gita phac dd diéu
tri trong y hoc ¢d truyén véi két qua kham, xét nghiém trong y hoc hién dai nhim nang cao chit lugng chin doan bénh.
Piéu nay da thiic ddy manh mé cong tic nghién ctiu y hoc ¢§ truyén dan toc va dp dung cong nghé thong tin vao trong
qua trinh khdm va chin dodn bénh nhim muc dich hd trg doi ngii luong y, bac si tai bénh vién y hoc ¢d truyén & céc
dia phuong. Gan day, hudng nghién citu suy luan dua trén do thi tri thiic mS v6i vu diém cho phép thuc hién suy luin
trong nhitng trudng hop thiéu tri thiic trong kho dit liéu da nhin dudc nhiéu sy quan tim va chd y ciia cic nha nghién
cifu trong va ngoai nuéc. Tuy nhién, cic nghién ctiu chi yéu tip trung vao khai ph4 tri thiic trong mang xa hoi hay cac
bai todn dUng dung trong cdc linh vuc khdc ma chua tip trung vao bai toan y té. Trong nghién ctiu nay, mot huéng tiép
cin mdi dua trén md hinh d6 thi tri thic md dang cip dudc dé xuit ing dung cho bai toan chidn dodn bénh trong y hoc
cd truyén. M6 hinh dé xuit dugc dp dung dbi v6i bai toan chdn dodn bénh cho cic san phu va da chiing minh dugdc hiéu
qua trong viéc suy luan x4p xi, chan dodn bénh trong y hoc cd truyén.

T khéa: Dé thi tri thitc mo, do thi tri thitc mo dang cdp, suy ludn xdp xi, chdn dodn bénh, y hoc cd truyén.

Title: Disease Diagnosis in the Traditional Medicine: A Novel Approach based on FKG-Pairs.

Abstract:  Disease diagnosis in traditional medicine is often summarized in four ways: "Vong - Van - Van - Thiet" (or so-called
"Four diagnostics"). In recent years, the team of physicians and doctors have used a combination of the treatment
regimens in traditional medicine with the results of examination and tests in modern medicine to improve the quality of
disease diagnosis. This has strongly promoted the research of traditional medicine and the application of information
technology in the process of medical examination and diagnosis in order to support the team of physicians and doctors
at the local traditional medical hospitals. Recently, the direction of inferential research based on fuzzy knowledge graphs
with the advantage of allowing inferences in cases of lack of knowledge in data warehouses has received much attention
from researchers domestically and internationally. However, the researches mainly focus on knowledge mining in social
networks or applied problems in many sectors but without the medical sector. In this study, a new approach based on
the FKG-Pairs model is proposed to apply to the problem of disease diagnosis in traditional medicine. The proposed
model is also applied to validate the pregnant women diagnosis and has proven the efficiency in approximate reasoning
to diagnose diseases in traditional medicine.

Keywords:  Knowledge graph, KFG-Pairs, approximate reasoning, disease diagnosis, traditional medicine.

59



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

I. GIOI THIEU

Chan dodn bénh trong y hoc 1a qué trinh xdc dinh bénh
hodc cén nguyén tao ra cdc triéu ching cua ngudi bénh.
Chén dodn bénh trong y hoc cd truyén 1a tdng hop clia cic
kién thic, ky ning va thuc hanh dua trén ly thuyét, niém
tin va kinh nghiém bén dia ctia cic nén vin héa khac nhau,
dil ¢6 thé gidi thich hay khong, dugc st dung dé chdn dodn
bénh cé vé thé chit [1]. Phuong phdp chin dodn bénh trong
y hoc ¢6 truyén dudgc cdt lai trong bdn cich 1a “Vong - Vin
- Van - Thiét” hay con dudc goi 1a “Ti chin” [2].

Mot huéng nghién ciu suy luan xip xi dua trén dd thi
tri thiic va do thi tri thic mo véi wu diém cho phép thuc
hién suy luan trong nhiing trudng hop thiéu tri thic trong
kho dit liéu dd nhan dudc nhiéu su quan tAm va chi y cia
c4c nha nghién ctu trong va ngodi nudc. Dd thi tri thifc
(Knowledge Graph) [3] 1a mot ky thuat dudc st dung dé
gidi quyét cac bai toan phan loai, hd trg ra quyét dinh rét
hiéu qua. Tuy nhién, do thi tri thiic da gip khé khin trong
cdc qué trinh biéu dién dd thi va suy luan xdp xi trén céc
tap dif liéu dau vao c6 chiia cic thong tin nhip nhing,
mo ho, khong 1o rang. Gan day, do thi tri thic mo (Fuzzy
Knowledge Graph - FKG) 1an diu dugc gidi thiéu vao nim
2020 va dugc tich hgp trong moé hinh M-CFIS-FKG [4]. N6
da dugc dua ra dé giai quyét nhiing han ché cta do thi tri
thifc bang cach sit dung cdc nhan ngoén ngit cho cic thudce
tinh trong tap di liéu huin luyén. Dau tién, mot dd thi tri
thitc m& dudc xiy dung sau giai doan chuin bi dif liéu (hay
con goi 1a biéu dién do thi). Sau d6, qua trinh suy luan xip
xi dugc st dung dé€ tim nhan cla cdc ban ghi méi trong tip
dit liéu ki€m tht. D thi tri thiic mo suy luin dua trén luat
IF-THEN, trong d6 tic dong ctia nhan ngdn ngi c6 kha
ning tao ra nhin du ra tuong tng. Chang han, trong bai
toan chin doan tién sin giat [5], viéc bdc si dua ra quyét
dinh chin doan 12 “Binh thuong”, “Tién sdn gidt", hay
“Tién sdn gidt ndng” phu thudc vao nhan ngén ngtt "Cao”,
“Binh thuong” hay “Thdp” cta thuoc tinh “Huyét dp”,
va nhan ngén ngiit “Cao” hay “Binh thuong” ctua thudc
tinh “LDH” (Axit Lactic Dehydrogenase), v6i do chinh xac
khoang 90%. Trong trudng hgp nay, ching ta c6 mdt luit
md dudc biéu dién nhu sau:

IF “Huyét dp” 1a “Cao” AND “LDH” 1a “Cao” then
“Tién sdn gidt ndng”, v6i do tin cay 1a 90%.

Bing cich tich liiy tiing su kién don 1é (hodc cip don
trong dd thi tri thiic), két qua sé xac dinh dudc nhan cla
ban ghi méi. Tuy nhién, m6 hinh M-CFIS-FKG [4] chi st
dung céc cap don (Single Pairs) trong qua trinh suy luan.
Diéu nay din dén nhiing khé khiin trong viéc dp dung do
thi tri thiic mo d€ giai quyét cac bai toan phan loai, trg gidp
quyét dinh trong cac linh vic nhu y hoc, nong nghiép, moi
truong v.v.. Ngodi ra, cic nghién ctiu gan day [3, 6-11] lién
quan dén do thi tri thiic va do thi tri thiic mo ciing chi yéu
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tap trung vao khai pha tri thic trong mang xa hdi hay céac
bai todn Ung dung trong cic linh vyc khiac ma chua tap
trung vao cic bai toan trong linh vuc y té. Trong nghién
ctfu ndy, mot huéng tiép cAn méi dua trén mo hinh do thi tri
thic m& dang cip (FKG-Pairs) duge dé xuit dé€ ting dung
cho bai toan chdn dodn bénh trong y hoc c¢6 truyén. Pay
13 mot su két hop giita y hoc ¢ truyén va y hoc hién dai.
Cu thé, nhém tic gia da két hop sit dung cic phac do diéu
tri trong y hoc cd truyén cung véi cic tap dit liéu dudc
thu thap tir két qua do, xét nghiém trong y hoc hién dai.
Véi huéng tiép cian mdi, cac nhin dau ra dudc xdc dinh
bing cdch két hop nhiéu nhan ngdn ngit, dudc goi la cic
cap thudc tinh (cdp doi, cap ba,...). Nhitng dong goép chinh
ctia bai bdo nay vé mit khoa hoc bao gom:

« D& xuit mo hinh méi cho bai toan chin doin bénh
trong y hoc ¢d truyén & Viét Nam dua trén do thi tri
thiic mo dang cap (FKG-Pairs).

« D¢ xuit cai tién cac cong thiic tinh bo trong sb trong
md hinh M-CFIS-FKG tu cdp don thanh dang cdp k
(k pairs). Diéu nay khong chi c6 y nghia quan trong
vé mit hoc thuit ma con c6 y nghia vé mit ing dung
gidi quyét bai toan hd trg ra quyét dinh trong nhiéu
linh vuc khac nhau théng qua viéc st dung do thi tri
thiic mo dang cap.

o Hé théng dé xuét cling gép phan cai thién do chinh
x4c dbi v6i bai toan chin doin bénh tiéu dudng thai
phu.

Phan con lai cta bai bao dugc ciu tric nhu sau: Phan
II trinh bay céc khai niém cd ban dudc st dung dé nghién
ctfu va phat trién mo hinh d& xuit d6i v6i bai todn chin
doan bénh trong y hoc ¢d truyén. Xay dung dd thi tri thic
md dang cip cho bai todn chin dodn bénh trong y hoc cd
truyén ¢ Viét Nam dugc dé xuét trong Phan III. Phan IV
dua ra két qua thuc nghiém dé kiém chiing mo hinh dé xut.
Phin cubi cliing dua ra két luAn va mot sb huéng nghién
ciu mdi.

II. KHAI NIEM CO BAN

Trong muc ndy, bai bdo trinh bay cac kién thiic co ban
dugc st dung dé€ nghién ctiu va phat trién mo hinh dé& xuét
dbi v6i bai toan chin doan bénh trong y hoc cd truyén.

1. Hé suy dién mo

DE dp dung mot hé suy dién md (Fuzzy Inference System)
[9, 12-14], mdt sb diéu kién sau can dudgc théa man: Thit
nhdt, mot thang ddnh gid ro rang vé cic tham sd ctia mbi
hé suy dién md& phai dudc théng nhit. Thii hai, cac thuat
ngit vé mic do ctia cac tham s6 nay phdi dudc dua ra. Cudi
ciing, mdi thuat nglt d€ xdc dinh do thudc clia céc gid tri
ciing phai dugc xic dinh. Sau khi thda man céc diéu kién



ndy, qud trinh 4p dung hé suy dién md dugc mo ta ngin
gon theo mdt s6 budc sau:

« Buée 1. Ap dung phuong phip md (Fuzzification) dé
chuyén déi céc gid tri 16 thanh cdc gia tri mo dua trén
cac ham thudc (Membership Functions).

« Budc 2. St dung cic toan td md (AND, OR, NOT) dé
dua ra cdc luat biéu dién cdc ménh dé& IF-THEN.

« Buéc 3. Ap dung cong cu suy dién (Inference Engine)
dé tim két qua dAu ra.

« Budc 4. Két hop tit ca cac tip md dai dién cho moi
dau ra ctia luat d€ tdng hdp vao trong mot tap md duy
nhét.

« Buéc 5. Ap dung phuong phdp gidi md (Defuzzifica-
tion) dé€ chuyén ddi cac gia tri md thanh cic gid tri
10.

2. P thi tri thitc mo

Nhu da dé cap ¢ Phan I, thuit ngit dd thi tri thiic mo
(FKG) 1an dau dugc gidi thiéu vao nam 2020 va dudc tich
hop trong mo hinh M-CFIS-FKG [4]. Nhu da dé cap &
Phan I, thuit ngit do thi tri thic mo (FKG) lan dau dudc
gi6i thi€éu vao nam 2020 va dugc tich hgp trong mo hinh
M-CFIS-FKG. Vé& mit hinh thic, né ciing kha giéng véi
mot do thi tri thic [3, 6, 8, 11]. Cac dinh dai dién cho
cdc nhan ctia thudc tinh/nhan dau ra ctia luat, va cic canh
tuong Ung véi cung ndi gitta cac dinh.

Trong [4], thuat toan FISA dugc ap dung dé€ suy luan va
tim ra nhin ctia cc ban ghi méi dua vao két qua tinh todn
trong sd clia cdc canh ZAi’. va ZBi’I bing céach st dung
cac cong thic (1) va (2) tuong ung dudi day.

|X,-cé lién quan v6i X;trong luat thi t |
IR

t
ij

ey

trongdét:l,_k,lsiSjvaé

| X; quan hé véi nhan [ trong luét thu ¢|

X
IR]

th'l = (Z Afj

trongdé6t=1,k,1<i<j<ml=1C

@

3. Suy ludn xép xi

Suy luan x4p xi (Approximate Reasoning) di dudc gi6i
thiéu bdi Zadeh [15] trong bdi canh viéc thuc hién suy
dién dua trén thong tin mo hd, khong day dd. Pay 1a mot
ly thuyét vé su khong chic chin dua trén logic m& va lién
quan dén viéc dinh lugng va 1ap luan bang cich st dung
ngoén ngit tu nhién ma & d6 cdc tit c6 nghia nhap nhing,
khong rd rang. N6 dua trén sy tdng quit héa clia Modus
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Bang I
HE c06 S6 LUAT MO PHUC
S j Két
' S S» Sm-1 S
P; luan
P, Cao Cao Rét cao Cao 1
P, B.thudng | B.thudng B.thudng Thép 2
P, B.thuong | B.thuong B.thuong | B.thuong 2
P, Thip B.thudng Thép Thép 3
Triéu .
Rat cao
chiing Cao Cao 1,2,
) Cao Cao
cua B.thudng B.thudng
. B.thuong B.thuong .
bénh Thap . Thap C
Thap
nhan

Ponens c6 dién [16, 17]. Trong [18-20], d€ xiy dung céc
st kién va co s& luat cin c6 vai tro clia chuyén gia nhim
danh gia sy lién quan gita cdc di liéu chuyén nganh. Tri
thic ctia chuyén gia sé dugc biéu dién thanh cdc ménh dé
dudi dang:
IF A THEN B hoic IF A;, A, THEN B;,B,

trong d6, A, A, A, 1a cic ménh dé diéu kién va B, B, B,
1a céc két luan.

IIL. XAY DUNG PO THI TRI THUC MO DANG
CAP CHO BAI TOAN Y HOC CO TRUYEN O
VIET NAM

1. Bai toan chin doan bénh trong y hoc ¢6 truyén

Pau vao: Gia s ching ta c6 mot co sd luat md clia bai
toan chin dodn bénh trong y hoc ¢8 truyén sau khi 4p dung
qua trinh tién xtt ly dbi véi cdc phac dd diéu tri trong y
hoc ¢8 truyén va tap dit liéu két qua do, xét nghiém dugc
thu thap bdi cdc thdy thubc. Co sé luat md cia bai todn
chin dodn bénh trong y hoc c6 truyén thu dugc bao géom

n luat Py, Py, ... , P, dai dién cho ) lugng bénh nhan,
m thudc tinh Sy, S...., S, dai dién cho cic triéu ching;
va C nhin daura 1, 2, 3, ..., C dai dién cho két luin chédn

doan bénh clia thay thudc véi ngudi bénh dudc mo ta nhu
trong Bang 1.

Ngoai ra, c6 thém mot bénh nhin mdi dudc biu dién
nhu sau:

IF S| 1a “Thap” va S, 1a “Thap”
la “Rét cao” va Ss 1a “Thap” va ...
S, 1a “Thép” THEN két luan = ?

va S3 la “Cao” va Sy
va S,,_1 la “Cao” va

Dau ra: Két luan chan dodn bénh ctia thiy thudc dbi véi
bénh nhin mdi dua trén co sG ludt md da co.
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2. Xay dung do thi tri thiic mo dang cip cho bai
toan chin doan bénh trong y hoc ¢4 truyén & Viét
Nam

Trong phan nay, chiing t6i trinh bay mot s6 ndi dung chi
yéu lién quan dén viéc xay dung dd thi tri thic mo dang
clp (FKG-Pairs) cho bai toan chin doan bénh trong y hoc
c6 truyén & Viét Nam, cu thé 1a: Pé xuit mo hinh cho bai
toan chan dodn bénh trong y hoc ¢d truyén & Viét Nam;
trinh bay cic budc thuc hién chdn doan bénh theo mo hinh
dé xuét; va dua ra vi du s minh hoa cho mé hinh dé xuét.
a) Mo hinh dé xudt cho bai todn chdn dodn bénh trong y
hoc cd truyén ¢ Viét Nam

Mo hinh dé xuét cho bai todn chan doan bénh trong y hoc
6 truyén & Viét Nam gdm c6 tdm bubc dudc chia thanh
hai giai doan (giai doan chufn bi; giai doan biéu dién va
chin doan) nhu Hinh 1.

(1) Téng hop cac phac do diéu tri trong YHCT

H A 4

(2) Thu thap di lidu te cac thay thube kham banh |

2

Giai doan chuan bi

(3) Tién hanh x Iy div liéu ;

: (4) Xay dung co s luat mo

: (5) Tinh toan cac bo trong sb !

|

(6) Biéu dién @b thj tri thirc mo»

|

(7) Ap dung qua trinh suy luan xap xi

]

(8) Bwa ra két luan chan doan bénh !

2

Giai doan biéu dién va chan doan

Hinh 1. M hinh dé xuét cho bai todn chin doan bénh trong y
hoc ¢6 truyén & Viét Nam.

Nhu da néu trong phan phat biéu bai todn, gia st chiing
ta c6 mdt ¢ s ludt mS clia bai todn chidn dodn bénh trong
y hoc ¢6 truyén sau khi 4p dung qua trinh tién xt ly déi vé6i
cdc phac dd diéu tri trong y hoc cd truyén va tap dif liéu
két qua do, xét nghiém dugc thu thip béi cac thay thude.
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Trong pham vi nghién ctu cta bai bao nay, ching t6i tip
trung vao cdc qua trinh biéu dién do thi tri thic md va suy
luan x4p xi d€ dua ra két luan chidn dodn bénh cla thay
thubc dbi véi ngudi bénh.
b) Cdc budc thuc hién

Tir co s& luat mo néu tai Bang I, mot sb bude dudi day
sé dugc thuc hién d€ tinh toan cac bo trong s, biéu dién
dd thi tri thiic m& dang cip, 4p dung qué trinh suy luin
x4p xi, va dua ra két luan chin doan bénh.

Budc 1. Tinh cic bo trong sb A, B

B0 trong s& A ctia dd thi tri thic md dang cip la cdc
trong s6 cdc canh ndi gifta cac nhin ngdn ngi clia cic thudc
tinh trong luat t (R;). Céc trong sd nay dugc tinh béi cong
thic s6 (3) dudi day:

\Si — §; — ... — Skyitrong ludt thi t |
o IR|

7. ®)

trong d6 t=1,n1<i<j<..<k<m-1.
Bo trong sb B cla db thi tri thiic mo dang cap la cac
trong s& cc canh ndi gitta nhin ctia cdc cip thuodc tinh véi

nhin dau ra trong luit t (R;). Ching dudc tinh bdi cong
thitc s6 (4) dui day.

|S; — Iltrong luét t|
R| |

Bitj__kl = (Z Aitj_.k+1) Xmin(

|Sj — [trong ludt t| |Sx — Itrong ludt t|
IR| IR|

“

trongdét:l,_n,l Si<j<...<k£m—1,l=1,_C

Budc 2. Biéu dién do thi tri thic md dang cip.

Tir co s6 luat mo néu tai Bang I, ching t6i bi€u dién mot
dd thi tri thiic mo dang cip nhu Hinh 2 va luu trit né trong
mot ma tran ké.

Py

P,

Po1 | Binh thutmg — Bink thubng — - — Bink thutmg ’»7——7_# Binh thutmg — Binh thi

A

Py | Thip — Binh thuing — -~ Thip [—

Hinh 2. Biéu dién db thi tri thic mo dang cip.



O day, m&i cip (S;,S;,....Sk) tao mdt siéu dinh gdém
cdc nhdn ngdn ngii clia k thudc tinh két hop lai va dugc
goi 1a cip k. Vi du, hai thuoc tinh két hop lai goi 1a cip
doi, ba thudc tinh két hop thanh cip ba,. ...

Sau d6, chiing toi bi€u dién cic cung ndi giita cic sidu
dinh trong luat R;, va cic cung nbi giia siéu dinh véi nhan
dau ra cia luat R,.

Buédc 3. Ap dung qué trinh suy luén xép xi va dua ra
két qua chidn dodn bénh.

O bude nay, ching t6i da cai tién va dp dung thuat todn
FISA trong [4] d€ suy luan xdp xi cho trudng hop cip k
nhiam dua ra két luan chin dodn bénh cla cic bénh nhin
mdi. Pau tién, chiing toi tinh todn tdng trong sb clia cic
canh (5) tif cac siéu dinh dén nhan dau ra bing cich st
dung cong thiic sd (5) dudi day.

~t _ Dt
Cij..kl - Z Bij..kl
t

trongd(’)tzl,_n,lzl,_C,l <i<j<..<k

)

Tiép theo, ching t6i 4p dung phép toin Max-Min dé tinh
cic gi tri (5) bing céch st dung cong thiic sb (6) dudi
day.

D= Maxi<i<j<..<k (Cij...kl) +Mini<icj<.. <k (Cij...kl)
(6)
Cudi ciing, nhan diu ra cla ban ghi méi (hay két luan
chin doén clia thay thubc dbi v6i ngusi bénh) duge dua ra
bing cach st dung phép toan Max trong cong thic sb (7)
duéi day.

Label = p 1If 5p =Max, & (51) (N

Cic budc thuc hién dudc dudc trinh bay chi tiét trong luu
dd Thuat toan .

Do phuc tap cua thuit todn KFG dang cdp dudc danh
gid 12 O (nCm*).

IV. KET QUA THUC NGHIEM
1. Thuc nghiém trén bo dir liéu mé phong

Gia st rang chiing ta nhan dugc mot danh sich gdm sau
bénh nhan {BN], BNz, BN3, BN4, BN5, BN6}, m61 bénh
nhén déu dudc ghi nhan két qua do, xét nghiém va dugc thé
hién qua cac triéu ching {S, S», S3, 4, S5, S¢}. Cac bac si
da xem xét va dua ra két luan chin doan bénh cda ting
ngudi bénh thong qua nhan ngdén ngt Binh thuong, TSG,
TSG ndng tuong ung v6i cac nhan 0, 1, 2. Sau giai doan
chuin bi, chiing ta nhan dudc mot co sé luat mo nhu Bang
IL

Ngoai ra, trong giai doan biéu dién va chdn dodn bénh
dua vao do thi tri thic mo dang cip, nhém tic gid nhin
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Thuét toan 1: FKG dang cép.

1 Dt liéu vao: Tap dit liéu kiém thir, m: S6 thudc tinh cla
mbi ludt, n: S6 miu cia tap dit liéu, C: S6 nhin cta
mdi thudc tinh.

2 Dt liéu ra: Nhan cda miu mdi.

3 begin

4 Nhap cac gia tri ;
5 Nhan tap di liéu kiém thd;
6 Tién hanh md héa tap dit liéu kiém thi ;
7 fori=1tom do
8 forr=1tondo
9 for [=1to C do
10 while 1 <i<j<..<kdo
coh (O — 1 1
1 Tinh Cij..kl = ;Bij..kl’ Tinh
Dy =Maxi<i<j<.. <k (Cij...kl) +
Mini<icj<. <k (Cij...kl) ;
12 end
13 Xdac dinh nhan cta mau t: Label =
p If 5p =Max, 1= (51)
14 end
15 Nhan nhan ctia mau t va lidp lai cdc budc ti
5 dén 12 d€ tim nhan cta cdc mau khéac
cho dén khi két thdc.
16 en
17 end
18 end
Bang II
C0 SO LUAT MO CUA SAU BENH NHAN DUA
VAO KET LUAN CHAN POAN BENH CUA BAC SI
Ket
S S, S; Sy Ss Se 1u§n
Rat Binh Binh Binh j .
BN, cao thuong | thuong | thuong Cao Cao 2
BN C Binh Binh Binh Binh Binh 1
2 a0 thudng | thudng | thudng | thudng | thudng
Binh Binh Binh
BN3 Cao thudng | thudng | thudng Cao Cao 2
BN Binh Binh Binh Binh Binh Binh 0
4 | thudng | thudng | thudng | thudng | thudng | thudng
BN C Binh Binh Binh Binh Binh 1
5 a0 thudng | thudng | thudng | thudng | thudng
BN Rat Binh Binh Binh Binh Binh 5
6 cao thuong | thuong | thuong | thudng | thudng

dugc thém hd so bénh 4n clia bénh nhan méi. HO s bénh
nhan mdi dugc biéu dién dang ludt md nhu sau:

IF S1 1a Cao, S3 1a Cao, S3 1a Binh thuong, S4 1a Binh
thuong, Ss 1a Cao, S3 1a Cao THEN Két luan =?

Yéu cau: Dua ra két luan chin do4n bénh ddi v6i bénh
nhidn méi dya trén co s§ ludt mo da néu tai Bang II ma
khong phai hoi thém y kién clia cic bac si. P& gidi quyét
yéu cau ctia bai todn 1a dua ra két luan chan doan bénh d6i
véi bénh nhan méi, chiing t6i da 4p dung mo hinh dé xuét
nhu da dudc trinh bay tai muc B (Phan III). Dudi diy, nhém
tac gia mo ta cac bude thyc hién véi truong hgp FKG-Pairs
v6i k=3 (cdp 3) nhu sau:

Budc 1: Tinh cic bd trong s6 A, B.

Tru6c hét, bo trong s6 A gdm cic canh nbi giita cdc nhin
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Bang III _
KET QUA TINH BO TRONG SO A
BA | BN, | BN, | BN3; | BNy | BNs | BNg

Aas | 1/6 | 173 | 1/6 | 16 | 1/3 | 1/6
Ams | 1/6 | 173 | 1/6 | 1/6 | 1/3 | 1/6
Apze | 1/6 1/3 1/6 1/6 1/3 1/6
Aas | 1/6 | 173 | 1/6 | 1/6 | 1/3 | 1/6
Al246 1/6 1/3 1/6 1/6 1/3 1/6
Apse | 1/6 | 1/3 | 1/6 | 1/6 | 1/3 | 1/6
As | 1/6 1/3 1/6 1/6 1/3 1/6
A | 1/6 | 13 | 1/6 | 16 | 1/3 | 1/6
Apse | 1/6 | 1/3 | 1/6 | 1/6 | 1/3 | 1/6
Alsse | 1/6 1/3 1/6 1/6 1/3 1/6
Avas | 1/3 | 13 | 1/3 | 16 | 1/3 | 1/6
Avue | 1/3 | 173 | 1/3 | 1/6 | 1/3 | 1/6
Anse | 1/3 1/3 1/3 1/6 1/3 1/6
Awse | 1/3 | 1/3 | 1/3 | 1/6 | 1/3 | 1/6
Aswse | 1/3 | 1/3 | 1/3 | 1/6 | 1/3 | 1/6

ngodn ngit ciia céc triéu ching trong hd so bénh nhan t (P;)
dugc tinh bdi cong thiic s6 (3).
Chéng han, xét trong BN trong s6 A dugc tinh nhu sau:

i | Rdt cao—B.thudng—B.thudsng—Cao| |
1234 — -6

~ Rdt cao—B.thudng— B.thusng—Cao

Al _ _ 1
1235 ~ 6 -6

~ Rdt cao—B.thudng— B.thudng— B.thudn

Al _ g g gl _ 1
1236 — 6 -6

Tuong tu, ta cé:

Al _ a1 _ a1 _ a1 _ a1 _ 1l —
~]A1245 1_ A1246 - A1256 - A1345 - A1346 - A1356 -
Alyse = 6

Zl _ Zl _ Zl _ Zl _1

2345 7 172346 T 72356 T 73456 T 3

Bing cich 4p dung cong thiic sb (3) tinh tuong ty, ta c6
két qua tinh todn bd trong s6 A dugc hién thi trong Béng
I11. Tiép theo, chiing t6i 4p dung cong thiic sb (4) d€ tim
bd trong sd cic canh ndi gilta nhan ctia céc cip thudc tinh
v6i nhan dau ra két ludn chidn dodn bénh nhan t (P;). Két
qué tinh todn bd trong sé B dugc hién thi & Bang IV

Budc 2. Biéu dién do thi tri thic md dang cip.

O budc nay, mot do thi tri thic mo dang cip 3 dudc biéu
dién tlif co s& luat mo & Bang II va cic bo trong sb A, B da
tinh 6 Bu6c 1. Hinh 3 minh hoa dd thi tri thic m& dang
cip 3 véi trong sb.

Budc 3. Ap dung qué trinh suy luan xép xi va dua ra
két qua chin dodn bénh.

Dua vao két qua tinh bd trong s6 B, chung t6i dua ra
két luan chin dodn bénh ctia bénh nhin méi dua trén co
s6 luat md da néu tai Bang II. Pau tién, cic gid tri (E)
va (D) cta hd so bénh clia bénh nhan mdi dudc tinh todn,
suy luan x4p xi bing céach st dung cong thiic s6 (5) ta tinh
dudc cac gia tri (E):

_ Ci230 = Cr240 = C1250 = C1260 = Ci1340 = Ci1350 = C1360
Cuas0 = Cra60 = Cise0 = C2340 = C2350 = C360 = C2450
Caa60 = C2560 = C3450 = C3460 = C3560 = Cas60 = 0.
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Bang IV _
KET QUA TINH BO TRONG SO B

B BN, | BN, | BN3; | BNy | BNs | BNg
B | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
B | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
Brasi | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
B | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
Bisa | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
Bias: | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
B | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
Busi | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
Bug | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
Bises | 10/9 | 5/3 | 5/9 | 5/12 | 5/3 | 5/12
Bosas | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Bass: | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Boser | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Basi | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Bosg | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Bose; | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Bj3as; 10/9 5/3 10/9 5/12 5/3 5/12
Bas | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Byser | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12
Buser | 10/9 | 5/3 | 10/9 | 5/12 | 5/3 | 5/12

_Ci231 = Cio41 = Ci2s51 = Ciz61 = Cizar = Cizs1 = Cizel
Cissi = Cuae1 = Cise1 = C3a1 = C351 = C361 = Caas
Cass1 = Case1 = Caus1 = Cae1 = C3s61 = Case1 = 0.

_ Ci3 = Coa2 = Cio52 = Cizez = Co32 = O350 = Cazen
Cusz = Caaer = Caser = 0.

Ci3s2 = Ci352 = Ci362 = Cuasz = Cuagz = Cisgz = /9

C3452 = Cauas2 = Caser = Caser = /o

Gia tri (5) dugc tinh bang cach 4p dung cong thic (6),
ta c6: Do =D, =0,D, = /5. Do d6, sit dung phép toan
Max trong cdng thic sb (7) ta thu dudc nhin dau ra cla
hd so bénh nhan 1a 2 vi D, 16n nhét (nghia 1a bénh nhan
dugc chin dodn bi tién san git ning).

Tém lai, qua két qua vi du thuc nghiém trén dif liéu mo
phodng, c6 thé thiy ring md hinh dé xudt 4p dung cho bai
toan chin doan bénh trong y hoc c6 truyén & Viét Nam
hoan toan c6 thé tin cdy. Piéu nay khiang dinh ring md
hinh dé xuét trong bai bao nay c6 thé tiép tuc nghién ciu
dé ting dung chin do4n bénh bing cach két hop giita y hoc
c6 truyén véi y hoc hién dai tai cic bénh vién, co sé kham
bénh, dic biét tai cac bénh vién y hoc ¢ truyén va cd sé
kham bénh & dia phuong.

2. Thuc nghiém trén bd dir liéu thuc té
a) Kich bdn thuc hién

Trong phan nay, nhém tic gia tién hanh thuc nghiém véi
bd dif liéu vé cic san phu dugc bac si theo dbi va chi dinh
lam xét nghiém dé€ chan dodn liéu san phu c6 bi tién sin
giat hay khong? T dé béc si c6 thé dua ra chi dinh yéu
cau theo doi chit ché dbi v6i san phu trong subt thdi gian
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512
Rit cao — B.Thwéng — B.Thuong
1/6

Rét cao — Thip — B Thuong

Rét cao — Thip — Thip

512

Thip

— B Thudng — B. Thudng

512

B.Thudng — B.Throng — B.Thuong

5/12 Thap — Thép — B. Thuéng

Cao — B.Thudng — B.Thudng

/‘ B.Thung — B.Thuone — B Thutme
B Thutrog - B Thuimg - B Thuime |
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B.Thudng — B.Thudng — B.Thuong }

'-} B Thuéng — B Thume — B Thubng
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Hinh 3. Biéu dién d6 thi tri thic md dang cip.

con lai ctia thai ky d€ han ché t6i da bién ching dbi véi
san phu va thai nhi. Tap di liéu (BN-TienSanGiat) dugc st
dung d¢ thuc nghiém gdm 199 san phu dén khdm dinh ki
theo doi thai nhi v6i 19 thong s6 kiém tra, theo déi dudc
trinh bay chi tiét trong Bang V (trong d6, theo két luin
chin dodn c6 114 san phu thai binh thudng, 57 san phu c6
dAu hiéu tién san giat va 28 san phu bi tién san giat ning).

D€ tién hanh thuc nghiém, ching téi st dung ngdn ngi
Matlab 2014 da dugc cai dat trén mdy tinh xach tay (DELL
Intel(R) Core (TM) i5-7200U CPU @ 2,50GHz 2,70 GHz)
va thyc nghiém theo phuong phap k-fold (v6i k = 5) trén
bd dit liéu BN-TienSanGiat. Ly do ching t6i Iga chon chia
bd dir liéu theo phuong phap k-fold la vi bo du li€éu BN-
TienSanGiat tuong ddi nhd (199 ban ghi). Muc tiéu cda
thuc nghiém 14 nham kiém ching kha ning 4p dung dd thi
tri thiic m& dang cip dé ho trg chan dodn d4u hiéu tién sin
giat clia cdc san phu trong y hoc c6 truyén.
b) Két qud thuc hién

Sau khi tién hanh thuc hién, két qua v& do chinh xdc
(Accuracy) va thoi gian tinh toan (Computational Time)
clia cic phuong phap FKG-Pairs khéc nhau (bao gdm FKG-
Pairs2, FKG-Pairs3, va FKG-Pairs4) trong viéc chin doan
bénh tién san giat d6i v6i san phu dugc trinh bay trong
Bang VI.

Hinh 4 ching t6 riang phuong phip FKG-Pairs4 t6t nhit
vé mit do chinh xdc (80.02%), nhung thdi gian cao gip
khoang bbn 1an so FKG-Pairs2 va gip déi so véi FKG-
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Pairs3. Trong khi d6, Hinh 5 cho thiy ring phuong phap
FKG-Pairs2 c6 thdi gian tinh toan thip nhit (chi 0,0156s)
nhung d6 chinh xac lai kém so v6i FKG-Pairs3 va FKG-
Pairs4 lan luct 1a 1,96% va 2,61%. Diéu nay cé thé nhan
thdy ring, suy luan va chin doan bénh dua trén do thi tri
thic md dang cip (FKG-Pairs) vé mit tham s6 do chinh
xac da dudc cai thién mot chit khi ting cdp k, trong khi
tham s6 thdi gian tinh todn lai ting rit nhanh.

So sanh vé d6 chinh xac
80.50%
80.02%
80.00%

79.50% 79.37%
79.00%

78.50%

78.00%

77.50% 77.41%

77.00%
76.50%

76.00%

FKG-Pairs2 FKG-Pairs3 FKG-Pairsd

Hinh 4. Biéu dd so sanh do chinh x4c clia cic phuong phap.

Tém lai, két qua thuc nghiém da chiing minh ring kha
niing 4p dung do thi tri thiic md dang cip d€ hd trg chin
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) _Béang V. )
DANH SACH CAC THUQC TINH TRONG
TAP DU LIEU BENH NHAN TIEN SAN GIAT

STT Tén thudc tinh Mién gid tri

1 Tudi clia san phu 18 - 66

5 Nghé nghiép Cong nhan, Nong dan

cla san phu CCVC, Tu do....

3 Tubi cla thai nhi 15 - 40

4 S6 1an mang thai 0-9

5 Chiéu cao ctia san phu 1,40m - 1,90m
6 Can nang cua san phu 45 - 95

7 Huyét dp trén 90 - 129

8 Huyét dp dudi 60 - 84

9 Chi s6 HGB 120 - 160

10 Chi s6 PLT 150 - 450

11 Chi s6 URE 2,5-6,7

12 Chi s6 CREATEIN 50,4 - 98,1
13 Chi s6 ACID URIC 150 - 350

14 Chi s6 ALT <31/37°C
15 Chi s6 AST <31/37°C
16 Chi sé PROTEIN toan phin 64 - 83

17 Chi s6 ALBUMIN 35-52

18 Chi s6 LDH < 247

19 Chi s6 PROTEIN niéu 0,1 -0,25
) ) 0: Binh thuong

Két qua Nhan (két .
R X 1: Tien san giat
dau ra ludn chan doédn) R
2: Tién san giat ning

) _ Bang VI
KET QUA SO SANH B0 CHINH XAC VA THOI
GIAN THUC HIEN CUA CAC PHUONG PHAP

Phuong phdp | Do chinh xdc (%) | Thoi gian (gidy)
FKG-Pairs2 77,41% 0,0156
FKG-Pairs3 79,37% 0,0325
FKG-Pairs4 80,02 % 0,0652

doan dAu hiéu tién san giat clia cic san phu trong y hoc cd
truyén 12 hoan toan kha thi. D6 chinh x4c ctia phuong phap
cdp tu (FKG-Pairs4) dat 80,02%, cao hon mdt chiit so véi
cac phuong phap cap doi (FKG-Pairs2) va cap ba (FKG-
Pairs3) 1an lugt 1a 2,61% va 1,96%. Trong khi thai gian
tinh todn ctia phuong phap FKG-Pairs4 cao hon gip gin
4,18 1an so v6i FKG-Pairs2 (va 2,01 1an véi FKG-Pairs3).

66

So sanh vé thei gian tinh toan (gidy)

0.07 0.0652

0.06
0.05

0.04
0.0325

0.03

0.02 0.0156

0.01

FKG-Pairs2 FKG-Pairs3 FKG-Pairs4

Hinh 5. Biéu do so sanh thdi gian tinh toan ctia cdc phucng phap.

V. KET LUAN

Bai bdo nay da trinh bay mot phuong phap kham va chin
dodn bénh hoan toan méi dua trén dd thi tri thiic md dang
cdp (FKG-Pairs). Mot md hinh 4p dung cho bai toén chén
dodn bénh trong y hoc c6 truyén & Viét Nam dua trén do
thi tri thiic mo dang ciip da dudc dé xuit gdm vdi tdm budc
chia thanh hai giai doan: (i) chudn bi dif liéu; (i) bi€u dién
dd thi va chin dodn bénh. Dic biét, nhém tc gia di cai tién
cdc cong thiic tinh bd trong s6 trong md hinh M-CFIS-FKG
tif ciip don thanh dang cip k. Piéu nay gép phan thic ddy
ing dung FKG-Pairs vao trong cdc bai toan khdm va chin
dodn bénh trong y hoc cd truyén. Ngoai ra, véi cich tiép
can st dung FKG-Pairs ciing gép phan 1am ting do chinh
xdc trong qué trinh suy luin d€ tim nhan diu ra. Mot sb
huéng nghién ciiu tiép theo lién quan dén FKG-Pairs dudc
khuyén nghi, cu thé 1a: (1) xdc dinh gid tri ngudng k phu
hop (6 d6 k = 1,m dé c6 thé dp dung FKG-Pairs cho cic
bai todn trg gitp ra quyét dinh dua trén tap di liéu dau vao
c6 nhiéu thudc tinh; (2) tim gia tri hop 1y nhét k* (6 d6
k* =1, k ) dé ving dung trong cic bai toan trg gitp ra quyét
dinh dua trén tap dif liéu 16n gép phan lam ting hiéu qua
vé mit thdi gian tinh todn (computational time); (3) nghién
cutu tich hdp hoc tang cudng (reinforcement learning) vao
dd thi tri thiic md d€ xi ly bai todn trg gitip ra quyét dinh
trong cdc truong hop cuc doan (extreme cases).
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Tém tat: Hé théng ghi nhin hoat dong ciia con ngudi sit dung cam bién gitip hd trg danh gid tinh trang siic khoe. Yéu
cAu dit ra 13 hiéu suét hoat dong cao, gia ca ré va hoat dong theo thdi gian thuc ngay trén cic vi diéu khién c6 hiéu ning
thip. Tir dif liéu thu thap clia cdc hanh dong can trich xuit tinh chit diic trung dién hinh. Nhiing diic trung nay dudc huin
luyén dé phan loai hanh dong. Mot thiét bi gan trén eo ngudi dugc 1ap trinh két nbi hé thdng thong qua WiFi va cho phép
phan loai hanh dong ngudi theo thdi gian thuc, dong thoi ngudi ding c6 thé gidm sit hoat dong va quan ly dif liéu trén

mdy tinh hodc dién thoai thong minh.

Tt kKhéa: Phdn loai, hanh dong, hoc mdy, web server, cdm bién gia téc, ting dung, thu thdp dit liéu.

Building Human Activity Recognition System using Accelerometers and Machine Learning Methods on Low-

The system recognizes human activities using sensors to help assess health status. The requirements are high

performance, low price and real-time operation even on low-performance microcontrollers. From the collected data of
the activities, it is necessary to extract the typical feature. These features are trained to classify activities. A programmed
waist-mounted device connects to the system via WiFi and allows real-time classification of human activities, and users

Title:
Performance Microcontrollers
Abstract:
can monitor activities and manage data on smart devices.
Keywords:

Classification, activity, machine learning, web server, acceleration sensor, application, data collection.

I. GIOI THIEU

Trong vai thap ky qua, nhiing nghién ctiu vé hanh dong
clia con ngudi phat trién rit manh mé va c6 nhiéu ting dung
vao cudc sébng. Nhitng nhu cau dng dung dua trén phan loai
hanh dong nhu cham séc stic khoée [1], [2], phat hién tai
nan cho ngudi gia [3], [4], cong nghiép [5], an ninh [6], ...
M0 hinh phén loai hanh dong cin nhiing thong tin vé hanh
vi cla ngudi va cac hoat dong tuong tac, ti d6 cho phép
xdy dung hé thdng hd trg ngudi dung mot cich chii dong
trong cong viéc [7].

Véi cich tiép cin dua trén cdm bién mang trén ngudi
da mé ra nhiéu ting dung tiém ning trong phan loai hanh
dong [8-13]. Cach tiép can nay khong can thiét 1ap trudc
cdc diéu kién va khong phu thudc vao khong gian, thdi gian

69

st dung. Do d6, nhém nghién citu hudng dén ting dung k§
thuat phan loai hanh vi ngudi d€ huéng dén xiy dung mot
hé théng chim séc khée cho ngudi gia, ngudi bénh méi
hdi phuc sau tai nan, ... thong qua hé théng theo déi hanh
vi dudc gin truc tiép 1én ngudi dung. Bai vdy, nghién ciu
nay sé tip trung vao viéc khai thac kha nang phan loai theo
thai gian thuc cac hanh dong co ban cia con nguoi gitp
cho cic bac si c6 thé gidm st hoat dong clia ngudi bénh
va tif d6 c¢6 co s dit liéu d€ chidn dodn, hd trg chim séc
stic khoe tif xa. Bén canh d6, nhém nghién ciu dé xuét
st dung phan doan di liéu theo thdi gian (ctta s& truct)
c6 chiéu rong cb dinh n-gidy. Cac dic trung sé dugc trich
xuét trén moi ctia s§ trudt (Sliding Window) va dung lam
dit liéu dau vao cho qua trinh huén luyén, phan loai hanh
dong. Yéu cau dit ra v6i hé thdng 13 hiéu suit hoat dong
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cao, gia ré va hoat dong theo thoi gian thuc ngay trén cac vi
diéu khién c6 hiéu ning thip. D€ thuc hién dugc muc tiéu
nhu vay, thiét bi can dugc thiét k& gon nhe, tit ca cic budc
gém: 1/ thu thap di lidu, 2/ tién xd 1y, 3/ trich chon dic
trung, 4/ phan loai truc tiép trén vi diéu khién, 5/ truyén
khong day tSi server phéi that gon nhe va hiéu qua dé c6
thé dap ting yéu ciu thoi gian thuc ngay trén cic dong vi
diéu khién hiéu ning thip (MCU ESP8266).

II. PHUONG PHAP NGHIEN CUU

Thiét bi gidm sit dudc gan truc tiép trén eo ngudi va thu
thap dif liéu gia tdc theo ba truc Ax, Ay va Az. Dit liéu
dudc phan doan theo phuong phap clia s6 trudt. Sau do,
mdi vectd dic trung dudc trich xuét tit mdi cira s6 dif lidu
va dugc huin luyén bdi thuat todn hoc may 1a ciy quyét
dinh [14] d€ nang cao hiéu suit phan loai. D€ xiy dung
md hinh phén loai hanh dong, bai bao nghién ctu 2 déc
trung ctia dit liéu gia tdc: gid tri trung binh (mean) va do
léch chuan (SD). CAu triic m6 hinh phan loai dudc thé hién
trong Hinh 1.

Pu- he:l »| Tién xit i »| Phin doan
cam bien 0
. 4
Phin loai |« H““P Chon dic
Luyén trung

Hinh 1. Chu tric md hinh phan loai hanh dong

1. Hé théng thu thap dit liéu

Cam bién gia toc dugc két ndi v6i vi diéu khién ESP8266
thong qua giao tiép 12C d€ thu nhan di liéu gia téc theo
ba truc Ax, Ay, Az. D liéu nay dugc ghi log trén thé nhé
(bd nh6 ngoai), dong thdi dugc truyén vé Server thong qua
WIFI (INTERNET/LAN) theo giao thiic HTTP (Hypertext
Transfer Protocol) v phuong thiic GET. Trong thiét ké nay,
thiét bi thu thap st dung pin lithium 3.7V-850mAh. Ciu
triic hé théng dudc minh hoa trong Hinh 2.

2. Du liéu

Thiét bi dudc deo trén ngudi nhu trong Hinh 3. Sau khi
thu thap, di liéu nay dudc tién xi ly d€ loai bd cac tin hiéu
bi mét trong qua trinh truyén, loai bé nhiéu va dudc gin
nhan theo nim 16p, bao gdbm cic hanh dong: nim, ngdi,
diing, di bo va chay bo (Bang I). Tan s6 ldy mau di liéu
cam bién dudc st dung 1a 1Hz.
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NGUON PIN PIEN THOAI
I THONG MINH
I Cim bin BOXULY WIFI/
| i {@m=)| TRUNG (¢@mm)|INTERNET/
gla toe TAM LAN | 7
| ‘ BQ NHO LUU TRU ‘ | WEBSERVER
]

Hinh 2. So d6 khéi hé théng phan loai hanh vi

Bang I
DINH NGHIA CAC HANH PONG

HANH PONG  PINH NGHIA
Nim Toa_r} than ngudi trén mat nén trong tu thé
nghi.
5. Dau va lung khéng cham nén va déi chan
Ngoi »
nghi.
Ding Nguoi théng, ddi chan khong di chuyén .
Pi bb Ngudi thang va di chuyén cham dén vi tri
; khéc nhau, c6 it nhat 1 chan cham dét.
Ngudi thing va di chuyén nhanh dén vi
Chay bo tri khdc, 2 chan khong cham dit khi chay

tai 1 thoi di€m.

Hinh 3. Vi tri dit thiét bi gidam sat

Gia tdc trén tiing truc dudc tinh theo:

Sam;
1024

*R—Oi)

A= M

S;

A;: Gia tri gia tdc theo truc i (X, Y, Z);
Sam;: Gia tri sau khi 14y mau truc i;

R: Tham chiéu dién ap;



O;: Phan bu;

S;: D6 nhay ctia cdm bién gia toc trén truc i.

Dit liéu do dugc tir cac hanh dong dugc phan doan dé
ting hiéu suit nhan dang hanh dong. Trong nghién ctu nay,
nhém nghién ciu st dung phucng phdp ctia s6 trudt c6 kich
thudc ¢ dinh theo thdi gian 1a 6 gidy. Néu kich thudc ctia
s6 qué ngan, ty 1 trung lip trong dif lidu thu thap ting lén.
Tuy nhién néu chiéu rong clia s thoi gian qua dai thi sé
ting xdc sudt c6 nhiéu hanh dong xuit hién trong mot ciia
s6 trugt [13].

) Bang I
SO LUONG CUA sO DU LIEU

HANH PONG  CUA SO TRUQT

Nim 540
Ngdi 572
Dbing 700
Pi bo 728
Chay bd 505
Téng 3045

Do vay, bo du liéu thu thap dugc phan doan thanh 3045
ctia s6 (Bang II) véi kich thu6c mbi ciia s 1a 6 gidy (s).
Mau ban ghi doan dif liéu cho mbi ctia s6 c6 do dai 6s
dugc thé hién trong Bang III. Gi4 tri gia tbc st dung don
vi la g véi (g = 9.8m/s?).

) Bang III
SO QUAN SAT HANH PONG THU THAP TU EO

THOI GIAN
2021-08-03 09:44:30
2021-08-03 09:44:31
2021-08-03 09:44:32
2021-08-03 09:44:33
2021-08-03 09:44:34
2021-08-03 09:44:35

X(® Y@ Z@
0,14 0,03 1,03
0,14 0,04 1,02
0,15 003 1,03
0,14 003 1,03
0,14 004 1,02
0,14 004 1,03

3. Trich chon dac trung

D€ phan loai hanh dong dat hiéu suét cao, viéc lua chon
dic trung tir dif liéu cic hoat dong rt quan trong. Cic dic
trung dudc st dung trong nghién ctu nay: Mean va SD,
Ciac dic trung nay dugc trich xuit theo cong thiic (2), (3)
v6i dau vao 1a gia tri cAm bién thu thip tuong tng trén
tung truc X, Y va Z véi don vi la g.

N

1
n(X) =5 i @

i=1

Mean
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SD  o(X)) = 3)

Trong d6: X; la ban ghi thd j va x; 1a mau thy i trong
ban ghi X;; N 1a s6 ban ghi; x(X;) 1a gid tri Mean cta X;.

Dii liéu tdng hop tai Bang IV cho thiy dic trung Mean
ctia 3 hanh dong ding, di bo va chay bd cé xu hudng dao
dong quanh mot gid tri trung tdm theo tryuc X la -0,93g.
Bén canh d6, hanh dong niam va ngdi (trang thai nghi) c6
gid tri dac trung Mean tdp trung trén truc Y, Z khac biét
so voi ding, di bd chay bd (trang thai van dong). Vi du:
hanh dong nam va ngdi c6 dic trung Mean trén truc Y nhd
nhét 13 0,37g trong khi véi hanh dong diing, di bd va chay
bd c6 dic trung Mean trén truc Y 16n nhit 1a 0,085g. Tiép
theo, giita hanh dong nim va ngdi c6 gia tri cac truc khac
biét trong thiy. Vi du: nam c6 dic trung Mean trén truc Z
12 0,501g con dbi véi ngdi 1a -0,105g. Do d6, Mean c6 thé
phan biét ngudi d6 & trang thai nam hay ngdi va phan biét
v6i nhiing trang thai con lai.

Bang IV
CAC PAC TRUNG DU LIEU GIA TOC THEO TRUC X, Y VA Z
Pic trung | Truc | nam Ngoi Ding | Pi bo | Chay bo

X(g) | -0,064 | -0,874 | -0,934 | -0,928 -0,932

Mean Y(g) 0,823 0,37 0,085 0,072 0,004
Z(g) 0,501 -0,105 | -0,024 0,03 -0,032

X(g) 0,018 0,011 0,0085 0,184 0,488

SD Y(g) 0,022 0,023 0,025 0,206 0,42
Z(g) 0,021 0,045 0,03 0,111 0,209

Khac v6i dic trung Mean, trang thai dong (di bd, chay
bd) co gia tri dac trung SD khac biét rd rang so véi trang
thai tinh (ding, ngdi, nam). Vi du: gia tri dic trung cla
ngudi khi dang di chuyén SD,,;,, = 0,111g trong khi &
trang thai khong di chuyén thi dic trung SD,,qx = 0,045g.
Bén canh d6, dac trung SD c6 chénh léch 1o rét gitta hai
hanh déng di bd va chay bo. Vi du: Theo truc X, di b c6
SD =0, 184g so vé6i chay bo c6 SD = 0,488g. Do do, dic
trung c6 thé ding dé€ phan biét mot ngudi & trang thdi tinh
hay dong va ngudi do6 di bd hay chay bd.

4. Phan loai hanh dong

D€ giam sb luong kich thudc dit liéu gitp cho viéc quan
sat dit liéu truc quan hon, nhém nghién citu st dung phuong
phap t-SNE (t-Distributed Stochastic Neighbor Embedding)
[15]. Thuat toan nay s€ anh xa tiing dac trung da dudc trich
xuét trong khong gian 3 chiéu (X, Y, Z) sang khong gian
2 chiéu ma khong sai léch tinh chit dic trung. Néu khong
dung dic trung, cac hanh dong trung lip gin nhu khong
thé phan biét (Hinh 4).
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Hinh 4. Anh xa bd dit liéu trudc va sau khi st dung dic trung

Véi viéc két hop hai dic trung SD va Mean, viéc phan
loai hanh dong da cho dat két qua tét. Trong Hinh 4 - a, su
tring 1ip nhé xuét hién giita hanh dong di bd (khu vuc mau
xanh 14 cdy) va chay bd (khu vuc mau hong). Tuy nhién
ranh gidi gitta cac hanh dong dudc xac dinh kha ro rét so
v6i khi chua dung déc trung.

5. Thuét toan phan loai

Dic trung Mean va SD sau khi dugc trich xuét tir tap dit
liéu sé dudc huin luyén bdi thuét toan hoc may ciy quyét
dinh va tu d6 xay dung thudt todn phan loai hanh dong

(Hinh 5).

Poc gia toc theo 3
trucX,Y,Z

I

Tinh toan dic truc
Mean va SD

Chay bd

Hinh 5. Thuit todn phan loai hanh dong nguoi

Thiét bi sau khi dudc nhing thuit todn sé thuc hién qua
trinh phan loai hanh dong dua theo dif liéu gia toc theo
thoi gian. Ct sau mdi 6 gidy dif liéu, thiét bi sé phan loai
hanh dong.
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6. WebServer va ing dung phan loai hanh dong

Viéc luu trit dit liéu trén bd nhé md rong ctia thiét bi gy
kho khian trong viéc quan sat di liéu thu thap va truy cap du
liéu. Do do, thiét bi dudc két nbi dén hé théng WebServer
(hinh 6), dif liéu sé dudc Iuu trif trén Server va c6 thé quan
sat trén Website hay dién thoai thong minh.

o)
@ localhostdetactmetony

Phimvztgen @) CHUONG 3. MO »

Ung dung phan loai hanh dong

trinh vieb

BIEU DO HOAT DONG

Hinh 6. Giao dién WebServer va phan mém gidm sat

Giao dién cta ting dung trén dién thoai thong minh dugc
xdy dung gitp ngudi st dung dé dang quan sat tham sd thu
thap tif cam bién theo don vi gia téc g hoidc m/s? va thoi
gian cAp nhap dif liéu tif cAm bién. Bén canh d6, chifc ning
hién thi dung lugng pin gitip ngudi dung biét khi nao thiét
bi can sac pin. Ngudi dung c6 thé nhin vao niit chic ning
English/Tiéng viét d€ chuyén d6i giao dién ngdn ngit hién
thi.

L. KET QUA VA PANH GIA
1. Phuong phap danh gia

Hiéu nang cia md hinh st dung dudc danh gia theo ba
thong s6 sau: do chinh xac (Accuracy), d6 nhay (Sensitiv-
ity) va do chi ro (Specify). Cac gia tri trén dugc xac dinh
dua trén ma trdn nhim 14n (Confusion Matrix) [16] cho
tung hanh dong:

TP+TN
acc = “)
TP+FP+TN + FN
TP
sen = ———— 5)
TP+ FN
TN
- 6
P = TN+ FP ©)

Trong d6, TP (True Positive): S6 lugng hanh dong can
phén loai dudc phan loai ding so v6i quan sat. FN (False
Negative): S6 lugng hanh dong can phan loai bi phan loai
thanh cdc hanh dong khac. FP (False Positive): S6 lugng
dd hanh dong khac bi phan loai thanh hanh dong cin phan
loai. TN (True Negative): S6 lugng hanh dong khic dudc
phan loai ding so v6i quan sit thuc té.



2. Panh gia mo6 hinh phéan loai

Trong nghién cifu nay, chiing toi danh gid mo hinh dé
xuit véi nhitng mo hinh phan loai nhu: Gradient Boosted
Decision Tree (GBDT) [17], Support Vector Machine [18],
Random Forest [19], k-Nearest Neighbor [20].

Béng V
SO SANH KHI AP DUNG MOT SO THUAT TOAN THONG DUNG
bac trung DT GBDT SVM RF KNN
Mean 85% 92,7% 91% 93,4% 92%
SD 80,3%  84,6% 88% 84% 83%
Két hop 99,3%  99,6% 100%  99,6%  100%

Pic trung dit liu dugc hudn luyén va danh gia trong
Bang V. Hiéu suit cao nht khi st dung mé hinh phan loai
GBDT véi dic trung Mean. PO chinh xdc thip nhit cia
cdc md hinh phan loai 1a 85% v6i mo hinh cay quyét dinh
(DT) va dic trung SD. Tuy nhién, su két hop giita 2 dic
trung SD va Mean da cho két qua ting dén 99.3%.

. Bang VI
MA TRAN NHAM LAN TREN DU LIEU THU THAP

. . Hanh dong du doan
Hanh Dong - -
Nam | Ngoi | baing | Bibd | Chay bo

Nim 278 | 0 0 0 0

Ngéi 0 228 0 0 0

Ding 0 0 215 1 0

bi bo 0 0 1 286 4

Chay bo 0 0 0 4 198

Két qua dugc thé hién chi tiét ctia md hinh ciy quyét
dinh dugc trinh bay trong Bang VI. Théng ké sb trudng
hop hanh dong dugc phan loai chinh xic va sb trudng hop
nham 14n v6i cdc hanh dong khéc cho thdy cdc mau thi
nghiém vé hanh dong dudc phan loai tot. Tuy c6 4/202
mau chay bd, 5/291 miu di bd va 1/216 miu ding phan
loai sai nhung ty 1& sai trong khoidng 0,5% - 2% la chip
nhan dudc.

Bang VII théng ké do chinh xdc (acc), do nhay (sen),
dd chi o (spe) khi phan loai hanh dong nim va ngdi dat
100%. Nhitng hanh dong con lai ¢6 d6 chinh xac, do chi
r0 va do nhay 16n hon 98%.

Nhin chung véi bo dit liéu thu thap dugc, cac chi s6 dat
dugc trén 98% vdi cac hanh dong. Piéu nay cho thly mo
hinh phan loai ciy quyét dinh thuc sy c6 hiéu qua rit cao
do dif liéu cac hanh dong dugc thuc hién liy mau 1a thuin
nhét, it c6 su chong chéo gilta cic hanh dong dudc liy mau
va khong c6 hanh dong khic xen vao gy nhiéu.
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) Bang VII )
CHI SO CHINH XAC MO HINH CAY QUYET PINH
Chisb Nim Ngoi Ding Dibd  Chay bd
acc 100% 100%  99,83%  99,18% 99,34%
sen 100% 100%  99,54%  98,28% 98,02%
spe 100% 100%  99,90%  99,46% 99,60%

3. Két qua thuc nghiém

Qua trinh thuc nghiém phan loai hanh dong trén thiét bi
thuc dugc tién hanh nhu sau: méi hanh dong dugc kiém
tra trong khodng thdi gian 5-10 phit, qud trinh ndy dién ra
lién tuc va c6 su thay d6i hanh dong sat véi thuc té trong
qua trinh thuc nghiém. Vi du chuyén tir ngdi sang di bo,
chuyén tir di bd sang nam.

_ Bang VIII
MA TRAN NHAM LAN KHI THUC NGHIEM
. R Hanh dong du doan
Hanh Dong - -
Ndm | Ngoi | bing | Bibd | Chay bo

nim 65 0 0 0 0
Ngdi 3 60 5 0 0
Diing 0 5 54 2 0
bi bo 0 3 7 60 3
Chay bo 0 0 0 9 55

Két qua thuc nghiém phan loai cic hanh dong trén thiét
bi gin tai eo nguvi dudc tdng hop trén ma trin chdng chéo
(Bang VIII). Hanh dong nam dugc phan loai véi do chinh
xdc rat cao dat 96,71%, tuong dbi it hanh dong bi phan
loai nhim v6i do nhay thip nhit 1a 82,19%. Hiéu suit khi
phan loai tiing hanh dong trén thiét bi theo thdi gian thuc
dugc mo ta tai Bang IX. Hiéu suét téng thé khi phan loai
trén thiét bi c6 do chinh xdc dat trén 91%. Trong d6, do
chinh xdc rét cao dat dudc 98,94% v6i hanh dong nam, tiép
theo 1a hanh dong chay bo v6i 96,08%. Hanh dong ding
va ngdi c6 dd chinh xac thap hon mdt chit nhung cao hon
so v6i hanh dong di bd.

) Bang IX
HIEU SUAT MO HINH KHI THUC NGHIEM

Chisé  Nim Ngbdi  Ping  Dibs  Chay bd
acc  96,71% 9423%  94,53% 91,59%  96,08%
sen 100%  8571% 84,38%  82,19%  8594%
spe 95.82% 96,69% 97.17% 94,35%  98,76%

IV. THAO LUAN

Thyc nghiém phan loai theo thoi gian thyc c6 dd chinh
xdc giam xudng do dif liéu gia téc thu thap khong thuin
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nhét. Trong mot phan doan dif lidu theo thdi gian c6 thé bi
1an vai gidy cia hanh dong trude dé hoidc ké tiép gay kho
khin trong viéc phan loai. Vi du: thoi gian dién ra hanh
dong diing c6 thé ton tai thdi gian chuyén tii hanh dong
di bd sang hanh dong diing va ngugc lai nhung diéu nay
khong bao gid xdy ra véi bd dif liéu dudc huin luyén trén
may tinh do da dugc nhoém theo cac hanh dong. Bén canh
d6 nhiéu tich lily c6 thé xdy ra khi chuyén trang thai tinh
sang dong vdi toc dd nhanh. So sanh két qua nghién ctiu
ctia chiing toi vdi két qua nghién ciu cia Nishkam Ravi
[8] va Ling Bao [9] dugc trinh bay trong Bang X.

Bang X
SO SANH VOI CAC MO HINH PHAN LOAI NAVI VA BAO

Hanh dong L. Bao N. Ravi Nghién citu nay
Nim 95% 99,00%
Ngbi 94,8% 96,6% 94,89%
Piing 95,7% 91,8% 93,99%
bi bd 89,7% 99,5% 92,52%

Chay bd 87,7% 84,8% 96,12%
Téng thé 92,58%  94,54% 95,3%

Bén canh d6, nhiéu nghién ctu lya chon kha nhiéu dic
diém d€ nang cao ty 1& phan loai hoat dong. Vi du: Nghién
ctiu st dung 43 dac trung cia C. Y. Min [10], Catal [12],
Van der Maaten [15]; nghién ctu st dung dic trung cda
Vavoulas [11]. Trong tai liéu [12], Catal da cach két hop
rit nhiéu dic trung va cho két qua 1a 91,6%. Mic du ho
da phan loai nhidu hoat dong hon (su hoat dong) so véi
nghién cdu cda ching tdi, nhung ho da thi nghiém mot
thuat toan phtc tap hon khi két hgp nhiéu thuat toan phan
loai khac nhau. Bén canh d6, viéc st dung 43 dac trung
khdc nhau khién gia thanh va chi phi thiét bi ting cao hon
rit nhidu va c6 thé khé ap dung dai tra. Tuy nhién vé6i két
qua thuc nghiém thu dugc mo hinh phan loai ¢6 kha ning
ting dung tot bdi nhiu luén xay ra trong thuc té.

D€ kiém chiing hiéu qua ctia mo hinh dé xuit, nhém
nghién ctu ap dung mod hinh phén loai trén tdp du liéu
WISDM [23], [24] dugc thu thap tu 36 ngudi tinh nguyén
vién v6i cac hoat dong thong thudng gom di bo (di bo binh
thudng, 1én/xudng cau thang), chay bo, ngdi va ding. Bo
dit liéu cong khai nay dugc 1iy méu véi tan s6 20Hz. Ty
1é dit liéu ddo tao va dif liéu kiém tra 12 6/4. S mau trén
mot phan doan dif liéu 12 120 miu tuong tng vé6i tan sb
ldy mAu 20Hz (Bang XI)

Két qua phan loai hanh dong trén phan dit liéu kiém tra
dugc téng hop trong Bang XII va XIII. Két qua nay cé
su tuong dong véi két qua thuc nghiém (Bang VIII) vé su
nham l4n giita cc hanh vi v6i nhau, phu hop véi phan tich
phia trén ciia chiing t6i. P9 chinh xic tdng thé khi phan loai
trén tap dit licu WISDM (98.4%) gidm xudng so v6i khi
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) Bang XI

KET QUA PHAN LOAI TREN TAP DU LIEU WISDM
Hanh Hanh dong du doan
dong Ngbdi | Bing | Pibo | Chay bd
Ngdi 169 9 4 0
bing 1 142 5 0
bi bd 0 1 2029 47
Chay b0 | 0 0 47 1039

phén loai trén tap dit liéu thu thap (99,3%) nhung cao hon
khi tién hanh thyc nghiém (95,26%). Cu thé, hanh dong
ngdi c6 9 miu bi phan loai thanh hanh dong ding va 9
mau bi phan loai thanh di bd; hanh dong di bd c6 s6 lugng
mau nhiéu nhit (2076 mau) nhung chi c6 47 miu bi phan
loai thanh chay bd. Bén canh d6 ty 1€ hanh dong & trang
thdi di chuyén bi phan loai thanh hanh dong & trang thai
di chuyén 12 nhé véi 1 miu hanh dong di bo bi phan loai
thanh ding.

) Bang XII
KET QUA PHAN LOAI TAP DU LIEU WISDM

. ) S6 lwgng Clas6 Dit licu Dit liéu

Hanh dong L ) L

mau dir lieu  dao tao  kiém tra

Ngbi 59939 457 275 182

Piing 48395 371 223 148
bi bo 647696 5193 3116 2007
Chay bd 342177 2716 1630 1086
Tong 1098207 8737 5244 3493

Cic chi s6 dat dugc khi 4p dung md hinh d& xuét trén
tap dif lisu WISDM 1a kh4 t6t trén 92%. Do nhay thip nhat
v6i hanh dong ngdi (92,86%) va cao nhét v6i hanh dong
di bd (97,69%). Bén canh do, hanh dong ding va chay bo
¢6 do nhay tuong duong véi 96%. Do chi 16 trén 98% véi
cdc hanh dong ngdi, ding va chay bo trong khi hanh dong
di bo c6 d6 chi ro dat 96%.

) Bang XIII
HIEU SUAT PHAN LOAI TREN TAP WISDM
Chisb  Ngbi Ping  Pibd  Chay bo Tong thé
acc 99,59%  99,53%  97,01% 97,29% 98,36%
sen 92,86%  95,95%  97,69% 95,67% 95,54%
spe 99.97%  99,69%  96,02% 98,03% 98,43%

C6 thé thiy rang, viéc giam sat hanh vi ngudi c6 thé chia
thanh hai giai phap la dung 1/ camera va 2/ cim bién gin
ngudi. M&i gidi phdp ndy déu c6 nhiing wu va nhugc diém
khac nhau. Viéc lya chon gidi phap sé€ tuy thudc vao muc
dich st dung. Nhiing nghién ctu hién nay vé xi Iy anh



da dat dugc nhiéu thanh tyu rit 16n khi c6 thé phan loai
rit nhiéu hanh vi v6i do chinh xdc ma mot trong nhiing
bd dit liéu ma cdc nhom nghién cdu thudng st dung do
la HMDB51 dataset gdom 6766 video clips va 51 16p hanh
dong. Cu thé, trong mdt nghién ctiu mdi nam 2021 [25], do
chinh x4c trung binh dat dudc 1a 95,4% cho 51 16p hanh
dong. Giai phap dung camera sé thé hién nhiéu bit 10i vé
moi trudng hoat dong (vi du: bi gian doan, che khuit khi
ngudi can giam sat di chuyén tit phong tdi khu vé sinh,
hanh lang khong trang bi camera,..), d0 phuc tap cao khi
dinh danh néu gidm sit nhidu ngudi cung liic (diéu khong
gip phai néu dung thiét bi gin ngudi), su riéng tu ctia ngudi
st dung... Ngoai ra, ddy sé con 1a 12 mot hé thdng phiic tap
va khé thanh cong vé mit thuong mai, gid cao hon nhiéu
so V6i gid cla thiét bi st dung vi diéu khién va cadm bién
gia téc gia thanh ré. Nghién ctiu ctia ching t6i hudéng dén
chim séc stic khoe cho ngudi gia, ngudi hdi phuc sau phiu
thuat hay tai nan. Do d6, s6 16p hanh vi lién quan t6i van
dong co ban 1a di cho loai ting dung nay nhung lai cin
phén loai dugc theo thdi gian thuc va gia thanh ré. Do do,
giai phap dung xt ly dnh chua phu hgp theo muc tiéu cia
ung dung nay.

MO hinh ctia chiing t6i d€ c6 thé dudc ap dung cho nhiing
dbi tuong thuc hién cong viéc dic biét nguy hiém nhu linh
citu hoa thi sé phat trién thém dé€ nhan mot sb dang hanh
dong khac nhu: bo, di 1én, di xubng, trang thai sinh tdn,
dinh vi [21,22]. Béi 1&, hoat dong clia cic dbi tugng nay
thudng dién ra v6i cudng do cao hon trong diéu kién phiic
tap nhu chay 16n, khoéi day dic.

V. KET LUAN

Trong nghién ctiu nay, nhém nghién ctu da xay dung
mot hé théng phan loai hanh dong véi chi phi thip, thoi
gian tinh todn nhé thdi gian thuc. Két qua thir nghiém véi
clia s6 trugt c6 kich thudc 6 gidy cho thiy kha ning phan
loai theo mo hinh cay quyét dinh c6 do chinh xic cao hon
GBT, SVM, KNN. Dbi véi nghién ctiu sau hon, chiing toi
tiép tuc phat trién va cai thién nhiing két quéa nay thong qua
cdc thi nghiém trén cic hoat dong phiic tap hon dé kiém
tra d6 chinh xdc ctia md hinh d& xuit. Bén canh d6, ngoai
cdc dic trung thdng ké cita s6 thdi gian, nghién cifu c6 thé
mé rong cic dic trung khic trong mién tin sd hoic két
hop thong tin trén ci hai mién thdi gian va tan sb trong
qua trinh trich chon déc trung. Hién nay, xu huéng thyc thi
hoc mdy trén cdc bo vi diéu khién hiéu niing thp (TinyML
[26]) dang dan trd nén thinh hanh trén thé gidi va nghién
cliu ndy ciing gép phan thuc hién TinyML cho céc tung
dung giam sat hanh vi phuc vu chim séc stic khoe tir xa.
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Abstract: In this paper, we develop the Mickens’ methodology to construct a dynamically consistent Non-Standard Finite
Difference (NSFD) scheme for a recognized computer virus propagation model. It is proved that the constructed NSFD
scheme correctly preserves essential mathematical features of the continuous-time model, which are positivity, boundedness

and asymptotic stability. As an important consequence, we obtain an effective numerical scheme that has the ability to

provide reliable approximations, meanwhile, some typical standard finite difference schemes fail to preserve the essential

properties of the computer virus propagation model; hence, they can generate numerical approximations which are not

only negative but also unstable. Finally, a set of numerical experiments is performed to support the theoretical results as

well as to demonstrate the advantage of the NSFD scheme over standard ones. As we expected, there is a good agreement

between the numerical results and theoretical assertions.

Keywords: Computer virus, NSFD scheme, positivity, stability, dynamics consistency

Title:
Abstract:

Mot phueng phép hiéu qua mé phéng s6 mé hinh lan truyén virus may tinh
Trong bai bdo nay, chiing tdi phat trién phuong phép luan ctia Mickens dé€ xdy dung lugc do sai _phén phi tiéu chuin

tuong thich dong Iyc v6i mot mo hinh lan truyén virus mdy tinh. Céc phan tich toan hoc chi ra rang luge dd sai phan
phi tidu chudn bio toan cic tinh chit quan trong ctia md hinh lién tuc, bao gdm tinh duong, tinh bi chin va tinh chit
&n dinh tiém can. Trong khi d6, mdt s& luge dd sai phan tiéu chuin khong thé bao toan cdc tinh chit quan trong cia
mo hinh lién tuc. Do dé, chiing ¢ thé sinh ra cac 10i giai xip xi 4m va khong &n dinh. Cac mo phéng sb dudc thuc
hién dé hé tr¢ va minh hoa cho cic két qua ly thuyét ciing nhur d€ chitng minh wu thé ctia lugc dd sai phan phi tiéu
chuén so véi cdc luge dd sai phan tiéu chuin. Cac md phong s chi ra ring cic két qua sb 1a tuong thich véi cac két

qua ly thuyét.
Keywords:

Computer virus, NSFD scheme, positivity, stability, dynamics consistency.

I. INTRODUCTION

The study of numerical methods for solving differential
equations has played an important role not only in theory
but also in practice. Over the past of several decades, a
large number of numerical methods have been proposed and
developed by mathematicians and engineers (see, for exam-
ple, [1-3]). The concept of Non-Standard Finite Difference
schemes was first introduced by Mickens to overcome draw-
backs of Standard Finite Difference (SFD) schemes [4-8].
One of the main advantages of NSFD schemes is that they
can preserve essential mathematical features of differential
equations models (positivity, stability, monotonicity, peri-
odicity, physical properties, etc.) regardless of chosen step
sizes. Nowadays, NSFD schemes have been widely used
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as a powerful and effective approach to solve differential
equation models that describe important phenomena and
processes arising in science and technology. Good reviews
of NSFD schemes can be found in [7, 9, 10]. Also, we refer
the readers to [11-15] for some recent notable results on
NSFD schemes for numerical approximations of differential
equation models. Recently, we have successfully developed
the Mickens’ methodology to formulate NSFD schemes for
mathematical models arising in real-world situations [16—
22].

Nowadays, computer viruses have been one of the biggest
threats to Internet security as well as to work and daily life.
Therefore, effective strategies and measures for preventing
and controlling computer viruses are always needed. For
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this purpose, many mathematical models, based on the
high similarity between computer viruses and biological
ones, have been constructed and developed to study the
spread of computer viruses (see, for example, [23-28] and
references therein). From the analysis of these models, we
can propose effective strategies and measures for preventing
and controlling computer viruses.

Motivated by the importance of computer virus propa-
gation models and their numerical approximations, in this
work we consider a recognized computer virus propagation
model proposed by Gan et al. in a previous work [25]. The
mathematical model and its dynamics will be provided in
Section II. Although this computer virus propagation model
has many useful applications in information technology and
computer science and it has been studied and developed at
some levels (see, for example, [23, 24]), to the best of our
knowledge, dynamically consistent discrete-time models
have not been constructed yet. Therefore, our objective is to
construct a discrete-time model preserving essential qual-
itative features of the continuous-time model for all finite
step sizes. For this purpose, the Mickens’ methodology is
applied to propose an appropriate NSFD scheme for the
continuous-time model. After that, the positvity, bounded-
ness and asymptotic stability of the proposed NSFD scheme
are established. As a result, we obtain a dynamically consis-
tent NSFD scheme that is able to provide reliable numerical
approximations for the computer virus propagation model.
In addition to the theoretical results, a set of numerical
experiments is performed to support the theoretical results
and to show advantages of the NSFD scheme over some
typical SFD schemes. As will be seen in Section IV,
the standard Euler and second-order Runge-Kutta (RK2)
schemes fail to correctly preserve the dynamical properties
of the continuous model for some given step sizes. More
clearly, they generate numerical approximations that are
not only negative but also unstable. Conversely, numerical
approximations generated by the NSFD scheme faithfully
reflect the dynamics of the continuous model regardless of
chosen step sizes.

The plan of the paper is as follows:
The mathematical model of the computer virus propagation
model is provided in Section II. The NSFD scheme is pro-
posed and analyzed in Section III. Section IV reports some
numerical experiments. Some conclusions and discussions
are presented in the last section.

II. MATHEMATICAL MODEL AND ITS DYNAM-
ICS

In this section, we briefly recall from [25] the math-
ematical model of the computer virus propagation model
and its dynamics. In this model, at any time, a computer

is called internal or external depending on it is accessed
to the Internet or not. All internal computers are classified
into two compartments:

1) S compartment: The set of all uninfected internal
computers or susceptible internal computers.

2) I compartment: The set of all infected internal com-
puters.

Besides, all external computers are categorized into a single
compartment:

1) E compartment: The set of all external computers.

Let S(t), I(¢), and E(¢) be the the average numbers of
susceptible, infected and external computers at time ¢,
respectively. Based on some reasonable hypotheses (see the
hypotheses (A;) — (A7) in [25]), the following differential
equation model was proposed:

S =yl +mE — puS — BSI — 1S,
[=BSI—pul =yl =yl +nE, (1)
E=6+yS+yl - uE -mE - mE,

where all the parameters are assumed to be positive. We

refer the readers to [25] for more details of this model. It
was proved in [25] that:

1) The model (1) has no virus-free equilibrium point.
2) The model (1) possesses a unique viral equilibrium
point E}, = (8*,I*, E*), where

£ = o(p+v1)
u(p+yr+m+m)’
ZBW—(ﬂ+71+72)

1*
2
2 2
\/[ w = (p+y1+72)]" +4BmE”
+ Zﬁ s

0
s =2 E -,

u

with
0(y1+7v2)

w = .
u(p+y1+m1+m2)
3) The viral equilibrium point Ej, is not only locally

asymptotically stable but globally asymptotically sta-
ble with respect to the positively invariant set

)
Q= {(S,I,E)|S,I,E >0, S+I+E < —}.
M

III. THE CONSTRUCTION OF NSFD SCHEME

Consider the continuous-time model (1) on a finite
interval [0, T'] and discretize this interval by a uniform mesh

O=ty<tfi<...<ti<...<tpy_1<tym=T,



where t,41 — At for i 0,1,...,M — 1. Let
(Sn,In,Ry) (n = 1,2,...,M) be the intended approxi-
mations for (S(¢,),I(tn), R(t,)), respectively. Using the
Mickens’ methodology [4-8], we discretize the model (1)
as follows

: Sn+1 - Sn
S(ty) » ————,
(1) @ (A1)
P Liv1 — In
I(th) ¥ ————, 3
¢(Ar) ©
. En+] - En
E(ty) x ————,
@ (A1)
and
Yol (tn) + mE(ty) — puS(t,) — BS(t)1(tn) — v15(ty)
~ 721n + 772En - ,usn+l _BSn+lIn - ylSn+l,
BS(t)1(ty) — ul(tn) — y1d(tn) = y2I(ty) + ME(t) @

X BSn+tln — thnst — Vilnet = Y2oIn + M Enp,

6 +v18(tn) +y11(tn) — pE(1p) = mE(1n) — m2E(tn)

~ 0+ Y1Sn+1 + Yidnst — pEns1 = MEn —mEn,
where ¢(At) is a positive function satisfying ¢(Ar) = Ar +
O(Ar?) as At — 0. For convenience, the variable At will

be omitted in some presentations. The discretization process
(3)-(4) leads to the following NSFD scheme for the model

(D

Sn+l _Sn
2l o0 oL+ maEy — uS
cp(At) Yodn + 2Ly — U3n+1
_,BSn+lIn - 'ylSn+17
In+l _In
—— =BSu1ln — ulpny1 — 11
QD(AI) ,8 n+ldn — Ulpn+l Yiln+l (5)
—voly +mE,,
En+1 -E

o(AD) % =6+ y1Sus1 + Yilns1 — UEns1

—mEn —mE,.

We now investigate dynamical properties of the NSFD
model (5). Let us define a sequence {N,} , with

N, =S8S,+1,+R,, n=>0.

Theorem 1 (Positivity and boundedness): Let ¢(Ar)
be a function satisfying

. 1
@(Ar) < At* := min :—

, } forall h > 0. (6)
Y2 mtn

Then, we have the following assertions:
>

1) The set R} {(S,ILR)|S,I,E > 0} is a posi-
tively invariant set of the NSFD scheme (5), i.e.,
Sn+t> In+1, Eng1 = 0 whenever S,,, I,,, E,, > 0.

2) The sequence {N,},’ , monotonically converges to
N*:=6/u as n — .
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Proof: Proof of Part 1. First, we rewrite the system
(5) in the explicit form:

Sp+oyaly + o E,

Spel = ,
T o+ Bl + 1)
_ (L =py) Iy + oBSpsrln + omEn
Ins1 = , (7)
L+ @(u+y1)
PRk @Y1 (Sns1 + Lnv) + [1 = @(q1 +12) | Ey
n+l — 1+ ou .

The condition (6) implies that 1 — ¢y, > 0 and 1 — ¢(n; +
n2) > 0. So, we deduce that S,+1, I+1, Ent1 = 0 whenever
Sy, In, En > 0. The proof of this part is complete.

Proof of Part 2. Adding side-by-side the 1st, 2nd and 3rd
equations of the system (5) we obtain

Nn+1 - N

% =6 = uNpats ®)
("2

which implies that

5 1 \" 6
Np+1 == —No +—.
U 1+pu 7

Consequently, the monotone convergence of the sequence
{N,} is proved by using the fact that 1/(1 + ¢u) € (0, 1).
The proof of this part is completed.

Next, to determine the set of equilibria of the model (5),
we need to solve the following system

Spe1 =80, Lnn =1y, Euq=E,.
It is easy to verify that equilibrium points of the models
(5) and (1) are identical. Hence, the NSFD model (5) only
possesses a unique viral (positive) equilibrium point EY,,
which is given by (2).

Theorem 2 (Asymptotic stability): Let ¢ (Ar) be a func-
tion satisfying the condition (6). Then, the viral equilibrium
point E7, is a locally asymptotically stable equilibrium point
of the NSFD model (5).

Proof: First, using the relation S, = N, — I, — E,, and
the equation (8) we transform the system (5) to the form

_ (1 - 9072)111 + QDIB(NnH — Iy — En+1)1n +§0771En

I =
" L+ @(u+y1)

_ 906"' <p71(Nn+l - En+l) + [1 - 90(771 +772)]En
n+l = ]+l,0,u

Nus1 = N+ @6 — 9Ny
)

Then, the viral equilibrium point £, = (S*, I*, E*) of (5) is

transformed to E, = (I*, E*, §/u). We need to show that

new
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E; ... 1s a locally asymptotically stable equilibrium point of
the model (9). Indeed, let us denote

2= 1—¢y2+¢BS*

' oBI* [ '
—_— 1+<p(u+71)]
L+@(u+y1)

=00 +m) (10)

Ay = — 0 77
1+ @(u+vy1)
1
Az = )
L+ou

Then, the Jacobian matrix of the system (9) at E;,, is
given by

ol 1 « 61}1 1 *
A1 (92:, (Enew) BN-; (Enew)
J(Epew) =| 1 OEni1 p. | (11)
2 ONn ( new)
0 0 A3

Consequently, A;,4, and A3 are all the eigenvalues of
J(E*). It is clear that |[13] < 1. On the other hand, the
condition (6) implies that |1;| < 1. We now show that
|11] < 1. Indeed, it follows from (6) that A1; > 0. Moreover,
from the second equation of the system (1) we obtain

HEyr+y2+ Bl —pS* BI* +mE”[I"

1-4; =
L+ @(u+vy1)+ pI*

which means that A; < 0. Therefore, 0 < 41 < 1.

*

So, all the eigenvalues of J(E},,,) are inside the unit ball.
By the Lyapunov indirect method [29, 30] we obtain the

local asymptotic stability of Ej,,, . The proof is completed.

Remark 1:

1) Theorems 1 and 2 mean that the NSFD scheme (5)
preserves the positvity, boundedness and asymptotic
stability of the model (1) for all finite step sizes At >
0.

2) There are many denominator functions ¢(Af) satisfy-
ing the condition (6), a typical function is (see [4-8])
1= e*TAt 1
o(Ar) = — T> Ar
General families of denominator functions satisfying
(6) can be found in [18].
3) Numerical examples in Section IV show that the

NSFD scheme (5) preserves not only local asymptotic
stability but also global asymptotic stability of the
model (1).

IV. NUMERICAL EXPERIMENTS

In this section, we reports some numerical examples
to support the theoretical results as well as to show the

= o
L+@(u+y1)+epl
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advantage of the NSFD scheme over standard ones. For
this purpose, we consider the model (1) with the following
data.

Table 1
PARAMETERS USED IN NUMERICAL EXAMPLES

Case B 6 H m m Y1 72
1 005 08 001 075 08 06 038
2 0.05 0.02 0.01 0.8 09 06 038

Example 1: Consider the model (1) with the parameters
given by Case 1 in Table I. In this case, the viral equilibrium
point E}, = (19.56,38.36,22.08) is asymptotically stable.
Numerical approximations generated by the standard Euler
scheme, RK2 scheme and NSFD scheme are depicted in
Figures 1-4, respectively. It is clear that the Euler and RK2
schemes fail to preserve the asymptotic stability of the
continuous model, meanwhile, the NSFD scheme correctly
preserves the dynamics of the continuous model. Further-
more, the dynamics of NSFD scheme does not depend on
the chosen step sizes.

Example 2: Consider the model (1) with the parameters
given by Case 2 in Table I. In this case, the viral equilibrium
point £}, = (1.16,0.31,0.52) is asymptotically stable. As
shown in Figure 5, the Euler and RK2 schemes destroy not
only the positivity but also asymptotic stability, meanwhile,
the NSFD scheme preserve all the mathematical features of
the continuous model.

3%

Figure 1. The phase space generated by the Euler scheme for
(8(0),1(0), E(0)) = (30,45,15) and At = 0.8 after 1000 itera-
tions.



Figure 2. The phase space generated by the RK2 scheme for
(8(0),1(0), E(0)) = (30,45,15) and Ar = 0.9 after 1000 itera-
tions.

Figure 3. The phase spaces generated by the NSFD scheme for
_ ,—1.6Ar

At =1 and ¢(Ar) = after 1000 iterations. Each blue
curve represents a phase space corresponding to a specific initial
data, the red circle represents the viral equilibrium point and the
green arrows show the evolution of the model.
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Figure 4. The phase spacei gAenerated by the NSFD scheme for
_ ,—1.6At

At =2 and ¢(At) = after 1000 iterations.

1.6

Figure 5. The phase spaces generated by the Euler scheme with
h = 0.87 after 100 iterations, the RK2 scheme with 7 = 0.88 after
100 itelr%tions and the NSFD scheme with Ar = 1 and ¢(Atf) =
1 — e~ l-0At

T3 after 100 iterations.

From Examples 1 and 2, we see that the standard Euler
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and RK2 scheme cannot preserve the posivitiy and sta-
bility of the continuous model for all finite step sizes.
A similar comment for the classical Runge-Kutta schemes
can be found in some of our previous works [16-22].
Consequently, the advantage of the NSFD scheme over
the standard Euler and RK2 schemes is that they can
correctly preserve the dynamics of the continuous model
regardless of the chosen step sizes. Hence, the NSFD
scheme is appropriate and effective to simulate dynamics
of the differential equation model over long time periods.

V. CONCLUSIONS AND DISCUSSIONS

In this paper, we have successfully developed the Mick-
ens’ methodology to construct a reliable NSFD scheme for
the computer virus propagation model (1). The theoretical
assertions have been supported by a set of numerical
examples. It was proved that the constructed NSFD scheme
preserves the positivity, boundedness and asymptotic sta-
bility of the continuous model for all finite step sizes.
As a result, it provided reliable approximations, mean-
while, some typical standard schemes failed to preserve the
essential mathematical features of the continuous model;
consequently, they generated numerical solutions which are
not only unstable but also negative.

In the near future, we will extend the approach and
obtained results in this paper to construct dynamically
consistent NSFD schemes for ordinary and fractional-order
differential equation models arising in science and tech-
nology. In addition, the construction of high-order NSFD
schemes for the computer virus propagation models will be
considered.
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Nang cao hleu qua tra coru anh nhan hiéu su
dung cay quyet dinh va phan hoi lién quan

Nguyén Viét Anh', Vii Vin Hiéu', Nguyén Thi Trang?, Lé Ngoc Minh!

! Vién Cong nghé thong tin, Vién Han 1am Khoa hoc v Cong nghé Viét Nam
2 Truong Pai hoc Ha Long

Tic gid lién hé: Nguyén Viét Anh, anhnv @ioit.ac.vn

Ngay nhan bai: 16/09/2021, ngy stta chita: 30/10/2021, ngay duyét ding: 18/11/2021

Pinh danh DOI: 10.32913/mic-ict-research-vn.v2021.n2.1012

Tém tat: Tra cttu anh nhan hiéu Ia cong viéc quan trong dé bio vé bin quyén ctia nhan hiéu da ding ky. Nhin hiéu phan
biét ky hiéu hoic thong diép ctia mot ca nhan, t6 chic thuong mai hodc phap nhan dudc Gy quyén dé nhin ra cic san
phiam hoic dich vu tif mdt ngudn duy nhét. Thuc té, viéc xdc dinh su tuong dong vé mit thi gidc bdi con ngudi va xdc
dinh su tuong ddng giita cic anh nhan hiéu trén mdy tinh vin 1a mot nhiém vu day thach thiic. Trong bai bdo nay, ching
t6i dé xudt mot phuong phdp dé tra citu anh nhan hiéu dua trén dic diém mau sic, hinh dang va két ciu ctia 4nh nhin
hiéu. Céc dic trung nay dudc két hop st dung d€ xiy dung mot bo do do khoing cach c6 trong sb dudc st dung d€ do
do tuong tu va lam két qua d€ xay dung bd phan 16p st dung ciy quyét dinh. D€ cai thién két qua phan 16p, chiing toi dé
xuét st dung phan hdi lién quan d€ ting cudng sé mau huin luyén, hiéu chinh trong s6 tuong tu va truy van theo quan
tam cda ngudi dung. Két qua thuc nghiém trén tip dif liéu Flickr Logos 27 [1] ching minh tinh hiéu qui ctia phuong
phap dé xuit.

T khéa: Nhdn hiéu, tra ciu dnh dua vao ndi dung, phdn hoi lién quan, cdy quyét dinh.

Title: Improving Image Trademark Retrieval Effectiveness using Decision Trees and Relevance Feedback.

Abstract:  Trademark images searching and comparing play important role in copyright protection of registered brands. The
registered brands can help to distinguish the symbols or messages of individuals, commercial or authorized legal
entities so that their orginal products or services can be easily recognized. In practices, identifying the visual similarity
of trademark images by human is still a very challenging task. To deal with the problem, we propose in this paper
a method for trademark images retrieval based on their colors, shapes and texture features. Specifically, we propose
a similarity measure that take into account these features with weights. A classification model is built based on this
similarity measure and the decision tree method. To improve the classifying results, the relevant feedback technique is
used to improve the selection of training examples and to adjust of the similarity weights according to user’s needs.
Experimental results on the Flickr Logos 27 dataset [1] prove the effectiveness of our proposed method.

Keywords:  Trademarks, content-based image retrieval, relevance feedback, decision trees.

I. GIGI T HIEU ky. Theo TS chiic S& hitu Tri tué thé gidi [2], 3 triéu ding
ky nhan hiéu ton tai trén toan thé gi6i va cic don ding ky
Nhan hiéu 12 mot biéu tugng dé nhan biét hodc vin ban nhan hiéu tiép tuc ting vdi ty 1& 6-8% trong nhiing nim
lién quan dé xdc dinh san phdm hoic dich vu clia mot ca  gan day.
nhin, mot t6 chic kinh doanh hoic mét t& chifc phap nhan
v6i nhitng san phdm hoi#ic dich vu ctia ho. C4c nhin hiéu Khi 4p dung mot nhan hiéu méi, can phai dam bao ring
da dang ky dudc xem nhu mot dang tai san hop phdp va  nhan hiéu méi khong bat chude hodc di khac biét véi cac
cin dudc bao vé khoi vi pham ban quyén va vi pham nhan  nhan hiéu hién ¢6. O hau hét cic nudc phét trién, cic &
hiéu. D€ bao vé va hop phap héa nhin hiéu cia minh, chii  chiic nhu vin phong sing ché c6 trich nhiém bao vé nhin
s& hitu phai ding ky nhan hiéu ctia ho tai cc co quan cAp  hiéu khoi bi xdAm pham. D€ tranh cic vi pham khéc nhau,
bing sing ché ¢ nhidu qubc gia. Hon 100 triéu cong ty  ho loai tri viéc ding ky cdc nhan hiéu gan nhu trung lip
dugc biét 1a dang ton tai trén thi trudng toan cau va nhiéu hoic bi bt chudc ¢6 chi ¥ bing cach kiém tra nhin hiéu
cong ty trong sd d6 s hitu it nhit mot nhan hidu di ding  trong co s& dif liéu hodc bang céach sit dung hé théng theo
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Hinh 1. Vi du nhan hiéu tuong ty

cich thi cong. S6 luong ding ky 6 at da lam hoat dong thi
cong va tu dong bi qua tai va lam giam chit luong dich vu
clia cdc vin phong cip bing sang ché, didu nay dé lai mot
ké hé cho cac hanh vi vi pham nhan hiéu. Piéu tdi té hon,
hai nhan hiéu tuong tu dudc ding ky nhim sé lam ting su
phtic tap ctia viéc xit ly tranh chép phap ly giita cac chi sé
hitu. D€ gidm bét ganh ning cho cdc vin phong cip bing
sang ché, can phdi c6 mot hé théng tra ctiu nhan hiéu tu
dong manh véi cac ky thudt phan tich anh thong minh.

Thuc té, viéc tra cifu tit ca cac diém tuong dong vé nhin
hiéu mdt cach hiéu qua la mot thach thic vi:

« Su tuong dong vé noi dung nhung vé mit ngii nghia
lai khdc nhau, nhu Anh 4 c6 mic tuong tu cao hon
Anh 5, Anh 6 d6i v6i anh truy van nhu trong Hinh 1.

« Su gibng nhau mang tinh chi quan chii yéu do thiéu

cdc tiéu chi 1o rang dé& quyét dinh su giébng nhau. Su
gibng nhau vé mit hinh 4nh, dic biét 1a trong trudng
hop tuong tu vé& nhan hiéu, bi anh hudng rat nhiéu bsi
nhiéu khia canh bao gdm nén tang gido duc, tén gido,
s& thich, v.v.
Mot yéu t6 quan trong khic dnh hudng dén su tuong
ddng 1a thuc té 1a s6 lugng nhan hiéu hién c6 1a rat
I6n va gia ting nhanh chéng, dét ra thach thic cho
viéc tao ra nhan hiéu mdi, khac biét dang k€ dé thé
hién cling mot ndi dung. Diéu nay, theo thdi gian, c6
thé din dén su thay ddi trong viéc quyét dinh su gidng
nhau vi chiing ta c6 thé hét cich dé dién dat mot y
nghia.

« Ciéc phuong phdp tra ctiu anh hién nay, chi yéu dugc
diéu chinh d€ x4c dinh sy giébng nhau vé cic dic trung
lién quan dén dbi tuong, khong phai 1a gii phap tbi
wu cho cic vin dé tra ciiu nhan hiéu, vi hinh anh nhan
hiéu chii yéu két hop thong tin tritu tugng v6i nhiéu
bién d6i va chi tiét khac nhau. Trén thuc té, cic hé
théng tra ciu nhan hiéu can dugc trang bi cic kha
ning tryc quan cAp cao nhu phan nhém tryc quan,
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nhan dang ddi tugng, hiéu canh/nodi dung, v.v. d& c6
thé xit 1y cdc trudng hgp nhu trong Hinh 2.

(%)

Hinh 2. Vi du v& céch cic nguyén tic Gestalt anh hudng dén nhan
thiic v& nhan hiéu

1. Cac dong gop chinh caa nghién ciu

Trong bai bdo nay, ching t6i tip trung vao xdc dinh
tuong ty vé nhan hiéu trong két qua tra ctiu vé mit tuong
tu hinh anh bao gdm cic khia canh mau sic, hinh dang
va két cAu va bd qua céac diém tuong tu vé khdi niém/ngit
nghia trong céc 1an phan hoi lién quan). Chiing tdi st dung
kién thic phan hdi phan loai lién quan vao xay dung cay
quyét dinh. Dua trén cic cdy quyét dinh, cic suy luan dugc
dua ra vé nhitng 4nh nio ma ngudi dung mudn xem nhét
trong 1an lap lai tra citu tiép theo. Chiing tdi chiing minh
dd chinh xdc tra ctiu ting 1én sau mot hodc hai 1an lap, yéu
cAu ngudi dung chi cung cAp phan hdi vé mot sb it hinh
4nh. D€ cai thién nhanh két qua tra ciiu, chiing toi dé xuét
ngudi dung chon céc anh hién thi thuéc nhém lién quan
véi nhau (gdm 4 nhém: lién quan véi anh truy van va ba
nhém khac nhau). Chiing t6i ciing cho thiy ring ting dung
tra ctiu ctia ching t6i di nhanh d€ st dung truc tuyén.

2. Chu triic bai bao

Phan hai chiing t6i gidi thiéu cdc nghién cifu lién quan
dén tra ctiu anh nhan hiéu. Phan ba ching tdi trinh bay
phuong phép dé xuit. Phan bén ching t6i chitng minh tinh
hiéu qua cua phuong phéap tra ctitu nhan hiéu trén tap di
liéu v6i cac phuong phdp khic. Cubi ciing, Phan nim la
két luan va huéng nghién ciu tiép theo.

II. NGHIEN CUU LIEN QUAN

Trong phan nay, chiing tdi thao luin vé cdc cich tiép can
hién tai d6i v6i danh gia su tuong ty nhan hiéu, bao gdm
ca cac phuong phap tha cong.
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1. Kiém tra su tuong tu cua nhan hiéu b%"mg phuong
phap thu cong

Cho dén nay hiau hét cdc cd quan cip bing sang ché
van dua vao nd luc thii cong dé€ danh gid tinh tuong tu cia
nhin hiéu. Trong céch tiép cin hoan toan thii cdng, trudc
tién con ngudi ghi nhé mdt nhan hiéu va sau d6 doc ludt
qua toan bd bd suu tdp nhan hiéu d€ hy vong phit hién ra
nhiing diém tuong dong. Trong cich tiép cin ban thi cong,
trude tién con ngudi gin nhin cic nhan hiéu, truy xuét cic
nhin hiéu c¢6 ciing nhidn va kiém tra tryc quan su giéng
nhau gifta cic nhan hiéu da tra ctu. Khi dugc truy van vé
su tuong tu nhan hiéu, truéc tién nhan hiéu dé dudc gan
nhan cac loai, sau dé cac nhan hiéu dudc dua vao cac danh
muyc dé dugc truy xult va sy tuong ty dugc dénh gid bdi
mot chuyén gia biang cach sit dung phuong phap kiém tra
truc quan.

Hé théng phén loai véi cach tiép can thd cong, c6 mot
s6 nhugc diém: (i) Qu4 trinh phan loai mang tinh chii quan
vi chi tiét clia viéc gan nhan c6 thé phu thudc vio ngudi
quan sat. (ii) Cac danh muc dugc cb dinh va khong thé mé
rong hay thay déi. (iii) Khong thé mo ta bang 15i tat ca noi
dung cda nhan hiéu.

Tém lai, cac phuong phép tiép can thii cong, ngay ca cic
hé théng ghi nhan phiic tap, (i) doi héi thsi gian 16n (trong
truong hop hoan toan thii cong, phai mat 3-4 ngay dé mot
chuyén gia 1a con ngudi kiém tra bing mit mot nhin hiéu
trong s6 khoang 1 hang tridéu nhan hiéu), (ii) kha dé& xdy ra
16i vi yéu td con ngudi c6 lién quan trong qua trinh nay,
(iii) khong dap ting thuc té d6i v6i hé thdng nhan hiéu dang
phat trién nhanh chéng vé6i rit nhiéu cdc nhan hiéu méi.
Do d6, viéc ty dong hda danh gia tinh tuong ty nhan hiéu
1a rit can thiét.

2. Kiém tra su tuweng tu cia nhan hiéu bing cac
phuong phap tu dong

Mic du hién tai cac phong cip bing sang ché van dua
vao cdc phuong phéap thi cong 1a chi yéu, cic nghién ciiu
da nghién cdu cic phuong phép hoan toan ty dong dé tra
cliu su tuong nhan hiéu trong khoang hai thip ky qua.

Trudc tién phdi k& dén cac ky thuat ap dung dic trung
toan cuc muc thip, bao gém vecto dic trung [3], miéu ta
Fourier [4], cic moment anh [4, 5], cling nhu cac déc trung
hinh dang don gian hon va tinh todn nhanh nhu ty 1€ hinh,
tinh lip, phép loc, bién d6i tam [4], miic xdm [6], biéu do
huéng gradient [5], wavelets [7]. Ngoai cic dic di€ém lién
quan dén hinh dang va két ciu, cic phuong phap tiép can
dua trén dic diém mau sic ciing da dudc ap dung dé truy
xuét nhan hiéu [8, 9].

Jiang va cong su [10] chi ra ring cc bd mo ta néi trén
khong két hop thong tin hinh hoc ciia cic dbi tugng dudc
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trich rit. Cac bd mo ta nay sé khong tdt trong trudng hop
cac nhan hiéu khép véi nhau & ting bd phan hodc cac nhan
hiéu khong lién quan din dén cic bo mo ta toan cuc. DE
cai thién két qua tra ciu, cic két hgp khac nhau ciia céc
dic trung nay da dugc dp dung. Mic du c6 bing ching
tuong phan [11], viéc tich hgp hiéu qua nhiéu dic trung da
dudc chiing minh 1a cai thién hiéu suit tra citu [5].

D€ cai thién két qua truy xuét va so khép tiing phan,
mot cach tiép can 1a phan doan nhan hiéu thanh mot s6 dbi
tuong va dbi sanh nhan hiéu bang cich so sanh cic phan
mo ta cda chung [12, 13].

Mo ta nhin hiéu véi cic dic di€ém toan cuc dudc trich
rut tir toan bd nhan hiéu hoac cac bo phin cda nd la hiéu
qua vé thoi gian va b nhé. Tuy nhién, nhiing phuong phap
nay bd qua thong tin cuc bd, thong tin nay cé thé quan
trong trong viéc giai quyét cic vin dé vi pham mot phan.
Dé bao gdm thong tin cuc bod gidi quyét mot phan ddi sanh,
céc phuong phdp dua trén diém chinh nhu SIFT [14, 15],
goéc Harris [9], v.v. da dugc thit nghiém.

3. Cac nghién citu lién quan: Phat hién va xac dinh
nhan hiéu

Phat hién va x4c dinh nhan hiéu 12 hai vin dé lién quan
dén viéc tra ctiu nhan hiéu. Phat hién nhan hiéu 13 bai toan
tim kiém tit ca cdc nhan hiéu trong canh. Mit khac, xdc
dinh nhan hiéu quan tdm dén viéc tim mot nhan hiéu cu
thé trong anh, Kesidis va cong su [16] khao sat rat chi tiét
vé nhiing vin dé nay.

Kesidis va cong su [16] chi ra su khéc biét gitta su gidng
nhau va sy trung khdp 1a rit quan trong dbi véi viéc tra
ctfu nhin hiéu, vi hau hét cdc phuong phdp tra ctiu anh
dugc thiét ké dé€ d6i sanh chinh x4c hon la phat hién su
giébng nhau. Vi du, cic phuong phap dua trén diém khéa
dua vao viéc phat hién va khép cac diém khéa gibng nhau.
Tuy nhién, trong mot van dé tuong ty, hai nhin hiéu c6 thé
khong s& hitu chung bt ky diém chinh nao.

1. PHUONG PHAP PE XUAT

Phat biéu bai todn tra ctiu nhin hiéu nhu sau: Cho mot
co s6 dif liéu anh gébm M anh. M&i anh I trong co sé di
liéu va truy van Q 1a nhan hiéu can dugc tra ciu dé€ tim
ra sy tuong tu véi cac nhan hiéu khic dugc miéu ta bdi
tap T dic trung (¢ = 1,..,T), mdi 4nh I ddng nhit véi
mot tdp dic trung trong co sG di liéu dac trung E. Do
tuong tu tuong dng cia truy vin Q vé6i anh I trong co sé
di liéu dic trung la D’Q(I), t=1,.,T. Mot tap T do do
khoang cdch ctia mdi anh 7 va truy vin Q dudc xic dinh
1a Do(1) = {Dy (D} = {D'(Q", 1)} <, <~ Sau khi tinh do
tuong tu clia méi anh I véi truy vAn Q tao thanh khong
gian tuong tu S = {(/,Do (1)) /1 € E}



Nhu viy, bai toan tra citu anh nhan hiéu dugc xac dinh
nhu viéc tim cac anh phu hgp trén mdt cd sé dit liéu dic
trung anh. V6i cch tiép can st dung phin hdi lién quan
trén bd phan 16p ciy quyét dinh, md hinh hé thdng dé xuét
(RFTrademarkTree) dugc miéu ta nhu Hinh 3.
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Hinh 3. So d6 hé théng dé xuit RFTrademarkTree

Sau khi céc dic trung dudc trich rit miéu td mau sic,
hinh dang va két ciu sé dudc chuin héa. Phép chuin héa
thuong dugc st dung 13 chuidn hod min-max ho#c chuin
hoa Gauss.

1. Chuin héa Gauss

Chuén héa Gauss hay goi 1a 30, chuan héa nay kh4 hiéu
qua trong nghién ctiu nhu [17, 18]. Chuin hoa thanh phin
thit k ctia bo ddc trung #;; nhu sau:

lijk — Mk
30’k

{tiji} = {tie}, Yk, tij = , (D
. def def
trong d6 uy = mean({tijk}),a'k = var({t,-jk}).
Gia tri khoang cach tuong tng cla cac dic trung riéng
dudc chudn héa nhu sau:
D' (Ix’ Iy) — Mz

ljtij([x’[y) = Ko
tij

, @)

trong d6 phan b6 chuin 0,; theo bo dic trung 7;; la

> N-1 N 5
T = N 2 2 [PVt =)
x=1 y=x+1
va khodng cédch trung binh yy,, gitia cdc c@p dnh theo bd
dic trung t;;:

2
Hus = N(N=1)

N-1 N
Z Z D' (I, I,).

x=1 y=x+1

“
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2. St dung ciy quyét dinh va phan hdi lién quan dé
nang cao hiéu qua tra ciru nhan hiéu

Tra ctiu nhan hiéu st dung phan hoi lién quan giéng nhu
bd mdy phan 16p lay dau vao 12 anh truy vén va danh sich
cic két qua da dudc ngudi dung danh diu lién quan hoic
lua chon phén 16p vao tip huén luyén. Chu ky dudc lip lai
va tip huin luyén dugc bS sung theo lua chon clia ngudi
dung. (Luu y trong lan lip dau tién, khong ton tai thong
tin phan hodi nao nhu trong Hinh 4.)

Chiing t6i xem nhiém vu phan hoi lién quan nhu giai
phép x4c dinh dit liéu huén luyén (anh truy vAn va cdc anh
dugc danh diu). Mot khai niém dugc suy ra tif dif liéu nay
va cac mau huin luyén dudc ting cudng sau cdc lan phin
hdi lién quan). Bai toan tra ctiu &nh nhan hiéu dudc xem
nhu mot bai todn phan 16p: c6 lién quan va khong lién
quan.

Anh truy vin t¢ dong dudc gin nhan cé lién quan, la
tiéu chuin vé miic do lién quan d€ so sanh véi cic anh
khac trong co sG dit liéu. K anh dugc phén loai theo muc
do6 lién quan dudc thuc hién bdi ngudi dung. Véi cic anh
trd vé trong cic lan phan hdi c6 lién quan dén anh truy van
ngudi ding c6 thé dua vao 16p cling véi anh truy van (16p
dAu + trén Hinh 4), cdc anh khong lién quan dén anh truy
van, ngudi dung tu phan xét va dua vao céc 16p 2, 3 hoic
4. Do d6, mot nhém cac miu huén luyén dugc thiét 1ap (K
anh dudc danh du, cong vé6i truy van). Sau do, chiing toi
st dung mot ky thuat d€ hoc tir dit liéu hudn luyén nay va
tao ra mot tip cic anh dudgc tra ciiu cho ngudi dung bang
cach st dung mo6 hinh da hoc. Thuét toan dugc st dung
phan 16p 1a cay quyét dinh phan hodi vé mic do lién quan
trén tap két qua tra vé.

Trong 1an lip dau tién, khong c6 thong tin phan hdi nao
ton tai, vi viy bo tra cifu thuc hién tra ctu lay két qua tra
vé 12 K 1an cin gan nhit. Ngudi dung sau d6 dinh diu
cac anh da tra cdu 1a c6 lién quan hodc khong lién quan
theo quan tam. Phin hodi nay dudc chuyén tiép trd lai hé
théng va lan ldp thi hai bat dau. Trong lan ldp thi hai,
thuat toan dugc miéu ta véi K anh c6 nhan tuong Gng véi
K mau huén luyén nhu trong Hinh 5, ching t6i tao ra mot
cdy quyét dinh thong qua C4.5. [19].

Cay quyét dinh 12 mot phuong phap dé phan viing dé quy
mot khong gian dic trung sao cho mdi phan ving dugc gin
nhin bdi mot gia tri 16p duy nhit. Thuat toan tiép tuc thuc
hién cit giam cho dén khi tit ca cdc mau trong mot phan
viing thudc cling mot 16p; phan viing sau d6 dugc gin nhan
v6i gid tri 16p. Thuat toan st dung thong tin phan hodi va
phan 16p st dung ciy quyét dinh dugc trinh bay trong Thuat
todn 2 dudgc trinh bay trong muc tiép theo.

Cu thé, cay dudc st dung dé x4c dinh mdi vecto dic
trung 4nh t6i mot nit 14 c6 lién quan dén 16p hodc khong
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Hinh 5. Lua chon gan 16p

lién quan. Khi tit cd cac miu trong co sé dif liéu da loc
qua cdy quyét dinh, tit ca cac miu dudc loc thinh mot 14
c6 16p "c6 lién quan" dugc tdp hgp thanh mdt danh sach.
Tit danh sach nay, cic miu gan nhét véi truy vin dugc liy
ra bing cdch thuc hién mot K khong trong sb lang riéng
gan nhét trong danh sach.

Trong lan lip tiép theo, hoat dong clia ngudi tra ciiu
gibng v6i hoat dong & 1an lip thi hai, ngoai trit viéc bay
gid c6 cic 4anh két qua 12 phan hdi clia ngudi ding ma tir
d6 hé théng sé dua ra ciy quyét dinh (Panh diu mic do
lién quan ctia phan hoi dugc giit lai tir 1an lip lai tiép theo.
Viéc ting cudng tap huin luyén ding lai néu tip dnh két
qua phit hop v6i yéu cau ngudi dung). Thong tin phan hoi
dugc st dung dé hiéu chinh trong sb do tuong tu va truy
van dugc trinh bay trong Thuét toan 1.

Tuong tu, mdi 1an Lip lai cho phép tra cifu hoc tif dnh &
v6i 1an lip trudc. Qua trinh nay tiép tuc cho dén khi ngudi
duing hai 1ong véi két qua hoic cho dén khi ngudi dung két

O+ @2

0304 O+ ®2030¢4

e

0304 @+ 020304
P
4
114
@304 0+*02@©304

0304 0+ 020304

lién quan va khong lién quan

thiic tra cu. Hinh 6 1a két qué tra ctu sau khi sit dung bo
phan 16p ciy quyét dinh va hiéu chinh trong sb.

3. Hiéu chinh trong s6 tinh dé tuong tu va hiéu
chinh truy vin

Cong thic tinh trong sb dudc diéu chinh cho tiing dic
trung theo Cong thic (5) va (6), truy van dugc hiéu chinh
sau 1an lap dau tién theo Cong thic (7) dudc xac dinh nhu
sau:

o Tinh gid tri trong s&

w™ = max (wgl) +Aw'D, 0) (%)
trong d6 [ la ky hidu lin lip, Aw? =
o _().NB* _(I),NB* 3
f Score(li)’O—z,Db(I)’O-r,”Ii’” ) €  (—00,+00),
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28 Trademark Image- CEIR-DecisionTree:
Query Image: 37780608289

bePathinage:

Cataoge

Starbucks

Server name: sisaibwPRESs |

Database:  [fckr ogos_27_dataset
Option
Query Example

Loop: 1
inages/Page: (20~
Frecson 03
Recal 02
Freaare: 020

CREATE DATABASE

D-\Thuchighiem CBIR 05,09 21\MAGE_DATASETickr_logos 27_dataset\aa

|0
2]
B

wrao [D\Trchen CBIR U5 0321 VMAGE_DATASE TickJog 27 0o

Hinh 6. Két qui phan 16p va hiéu chinh & 1an l3p thd hai.

ham f c6 thé chon ching han:

f(score(lit),

(),NB* _(I),NB*
rom T
score(I})

3

(6

(O_(l),NB‘f

(0).NB"
.05, X7, )

el

Truy vAn méi dng véi bo dic trung ¢ dude xac dinh lai
nhu sau:

def 1
A I 7
& #listNB; 2 : @)
Il.’eltstNB*
trong do,
listNB*: € I' € listNB, /|I' - 0,] < 307 ¢6 su dong nht

cao vé dic trung, khi #listNB, > 2 va #listNB; > 1 (ddm
bdo c6 su thay déi).

Thuit toan 1 thuc hién hiéu chinh trong s6 tinh do tuong
tu.

Bo truy xuit ciy (RFTree) hoat dong nhu sau.

IV. THUC NGHIEM
1. Co s6 dir liéu

Tap di liéu FlickrLogos-27 [1] 1a mdt tdp du liéu logo
c6 chu thich tuong tng véi 27 16p logo/nhan hiéu (30 hinh
4nh cho mdi 16p), gdm 4207 anh. Chiing t6i chon ngiu
nhién, bo truy vin bao gdm 270 4nh. C6 nim anh cho mdi
16p trong s 27 16p dudc chi thich, gdm 135 4nh c6 chia
biéu tugng. Ngoai ra, bd truy van bd sung 135 anh Flickr
khong dudc mo ta bit ky 16p nao, cho tdng cong 270 hinh
anh tht nghiém.

Hinh 7 cho thdy cdc hinh 4nh miu vé nhin hiéu dudgc
st dung trong qua trinh thyc nghiém. Cac dac trung miic
thip clia anh nhu hinh dang, mau sic va két cu thé hién
ndi dung tryc quan cda anh. Viéc trich rat dédc trung hinh
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Thuat toan 1: Hiéu chinh trong s6 d6 do khoang

cach.

1 Du liéu vao:

2 {Ef}1<i<N ; // CSDL di chuén hoa

3 Vector dic trung miic thip Q ciia anh truy vin. Lmax sb
lan lip phan hoi, K: sb dnh théa min tra vé.

4 Dt liéu ra: Tép trong s& {w¢}i</<T

5 begin

6 (1) Khéi tao Ve = LT, wy = +;
7 (2) Chudn dic trung anh truy vin Q theo chuin héa
30

8 for [ =1 to Lmax do

9 for Each I; € {I;}1<;<n, Yt =1,T do

10 (i) Chudn hod d6 do khoang cich cho bd dic
trung ¢ theo Cong thiic (2);

1 (i) Hiéu chinh trong s6 dua trén tip anh
phén hdi lién quan listNB*;

12 for each I € NB(I), Vt = I,_T do

13 if I € listNB* then

14 Hiéu chinh w; theo Cong thic (5)

va (6);

15 end

16 end

17 (iii) Chudn héa lai trong sb6 w,, Vr = 1,T,

T
wr =we/ X we;
=1

18 end

19 end

20 end

21 Return: Két thiic thu duge {w;} <, <7

dang, mau sic va két cAu dugc thuc hién véi két qua la
vectd ddc trung anh nhan hiéu.

2. Cac miéu ta anh

Trong thuc nghiém ching tdi biéu dién 4nh véi ba miéu
td dic trung mau sic, két cdu va hinh dang véi tam bo
dic trung mic thip (xem Bang I). Nhiing dic trung nay
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Thuét toan 2: Thuét todn phan hoi lién quan st
dung ciy quyét dinh (RFTrademarkTree)

1 Dit liéu vao: {E!}
{0'(1?)} 5
ne J1<e<c!?
trung va khodng cach

l<i<N ° // CSDL d& chuén hoa

// P& léch chudn theo dic

~

3 Dit liéu ra: Anh hoic tip anh thod man ngudi diing

4 begin

5 Khdi tao:

6 (i) NB* =listNB* = {Q} gén nhan 0;

7 (i) NB~ =listNB~ = {I;} gdn nhan 1 ; //

la anh nguoi dung lua chon khéng
cung kh&i niém véi anh truy van)

8 ; while nguoi dung chua thod man do
9 (1) Xay dung ciy quyét dinh
DTRF(Train(]E,Q)); ; // E,Q Tinh d6

tuong tu cua dic trung truy van
v6éi mbéi dac trung trong CSDL dac
trung anh hudn luyén

10 (2) Xay dung tap d liu kiém tra Test (g o)

11 (3) Du bao phan 16p cho moi anh thudc tap
Test;

12 (4) Sap xép céac anh trong tap kiém tra theo phan
16p;

13 (5) Lay ra tap anh c6 do tuong tucng tu nhit;
begin

14 (i) NB « Danh sach Top k anh trong tap

Test;
15 (i) Ngudi dung danh gia cac anh theo tiéu

chi lién quan dua vao tdp NB* va khong

lién quan dua vao tap NB™;
16 end
17 (6) Cap nhat tip huén luyén:
18 begin
19 (i) listNB* = listNB* UNB™ ;
20 (ii) listNB~ = listNB~ UNB™;
21 end
22 (7) Hiéu chinh trong s va truy véan theo Thuat
toan 1;
23 (8) Xdc dinh lai tap Test theo hiéu chinh;
24 end
25 end .

c6 két qua rit tot va st dung trong nhiéu nghién citu lién
quan. Céc ky thuat biéu dién dic trung ndy dudc miéu ta
trong [20-26]. Sau khi trich rit dic trung, mdi chiéu cu

dic trung dudc chuin hod vao pham vi [—1,1] st dung .

phuong phdp chuin trinh bay trong Muc IIL1.

3. Cac phuong phip cd sé

DE chiing t6 ky thuat dé xuit hiéu qua, ching t6i so sanh
véi bdn ky thuat duge d& xuit trudc d6 gom:

« Ky thuat d& xudt bdi Zhang va cong su [28], (goi tat

=~ &) A Cditi vrzoe!

CITROEN

sz Fed

B g J] (1)

Ferrari

K]

vodafone

unicef

Hinh 7. Nhin hiéu miu tit Co s6 dit liéu FlickrLogos-27

Bang I
CAC MIEU TA ANH
Miéu ta Loai So Ham
chiéu do
Lugc do HSV [20] Mau 32 L1
Tu tuong quan mau [21] Mau 64 L2
Cac m6 men mau [22] Mau 6 L2
Miéu ta dong muc Ket cau 4 L2
(GLCM)[27]
Céc phép loc Gabor [23] Keét cau 48 L2
M6 men Wavelet [24] Két cau 40 L2
Mau nhi phan cuc bo (LBP) Hinh 255 L2
[25] dang,
két chu
Dic trung HOG [26] Hinh 3780 L2
dang

viéc khai thac cdc miu va hiéu chinh truy van, thuc
hién trén tap dit liéu trén tap di liéu [1].

Ky thuat dé xuét bdi Zhao va cong su [30] (goi tat Ia
Zhao). Nghién citu nay c6 st dung phan hdi lién quan,
phan 16p SVM st dung ham nhan RBF K(x;,x;) =
exp (—/lnxi —xjH2) va dudc cai dat lai sd dungthu
vién LibSVM !, thuc hién trén tap dit liéu trén tap dit
ligu [1].

Ky thuat dé xuit bsi Tripathi va cong su [31] (goi tat
la Tripathi). K§ thuat nay st dung buéc: Budc 1, két
qua tra cu nhin hiéu tuong tu dua vao dic trung bit
bién Zernike. Budc 2, do do tuong tu cia truy van vdi
tap két qua & Budc 1 sit dung cac dic trung SIFT va
SUREF. Ky thuét nay cling dugc cai dat lai va st dung
tap di liéu [1].

la Zhang) stt dung phuong phap hoc may SVM, chiing 4. Panh gia hiéu nang

toi da cai dat lai k§ thuat nay va so sanh hi€u ning
trén tap dua liéu [1].
« Ky thuat dé xudt bdi Su va cong su [29], (goi tit 1a

Dé théng nhit va cong bang trong danh gia do chinh
xac, ching t6i stt dung do do chinh (precision (Pr)). Gia st

Su) st dung phan hdi vé mic d6 lién quan, dua trén Uhttps://www.csie.ntu.edu.tw/ cjlin/libsvm/
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s6 cic 4nh lién quan véi mot truy van cu thé 1a A, sb cic
4nh khong lién quan cho mdt truy vén cu thé 1a B, tdng sd
cdc anh dudc tra ctiu 12 D va sb cac 4nh lién quan dugc
tra ctitu E. D¢ chinh xdc 1a ti sb gifta sd cdc 4nh lién quan
dudc tra ciiu véi tong sb cdc anh dudc tra ciu: Pr = £

D

5. Cac két qua thwe nghiém va ludn giai

Hé théng tra ctu nhan hiéu dugc ching toi xiy dung
(goi tat 1a RFTrademarkTree) c6 giao dién nhu trong céc
Hinh 4, Hinh 5 va Hinh 6 . PAu tién, hé théng thiét 1ap k
4nh c6 lién quan/tuong tu dudc trd vé dua trén sy tuong tu.
Tur két qua tra vé, ching toi thu kién thidc phin hodi ngudi
ding (phan hoi lién quan). Phan hoi clia ngudi dung dugc
thuc hién dua trén nhan dinh thudc cung 16p véi anh truy
vin (ngudi dung chon +) hoic khic 16p véi nhau va khac
4nh truy vén (chon 2, 3 hoic 4).

Céc anh trong tap dudc phan hoi bdi ngudi dung st dung
lam tip huin luyén, cdc 4nh trong phan con lai trong co
s6 dit liéu dudc sif dung 1am tap kiém tra. Qua trinh dudc
lip di lip lai dén khi cac hinh anh diu ra cudi thda man
ngudi dung nhat. Hinh 8 cho thiy hiéu qua cta phin hoi
lién quan va hiéu chinh trong sb sau méi 1an lip (tif vong
lap thu nhét dén vong lap thd nam) trong 20, 40, 60, 80,
100, 120, 140, 160, 180, 200 anh tuong ty nhit dugc tra
vé trén man hinh két qua.

1 RFTrademarkTree
T T T
—&—Vong 1
—+—Vong 2
09F D 2~ Vong 3|4
A Vong 4
B —b—\Vong 5
08 b
A
o
o]
X o07F :
<=
£
S
° 06 b
[=]
0.5 b
04 b
0.3 1 L ' 1 L ' 1 L '
20 40 60 80 100 120 140 160 180 200
So anh

Hinh 8. Biéu d6 do chinh xac timg vong lip trén sb anh tra vé

D& minh hoa két qua tra cu nhan hiéu, Bang II minh
hoa két qua tra cifu ctia nhan hiéu tuong ung vé6i cdc két
qua tim dugc sau 5 vong lip phan hoi lién quan.

Hé théng dé xuét st dung cic dic trung miéu td mau
sac ([21], [22],[20]), két cAu ([24], [23], [27]) va hinh dang
([26], [25]) cho thdy hiéu qua ctia sy két hgp nay. Hinh 9
so sanh do chinh xic hiéu qua khi két hop dic trung mau
séc, két cu va hinh dang (RFTrademarkTreeColorTexture-
Shape) so cdc két qua néu chi si dung don 1& dic trung

91

Tap 2021, S6 2, Thing 12

mau sic (RFTrademarkTreeColor), két cdu (RFTrademark-
TreeTexture) hodc hinh dang (RFTrademarkTreeShape)

So Sanh Hieu Qua Tra Cuu
T

Do chinh xac

0751 TR §

—&— RFTrademarkTree Color

—+— RFTrademarkTreeTexture

—-A-—RFTrademarkTree Shape

RFTrademarkTree ColorTextureShape
1

065 —L . .
1 5 10 15 20

K anh tuong tu nhat

Hinh 9. Biéu dd so sinh hiéu qua st dung dic trung

Ky thuat dé xuit dugc so sanh d6 chinh xic tuong ting
trén 5, 10, 15 va 20 4nh tuong tu nhét st dung cing mot
truy van dudc tr vé trén giao dién tra cifu cho ca bon thuat
dé xuét bdi Zhang, Su, Zhao va Tripathi. So sanh hiéu qua
ctia ky thuat dé xuat dugc biéu dién bsi Hinh 10.

! So Sanh Hieu Qua Tra Cuu
=T T T T
N
\\\
\ ~o—
095 F \ —— b
1 \
Q
[
X085 4 k
£
£ -4
-5 -
o 08 1 -
[=]
0751 1
—&— RFTrademarkTree
—+—Zhang
07| -2-su
—&—Zhao
Tripathi
065 1 1 1 1

1 5 10 15 20
So anh duoc tra cuu (k)

Hinh 10. Biéu dd so sanh do chinh k§ thuat d& xuit v6i bon k§
thuét

V. KET LUAN VA NGHIEN CUU TUONG LAI

Trong hé thdng tra ctiu nhan hiéu dugc dé xuat, mo hinh
RFTrademarkTree dudc két hop véi viéc hiéu chinh truy
van. Trong lan lip lai dau tién cda phan hoi lién quan,
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EvTE=
EAPRES
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EXPRESS

thong tin phan hdi tif ngudi dung dudc cung cip lam dau
vao cho cdy quyét dinh va dudc huin luyén dua trén céc
dic trung c6 lién quan va khong lién quan. Trong cic lan
lip lai phan hoi lién quan tiép, cac biéu dién dic trung nay
dugc hiéu chinh trong mo6 hinh cdy quyét dinh. Diéu nay
da cai thién hiéu sut tra ctu do hiéu biét thong tin vé nhu
cAu clia ngudi diung nén mang lai 4nh gan véi truy van va
di chuyén ra xa cic 4nh khong lién quan. D€ gidm khong
gian tim kiém, do dé, thsi gian can thiét dé thuc thi nén
can cédc ky thuat tdi vu. Cong viéc nghién ciiu trong tuong
lai huéng dén viéc bd sung thuat todn téi vu d€ giam khong
gian tim kiém dé ting két qua lién quan.

Ky thuat dé xuét bdi Zhang [28] (2001) va Zhao [30]
(2012) chua dat hiéu qua cao do méi chi sit dung SVM dé
phan 16p, trong khi tip huln luyén trong bai toan tra ciu
4nh 12 rat nhd va phu thudc vao lua chon clia ngudi dung
trong két qua tra vé. Ky thuat dé xuét bdi Su [29] (2010)
da st dung hiéu chinh trong s& dé€ phit hgp v6i nhu cau
ngudi dung, tuy nhién nghién ctiu ndy chua c6 két qua tot
do chua gidm tap két qua dé hién danh sdch anh tuong tu
nhét so v6i cac phuong phap c6 st dung bo phan 16p. Ky
thuat d& xuat bdi Tripathi va cong su [31] (2021) khong
chii trong vao viéc tim kiém nhan hiéu tuong ty trong mau
sac, chu trong cao vao tim kiém su tuong t vé& hinh dang
nhan hiéu nén chua dat dudc két qua tot.

Ky thuat d& xuit bdi ching t6i da c6 két qua t6t hon do
két hop dic trung mau sic két cAu, hinh dang. Ngoai ra, k¥
thuat dé xuét st dung hiéu chinh trong s6 d€ phu hop véi
yéu cau ngudi dung va st dung ciy quyét dinh trong phan
loai nhan hiéu. Trong nghién ciu tuong lai, chung t6i sé€
thi nghiém tra cttu nhan hiéu ¢6 st dung dac trung dugc
trich riit trong hoc sau dé cai thién t6t hon két qua tra ciu.

LOI CAM ON

Chiing t6i xin cdm on dé tai ma s6 CS21.13 ctia Vién
CNTT, Vién Han Lam Khoa hoc va Cong nghé Viét Nam
da ho trg nghién ctu nay.
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Tém tat: Trong bai bdo nay, ching t0i du doan qua trinh tién héa cta vi-rit HIV qua 14 dot bién khang thudc trong phéac
dd diéu tri st dung thudc Efavirenz bing md hinh Markov 4n va cdy dot bién di truyén. V6i dit liéu méi gdm 396 bénh
nhén trén cd sd dif liéu khang thudc HIV cia trudng dai hoc Stanford, chiing t6i tién hanh kiém dinh gia thiét va nhan
thiy dif liéu phit hop dé€ dua vio md hinh tinh todn. Phan thuc nghiém cho thiy thuit toin EM dung dé udc luong va tbi
wu tham s khi 4p dung vio mo hinh cé téc d6 hdi tu nhanh. Hon nita, dua vao cic tham sb sau khi téi wu, ching toi
ciing x4c dinh dugc thd ty xuit hién ctia cac dot bién theo thdi gian trong d6 dot bién K103N xuét hién s6m nhit.

Tir khéa: Mé hinh Markov dn, thudt todn EM, cdy dét bién di truyén, thudc Efavirenz.

Title:  Evolution of Drug Resistance of HIV Virus with Mutagenetic Tree according to Markov Model

Abstract:  In this paper, we predict the evolution of 14 mutations associated with the HIV resistance to Efavirenz using mutagenetic
tree hidden Markov model. With new data of 396 patients from the HIV drug resistance database by Stanford University,
we test statistical assumptions and found this data set significant for further modeling. Model results show that applying
EM algorithm to estimate and optimize parameters has fast convergence. Furthermore, based on optimized parameters,

we determine the occurrence order of mutations over time in which the K103N mutation appeared earliest.

Keywords:  Hidden markov model, EM algorithm, mutagenetic tree, efavirenz.

I. MO DAU phién ma ngugc ctua ching. Trong bai bao nay, chiing toi tap

Luan thuyét trung tdm ctia Crick da cho thiy mot so
dd tong hop nén Protein bit dAu bidng qud trinh phién
ma td DNA thanh RNA [1f]. Khong lau sau do, ciac nha
khoa hoc da kham phd ra mot qua trinh ma ban dau tudng
nhu mau thudn véi gido didu cia luan thuyét trung tim d6
12 qua trinh phién ma ngudc (Retrotranscription) [2]. D6i
v6i qua trinh nay, caic RNA thong tin (mRNA) dugc dung
lam khuén d€ tao ra sgi don DNA bd sung (cDNA) gidng
nhu ban khudén da phién ma ra né. Mot sb loai vi-rit c6
kha nang phién ma ngudc (Retroviruses) do sd hitu men
phién ma ngudc (Reverse Transcriptase, viét tat la RT).
Chéang han nhu vi-rit T-lymphotropic giy bénh bach cau
& ngudi (HTLV) [3]], hay vi-rit giy suy gidm mién dich &
ngudi (Human Immunodeficiency Virus, viét tat 1a HIV)
[4]. Huéng tiép can chinh d€ diéu tri bénh giy ra bdi cic
Retroviruses 12 phét trién cdc loai thuéc gy tic ché men
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trung nghién ctiu dbi v6i vi-rit HIV, mot loai vi-rit nguy
hiém pha hiiy t& bao lympho CD4+, lam giam kha ning
mién dich qua trung gian t& bao, ting nguy cd nhiém trung
va ung thu & ngudi mang vi-rit. Hién tai, c6 rat nhiéu loai
thu6c khac nhau dudc st dung két hop trong cic phic do
diéu tri HIV. Trong d6 c6 hai nhém chinh la: (i) nhém
tic ché phién ma ngudc nucleoside (Nucleoside Reverse
Transcriptase Inhibitors, viét tit 1a NRTIs); va (ii) nhém
tic ché phién ma ngugc khong Nucleoside (Non-Nucleoside
Reverse Transcriptase Inhibitors, viét tit Ia NNRTIs Mic
dii d trdi qua nhiéu nim véi vo van nd luc, nhung cho dén
nay loai ngudi vin chua tim ra phuong phap dic tri vi-rut
HIV. Nguyén nhan giy kh6 khian dudc xac dinh la trong
qué trinh diéu tri, vi-rit xuit hién nhiing dot bién theo thoi

Uhttps://www.msdmanuals.com/professional/infectious-diseases/human-
immunodeficiency-virus-hiv/drug-treatment-of-hiv-infection



gian c¢6 kha ning khang lai cac thubc tic ché Protein.

D€ qud trinh diéu tri HIV hiéu qui hon, cdc nha khoa
hoc da tién hanh cdc nghién citu nhim du dodn céac thoi
diém xay ra cac dot bién khang thudc trong cac phac do st
dung thubc khac nhau trén cdc dif liéu thu dudc tir qud trinh
diéu tri. Nghién ciiu ctia Niko Beerenwinkel va cic cong su
vao nim 2007 di chi ra qud trinh tién héa cda vi-rit HIV
qua 7 dot bién khing thubc dién hinh [5]. Phuong phap
chinh dya vao cdy dot bién di truyén va md hinh Markov
4n. Ngoai ra, viéc xdy dung cdy dot bién ciing 1a mot qua
trinh quan trong dé€ xdc dinh qua trinh tién hoéa clia vi-riit.
Dit liéu cho phan tich khi d6 gdbm 163 bénh nhan véi 3350
nhan bén trinh ty (Clones) dugc 14y tir ba nghién ctu vé
liéu phap két hop st dung thubc Efavirenz (DMP 266-003,
-004, -005) [6]. Tiép tuc nhiing két qui nghién ciu cta
Niko Beerenwinkel, v6i muc tiéu thuc nghiém trén cac bd
dit liéu méi 1am co s6 cho phét trién phuong phap, trong
nghién cifu nay, chiing t6i tién hanh du doan qu4 trinh tién
héa ctia vi-rit HIV qua 14 dot bién khang thude véi dit liéu
gdm 396 bénh nhan dugc thu thap trén co s dif liéu khang
thudc HIV ciia trudng Pai hoc Standfor Véi dit liéu tur
nim 2005 dén nay, nhiéu dot bién khang thuéc mdi xuét
hién ciing nhu nhiéu loai thubc méi ra doi. D€ thuc hién
mo hinh, chiing t6i da tién hanh kiém dinh lai ba gia thiét
ctia Niko Beerenwinkel va nhan thdy ching vin ding véi
bd dit liéu 16n hon va méi hon. Mic du, qua trinh tién héa
clia vi-rit HIV vAn dugc phan tich dua trén viéc st dung
thu6c Efavirenz ctia nhém NNRTIs, tuy nhién véi bo dit
liéu méi nay, cdy dot bién dudc xay dung lai v6i cic nhanh
16n hon, sb cic phu thudc gilta cac nit dai dién cho cdc
dot bién ciing nhiéu hon. V6i gia thiét cac dot bién xuit
hién theo thoi gian tuan theo qua trinh Poisson, chung tdi
ciing da dua ra du dodn cdc thoi diém xuit hién cic dot
bién khang thudc trong cic phic dd diéu tri cé st dung
Efavirenz. Trong c4c phan tiép theo ciia bai bdo, ching tbi
sé trinh bay vé& bo dit liéu HIV cho nghién citu trong muc
vé mo hinh Markov trong muc Céc noi dung tinh
toan thuc nghiém dugc trinh bay trong muc cac két qua
dugc ban luan trong muc [V} cudi cing muc [VI|1a két luan.

II. DU LIEU
1. Dit liéu HIV

Dii liéu vé tap hop trinh tu cdc nhan ban ctia HIV theo
thdi gian thu dugc tir 25 nghién ctru 1dm sang véi cac phac
dd diéu tri két hop trong d6 c6 st dung thudc Efavirenz.
Céc nghién ctu nay dugc thuc hién trong thoi gian tit nam
1998 t6i 2018 véi 416 bénh nhan, thong tin clia mdi bénh
nhan gém cdc nhan ban trinh tu Protein (Clones) tai céc
thdi diém khdc nhau, 8 méi Clones di xac dinh vi tri clia

Zhttps://hivdb.stanford.edu/cgi-bin/RTIPairs.cgi
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cdc dot bién. Bo dit liéu nay dudc cong bd trén co s6 dit
liéu vé khang thudc v6i HIV cla dai hoc Stanford. Sau qua
trinh loai bd cic quan sat khong da thong tin, ching toi
gitf lai thong tin cia 396 bénh nhan. Nhitng m6 ta chi tiét
vé mau, khuéch tin RNA, nhan ban hay gidi trinh tu c6 thé
xem tai [7]. Tt ca cac két qua nghién citu dua vao phan
tich du ctia cic bénh nhan dugc diéu tri bang Efavirenz.

Nghién ctu cla Bacheler va cdng su vao nam 2001 da
xéc dinh dugc day bién ddi clia cac axit amin trong qua trinh
phién ma ngudc ctia HIV ¢6 4nh hudng tdi viéc khang thudc
Efavirenz. Ho da chi ra dugc 2 dudng chuyén héa thay thé
d€ khang lai Efavirenz, mot 1a chuyén héa bit dau tir dot
bién K103N (dudng 103) va con lai 1a dudng chuyén héa
tlr dot bién Y188L (dudng 188). Chiing toi thuc hién danh
gid ci 2 dudng nay va st dung dé€ xdy dung ciy dot bién.
Trong s6 cac dot bién khang thudc Efavirenz, dé dam bao
thoi gian thyc hién tinh todn, truéc mat ching toi gi6i han
chi 14y cac dot bién c6 tan suit xuét hién 16n hon 2%.

Sau qua trinh tién xd 1i dii liéu, két qua thu dugc la
ddy 14 dot bién v6i tan suit xuit hién nhu sau: K103N
(52,4%), L1001 (9,1%), N348I (8,4%), Y181C (7.8%),
G190A (7,7%), H221Y (6,0%), G190S (5,5%), P225H
(4,6%), Y188L (4,6%), V108l (4,3%), A98G (3.8%),
K101E (3,6%), V179D (3,1%), V106l (2,4%).

O day chiing t6i giai thich thém vé& mau dot bién c6 trong
bd dit liéu HIV. LAy vi du dif liéu ctia bénh nhan ma LB4-
P142, tai thoi diém trude khi diéu tri (thdi diém 1996-12),
c6 ba Clone mang dot bién K103N. Pén méc thdi diém
tiép theo (1997-01), dot bién V1061 dudc phat hién thém
trong quan thé vi-rit cia bénh nhan. Nhiing di liéu nay 1a
cin ct cho viéc kiém chiing cic gia thiét theo dé xuit cla
Niko Beerenwinke, va sé& trinh bay & nhiing phan tiép theo
cta bai bdo.

2. Kiém dinh thong ké

PE mo hinh héa qua trinh tién hoéa tich liy, Niko
Beerenwinke da dua ra 3 gia thiét [5]:

(A1) Nhiing dot bién thay thé khong xay ra doc lap. Con
dudng tién héa cia vi-rit khang thube dudc xem xét véi
cdc dot bién c6 tinh duy tri.

(A2) Su ton tai clia cic dot bién trong quan thé 1a vinh
vién, tiic 12 nhitng bién di da dién ra sé& ludn dudc duy tri,
khong thé dao ngudc hoic mit di.

(A3) Tai mbi thdi diém, quan thé vi-rit bi chi phdi béi
mot chiing duy nhit va cic Clones 1a doc 1ap v6i nhau.

Trong 3 gia thiét trén, c6 thé kiém ching bang thong ké
dbi voi gia thiét (A2) va (A3). Chiing toi da thyc hién kiém
chiing hai gia thiét nay véi bd di liéu di dugc tién xi 1i
bing phuong phap kiém tra ngau nhién héa (Randomization
Test) [§]. Cu thé nhu sau:
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a) Gia thiét (A2) néu lén tinh chit khong thé d4o ngudc
clia céc thay thé, tic khi dot bién da xuét hién trong Clone
k clia bénh nhan 7 tai 1 thdi diém thi dot bién d6 van xuét
hién tai tit ca cac Clones sau d6, chi khong mét di. Gia
thiét dugc kiém tra bang cich theo dodi sy thay ddi tan suét
alen dot bién cho mdi bénh nhan theo thdi gian.

Kihiéu [N] = {1,2,...,N} latdp cac bénh nhan, [M] =
{1,2,..., M} 1a tap cdc dot bién dugc xem xét, [K;;] 1a tap
K;; Clones quan sat dugc cia bénh nhdn i (i = 1,...,N)
tai thoi di€ém j (j =1,...,J;). Ham chi y;jxm € {0, 1} thé
hién sy hién dién hay khong ctia dot bién m € M trong
Clone k € [K;;] cda bénh nhan i tai thdi diém j. Khi
d6, tin suit alen dot bién m € [M] cho mdi bénh nhan
i=1,...,N theo thdi gian j = 1,...,J; xac dinh bdi cong
thic
(1

Véi mbi dot bién m, gid tri kiém dinh thong ké A,, xic
dinh miic do tan suit alen clia né giam tif mot thdi diém
ndy cho t6i thoi diém khdc. V6i I 1a ham chi, thi

1Y
Ap=— ) ——
" N;Ji—l

St dung phuong phéap kiém dinh ngiu nhién (Random-
ization Test) vi gia thuyét khong (Null Hypothesis) 1a xac
suét clia viéc ting va giam tan s6 alen 1a biang nhau. Phuong
phéap kiém dinh ngiu nhién thuc hién bang cich xdo tron
trinh tu (Resampling) trong quan thé Clones. Tai mdi lan
Resampling dif liéu, ta tinh dugc mot gid tri kiém dinh
théng ké. V6i gia thiét su thay thé khong thé dao ngudc
(A2), ti 1&¢ % cia viéc gidm tan sudt dot bién chiém sb
lugng rat nho trong quan thé. PE gia thiét nay ding, gid tri
ki€ém dinh théng ké ctia dif liéu ban diu can phai nhd hon
céc gia tri kiém dinh thong ké sau khi Resampling dif liéu.

Ji—1

Z {fi,jm > fij+1.m} )
=

Trong tinh toan cda ching toi, st dung Randomization
Test véi 1000 1an. Gid tri pyae dudc tinh 1a i 1& trén
1000 1an cha sb 1an gia tri kiém dinh thong k& véi dit lidu
ngiu nhién ma nhé hon gid tri kiém dinh thong ké véi
dit liéu ban ddu (Hinh [I). V6i hiu hét cic dot bién, gid
tri nély nhd da’mg ké (PKIOIE < 0,001, prisic < 0,001,
pkiosn < 0,001, pgigos < 0,001, pyissr. < 0,001,
passc = 0,001, pyioer = 0,004, pyizop = 0,017,
pviosr = 0,073, pgiooa = 0,078, paosy = 0,084), bén
canh mét so ngoai 1€ (prioor = 0,191, ppaiy = 0,216,
pn3agr = 0,841). Ching t6i danh gid rﬁng gia thiét (A2)
vé su thay thé khong thé dao ngudc 1a hop 1y dbi v6i phan
16n dit liéu dugc st dung trong nghién ciu nay.

b) Gia thiét (A3) sé dudc kiém dinh bang cich xét su
da dang di truyén hoc ctia cac Clones tai mdi thdi diém
j € [T;] ctia bénh nhan i, da dang cang nho sé cang khang
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Hinh 1. Sy dot bién da xuét hién dugc duy tri theo thoi gian. Véi
mbi dot bién, chim tron biéu thi s6 1dn gidm tin suit trong quin
thé theo thdi gian. Biu d6 hop bi€u dién phan phdi clia gid tri
théng ké tao béi kiém dinh ngau nhién 1000 14n.

dinh dugc cac Clones khong sinh ra ching loai méi ma bao
ton gene tif mot chiing chinh.

DE do su da dang di truyén hoc giita hai Clone ¢ va ¢’
c6 hay khong dot bién m ki hiéu tuong dng 1a c,, va c/,,
khoang cach Hamming dugc st dung theo codng thic

Dule,cy= Y Hem# )

me[M]

3

Do da dang ctia bo miu gdm cy, ..., cx gdm K Clones la
gia tri ky vong cla khoang cach Hamming gita 2 Clones
bt ky trong miu do,

DH(Cl, ...,CK)

—5 >
== Dy(ck,cp) (4
K(K-1) =
Dai lugng thong ké d€ dua vao kiém dinh 14 ky vong do
da dang cua toan bd mAu, tinh theo

1 N 1 Ji
B=— — D Pilsoees ViiK::
N;JIJZ_; H(y]l y]KU)

Dit gia thuyét bac bo 1a tai ting thdi diém, déu c6 thé
quan sat dugc da dang di truyén hoc ddy dii tinh trén tat
ca Clones cua bénh nhan. Gia tri cia né dugc udc lugng
bing cach tinh ky vong da dang di truyén hoc sau 1000
lan hodn ddi ngiu nhién cic Clones vao thdi diém khac
nhau. Mot quan sat véi B nho hon gia tri ky vong nay sé€
c6 mic da dang nho hon hon da dang di truyén hoc day di
va bac bd dugc gia thuyét trén néu ti 1¢ nhé hon 1a dang
ké (Pvatue < 5%).

Két qua tinh todn cho thiy trén bd dif liéu hién tai, da
dang di truyén hoc tinh theo ting thdi diém nhd hon rat

&)
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-3.70 -3.65 -3.60 -3.55 -3.50 -3.45
log(Ky vong da dang dot bién)

Hinh 2. Két qua gi4 tri logarit da dang dot bién ctia dit liéu mau
(hinh tron) va phan phdi tan suét sau khi thuc hién hoan d6i 1000
lan cic Clones ctia mot bénh nhan vio thai diém ngiu nhién (biéu
dd tan suit).

nhidu so véi da dang cda toan bd miu. Ching toi ciing
quan sat dudc tif tinh todn, cic Clones tai mdi thdi di€ém
chi khac biét bdi 1 trén 4900 dot bién dudc xét. Trong khi
d6, két qua trung binh sau khi ngiu nhién héa 1a 1 trén
3300 dot bién véi két qua kiém dinh p,qj.e 1At nhd. Nhu
vay, c6 thé két luan ring viéc phat sinh chiing méi trong
cic Clones rit nhd va xdy ra gitta cic thoi di€ém chit khong
phai tai mdi thoi diém. Tt d6 khang dinh dudc ring gia
thiét (A3) 1a c¢6 ¥ nghia trén tap cic nhan ban HIV dugc
stt dung trong nghién ciu nay.

11I. MO HINH MARKOV
1. Cay dét bién

Véi tap dot bién dudc xem xét [M] = {1,2,..., M}, xét
mdt cdy c6 hudng T trén tdp hgp dinh V = {0} U [M] vé6i
gbc tai 0. Ung v6i mbi dinh m € V ciia T, xét mot bién
nhi phin ngiu nhién X,, trong d6 mdi tuong quan ctia cic
bién ngiu nhién nay phu thudc vao hinh dang ctia ciy T
va Pr(Xp = 1) = 1. Theo cach dinh nghia nay, cdy T cam
sinh mot md hinh d6 thi c6 huéng cho phan bd dong thoi
clia véc-to ngau nhién X = (Xy, ..., Xp). Cu thé, phan bd
ciia X cam sinh tit m6 hinh nay xac dinh bdi

Pr(X=x)= [ Pr(Xm=xmlXpatm) = Xpaim) (6)

me[M]

trong d6 x = (x1,...,xp) € T v6i T = {0,1}™ 1a khong
gian trang thdi clia véc-to ngiu nhién X, xo = 1 va pa(m)
l1a dinh cha cta m trong cay T. Vi du
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- Néu T 1a do thi dudng ti 0 —» 1 — 2 — --- — M, thi

M
Pr(X =x) = [ | Pr(Xm = xin [ Xiuo1 = xn-).

m=1

- Néu T 1a mdt do thi sao vé6i gbe tai O thi

1—[ Pr(X, = xm | Xo = 1).
me[M]

Pr(X=x) =

Tu cong thic (6), phan phdi cia X duge xdc dinh bdi cic
ma trin chuyén trang thai c6 dang

0 1

of 1 0
"= o
1-om  gm

trong d6 97, = Pr(X,, = b|Xpa(m) = a) € [0, 1].

Phin con lai ctia muc nay mo ta viéc 4p dung md hinh
trén cho cdc su kién dot bién, goi tit 1a dot bién. Cu thé, xét
tap M dot bién {1,2,..., M}, v6i mbi dot bién m € [M],
bién nhi phan ngiu nhién X, v6i hai gia tri 1 va 0 1an lugt
bi€u thi su xuat hién va khong xuét hién ctia dot bién m.
Mot diy dot bién x € T dudc goi 1a tuwong thich v6i ciy
T néu trang thai x c6 thé xuit hién véi xdc suit khac 0
trong mo hinh phan b6 dong thdi cidm sinh bdi 7. Do d6, x
tuong thich v6i T néu ton tai tham s6 9 = (19”, e, ﬂf‘f) €
[0,1]™ sao cho

Pr(X=x)= [] 920 >0
me[M]

Ki hiéu C(T) la tap hdp céc trang thai tuong thich véi cay
T, tap hop nay tao nén mdt mang tinh thé (C(T),V, A)
trong d6 V va A lan lugt 1a cdc todn td max va min theo
thanh phan (xem [9, Lemma 14.3]). Biéu do Hasse trong
hinh vé du6i diy mo ta cic con dudng (diy dot bién) dudc
nhic t6i & trén bang viéc tudng ting mdi con dudng tién héa
v6i mot duong di tu trang thai ty nhién (0,...,0) € C(T)
dén trang thai (1,...,1) € C(T) khi tit ca cac dot bién
déu da xuét hién.

(a) @ (b) 111

@ 1011/ \1110
e @ \1010/ \1100
e
G 4

0000

Hinh 3. (a) Cay dot bién va (b) mang tinh thé cam sinh clia cic
trang thdi tuong thich.

Trong mo hinh ciy dot bién theo thai gian, cac dot bién
xuét hién theo qué trinh Poisson ddc 1ap. Néu A,, 1a ty 1&



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

clia qué trinh ndy trén canh pa(m) — m, xdc suit dé dot
bién m xuit hién trong khoang thdi gian Af 1a

19’1“1 = PI‘(Xm =1 |Xpa(m) = 1) =1- e—/lmAt.

Cay dot bién c6 thé dudgc tai thiét 1ap tir dit liéu bing viéc
giai bai toan nhanh cuc dai trong do thi day du trén tip dinh
V biang mot td hop thuat todn hiéu qua, xem thém [9] [10]
d€ biét chi tiét vé thuit todn. Trong bai bao niy, chiing toi
st dung thuit todn néu trén dé thiét 1ap hinh dang ctia T.

2. M6 hinh Markov an

Gia st ta c6 thé quan sat dude chudi dot bién vi-rit ctia
mot bénh nhén nhiéu hon mot thoi diém. Goi X im 1a bién
ngau nhién chi sy xuit hién ctia dot bién m tai thoi diém
tj v6i j = 1,...,J trong quan thé vi-rit cta bénh nhan.
Ta gia thiét ring qué trinh tién héa bat dau tai thoi diém
0 & trang thdi tu nhién - khong c6 dot bién nao. Do do,
Xim =0 v6i moi m € [M] vé6i t; = 0.

Su phat trién ctia dot bién m tai thoi diém #; véi j > 2,
ma héa bdi bién ngiu nhién X, lic nay phu thudc vao
trang théi thoi di€m truéc d6 X;_; . cling nhu trang théi
hién tai cta dot bién cha X j.pa(m)- Su phu thudc nay nay
sinh ti tinh chit: su hién dién ctia dot bién m tai thoi diém
tj 1a két qua clia qua trinh phat trién qua canh pa(m) — m
tai thoi di€m ¢; hodc ti tinh khong thé déo ngugc cla né
trong quan thé vi-rit va do d6 phu thudc vao su hién dién
cta né tai thdi diém ¢ J-1- Céu tric phu thudc gitta cac dot
bién (Xjm|j =1,...,J,m € [M]) c¢6 th€ dugc biéu thi
du6i mot do thi c6 huéng khong ¢ chu trinh (Xem Hinh
4).

Ma tran chuyén ctia md hinh xich Markov nay c6 dang

0 1
00 1 0
01l e AmGi=ti-1) 1 — e~ Am(tj=tj-1)
0 (Am) = | \ . )
11 0

trong d6 cic hang dugc danh chi s béi cip (m,pa(m)) €
{0, 1}%. Vi tri danh d4u * chi cdc vi tri khong cin phai xem
xét vi khong c6 dot bién m nao xuit hién trudc dot bién
me pa(m) cua nd. V6i ma tran nay, ta dinh nghia mo hinh
cdy Markov ddt bién nhu 12 ho cic phan b6 dong thdi c6
dang

Pr(Xjm=xjm,j=1,...,J,m € [M])
J
= H 1_[ gj(/lm)(xj—l,m,xjpa(m)),ij’
Jj=1 me[M]
trong d6 x;o =1 va to = 0. Diéu nay dan téi
Pr(ij =Xjm | Xj—l,m =Xj-1,m> ija(m) = xjpa(m))

=0, (/lm)(xj—l,m,xjpa(m)),xjm .

3. M6 hinh Markov 4n cho cy dot bién

Chuyén qua trudng hop ciac mau Clones quan sat dugc
tai cac thoi di€ém khac nhau, mo hinh héa dit liéu nay bang
viéc gia st cac Clones 1a cic sao chép 16i ciia mot chudi
dot bién 4n ma chudi dot bién nay tién héa dua theo mot
cay dot bién. Nhu vy, X, lic ndy 12 mot bién nhi phan
dn. Dit liéu quan sat dudc 12 vi du ctia cdc bién nhi phan
ngu nhién Yjxm, k € [K;] chi dot bién m c6 hién dién
trong dot Clone thi & ldy mau tif quin thé vi-rit tai thoi
di€m 7; hay khong. Cac Clones la doc lap c6 diéu kién véi
diéu kién (X;),j =1,...,J cho truSc. Mo hinh dd thi thu
dugc xem nhu 12 mot mo hinh Markov 4n cho cy dot bién
(Mtree-HMM), mot vi du xem & Hinh []

St dung cdc ki higu e* = (e],...,&},) € [0, 11 va
e = (g,...,&y) € [0, 11 1a cac véc-td tham sd chia
x4c suét quan sit phai duong tinh gid vi Am tinh gi4 cla
tiing dot bién. Ty 1& duong tinh gi va am tinh gia cho biét
su khdc biét so véi trang thai quan thé c6 thé phat sinh tir
céc dot bién trong phan ting PCR. Do d6, cic tham sb nay
dinh luong ky vong da dang di truyén ctia mot quan thé
vi-riit. V6i diéu kién trang thai X/, xdc sudt quan sat dugc
dot bién m trong Clone k tai thdi diém ¢ i la

0 1
e +
0 (g5, €m) = 0(1 Em - Em )

Em 1-¢,
Cic yéu tb clia ma trin nay 13 xdc suit c6 diéu kién
6,(8:;;’ gr_yl) = Pr(ijm = Yjkm | ij = xjm)-
Do d6, cac Clones khac nhau Yjx = (Yjk1,...,Yjkm), VOi
k € [K;] dugc m6 hinh thanh cdc bién ngdu nhién doc 1ap
cung phan bd. bit
Y=Ujmlj=1,...,J,k € [K;],m € [M])
la vec to biéu thi tit cd ddy quan sit Clones. Mo hinh
Markov 4n cho ciy dot bién 1a ho cic phan bd dong thoi
cua Y dugc cho bdi

Pr(Y=y)= )

x1€C(T)

11

xy7€C(T) me[M] j=1
ej(/lm)(Xj,l,m,ija(m)),ij H 9,(821’ﬁ;1)x‘fmsyjkm 4
kG[Kj]

trong d6 phép lay tong dudc thuc hién véi tit ci cac trang
thai 4n ctia md hinh. CAu tric do thi ctia md hinh Markov
n cho cay dot bién dugc biéu dién & Hinh

4. Tinh toian tham sb

V6i mdi bénh nhani € [N] =1,2,...,N, ta c6 cic quan
sat tai cdc thdi diém #;1, 42, ..., t;s,. Goi X;jm 12 bién nglu
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Hinh 4. Db thi khdng c6 chu trinh mo td mo hinh Markov 4n cho céy dot bién theo thdi gian vi 3 thdi diém. Céc dinh tring tng véi
bién ngiu nhién 4n va cdc dinh x4m 1a cic bién quan sit dugc [3].

nhién chi sy xuét hién ctia dot bién m trong quan thé vi-rit
clia bénh nhan i tai thdi diém 7;;. Bién ngdu nhién Y;jim
chi sy xuét hién ctia dot bién m trong Clone k € [K; ;] cia
bénh nhan i tai thoi diém #;;. Ki hiéu ma trn chuyén (7)
tuong ung vdi bénh nhan i bdi 6;;(4,,), ching han

0: (Aot o = e mtii~tij=1),
Gia st cac bénh nhan doc 1ap vdi nhau va di liéu cia mbi
bénh nhan dua theo mot md hinh cdy Markov 4n trén mot

ciy T cb dinh. Khi d6, két qua ctia md hinh cho quan sat

Y= (Yijkmli€ [N, j=1,...,Ji,k € [Kij],m € [M])

thyc hién tai cc thoi di€ém {r7;;|i € [N],j = 1,...,J;}
1a cic tham sb A = (A1,...,4,), " = (&f,...,€},), va

€;,) 1am cyc dai ham Likelihood

2 l_[l_[l_[

xN_]NEC(T)ZE mG[M]]

e =(e,...,

Lobs(/l’ 8+, 8_) = Z

x11€C(T)

Vot
gij(/lm)xi,jfl,m’xijpa(m))’xijm l_[ 0 (e, e )Xijm,yijkm
ke[K;j]

trong d6 x;0, = 1 va t;0 =0 v6i moi i € [N],m € [M]. Vi
viéc tinh toan trén ham Likelihood khé khan hon, nén ham
Log-Likelihood sé dudc st dung thay thé.

99

Goi {x;jm} la gid tri cta cdc bién &n {X;;,,} tuong thich
v6i mo hinh ciy dot bién 4n. Tinh chit sau dudc suy ra
truc tiép ti mo hinh ciy Markov an.

1
Xijm = 0

Goi I la ham dac trung (ham chi) nhan gia tri 0 va 1, dat

neu Xij-1,m = 1,
néu Xijpa(m) = 0.

Xijm(@) = H{x; j_1,m = 0, Xijpagm) = 1, Xijm = a},

Xijkm (@, b) = K{Xijm = a, yijem = b},

v6i a, b =0, 1. Khi d6, ham Log-Likelihood £iq(4, e*,&7)
clia md hinh 4n x4c dinh béi

thia(2, €™, )= Z Z Z{ thm(o)/l tlj 1 j- 1)

ie[N]me[
xim(1 g (1 - et

£y [X;jkm(o,onog(l—s;)+X;jkm(0,1)1ogg;
ke[Kij]

+ X/ jkm (1, 0) log &5, + x4, (1, 1) log (1 — 8;1)” :

Dé giai bai todn t6i wu niy va tim dugc uéc luong hop ly
cuc dai, ching tdi st dung thudt toan EM hay Forward-
Backward ctia mé hinh Markov 4n. Chi tiét ctia thuit todn
nay c6 thé tham khio & nhiéu tai liéu, chang han xem [[11]).
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IV. TINH TOAN THUC NGHIEM

Nhéc lai, chiing tdi thyc hién tinh toan thuc nghiém trén
bo dif liéu da 1am sach va kiém tra cic gia thiét bao gdom
14 dot bién dbi vé6i vi-rit HIV. Theo cich dung cay dot
bién da trinh bay trong muc IILA véi, nit gbc 1a K103N
va Y188C dugc gia thiét 1a xuét hién ngay tir dau (chi c6
trang thdi 1) trong cac tp dot bién c6 thé c6 (compatible
set). Mat khac, cac nit nay khong cé niit cha me, do dé
viéc tinh todn tham sd A,,, duong tinh gia (¢},), va am tinh
gia (&;,) dugc thyc hién dya trén thong ké ti bo di liéu ban
dau. Tham sb ctia cac nit con lai dugc t6i vu nhd qua trinh
hoc ctia thuét toan EM gdm hai budc Expectation (E-step)
va Maximization (M-step) [12]]. Trong budc E-step ta can
tinh dugc xdc suit chuyén trang thai u; jm,a thong qua ham
GST, xdc sut xuét hién quan sit u,, ,p» thong qua ham
GSE, trong d6 a, b nhan céc gia tri 0, 1

GST : uijm,a = Pr(x;, ;'—1 m =0, Xijpa(m) = 1, Xijm = al¥)

GSE : Um,ab = Z Z Z Pr(xzjm—a YI]km_bly)

] j=1 ke[K;;]

Budc M-step dudc thuc hién nho vong ldp dé khép sai s6
cdc tham s6 A, &5, €, thuat toan ding lai khi sai sd gitta
hai budc ciia A, nhd hon 5.107* (Xem Thudt todn 1).

D& danh gid hiéu qua cia mo hinh, ching ti dva trén
mot s tiéu chi gdm do chinh xdc, do hoi tu, va thoi gian
tinh toan. P chinh xdc ctia md hinh dugc danh gid bing
xdc suat duong tinh gia, xac sut am tinh gia giita cac dot
bién du dodn va cic dot bién quan sit trong dit lidu. Do
hdi tu ctia mo6 hinh dudc xem xét thong qua sd vong lip
ctia thudt todn tuong tng v6i moi dot bién. Cudi cung, thoi
gian tinh toan dudc do cho mdi dot bién khi thuc nghiém
trén hé théng v6i cAu hinh mdy tinh core i7, 4 CPUs, 8GB
RAM, ngo6n ngit Python.

V. KET QUA
1. Cay dot bién

St dung thuit todn tdi xay dung cdy dot bién tir dit lidu
cit ngang ching toi thu dugc cdy dot bién véi 15 dinh
(Xem Hinh [5). Nhanh mot gdbm 3 dot bién 1a K103N,
L1001, P225H; nhanh hai gom 11 do6t bién 1a Y188C,
G190S, G190A, V1081, H221Y, A98G, KIOIE, N348I,
V1061, Y188L, va V179D.

2. Qua4 trinh tién héa cta vi-rat HIV

Sau khi t6i wu tham sb v6i hai ciy c6 cc nit gbc la
K103N va Y188C ta thu dugc cac gia tri 4,, tudng uing
v6i tiing dot bién. Vi gid tri A,, mang y nghia 1a s6 lan
xuét hién dot bién trong khoing thdi gian mot tudn nén
gia tri ndy cang 16n thi dot bién xuét hién cang sém. Két

100

Thuat toan 1:
Hidden Markov Model Maximization

HMMM(cSet, mSet, rTree)
1 Du liéu vao:
2 cSet: Compatible Set,
3 mSet: Mutation Set,
4 rTree: Reconstruction Tree.
s Du liéu ra:
6 pr: Parameters.
7 Khéi tao:
8 Am = [0.1] * |mSet|
9 &t, =0.01 //Duong tinh gid
10 &, =0.01/Am tinh gid
11 Chuén bi trude:
GEP: Function to Get Emission Probability
GST: Function to Get Sum of Transition Probability

14 begin
15 for m = mSet[1] to mSet[—1] do
16 pr = empty;
17 while errorof A,, > 5¢ — 04 do
18 Um.00 = GEP(cSet, rTree, ,,,0,0, €}, e);
19 um.01 = GEP(cSet, rTree, 4,;,,0, 1, &5, 6,);
20 Um.11 = GEP(cSet, rTree, A, 1,1, €}, 6);
21 um.10 = GEP(cSet, rTree, A, 1,1, &}, 6);
2 &g = —Mm oL

" 00 + Um,01

+ Um,10
23 g =—

Um, 10 + Um, 11

24 Uijm,o = GST(cSet,rTree, A, 0,5, €;,,)
25 uijm,1 = GST(cSet,rTree, Am, 1, & Em) s
2 A=, 2] Uijm,1

" ieIN] &= 1Alj(“tjm0+uljm1)
27 end
28 append (A, £, &5,) to pr
29 end
30 return pr
31 end

qua cho thiy dot bién K103N xuét hién sém nhit & tuan
Al osny = 157, tiép theo 1a cdc dot bién Y181C, L100I,
G190A, P225H, H221Y, V1081, A98G, N348I, Y188L,

V179D, G190S, K101E, V106l (Xem Hinh [6).

3. Hiéu qua cua md hinh

Duong tinh gia (&,) xuat hién khi mot dot bién duge dy
doan 1a ton tai trong trong quan thé virus, nhung thuc té lai
khong tim thiy & nhitng nhan ban trinh tu Protein (Clones).
Ngudc lai, am tinh gia (g;,,) xuét hién khi mot dot bién dugc
du dodn 12 khong ton tai trong quan thé nhung lai tim thiy
trong céc Clones quan sit. Theo két qua tdi xdy dung cay
dot bién (xem phan ta thu dugc hai niit gbc 1a K103N
va Y188C cua hai nhanh. V6i hai dot bién déng vai tro
hai niit gbc ndy, cic tham s6 dugc tinh dua trén thong ké
dit liéu ban dau nén duong tinh gid khd cao, x4p xi 0,5.
Trong céc nghién ciu tiép theo, chiing tdi ¢ thé cai thién
két qua nay bang cach st dung phuong phap mit cat ngang
dé u6c luong cic tham sd khdi tao cho hai nit gbc. Cac



Hinh 5. M6 hinh cdy dot bién clia su xudt hién khang thudc
Efavirenz trong HIV. Céc dinh dudc dit tén theo cdc thay thé axit
amin.

wu

-leglo(lambda)
-

-]

2 YU 5 9« T > » 5 2 0 v w 3
88 28 8 R g3 33 28 8 §
el
g & 3 g g5 <2 g g g >
Céac bt Bién

Hinh 6. Qua trinh tién héa cta vi-rit HIV qua 14 dot bién khang
thudc. Truc hoanh biéu dién tén ciia cac dot bién. Truc tung biéu
dién —1log;o(4). Chi sb trén tryc tung cang 16n thi dot bién xult
hién cang muon trong qua trinh diéu tri.

dot bién con lai cta hai nhanh tir L100T dén V1061 c6 xdc
sut duong tinh gia kha nhd (tu 0,5% t6i 10,4%) so véi
xdc sudt am tinh gid (tir 10,2% dén 45,3%) (Xem Hinh [7).
Duong tinh gid nhé chiing to gia thiét A2 vé su khong thé
d4o ngugc clia dot bién c6 do chinh xéc cao.

Trong bai bdo nay, phuong phap udc lugng va tbi uu
tham s6 EM vao m6 hinh Markov 4n ctia cAy dot bién gene
cho tc d6 hdi tu kha cao. Ngoai hai miit gbc 13 K103N va
Y 188C dugc tinh todn khong dua vao vong lap thi cac tham
6 A, cia cac dot bién con lai hoi tu chi tir 3 dén 4 budc
véi ngudng sai s6 12 5.107* (Xem Hinh . V6i hai cédy con
dugc tao ra tir viéc xdy dung lai cay dot bién, nhanh mot
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Hinh 7. Ty 1€ duong tinh gid va am tinh gia cta dy doan tng véi
céc dot bién. Hai dot bién déng vai trdo gbc & hai nhanh ctia cay
dot bién 12 K103N va Y181C c6 ty 1¢ duong tinh gia 16n nhit,
xap xi 0.5. Ngudgc lai, cac dot bién khac déu cé ty 1é duong tinh
gia rit nhé so véi ty 1é am tinh gia.

gdm 3 nit véi thai gian tinh todn chi tit 1,15 dén 2,89 gidy
v6i tling dot bién, nhanh hai gdbm 11 nit c6 thdi gian tinh
toan tir 168,1 dén 551,82 gidy cho mdi dot bién (xem bang
D).

-1.0 +— K103N
-+- Y181C
-1.5 —+— G190S
2.0 V1081
Y188L
= -2.5 K101E
2 V106l
£ -3.0 -+- A98G
= -+- V179D
2-35 —— G190A
—+— H221Y
—4.0 —e— N348I

—
_as L1001
-+- P225H

-5.0
1 2 3 4
56 Buoc

Hinh 8. Do hdi tu cta thuét todn khi thuc hién vong 1ap cho cac
dot bién khic nhau v6i ngudng sai s6 giita hai buéc nhé hon
5.107%. Truc hoanh biéu dién sb budc lip, truc tung biéu dién
logo(error).

VI. KET LUAN

Véi mo hinh Markov 4n va cdy dot bién di truyén ap
dung cho dit liéu khang thuéc HIV dugc cip nhat méi
nhit, ching t6i da tim dugc qud trinh tién héa cta vi-riit
HIV qua 14 dot bién khing thudc Efavirenz. Thoi diém
xuét hién dot bién dugc du doan thong qua tham sb cla
qua trinh poisson. Két qua cho thiy dot bién K103N xuét
hién sém nhit va V106l xuét hién mudn nhit. Mic du vay,
do su két hop cta thubc ngay cang phiic tap, nhiéu thudc
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Bang I
THOI GIAN TINH TOAN CHO MOI POT BIEN VOI SO VONG
LAP VA SAI SO TUONG UNG. NHANH 1 CHI GOM BA
POT BIEN K103N, L1001, VA P225H NEN THOI GIAN
TINH TOAN NHANH HON CAC POT BIEN CUA NHANH 2.

Dot bién ‘ a ‘ $6 budéc ‘ Sai sb ‘ Thoi gian (s) ‘
K103N 0,0063689 2 0 2,891
Y181C 0,0013390 2 0 168,1
L1001 0,0001269 4 0,00043 1,167
G190A 0,0000788 4 0,00035 551,783
P225H 0,0000654 4 0,00038 1,151
H221Y 0,0000610 4 0,00032 551,818
V108I 0,0000364 3 0,00022 360,737
A98G 0,0000091 4 0,00011 550,339
N348I 0,0000084 4 0,0002 528,277
Y188L 0,0000080 3 0,00019 363,145
V179D 0,0000018 4 0,00005 463,144
G190S 0,0000016 3 0,00001 278,808
K101E 0,0000007 3 0,00009 330,593
V1061 0,0000004 3 0,00009 358,929

dudc st dung truée khi st dung Efavirenz trong cac phac
dd diéu tri nén thoi diém xuit hién cla cdc dot bién dugc
du doan 13 kha mudn. D& két qua dat do chinh x4c cao hon
chiing t6i can tiép tuc tinh sach dif liéu lam cho dit liéu
pht hgp nhit v6i md hinh tinh toan.

Thdi gian tinh todn van ddm bao khong qud 16n véi cay
dot bién di truyén dugc xay dung lai gdm nhiéu nit va
s6 luong 4anh hudng gifta cdc nit ting 1én dang ké. Tuy
nhién, cic tham s6 dudc tinh todn véi cac nit géc K103N
va Y181C dua trén thong ké dit liéu 1a ly do din dén céc
dot bién nay hau nhu chua tham gia vao qua trinh tdi uu
tham sd. Do d6, chiing can dudc tinh todn ki ludng hon
dua trén viéc xdy dung lai cdy dot bién di truyén.

Qua trinh wéc lugng va t6i uu tham s6 nho thut toan
EM td ra kha hiéu qua v46i md hinh va di liéu trong bai
bdo. Cu thé, véi sai khic cic gid tri tham sb giifa hai vong
lap lién tiép 1a 5.10~%, thuat toan hoi tu chi tif 3 dén 4 budc
v6i mdi dot bién. Dong thdi, xdc suit duong tinh gia cla
cdc dot bién trong qud trinh tién héa ciing kha thip, diéu
ndy c6 y nghia 16n trong 1am sang khi ta khong can lua
chon thubc thay thé cho cdc dot bién gia trong qua trinh
diéu tri.

Cho ring cdc nghién ciiu lién quan t6i qua trinh tién héa
cua cac ching vi-rit, ddc biét véi cac vi-rit chita men phién
mi ngudc 1a rit ¢6 y nghia vi su cip thiét trong diéu tri mot
khi vi riit tin cong té bao co thé ngudi. Do d6, chiing toi
sé tiép tuc phat trién nghién cu nay v6i nhitng bo di liéu
md&i hon, 16n hon. Bén canh muc tiéu hoan thién md hinh
cdy dot bién, nghién ctiu su tién héa cda vi-rit 12 viéc ap
dung phuong phép véi cic loai vi-riit méi, bién d6i nhanh.
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LOI CAM ON

Nghién ctiu dugc hoan thanh bdi nhém nghién ciu gom
cac hoc vién va giang vién chuong trinh dao tao Thac si
Khoa hoc Dt liéu ciia Khoa Toan-Co-Tin hoc, Trudng Dai
hoc Khoa hoc Tu nhién, Pai hoc Qudc gia Ha Noi véi hai
tac gia chinh 1a Nguyén Vin Thé va Ta Vin Nhan. Nghién
ctu dudc hd tr¢ béi VinlF trong khudn khd chuong trinh
hop tac dao tao thac si Khoa hoc du li€u véi khoa Todn-
Co-Tin hoc, truong Pai hoc Khoa hoc Tu nhién, Pai hoc
qubc gia Ha Noi. Nguyén Vin Thé dudc tai trg bsi Tap
doan Vingroup — Cong ty CP va hd trg bdi chuong trinh
hoc béng dao tao thac si, tién si trong nudc cliia Quy Dai
mdi sang tao Vingroup (VINIF), Vién Nghién cttu DT liéu
16n (VinBigdata), ma s6 VINIF.2020.ThS.KHTN.05.
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Ngan sach t6i thiéu phat hién ngu@n thong tin
sai 1éch trén mang xa hdi truc tuyeén, dam bao
dat it nhat mot nguong cho trudc
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Ngay nhan bai: 20/09/2021, ngay stia chita: 29/10/2021, ngay duyét dang: 15/11/2021

Dbinh danh DOI: 10.32913/mic-ict-research-vn.v2021.n2.1015

Tém tit: Phat hién ngudn phat tin thong tin sai léch trén mang xa hdi truc tuyén déng vai tro quan trong trong viéc han
ché hanh vi sai trdi trén mang. Cic nghién cifu gan day cho thiy, phuong phdp dit mdy giam sit c6 thé phat hién ngudn
thong tin sai 1éch. Tuy nhién, khong thé dit mdy gidam sat d6i v6i tit cd ngudi dung mang vi ngan sich han ché.

Trong bai bdo niy, mot mang xa hoi dugc biéu dién bsi dd thi c6 huéng, méi ngusi dung 1a mot niit trén dd thi va phat
tan thong tin trén dd thi theo mo hinh Bac doc 1ap. Trén md hinh nay, gia st biét truSc tip nit nghi ngd sé& phét tdn thong
tin sai léch, ching toi dé xuit tim tip niit nhé nhit dé€ dit gidam st sao cho s6 nit bi phat hién dat it nhit mot ngudng
cho trudc. Ba thut todn xip xi dudc dé xuit, bao gdm: Tham lam, phat hién thong tin sai léch dua trén tip miu phat
hién va phat hién thong tin sai 1éch dua trén tip mau phat hién quan trong. Cic thi nghiém dudc thuc hién trén bo dit
liéu ctia mang xa hdi thuc cho thiy céc thuit todn clia chiing toi dé xuit vugt troi hon cac thuit toan khac ca vé hiéu suit
va thdi gian thuc hién.

T khéa: Toi wu héa, mang xd héi truc tuyén, phdt hién théng tin sai léch.

Title: Minimum Budget for Misinformation Source Detection in Online Social Networks with Guaranteed to Reach
at Least a Given Threshold
Abstract:  Detecting the source of misinformation on social media online plays an important role in curbing online misconduct.
Recent studies show that the monitoring method can detect the source of false information. However, it is not possible
to set the monitor for all network users because of the limited budget. In this paper, a social network is represented by
a directed graph, each user is a node on the graph and propagates information on the graph according to the Degree of
Independence model. On this model, assuming that we know in advance the set of suspected nodes will spread false
information, we propose to find the smallest set of nodes to set the monitoring so that the number of detected nodes
reaches at least a given threshold. Three approximation algorithms are proposed, including: Greedy, Misinformation
detection based on detection sample set and Misinformation detection based on important detection sample set. Tests
performed on real social network datasets show that our proposed algorithms outperform other base algorithms both
in terms of performance and execution time.
Keywords:  Optimization, online social network, misinformation detection.

I. GIOI THIEU anh hudng dang ké dén kinh t& va chinh tri, v.v.. [1-3]. Do
do, phat hién TTSL truéec khi nd giy ra hdu qua nghiém

Ngay nay, Mang xa hoi (MXH) da va dang trd thainh mot  trong 14 diéu hét stic can thiét. Mot s6 nghién cidu da chi ra
nén tang quan trong trong tuyén thong sb, c6 anh hudng rang TTSL c6 thé dudc phat hién bing hoc mdy dua trén
khong nhd dén ngudi ding. Bén canh nhiing 1¢i ich to 16n dic diém thoi gian, cAu tric, ngon ngii, noi dung bai ding,
thi MXH ciing cho phép phat tan thong tin sai léch (TTSL) V.v..[4-6]. Mot s6 khac dé xuit phat hién TTSL bing cach
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dit giam sit tai mot s6 nit quan trong, nhu phat hién dich
bénh [7], TTSL léch véi kich thude t6i thi€u [8, 9], phat
hién TTSL bing tiép can heuristic [10], v.v.. Nhiing nghién
cliu vé phat hién thong tin 1a tién dé quan trong dé gidi
quyét bai toan phéat hién va ngin chin TTSL trén MXH
[11, 11-15].

Mic du da c6 nhidu nghién citu dit mdy giam st dé
phét hién TTSL, tuy nhién viéc phat hién TTSL trén mang
c6 hang tram nghin ngudi dung la khong kha thi va khong
biét c6 thé dit bao nhiéu mdy gidm sat dé c6 thé phat
hién dugc TTSL va ciing khong thé dit giam sat voi tat
ca nguoi dung mang. Trong bai bdo nay, ching t6i nghién
clfu tim ra tip cic mit nhé nhit dé€ dit giam sat sao cho
cdc niit bi phat hién du kién (chiic ning phat hién) dat it
nhit mot ngudng cho trude trén md hinh Bac doc lap IC
(Independent Cascade) [16], bai toan dudc goi la: Ngin
sach t6i thiéu phat hién ngudn thong tin sai léch MBD
(Minimum Budget for Misinformation source Detection).
Nhitng déng gép cua bai bao nhu sau:

« Bai bdo chi ra raing MBD la bai toan NP-kh¢ trong

truong dat xap xi (1 — €)/nn. Ham phat hién c6 tinh
chit don diéu va submodular va tinh todn ham phat
hién la #P-kho.
Bai bdo d& xuit ba thuit todn x4p xi, bao gdm: Thuat
todn tham lam Greedy; Phat hién dua trén tip mau
SMD (Sampling based Misinformation Detection) va
Phét hién dua trén tip mau quan trong ISMD (Impor-
tant Sampling based Misinformation Detection).

Thyc nghiém dudc thyc hién trén bd dur liéu MXH thuc.
Két qué cho thiy cic thuit todn dugc dé xuit méi vuot troi
hon céc thuat todn khic ca vé hiéu suit va thdi gian thuc
hién. Bai bdo dudc trinh bay bdi 05 phan chinh: Phan I -
Gi6i thiéu, Phan II - M6 hinh va dinh nghia bai toan, Phan
IIT - D& xuit thuat todn, Phan IV - Thuc nghiém va danh
gia két qua, Phan V - Két luan.

II. MO HINH VA PINH NGHIA BAI TOAN

Trong phan nay, bai bdo gidi thiéu md hinh IC [16], day
l1a mo hinh dugc st dung phd bién trong cdc nghién ciiu
bai toan phat tan thong tin trén MXH va dinh nghia bai
todn MBD trén md hinh nay, cac ky hi€u st dung trong bai
bdo dugc thé hién trong Bang L.

1. M6 hinh bai toan

Trong bai bdo nay, ching t6i st dung md hinh IC dé
md ta phat tan thong tin trén MXH. Déc trung chinh cla
md hinh nay 1a qua trinh phat tin thong tin doc theo cac
canh ctia dd thi mot cach doc 1ap véi nhau. Trong md hinh
IC, mbi canh (u,v) € E dudc gan mot xdc suit dnh hudng
(Influence Probability) p(u,v) € [0, 1] bi€u dién miic do
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Bang I
BANG KY HIEU PAC BIET
Ky hiéu Dién giai
n,m s6 nut va sb canh ctia dd thi G

tap nuit vao va ra cua v

Nin(v), Nour (v)
S tap nut bi nghi ngd phat tan TTSL

A tap nut dat giam sat
D(A) ham anh hudng cuda tap nit A.
D(A) ham uéc lugng ctia D(A)
Cov(A, Rj) =min{l, |[ANR;|}
Covg(A) = Yr;er COV(A, Rj), s6 tap DS trong R dugc
bao phu bdi A
2
Ni(5, €) SN 10 (()/8), s6 tap DS tai budc i

e2(y-€y)

4nh hudng cla niit u véi nit v. Néu (u,v) ¢ E, thi p(u,v) =
0 va D' (G, S) 1a tap céc nit bi kich hoat b&i S tai thoi diém
t. Qua trinh phét tdn theo cac budc thoi gian 7 roi rac va
két thiic khi sau médi budc khéng cé mit nao dudc kich hoat
thém. Nghia 13, D'(G, S) = D'"'(G, S).

- Tai thoi diém ¢ = 0, tit ca cic niit trong tip nguodn
S = D°(G,S) déu c6 trang théi kich hoat.

- Tai thoi diém ¢ > 1, m6i nit u € D'"'(G, S) c6 mot
cd hoi duy nhét kich hoat dén niit v € N,,,; (1) v6i xac suét
thanh cong 13 p(u,v). Bién cb niay c6 thé dugc thuc hién
bing céach ap dung phép thit Bernoulli (Phép tung ddng xu
doc 1ap) véi xdc suét thanh cong 12 p(u, v). Néu thanh cong
ta thém v va tdp D'(G,S) va néi ring u kich hoat v tai
thoi diém ¢. Néu nhiéu nit kich hoat v tai thoi diém , két
qua tuong tu xdy ra, v dugc thém vao tap D' (G, S). Mot
nit & trang thai kich hoat, n6 sé gitt nguyén trang thai.

2. Pinh nghia bai toan

D€ phat hién thong tin sai 1éch, chiing tdi dé xuat phuong
phdp tim ra tdp cdc nit A d€ dit mdy gidm sit, sao cho
xdc suét phat hién thong tin sai 1éch dat ngudng y. Goi tap
S C V la tap céc nut bi nghi ngd phat tan thong tin sai 1éch,
tic 12 cic nit c6 kha ning 13 ngudn giy ra thong tin sai
léch. Mdi nit dudc phat hién 12 mot nguodn phét tan thong
tin sai léch véi xdc suat p(u) > 0.

Mo hinh IC tuong duong véi md hinh canh tryc tuyén
[16]. Theo d6, chiing ta c6 thé tao ra mot dd thi miu g tur
dd thi ban diu G dugc ky hiéu 1a g ~ G bing cach chon
tiing canh e = (u,v) € E ddc 1ap, v6i xac suit chon canh
1a p(u,v) va khong chon canh 1a 1 — p(u,v) Xéc suét tao
d6 thi mau g tif dd thi G la:

Prig~Gl= [| pw) [] (=pGuv)

ecE(g) ecE\E(g)

ey

Trong d6, E(g) 1a tip canh clia d6 thi miu g. Néu dit
thiét bi gidm sat tai nit v, né sé phat hién TTSL tli cc niit
dugc két ndi véi né. Goi dg(u,v), 1a khodng céch tir u dén
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v, thi phdi mét dg(u,v) budc d€ phat hién thong tin @ u.
X4c sult d€ tap A phat hién ra thong tin tif nit u Ia:

D(A,u) = )" Prlg ~ GIR(A,g,u) 2)
g~G
vii:
1,néu d,(u, A) < oo,
R(A,g.u) = { £ 3)
0, ngugc lai

Trong d6, dg(u, A) = min,ea d(u,v), vi Xac sut phat hién
niit # 12 ngudn phat tin thong tin sai léch 1a p(u), nén xdc
suit phat hién clia gidm sit dit tai cdc nit cia tip A nhu
sau (ham muc tiéu):

D(A) = ) p(u) ) Prlg ~ GIR(A,g.u)

ues g~G

“

Bai todn Ngan sich tbi thi€u d€ phat hién ngudn thong tin
sai 1éch MBD dudgc dinh nghia nhu sau:

Pinh nghia 1 (MBD): Mot MXH cho bdi dd thi
G(V,E)) theo m6 hinh IC, Tap S C V la tap cac nuit dugc
nghi ngd 12 ngudn phét tan thong tin sai léch va mdi nit
u € S c¢6 xdc sudt p(u) > 0 1a ngudn thong tin sai léch.
Cho ngudng phat hién thong tin sai léch y > 0, bai toan
dit ra 12 tim tap nhé nhit cic nit A C V dé dit gidam sat
sao cho D(A) > y.

Khi céc nit c6 cung x4c suit 1a ngudn thong tin sai léch
thi gia ham phat hién ctia tip A bang gia tri anh hudng
clia A trén d6 thi ngugc lai [9]. Vi vdy, tinh toan Ham
anh hudng la #P-kho [17], suy ra tinh toan Ham phat hién
D(A) ciing la #P-khé. Dinh 1y 1 trong [18] da chiing minh
rang: MBD chi c6 thé dat xip xi (1 — €)lnn trit khi NP €
DTIME (n©loglogn),

III. PE XUAT THUAT TOAN

Trong phan niy, bai bdo udc tinh ham phat hién trén mo
hinh IC va dé xut cac thuat todn xAp xi, bao gdbm: Greedy,
SMD va ISMD cho bai toanMBD.

1. Uge tinh gia tri ham phat hién (ham muc tiéu)

Phuong phéap udc tinh ham phat hién D(.) dua trén tap
mau phét hién DS (Detection Sampling) dudc thé hién qua
dinh nghia sau:

Dinh nghia 2 (DS): Cho dd thi G = (V,E) trén md
hinh IC, dit p(S) = Y,csp(u). Goi R; 1a by mau phat
hién ngu nhién trén do6 thi G, R ; dudc tao nhu sau:

1) Chon nit ngudn u € V v6i xdc suét ﬁgg;

2) Tao mot do thi mdu g tr G, va trd vé tap R; la cac
niit c6 thé bat dau tir u trong g.

Nit u trong dinh nghia trén dudc goi la ngudn cla R;,
ky hiéu src(R;) = u. Q 1a khong gian xdc suat cta cdc bd
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DS, trong d6 xdc sudt tao R; v6i nit ngudn u (ky hiéu 1a
R;(u)) dugc tinh la:

g~G:R(Rj,g.u)=1

_plu)
p(S)

Pr[R;(u) ~ Q] Pr[g ~G] (5

Vé& co ban, vai trd ctia tip DS tuong tu nhu tip RR
(Reachable Reverse) dudc thiét 1ap trong viéc uc tinh ham

phat tdn [19-23]. Mot bién ngdu nhién X;(A) duge dinh
nghia nhu sau:

1, NéuRjﬂA;&(Z)

(6)
0, ngudc lai

Xj(A) = {
Tuong tu bd d& 2 trong [19], v6i moi tip nit A € V, va
ACV, g0i p(S) = Xyes p(u) ta co:

D(A) = p(S) - E[X;(A)] (7

2. Thuat toan Greedy

Thuit toan Greedy chon niit u cho vao tip A néu miic
ting 16n nhét trong viéc gidm hiéu suét trong mdi buéc,
dugc dinh nghia nhu sau:

6(A,u) = min(D(A U {u}),y) - D(A) ®)

cho dén khi D(A) > y — €, tuy nhién, khong thé ap dung
truc tiép thuat toan cho MXH vi tinh toan ham phat hién
la #P-kho. Vi vdy, bai bdo stt dung mé phdng Monte-Carlo
(MC) d€ u6c tinh ham phat hién dua trén xAp xi trung binh
mau clia cc 1an md phong.

Thuét toan 1: Thuit todn Greedy

Input: D6 thi G(V, E), tap ngudn S C V, ngudng y

Output: Tap nut dat gidm sat A

A« 0;

while D(A) <y — € do
u « argmaxyev\s(min(D(A U {v}),y) - D(A));
A — AU{u};

end

return A.

A O o

Theo két qua chiing minh ctia b8 dé 2 trong [24], thuat
toan Greedy cho ty 1& xap xi (1 — ln%) véi € € (0,v). Goi
R la thoi gian md phdng MC, do phiic tap cia Greedy la
O(Rnk), trong d6 k 1a sb vong lip trong thuét toan, n 1a
s6 dinh cta do thi.

3. Thuit toan dua trén tap mau phat hién - SMD

Thuit toan nay két hop hai ky thuat: (1) tao ra mot bo
cdc DS di 16n dé€ udc tinh chic ning phat hién bing cach
4p dung ly thuyét Martingale [25] va (2) st dung thuat todn
Greedy dé€ tim ra tip A du tot ddm bdo chét lugng 15i giai.



Ky hiéu Covgr(A) = Xg,er min{l,|A N R;| la s6 bo DS
trong R dudc pht bdi A. Chung ta thu duge udc lugng cla
D(A) tu R nhu sau:

vi s6 lugng b DS trong R dugc bao phi bdi A. Tit BS
dé 2 trong [18], chiing ta u6c tinh D(A) tir R nhu sau:

p(S)
IR
Vi Covg() la mot ham don diéu va submodular, D(.) ciing
c6 tinh chét tuong tu. Tap miu DS dudgc tao ra bﬁng thuat
toan 2. Pau tién, chon mot niit ngudn u véi xac suit 2 ES))
(dong 1). Sau d6 st dung hang dgi Q d€ luu tri cdc nut da
truy cap. Trong mbi budc, thuit toan chon mdt nit u trong
Q va thém no vao R;. Sau d6, chon tiing nit 1an can v véi
xdc suat p(u,v) theo md hinh canh truc tuyén (dong 8) va
dua vao Q. Qud trinh nay lip lai cho dén khi Q réng.

Dg(A) = =—>Covg(A) ©)

Thuét toan 2: Thuit toan tao miu phat hién DS
Input: D6 thi G(V, E), tap nguén S C V
Output: tp nut phat hién R;

1. Chon niit u € V véi xéc suat Pr[u] = g gi,
2. Queue Q « {u};

3. while Q chua réng do

4. | u—Q.pop();

5 RJ — RJ U {u},

6. foreach v € N, (u) \ R; do

7. if v ¢ O then

8 Chon niit v véi xac suat p(u,v);
9. if (v duoc chon) then

10. ‘ Q.push(v);

11. end

12. end

13. end

14. end

15. return R;.

Thuat toan SMD dudc thuc h2ién nhu sau: Pau tién, thuat
toan tao ra tap R chita N = % In(n/§) tap DS dam
bio xap xi (4, €) cho giai phdp téi uu A*, nghia la:

Pr(1+€)Dr(A") 2 Dr(A%) > (1 - €)Dg(AM)] 2 1-6
(10)

bing cach 4p dung 1y thuyét martingale [25]. Trong moi
vong lip chon nit u c6 gi4 tri ting 16n nhit ciia ham phat
hién 6(A, v) nhu sau:

5(A,v) =D(A U {u}) - D(A) (11)

Néu gidi phdp hién tai A dat gia tri D(A) > (y —ey) — €
thi thuat todn tra v& A. Mit khac, kiém tra s6 luong miu
hién tai c6 di cho lan lip tiép theo khong? Néu sb luong
mau van dd thi di chuyén vao cdc vong lip tiép theo. Néu
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s6 lugng mau khong di, sé tao thém (N; — N) bo miu mdi
(dong 13) va dit lai giai phdp hién tai A, tic 1a A «— 0
(dong 15). Thuat toan di chuyén dén budc tiép theo va chi
két thiic khi n6 dap ting dugc didu kién D(A) > (y—ey)—e.

Thuét toan 3: Thuét todn phat hién SMD
Input: G(V,E), S CV, y,tham sb €,6 € (0, 1)
Output: Tap nit dat giam sat A
. (2+5€)p(S)

L3 N« 2(7 ) In(n/é);

2. Tao tdp R chita N tap DS béi thuit todn. 2
3. A« 0

4. while True do

5. U < arg maxXyey\a (I@(A Uuv) — D(A))
6. A — AU{u};
7. if D(A) > (y — ey) — € then
8. return A;
9. else
10. i— |Al+1;
2+ € S
1. N; « ( 2(7 )ify))l (( )/6)
12. if N < N; then
13. Tao thém N; — N tap DS dua vao tip R;
14. N « N;;
15. A« 0;
16. end
17. end
18. end
19. return A.

4. Thuat toan dua trén tip mau quan trong - ISMD

Y tudng chinh ctia thut toan 1a sit dung cic miu phat
hién quan trong va ly thuyét martingale dé u6c tinh ham
phét hién. Trong thuit toan 4, d€ tao tip IDS, dau tién
chon niit ngudn IDS (dong 1). Sau d6, tinh todn xdc suét
Pr(E;],i=1,...,1(u) va chon mot nut ra u; trong N, (u)
v6i xdc sudt £ (;Ef)' I (dong 3). Didu nay sé dam béo ring
it nhat mot trong cic hang xém ctia u sé dugc kich hoat.
Cédc nit vy, v, ..., v -1 van khong ki kich hoat va cac nut
Vitl,...,v; sau d6 dugc kich hoat doc 1ap v6i xdc suit
p(u,v;) (dong 7). Phan con lai ctia thuét todn ndy tuong
tu nhu Thuat toan 2.

Chi tiét ctia ISMD dudc trinh bay trong Thuat toan 5.
Pau tién, ISMD tao bd IDS thay vi DS (dong 2) va st
dung chiing d€ udc tinh chiic niing phat hién. Thif hai, trong

2
mdi trinh ldp, SMD can % In(("})/6) bd DS nhung

. 2,
ISMD chi cin q(j;;—_)fy(f)ln(( )/6) ap IDS, véi (¢ < 1).
Goi M 1a thdi gian tao ra mot mau, Thuat todn 5 c6 do

phiic tap thsi gian 12 O (qzmaxp(S) In((, " )/5)6_2)M).

Imax
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Thuét toan 4: Tao miu phét hién quan trong IDS

Thuat toan 5: Thuit todn phdat hién ISM D

Input: D6 thi G = (V,E), tap nguén S C V
Output: Tap mau phat hiér} quan trong R;;
. Chon niit u € V véi xac suat Pr[u] = %f’(");
. Tinh Pr[E;],i=1...1(u);

. Chon niit v; € Ny (u) v6i xdc sudt “1Ed;

(u) °

- Rj—A{u,vi};
. Queue Q « {v;};
.for j=i+11t 1 do
Chon niit v; véi xdc suat p(u,v;);
if (v; dugc chon) then

‘ Q.push(vj), Rj — R; U{v;};
end

__
~ S ©

. end
. while O chua réng do
u — Q.pop();
foreach v € N,,;(u) \ R; do
if v ¢ O then
Chon niit v véi xdc suat p(u,v);
if (v duoc chon) then
Q.push(v);
Rj — R; U {v};
end
end

o —_ [
EEZxIan R ®0

22. end
23. end
24. return R;.

Cic thuat toan SMD va ISMD cung cip ciing mot két qua
ly thuyét, tuy nhién, tdng s6 mau ISMD st dung thip hon
SMD va thdi gian chay ctia ISMD it hon thsi gian cta
SMD. Nhén xét nay phii hop véi két qua thuc nghiém trén
céc tap dif liéu trong Phan V.

IV. KET QUA THUC NGHIEM

DE danh gia toan dién cdc thuit todn dugc dé xuit, thuc
nghiém tién hanh so sanh cdc thut toan dé xuét 1a Greedy,
SMD, ISMD véi nhau va so sanh véi cac thuit toan cd sG
phd bién 1a Deegre va Pagerank. Ngoai ra, SMD va ISMD
dugc so sanh vé6i thuat todan OPIM [22], thuat toan ldy miu
RR méi nhit cho bai todn Téi da héa dnh huéng. Di liéu
dugc 14y tit web: [http://snap.stanford.edu/data/] bao gom
cac OSN c6 quy mo tif hang nghin dén hang triéu canh,
cu thé 1a: Email-Eu-Core [26, 27], Wiki-Vote [28, 29], CA-
HepPh [27], Email-Eu-All [27]. Cac thuat todn dugc cai dat
bing ngdn ngit Python trén mdy tinh c6 ciu hinh: CPU Intel
Core i7 — 8550U 1,8Ghz, RAM 8GB DDR4 2400MHz, hé
diéu hanh Linux.

Input: G(V,E), S C V, ngudng v, €,6 € (0,1)
OUtPUt(in:l;@g rzt;t) dat gidm sat A;

L. N « %ln(n/é)i

. Tao tdp R chita N tdp mau phat hién IDS;

3. A« 0

while True do

5. U arg max, ey\A (D(A Uv) — ]f)(A));

[

ks

6. A — AU{u};

7. if D(A) >y — ey — € then
8. ‘ return A;

9. else

10. end

1. i— |Al+1;

2
12. N; « 4@+3€)p(S) In((7)/6);

eX(y-ey)

13. if N < N; then

14, Tao thém N; — N tip IDS thém vao tip R;
15. N « N;;
16. A« 0
17. end
8. end
9. return A.
Bang II
DU LIEU THUC NGHIEM
B dit liéu Niit Canh Kiéu Biac TB
Email-Eu-Core 1,005 25,571 C6 hudng 25,44
Wiki-Vote 7,115 103,689  C6 hudng 14,57
CA-HepPh 12,008 118,521 V6 hudng 9,87
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Email-Eu-All 265,214 420,045  C6 hudng 1,58

1. Cai dat thuc nghiém

Thuc nghiém dua trén mo hinh Trivalency [6, 16, 23, 30]
dé chon trong s clia cac canh. Xac suit dnh hudng dugc
chon ngiu nhién ti tip dudc xdc dinh trudc, trong thuc
nghiém nay, ta chon p(u,v) € {0,001,0,01,0,1}. Y tudng
ctia mo6 hinh nay 1a cdc canh c6 trong s6 0,001 thi nut
dau dugc coi 1a c6 miic do anh hudng thip, 0,01 tuong
tng véi mic anh hudng trung binh va 0, 1 anh huéng mic
cao. Tham s dau vao dugc chon nhu sau: 6 = 1/n theo
céc nghién citu [20-23]. C4c nit nghi ngd duge chon ngiu
nhién véi kich thuée n/2 va xac suit p(u) dude chon ngiu
nhién trong [0, 1]. Ngudng y va tham s6 e dugc chon tiy
thudc vao quy mo cta mang. Ky hiéu ¥ = y/p(S) phan
dnh mbi quan hé giita y va p(S). Gi4 tri clia cac tham sb
nay dudgc md ta trong Béang III. Trong thuit toan cd sd,
phuong phap Monte Carlo dudc st dung 10.000 1an d& udc
tinh ham phat hién. Dbi v6i mbi thuit todn, chay 10 lan dé
lay két qua trung binh. Thoi gian chay ctia mdi thuat todn



dugc gidi han trong vong 24 gid.

Bang III
THAM SO PAU VAO CHO CAC MANG
Bo dur liéu p(S) ¥ €
Email-Eu-Core 249,33 1,0 0,01
Wiki-Vote 1784,78 02 0,01
CA-HepPh 300929 02 0,01
Email-Eu-All 171217 0,1 0,1

2. Panh gia két qua
a) So sdnh hiéu sudt thudt todn

Hiéu suit ctia cic thuit todn dugc xac dinh bang kich
thudc ctia tap mit dit gidm sat. Thuat todn t6t hon tra vé tap
niit dit giam sat kich thuc nhd hon. Hinh 1 cho thiy SMD
va ISMD c6 cung hiéu suit vudt troi hon nhiéu cac thuat
toan khac trong moi truong hgp, gia tri cia ¥ cang 16n
thi khodng cach vudt cang 16n. Cu thé, véi cling gia tri P,
SMD va ISMD tbt hon OPIM t6i 3,9 1an, t6t hon Greedy
2,3 lan. C4c thuit todn tic gia dé xuit ciing tot hon nhiéu
1an so véi cdc thuat todn co s 1a Degree va Pagerank. Diéu
nay chiing td riang thuit toan SMD va ISMD c6 hiéu suét
tot hon cac thuit toan khac. Ngoai ra, viéc udc luong gid
tri ham phat hién bang cac b mau DS va IDS cho két qua
tét hon so v6i md phong MC trong thuat toan Greedy.

Email-Eu-Core

Wiki-Vote
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Hinh 1. So sanh hiéu suét thuat todn

b) So sdnh thoi gian chay thudt todn

Trong thuc nghiém nay, thdi gian dudc tinh bing gidy
(s). Hinh 2 cho thiy, thdi gian chay ctia thuat toin SMD
va ISMD déu vuot troi hon dang ké so v6i cac thuat todn
con lai. Trong d6 SMD, ISMD nhanh hon OPIM téi 1,5
lan trén hau hét cic mang, OPIM chi cho thoi gian t6t
hon trén mang Email-Eu-Core. Piéu nay 12 do OPIM mét
nhiéu thdi gian d€ tim kiém nhi phan cho céc giai phap. So
v6i Greedy, SMD nhanh hon Greedy t6i 10,2 1an va ISMD
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nhanh hon Greedy t6i 12,4 1an. Di v6i cdc mang 16n nhu
Email-Eu All Greedy khong thé hoan thanh trong thdi gian
gidi han (24 gid) trong khi cac thudt toan SMD va ISMD
van hoat dong va cho két qué t6t. Piéu nay cho thdy viéc
u6c lugng ham phat hién bang DS va IDS nhanh hon so véi
viéc st dung phuong phap mo phong Monte Carlo truyén
théng ciia Greedy. So sanh riéng SMD va ISMD thi thoi
gian chay trung binh ctia ISMD nhanh hon SMD t6i 1,4,
nguyén nhan chinh 1a do s lugng mau yéu ciu ctia ISMD
thip hon so v6i SMD. Céc thuit todn co s6 c6 thdi gian
chay nhé nhit vi chiing 1a céc thut toan heuristic don gin
v6i do phic tap thap.

Email-Eu-Core Wiki-Vote
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Hinh 2. So sanh thdi gian chay thuat toan

V. KET LUAN

Trong bai b4o nay, bai todn Ngan sach tdi thiéu phat hién
ngudn thong tin sai 1éch MBD dudc nghién citu nhim muc
dich tim ra tip hogp cdc nit nhé nhit dé dit giam sat sao
cho phat hién dudc thong tin sai 1éch tu cac nut bi nghi
ngd, chiic ning phat hién du kién didm béo dat it nhat mot
ngudng cho truéc y > 0. Trén md hinh IC, bai bio dé
xudt 03 thudt toan xip xi d€ giai quyét bai toan MB, bao
gdm: Greedy, SMD va ISMD. Thuc nghiém cho thiy thuat
todn SMD va ISMD vugt trdi hon céc thuat toan khac. Tuy
nhién, thoi gian thuc hién thuét toan chua that su t6t dé ap
dung cho cic mang c6 quy mo hang triéu dinh va canh.
Thdi gian tdi, ching t6i nghién citu cai thién thdi gian chay
clia cac thut todn dé c6 thé d4p dung cho cac mang 16n hon.

LOI CAM ON

Cong trinh nay dudc hd trd béi Vién Han 1am Khoa hoc
va Cong nghé Viét Nam, ma dé tai: VASTO01.05 / 21-22.
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Abstract: Vietnam has many traditional dances in old theatres such as Xoan singing, “tudng” or “chéo”. They all urgently
need to be preserved in digital formats, especially in 3D motion capture format for dances. In digital formats, they bring
many values such as the ability to automatically classify and search for content of dances’ movement. In this paper, we
propose a system for 3D movement search of Cheo dance ’s postures and gestures. The system applies sliding window
technique, Dynamic Time Warping algorithm and a novel feature selection method named CheoAngle. Results show that
the proposed system reach good scores in several metrics. We also compare CheoAngle with other feature selection methods
for 3D movement and show that CheoAngle give the best results.

Keywords: Motion search, motion recognition, similarity matching, dynamic time warping

Title: Tim kiém mau chuyén dong 3D ciia mia truyén thong Viét Nam

Abstract:  Viét Nam c6 nhiéu thé loai mua truyén théng trong nghé thuit san khiu cd truyén nhu hat Xoan, tudng, chéo. Tit
ca nhitng hinh thiic nghé thuit nay déu cin dugc bao ton & dang sb héa, dic biét 1a dang chuyén dong 3D cho mua.
Trong dang s6 héa, ching c6 nhiéu gid tri nhu kha ning phan loai ty dong va tim kiém ndi dung chuyén dong mua.
Trong bai nghién ciiu nay, ching t6i dé xuit hé théng tim kiém chuyén dong 3D cho céc tu thé va dong tic ciia mia
Cheo. Hé théng 4p dung k¥ thuat sliding window, thuét todn Dynamic Time Warping va phuong phap chon dic trung
mdéi (tén 12 CheoAngle). Nhitng két qua thuc nghiém cho thiy hé théng dé xuét cho két qui tot & mot vai phép do.
Chuing tdi ciing so snahs CheoAngle véi nhitng phucng phap chon dic trung khéac cho chuyén dong 3D va chi ra ring
CheoAngle cho két qua t6t nhit.

Keywords:  Tim kiém chuyén dong, nhdn dién chuyén dong, so sdnh tuong dong, dynamic time warping

I. INTRODUCTION ¢ - :
Vietnamese traditional dance is one of basic types in } |
Vietnamese long-established theatres [1-3]. They combined

many factors, which consists of music, songs, art and
literary screenplay, in order to represent a character’s per- Figure 1. Arm cluster in Cheo dance. From left to right, 5 basic
sonalities, psychological states...“ch¢o” (Cheo dance) is postures include: “mua chay dan”, “déng hoa”, “dang rugu”, “mua
a particular-popular traditional dance form whose postures S0P bong”, “tau nhac”. Source: disanso.vn
and motions mimicked life’s activities, plants and animals
(1].

Need of digitalizing 3D motion for the Vietnamese now, we do not have any system which supports to manage
traditional dance is one of necessary tasks. The traditional 3D dataset of the traditional dance efficiently. To manage
dances in 3D format help researchers to analyze and check the data, the system must have operations such as search,

basic postures (each posture is an unmoving position of  edition, insertion and deletion. Accordingly, search is one of
body parts at a time (see Figure 1, 2 and 3) at different  the most important operations. Indeed, this paper suggests
views. Thus, teaching dance also become more easily and a way to store 3D data of the traditional dance, define
feasibly while combining 3D technology. However, until 3D basic movements of the traditional dance and build
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Figure 2. Leg cluster in Cheo dance. From left to right, 5 basic
postures include: “ch@ V”, “chit chi”, “qua tram”, “chi dinh”,
“dém got". Source: disanso.vn

tt2se

Figure 3. Sit cluster in Cheo dance. From left to right, 5 basic
postures include: “chan chéng chan quy”, “hai dau gbi cung quy”,
“ngdi hai chan co v& mot bén”, “dudi thing hai chan”, “hai chan
bét chéo”. Source: disanso.vn

an algorithm for searching 3D movement of traditional
dances in order to support making a system which manage
traditional dance data in 3D space.

Cheo dance has the most systematic teaching [4] in types
of Vietnamese traditional dance. It divides postures into
3 clusters: arm (see Figure 1), leg (see Figure 2) and sit
(see Figure 3). Each cluster has 5 basic postures and their
variants. For example, in the posture “dang hoa” [4], both
arms put on two body sides and move the same direction.
Accordingly, any motion satisfying these two criterions will
belong to the posture “dang hoa” (see Figure 4). This
motion is called as a variant of the posture “dang hoa”.
However, each posture has several special gestures which
often mimic daily activities. For instance, gesture “ganh”
of posture “tAu nhac” [4] imitates an action “carry rice” of
farmers. This gesture requires a performer to raise up one
hand (at shoulder-equal position) and put down the other
while arms and legs are swinging up and down. Addition-
ally, combination of 3 clusters is in need of attention. At the
same time, a performer only can use one leg posture or one
sit posture. Unlike leg and sit postures, one arm posture can
combine any leg or sit posture concurrently. To simplify, the
leg and sit cluster is grouped into the same leg-sit cluster.
It is worth noting that Cheo dance has basic postures (or
movements that position of body features is changed from
time to time) more complex than other traditional dances.
For instance, in Hat Xoan Phu Tho songs [3], the palm
moves in/out or ups/downs; the leg moves horizontally or
around.

From above observations, in this paper, we have chosen
3D dataset of Cheo dance [5] as a representative in order
to build a proposal algorithm. It was captured from an
Xsens MVN motion capture system (a product of Xsens
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Figure 4. Variants of posture “dang hoa”. A variant is a motion
of two arms in the same direction — namely a, b, c, d, e, f — at
two body sides in the extent which is the non-yellow region. The
same motion is displayed by the same arrow color (black or blue).

Technologies B.V.) at format BVH (biovision hierarchy
animation file). This file stores 2 parts: hierarchy of joints
of a human skeleton and their 3D coordinates’ joints of
the skeleton in each frame. Here, BVH file displays each
frame as one time and uniquely interprets motion of one
performer.

Problem of dance detection and recognition at 3D space
has been studied in a long time. These works constructed
algorithms for little gestures [6—13]. In fact, dance genres
have no much gestures. So that, designing new algorithms
for gestures recognition becomes more easily. For instance,
Bjorn Rennhak and colleagues suggested a technique “turn-
ing motions” [6] which would detect poses in order to
interpolate trajectory from state to state (in skills of Learn-
ing from Observation). This technique was applied for a
traditional Japanese folk dance which only consists of 8
simple gestures which were captured by Vicon Motion iQ
System equipment with 38 markers. The technique “turning
motions” found out intersection points of forearms after
projecting them orthogonally from 3D to 2D space. In
spite of focusing parts of causing motion, this method was
not likely to classify for same-position motions. Moreover,
deep learning approach is also applied for dance dataset
[8, 9, 12, 13]. This approach tends to 2 branches: 3D re-
construction from 2D images/videos, 3D dataset. However,
to use deep learning algorithms, researchers must collect a
huge number of samples for training process. Indeed, this
paper suggests a way to store 3D data of the traditional
dance, define 3D basic movement of traditional dances in
order to support making a system which manages traditional
dance dataset in 3D space.

II. RELATED WORKS AND METHODS
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1. Problem

Problem of searching 3D motion patterns of Vietnamese
traditional dances must find out each pattern’s start point
and end point and classify patterns in 3D space. Searching
these points can be solved by many techniques. However,
sliding window technique (see II.3.a) is likely to scan
almost appearance of patterns. So that, we are interested in
the classification step. In fact, pattern classification in 3D
motion is considered as a problem of comparing similarity
level between two motions. This problem is defined as
below:

A given pattern set A = {A}, Ay, ...A,}, where A; is a
pattern, and a movement data X. The problem requires to
search patterns A; in X.

Here, a pattern is a basic posture or its certain variant
at 3D space while a movement data can be a dance or
compound of several postures or variants in 3D space.

2. Related works

In 3D movement, motions are analyzed and stored as
human skeleton joints in the three-dimensional space in
time order. A pattern is a 3D motion segment which shows
a complete meaning action. To search for patterns in 3D
movements, we need to detect and classify patterns.

a) Pattern detection

Patterns detection is an important step of searching
patterns in time series. Approach Time series segmentation
[14] has already used in a long time due to its superior
features. Three main approaches consist of sliding window,
top-down, bottom-up. The result of sliding window is
segments of data which can contain patterns for the pattern
classification step. We call these segments are proposals.

b) Pattern classification

Patterns classification is to compare predefined patterns
to a proposal and choose the pattern which matches the
best with the proposal. To do this, we need a technique
to compare similarity between them. According to Anna
Sebernegg [15], there are many approaches for this prob-
lem, such as time alignment, trajectory-based and rule-
based. However, time alignment is the most popular due
to its feasibility. Several representative algorithms with
this approach are Dynamic Time Warping (DTW), hidden
Markov model (HMM), etc...

c) Feature extraction

Feature extraction of the 3D motion data affects an
algorithm’s performance significantly. In 2017, Yusuke
Goutsu, Wataru Takano and Yoshihiko Nakamura found two
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matters with 3D motion features [16]. Firstly, local features,
which got from some parts of the body, would give better
results than global features, which collected the whole body.
Secondly, the local feature often attaches a certain aim of an
action. In 2019, Sheng Li and colleagues realized that only
some joints of a human skeleton impacted a motion [17].
Then, this idea was applied in a 3D compression algorithm
MJS).

3. Related methods

a) Sliding window

Sliding window technique uses a window (or kernel)
to slide through positions on an array. In this paper, the
technique will be used for creating a list of proposals for
each posture group.

b) Dynamic Time Warping algorithm (DTW)

DTW algorithm [18-21] are used to compare a similarity
ability between a pattern and a proposal. In DTW, the series
X and Y can be shrunk according to the following fixed
rules:

- The first positions of 2 series are mapped

- The last positions of 2 series are mapped

- A position at X can be mapped into multiple-position at
Y, and vice versa

- All positions must have their mapping

- Do not exist values such thati < j, k <1 and X; is mapped
to ¥;, X; is mapped to Yi. From the above rules, we have
a distance between two series in the DTW algorithm:

0

o0

if the length of X and Y are equal,
if the length of X or Y is O,
dist(X1,Y1) + min(

DTW (Rest(X),Y), DTW(X, Rest(Y)),
DTW(Rest(X), Rest(Y))

other cases

DTW(X,Y) =

ey

In equation (1), dist(Xj, Y1) is the distance between X
and Y;. It can be calculated by using the Euclidean distance,
the Manhattan distance, etc. We choose Euclidean distance
in this paper. We use a modification for the algorithm that
is to use a fixed window length w such that X; only maps to
Y; if li - jl < w. In this way, it is likely to reduce significantly
the running time of the DTW algorithm while the result is
not affected much.

III. PROPOSED SYSTEM OF SEARCHING 3D
MOTION PATTERNS

A dance is a consecutive sequence of several basic
postures and their variants. In this paper, we consider each
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Figure 5. Some pattern instances of ARM2. From left to right, pattern instances include posture “dang hoa (cao)”, posture “diang hoa

(ha)”, gesture “bay”, gesture “chbng sudn”, gesture “dua thoi”.

posture group consists of a basic posture and its whole
variants (including named gestures of the posture). It means
that each posture group at 3D space is called as a pattern.
For instance, in Cheo dance, we have 5 patterns in the arm
cluster: “mua chay dan” (ARM1), “dang hoa” (ARM2),
“dang rugu” (ARM3), “miia cuép bong” (ARM4) and “tau
nhac” (ARMS); 10 patterns in leg-sit cluster: “chit V”
(LEG1), “chit chi” (LEG2), “qua tram” (LEG3), “chi dinh”
(LEG4), “dém gét” (LEGS5), “chan chéng chan quy” (SIT1),
“hai dau gbi cing quy” (SIT2), “ngdi hai chan co v& mot
bén” (SIT3), “dudi thang hai chan” (SIT4) and “hai chan bat
chéo” (SIT5). Now, as a case in point, let’s look at the dance
“Muia phoi két hop”. This dance uses 4 arm patterns, 5 leg
patterns and 1 sit patterns with the different contribution
(see Table I and II). In addition, each representative of a
pattern is called as a pattern instance or instance. Thus, each
pattern has one or more pattern instances (see Figure 5).
A 3D movement is a dance, mixing between basic postures
(or its variants) or a complex gesture at 3D space.

We can now define the problem of searching 3D motion
patterns of Vietnamese traditional dances. Its input consists
of a 3D movement and a set of pattern instances. Its output
is a list of recognized patterns and their positions in the
input. Our proposed system stores a list of pattern instances
of basic postures and a list of angles for each pattern (called
a list of pattern angles). Accordingly, the system will use
those to recognize patterns through 2 main steps (Figure
6): pattern detection and pattern classification.

1. Choose a list of angles as features of a pattern
(CheoAngle)

It is easy to see that angles calculation from joints will
help us skip a data normalization step. The fact that Cheo
data use many joints to display human motion in 3D space.
As joints’ coordinates are local, we must convert these local
coordinates into global ones through tool “bvh converter”!.
Then, we choose 19 joints for calculation (see Figure 7).
In addition, angles of each joint at 2-axels motion data do
not depend on these series’ coordinate system. Moreover,
to decrease noises, with patterns of arm groups, we only

consider the above half of the body (from hips to head);

Thttps://github.com/tekulvw/bvh-converter
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with patterns of leg and sit groups, we focus on the under
half of the body (from hips to feet). Besides, based on the
idea of a robot arm in kinematics [22], in the arm cluster,
the line created from two shoulders is a base, each wrist
is an end effector; in the leg-sit cluster, the line created
from two hips are a base, each ankle is an end effector.
Focusing on these joints, we will build a list of angles for
each group basing on their impacts. Moreover, we also can
get additional angles from other joints. These angles are
calculated following the formula

AB.A'B

9 =acos\—5———5—
|AB|.|ATB|

s( @)

, Where AB and A’B’ are two vectors.

To facilitate for analysis, we use joint name in the vector
notion. We assume that vector A_B connects joint A to
B; vector C_D connects joint C to D. Accordingly, angle
L(A_B, C_D) is constructed by the two vectors A_B and
C_D. For instance, the arm pattern ARMS (group “tu
nhac”) requires to raise up one hand and put down the other
(see Figure 8). A list of angles for ARMS needs satisfying
criterions: features of the posture “thu nhac”, differentiation
between the posture “tdu nhac” and the other ones. The
posture “tAu nhac” is different from the other ones on
rules: pattern ARMI1’s attributes are put hands on the chest
at the middle of body and move them the same direction;
hands in pattern ARM2 must be put along the body and
displaced in a similar manner (see Figure 4); in pattern
ARM3, hands are in the same body side and move in the
similar manner; pattern ARM 4’s attributes are that hands
in the same extent and move in the opposite direction.
Thus, we have the list of angles for ARMS5 comprises
£(LSHOULDER_LWRIST, RSHOULDER_RWRIST),
L(LWRIST_RWRIST, LSHOULDER_RSHOULDER)
and /(LELBOW_LWRIST, RELBOW_RWRIST).
In the first angle, LSHOULDER_LWRIST and
RSHOULDER_RWRIST show one arm goes up and
the other goes down. The other angles fulfill the second
criterion.

2. Detect patterns

This section will give details about the generation of
proposals for each instance. Here, this section consists of
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(Set of pattern

instances Detect

Classify patterns —»‘ ‘G1 ‘ ‘G1 ‘ G2 |G1‘
15 1

4 26 36 41 46 57 63 68

AL / patterns

ist of pattern angles
ist of pattern angles G
ist of pattern angles G

ist of pattern angles Gy

Figure 6. The system architecture. Accordingly, movement X; is a whole dance or an excerpt of a dance at 3D space in time order
(called time series); output is a list of pattern names (G, G3...) and their positions on a time series (in this figure, its length is 68);
a set of pattern instances (A, A»,...A,) is different samples of each posture group (called pattern); a list of pattern angles has angles

which are calculated for a pattern.

. Head (HEAD)
Right shoulder (RSHOULDER) (" Neck (NECK)
- _Left shoulder (LSHOULDER)
_Left elbow (LELBOW)

°/

Right elbow (RELBOW) _ /

Right wrist (RWRIST) | Left wrist (LWRIST)
the head of right palm (RFINGER) e o .. the head of left palm (LFINGER)

Right hip (RHIP).~ fhe mitidle eft hip (LHIP)

point of |
| two hips

|
Right knee (RKNEE). | (Hips) | - Left knee (LKNEE)
\ \ Left ankle (LANKLE)
Lyl okl BANKLE) 1.
the head of right foot (RTOE) - the head of left foot (LTOE) -

Figure 7. Joints of a human skeleton are used in the proposed

system.
\//
I\
a) b)

Figure 8. The posture “thu nhac”: a) 2D space b) 3D space.
Source: disanso.vn

3 main steps: make a list of proposals, filter proposals,
normalize proposals.

a) Make a list of proposals

The system makes a list of proposals for each instance
Aj, which appears in the movement X;, through 3 main
steps (see Figure 9): extract feature, general proposal
proposaly, measure similarity. Steps are described more
detaily as below:

o Extract feature: for both movement X; and instance
Aj, we extract features by calculating angles (using
equation (2)) in the same list of pattern angles. Take
the pattern instance “ganh” (has 76 frames) of pattern
ARMS and dance “mda phbi két hgp” (has 6906
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frames) as an example. From the list of angles for
ARMS (see III.1), we calculate value of 3 angles and
push into an array at each frame of this instance. As
an effect, we obtain the instance feature as a 76 x 3
matrix. In like manner, we also possess the movement
feature as a 6906 x 3 matrix.

General proposal proposaly: proposals proposaly
will be created by using the sliding window technique
with a proper window size following the length of the
instance and a sliding step a. In this case, the sliding
step’s default is 5 (see Figure 10). If the instance length
is smaller than the default value, the sliding step will
be the instance length.

Measure similarity: the system sequentially compares
features at each frame in A; to features at each frame in
a proposal proposaly (use equation (1)). The system
returns a cost costa,;, of the optimal path between
Aj and proposaly (called the similarity cost). If the
similarity cost is 0, A; is like proposaly. Otherwise,
the more the cost is, the more they are different.

b) Filter proposals

Filter proposals in the same instance A; which has the
length ny4;, coefficient B4, > 0 and the number of angles
ng as steps below:

« If the instance is a posture which has mostly no change

of joints’ position, threshf := na; * @ where @ is
constant. Otherwise, thresh6 := nA; * fa; *ng.
Assume that A; has a set of proposals proposaly
and costa;, is the similarity cost between A; and
proposaly. We choose proposaly if costa;, <
thresh.
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Figure 9. The workflow of the step Make a list of proposals for a pattern instance Aj.

proposal proposal  proposal proposal

w

11 14

Figure 10. Several proposals are generated with the length 5 and
sliding step 3

¢) Normalize proposals

The system is only interested in proposals of instances
in the same pattern. Two tasks need to do sequentially as:

» Merge proposals, which overlap each other in the same
instance, into the unique one. As an illustration, in the
Figure 10, we assume that the first and second and
forth proposal are chosen. Since the first and second
proposal is overlapped each other, we have to unify
them into a unique one, which is a segment from frame
1 to 8. This proposal is written as (1, 8).

Merge proposals, which duplicate and overlap each
other of instances in the same pattern, into discrete
ones. For example, pattern ARMI has instances Al,
A2 and A3. Accordingly, Al consists of proposals:
(1,4), (6,8), (12, 18); A2 comprises proposals: (4, 8),
(12,15); A3 encompasses proposals: (1,8). After
process, ARM1 will have discrete proposals: (1, 8),
(12,18).

3. Classify patterns

The system will do 2 steps: reorder proposals and attach
a label to each pattern.

a) Reorder proposals

The system performs to reorder proposals in according
to the following steps:
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o The system lists the head and tail positions of the
whole proposals of groups (called original proposals)
in order to put on a list L.

Duplicated elements in L are removed and the remain
of L is ordered increasingly before putting on a list
L2.

Based on L2, create all possible proposals. From that,
choose proposals such that they are related to at least
an original proposal. Finally, we have a list of new
proposals.

b) Attach each label to a pattern

Assume that there is a set of n patterns {groupi},
which has the same proposal SG. In pattern groupy,
compare instances of A; the pattern to SG, then calculate
the similarity: simgroup, = max{simgroup,.a;} such that
SiMgroupy.A; = n"”’;s%lm, where 1o primaisG is the number
of different positions of SG on the optimal path, /s is the
length of SG. The label of SG is max{simgroup, }. In a
particular case of choosing the label between the first arm
group (posture “mua chay dan”) and the forth arm group
(posture “cudp bong”), the system calculates angles in the
same list of angles (called ARM1_4) which is different with
ones of arm group 1 and 4. This procedure is also applied
for arm group 3 and 4. For leg-sit cluster, at one time, only
one group can appear. To enforce this rule, the system must
classify labels which appear leg and sit groups in the same
proposal.

IV. EXPERIMENTS AND RESULTS
1. Dataset

We use 3D movement data of Cheo dance [5] for
experiments. This 3D dataset is a part of ANIAGE
(High Dimensional Heterogeneous Data based Animation
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Techniques for Southeast Asian Intangible Cultural
Heritage Digital Content)?, conducted by HMI Laboratory
3. The dataset is in BVH format that stores human skeleton
motion at 3D space. We use this dataset to construct a
pattern database of 70 patterns and a test dataset of 7 files.
This test dataset is called HMI-3DCheo.

For patterns, basic postures are represented by 5 frames
while their variants have variable lengths. The two reasons
for this rule. First, a posture is body features not vary over
time. It means that a posture only needs 1 frame. However,
the DTW algorithm calculates total cost of the optimal
path for two time series. In equation (1), this algorithm
must get values of 3 neighbors for the considered element.
It means that each series needs at least 3 frames. To avoid
noise, we choose the length as 5 frames. Second, a variant
is a meaning motion in dance. In fact, gestures have 3
stages: start, main, end. The stage “main” is very important
because it is likely to decide the gesture detection. Hence,
we tried to get this stage for each instance as possible as
we could. As an evidence, gesture “bay” mimics a flying
action of a bird (see Figure 5). It takes 130 frames to
describe the flying action.

HMI-3DCheo consists of “mda phdi két hgp” (6906
frames), compound of gestures “quay luu khong nam va
nt” (3149 frames), compound of gestures “di nt 1éch va
nam ngang” (2744 frames), gesture “di qua tram” (1037
frames), gesture “lao say” (1604 frames), excerpt “Suy Van
gia dai” (“xe to — dét vai”, 6218 frames), “Thi Kinh hat st
riu ba than” (6804 frames). Distribution of patterns in the
test data is shown in the Table I and II.

2. Metrics

We use precision, recall and F1-score to evaluate exper-
imental outcomes. They are calculated for an instance A;
[? ] as belows:

o TruePreda; 3
recisiony, = ——————
prect Aj TotalPredAJ. 3)
TruePreda,;
recally, = ———— ()
J RealAj
2% precisiona, xrecalla,
Fl—scores; = P ! / 5)

precisiona; + recallAj

where TruePredys; is the length of true A; predicted
segments on the whole test data; TotalPred A; is the total
of Aj predicted segments on the whole test data; Realy;
is the total of real A; segments on the whole test data.

Zhttps://www.euh2020aniage.org/
3https://hmiuet. wordpress.com/projects/
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3. Comparison methods

Since each 3D movement of the dance is represented by
a time series, we need to compare with other methods for
time series such as edit distance on real sequence (EDR)
[21, 23-25] and Longest common subsequence (LCSS) [20,
21, 26]. Some system constraints must be modified for these
methods. In the step Make a list of proposals (see 1I1.2.a),
cost matrices of EDR and LCSS are edited. Assume that we
have a proposal X = {x;}”, and an instance A = {yj};f:l.
Accordingly, x; = {6;}7_, and y; = {wi}}_, are features
(each feature consists of p angles). The condition for x; and

y; being alike in LCSS is |2F_ (6 — wi)? < &5« \n
and not being alike in EDR is\[27_ (0 — wi)? > S5 x/n,
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where ¢ is the acceptable angle deviation. At the method
LCSS, the longest common substring in matrix T is named
w. At the method EDR, the least edition operation on X and
A in matrix T is named ngpg. In step Filter proposals (see
III.2.b), LCSS only selects proposals which satisfy n,, >
0.4 + n while EDR filter following the condition: ngpr <
0.4 « max(n, m). Consequently, the step Attach each label
to a pattern (see II1.3.b) is modified as simfi = ”7‘*’ at LCSS
and simﬁ = max(n,m) at EDR. In addition, in the EDR
method, label of SG is min{sim%}.

On the other hand, we cannot apply a deep learning
model for this problem. The reason is too little training
data. In fact, we have only 70 instances of 15 patterns for
training process, which means an average of 4.6 instances
per pattern. As a result, a training model would likely
overfit the small training dataset.

<

4. Results and discussion

We performed experiments on the dataset HMI-3DCheo.
This paper pays attention on the efficiency of DTW
algorithm and the feature selection technique CheoAngle.

The Table V and IV show experimental results in order
to compare values among methods. Generally, the precision
and recall averages of DTW better than ones of LCSS and
EDR. In the arm cluster, recall averages of DTW, LCSS
and EDR are 49.78%, 46.74%, 35.82%. In leg-sit cluster,
precision averages of DTW, LCSS and EDR are 66.36%,
61.47%, 60.82%; their recall averages are 62.55%, 54.99%,
52.72%.

To prove the efficiency of CheoAngle, this paper bases
on two comparison methods: Shengl.i [17] and JointRela-
tiveDist [27]. The method ShengLi considers joints which
cause a movement. Accordingly, the paper only applies this
way to build a list of angles for each cluster (arm, leg, sit)
while CheoAngle makes a list of angles for each posture
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DISTRIBUTION OF PATTERNgagllg }\RM GROUP FOR TEST DATA
Test dupporttern ARMI1 | ARM2 | ARM3 | ARM4 | ARMS
mua phdi két hop (6906 frames) 35.9% 23.8% 10.0% 0.0% 21.4%
quay luu khong nam va nit (3149 frames) 0.0% 100.0% 0.0% 0.0% 0.0%
di nit 1éch va nam ngang (2744 frames) 36.0% 64.0% 0.0% 0.0% 0.0%
di qué trdam (1037 frames) 0.0% 100.0% 0.0% 0.0% 0.0%
lao say (1604 frames) 0.0% 12.0% 32.4% 0.0% 29.3%
xe td — dét vai (6218 frames) 16.3% 22.0% 23.5% 9.2% 26.2%
Thi Kinh hét st riu ba than (6804 frames) 23.2% 32.1% 38.9% 2.2% 1.5%
HMI-3DCheo 21.3% 39.8% 18.7% 2.5% 12.9%
Table II
DISTRIBUTION OF PATTERNS OF LEG AND SIT GROUP FOR TEST DATA
Test dataPa“em LEG1 | LEG2 | LEG3 | LEG4 | LEG5 | SIT1 | SIT2 | SIT3 | SIT4 | SIT5
muia phdi két hop (6906 frames) 37.0% | 372% | 2.8% 7.1% 6.0% | 97% | 0.0% 0.0% 0.0% 0.0%
quay luu khong nam va nit (3149 frames) | 20.9% | 9.1% 141% | 279% | 232% | 0.0% | 0.0% 0.0% 0.0% 0.0%
di nit 1éch va nam ngang (2744 frames) 272% | 71.8% | 0.0% 0.0% 0.0% | 0.0% | 0.0% 0.0% 0.0% 0.0%
di qua tram (1037 frames) 71% | 244% | 348% | 0.0% 11.2% | 0.0% | 0.0% 0.0% 0.0% 0.0%
lao say (1604 frames) 147% | 202% | 30.2% | 31.2% | 0.0% | 0.0% | 0.0% 0.0% 0.0% 0.0%
xe to — dét vai (6218 frames) 11.8% | 6.8% | 0.06% | 0.1% 55% | 08% | 59% | 51.5% | 16.1% | 02%
Thi Kinh hét si riu ba than (6804 frames) | 22.6% | 56.3% 1.5% 0.0% 09% | 0.7% | 164% | 0.0% 0.0% 0.0%
HMI-3DCheo 23.0% | 33.9% 5.6% 6.6% 5.9% 2.7% 5.2% 11.2% 3.5% 0.05%
Table III
TRIAL OUTCOMES ON THE ARM CLUSTER
Methods Metrics ARM1 | ARM2 | ARM3 | ARM4 | ARM5
Precision (%) 65.7 85.6 51.2 1.6 66.7
DTW Recall (%) 75.6 723 294 4.1 67.5
Fl-score (%) 70.3 78.4 37.3 2.3 67.1
Precision (%) 75.4 71.1 63.1 0.0 58.3
LCSS Recall (%) 74.3 28.0 49.9 0.0 81.5
Fl-score (%) 74.8 40.2 55.7 0.0 68.0
Precision (%) 91.6 60.2 74.8 0.0 65.3
EDR Recall (%) 70.2 22.8 35.6 0.0 50.5
Fl-score (%) 79.5 33.1 48.3 0.0 57.0

group. The method JointRelativeDist relatively calculates a
distance between a joint pair of 2 skeletons. From this idea,
we construct a way to choose features for a certain skeleton.
Assume that P; = {uk}]'z:1 is a considered skeleton. The
Euclidean distance between two points uy = (u}(‘,uz,ui)
and u, = (u¥,u),uz) on P is:

(X4

D, (upottg) = |3 (uf = u)? + u = uh)? + (. — )]

Q)

From the equation (6), we describe a feature of the skele-
ton P; whose is obtained from the method JointRelativeDist
is:

Fp, ={Dp, (ux, uo)}?zl N

where q is the number of point-need-calculated pairs of
the skeleton. Here, the paper defines joint pairs for arm,
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Table IV
TRIAL OUTCOMES ON THE LEG-SIT CLUSTER

Methods Metrics LEG1 | LEG2 | LEG3 | LEG4 | LEGS5 | SIT1 | SIT2 | SIT3 | SIT4 | SITS
Precision (%) 83.8 72.5 34.1 53.2 354 66.4 74.6 99.0 96.5 48.1

DTW Recall (%) 447 41.0 30.0 69.1 34.8 94.4 234 93.5 94.6 100.0
F1-score (%) 58.3 524 319 60.1 35.1 78.0 35.7 96.2 95.5 65.0

Precision (%) 81.0 56.4 25.0 56.8 349 82.0 74.5 95.1 86.8 22.2

LCSS Recall (%) 65.0 87.0 1.8 41.0 335 88.6 7.7 97.8 96.7 30.8
F1-score (%) 72.1 68.4 34 47.6 34.1 85.2 14.0 96.4 91.5 25.8

Precision (%) 82.4 63.2 62.5 36.5 323 90.2 29.3 97.7 91.9 22.2

EDR Recall (%) 54.5 83.6 11.2 39.8 33.9 80.9 1.6 91.1 99.8 30.8
F1-score (%) 65.6 72.0 19.0 38.1 33.1 85.3 3.1 94.3 95.7 25.8

leg and sit cluster instead of posture groups.

To compare the proposed method CheoAngle with
ShengLi and JointRelativeDist following F1-score, we can
see that this way is efficient on arm and leg-sit cluster.
In the arm cluster (Table V), values Fl-score of patterns
ARMI1, ARM2, ARM3 and ARMS are higher than ones
of ShengLi and JointRelativeDist. In particular, the pattern
ARM4 has the highest result at JointRelativeDist. In the
leg-sit cluster (Table VI), 8/10 patterns at CheoAngle have
F1-score values higher than ones of the method remains. In
particular, F1-score values of the pattern ARM1 and ARM2
at Shengli is higher than others.

On the contrary, the result for pattern ARM4 is low
for all methods. There might be several reasons for this
result. First, the number of instances for pattern ARM4
are very small compared to others (see Table I and II).
Meanwhile, pattern ARM4 has many variants in which
hands are extended and moved in opposite direction. These
invariants are also similar to variant of pattern ARMI
and ARM3. As a result, it is very easy to mistake an
instance of ARM4 for ARM1 and ARM3. Second, the
contribution of this pattern in the test dataset is very little
(see Table I and II). Moreover, the appearance of pattern
ARM4 in the test dataset often complicated cases while
the ARM4 instances are basic samples of the basic posture
“mua cuép bong”. As an example, in the excerpt “Suy
Van gia dai”, action “xau kim” (thread needle), at the
middle of the body, uses a ARMS variant (prepare for
needle thread) and a ARM4 variant (threading needle).
And so, the system can consider this ARM4 variant as
a ARMI case. This means that if ARM4 predictions are
incorrect, ARM1 and ARM3 outcomes also are affected
seriously. Similarly, we can explain the unlogic results of
leg-sit patterns. Moreover, we have difficulty distinguishing
leg-sit patterns. It is because their attributes are not much
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dissimilar. To illustrate, we analyze LEG2 and LEGS. In
gesture “chan chit chi” (LEG2), a performer must lift the
heels (LEGS).

V. CONCLUSIONS

Results at Section IV proves the efficiency of applying
several techniques. The technique sliding window supports
to search patterns on the global scope. The algorithm
DTW makes patterns classification to become simple. In
addition, the way to select need-to-calculated angles of
motions also contributes an important role to predictions
as well as the data scale.

Besides advantages, the proposed algorithm has a small
group of limitations. The first limitation is the dependency
on pattern instances’ length. Instances have short or long
length depends on dance rhythm and skills of the dancer.
Thus, the pattern’s length affects the proposals filter. The
second limitation is the window size and the stride. If the
stride is short, it takes a long time to run the algorithm.
Otherwise, the long stride will skip patterns that we need
to search. Meanwhile, the shorter window size is, the more
difficult the system classify patterns due to getting only
a part of information in the pattern. In contradiction, the
longer window size is, the more easily the system predicts
pattern incorrectly.

In the future, we will optimize lists of pattern angles
and complete instance and test dataset. For pattern angles
optimization, we improve techniques. In classification pro-
cess, a group having few highlight features is easy to predict
incorrect patterns. Moreover, several patterns barely have no
movement, but some joints change positions very slightly.
This will cause the difficulty for comparison between
groups which are in the same posture. Thus, we will add
the information of rotation degree of joints in order to
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FEATURES COMPARISrIFg)Il\‘T3 (\)/N THE ARM CLUSTER

Methods Metrics ARM1 | ARM2 | ARM3 | ARM4 | ARMS5
Precision (%) 65.7 85.6 51.2 1.6 66.7
CheoAngle Recall (%) 75.6 72.3 29.4 4.1 67.5
Fl1-score (%) 70.3 78.4 37.3 23 67.1
Precision (%) 61.0 93.8 27.1 0.0 44.2
ShengLi Recall (%) 76.5 46.4 30.4 0.0 78.0
Fl-score (%) 67.9 62.1 28.7 0.0 56.4
Precision (%) 84.7 96.1 8.9 11.8 46.4
JointRelativeDist Recall (%) 48.6 38.8 4.9 333 42.8
Fl-score (%) 61.8 55.3 6.3 17.4 44.5

Table VI
FEATURES COMPARISION ON THE LEG-SIT CLUSTER

Methods Metrics LEG1 | LEG2 | LEG3 | LEG4 | LEGS | SIT1 | SIT2 | SIT3 | SIT4 | SITS
Precision (%) 83.8 725 34.1 532 354 66.4 74.6 99.0 96.5 48.1
CheoAngle Recall (%) 44.7 41.0 30.0 69.1 34.8 94.4 234 93.5 94.6 100.0
Fl-score (%) 58.3 524 31.9 60.1 351 78.0 35.7 96.2 95.5 65.0
Precision (%) 87.9 69.1 59.8 36.2 61.8 25.1 5.8 95.6 87.5 0.0
ShengLi Recall (%) 58.1 70.7 3.5 324 21.4 94.4 11.2 16.2 73.0 0.0
Fl-score (%) 69.9 69.9 6.6 34.2 31.8 39.6 7.6 27.7 79.6 0.0
Precision (%) 77.0 56.9 8.2 24.3 59.2 7.5 0.0 0.0 0.0 0.0
JointRelativeDist Recall (%) 62.7 11.1 0.8 2.7 4.6 87.7 0.0 0.0 0.0 0.0
Fl-score (%) 69.1 18.6 1.5 4.9 8.6 13.8 0.0 0.0 0.0 0.0

complement patterns comparison. For the instance dataset,
we must add almost representatives for patterns: ARM2,
ARM4, LEGI1, SIT2, SIT4, SITS5. For the test dataset,
we must give dances or compounds of basic postures for
patterns: ARM2, ARM3, ARM4, LEG3, LEG4, LEGS,
SIT1, SIT2, SIT3, SIT4, SITS.
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Céc két luan phan bién gém c6: (A) Chdp nhén, (B1) Chép nhin véiyéu cdu chinh stia nhé, (B2) Chinh stia va nop lai (ban thio
cdn phai viét lai véi cic thay d5i 16n va sau d6 cin qua vong phan bién lan thi hai), va (C) Tii chéi.

Mbi vong phan bién c6 thé can khoang hai thing. Trong trudng hop cic téc gia dugc Bién tip vién yéu cdu chinh sta ban thao,
phién ban dugc chinh stia cin dugc ndp trong vong hai thang d6i véi yéu ciu chinh stia 16n va mét thdng véi yéu cdu chinh stta
nho. Téc gia nao can nhiéu thoi gian hon xin vui 1ong lién hé vé6i Bién tap vién.

Moi bai bédo dugc chdp nhan sé dugc xudt ban tryc tuyén ngay sau d6, véi s6 DOI, sau khi dugc bién tap va ché ban theo cic quy
tic bién tip ctia Chuyén san Cong nghé TI'TT. Dong thai, khi c6 di mét s6 lugng bai phu hgp, Chuyén san Cong nghé TI'TT sé
tap hop lai va xuét ban mot s6 in, kem véi muc luc cac bai bo.

THONG TIN VE BAN QUYEN

Khi bai bdo dugc chdp nhén, ban quyén cta bai bdo sé tu dong dugc chuyén giao cho Tap chi Cong nghé Thong tin va Truyén
thong, Ia t6 chiic chiu trach nhiém xuét bin Chuyén san Cong nghé TI'TT, v6i dam bao rang moi ndi dung cua bai bao dugc chdp
nhédn xudt ban sé dugc cong b mién phi trén trang web ctia Chuyén san Cong nghé TI'TT. Viéc chuyén giao nay cho phép bén
xudt ban c6 toan quyén gidi quyét bit ky khiéu nai nao vé viéc st dung trai phép. Céc tic gid c6 quyén ding ti lai hay st dung lai
bai bdo dugc xudt ban duéi bat ky hinh thiic nao cho bat ky muc dich nao, mién la ¢ trich dan day du t6i bai bio gdc xudt ban
trén Chuyén san Cong nghé TI'TT. Viéc ndp bai béo dugc xem nhwla cic tic gid da doc va déng y véi chinh sich ban quyén nay.
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Cdc céng trinh nghién citu, phdt trién va iing
dung céng nghé théng tin va truyén théng
(Cong nghé TTTT) la &n pham khoa hoc hang
dau trong linh vyc CNTT&TT, ¢6 trong danh
sach tinh diém & muc cao clia Hoi dong Gido
su Nha nudc vdi ca an pham tiéng Viét va
tiéng Anh.

Tiép noi truyén thong 22 nam va hudng téi hoi
nhap quéc té Chuyén san trién khai chuong
trinh hé trg cic nghién clu sinh (NCS), chd
nhiém dé tai cac cap cong bo két qua nghién cliu
khoa hoc hoan toan mién phi dén hét nam 2022,
cu thé nhu sau:

- Dam bao tién dd: co két qua phan bién
kin trong vong 1 thdng ké tlr khi nop bai
ding mau truc tuyén trén trang https://
ictmag.vn

HO tro hoan thién bai bao ché ban bang
LATEX véi template dugc cung cép san
trén website;

- H6 trg chuyén nglr sang tiéng Anh: bai
ndp tiéng Viét dugc xtt Iy binh thuang. Khi
dugc chap thuan dang, néu tac gia cé nhu
cau, sé dugc hé trg chuyén ngit dé chuyén
sang dang trén Chuyén san tiéng Anh -
Journal of Research and Development
on Information and Communication
(ICT Research);

Hoi dong bién tap Chuyén san cling san sang
tham gia, tai trg hdi nghi, hdi thdo khoa hoc clia
céc don vi nhdm cling Ban T6 chuic phét hién cac
ndi dung nghién cliu c6 kha nang phat trién tot
6 thé cong bo trén Chuyén san. Nhiing két qua
nghién ctu c6 thé chua mdi trén thé gidi nhung
trién khai thu'c su, ¢6 tdc dung lan téa 6 Viét Nam
cling dugc khuyén khich.

Moi thong tin chi tiét xin lién hé: TS. Nguyén
Quang Hung, Thu ky HDBT; Tap chi Thong tin
va Truyén thong; Tang 5, s6 115 Tran Duy Hung,
Q. Cau Gidy, HN. DT: (024) 3773 7136; website:
https://ictmag.vn; e-mail: chuyensanbcvt@mic.
gov.vn






