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MO PAU
1. Téng quan
Thi gidc may tap trung chii yéu vao tmg dung cia hinh anh dién tir va may
tinh hd trg, dac biét trong viéc phan tich hinh anh thu thap tir céc hé thong
nhu theo ddi nguoi di bg, phén tich giao théng, gidm sat an ninh, va kham
pha khong gian sau [1]. Tuy nhién, dé dat duoc két qua tét hon trong tng
dung thi gidc may, ngudi ta ngay cang day manh viéc két hop hoc may véi
cac phwong phap xu ly hinh anh trong qué trinh phan tich [2]. Su két hop nay
dugc coi 1a mot cach dé tao ra cac hé thong thong minh hon va da trd nén
phd bién trong céc wng dung truy xuét hinh anh [3].
2. Tinh cép thiét caa luan an
CBIR khéng phén tich ngir nghia va khong mé ta dugc ndi dung hinh anh
bang ngir nghia cap cao, dan dén hiéu suat tim kiém van chwa dap tng duoc
yéu ciu cua ngudi dung. Phuong phap tiép can tim kiém anh theo ngir nghia
(SBIR) [4, 5] nham mé ta cac khai niém ngir nghia dwoc dé xuat két hop véi
CBIR dé nang cao hiéu qua tim kiém. Tuy nhién, giai thich ngir nghia mot
anh bang may tinh 1a mot nhiém vu rat phuc tap, do dé van dé chinh trong
SBIR la chuyén d6i anh c6 kich thudc 16n thanh cac dic trung cip thap va
lien két cac noi dung cap thap nay véi ndi dung ngit nghia cip cao cua anh.
Tir d6, md hinh tra ctru anh theo ngir nghia dugc tao ra, trong d6 may tinh cé
thé hiéu duoc ngir nghia thyc té mong mudn cua ngudi dung. Do do, bai toan
tim kiém anh theo ngir nghia 1a mot van dé duoc quan tdm rat nhiéu boi cac
nha nghién ctu trén toan thé gigi, va co hiéu suat tot khi dwoc giai quyét.
V6i mong mudn déng gop mot phuwong phap truy xuat anh theo ngir nghia
hiéu qua, luan an thuc hién dé tai: “Phat trién thuat toan tra ctru anh dua trén
ngl nghia”.
3. Muc tiéu nghién ciu caa luian an
Muc tiéu nghién ctru caa luan &n tap trung céc van dé sau:



(1) Phan tich va rit trich cac dac trung ngir nghia tir hinh anh.
(2) Hiéu va xir ly céc thanh phan trong hinh anh dé tao ra mot ngi
nghia cho anh.
(3) Phét trién mot hé thong tim kiém va phan loai anh c6 kha ning hiéu
va dép tng yéu cau ngudi diing mét cach hiéu qua.

4. Phwong phap nghién ciru
Phuong phép 1y thuyét: Tong hop cac cong trinh lién quan dén truy van theo
ngit nghia str dung cac phuong phap hoc méy va cac ciu trac luu trit dang
cdy. Phan tich cac wu va nhuoc diém caa céc cong trinh; nghién ctru phuong
phap lam giau Ontology va phat trién mé hinh tim kiém anh theo ngir nghia
dua trén Ontology. P& xuit cac md hinh tim kiém anh dua trén ngir nghia;
danh gia thyc nghiém dua trén mo hinh dé xuét tir d6 so sanh do chinh xac
tim kiém anh véi cac cong trinh trong cting linh vuc dé ¢6 sy diéu chinh va
cai tién phu hop
Phuong phap thuc nghiém: Dya trén cac phuong phap va mé hinh dugc dé
Xuat trong luan an, viéc cai dit chuong trinh thuc nghiém duoc trién khai
trén may cd cling cau hinh. Dit liéu thuc nghiém dugc chon 1a céc bo dix liéu
anh dang tin cdy, duoc cdng bd rong rai va di dugc sir dung trong nhiéu
nghién ctu trude do dé so sanh véi cac két qua thuc nghiém tir cac mo hinh
dugc dé xuat dé minh chimg tinh dung din va hiéu qua cta co s ly thuyét
5. Pdi twgng va pham vi nghién ciru
Poi twong nghién cizu: (1) Thuat toan tim kiém: Phuong phap va k¥ thuat
phét trién thuat toan dé tim kiém va phan loai (phan cum va phan I6p) anh
dua trén thong tin nglr nghia thay vi chi dya vao cac dac trung hinh anh nhu
mau sic, hinh dang. Bdng thoi nghién cttu mot s6 phuong phap hoc may
nham cai tién hiéu qua tim kiém anh ; (2) Ngit nghia trong hinh anh: Cac yéu
t6 ngir nghia can dugc hiéu va xac dinh trong anh dé hd tro viéc tim kiém



chinh xac; (3) Dir liéu hinh anh: Cac b dir liéu hinh anh cé chira théng tin
ngit nghia can thiét dé huan luyén va danh gia thuat toan.

Pham vi nghién cizu: (1) Pham vi ngir nghia: Nhan dién mot sb loai ngit nghia
nhat dinh nhu vat thé (vi du: xe, ngudi, dong vat), hanh dong (vi du: chay,
nhay), hozc bdi canh (vi dyu: ngoai troi, trong nha) bang cach ding ontology
va ngbn ngir truy van SPARQL: (2) Khong gian: Tap trung vao mot hoic
mot s6 bo dir lieu hinh anh cé chira thdng tin ngit nghia can thiét dé huan
luyén va danh gia thuat toan nhu bd dit liéu chudn nhu Wang, MS-COCO,

ImageCLEF); (3) Gigi han phuong phap: Tap trung vao phuong phap dua

trén ontology dé lién két ngir nghia va hinh anh.
6. Cac dong gop cia luan an
Phat trién thuat toan tim kiém anh theo ngir nghia dya trén cac dic trung thi
giac cua anh dwa trén ciu trdc dir liéu GP-Tree nhim nang cao do chinh xac
tim kiém anh, gom:
(1) Xay dyng cau trdc dit liéu phan cum phan cap GP-Tree nham t6 chiic
luu trir c4c véc-to dac trung cuia anh
(2) Phat trién ciu tric GP-Tree dya trén céc thuat todn hoc ¢ giam sat va
ban giam sat nham tang hiéu qua tim kiém anh
(3) Xay dung hé tim kiém anh theo ngit nghia dua trén ciu tric GP-Tree
va ontology nham minh ching hiéu qua tim kiém anh cua cac phuong
phap dé xuat
7. Nai dung va bd cuc cia luan an
Cau tric cua luan an bao gom:

- Chwong 1: Trinh bay tong quan vé bai toan tim kiém anh, véi hai
huéng chinh 1a tim kiém anh theo ngi dung va tim kiém anh theo ngi
nghia. Cac cong trinh nghién ctru lién quan da dugc khao sat va phén
tich nhiam xéc dinh théch thirc va han ché trong cac phwong phéap hién
¢0, tir d6 dua ra dinh hudng nghién ciru cu thé caa luan an dé khic phuc



nhiing han ché nay. Ngoai ra, phan nay ciing trinh bay chi tiét cac
phwong phap t6 chtc thuc nghiém, bao gom viéc thiét lap méi truong,
lya chon va str dung tap di liéu, cting cac tiéu chi danh gia hiéu suat tim
Kiém.

Chuwong 2: Trinh bay c4c nghién ctu lién quan dén viéc sir dung cau
tric cay dé luu trir va 1ap chi myc cho tap dit liéu anh. CAu trdc cay phan
cum GP-Tree dwoc mé ta chi tiét, bao gom cac thao tac thém, stra, tach,
va x6a phan ta. M6t mé hinh tim kiém anh theo ngir nghia trén cay GP-
Tree dya trén ontology da dwgc dé xuét, véi muc tiéu cai thién hiéu suat
va d6 chinh xac cua viéc tim kiém. Hé thong tim kiém anh nay da dugc
thir nghiém trén cac bo dir liéu phd bién nhu Wang, MS-COCO va
ImageCLEF, nham danh gia két qua va tinh hiéu qua cia mé hinh dé
XUat.

Chuwong 3: Trinh bay cac phuong phap cai tién cu tric cay phan cum
GP-Tree nham nang cao hiéu qua tim kiém anh. Cu thé, cac phuong
phap nhu d6 thi cum Graph-GPTree va mang két hop SgGP-Tree dugc
gidi thiéu dé cai thién kha nang luu trir va tim kiém cac phan tir twong
tu. Ngoai ra, phuong phap tim kiém anh theo ngir nghia dua trén
ontology ciing dugc thao luan, véi ciu tric SgGP-Tree duoc st dung dé
phan l6p dbi twong trén anh mot cach chinh xac hon. Mot mé hinh tim
kiém anh theo ngit nghia, két hop giita ontology va céu triic SgGP-Tree,
da duoc dé xuat va thir nghiém trén cac bo dix liéu phd bién nhu Wang,
MS-COCO, va ImageCLEF nham danh gi4 hiéu qua ciia md hinh.

Két luan va huéng phat trién: Trinh bay nhiing két qua dat dugc dinh
huéng phat trién tiép theo cua luan an.

Danh muc cong trinh cia tac gia: Liét ké cac cong trinh ma tac gia da
cdng bé trong qué trinh thyc hién luan an.

Tai ligu tham khao: Liét ké cac tai liéu ma luan an da tham khao.



CHUONG 1. TONG QUAN TIM KIEM ANH

1.1. Téng quan vé tim kiém anh

Bai toan tim kiém anh trinh bay trong luan an dugc xac dinh I tim ra tap anh
c6 do6 twong ty gan nhat véi anh dau vao duya trén do do twong tu giira cac
anh [6].

1.2. Cac dic trung phd bién trong tim kiém anh

Mot dac trung duge dinh nghia la viéc xac dinh mot thuoc tinh truc quan caa
hinh anh [7]. Nhin chung, céc dic trung hinh anh c6 thé 1a toan cuc hoic cuc
b6 [8]

1.3.  Cac cong trinh nghién ciu lién quan vé tim kiém anh

1.3.1.  Tim kiém &nh dua trén viin ban

Phuong phap dua trén vin ban 1a mot phuong phép tim kiém don gian theo
tir khoa truyén thdng. Céc hinh anh duoc lap chi muc theo ndi dung, nhu chi
thich cua hinh anh; tén tép, tiéu dé cua trang web va thé thay thé.... va dugc
luu trir trong co so dir ligu

1.3.2.  Tim kiém anh theo ni dung

Trong hé thong tim kiém anh dya trén noi dung, hiéu qua cia qua trinh tinh
toan phu thudc vao kha ning trich xuét dac trung cip thap va do do twong tu.
Trong phuong phap tim kiém anh dua trén noi dung (CBIR), cac dic trung
truc quan cap thip nhu: mau sic, hinh dang, két ciu va b cuc khong gian,...
1.3.3.  Tim kiém &nh dwa ngir nghia

Trong linh vuc tim kiém anh, thach thirc chinh d6 1a viéc chuyén ddi anh
sang cac ddc trung cap thip ma méy tinh ¢ thé tinh toan dwoc va lién két
chlng véi céc khéi niém bac cao dé giam khoang cach ngit nghia. Nhiéu
phuong phép tim kiém anh theo ngit nghia (SBIR) da duoc dé xuat dé giam
khoang cach ngir nghia [9] nhu: tim kiém anh theo ngit nghia dya trén ky
thuat hoc may, tim kiém anh theo ngix nghia dya trén ontology.



1.4. Cac phwong phap t6 chirc thuc nghiém va danh gia

Céc mé hinh d& xuat dugc xay dung va thuc nghiém dua trén nén tang dotNet
Framework 4.5 va Python 3.7

Cac bo dir ligu dugc sur dung trong thyc nghiém cua luan an la cac bo di liéu
phd bién va duoc st dung rong réi trong cac cng trinh nghién ctu vé tim
kiém anh, gom: Wang, ImageCLEF, MS-COCO.

Céc két qua can dugc danh gia hi¢u suat gom: Két qua phan I6p hinh anh va
d6 chinh xéac tim kiém anh. Céc gié tri danh gia hiéu suat cia phan I6p va
tim kiém anh duoc str dung trong luan an bao gdm P (precision), d6 phu R
(recall) va d6 dung hoa F_m(F-measure).

1.5. Tiéu két chwong

Chuong nay cung cap mét cai nhin tong quan chi tiét vé cac phuong phap
tim kiém anh hién dai, bao gom hai huéng tiép can chinh: tim kiém anh theo
noi dung va tim kiém anh theo ngit nghia.

Chuong nay ciing trinh bay cu thé cac phuong phap té chirc thuc nghiém,
bao gom viéc thiét 1ap moi trudng thuc nghiém, lua chon va chuan bi tap dir
liéu thuc nghiém, ciing nhu cac thude do danh gia hidu suat cua cac phuong
phap tim kiém.

Chuong tiép theo s& trinh bay mét cau tric dit liéu mai, d6 1a cay phan cum
phan cip, duoc dé xuat nham téi wu hoa viéc luu trir va 1ap chi myc tap dix
liéu anh. Cau tric nay khong chi hd trg qua trinh truy xuat nhanh chong ma
con gitp ting cuong hiéu qua tim kiém anh theo ngir nghia, cho phép hé
thdng c6 thé xir Iy nhitng tap dir liéu anh I6n nhanh va hiéu qua.



CHUONG 2. CAU TRUC GP-TREE PE TIM KIEM ANH THEO
NGU NGHIA

Chuong nay trinh bay cac cac nghién ctru lién quan dén ciu tric cay nham
luru trir va 1ap chi muc cho tap dix liéu anh. M@ ta cau tric cay phan cum GP-
Tree va cac thao tac thém, stra, tach va x6a phan tir trén cdy. Mot md hinh
kiém anh theo ngit nghia trén cay GP-Tree duya trén ontology dugc dé& xuat
va hé thdng tim kiém anh dugc thuc nghiém trén cac bo dit liéu anh pho bién
nhur Wang, MS-COCO va ImageCLEF nhiam d4nh gia két qua ciia mé hinh
dé xuét. Noi dung cua chuong nay c6 lién quan truc tiép dén hai cong trinh
dd cong bd 1a [CT4] va [CT5]; dong thoi ciing lién quan gian tiép dén cac
cong trinh [CT1], [CT2], [CT3].
2.1. Giéithigu
Chuong nay trinh bay mot s6 cau tric vé cay phan cum va cac nghién ciu
lién quan dén cAu tric cay; ky thuat thiét ké cdu tric cay phan cum can bing
GP-Tree dé luu trit dir liéu anh 16n va céc thao tac thém, sta, tach va xéa
trén cay; dé xuat md hinh, thuat toan va thuc nghiém tim kiém anh dua trén
ngit nghia trén cay GP-Tree véi cac tap dir liéu anh da dé xuét.
2.2. Cautric dir liéu GP-Tree
Trén co s& Ciu triic cdy da nhanh va phuong phap phan cum K-Means, ciu
trdc cdy GP-Tree dugc xay dung bang cach tach nat 1a thanh hai nit néu nhu
s6 lwong phan tir tai nat 14 d6 vuot trén gid tri M cho trude, ddng thoi tai mai
mot ndt trong cac nit con c6 thé duoc tao thanh dua trén mot ngudng 6,
ngudng ndy nham danh gia do twong ty cua dit liéu. Do do, cdy GP-Tree ting
truong theo hudng 14 va phét trién thanh cay da nhanh ma mdi mot ndt 14 1a
mot cum dit liéu gdm céc phan tir tuong tw nhau. Cac phan tur dix liéu 13 cac
véc-to dic trung cho mdi hinh anh va lan luot dugc luu trix trén cay GP-Tree,
tir d6 cac thao tac trén cdy dwoc thyc hién. Cau tric caa ciy phan cum phan
cip GP-Tree duoc minh hoa trong Hinh 2.1



Hinh 2.1. Cay phan cum phan cip GP-Tree gom 3 muc

2.3.  Tim kiém anh dya trén ciu tric GP-Tree

2.3.1.  Hétim kiém dnh dwa trén cay GP-Tree

Hé tim kiém anh bao gom 2 pha: (1) pha tién xu Iy thuc hién phan doan, trich
Xuat dic trung cta anh trong tap dir liéu, liy cac phan 16p khai niém va to
chtre luu trit trén cdy GP-Tree; (2) Pha truy van c6 nhiém vu tim kiém anh
tuong tu theo nodi dung trén cy GP-Tree va trich xuat ngir nghia cua hinh
anh. Hinh 2.4 1a mé hinh hé tim kiém anh theo ngit nghia dwa trén cay GP-
Tree, véi hai pha cy thé nhu sau:

GP-Tree
rich xust vec-to dic Tap vec-to diic Thye hign céc thao tac
trng trng tao cay GP-Tree

77777777777777777777777777777777777777777777777777777777

" oo |
ruy vin
TRUY VAN SPARQL

Vec-to dic trung TiM KIEM
dic trung.

Hinh 2.4 Mb hinh hé tim kiém anh dya trén GP-Tree (GP-SBIR)




2.3.2.
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Thuc nghiém va ddnh gid hé tim kiém GP-SBIR

Bang 2.1. Két qua thuc nghiém cay GP-Tree

Tham sb Ao
sé e | g o S oum | -
Téntap anh | lwon : thyc cum nat Somau | Tilé
P ﬁﬁhg T nghi¢m nL};lt la | tron lay P@ P@
M| N[ (iay) d
WANG 10.800 100 | 40 | 17.839,47 218 32 2.240 20%
ImageCLEF 20.000 | 150 | 50 | 32.173,95 432 67 6.000 20%
MS-COCO 163.957 | 300 | 70 | 158.765,84 782 314 44.188 20%
Bang 2.2. Hiéu suat truy van anh ctia h¢ GP-SBIR trén cac tap dit ligu thir nghiém.
A e lia Chi s6 danh gia
Tap dwlieu 53 chinn o Do dung | Thoi gian im Kiém
Xac o P hoa trung binh (ms)
WANG 0.6780 0.684 0.6810 98.75
ImageCLEF 0.6802 0.775 0.7245 132.09
MS-COCO 0.7170 0.724 0.7205 217.65
% Semantic-based Image Retrieval — O X
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0.0565432098765432, 0, 0, 0, 0. 0.489450196078431, 0.518588235254118,
0.75243137254902, 0.751803921568627, 0.240862745098039, 0.262509803921569.
# |0.725764705882353, 0.541254301960784, 0.0656823529411785, 0.708765432058765.
. |0.471047641162584, 0.453159952010527, 0.550951035781544, 0.594472653032015, 0. 0, 0,
L (0. D.240862745058039, 0.262509803521563, 0, 0.541254501560784, 0, 0.483430196078431,
~ |0.518588235294118, 0.75243137254302, 0.751803921568627, 0, 0, 0.725764705882353, 0,
0.0658823529411765, 0, 0.100493827160434, 0.902839506172639, 0.5625,
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Hinh 2.18. Hé tim kiém anh GP-SBIR
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% Image Retrieval Experimental Results - a X
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Hinh 2.19. Két qua tap anh tuong ty cua anh truy van trén hé GP-SBIR

Hé tim kiém anh dua trén ciu tric GP-Tree (GP-SBIR) duoc minh hoa boi
Hinh 2.18. Vé4i mdi anh dau vao 14 (Load Image) dugc chon theo ting b
anh (Wang, ImageCLEF, MS-COCO), trich xuat véc-to dic trung dugc tim
kiém trén GP-Tree d¢é trich xuat tap anh twong tu theo noi dung. Két qua tim
kiém tap anh tuong tw theo ngi dung SI cia anh dau vao I, duatrén GP-Tree
1a qué trinh trich xuét tap tir thi giéc. T4p tir thi giac duoc xay dung dua trén
nhiing anh cling phan I6p thudc tap c6 tan sb xuat hién nhiéu nhat. Tir do,
cau truy van SPARQL duoc xay dung (Create SPARQL) dé tim tap anh
tuong tu theo ngir nghia dya trén ontology da xay dung (Load Ontology).
Két qua tap anh tuong tu theo ngir nghia voi anh dau vao dugc minh hoa boi
Hinh 2.19.

2.4. Tiéu két chwong

Cay phan cum GP-Tree cd thé luu trit dugc dit liéu I6n, hidu qua cho bai toan
tim kiém anh. Cay GP-Tree thuc hién cac phuong phap phan cum phan hoach
va phan cum phan cap nén cd thé tim kiém nhanh theo nhanh c6 d6 do tuong
tu nhat dé tim duoc cac phan tir tuong ty nhau tai cum nut 14, do d6 GP-Tree
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¢6 thoi gian tim kiém nhanh va d6 chinh xac kha cao. Tuy nhién, nhugc diém
chinh cua GP-Tree 1a mdi lan tach nat, cac phan tir tuong tw nhau cé thé bi
tach thanh cac nat khac nhau, trong truong hop xau nhat, cac nat nay co thé
nam trén cac nhanh riéng biét. Do d6, qué trinh tim kiém anh trén cay GP-
Tree c6 thé s& bo sot cac phan tir tuong tu da bi chuyén nhanh. Diéu nay 1am
anh huong dén hiéu suat tim kiém trén GP-Tree. Vi vay, cac phuong phap
cai tién cdy di duoc d& xuét trong chuong tiép theo nham nang cao do chinh
xéc trong tim kiém anh trén cay GP-Tree. Ngoai ra, mot md hinh tim kiém
anh theo tiép can ngir nghia dya trén ontology ciing dugc dé xuit nham ting
hiéu suat tim kiém anh va trich xuat ngir nghia cho anh truy van. Van dé tim
kiém anh dya trén ngit nghia thong qua cau tric GP-Tree duoc trinh bay
trong chuong tiép theo.
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CHUONG 3. CAU TRUC SGGP-TREE DE TIM KIEM ANH THEO
NGU NGHIA
Chuong nay trinh bay cac phuong phép cai tién cdu triic cay phan cum GP-
Tree nham nang cao hiéu qua tim kiém anh. Cu thé, cac phuong phap nhu d6
thi cum Graph-GPTree va mang Kkét hop SgGP-Tree dugc gidi thiéu dé cai
thién kha ning luu trir va tim kiém cac phan tir twong tu. Ngoai ra, phuong
phap tim kiém anh theo ngit nghia dwa trén ontology ciing dugc théo luan, voi
céu tric SgGP-Tree dugc sir dung dé phén 16p dbi twong trén anh mot cach
chinh xac hon. Mot md hinh tim kiém anh theo ngit nghia, két hop giita
ontology va cAu trac SgGP-Tree, da dugc dé xuét va thu nghiém trén cac bd
dit liéu pho bién nhu WANG, MS-COCO, va ImageCLEF nham danh gia hiéu
quéa ctia md hinh. Noi dung co ban ctia chuong nay dugc cong b trong cac
cbng trinh [CT1], [CT2], [CT3], [CTE].
3.1. Giéi thi¢u
Chuong nay trinh bay cic phuong phap cai tién cdy phan cum GP-Tree nhim
nang cao hiéu qua tim kiém anh: D6 thi cum Graph-GPTree va mang két hop
SgGP-Tree; trinh bay phuong phap tim kiém anh theo ngit nghia dua trya trén
ontology, cau tric SgGP-Tree dugc st dung dé phan 16p cac dbi tuong trén
anh; phat trién Ontology trén cac bo dit liéu anh da ddi twong. M6t mé hinh
tim kiém anh theo tiép can ngir nghia dua trén ontology két hop véi ciu trac
SgGP-Tree dugc dé xuat va thyc nghiém dé danh gia két qua.
3.2. Do thi cum Graph-GPTree
3.2.1.  Cautrac Graph-GPTree
Graph-GPTree dugc tao dua trén cac thao trén do thi thua tap cac nut 14 thu
duogc cia GP-Tree. Trong do, cac dinh biéu thi cac nat 14 va cac canh ¢o trong
s6 biéu thi mirc do twong ddng gitra ching. D thi thua duogc tao trong qua
trinh tao ciy GP-Tree khi mdi lan tach nit 14 hé théng tién hanh danh déu cac

murc 1an cén cta cac nat 14 vira méi tach (Hinh 3.2)



Hinh 3.2. B4 thi thua duoc tao phai tap nat 14 cy GP-Tree

3.2.2.  Quatrinh tgo Graph-GPTree

Thuat toan phan cum dd thi GraphGP-Tree dé tim cac cum trong mét tap di
lidu dugc mo ta tong quat nhu trong Hinh 3.3. Thuat toan thyc hién trén mot
db thi thua trong d6 cac nut biéu thi cac phﬁn tir dit liéu va cac canh co trong
s6 biéu thi sy trong dong gitra cac phan tir dit liéu. Viéc biéu dién tap dit liéu
bang dd thi thua nay cho phép thuét toan phan cum mé rong quy mo thanh cac

tap dit liéu 16n.
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Hinh 3.3. Tong quan vé céch tiép can tong thé cia thuat toan tao cdy GP-Tree
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3.2.3. M@ hinh tim kiém dnh trén Graph-GPTree

Mo hinh tim kiém anh trén d6 thi cum 1an c4n Graph-GPTree dugc mé ta nhu
Hinh 3.4, gém cac bude sau: Trich xuét vecto dic trung cho anh dau vao; So
sanh vecto dac trung véi co sd dir li€u cac dac trung trén cay GP-Tree dé chon
nhanh tuong tu nhét va xac dinh nat 14 phtt hgp; Tt nit 14 phu hop duoc chon
trén cay GP-Tree, dua trén d6 thi cum Graph-GP-Tree, tim ra tap cac lang
giéng clia nit 14 va két qua 1a tap cac anh tuong ty duoc sip xép theo do do
tang dan; Str dung thuat toan k-NN d& phén 16p cho tip anh twong tw va tim
kiém tir ving thi gidc dé giai thich ngit nghia cho hinh anh truy van.

1
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Anh truy van

I
| {
! m\
e totor d3 | 3 5
Trich xudt ddc Véc-to dic Truy vin \{:’!”I/ m v, feat)
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I
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]

Hinh 3.4. M6 hinh tim kiém anh trén db thi cum 1an can Graph-GPTree

3.3.  Mang két hgp SgGP-Tree

3.3.1.  Cdu tric SgGP-Tree

Céu triic SgGP-Tree 1a sy két hop giita ciy GP-Tree, Graph-GPTree va mang
SOM. Trong mang SOM, su diéu chinh c4c trong sd trong qua trinh huan luyén
s& lam cho SOM dat duoc s gom cum tét nhat [10]. Tuy nhién, qué trinh diéu
chinh trong s6 ton nhiéu chi phi dbi v6i tap dir liéu anh dau vao 16n va cach
khoi tao trong s ngiu nhién co thé sé& tao ra cac ban d6 hoan toan khac nhau.
Ngoai ra, viéc bd sung mét dir liéu méi vao ban dd sau khi huén luyén SOM
s& phan loai sai dit liéu dau vao do SOM c6 tinh chét tinh; lic nay, SOM phai
hudn luyén lai tir du. M6 hinh két hop giira cdy GP-Tree, db thi lang giéng
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Graph-GPTree va mang grSOM, goi la SgGP-Tree, dugc M0 ta nhu trong
Hinh 3.5.

3.3.2. M0 hinh tim kiém @nh trén mang két hop SgGP-Tree

Mo hinh tim kiém anh trén mang két hop SgGP-Tree duoc goi 1a SBIR-SgGP.
SgGP-Tree 1a mot cau trac duoc tao ra br:ing cach két hop cay GP-Tree, dd thi
cum lan c4n Graph-GPTree va mang SOM (Figure 3.5). Qua trinh tién xtr Iy
bao gom trich xuat dic trung tir tip anh va luu trit chung trén cu tric SgGP-
Tree. Sau do, trong qué trinh tim kiém anh, SgGP-Tree duoc sir dung dé tim
kiém tap anh tuong ty va tap tir vung thi giic. Trong mé hinh tim kiém anh
nay, khdi trich xuét vec-to ddc trung dugc st dung lai tir cic mo hinh trude do.
Mot khéi cai tién ctia mo hinh 13 viéc cai tién cdy phan cum GP-Tree bang
cach két hop dd thi cum lan can Graph-GPTree va mang SOM détaoraS gGP-
Tree (Figure 3.6).

il
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Hinh 3.5. M6 hinh két hop SgGP-Tree
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Hinh 3.6. M trinh tim kiém anh trén SgGP-Tree (SBIR-SgGP)
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3.4.
3.4.1.
Dua trén cac phuong phép tim kiém anh theo ngit nghia trén ontology dugc dé

H¢ tim kiém anh theo ngir nghia dwa trén ontology
M6 hinh tim kiém dnh deea trén ontology

xuat, mot hé tim kiém theo ngir nghia dya trén ontology duogc xay dung bao
g6m 2 pha duge md ta trong Hinh 3.7. Trong mé hinh nay, phuong phép trich
xuét dic trung, tim kiém anh theo ndi dung duogc ké thira tir cac chuong trude
ctia luan an. Phuong phap xay dung ontology, tim kiém anh trén ontology 1a

doéng gop chinh cia mo hinh nay.

Pha tién xir ly
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Tp di¥ ligu dnh

Ontology

Tap anh tir ¥ £
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[ Meta-data ]
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k-NN
Tép tir ving
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Truy vdn
SPARQL

Tap anh
turong ty

TIM KIEM
Vec-tor
dic trung

Anh truy van

Hinh 3.7. M hinh hé tim kiém SBIR-GP

3.4.2.  Thuc nghiém va ddnh gid hé tim kiém danh SBIR-GP

H¢ théng truy xuét hinh anh SBIR-GP duoc thiét ké dé thuc hién cac truy van
hinh anh dua trén ngit nghia bang cach str dung SgGP-Tree va ontology. Khi
dugc cung cép mot hinh anh dau vao, hé théng SBIR-GP trudc tién sé trich
xuit cac vecto dic trung va truy xuét cac hinh anh twong tu dua trén ndi dung
ctia chiing mét cach tuan ty bang cach sir dung SgGP-Tree. Qua trinh nay dan
dén mot b suu tip cac hinh anh twong tw. Hinh 3.8 1a giao dién cua hé
OnSBIR véi dau vao la anh. Két qua 1a danh sach cac anh cd ciing ngir nghia
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Vi anh dau vao va cac mo ta metadata cua tap anh. Dong thoi, khai niém
ngit nghia cua tir vung phan 16p duoc trich xuat tir tap tir dién dong nghia
cua ontology. Hinh 3.9. 1a mot vi du vé khai niém phan I6p cua tir dién
ontology.

. |9 X st Cuvivtucdmes | Thartd Son + My 4

L= LR =
20 e 3 i E
1} oo

B | 3y Ny . - n

= <

= e

| = _—

File  Processing

Hinh 3.9. Khai niém ngit nghia cho 16p

Céac b dir liéu hinh anh dugc sir dung cho cac thir nghiém, bao gém cac
bd dit litu WANG, MS-COCO va ImageCLEF. Cac gia tri hiéu suat trung binh
va thoi gian tim kiém cta bo di liéu thir nghiém duoc trinh bay trong Bang
3.1, Bang 3.2 va Bang 3.3

Bang 3.1. Hiéu suat tim kiém anh trén bo dir liéu anh WANG

Phuong phip P chinh Do Po dung Theoi gian tim kiém
xac phi hoa trung binh (ms)
GP-Tree 0.6780 0.6840 0.6810 39.75
Graph-GPTree 0.7665 0.6677 0.7137 202.79
SBIR-GP 0.8004 0.7040 0.7491 696.19
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Bang 3.2. Hiéu suat tim kiém anh trén bo dit liéu anh ImageCLEF

Phurong phip Po chinh | Do Po dung Thoi gian tim kiém
xac pha hoa trung binh (ms)
GP-Tree 0.6802 | 0.7750 0.7245 44.09
Graph-GPTree 0.8168 | 0.7637 0.7894 239.29
SBIR-GP 0.8926 | 0.8764 0.8844 868.51
Bang 3.3. Hiéu suit tim kiém anh trén bo dix liéu anh MS-COCO
’ Pochinh | . . | Pddun Thoi gian tim kiém
Phuong phap xac (eI hoa ’ trur?g binh (ms)
GP-Tree 0.717 0.724 0.7205 102.32
Graph-GPTree 0.873 0.764 0.815 198.47
SBIR-GP 0.875 0.724 0.783 265.45

Tur cac bang trén, co thé tha"iy rﬁng viéc cai thién GP-Tree mang lai hiéu suat
tim kiém chinh x4c tot hon cho cac bd dit liéu Wang, ImageCLEF va MS-
COCO. Biéu db 1an can Graph-GPTree c¢6 hiéu sut tot hon GP-Tree nhung
thip hon SgGP-Tree. Tuy nhién, thoi gian tim kiém GP-Tree nhanh hon
Graph-GPTree va SBIR-GP.

Precision

Precision-Recall on WANG dataset
e e

"“Recall”®

True positive rate

)2 4 6
False positive rate

ROC curve

Baseline
—&— GP-Tree
Graph-GPTree
SgGP-Tree |

1

Hinh 3.10. Hiéu suit tim kiém anh trén GP-Tree, Graph-GPTree va SBIR-GP
(SgGP-Tree) trén tap dix liéu anh WANG.
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Hinh 3.11. Hiéu suit tim kiém anh trén GP-Tree, Graph-GPTree va SBIR-GP
(SgGP-Tree) trén tap di lieu anh ImageCLEF.
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Hinh 3.12. Hiéu suat tim kiém anh trén GP-Tree, Graph-GPTree va SBIR-GP
(SgGP-Tree) trén tap dir liéu anh MS-COCO.

Dua trén dir liéu thuc nghiém, cac duong cong PR va duong cong ROC duogc
thyc hién dé d4nh gia do chinh xac cta hé théng tim kiém SBIR-GP (Hinh
3.10, Hinh 3.11 va Hinh 3.12).

Dé danh gia do chinh x4c va hiéu qua cta hé théng tim kiém anh SBIR-GP,
chung t6i da so sanh hiéu sudt ctia hé théng nay vai cac cong trinh nghién ctru
khéc trén cting mét tap dir liéu anh. Céc két qua trong Bang 3.4, Bang 3.5 va
Bang 3.6 so sanh gia tri d6 chinh x4c trung binh ctia cac phuong phép tim kiém
trén b dir liéu WANG, ImageCLEF va MS-COCO.
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Tir céc bang trén cho thiy phuong phap chung toi dé xuit dat duge do chinh
xac cao hon so vdi cac phuong phap tra ctru khac trén cung mét tap dir lidu.
Diéu nay cho thiy phuong phap cta chiing t6i c6 thé trich xuat hiéu qua cac
dic trung dé phan biét cac dic diém chi tiét cua ddi twong trong anh. Phuong
phap dé xuét clia chung ti c6 hiéu qua trong viée giai quyét bai toan truy van
va phan tich ngit nghia d6i voi anh c6 mot va nhiéu dbi tuong.

Bang 3.4. So sanh cic phuong phap tim kiém anh trén bo dir ligu anh WANG

. Do chinh xac
Phuong phap t.rung binh

K. Kanwal et al. (2020) [11] 0.5067

H. Zeng et al. (2021) [12] 0.6600

O. Sikha and K. Soman (2021) [13] 0.8030

S. Dhingra and P. Bansal (2021) [14] 0.6000

A. Ouni et al. (2022) [15] 0.7800

Graph-GPTree 0.7665

SBIR-GP (SgGP-Tree) 0.8004

Bing 3.5. So sanh cac phwong phap tim kiém anh trén bo di liéu anh ImageCLEF
Phuong phap P9 chinh xac trung binh
A. Yang et al. (2019) [16] 0.8030
Y. Qiang et al. (2020) [17] 0.6670
X. Yue et al. (2021) [18] 0.7140
N. T. U. Nhi et al. (2022) [19] 0.6510
X. Wang et al. (2023) [20] 0.7270
Graph-GPTree 0.8168
SgGP-Tree (SBIR-GP) 0.8926
Bing 3.6. So sanh cac phwong phap tim kiém anh trén bo di liéu anh MS-COCO
Phwong phap Do chinh xac trung binh

Y. Cao, 2018 [21] 0.8576

Y. Xie, 2020 [22] 0.8628

Wen Gu, 2019 [23] 0.8350

Graph-GPTree 0.8730

SgGP-Tree (SBIR-GP) 0.8753
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3.5. Tiéu két chwong

Trong chuong niy, cic phuong phap ning cao hiéu suét tra ctru anh trén GP-
Tree dugc dé xuat. Pau tién, mot mo hinh két hop biéu dd 1an can véi GP-
Tree, dugc goi la Graph-GPTree, dugc tao ra dé két ndi cac phﬁn tur tuong tu
dugc phan nhanh trong qua trinh phéan tach nut trén GP-Tree. Tiép theo, mot
mé hinh két hop GrSOM va Graph-GPTree, dugc goi 1a SgGP-Tree, da dugc
tao ra dé nang cao hiéu qua tim kiém hinh anh. M6 hinh SgGP-Tree bo sung
tiéu chi dé chon cac nat 14 chién thing, gitp phan cum tot hon va tim kiém
hinh anh chinh xac hon. Cac thyc nghiém dugc thuc hién trén bd di licu
WANG, ImageCLEF va MS-COCO. Hé thong SBIR-GP ¢6 d6 chinh xac vuot
troi so voi cac dé xuat trude day cua chinh tic gia luan an. Hiéu suat thir
nghiém dugc so sanh véi cadc phuong phap khéc trén cing mét tap dir liéu hinh
anh dé danh gid mo hinh, phuong phap va thuat toan dugc dé xuat. Két qua so
sanh cho thiy hé théng tra cru SBIR-GP ¢6 d6 chinh x4c cao hon cac nghién
ctru khac trén cting mot tap dir liéu anh. Diéu ndy chimg t6 nhitng dé xuét trong

bai luan an 1a hi€u qua va phu hop.

KET LUAN VA HUONG PHAT TRIEN

1. Péng gop caa luan an
Trong ludn 4n ndy, cac phuong phap tim kiém anh dua trén ngit nghia da dugc
dé xuit va phat trién qua viéc phan tich sdu rong cac nghién ciru lién quan,
nham xdy dung nhitng mo hinh tim kiém anh c6 hiéu suat cao. Luan an tap
trung vao viéc két hop cac ki thuat phan cum va ontology, véi ba déng gop
chinh:
(1) Xay dung cau trac GP-Tree dé luu trix va 1ap chi muc dit liéu anh: GP-
Tree dua trén phan cum phén cp, cho phép luu trit hidu qué dir liéu anh

16n thong qua cic véc-to dic trung cp thap. Su két ndi giita dic trung
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anh va tir vung ngir nghia gitp giam thiéu kich thudc dit liéu, dong thoi
tang tdc d6 va do chinh xéac cua qua trinh tim kiém.

(2) Hé thong tim kiém anh theo ngit nghia GP-SBIR dua trén GP-Tree: GP-
SBIR két hop GP-Tree véi ontology, hoat dong qua hai giai doan: tién
xtr Iy va tim kiém. Giai doan tién xir Iy xay dung GP-Tree va khung
ontology ban tu ddng dua trén RDF, trong khi giai doan tim kiém thuc
hién tim kiém hinh anh twong tu va truy vin ngir nghia théng qua
SPARQL. B9 chinh xac trén cac bo dit lieu WANG, ImageCLEF, va
MS-COCO dat lan luot 0.6780, 0.6802, va 0.7170.

(3) Phat trién GP-Tree v6i hai mo hinh méi 1a Graph-GPTree va SgGP-
Tree: Graph-GPTree cai thién d chinh xac tim kiém bang cach lién két
cac phan tir tuong tw nam trén cac nhanh khac nhau ctia ciy. Trong khi
d6, SgGP-Tree két hop véi SOM dé t6i wru hoa phin cum va chon cac
nut 14 hi€u qua hon, tr d6 nang cao hiéu sudt tim kiém. Thir nghiém trén
cac bo dir licu WANG, ImageCLEF, va MS-COCO cho théy dd chinh
xac cua Graph-GPTree 1an luot dat 0.7665, 0.8168, va 0.8730, trong khi
SgGP-Tree dat 0.8004, 0.8926, va 0.8753. Nhiing két qua nay khing
dinh rang cac mé hinh cai tién GP-Tree mang lai hidu qua cao trong viéc
tim kiém hinh anh.

Luan 4n da tién hanh thu nghiém trén cac tap dir liéu nbi tiéng nhu WANG,
ImageCLEF, va MS-COCO, va thu duoc két qua vuot trdi vé do chinh xac so
v6i cac phuong phap tim kiém hién dai khac. Nhimg két qua nay khong chi
nang cao hidu qua tim kiém anh dua trén ngit nghia ma con mo ra tiém ning
phat trién trong linh vuc nay.

2. Huéng phat trién

Ngoai nhiing két qua dat dugc vira néu, luan van con tdn tai mot s6 diém co

thé phat trién mé rong hon:
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So sanh véi cac phuong phap hién dai: nghién ctru cac phuong phap
tim kiém anh dwa trén mang no-ron sau (DNN), CNN, R-CNN,
GCN... dé so sanh v&i cac phuong phap dd duoc dé xuat trong luan
an.

Ung dung trong céc linh vuc thyc té: phat trién tmg dung tim kiém
anh nglr nghia trong c4c linh vuc cu thé nhu xé4c dinh dia diém du lich
ttr anh, chan doan bénh qua anh y khoa, phan biét cac loai da thd
nhudng, va tim kiém anh tir théng tin trén mang xa hoi.

Lam giau ontology ngit nghia: phat trién thém cac mbi quan hé ngir
nghia chit ché hon giira cac d6i tuong va hanh dong trong anh, nham
tang cuong do chinh xéac trong viéc hiéu va tim kiém anh.

Phat trién ontology tiéng Viét: md rong viée xay dung ontology cho
tim kiém anh ngit nghia bang ngdn ngit tiéng Viét, mo ra nhiing g
dung hiru ich cho nguoi dung trong nudc.
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