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Chuwong 1. MO PAU

1.1 Béi canh chung

Hién nay, Tri tu¢ nhan tao dong vai tro quan trong trong xay dung cac ung
dung théng minh, mang lai hiéu qua ngay cang cao cho doi séng con ngudi
nhu trong hoc tap, 1am viéc, cham séc stre khoé .v.v. Trong bdi canh dé, nhu
cau xay dung hé thdng thi giac thong minh ngay cang cp thiét.

Hién nay, truy van anh c6 hai xu huéng trong cac ung dung thuc té: (1) Truy
van anh tong quat, thuong thay trong cong cu tim kiém nhu Google, Bing,
v.v, va (2) Truy van anh dc thi, nhu trong truy vén xe, bién sb xe trong giao
thong minh, truy vin nguoi, mit ngudi trong gidm sat an ninh, truy van trang
phuc trong thuong mai di¢n tu.

D¢ tang cuong tinh théng minh cho hé thong truy van anh, luan an tap trung
vao viéc tang cuong kha ning hiéu anh ctia h¢ thong truy van anh. Viéc nay
duoc thuc hién dua trén viée khai thac biéu dién tri thirc, cdc mé hinh hoc
sdu, cac mé hinh hoc sdu da phirong thirc nham: (1) ting cudng kha ning
hiéu anh trong giai doan té chtrc dit liéu bang cach rut trich ddic trung mang
tinh ngit nghia cao nho vao dac trung hoc sau va hoc thudce tinh, (2) tang
cuong kha ning hiéu anh trong giai doan truy van bang cach dua vao cach
biéu dién ciu truy vin linh hoat nhd vao van ban va hinh anh, dong thoi
diéu hwong truy vin dua vao pha hé tri thuc.

Toém lai: myc dich chinh cua luan an “Tang cuong kha nang hiéu anh cta hé
thong truy van anh” 1a xay dung Hé thong truy van anh théng minh hd trg
truy van tap dir liéu tong quat, tap dir liéu dic thu véi cong cu cdt 16i 1a tri
tu€ nhan tao, dya trén pha h¢ tri thurc dbi tuong, mo hinh hoc thudc tinh, mé
hinh da phuong thirc, & mirc toan cuc va mirc chi tiét.

1.2 Cac bai toan con

Luan an chia thanh cac bai toan con sau:

- Bai toan con 1: truy van anh dya vao dac trung hoc sau

- Bai todn con 2: truy van anh dua vao pha h¢ tri thirc va thude tinh doi
tuong



- Bai toan con 3: truy van anh dya vao da phuong thirc két hop vin ban va
hinh anh

1.3 Pham vi cia bai toan

Lu4n 4n nhim dén cac doi tuong va thugc tinh dbi tuong can khao sat, thuc

nghiém 14 cac dbi twong nhu xe, ngueoi di dwong, mdt ngueoi va trang phuc.

1.4 Cac dong gop caa ludn an

- Xay dung mot pha hé tri thirc thudc tinh d6i twong ho trg mé dun hoc
thugc tinh va truy van. pha h¢ tri thirc ddm nhén vai tro luu trir tri thue
c6 san, phan cap dir liéu nham tai s dung tri thire va diéu hudng hoc
thudc tinh va truy van.

- Xay dung mot mo hinh hoc thudc tinh doi tuwong gitip hé thong hi€u anh
md& murc tinh, chi tiét va vi theé gitp tang d¢ chinh xac va thong minh hon
vi phat hién ra thudc tinh d6i tugng sau dé d€ dang tim thay anh theo
thugc tinh doi tugng.

- Xaéy dung h¢ thong truy van anh thong minh: (1) dua vao dac trung hoc
sau, (2) dua vao hoc thudc tinh va pha h¢ tri thirc, (3) két hop van ban va
hinh anh trong truy van anh.

Tir két qua trén, ludn an dat duge mot sé dong gop sau day:

1.41 V& mitly thuyét

(1) Dong gop thtr nhat: Tang cuong kha nang hi€u anh cta h¢ thong truy
van anh dyga vao dac trung hoc sau

(2) Dong gop thir hai: Tang cuong kha nang hiéu anh ctia hé¢ thong truy
van anh nhd vao mé hinh nhan dang ddi tugng ¢ muc thude tinh.

(3) Dong gop thur ba: Tang cuong kha nang l}leu anh ctia h¢ thong truy van
anh nho vao mo hinh da phuong thuc két hop dnh va cau van ban mo
ta.

1.4.2 V& miting dung

(4) Cai thién d6 chinh xac, tinh ti€n dung va thong minh

(5) Linh hoat dau vao truy van, giam chi phi, tdng hi¢u suat

(6) HO tro truy van y phuc, ho trg truy van ngudi dua vao thude tinh mat
nguoi, y phuc

Toém lai: Luan an da xay dung mot hé thng truy van anh mang lai cac dong

g6p chinh nhu céi thi€n do chinh xdc, tién dung, thong minh, tai sw dung tri

thikc ¢6 san.

1.5 Tb chirc luin 4n



Luan an duoc t6 chirc thanh 5 chuong nhu sau:
- Chuong 1. Gidi thiéu
- Chuong 2. Co s6 1y thuyét va cac nghién ctru lién quan
- Chuong 3. Tang cudng kha ning hi¢u anh cua hé thong truy van anh
- Chuong 4. Thuc nghi¢ém va danh gia
- Chuong 5. Két luan va huéng phat trién
- Phan phu luc

Chwong2. CAC CONG TRINH NGHIEN CUU LIEN
QUAN

2.1 Truy van anh dya vao thudc tinh
% Mo hinh hoc thudc tinh

Pé hiéu rd anh & muc min hon, cu thé 1a hiéu ddi tuong ¢ mirc thudc tinh,
cac hé truy van st dung két qua hoc thudc tinh dbi tuong dé hd tro truy van
& muc min hon. Piéu nay ciing thé hién hé truy van thong minh hon vi c6
thé truy véan anh qua mo ta thudc tinh dbi tuong trén anh. Mot s6 cong trinh
dién hinh vé hoc thudc tinh nhu: nhém tac gia Zisserman va Vittorio Ferrari
[41], nhom tac gia Adriana Kovashka va Kristen Grauman trong [44][45].
Céc nghién ctru khac ciing st dung thudc tinh d6i tuong hidu qua trong truy
van anh nhu [24] [37] vé6i dit liéu 10n da dang [38]. Cac cong trinh dién hinh
vé sir dung md hinh hoc sdu dé hoc thudc tinh gdbm PANDA [46], Sun
Attribute Database for scene [47], DEEP-CARVING [48].

s Truy van anh nguoi di dwong dya vao thudc tinh

Nhing nim day, cac cong trinh nghién ctru vé nhan dang anh nguoi di duong
(pedestrian) va tai dinh danh nguoi phat trién manh. Cac cong trinh dién hinh
nhu [66] [67][68][69].

2.2 Truy van anh dya vao pha h¢ tri thirc

Chirc ning ctia Pha hé tri thirc 1a dung dé mé ta, luu trit va suy dién thong
tin thugc mot pham vi nhat dinh, ngoai ra co thé mo rong va tai st dung pha

hé tri thirc d& dang. Mot s6 cong trinh dién hinh sir dung dé xuat pha hé tri
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thirc va sir dung hiéu qua nhu Pha h¢ tri thic dbi tuong [34], Pha h¢ tri thiure
khai niém thi giac [77], Pha hé tri thire dbi twong mit ngudi FAO [78], dbi
tugng thoi trang [72], ngudi di dudong [71]. Luan an ké thira cac pha hé tri
thirc ciia cong trinh [78] [71] [72] dé x4y dung mot pha hé tri thirc méi luu
trit tri thire thudc tinh dbi tuong nham hd trg hé truy van anh vé mat ngt
nghia. Noi dung cu thé s& dugc trinh bay chi tiét trong Chuong 3.

2.3 Truy van dnh dya vao viin ban va hinh anh

Str dung hoc sau dé xay dung h¢ théng truy véan anh dua vao van ban 1a cach
lam moi, dac biét st dung mang transfomer va cac bién thé cua nd, mot sd
phuong phap dién hinh nhu CLIP [87] [88], Truy v4n anh da phuong thitc tich
hop van ban va hinh 4nh ctia nhom tac gia Ding Jiang [88].

Chwong 3. TANG CUONG KHA NANG HIEU ANH
CUA HE THONG TRUY VAN ANH

3.1 Truy van anh dua vao dic trung hoc siu

Trong phan nay, luan 4n trinh bay dé xuat mot hé théng truy van anh dya

vao déc trung hoc sau. Cu thé, luan an st dung mang hoc sau Faster R-CNN

[89] két hop voi SVM dé rit trich dic trung anh. Sau dé sir dung phuong

phap ANN (Approximate Nearest Neighbors), cu thé 1 cong cu Annoy [28]

dé 1ap chi muc céac vecto dic trung cua tap dit liéu va hd tro tim kiém nhanh

trong budc truy véan anh. Bé minh chung cho sy hi€u qua cia hé théng, luan

an thuc nghiém voi anh phuong tién giao thong. Sau day, luan an trinh bay

chi tiét hé théng truy van anh gém hai mé hinh chinh 1a: mé hinh rit trich

dic trung va md hinh truy van anh.

3.1.1 Mo hinh rut trich dic trung d4nh dya vao mang hoc siu

Trong mo hinh nay, luan an da sir dung xay dung md hinh rit trich déc trung

dya vao mang Faster R-CNN [89] két hop véi SVM. Dau tién ding Faster

R-CNN dé rut trich ra vécto dic trung, sau d6, sir dung SVM dé phan loai

va lya chon dic trung két qua.



Mo dun rat trich ddc trung anh sé& tra vé hai tham s6: {16p, vecto dic trung},
mot 14 vecto dic trung anh c6 do dai 4096, hai 1a anh thudc 16p nao. Hai
tham s nay s& lam dau vao cho giai doan truy vén.

3.1.2 Mo hinh truy vin anh dya vao dic trung hoc siu

M& hinh rit trich déc tru'ng hoc sau

SVM
Feature map (1, 18, 25, 512)
+ proposals Pooling feature
(7,7,512) Fully Faalure §
' connected Selection :

Lap chi myc

So khop, loc va xép hang
két qua

Mb hinh truy vdn

Hinh 3.5: Mé hinh truy vin anh dwa vao mang hoc siu
3.2 Truy van anh dwa vao dic trung hoc siu va hoc thudc
tinh

3.2.1 XAay dung mo hinh hgc thugc tinh
Trong phan ndy, luan an trinh bay d¢ xuat mé hinh hoc thudc tinh d6i twong
dya vao dic trung hoc sau. Pay 1a mot mé dun quan trong trong hé thdng,
gitip hé théng truy van anh co kha ning hiéu anh ¢ muc thudc tinh theo
huéng tiép can tir tho dén tinh, hé thong cho phép tim anh theo thudc tinh dé
thé hién kha nang hiéu anh t&t hon vi c6 thé hiéu anh & muc chi tiét.
Céc budc thuce hién:

e Budc 1: Tien xtr ly

e Buoc 2: Rut trich dic trung

e Buéc 3: Hudn luyén thudc tinh

e Budc 4: tra vé mé hinh hoc thudc tinh



*»  Rut trich dac trung anh: St dung mo hinh mang hoc sau EfficientNet
clia nhom tac gia Mingxing Tan va Lé Viét Qubc [91] dé rut trich ddc
trung anh voi d6 dai vecto dac trung 1a 2048.

R/

% Giai doan hudn luyén: Lun an st dung bd phan 16p tuyén tinh Linear

Két qua phén thuc nghiém vé hoc thudc tinh dugc trinh bay trong Chuong
4, myc thyc nghiém 2

3.2.2 Truy van anh dya vao thudc tinh

Hoc thugc tinh | { -
Tapanh /' Rattrich ) Lo%] ()

Lap chi muc

0= 0: =m0

N
—» CSDL vecto
. thudc tinh

Phién ngoai tuy&n

Phién tryc tuyén

[
1 ]
L ]

' 0

' 1 |

Pau vao . [Rat trich d&c trung va| 0 So khép, locva xép | | K&t qua
truy vén ' |_dy doan thugc tinh | hang két qua 4 a

S [T Ty vAn ] -
Hinh 3.9 Mé hinh truy véin dnh dwa vao thugc tinh
323 Tiéukét1

Trong phan trén nay, ludn 4n da dua ra hai phuong 4n xay dung hé thong

truy van anh 13 truy van anh dya vao dic trung hoc siu va truy van anh dya

vao dac trung toan cuc va hoc thudc tinh. Hai phuong &n nay dap trng mot

16p rong pham vi dit liéu anh trong thyc té tir dit liéu téng quat dén dir ligu

dac thu.

3.3 XAy dung pha hé tri thirc thudc tinh ddi twong

3.3.1 Pha hé tri thitc thudc tinh ddi twong

Dinh nghia: Pha hé tri thirc thudc tinh d6i tugng (Object Attribute Ontology-

OAO) bao gdm niam thanh phan, ky hiéu OAO(C, P, Re, Ru, I) nhu sau véi:

e Céc khai niém (C-concepts) trong Pha hé tri thirc thudc tinh dbi twong
nay s& bao gom (1) khai niém ddi tuong, (2) khai niém b phan cua ddi
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tuong, (3) khai niém thudc tinh ddi tugng, (4) khai niém nhém thude

tinh, (5) Khai ni¢m thi giac (visual concepts).

Phan cip khai niém Tuy theo mdi d6i tuong ma c6 thé to chirc phan cip

cac khai ni¢m cho phu hop véi dbi tuong cu thé. Lun 4n chia thanh bén

(04) trudng hop phéan cip khai niém cho cac dbi twong nhu sau

o Truong hop 1: chia 2 cap, truong hop nay phi hop cho cac ddi tugng
don gian chi c6 mét by phan nhu qua bong, qua tao (trai cay).

o Truong hop 2: chia 3 cép, truong hop nay phtt hop véi cac ddi tugng
chia thanh nhiéu nhém thudc tinh nhu nhém khai niém thi giac mau,
van, dang, kich thudc theo pha hé tri thire thi giac.

o Trudng hop 3: chia 4 cap, trudng hop nay phu hop véi cac ddi tuong
chia nhiéu bo phidn nhu mat nguoi hoic 4o (c6 mot bd phan
wholepart).

o Trudng hop 4: chia 5 cap, trudng hop nay phu hop voi cac dbi tugng
phuec tap, chia nhiéu bd phan va trong mdi bo phan lai c6 chira dbi
tugng khac nhu con ngudi chia 4 bo phan gdm phan dau (head) c6
chira ddi tuong mit ngudi, phan than trén (top) cé chira dbi twong

ao,

Béi tugng

v

Céc b phan

v

B6i tugng by phan

i Mirc d6i tuong

Mirc thudc tinh ;i
Nhém Thudc tinh Color Color Shape  Emotion

' 9 es B es

Hinh 3.16. Té chirc 5 cap khai niém (Chl ttet)
Mdi quan hé: Cac khai niém trong pha hé tri thirc luon c6 mdi quan hé

2 6

1An nhau nhu quan hé giita cac d6i tugng hodc thudc tinh: “la con”, “co

chua”, “la bo phéan”,
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e  Tap luat: Tap luat ding dé suy dién tri thirc dya trén luat. Céc tri thirc c6
san va suy dién duoc s& biéu dién thanh luat. Nho tap luat, cac tri thic
suy dién dugc s& duge phat hién ma khong can hoc. Tir d6 giup tiét kiém
chi phi huin luyén. Vi du vé luat :Mat nguoi va “cé rau”— dan ong,

MGdi ludt bao gém (1) dau vao, (2) diéu kién, (3) ddu ra.

" . ditukiegn
dau vao —— daura

3.3.2  Xaiy dung pha hé tri thirc thugc tinh doi twgng nguoi
Mrc d6i tugng

| Phan dau |Thén trén

AN

| Toc ‘ |Mél ngu'(’ri‘ |Ao khoécH Ao so mi ‘ | Quan

S P

Phan

Bo phan chén

|Thén du'éri| I

Bé6i trgng bd
phéan

Mau Cam xtc Mau Mau Mau
Téc vang Mim cudi Aovest |[Ao so'mi Quan jean
den trang xanh
Mrc thugc tinh

Hinh 3.21. Vi du trich cdy phén cap thuéc tinh doi twong nguwoi

Trong phﬁn nay, ludn an trinh bay dé xuat mot pha hé tri thire thude tinh dbi
tugng nguoi (HAO-Human Attribute Ontology). Dua vao pha h¢ tri thuc
thudc tinh d6i tuong OAO dé xay dung pha hé tri thire thudc tinh dbi tuong
nguoi HAQ. Luan an tham khao tir cac pha h¢ tri thirc PAO [71], FashionOA
[72], FAO [78] dé x4y dyung nén HAO.

Cac khai niém trong HAO s& bao gom, ngudi, cac by phan (dau, than trén,
than dudi, chan, v.v), cac ddi tuong bo phén nhu ao, quén, vay, dam, nén
mil, cac thudc tinh nhu 4o do, quﬁn xanh, v.v.

Luén &n thyc hién khao sat cac tép dir liéu vé nguoi s€ dung cho thyc nghiém
bao gém: PETA 1: 35 thudc tinh va 105 thudc tinh, PA100k: 26 thudc tinh,
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RAP: 92 thugc tinh, RAPv2:152 thudc tinh, chi tiét vé cac tap dit liéu dugc

trinh bay trong phan phuy luc A

Cay phan cap khai niém chia thanh 5 c4p duoc biéu dién theo hinh duéi day:

3.4 XAy dung mo hinh hoc thudc tinh dwa vao pha hé tri
thire

3.4.1 Mo hinh Hoc thugc tinh

. Omao

Hoc thuéc tinh |
tirng bd phan ‘

Rt trich dac
trung

Vecto thudc tinh
Anh dau vao

Hinh 3.29 M6 hinh hoc thugc tinh da nhiém dwa vao déc trung cuc b
Céc budc thuc hién:

e Budc 1: Tién xt ly

e Budc 2: rat trich déac trung

e Budc 3: chia theo cac b phian

e Budc 4: huin luyén thudc tinh trén mdi b phan

e Budc 5: xtr Iy va tra vé vecto thudc tinh
3.5 XAy dung hé thong truy vin anh dwa vao hoc thudc tinh

va pha hé tri thirc
3.5.1 M0 ta h¢ thong truy véin anh
Heé thong gém c6 hai phién: phién ngoai tuyén va phién tryc tuyén. Mdi phién
dam nhan mot s6 nhiém vy quan trong. Phién ngoai tuyén bao gdm cac nhiém
vu nhu (1) xay dung pha hé tri thire thudc tinh d6i tuong, (2) Xay dung dung
mé hinh hoc thudce tinh, (3) Lap chi muyc va lwu vao co so dir liéu chuan bi
phuc vu budc truy van va (4) chirc ning du doan thudc tinh chuan bi cho
bude tryc tuyén. Phién truc tuyén gom (1) xir Iy dir liéu dau vao truy vén
12



(query), (2) so khdp va loc ra cac anh twrong dong vai query va (3) cudi cling

1a sap xép két qua.

. Mé hinh Ma hinh )
Tép anh L . —lIndexing™  CSDL
Rut trich ddc trung hoc thudc tinh ecto thudc tinh
Phién ngoai tuyén Phangtrithic
Hinh 3.34: Phién ngoai tuyén
CSDL
Phién tryc tuyén vecto thude tinh

'

Mo hinh Mo hinh L Sotring valoe
anh guey _>R0ttrichdéctnrng%dudoénthuoctinhvecmhuoc“nﬁ e

\ y P
| emm
van ban query

Pt

Tép onh két qud

Hinh 3.35: Phién truc tuyén
3.6 Tich hop vin ban va hinh anh trong truy van anh
Luan an stir dung mé hinh CLIP [87] va m hinh hoc thudc tinh dé xay dung
mo hinh truy van anh nhu hinh 3.42
Thuc hién két hop hai vecto dic trung theo phuong phép tinh tich 2 vecto:
text_feature ® image feature dé hinh thanh 1 vecto dai dién cho query
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Vecto thudc tinh
0
1

M6 hinh du doan thudc tinh

Phién ngoai tuyén

1
0

- 4

Vecto dac trung
CLIP

tap vecto dac trung
Vecto d&c trung va thugc tinh

Phién tryc tuyén

CLIP

Vecto dac trung
CLIP

So khép va loc

Tai sap xép
theo thudc tinh

anh két qua

Hinh 3.42. Truy vin anh dwa vao thudc tinh va tich hop van béin va hinh dnh

3.7 Két chwong

Vecto dac trung
két hop

He¢ thong truy van anh ciia luan 4n hoan thanh véi nhiém vy ting cuong kha

nang hiéu anh ctia hé thng truy van anh duoc thé hién qua két qua cua (1)

hé théng truy van anh dya vao dic trung hoc sau, (2) hé théng truy vin anh

dua vao hoc thudc tinh va pha h¢ tri thie thude tinh ddi tuong, va (3) tich

hop vén ban va hinh anh trong truy van anh. Ttr két qua cta céc de xuat trén,

h¢ thng truy van anh thé hién sy ting cuong kha ning hiéu anh va tinh thong

minh, linh hoat.

Chwong 4. THUC NGHIEM VA PANH GIA
4.1 Thyc nghiém 1: H¢ thong truy vin anh dwa vao diic
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trung hoc sau

Thue nghiém hé théng truy vin danh phwong tién giao thong

4.1.1 Mo ta thuc nghiém

Trong phan ndy, luan an danh gia phuwong phép dé xuét bang cach thuc
nghié€m trén tdp dir liéu BIT-Vehicle [95]. Tap dit li¢u chira 9652 hinh anh
phuong tién giao théng véi kich thude 1600x1200 va 1920x1080, gdm sau
16p (classes) véi xe buyt (558), microbus (883), xe tai nho (476), sedan
(5922), SUV (1392) va xe tai (822). Hinh dnh mau va sd lugng anh trong

moi nhém 16p duge trinh sau day:

4.1.2

(ky hi¢u P: Precision, R: Recall)
BANG 5.2. KET QUA PHAN LOAI ANH TREN TAP BIT-VEHICLE (CHI

Két qua phén loai phwong tién giao thong

TIET)
Cic I16p xe AlexNet Faster-RCNN Luan dn _'FFSE;%\?[FR-CNN
P R P R P R
Bus 99.04 | 98.10 | 100.00 | 97.14 100 100
Microbus | 86.18 | 81.37 | 96.60 | 88.20 95.71 96.89
Minivan | 86.11 | 88.57 | 90.99 | 96.19 97.14 97.14
SUV 83.00 | 83.33 | 84.62 | 98.37 91.51 96.34
Sedan 96.95 | 97.37 | 99.82 | 95.88 99.38 98.07
Truck 94.80 | 95.35 | 95.45 | 97.67 98.26 98.26
Average | 91.01 | 90.68 | 94.58 | 95.58 97.00 97.78
BANG 5.3. KET QUA PHAN LOAI ANH TREN TAP BIT-VEHICLE
(TRUNG BINH)
Phwong phap Precision Avg Recall Avg | Accuracy Avg
AlexNet 91.01 90.68 93.66
Faster-RCNN 94.58 95.59 95.86
Luén an: Faster-R-CNN +SVM 97.00 97.78 97.82
Tiny-YOLO [96] 97.90 99.60 -

4.1.3 Két qua truy vin anh

Két qua truy van dugc trinh bay trong bang dudi day. Vi cing mot hé thong

cai dit va dir liéu danh cho huén luyén va kiém tra, ludn 4n da dat dugc mAP
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t6t nhat trong truy van anh so véi phuong phép Alexnet va Faster R-CNN.

(Ky hiéu P: precision, R: Recall)
BANG 5.4. KET QUA TRUY VAN ANH TREN TAP BIT-VEHICLE (CHI

TIET)
Cac 16p xe AlexNet Faster- Luén an:Faster-R-CNN
RCNN +SVM+ANN
P R P R P R
Bus 6.76 | 75.78 | 99.45 | 77.08 99.95 82.49
Microbus | 8.64 | 63.79 | 88.76 | 54.59 82.34 61.22
Minivan | 4.53 | 63.40 | 87.76 | 79.09 89.87 78.11
SUV 14.51 | 65.37 | 83.43 | 76.50 81.68 75.14
Sedan 58.07 | 64.73 | 99.39 | 87.49 99.25 88.88
Truck 9.56 | 74.00 | 96.46 | 81.74 96.52 82.75
Average | 17.01 | 67.85 | 92.54 | 76.08 91.60 78.10
BANG 5.5. KET QUA TRUY VAN ANH TREN TAP BIT-VEHICLE
(TRUNG BINH)
Phuong | AlexNet Faster- Luén an :Faster-
phap RCNN RCNN+SVM+ANN
MAP 46% 94% 95.23%

4.2 Thyc nghiém 2: H¢ thong truy vin anh dwa vao hoc
thudc tinh va dac trung hoc siau toan cuc

4.2.1 Tap dir liéu

Luan an st dung céac tap dit liéu theo vé ngudi di duong nhu PETA [97],

PA100k [98], RAP [99], and RAP2 [100]. Chi tiét vé cac tap dit liéu dugc

trinh bay trong phu luc A). Thong tin s6 lugng dnh va thudc tinh dugc trinh

bay trong ban dudi day:

Phén b sb lugng anh cho tap huén luyén va kiém thtr (train, val, test)
BANG 4.7. CAC TAP TRAIN, VAL, TEST

Tap dit liéu | S6 anh | S6 thudc tinh | Tép train | Téap val | Tap test
Pal00k 100,000 26 80,000 | 10,000 | 10,000
PETA 19,000 35 9,500 | 1,900 | 7,600
RAP 41,585 92 33,268 8,317
RAP2 84,928 152 50,957 | 16,986 | 16,985
Phuong phéap d4nh gia: Luan an sir dung cac phuong phap dénh gia phd bién
trinh bay trong phu luc B.
4.2.2 Thuc nghiém mé hinh hgc thudc tinh dua vao dic trung hoc siu
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toan cuc

Luan 4n sir dung EfficientNetB5 [91] dé rat trich dic trung. Cac anh dugc

chinh lai kich thudc 224x224 trudc khi goi dén EfficientNet. Dau ra cua

budc rat trich dic trung sé tra vé vecto c6 do dai 1a 2048 s& lam dau vao cho
giai doan phan loai theo thudc tinh. Luan an st dung bo phan 16p tuyén tinh

Linear, cua thu vién Torch cho budc phan loai thude tinh.

+ K&t qua thyc nghiém mo6 hinh hoc thudc tinh dya vao dac trung hoc sau
toan cuc thé hién trong cac bang 4.10, 4.11, 4.12, 4.13 ¢ dong dir liéu
khong sur dung pha hé tri thirc.

4.3 Thuyc nghiém 3: Xdy dung hé thong truy van anh dua

vao hgc thugc tinh va pha hé tri thire

4.3.1 Thuc nghi¢m xay dung pha h¢ tri thirc thudc tinh déi twong
Luan an thyc hién td chirc tri thuc cho cac phé hé tri thirc vé nguoi, mat
ngudi va thoi trang. Mdi dbi twong s& c6 mot hodc mot sé bo phan, mot s6
nhém thude tinh va cac thudc tinh cua ddi tuong. S6 khai niém vé ddi tuong
va dic biét va thudc tinh vé nguoi, mat ngudi va thoi trang 1a rat nhidu. Tuy
nhién, do thoi gian c6 han nén luén an chi thu thap dugc mot s6 khai niém
co ban nhu trong thyc nghiém véi HAO gdm 235 thudc tinh tir cac tap dir
liéu PETA, Pal00k, RAP, RAPv2.

4.3.2 Thuc nghiém mé hinh hgc thudc tinh dua vao pha hé tri thie,

hoc da nhiém va dac trung cuc b
Két qua c6 sir dung pha hé tri thirc va khong sir dung pha hé tri thirc

Két qua hoc thugc tinh trén tap PETA:
BANG 4.10. KET QUA HQC THUQC TiNH TREN TAP PETA

Cong trinh mA | Accuracy | Precision | Recall | Fl-score
Zichang Tan [101] 84.88 | 79.46 87.42 86.33 | 86.87
HydraPlus-Net [98] 81.77 | 76.13 84.92 83.24 | 84.07
ALM [102] 86.3 | 79.52 85.65 88.09 | 86.85
Strong Baseline [92] | 85.11 | 79.14 86.99 86.33 | 86.09
Jian Jia 2021 [103] 86.52 | 78.95 86.02 87.12 | 86.99
feature pyramid [104] | 87.69 | 81.2 87.59 89.2 88.32
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Cong trinh mA | Accuracy | Precision | Recall | Fl-score
DAFL[105] 87.07 86.4
JLAC[106] 86.96 | 80.38 87.81 87.09 | 87.45
Rein-PAR[107] 85.51 | 78.45 84.08 88.77 | 8591
Dai[108] 88.24 | 79.14 88.79 84.7 86.7
UPAR [109] 88.40 89.9
Ours:AL w/0 HAO 85.50 | 79.50 87.32 86.45 | 86.60
Ours:AL + HAO 85.41 | 80.17 88.09 86.59 | 87.07

Két qua hoc thudc tinh trén tap Pal00k:
BANG 4.11. KET QUA HQC THUQC TiNH TREN TAP PA100K

Cong trinh mA | Accuracy | Precision | Recall | Fl-score
Zichang Tan [101] 81.61 | 78.89 86.83 87.73 | 87.27
HydraPlus-Net [98] | 74.21 | 72.19 82.97 82.09 | 82.53
AILM [102] 80.68 | 77.08 84.21 88.84 | 86.46
Strong Baseline [92] | 79.38 | 78.56 89.41 84.78 | 86.25
Jian Jia 2021 [103] 81.87 | 78.86 85.98 89.1 86.87
feature pyramid [104] | 81.45 | 79.13 86.24 89.46 | 87.94
DAFL[105] 83.54 88.09
JLAC [106] 82.31 | 79.47 87.45 87.77 | 87.61
Rein-PAR[107] 80.55 | 77.2 84.76 87.67 | 85.7
Dai[108] 77.89 | 79.71 90.26 85.37 | 87.75
UPAR [109] 84.80 90.2
Ours:AL w/0 HAO 82.49 | 79.89 87.39 88.32 | 87.49
Ours:AL + HAO 75.46 | 75.34 88.86 81.34 | 84.42

Két qua hoc thudc tinh trén tdp RAP:
BANG 4.12. KET QUA HQC THUQC TiNH TREN TAP RAP

Cong trinh mA | Accuracy | Precision | Recall | Fl1-score
Zichang Tan [101] 81.25 | 6791 78.56 81.45 | 79.98
HydraPlus-Net [98] 76.12 | 65.39 77.33 78.79 | 78.05
ALM [102] 81.87 | 68.17 74.71 86.48 | 80.16
Strong Baseline [92] | 78.48 | 67.17 82.84 76.25 | 78.94
Jian Jia 2021 [103] 82.77 | 68.37 75.05 87.49 | 80.43
feature pyramid [104] | 82.37 | 69.93 80.46 87.23 | 82.33
DAFL[105] 83.72 80.29
JLAC [106] 83.69 | 69.15 79.31 82.40 | 80.82
Rein-PAR[107] 81.67 | 66.24 73.24 85.80 | 78.68
Dai[108] 75.09 | 66.9 84.27 79.16 | 76.46
Ours:AL w/0 HAO 80.98 | 68.16 79.61 80.53 | 79.72
Ours:AL with HAO 66.31 | 61.85 81.82 70.24 | 75.00
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Két qua hoc thudc tinh trén tdp RAPv2:
BANG 4.13. KET QUA HQC THUQC TiNH TREN TAP RAPV2

Cong trinh mA | Accuracy | Precision | Recall | Fl1-score
UPAR [109] 79.90 81.0
Ours:AL w/o HAO | 79.19 | 68.05 79.18 80.88 | 79.67
Ours:AL with HAO | 80.43 | 67.69 78.18 81.45 | 79.44

4.3.3 Cic thudc tinh c6 do chinh xic cao nhat
Ngoai ra, luan an rit trich ra sdu (06) thudc tinh c6 két qua cao nhét trong s6

35 thudc tinh \{é d6 do Accuracy trén tap PETA nhu sau:
BANG 4.14. KET QUA 6 THUQC TiNH NOI TROI

Thugc tinh Accuracy | Precision | Recall | Fl-score
lowerBodyCasual | 94.22 96.13 97.94 | 97.03
upperBodyCasual | 93.72 95.87 97.66 | 96.76
personalLarger60 | 90.19 98.14 91.76 | 94.84
accessoryMuffler | 89.97 97.33 9225 194.72
personalMale 89.16 93.73 94.82 | 94.27
accessoryNothing | 88.80 93.41 94.74 | 94.07
Average 91.01 95.77 94.86 | 95.28

So sanh két qué c6 6 thudc tinh dat ket qua ndi trdi veé do do accuracy so voi

cong trinh dién hinh DeepMAR [110] nhur sau: '
BANG 4.15. SO SANH KET QUA 6 THUQC TiNH NOI TROI

Thugc tinh De[elpl%]&R Defﬂ\g]A R Ours | +/-
lowerBodyCasual | 81.60 84.90 94.22 | +
upperBodyCasual | 81.10 84.40 93.72 | +
personalLarger60 | 92.00 94.80 90.19 | -
accessoryMuffler | 94.40 96.10 89.97 | -
personalMale 85.10 89.90 89.16 | -
accessoryNothing | 81.50 85.80 88.80 | +
Average 85.95 89.32 91.01 | +

Két qua phuong phap hoc thudc tinh ctia luan an chi dat top 2 va top 3 so véi
cac cong trinh khac. Tuy nhién, c6 mot s6 thudc tinh dat két qua ndi troi
(bang 4.14). Diéu nay minh chimg cho sy hd trg ctia pha hé tri thirc va hoc

da nhi¢ém phat huy hiéu qua 6 mot s6 thudc tinh trén.
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Tuy nhién, két qua hoc thudc tinh nay dugc ap dung hié¢u qua cho truy van

anh va cho két qua truy van anh dat két qua cao dugc trinh bay & phan tiép

theo.

4.3.4 Thyc nghi¢m h¢ théng truy vin anh nguwoi

Két qua thyc nghiém truy van anh cho 3 trudng hop trén nhu sau:
BANG 4.18. KET QUA THUC NGHIEM TREN TAP PETA

Trwong hgp | Top-1 | Top-5 | Top-10 | mAP
1 92.36 | 97.22 | 97.22 | 94.98
2 86.00 | 92.80 | 93.20 | 87.66
3 40.60 | 48.30 | 49.80 | 40.39
Average 72.99 | 79.44 | 80.07 | 74.34

So sanh véi cac cong trinh dién hinh trén tap PETA:

BANG 4.19. SO SANH KET QUA THUC NGHIEM TREN TAP PETA

Cong trinh | Top-1 | Top-5 | Top-10 | mAP
UPAR [109] | 29.70 30.20
SAL [111] 47 66.50 | 74 41.50
ASMR [112] | 56.50 | 80.00 | 83.50 | 50.20
Ours (avg) 72.99 | 79.44 | 80.07 74.34

Két qua trén tap Pal00k:

BANG 4.20. KET QUA THUC NGHIEM TREN TAP PA100K

Trudng hgp | Top-1 | Top-5 | Top-10 | mAP
1 6544 | 67.53 | 69.63 | 25.35
2 62.90 | 64.51 | 66.12 | 15.15
3 19.40 | 33.60 | 43.60 | 7.22
Average 49.25 | 5521 | 59.78 | 15.91

Két qua so sanh véi cac cong trinh dién hinh trén tap Pal00k:
BANG 4.21. SO SANH KET QUA THU'C NGHIEM TREN TAP PA100K

Cong trinh | Top-1 | Top-5 | Top-10 | mAP
UPAR [109] | 39.50 30.50
ASMR [112] | 31.9 49.1 58.2 20.6
AIHM [113] | 31.3 45.1 50.0 17.0
Ours (avg) 49.25 | 55.21 | 59.78 1591

4.4 Thuc

Két qua thyc nghiém trén tap PETA nhu sau:

nghi¢ém 4: h¢ théng truy vin inh dua vao da
phuong thirc két hgp van ban va hinh danh
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BANG 4.23. KET QUA THUC NGHIEM TREN TAP PETA

STT Trudng hop Top-1 Top-5 Top-10 mAP
TH1 | Sitrdung dic trungkéthop | 26.26 58.83 76.26 30.96
TH2 | Uu tién tim vén ban truéc | 28.57 60.79 77.46 39.44
TH3 | Giao két qua 35.59 51.69 53.81 42.29
TH4 | Két hop hoc thude tinh 29.92 51.81 61.73 37.21

So sanh véi cac cong trinh khac cung thuc nghiém trén tap dit licu PETA:
BANG 4.24. SO SANH KET QUA THUC NGHIEM TREN TAP PETA

Cong trinh Top-1 | Top-5S | Top-10 | mAP
UPAR [109] 29.70 30.20
SAL [111] 47 66.50 | 74 41.50
ASMR [112] 56.50 | 80.00 | 83.50 50.20
Ours: IR-AL 72.99 | 79.44 | 80.07 74.34
Ours: TextIR-TH3 | 33-39 | 51.69 | 53.81 42.29

Béng 4.23 va 4.24 cho thay két qua dé xuét ctia lun 4n chua cao do luan an
khong xay dung mo hinh hoc. Tuy nhién, két qua nay cao hon cong trinh
UPAR [109] (CVPR-2023)

Chwong 5. KET LUAN VA HUONG PHAT TRIEN
5.1 Kétluan
V6i nhiém vy “Tang cudng kha nang hiéu anh cua h¢ thong truy van anh”,
luan an da hoan thanh nhi€ém vu trén. Tt hudng tiép can dén thiét ké cac bai
toan con di dat két qua cao. Sau dy 1a cac dong gop chinh cta ludn an:
DPong gop thir nhat 14 xdy dung thanh cong pha hé tri thire thude tinh ddi
tuong OAO. Luan an khéo sat cac dac diém cua mdi loai ddi tuong dé dua
ra bon loai mé ta ddi tuong theo phan cip bd phan ciia ddi twong va nhom
thudc tinh ciia d6i twong. D6 1a ddi tugng chi cd mot bo phan (nhu qua bong),
d6i twong c6 nhiéu bo phéan, va nhom mdi bd phan c6 chira ddi tugng. Dya
vao OAO, luan an thyc hién xay dung pha h¢ tri thirc mé ta tri thirc cho cac
d6i twong nguoi HAO. Luan an thyc nghiém thanh cong HAO cho mé hinh
hoc thudc tinh va truy van anh nguoi trong cong trinh [CT3][CT1][CT4].
Pong gop thir hai 1a xay dung thanh cong mé hinh hoc thudc tinh dya vao
pha hg tri thirc va str dung két qua nay hd trg truy van anh [CT4].
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Dong gop thi ba 1a xdy dung thanh cong hé thdng truy van anh dya vao dic
trung hoc sau [CT2] va hé thong truy van anh dya vao pha hé tri thirc va hoc
thudc tinh va dat két qua cao [CT4][CT1].

Céc dong gop trén minh chimg cho nhiém vu ting cuong kha ning hiéu anh
clia hé théng truy van anh theo cac huéng tiép can: dua vao dic trung hoc
sau, dua vao pha h¢ tri thic va hoc thudc tinh dé giap h¢ truy vén anh hiéu
anh tot hon va dap tng cac tiéu chi “chinh xdc hon, tién dung va théng minh
hon”.

Lu4n 4n thé hién tinh linh hoat va tinh kha mé rong cua cac giai phap dé
xuét. Cong trinh [CT2] 1a giai phap gitup hé thong truy van anh phat hién ddi
tuong va rat trich ddc trung hoc sau cho ddi tugng va truy van ddi tuong ma
khong phai rut trich déc trung toan anh, gitp ting do chinh xac va co thé ap
dung mot 16p rong cac tap di liéu da dang. Cong trinh [CT1][CT3][CT4]
gitip h¢ thong truy van anh dya vao pha hé tri thirc thudc tinh d6i tugng va
hoc thudc tinh cho phép truy van anh tir tho dén tinh & muc chi tiét 1a thude
tinh ddi tuong va co thé ap dung md rong cho cac tap dir liéu dac thu nhu
ngudi, thoi trang, canh vat ngoai troi va trong nha v.v. M6 dun truy van anh
dya vao van ban va hinh anh ciing thé hién tinh linh hoat trong truy véan anh.
Bén canh két qua dat duoc, luén an van con mot ) han ché sau: M6 hinh
hoc thudc tinh van chuwa dat két qua cao nhét, chua thuc nghiém déy du cac
thudc tinh ciia ddi twgng trong pha hé tri thirc thudc tinh ddi tuong, chi thuc
nghiém cac thudc tinh theo bo dit liéu thuc nghiém. Luan 4n van chua khai
thac tap luat dé suy dién thudc tinh gitip hé thong phét hién cac tri thirc méi
ma khong can hoc hay huén luyén.

5.2 Huong phat trién

Trong tuong lai, viéc xay dung hé thong truy van anh can phat trién theo
hudng dap Gmg nhu ciu ngudi ding ngay cang cao.

Vé dir liéu dau vao truy van: Ngoai dit liéu dau vao 1a hinh anh va vin ban,

c6 thé tich hop 4m thanh 1am dau vao cho céu truy van. Khi 6, nguoi ding
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c6 thé tim anh bang giong no6i véi yéu cau truy van dugc dic ta & mirc thude
tinh. C6 thé truy van anh theo ngir nghia hay ngit canh.
Str dung cac mo hinh hoc sdu manh hon dé hd tro hé théng truy vén anh hiéu
qua hon nira. Khai thac mo6 hinh ngén ngit 4nh (Vision-language pre-trained
model) trong truy van anh.
St dung pha hé tri thirc gitip tai sir dung tri thire ¢6 sdn 1a hudng di tiém ning
gitip giam tai cho mo hinh hoc thudc tinh ddi tuong. Tuy nhién, cac pha hé
tri thirc can c6 cach phit trién chung dé cong dong cing sir dung chung tai
nguyén. Didu ndy, giup giam chi phi thu thap va to chirc tri thire mot cach
riéng 1¢. Tim cach tang cuong kha ning hiéu anh khi da dang hoa cay pha hé
tri thirc. Ngoai ra, st dung db thi tri thue dé biéu dién tri thirc ¢6 sin 1 mot
huéng tiép can thi vi va tiém nang trong truy van anh.

5.3 Cic thach thirc da dwoc giai quyét

Luén 4n da giai quyét mot phan nho vé thach thirc “Ld hong ngit nghia”. Cu

thé 14 luan an gitp hé thong truy van ting kha ning hiéu anh nhu sau:

- Hiéu anh tir mirc tho (ddi twong) dén mirc chi tiét (thude tinh).

- Phan loai thudc tinh d6i tuong trude va sau do hé truy van tim kiém d6i
tuong theo thudc tinh ddi twgng. Piéu niy ciing thé hién hé truy van
thong minh hon

- Huén luyén thudc tinh trén mdi bo phan cua dbi tuong: Cai tién do chinh
xac va giam chi phi vi khong t6n cong huan luyén thudc tinh trén nhiing
bd phéan cua ddi twong khong lién quan vé6i thude tinh d6. Tir d6 giup
giam chi phi.

- Sirdung pha hé tri thire giup hiéu dbi twong, thude tinh dbi trong va phat
hién, suy dién mdi quan hé giira d6i twong va ddi tuong, ddi tuong va
thudc tinh ma khong can huan luyén. Diéu nay thé hién tinh tdi sir dung
tri thirc ¢6 san va giam chi phi huan luyén.

- Két hop vian ban va hinh anh dé ting tinh tién dung va théng minh cua
h¢ thong
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