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Tém tat: Bai toan tim kiém &nh dong vai trd quan trong trong moi linh vic clia cudc sdng. Trong bai bdo niy, mot
phuong phap tim kiém anh dua vao Ontology OBIR (Ontology-based Image Retrieval) dugc d& xuit nham xac dinh ngit
nghia cip cao ctia hinh anh. Ontology bén tu dong dugc dé xuét xay dung lam co sd tri thifc cho tim kiém anh theo tiép
can ngit nghia, dong thoi ciu truy vin SPARQL dudc tu dong tao ra tlf vin ban dau vao hoic tlf I16p ngit nghia clia anh
dau vao, dugc xac dinh thong qua cong cu tim kiém hoc mdy dua trén dd thi cum lang giéng, dé tim kiém trén Ontology
nay. D& minh ching cho céc ly thuyét da dé& xuit, ching t6i tién hanh thuc nghiém trén bo anh ImageCLEF (20.000 hinh
4nh) va Stanford Dogs (20.580 hinh anh). Két qué thuc nghiém ctia phuong phap tim kiém anh dua vao Ontology dugc
so sanh véi phuong phap tim kiém anh theo ndi dung, ddng thdi dudc so sanh véi cic cong trinh khic cung tap di liéu
anh nham ching minh tinh hiéu qua va ding ddn clia cic dé xuit trong bai bdo.

Tit Khoa: OBIR, Ontology, SPARQL, semantic image.

Image retrieval problem plays an important role in all areas of life. In this pa-per, Ontology-based Image Retrieval

(OBIR) is proposed to determine the high-level semantics of the image. The semi-automatic frame ontology is proposed
to be built as a knowledge base for SBIR, at the same time the SPARQL query is automatically generated from the
input text or the semantic class of the input image, that identified through the machine learning search engine based on
the neighborhood cluster graph, to retrieval on this ontology. Experiments were performed on ImageCLEF and Stanford
Dogs to demonstrate the effectiveness of the proposals. Experi-mental results of OBIR are compared with CBIR on
the neighborhood cluster graph, and compared with other works on the same image datasets, to prove the effectiveness
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and correctness of the proposals in the paper.
Keywords:  OBIR, Ontology, SPARQL, smantic image.

I. GIOI THIEU

Anh s6 déng mot vai trd quan trong trong moi linh
viic clia cudc sébng nhu y khoa, gido duc, gii tri,... Tim
kiém anh dua trén ndi dung CBIR (Content-based Image
Retrieval) [4, 10] 12 phuong phap phd bién nhét hién tai,
stt dung cic dic trung cip thip nhu mau sic, két ciu, hinh
dang... va cdc dd do khodng cich dé€ tim tdp 4nh tuong
tu. Tuy nhién, ludn ton tai mot “khoang cach ngit nghia”
(semantic gap) [2, 20] gifta cac dic trung cAp thip dugc may
tinh trich xuit va ngit nghia cip cao dugc truyén dat cla
ngudi dung. Tim kiém anh theo ngif nghia SBIR (Semantic-
based Image Retrieval) [15, 17] 1a phuong phap xac dinh
ngit nghia cip cao cdia hinh 4nh, nhim gidi quyét thach
thiic nay.

C6 nhiéu phuong phdp tim kiém anh theo ngif nghia,
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phd bién nhit 14 dua vao phuong phap hoc may dé lién két
dic trung cip thip véi cic nhin I6p ngit nghia, dua vao
Ontology dé& xac dinh ngit nghia cip cao. Trong phuong
phdp hoc mady, cac phuong phap hoc sdu dugc s dung
rong rii do tbc do nhanh va do chinh xdc cao clia né nhim
nhin dang hinh 4nh, phat hién d6i tuong, phan doan ngit
nghia nhu: phuong phap st dung mang CNN phan loai khai
niém ngit nghia cho hinh dnh nhim chu thich cic hinh dnh
Web khong dugc gan nhan [25], phan doan ngit nghia véi
DeepLab v3 va thuat todn phan doan siéu pixel-dich chuyén
nhanh [29], phuong phdp diéu chinh khong gian tich hgp
vao mang CNN nham giam nhiéu va phan doan hinh dnh
hiéu qua hon [9]... Tuy nhién, cdc phudng phap hoc siu
phét hién dbi tugng, phan doan ngif nghia v6i cac mo ta
dic trung hinh 4nh & mic do thip, khong thé chi ra ro
ring mdi quan hé giita cic ddi tugng hay thiéu nhan thiic



ngit cdnh vi né thiéu cdc mo ta ngii nghia nang cao, do d6
viéc hiéu thong tin ngif nghia cip cao theo ctia hinh dnh
theo yéu ciu ngudi dung trd nén khé khin [7]. Ontology
12 mot mo hinh dit liéu c6 thé bi€u dién mot céch rd rang
céc khéi niém va cac mdi quan hé khdc nhau giita cac khai
ni€ém. Do céc tinh ndng dinh huéng mdy tinh va dya trén
logic, k¥ thuat Ontology da dudc ap dung rong rai cho mo
hinh héa va phan tich thong tin nhu tich hgp ngit nghia
clia co s¢ dit liéu khong dong nhét, truy xudt va quéan ly
thong tin hinh anh [8, 21]. Vi vy, nhiéu nghién ctiu nham
tim kiém ngit nghia anh trén Ontology dudc quan tim nhu:
khung khai niém dua trén Ontology d€ truy xuit hinh dnh
cta cdc hién vit bao tang [21], nhan dién rui ro trong xay
dung dva vao ngit nghia hinh adnh trén Ontology [28], st
dung Ontology clia hé théng tim mach ctia con ngudi dé
cai thién viéc phan loai cac hinh dnh mo6 hoc [16]...

Trong cach tiép can cla ching toi, mot khung Ontology
dudc xay dung ban tu dong cho bai toan tim kiém anh theo
tiép can ngit nghia. Tim kiém anh dua trén Ontology OBIR
(Ontology-based Image Retrival) dugc ching t6i thuc hién
theo hai cach: (1) tlf vin ban dau vao clia ngudi dung, xac
dinh tit khéa d€ tim kiém trén Ontology va (2) tif hinh dnh
dau vao, thong qua cong cu tim kiém dua trén phuong phap
hoc mdy (dd thi cum lang giéng) d€ trich xuét dic trung
tit hinh &nh, phan 16p hinh anh, tra ciu tir vung thi gidc
(nhidm gidi quyét bai todn chuyén tit mot dnh sang vec-to
gdm cdc tif vung thi gidc). Sau d6 tao tu dong cau lénh
SPARQL dé€ truy vén trén Ontology. Két qué tim kiém dnh
trén Ontology 1a mdt tip anh tuong tu cung véi nglt nghia
ctia cic hinh anh. Hé truy vAn hinh anh sau khi dudc tich
hop véi Ontology sé cai thién két qua tim kiém ciing nhu
do tin cdy vé mit ngit nghia cho hé thong. Céac déng gép
chinh ctia bai bdo bao gom: (1) P xuét xdy dung mot
khung Ontology (Frame Ontology) ban tu dong cho bo di
liéu 4nh dua trén ngdn ngii OWL; (2) Pé xuit mo hinh tim
kiém anh dua vao Ontology; (3) X4y dung thuc nghiém va
chiing minh tinh diing dan ctia phuong phap dé xuit dva
trén bo du liéu ImageCLEF [12] va Stanford Dogs [14].

Phin con lai ctia bai bdo gém: Phan II khio sit mot
s6 cong trinh lién quan dong thoi phan tich cic uu nhudc
diém dé€ ching minh tinh hiéu qua ctia tim kiém anh dua
trén Ontology; Phan III trinh bay phuong phdp xay dung
Ontology ban tu dong cho dif liéu anh; Phan IV mo ta hé
tim kiém 4nh dua trén Ontology OnSBIR va Phan V 1a
thuyc nghiém, dinh gid so sinh; Két luin va huéng phat
trién tuong lai dudc thé hién trong Phan VI.

II. CAC CONG TRINH NGHIEN CUU LIEN QUAN

Nhiéu cong trinh nghién cifu vé Ontology cho muc dich
phan tich ngit nghia, chi thich va tim kiém ngit nghia 4nh.
Phuong phép tim kiém 4nh dua trén Ontology da dugc dé
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xuét theo hai huéng chinh bao gdm: tim kiém &nh trén
Ontology dua trén vin ban dau vao [5, 17, 23] va tim kiém
4nh dua trén anh dau vao [8, 15] nhiam lién két cic dic trung
clp thip va ngit nghia cip cao cdia anh trén Ontology.

Céc phuong phdp tim kiém &nh theo tiép cin ngit nghia
dua trén Ontology vé6i vin ban dau vao dudc dé xuét trong
cac nghién ctiu: Vijayarajan, V. va cong su (2016) [23] xay
dung mot Ontology trén tip dnh ImageCLEF gdm 20.000
hinh anh véi cac chu thich di kém mdi anh, cho bai toan
SBIR. Qui trinh tim kiém hinh 4nh phu thudc vao viéc phan
tich viin pham cta chu thich d€ tao thanh cdc tif khéa mod ta
ndi dung hinh anh, tuy nhién chua thyc hién phan 16p noi
dung hinh 4nh tlf cic dic trung cip thip d€ tao cac tir khoa
nhim thyc hién tim kiém trén Ontology. Ontology dudc xiy
dung véi cong cu Protégé, dau ra 1a RDF va OWL. Hinh 4nh
dugc truy xuét trén Ontology dua vao truy vin SPARQL
tao tu dong. Tuy nhién, khi s6 lugng dnh 16n, Ontology xay
dung thii cong trén Protégé ton nhiéu thdi gian va nhan luc,
ddng thai Ontology trong dé xuét chi ding lai miic d6 mién
phan 16p va phan cAp mién, cic dinh nghia, quan hé chua
dugc thuc hién. Mohd K. va cong su (2017) [17] da dé xuét
mo hinh tim kiém 4nh theo tiép cin ngit nghia vi Ontology
md da phuong thic va Dbpedia, nham nang cao hiéu qua.
Ontology md dudc xdy dung bing cich sit dung cdc khai
niém mo ta cic dbi tuong trong anh. Cic khdi niém, pham
tri va hinh 4nh dugc lién két v6i nhau bang cac gia tri
md trong Ontology. Tuy nhién, phudng phdp nay chi tim
kiém trén tif khéa, khong tim kiém tif anh, do d6 chua lién
két dudc véi dic trung cip thip. Pong thdi, Ontology chi
xdy dung trén tidp anh nhd v6i ndm phan 16p ngt nghia,
chua dai dién cho céc tap anh da dang trong thuc té. Nhém
nghién ciu Bouchakwa, M. (2020) [5] dé xuit cai tién ngit
nghia dua trén thé (Tag) 4nh bing cich: dau tién, cic y
nghia ngit nghia khic nhau dudc suy ra tif cdc truy van
khong ro rang ctia ngudi dung dua trén Ontology, sau do
truy van ban dau dudc dinh dang lai bang cach thuc thi mot
tap hop cdc quy tic ngit nghia trén Ontology. Cac hinh anh
trén mot tdp anh dudc gom cum theo ndi dung nglt nghia
va loc, xép hang lai cac két qua truy xuét cum hinh dnh dé
sap xép theo mic do thich hop. DE danh gia hiéu suit ctia
phuong phap dé xuét dé xuét, thuc nghiém dugc tién hanh
trén bo suu tdp 25.000 hinh anh dugc chia sé trén Flickr.
Cic phuong phap tim kiém 4nh theo tiép cAn ngit nghia
dua trén Ontology két hop vdi dic trung thi gidc dugc dé
xuét trong cdc nghién ciu: Manzoor, U. va cong su (2015)
[15] d& xu4t phuong phdp tim kiém &nh theo tiép cin ngit
nghia dua trén Ontology mién cu thé, dé thu thap hinh anh
c6 lién quan dén tim kiém ctia ngudi dung. Hé théng thuc
hién tim kiém theo hai cach: tit hinh anh dau vao 1a su két
hop giita dic trung cip thip va Ontology, hoic tif vin ban
do ngudi dung nhap vao, thuc hién tim kiém truc tiép thén
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Ontology. Mién dong vat c6 vi gdbm 900 4nh véi 20 loai
dong vat khic nhau dudc st dung d€ xdy dung Ontology
va thyc nghiém chiing minh tinh hiéu qua ctia dé xuét véi
do chinh xéac la 0,60. Tuy nhién, Ontology chi xay dung
dudc trén mién gid tri, chua tao mdi quan hé phan cap giita
céc 16p ciing nhu khdi niém ngit nghia cho mién. Tap anh
xdy dung Ontology la nho, tinh ké thira va kha ning md
rong chua dugc thé hién trong bai bido. Nhém nghién ciiu
Filali J. (2016) [8] trinh bay mot hé théng tim kiém hinh
4nh dua trén tf vung thi giac va Ontology. Pé xuit cho moi
hinh anh tim kiém, xay dung tit vung thi gidc va Ontology
dua trén cic chii thich hinh 4nh. Qu4 trinh tim kiém hinh
dnh dugc thuc hién bing cich tich hop ci dic trung thi
gidc va ngit nghia tuong tu. Tir vung thi gidc dudc lay ra
tif cdc dic trung cip thip cla hinh anh va anh dugc tim
kiém dua vao khodng cach Euclide. Cdc Ontology dugc lam
phong phi thém bdi cac khai niém va mdi quan hé dugc
trich ra tir tai nguyén ti vung ctia BabelNet, thuc hién tim
kiém 4nh trén Ontology dua vao do do ngit nghia. Két qua
tim kiém trén dic trung cAp thap va trén Ontology dudc
giao lai d€ tim ra tap 4nh tuong tu vé mit ndi dung cip
thip va ngit nghia cAp cao. Hé théng thuc hién xdy dung
Ontology tut 20.000 hinh &nh cta tap anh ImageCLEF, bdi
day la tdp anh c6 mot danh sach phan 16p ngit nghia 16n,
dai dién cho hau hét cic phan 16p anh c6 thé c6. Tuy nhién,
thuc nghiém chua dugc danh gid nén tinh hiéu qua cta hé
théng vé do chinh xic chua kiém chiing. Gongalves, F. M.
F. va cong su (2018) [11] d& xuit mot phuong phéap tiép
can nglt nghia két hgp CBIR, hoc khong gidm sit va ky
thuat Ontology. P6i v6i mo hinh ngit nghia, Ontology mién
dai dién dugc xay dung cho cic dic tinh va ciu tric cda
thuc vat. Mot cach tiép can dua trén do thi dugc dé xuét
d€ két hop thong tin ngit nghia va két qua tim kiém noi
dung truc quan cép thap. Phuong phap dé xuit dudc thuc
nghiém danh gid trén tip di liéu Oxford Flowers véi 102
phan 16p dé ching minh tinh hiéu qua. D6 chinh x4c khi
tim kiém anh c6 Ontology (0,8539) cao hon so v6i CBIR
va hoc khong gidm sat (0,8020) chiing td, su két hop tim
kiém anh tir dic trung cip thip véi ngit nghia cip cao trén
Ontology cho hiéu suit vuot trdi. Tuy nhién, Ontology nay
xdy dung trén mién nhd, chua thuc hién dinh nghia céc khai
niém mién va chua lam rd dugc mdi quan hé giita cic mién
gia tri. Mazo, C. va cdng su (2020) [16] st dung Ontology
ctia hé théng tim mach ctia con ngudi dé cii thién viéc phan
loai c4c hinh anh mo hoc véi phuong phap két hgp SVM.
Phuong phap nay cai thién viéc phén loai tu dong cac hinh
4nh mo6 hoc va c6 kha ning nhin ra cidc mo biéu md, trudc
day khong dudc phat hién bdi bat ky phuong phap thi gidc
mdy tinh nao khi so sanh dong thdi, bao gdm mot dé xuat
cia CNN co6 tén la HistoResNet. Zhang, M. va cOng su
(2020) [28] d& xuit mot phuong phap nhin dang tu dong
két hop phat hién déi tugng va Ontology dé xac dinh rii ro
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trong qua trinh xdy dung va ngan ngla tai nan xay dyng.
Dau tién, mang CNN dudc dung dé trich xuit thong tin ngit
nghia cip thip tif cdc phan td ngit canh va cdc thudc tinh
quan hé khong gian phan ti tif hinh 4nh xuét tit video gidm
sat. Tiép dén, Ontology dudc thiét 1p trong pham vi cda
mot nglr canh va ngdn ngt logic ciia Ontology dugc dung
d€ chuyén ddi thong tin ngit nghia cip thip ctia hinh 4nh
thanh ngit nghia cip cao. Thii ba, cdc quy tic rii ro dudc
chuyén thanh cic quy tic Ontology, va cac tinh hubng rii
ro cao c6 thé phat sinh thuc té dugc xdc dinh bdi mot cong
cu suy luan Pellet. Cudi cung, mot canh dao hé méng dudc
lay 1am vi du, va két qué thi nghiém dudc sit dung dé xac
minh tinh kha thi va hiéu qua ctia phuong phdp dé xuét.
Phuong phdp d& xuit c6 thé dugc dung dé€ nang cao hiéu
qua quan ly an toan xdy dung. Cc nghién ctiu vé tim kiém
4nh theo tiép cin ngit nghia dugc khio sat, phan tich cho
thiy tinh hiéu qua ctia phuong phap tim kiém anh dua trén
Ontology. Hé tim kiém &nh trén Ontology cho d9 chinh xac
cao hon so véi tim kiém thong thuong dua trén noi dung.
Tuy nhién, viéc chi st dung vin ban dau vao dé truy van
ngit nghia trén Ontology cho két qua khong tot bang su két
hop giita ngit nghia trén Ontology va dic trung cip thap
mo ta ndi dung anh. Véi su két hop nay, két qua truy van
khong chi tuong tu vé ndi dung thi gidc, ma con tuong tu
vé mit ngit nghia. Ontology hiéu qua khi xay dung trén tap
dit liéu 16n, c6 nhiéu phan 16p dai dién cho nhiéu dbi tugng
trong thyc té nhu bd 4nh ImageCLEF, Oxford Flowers,...
Tir cdc wu nhugc diém clia cic cong trinh nghién cdu lién
quan, chiing t6i d& xuit phuong phdp tim kiém &nh tiép
can ngit nghia dua trén Ontology va noi dung cip thip cla
hinh anh, st dung tip anh ImageCLEF la tip anh muc tiéu
dé xay dung khung Ontology. Pong thdi dé xuit phuong
phdp bd sung di liéu d€ lam phong phi thém ngit nghia
cho khung Ontology nay.

III. PHUONG PHAP XAY DUNG ONTOLOGY
CHO DU LIEU ANH

Dit liéu anh ludn ting trudng khong ngling, c6 su bién
d6i thuong xuyén ctia mién va mdi quan hé cip bac trong
mdi bd anh, do d6 xdy dung Ontology cho hinh 4nh 13 mdt
nhiém vu khé khin, doi héi ngudn nhan lyc va thdi gian
16n. Xay dung Ontology phai ddm bao viéc bd sung dif liéu
ding dé 1am phong phi ngif nghia hinh anh. Chiing t6i dé
xuét xay dung mot khung ontogy ban tu dong c6 kha ning
b6 sung dif liéu cho bai todn tim kiém anh theo tiép can
ngli nghia.

1. M6 hinh xiy dung Ontology ban tu dong cho tap
dir liéu anh

Mot md hinh xdy dung khung Ontology (Frame Ontol-
ogy) ban ty dong cho anh dugc dé xuét trong Hinh 1, st



dung tap 4nh ImageCLEF, 1a bo 4nh phong phi vé mién
(276 16p) 1am nén tang, ké thira cac hé thdng phan cép anh,
c6 khd ning md rong mién va mo ta tdt nhit cic quan hé
clia anh v6i phin 16p clia né. Khung Ontology bao gom
cac thanh phan: 16p, phan cip 16p, cic thudc tinh dif liéu,
thudc tinh quan hé, cdc thong tin literals cho 16p va hinh
anh, tir dién dong nghia. Cdc mau dif liéu dudc tao ra dua
trén cac thanh phan nay (Hinh 2), lam dit liéu dau vao cho
qué trinh xay dung khung Ontology ban tu dong. M6 hinh
tao khung Ontology ban tu dong bao gdom cic budc nhu
sau:

« Budc 1. Xdc dinh tap anh, ké thira 16p, phan cép 16p
(1

o Budc 2. Xay dung mau dit liéu cho cic thanh phan
cua khung Ontology, dudc tao tip anh (2) va tu thong
tin WWW (3):

+ Céc 16p, cdc ca thé va thong tin Literals dudc tao tu
dong ti tap anh;

+ Phan 16p, cdc thudc tinh, tir dién dudc tao ban tu
dong tu tip anh va WWW;

« Budc 3. Anh tt WWW, két xuit cdc dinh danh tai
nguyén va md ta (4), cac dinh danh anh va URL (5),
bd sung vao cic dif liéu dau vao (6) cho qué trinh tao
Ontology;

o Budc 4. Cic du liéu dugc tao tit budc 3 va bude 4
dudc cip nhit, chinh stta v6i sy tham gia ctiia chuyén
gia (7) va tao khung Ontology ban tu dong (8);

Trong md hinh xay dung khung Ontology ban tu dong,
chuyén gia déng vai trd quan trong nhim dam bao tinh
ding dén, tin cdy cho Ontology do cic dit liéu dudc bd
sung thuc hién theo qui trinh x& ly d@ liéu, lam sach di
liéu, ki€ém chiing, ki€ém thi dif liéu,... Bu6c tham gia chinh
stra ctiia chuyén gia dudc thuc hién thi cong dua trén cac
thao tac ty dong truéc d6 nhu sau:

+ Tao méu cdc phan 16p clia bo anh (SubClass) tif mau tap
tin 16p (Class), ké thira tif tap 4nh v tf WWW nhu ciy
phan cip 16p (Hierarchy tree) ctia ImageNet [13], Ontology
(taxonomy) ctia Dbpedia [6];...

+ Tao miu cic dinh nghia 16p hay tit dién dong nghia dua
vao mang tit WORDNET. Tt WORDNET, tu dong lay vé
dinh nghia tudng tGng cua cac 16p, sau do, chuyén gia loc
lai cic dinh nghia cho céc danh tif vd cidc dong nghia cla
16p.

+ Tao mAu cdc thudc tinh quan hé gitta 16p va cdc thé hién
(instances) cta nd, xac dinh hinh anh dai dién phu hgp cho
16p va dinh nghia chinh cta 16p tuy theo ngt canh cta bd
anh.

Ontology dudc tao ban tu dong véi su tham gia chinh
stfa clia chuyén gia c6 cdc uu diém la giam chi phi, nhan
Iuc nhung vin dam bao tinh diing dan va tin cdy. Trong khi
do, viéc tao Ontology thi cong trén protégé la khong kha
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others : A IMG112
2 aerostatic-balloon : 9854 (http:

ir-hom.v)
(../../SAIAPR TC-12
Benchmark/benchrark/saiapr_tc-12
/00/images/112.3pg)
(112.3pg) (../../SAIAFR
TC-12
Benchmark/benchrark/branch/annot
ations/00/112.eng) (branch,
child-girl, construction,

air-vehicles : 2828 4616 4855
9878 18441 19963 20529
airplane : 1947 2829 4220 4407
5008 5009 5166 5167 5169 6494
6685 6705 6997 7179 7255 7274
7413 7599 7700 7710 7880 7990
8099 8225 8305 8478 8591 8739
58963 8952 8983 9089 9112 9130 v

[E1BR LitralscLot £ |
AEROSTATIC-BALLOON
(http://sbiz-hem.y
ALLOON)
(../../Dictionary/AEROSTATIC-BAL
LOON.txt] (balloon for travel
through the air in a basket
suspended below a large bag of
heated air)

2 inAEROSTATIC-BALLOON

(http://sbir-hcm.vn/inAEROSTATIC v

DREETTT|

(n) ball (round object that is A
hit or thrown or kicked in

ganes) "the ball travelled 0

mph on his serve"; "the mayor
threw out the first ball";

"the ball rolled into the

corner pocket"

(n) musket ball, ball (a solid
projectile that is shot by a
musket) "they had to carry a v

n/AEROSTATIC-B

Hinh 2. Céc dit liéu méu cho khung Ontology ban ty dong

thi khi s6 lugng anh nhiéu, chi phi va nhan lyc rét 16n, con
tao Ontology tu dong thi chi phi va nhan lyc dugc giam di
rit nhiéu nhung khong ddm béo tinh chinh xdc va tin cay.
Cic thuat toan dé xay dung Ontology bao gom tao cic 16p,
16p phan cip, cic ca thé dugc mo ta nhu sau:

Thuit toan 1: Tao 16p cho Ontology (COC).

1 PAu vio: C= {classi, i = 1..N}, Ontology;
2 Pau ra: Ontology;
3 begin
foreach class in C do
Sub = "sbir:" + Class;
Pre = "rdf:type";
Obj = "owl:" + "Class";
Ontology = Ontology U Triple(Sub, Pre, Obj);
end
return Ontology;
end

4
5
6
7
8
9

10
11

N

B6 sung dir liéu anh cho khung Ontology

B6 sung dit liéu cho khung Ontology 13 b3 sung cic md
td ngli nghia vA md rong ciu tric cda Ontology, 1am cho
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Thuét toan 2: Tao phan cp 16p cho Ontology
(COCS).

1 Pau vao: superclass, subClass, Ontology;

2 Piu ra: Ontology;
3 begin

4 foreach class in C do

5 Sub = "sbir:" + subClass;

6 Pre = "rdfs:subClassOf ";

7 Obj = "owl:" + " superClass ";

8 Ontology = Ontology U Triple(Sub, Pre, Obj);
9 end

10 return Ontology;

11 end

Thuat toan 3: Tao céc ca thé cho Ontology
(CIC).
1 Piu vao: C = {classi, i=1..N}, Individual, Ontology;

2 Dhu ra: Ontology;
3 begin

4 foreach class in C do

5 Sub = "sbir:" + Individual. ElementAt(i);

6 Pre = "rdf:type";

7 Obj = "owl:NamedIndividual";

8 Ontology = Ontology U Triple(Sub, Pre, Obj);
9 end

10 return Ontology;

11 end

n6 chifa nhiéu thong tin hon, giau ngit nghia hon. Céc 16p,
phan cép 16p, cac thudc tinh, quan hé, cic ca thé va cic mo
té4 ngli nghia dugc bd sung ban tu dong cho khung Ontology
ban dau. Viéc bd sung nay dam bio cic 16p, phan cip 16p,
céc thudc tinh, cic dinh nghia trong tir dién va cic cd thé
mdi ¢ thé duge thém vao khung Ontology ma khong pha
v3 céu tric ctia n6. Mo hinh bd sung dif liéu cho khung
Ontology dudc dé xuit trong Hinh 1. M6 hinh nay bao gom
hai giai doan, giai doan tao khung Ontology (tir buéc 1-8)
va giai doan b8 sung cho khung Ontology. Qué trinh b3
sung dit liéu cho Ontology dudc thyc hién nhu sau:

« Budc 1. Xic dinh tip &4nh 4nh d€ b8 sung cho mot
khung Ontology da xay dung;

« Budc 2. Dua vao mau dit liéu dudc tao tif cdc thanh
phan ctia khung Ontology, tao mau di lidu dé bS sung
ban ty dong cho khung Ontology (9);

« Budc 3. Kiém tra ty dong su trung lip v& 16p, cé thé,
thudc tinh... giita mau dit liéu cin b3 sung vao miu
di liéu cta khung Ontology (10).

« Budc 4. Cap nhat, chinh stta mau di liéu véi su tham
gia cla chuyén gia (11);

« Budc 5. Dit liéu duge thém (12) vao khung Ontology
dé 1am phong phii thém cho ngli nghia cic tip 4nh
(13).

Ung dung tao khung Ontology va b3 sung dit liéu SBIR-
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Ontology dugc xdy dung trén mo hinh di dé& xuét, trén nén
tang dotNET Framework 4.8, ngdn ngit 1ap trinh C#, luu
trit biang Notation 3 syntax (N3). Khung Ontology dudc
tao tif tip dif liéu &nh ImageCLEF (20.000 anh) va bd sung
thém véi tdp anh Stanford Dogs (20.580 anh), luu trit tai
tap tin SBIR-Ontology.n3 (Hinh 3).

ESB\P—OMU\cgyn:’»ﬂ‘ L

% rdf: <http: 1999/02/22-rdf-syntax-nsi>. ~
x rdfs: <htip://www.w3.org/2000/01/rdf-schemai>.

x xsd: <http://www.w3.org/2001/XMLSchemat>.

x owl: <http://www.w3.0rg/2002/07/owlt>.
x xml: <http:
x sbir: <http:

ML/1998

FRRRRR
Gona o n
BB b
[

13 <http://sbir-hom.vn/AIRPLANE> <http:
fixed wing and is powersd by propel.
<net

#subcl

2000/01/rdf-sch

AIR-VEHICLES>.
2002/07/owlEClass>;

Are/2000/01/rAf-schemafsih™lasanfs <

£ <

Hinh 3. Ontology theo dinh dang N3

Vi du clia qua trinh b8 sung dif liéu dugc thé hién trong
Hinh 4, cho thiy phan cip trudc va sau khi bd sung vao
khung Ontology. Ban diu (Hinh 4a) phan 16p ctia khung
Ontology c6 16p DOG va 16p nay khong cé cac 16p con,
sau do6, khi bd sung dit liéu tf tdp 4nh cac loai ché clia
Stanford Dogs, thi phan 16p nay tao thém cac con (Hinh
4b). Viéc bs sung nay dam bao céc 16p, phan cip 16p, cac
thudc tinh, cic dinh nghia trong tit dién va cic ca thé méi
c6 thé dugc thém vao khung Ontology ma khong phéa vd
cAu tric ban dau.

Asserted ~
v
V- @ ANIMAL
» @ BRD
FLOCK.OF-BIRDS
Asserted ~ HERD-OF MAMMAL S
» @ INSECT
v @ owtThing ¥ @ MAMMAL
¥ ® ANIMAL - © ANTELOPE
- @ BRD - @ CANINE
FLOCK-OF-BIRDS Covore
HERD-OF-MAMMALS 00G
» © INSECT BASENSI
T- 9 MaaL »- ® CORGI
» @ ANTELOPE @ on
T@ o GREAT_PYRENEES
covote > @ GRIFFON
e HUNTING_DOG
o LEONBERG
L eme MEXICAN_HAIRLESS
> © MAMMAL-OTHER iy :8;’;‘:2“"'-““
» @ PRIMATE poo
» @ RODENT e,
oneeme ¥ 10,006
SCHOOL-OF FISHES . meD“K‘NC-_DOG
@ FOOD rox
» @ LANDSCAPE-NATURE
- @ MAN-MADE - O FELINE
»© OTHER-ENTITY > © MAMMALOTHER
@ PERSON b @ PRIMATE
» & RODENT
» @ OCEAN-ANIMAL
» @ REPTILE
SCHOOL-OF-FISHES
» @ FoOD
- © LANDSCAPE-NATURE
» @ MAN-UADE
- OTHER-ENTITY
> @ PERSON
(a) (b)

Hinh 4. Tryc quan phan cp 16p trudc (a)
va sau (b) khi bd sung dit liéu vao Ontology

IV. HE TIM KIEM ANH DUA TREN ONTOLOGY



1. M6 hinh tim kiém anh

Mot hé tim kiém theo ngif nghia dua trén Ontology,
onSBIR, dugc xdy dung bao gébm 2 pha dudc md ta trong
Hinh 5 nhu sau:

« Pha tién xt ly:

(1) Céc hinh &nh trong tap 4nh dudc t8 chiic luu trit

trén cAu tric do thi cum ling giéng;

(2) Xay dung, lam giau modt Ontology ban tu dong

dua trén ngdn nglt bd ba RDF tu tip anh va tu
WWW;

« Pha tim kiém:

(1) V6i mot anh dau vao, hé théng thuc hién tim kiém
trén dd thi cum ldng giéng 1y ra tap cc anh tuong
ty theo noi dung dudc sap xép theo do do, phan
16p tap anh nay véi thuat toan k-NN dé tim tap tur
vung thi gidc; V6i dau vao 1a mot doan vin ban,
hé théng thuc hién tim cac tit khéa phu hop véi
cac 16p trong Ontology;

Tu dong tao ciu truy vAn SPARQL dé tim kiém
anh trén Ontology;

Két xuit tip anh tuong ty theo ngit nghia trén
Ontology.

2

3)

..................................................................

Pha tién xi Iy |

()

Tap dir liéu
anh

,

i

:

'
POTHICUM ||
LANG GIENG | !
'

:

'

:

'

z @
e
= ®

Vec-to tir thi
giac

Truy van
SPARQL

)

Tap anh twong
w va ngi¥ nghial |
Tap anh

Boi sanh 16p
ontology

Hinh 5. M5 hinh hé tim kiém theo tiép cn ngit nghia onSBIR

2. Céc thanh phan ctia hé truy vin onSBIR

a) Trich xudt ddc trung cdp thdp

Do chinh x4c ctia tim kiém 4nh phu thudc vao su lya chon
cdc dic trung cép thip, do d6, d€ phat huy céc dic trung
trong hé théng tim kiém &nh, ching t6i st dung cic dic
trung cip thdp v& mau sic, két ciu, hinh dang d€ tao thanh
bd mo ta dic trung két hdp mau sic dudc trich xuét dua trén
bd m6 td mau chi dao DCD ctia MPEG-7, dic trung két cAu
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dugc trich xuit dva vao do tuong phan, phép loc tan sb cao,
phép loc Sobel, phép loc Gaussian va phuong phap LoG,
ddc trung hinh dang dua trén phuong phap Laplacian...
Mot vec-to dic trung cip thdp gdm 81 chiéu dudc trich
xuét cho bai toan tim kiém anh trong bai bdo nay.
b) Do thi cum ldng giéng

Do thi cum ldng giéng dudc cai tién tif cAu triic cAy phan
cum can bang C-Tree [18, 19] da dudc ching toi xdy dung.
C-Tree c6 thé luu trif dudc dit liéu 16n, hiéu qua cho bai
toan tim kiém 4anh véi thoi gian tim kiém nhanh, do chinh
xdc kha cao. Tuy nhién, nhudc diém chinh cta C-Tree 1a
modi 1an tach nit, cdc phan tif tuong t nhau c6 thé bi tich
thanh cdc nit khac nhau, trong trudng hgp xiu nhit, cac
nit nay cé thé nim trén cic nhanh riéng biét. Do d6, qua
trinh tim kiém &nh trén cdy C-Tree c6 thé s& bd sot cac
phan t& tuong tu da bi chuyén nhanh. Piéu nay lam anh
hudng dén hiéu suit tim kiém trén C-Tree. Vi viy, do thi
gom cum lang giéng (Hinh 6), 12 su két hop gitta dd thi
gom cum va ciay C-Tree, dudc dé& xuat nhu sau: mdi niit 14
trén cay C-Tree trong qud trinh huin luyén sé tim dudc cic
cum ldng giéng 14an cin theo ba mic: miic mot néu khoang
cch giifa hai tAm nit bé hon 6, mic hai néu 16p dai dién
ctia hai niit tring nhau va mic ba néu 16p dai dién cta hai
niit c6 quan hé phan 16p cha-con. C4c miic ldng giéng dudc
danh d4u d€ tao thanh mot dd thi cum lién quan v6i nhau
vé do do va quan hé cip bic (cha-con). Do thi gom cum
lang giéng cho phép thdi gian tim kiém nhanh hon va chi
phi bo nhé it hon so véi do thi gom cum truyén théng.

C-Tree

Hinh 6. D6 thi gom cum ling giéng

c) Tim kiém dnh dya trén Ontology
Tim kiém anh theo tiép can ngif nghia dua trén Ontology
dugc thuc hién theo hai cich: tim kiém dua trén anh dau
vao va tim kiém dya doan vin ban, md ti trong Hinh 7.
(I) Tim kiém tir Anh diu vao: 4nh diu vao c6 thé chia
mot dbi tugng hoic nhidu dbi tuong, dua vao do thi
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cum lang giéng dé tim tap 4nh tuong tu. Sau d6 thuc
hién thuat todn phan 16p k-NN d€ tim tip tif vung thi
gidc, 12 vec-to chita mot hay nhiéu 16p ngit nghia cla
anh va ty dong tao cau 1énh SPARQL (AND hoac OR),
tir d6 truy van trén Ontology dé tim tip cdc anh tuong
tu va ngli nghia cua no;

Tim kiém tir viin ban dau vao: TU modt doan vin
ban dau vao, thuc hién dbi sianh danh sich cic 16p
Ontology dé tim tif khéa truy vén va tir két néi AND
hoac OR trong ngit nghia doan van ban, tu do tu
dong tao ciu lénh SPARQL d€ thuc hién tim kiém
trén Ontology, truy xuét tp cdc anh tuong tu va ngif
nghia cda tap anh. Hinh 8 12 mot vi du vé phan tich
doan vin ban nhim tim céc tit khéa cho cau truy vén
SPARQL.

ey

r}nh truy "én dau vao Tép anh tuong tw

Céng cy tim kiém
(lu'a‘trén cOng cu hoc méiy
(do thi cum ling giéng)

Doi sinh danh sich
16p trén ontology

(U]

Xac dinh lién tir

AND/OR

(I

Doan vin bin

Truy vén
SPARQL

Ngir nghia
hinh anh

TRUY VAN

Hinh 7. Céc cdch tim kiém anh trén Ontology

Onitology Clusses

ANIMAL
ANT
BABY
BALL

e BEACH

BED
S

Truy vin tir vin bin

Tir khoa truy vin

CLOUD, BEACH

Tir két néi

BICYCLE
BIRD
BOOK
CAMERA
o] »CLOUD
cow
CRAB

Find the images t_hgfﬂ-have
fout

1and :‘beach;

I KET NO!

Hinh 8. Mot vi du vé phan tich viin ban tim kiém

Thuét toan phan tich vin ban text d€ tim cdc tif khéa cho
truy vin SPRQL dudc thuc hién nhu sau:

Thuat toan ty dong tao cau truy van SPRQL dugc thuc
hién nhu sau:
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Thuét toan 4: Trich xuit ti khéa tim kiém tit
text (GLCT).

1 PAu vao: Texr va danh sich 16p LClass
2 Pau ra: danh sédch tir khéa ListClass
3 begin

4 text=txtQuery.Text;

5 Classes=text.Split;

6 strClasses=LClass.Split;

7 foreach (cla € Class) do
8 If (cla € strClass) then
9 ListClass.Add(cla);

10 CSP(ListClass);

11 end

12 end

13 end

Thuét toan 5: Tu dong tao cau truy vin SPARQL
(CSP)

1 Pau vao: tap tit vung thi gidc W

2 Pau ra: cau lénh SPARQL

3 begin

4 SPARQL= 0;

5 n = W.count;

6 SELECT DISTINCT ?Im

7 WHERE {";

8 For (i=0..n) do

9 SPARQL+="<subject > : W(i)+ "rdf:type" +
10 <object >: +mg”+"UNION/AND";
11 end

12 SPARQL+ =}7;

13 Return SPARQL;

14 end

V. THUC NGHIEM VA DANH GIA
1. Moi truong thuc nghiém

Hé truy vAn OnSBIR dugc xiy dung dua trén nén tang
dotNET Framework 4.8, ngdn ngit 1ap trinh C#. Ciu hinh
mdy tinh cda thuc nghiém: Intel(R) CoreTM i7-8750H,
CPU 2,70GHz, RAM 8GB. Tap dtt liéu st dung trong thuc
nghiém la ImageCLEF va StanfordDogs, dugc md ta trong
Béang 1.

Tap 4nh ImageCLEF bao gém 20.000 anh da dbi tugng,
mbi dnh c6 nhiéu ddi tugng v6i nhidu chi d& khac nhau.
Tap anh ndy c6 276 16p khac nhau va dudc trdn 1an v6i nhau
trong 39 thu muc. Tap 4nh Stanford Dogs gom 20.580 &nh,
thuoc hé théng ImageNet, do nhém nghién ciiu A. Khosla
xdy dung vao nim 2011. Pay 12 mot bo anh chi c6 mot dbi
tuong, bao gdm 120 loai ché trén thé giéi.



Bang I
CAC TAP DU LIEU ANH BUQC THUC NGHIEM
STT| Téntap anh | S6 | Séthu | S6chi | Kich
lugng muc de anh | thudc
anh anh

1 ImageCLEF | 20.000 39 276 1.6

GB

2 Stanford Dogs | 20.580 120 120 778

MB

2. f)’ng dung

Véi mot anh dau vao, dic trung anh dugc trich xuat dé
tim tap anh tuong tu dua trén do thi cum lang giéng, phan
16p 4nh d€ tim tip tir vung thi gidc, sau d6 tu dong tao
cAu lénh SPARQL dé tim danh sich cédc 4nh c6 cing ngit
nghia v6i anh diu vao, dudc thé hién trong Hinh 9. Pdng
thoi, khai niém ngit nghia ctia phan 16p dugc trich xut tir
tap tir dién dong nghia ctia Ontology (Hinh 10).

L} Semantic-based Irmage Reweval ! o x
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Hinh 9. Tim kiém anh trén Ontology tlf 4nh dau vao

Véi dau vao 1a mot doan vin ban, hé thong d6i sanh véi
cic 16p c6 trong Ontology va tif vung két néi (AND/OR)
dé tim cdc tit khéa va tao ciu truy vin SPARQL ty dong
dé tim kiém trén Ontology tap cdc hinh 4nh tuong tu vé
ngll nghia (Hinh 11).

3. Panh gia két qua

Dé danh gid hiéu qué tim kiém 4nh trén Ontology cla hé
tim kiém onSBIR, cdc gia tri nhu do chinh xac (precision),
do phu (recall), do dung hoa (F-measure) va thoi gian tim
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£} infomation of BUS Class - >

This is the rnformation of BUS class

11

URI: hetp /s hem vn/BUS
Name. BUS

Image Fie: COREL120.pg
Class File: BUS 1

Image Size: 256 x 384

Nl bus_ autobus . coach. charabanc double-decker. jiney omnibus.
vehcle (a mfua.bhcvm “he aways rode the bus to work ™
components

N} bus pslopy Mbc'“'ﬂlﬂdmlhmm'ﬁﬂuﬂm’

Hinh 10. Khai niém ngit nghia cho phan 16p
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Hinh 11. Tim kiém 4nh trén Ontology tif viin ban diu vao

kiém dugc tinh toan. Bang II 1a hiéu suét tim kiém trén
Ontology cua cac tdp anh ImageCLEF va Stanford Dogs.
Két quéa tim kiém anh dya trén Ontology dudc so sanh véi
phuong phap tim kiém anh dua vao dd thi cum lang giéng
(Bang III). Bang III cho thiy do chinh xé4c, do phii ctia hé
théng tim kiém 4nh dua trén Ontology tot hon so v6i hé
théng tim kiém 4nh theo noi dung, tuy nhién thdi gian tim
kiém lau hon, do OnSBIR két hgp tim kiém trén ca dd thi
cum ling giéng va Ontology. Piéu nay chiing té, phuong
phép tim kiém 4nh trén Ontology ning cao do chinh xac
va do phi cho tim kiém.



Cic céng trinh nghién cifu, phdt trién va iing dung CNTT va Truyén thong

. Bang 1I
HIEU SUAT TIM KIEM TREN ONTOLOGY

Tap anh Do chinh xac trung binh Do phu trung binh D6 dung hoa trung binh  Thoi gian truy vAn trung binh (ms)
ImageCLEF 0,932574 0,916225 0,926373 248,5511
Stanford Dogs 0,87395 0,865369 0,869612 284,3384

Bang III )
SO SANH HIEU SUAT TIM KIEM ANH

Tap anh Phuong phap Do chinh xac trung binh D6 phu trung binh Thi gian truy vin trung binh (ms)
OnSBIR 0,932574 0,916225 248,5511
ImageCLEF .
D6 thi cum 0,839814 0,780735 239,9458
lang giéng
OnSBIR 0,87395 0,865369 284,3384
Stanford Dogs K
D6 thi cum 0,826416 0,513825 261,8991
lang gieng

L]

Procisicn-Tescall e Hp Bl It

(b)

Hinh 12. Hiéu suit trén dd thi cum ling giéng (a) va Ontology
(b) cta tap anh ImageCLEF

Ngoai ra, cic do thi Precision-Recall va ROC dua trén
Ontology va duya trén do thi cum lang giéng (Hinh 12, Hinh
13) dugc biéu thi. Mdi dudng cong trén do thi Precision
— Recall 1a mot thu muc adnh. Dién tich dudi duong cong
cang 16n, do chinh x4c truy van cang cao. Pong thoi, dudng
cong ROC cho biét ty 1¢ két qua truy van ding va sai, dién
tich dusi dudng cong ROC cang 16n, ty 1& truy vin ding
cang cao. Két quéa thuc nghiém dugc thé hién trén cac do
thi cho thiy, dién tich dudi dudng cong do thi Precision-
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Bang IV o
SO SANH PO CHINH XAC TIM KIEM ANH GIUA
CAC PHUONG PHAP TREN TAP ANH IMAGECLEF

Phuong phap Nam P9 chinh xac
trung binh

Mo hinh Ontology cho anh O-V- 2016 0,46
A[23]
Do thi mau cho Ontology hinh 2017 0,3513
anh[1]
Phuong phap HDLA (hybrid deep 2018 0,797
learning architecture)[3]
Phuong phap SDCH (Semantic Deep 2019 0,803
Cross-modal Hashing)[27]
Phuong phap CPAH (Consistency 2020 0,8324
Preserving Adversarial Hashing)[26]

OnSBIR 0,932574

Recall va ROC ctia OnSBIR déu 16n hon so véi két qua
clia dd thi cum lang giéng, chiing t6 do chinh xdc va két
qua truy van diing déu t6t hon. T cc két luan nay, c6 thé
thiy tinh diing din ctia cic phuong phap tim kiém anh dua
trén Ontology, nham ning cao hiéu qua tim kiém anh.
Chiing t6i thuc hién so sianh két qua tim kiém anh trén
Ontology (onSBIR) véi cac phuong phap khac trén cung
tap anh ImageCLEF. Bang IV cho thiy, do chinh xic tim
kiém anh dua trén Ontology dudc dé xut trong bai bao vuot
trdi hon cac phuong phap khac trén tip dnh ImageCLEF.
Chung t6i so sanh v&i ciac phudng phap cé s dung
Ontology: Vijayarajan V. va cong su (2016) [23] chi thuc
hién tim kiém trén Ontology dua trén vin ban/tit khoa,
do d6, hiéu suit tim kiém chua cao; Nhom nghién ctu
Allani O. (2017) [1] thuc hién két hop gitta dic trung cap
thip trén dd thi va ngii nghia cip cao trén Ontology, tuy
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Hinh 13. Hiéu suit trén do thi cum ling giéng (a) va Ontology
(b) cta tap anh Stanford Dogs

nhién, viéc xdy dung Ontology hoan toan tu dong, khong
c6 su chinh stia, cip nhat clia chuyén gia, do d6, hiéu suét
tim kiém 12 khong cao. Ngoai ra, cdc phuong phap tim
kiém ngit nghia anh dua vao cédc ky thuit hoc mdy hién
dai cling dugc so sanh véi phuong phdp cua chung toi:
Phuong phap HDLA (Hybrid Deep Learning Architecture)
mo hinh héa cdc mdi tuong quan bic cao gifta cac i truc
quan nham giam khoang cich ngit nghia trong tim kiém
anh [3]; Phuong phap SDCH (Semantic Deep Cross-modal
Hashing) st dung mang CNN d¢€ trich xuét dic trung va
ham biam siu d€ 14y ngit nghia anh [27]; Phuong phdp
CPAH (Consistency Preserving Adversarial Hashing) nhim
khai thic tinh nhit quan vé ngit nghia cho tim kiém &nh,
cdc dic trung dugc trich xuit dua trén mang CNN[26]. T
cc két qui so sanh chiing td, phuong phap tim kiém anh
dua trén Ontology dugc dé xuét trong bai bdo 1a ding din
va hiéu qua.

VI. KET LUAN VA HUGNG PHAT TRIEN

Trong bai bao nay, mot khung Ontology ban tu dong
duge xdy dung va bd sung d€ 1am phong phd thém ngit
nghia. Bai todn tim kiém trén Ontology dudc thuc hién
theo hai cach: tim kiém dua trén anh dau vao va tim kiém
tif viin ban. Cau truy vin SPARQL dudc tao ra tu dong dé
tim kiém trén Ontology. Hé tim kiém 4nh theo ngii nghia
dua trén Ontology (OnSBIR) dugc xay dung. Thuc nghiém
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dudgc trién khai trén tap anh ImageCLEF va Stanford Dogs
cho d6 chinh xdc cao, 1an lugt 1a 0,932574 va 0,87395. So
sanh v6i phuong phdp tim kiém anh theo ndi dung dua trén
dd thi cum lang giéng cho thiy hiéu suét tim kiém anh dua
trén Ontology 1a vuct troi. Pong thdi, chiing t6i tién hanh
so sanh phuong phap dé xuit v6i cic phuong phap khac
trén cing tap anh ImageCLEF ciing cho do chinh xéc tbt
hon. Piéu nay ching t3, cic dé xuét ctia ching toi trong
bai bdo la ding dan va hiéu qua. Tuy nhién, phuong phap
dé xuét cia chiing toi, Ontology chua thuc hién mbi quan
hé nglt nghia trong anh, vi vy, trong dinh hudng tuong lai,
ching t6i bd sung nhiéu tap 4nh hon, lam giau ngit nghia
Ontology v6i cdc mdi quan hé trong anh, xdc dinh vi tri
dbi tugng anh.

LOI CAM ON

Chung t6i xin tran trong cdm on Khoa Cong nghé thong
tin — Pai hoc Khoa hoc- Pai hoc Hué, nhém nghién citu
SBIR-HCM da gép y chuyén moén cho nghién ciu nay.
Chiing t&i xin tran trong cam on Trudng Pai hoc Kinh t&
— Pai hoc Pa Ning da tao diéu kién vé& co sé vit chat gitip
ching t6i hoan thanh bai nghién ciu nay.
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