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LOI CAM DOAN
To1 cam doan day la cong trinh nghién ctru cta riéng toi.
Céc sd liu, két qua néu trong dé an tét nghiép 1a trung thuc va chua timng

duogc ai cong b trong bat ky cong trinh nao khéc.

Nguyén Vin Khanh



LOI CAM ON
Trude hét, em xin giri 16 cam on chan thanh dén TS. Pao Thi Thay Quynh — ngudi
da tan tinh hudng dan, chi dan va ho tro em trong subt qué trinh thyc hién dé 4n. Nho su
tan tam, nhirmg gdp ¥ quy gia va kinh nghiém chuyén mén cua cd, em di hoan thanh dé tai

nay mot cach tot nhat ¢ thé.

Em cling xin gui 101 cdm on dén céc thay co trong khoa/nganh da giang day, chia sé
kién thirc va tao diéu kién hoc tap, nghién ctru. Cudi cung, em xin cam on gia dinh va cac

ban d3 ludn dong vién, ho trg em trong qua trinh thuc hién dé an.
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MO DAU
1. Ly do lwa chon dé tai

Su phat trién bung nd ciia cong nghé thong tin di dan dén luong dit liéu hinh
anh ting nhanh vé ca quy mo 1an tinh da dang. Cac kho luu trir hién dai khong chi
chtra hinh anh doi séng va thuong mai ma con tich hop dit liéu giam sat, hinh anh y
té chuyén sau va nhiéu nguén dic thu khac. Trudce thuc té nay, nhu cau vé cac hé
thong truy xuat thong minh trd nén cap bach, boi cac ki thuat truyén thong dua trén
metadata hodc dic trung thi gidc co ban nhu mau sac va hinh dang khong con dap
g duoc hiéu qua tim kiém. Rao can 16n nhat chinh 1a khoang cach ngit nghia — su
bat dong nhat gitta dit liéu tho ciia hinh anh ma may tinh xtr Iy va khai niém triru
tuwong ma con nguoi tu duy. Hé qua 1a cac hé thong hién hanh thudng that bai trong
viéc nam bat y dinh nguoi dung, dan dén két qua tim kiém thiéu tryc quan va kém
chinh x4c vé mit ¥ nghia.

Péi dién véi ap luc vé nhu cau tim kiém chuén xac va hiéu suit cao, viéc
nghién cttu cac giai phap truy xuét anh dya trén ngit nghia dang trd thanh nhiém vy
tién quyét. Mot hé thong tra ciru 1y tuong ngdy nay khong chi bi rang budc boi tiéu
chuan khét khe vé do chinh x4c nhan dang, ma con phai dam bao do tré thép nhét ¢6
thé, ngay ca khi doi mat voi mot luong 16n dir liéu va tan suat truy van day dic. Pay
chinh 1a bai todn kho trong thiét ké heé théng, thuc déy su ra doi cua cac kién trac
moi gitp toi vu hoa ddng thoi ca chat luong tim kiém 14n tai nguyén tinh toan.

Trong tAm nghién ctru 14 phét trién mot phuwong phap tra ciru hinh anh ngi
nghia hién dai dua trén Graphormer. Kién truc ndy cho phép hé théng phan tich va
ma héa céc tuong quan phuc tap gitta cac dbi tugng, gop phan cai thién chét luong
vector dic trung va kha niang biéu dién thong tin ngir nghia. Diém dot pha nam &
viéc tich hop chién lugc phan cum dit liéu, giup gi6i han khong gian tim kiém. Co
ché nay khong chi day nhanh téc do phan hoéi ma con duy tri d6 chinh xac ¢ mirc

cao, dam bao két qua tra v€ vura logic vira sat véi y dinh nguoi dung.



Nghién ctru khong chi dong gop vé mit 1y thuyét ma con dem lai gia tri Gng
dung dang ké. M6 hinh c6 tiém ning trién khai rong rai trong cc linh vuc quan trong
nhu thuong mai dién tt, y té sb, giam sat an ninh va quan 1y dit liéu da phuong tién.
Viéc ap dung céc k§ thuat truy xuat hién dai ndy 12 budc nén quan trong dé phat trién
cac hé théng tim kiém thé hé méi, véi kha nang phan hdi nhanh hon, d6 chinh xac
cao hon va trai nghiém nguoi dung thudn tién hon. Trong bdi canh dit liéu hinh anh
ngay cang phirc tap, hudng tiép can nay mo ra co hdi méi cho viée xay dung cac nén
tang tra ciru semantic hiéu qua va thuc tién.

2. Tong quan veé van dé nghién ciru

Trong linh vuc truy xuat hinh anh, cac phuong phap da trai qua nhiéu giai
doan phat trién khac nhau. O giai doan déau, cac hé théng chu yéu dua trén metadata
hodc chi thich thu cong dé phuc vu truy van. Tuy nhién, cach tiép can nay phu thudc
nhiéu vao yéu té con ngudi, thiéu tinh mé rong va khé dam bao tinh nhat quan khi
khéi luong dit lidu ngay cang ting. Dé khic phuc han ché do, cac phuong phap truy
xuat anh dua trén ndi dung (Content-Based Image Retrieval — CBIR) di dugc dé
xuat, trong d6 hinh anh dugc biéu dién thong qua cac dic trung thi giac cap thap nhu
mau séc, két cau va hinh dang.

Mic du CBIR gitp tu dong hoa qua trinh truy xuat, cac dic trung thi giac co
ban van chua phan anh day du ¥ nghia ngit nghia cta hinh anh. Sy chénh léch giita
biéu din sd ctia may tinh va nhan thirc ctia con ngudi, duge goi 1a khoang cach ngir
nghia, tiép tuc 1a thach thic 16n trong cac hé thong truy xuat. Két qua 1a nhiéu hé
thong cho ra nhimng hinh 4nh c6 d6 twong dong vé mit hinh thirc nhung khong phu
hop véi ngir canh hoac muc dich tim kiém cta nguoi dung.

Nhiing nam gan day, su phat trién ctia hoc sdu dd md ra huéng tiép can méi
cho bai toan truy Xuét anh ngir nghia. Cac mo hinh mang no-ron sau, dac biét la
Transformer va cac bién thé cta nd, cho phép hoc duogc cac biéu dién dac trung giau
ngir nghia hon tir dit liéu 16n. Tuy vay, phan 16n cic mo hinh hién tai van tap trung
vao viéc xu 1y hinh anh nhu céc thyc thé doc lap, chua khai thac déy du moi quan

hé cau truc va tuong tac gitta cac doi tugng bén trong anh.
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Song song véi bai toan biéu dién ngit nghia, van dé hiéu suit truy van trén tap
dir li€u 16n cling dit ra nhiéu thach thte. Khi quy mo dir liéu tdng nhanh, viéc so
khép truc tiép trén toan bo khong gian dic trung dan dén chi phi tinh toan cao va do
tré 16n. Cac k¥ thuat tang tdc nhu 1ap chi muc, tim kiém lang giéng gan nhat va phan
cum dit liéu di dugc dé xuit nham thu hep khong gian tim kiém, song vi¢c can bﬁng

Ttr nhitng phan tich trén ¢ thé thiy rang van ton tai khoang trong nghién ctru
trong viéc két hop hiéu qua giita mo hinh biéu dién ngit nghia manh va chién lugc
t6i uu hoa truy van. Pay chinh 1a co s& dé dé an tap trung nghién cru mo hinh
Graphormer két hop véi k¥ thuat phan cum, nham dong thoi nang cao chat luong
biéu dién ngir nghia va cai thién hiéu suat tra ciru trén cac tap dit liéu hinh anh 1én.

3. Muc dich nghién ciru

N1 dung chinh cua nghién ctru tdp trung vao viéc phan tich kha ndng ung
dung cua kién trac Graphormer trong linh vuc tra ctru anh theo ngit nghia. Myc tiéu
dé ra 1a xac dinh muc dd thich hop ctia mo hinh trong viéc biéu dién va so sanh hinh
anh béng cach tan dung cau tric quan h¢ gitra cac dbi tuong. Pé thuc hién muc tiéu
nay, mot quy trinh xtr 1y dit liéu bai ban da duoc thiét 1ap cho cac tap dir liéu anh
don nhén, bao gdm cac budc tién xir 1y, chuan hoa dau vao, trich xuét dic trung va
chuyén dbi dinh dang dé twong thich vé6i co ché ciia Graphormer. Trén co so d6, mo
hinh duoc hudn luyén dé nim bét cac dic trung ngit nghia siu, phan anh cac turong
tac va moi lién két gitra cac thanh phan trong anh.

Song song v&i viéc xdy dung mo hinh, nghién ctru tién hanh danh gia thuc
nghiém dua trén céc chi s6 dinh luong tiéu chuan trong linh vuc tra ctru. Qua trinh
nay xem xét hiéu qua ctia Graphormer trén nhiéu phuong dién nhu do chinh xac tim
kiém, kha ning phan tach ngir nghia giira cac 1op va d6 on dinh trén cac tap dit lidu
khac nhau. Ngoai ra, yéu t6 thoi gian xir Iy ciing dugc nghién ciru thong qua viéc ap
dung co ché phan cum dé thu hep pham vi tim kiém, nhdm can bang giira toc d6 va

chat luong két qua.



Thong qua qué trinh phan tich va thuc nghiém ddi chimg, nghién ctru tap trung
danh gia nang lyc van hanh ciing nhu cac diém han ché ctua Graphormer ddi véi tac
vu tim kiém hinh anh ngit nghia. Cac dit liéu thu thap duoc 13 tién dé quan trong dé
dé xuét cac huéng nghién ctru tiép theo, bao gdm viéc ap dung trén tap dit liéu gan
nhiéu nhan, két hop truy van da phuong thurc (anh - van ban), hoac cai thién hi¢u
ning dé dap tmg yéu cau xu 1y tirc thoi. Nhitng phan tich nay gitp khing dinh tinh
thuc tién va tiém nang khai thac ctia kién tric Graphormer, dac biét khi cac k¥ thuat
biéu dién cii dang dan trd nén kém hiéu qua.

4. Poi twong va pham vi nghién ciru

Pinh hudng chinh ciia dé 4n 1a cac phuong phap tra ctru anh dua trén ngit
nghia, dap tmg nhu cau xtr 1y luong dit liéu hinh anh ngay cang 16n va da dang. Cac
phuong phap hién dai khong chi dimg lai & viéc khai thac dic trung so cp (mau sic,
canh) nhu trudc ddy, ma yéu cau mo hinh phai phan tich duoc ndi dung & ting nghia,
cu thé 1a vai tro ctia ddi tuong va mdi quan hé giira chung. Trong quy trinh ndy, viéc
hoc embedding giir vi tri trung tdm, boi n6 chi phoi kha niang doi sanh giita cac anh.
Viéc sir dung kién trac Graphormer — két hop wu diém ctia Transformer va mang do
thi — duoc xem 1a giai phap dé cai thién chat luong biéu dién. Céach tiép cin nay giup
xur 1y tot ca thong tin chi tiét 1dn cac tuong tac phirc tap trong anh, tir d6 hd tro qua
trinh truy van noi dung dat hiéu qua tt hon.

Khuon khd cta bai toan trong nghién ctru dugc xac dinh cu thé: xay dung hé
théng tiép nhéan dau vao 12 mét hinh anh don 1¢ duoc gid dinh 1a dugc gan mot nhan
ngit nghia duy nhat & muc anh. Nghién ctru khong dat gia thiét vé sé luong hay su
phan b ciia cac dbi tuong xuat hién trong anh, ma chi quan tim dén nhan 16p dugc
gan cho toan bo hinh anh. Dya trén anh truy van, hé thong tién hanh truy van tap
hop cac hinh anh c6 su twong ddng trong co sé dit liéu, dya trén khoang cach trong
khong gian vector nhing (embedding). Pham vi bai toan khong mé rong sang céc
kich ban da nhén, phat hién ddi teong hay phan doan anh, ma tap trung vao bai toan

truy xuat hinh anh dya trén d6 twong dong ngir nghia & mic toan anh.



Pé dat duoc muc dich nay, mot quy trinh khép kin bao gdm bén giai doan
tuan tu duoc thiét lap: (1) st dung mot CNN backbone dé thu thap cac dac trung thi
giac tir anh; (2) mé hinh héa cac ddi tuong va mdi lién hé giira chiing dudi dang cau
tric do thi; (3) tmg dung kién tric Graphormer dé ma hoa va hoc céc vector dai dién
chira dung thong tin ngit nghia sau; va (4) thuc hién ddi sanh cac vector nay dé phuc
vu cong tac tim kiém anh tuong ty.

Mot diém dang luu v trong giéi han nghién ciru 13 hé thong hoan toan khong
phu thudc vao cac dir li¢u bo tro nhu md ta van ban, siéu dit lidu (metadata) hay cac
nhan ngir nghia chi tiét. Phuong phap thiét 1ap nay nham muc dich kiém chimg rang
két qua danh gia mo hinh s& phan 4nh trung thuc nang luc hoc biéu dién tir dir liéu
hinh anh thuén tiy, loai bo cac tac dong tir nhitng ngudn thong tin phi thi gidc. Day
dugc xem 14 cdu hinh thich hop dé khao sat chinh xac hiéu niang nén tang cua
Graphormer trong mot moi truong thuyc nghiém duogc kiém soat chit ché.

Bén canh viéc thiét 1ap kién trac Graphormer dong vai trd nén tang, nghién
ctru cling chu trong dén cac giai phap cai thién thoi gian phan hdi nham giam thiéu
tai xtr Iy doi véi cac tap dit liéu quy mé 16n. Trong hé thdng nay, dit liéu hinh anh
dugc chuyén doi vao khong gian vector (embedding) gidu ngir nghia, thé hién day
da moi lién két gitra cac dbi tuong khac xung quanh. Mic du vay, su gia tang vé sd
luong anh khién quy trinh so sanh ddc trung cta truy van voi toan bo co so dir lidu
tré' nén ton kém veé tai nguyén tinh toan. Dé khac phuc han ché nay, k¥ thuét phan
cum vector dya trén dac tinh ngir nghia dugc trién khai: cac vector c6 su tuong déng
ngit nghia duoc t6 chirc thanh cac cum, gitp gidi han pham vi tra ctru. Khi xir Iy mot
truy van méi, hé théng chi tap trung quét trén cac nhom tiém nang nhat, qua do cat
giam dang ké khéi luong tinh toan ma van bao toan do chinh xéc.

Phuong phép tiép can nay gitip duy tri hiéu qua tim kiém ngit nghia & muc 6n
dinh, déng thoi nang cao hiéu niang van hanh, ho tro kha ning mo rong hé théng ma
khong 1am anh hudng dén chat luong dau ra. Sy phéi hop gitta Graphormer va co
ché phan cum vector giup hé thong vira nam bat duoc cac biéu dién ngit nghia sau,
vira dap Gmg nhanh chong cic yéu cau truy vén, tir d6 gia ting tinh kha thi khi trién

khai trong cac ing dung thuc té.



5. Phuwong phap nghién ciru

Chién luoc tiép can cua dé an duoc ciu tric dua trén ba thanh phﬁn ot 164,
nham dam bao sy chit chd va tuan thu céc nguyén tdc khoa hoc hién hanh. Thanh
phan dau tién tap trung vao cong tac nghién ctru 1y thuyét, bao gdm viéc tong hop,
danh gia va hé théng hoa cac tai liéu vé tim kiém anh ngit nghia, k¥ thuat biéu dién
dac trung va cac mo hinh hoc sau trén dd thi. Nhiém vu chinh trong giai doan nay la
phan tich sau cic nguyén tic va dic tinh ciia Graphormer — bién thé ctia Transformer
trén do thi — dé tao 1ap co s khoa hoc cho giai phap dé xuat. Cac két qua phan tich
Iy thuyét nay dong vai trd quan trong trong viéc thiét ké mo hinh, dinh hinh quy trinh
xtr 1y va xac dinh céc nhan t6 tac dong dén hiéu qua tim kiém.

Thanh phén th hai xoay quanh cong tac phat trién mo hinh va thyc hién kiém
chtng. Chién lugc duoc dinh hinh dua trén sy tich hop chit ché giita hai yéu t6: (1)
cac mang hoc sau dam nhiém viéc trich xuat dic trung thi gidc co ban, giap dinh
danh cu thé cac doi tuong; va (2) mo hinh Graphormer chiu trach nhiém hoc céc
biéu dién ngilr nghia thong qua vi¢c md hinh hdéa quan hé do thi. Tai giai doan nay,
nghién ctru thiét 1ap mot ludng xir Iy (pipeline) hoan chinh, bao gom tién xur 1y di
lidu, khoi tao d6 thi, huin luyén va tao vector nhing (embedding) cho muc dich tra
clru.

Bén canh do, k¥ thuat phan cum embedding cling dugc ap dung nham gio1
han khong gian tim kiém, qua d6 toi uwu hoa thoi gian phan hoi trong cac thir nghiém
v6i luong dir liéu 16n. Quy trinh thue nghiém duge x4y dung nham dam béo tinh lap
lai (reproducibility) v tiém niang phat trién cho cic cong trinh nghién ctru ké tiép.

Thanh phan then chét thir ba trong phuong phap luan 1a hoat dong kiém dinh
va do luong chat lugng mé hinh. Sir dung céc chi sb tiéu chuan trong linh vuc tim
kiém hinh anh nhu Mean Average Precision (mAP), Recall@K va Precision@K dé
khao sat hi¢u nang hé théng dudi cac goc do da chiéu. Viéc van dung két hop cac
thang do nay gitip dinh luong kha ning sip xép két qua, ty 1& tim kiém thanh cong
cling nhu do tin cdy chung cua giai phap. Quy trinh kiém dinh duoc trién khai trén

bo dir liéu test tach biét theo mot trinh tu chuan hoéa, nham duy tri sy minh bach va
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gia tri tham khéo cua cac két qua. Nhimg phan tich dinh lwong nay hd trg viéc nhin
dinh vé do bén virng, tinh chinh xac va kha ning trién khai ctia mé hinh trong diéu
kién thuc té.

Su tich hop déng bo cua ba yéu td néu trén hinh thanh nén mot chién luoc
nghién ctru toan dién, sé hiru ca co s Iy luan chit ché 1an sy xéac thuc bé“mg dir liéu
thuc nghiém. Qua do, tiém nang trién khai Graphormer cho nhiém vu tra ctru anh
ngit nghia dugc minh chimg mot cach cu thé va rd rang vao bai toan truy xuat anh
dua trén nglr nghia.

6. Pong gop ciia dé an

Trong tdm cua dé 4n 1a khao sat tinh kha thi khi van dung kién trac
Graphormer vao bai toan Truy xuat anh dya trén ngir nghia (SBIR). Muc dich chinh
1a phan tich ning lyc van hanh, trién vong tng dung cling nhu cac rao can k§y thuat
cia mo hinh trong viéc hoc cac biéu dién vector (embedding) tir dit liéu anh don

nhan.

Mot trong nhitng déng gop dang cha ¥ cua nghién ctru 1a viée trién khai
Graphormer nhu mot cong cu hoc biéu dién sau, cho phép hé théng nhan dién duoc
cac dic trung phurc tap va méi lién két ngir nghia giita cac hinh anh. Huéng tiép can
nay giup khic phuc nhitng nhuoc diém thudong thiy & cac ki thuét truyén thong vén
chi dya vao dic trung thi gidc bé mit hodc cac vector rdi rac. Song song véi do,
nghién ciru ciing thiét 1ap mot quy trinh xir Iy va mo hinh hoa bai ban, bao gdm cac
cong doan tir tién xur 1y dir 1iéu, trich xuat dic trung co ban, dén viéc kién tao cau
tric dd thi va huan luyén Graphormer, nham dam béo qué trinh hoc embedding dién

ra 6n dinh va dat két qua tbt.

Bén canh do, cong tac dinh lugng hiéu qua thuc nghi¢m duoc trién khai thong
qua cac thuéc do phd bién trong truy xuat anh gom mAP, Recall@K va
Precision@K. Cac phan tich nay gitp lam rd muc do chinh xéac, kha nang nhan di¢n
ngir nghia va d6 6n dinh ctia Graphormer khi van hanh trén cac ngudn dir liéu khac
nhau, dong thoi cung cap sd lidu ddi chimg véi cac phuong phép cii dé minh chimg

cho trién vong cuia mo hinh.



Dé an ciing dé cap dén dong gop trong viée cai thién téc do truy van thong
qua co ché phan cum vector nhung. K¥ thuét nay hd trg viéc gi6i han ving tim kiém
can thiét, giup hé thong duy tri chat luong két qua tét trong khi van dam bao hiéu

sudt van hanh cao trén cac hé thdng luu trit quy mé 16n.

Tom lai, thanh qua dat dugc qua cac budc khao sat va thuc nghiém 1a co sé
khoa hoc quan trong dé thiic day cac nghién ciru ké thira. Pay ciing 1a ngudn thong
tin hitu ich ho tro cong tac hién thuc héa cac giai phap tra ctru anh ngir nghia phuc

vu nhu cau do1 song.

Pé an di c6 nhitng dong gop cu thé trén ca phuong dién 1y thuyét va kiém
chirng mo hinh, minh hoa rd nét hi¢u qua cua viéc ng dung Graphormer vao SBIR.
Pong thoi, nghién ctru ciing xac 1ap nén tang va dinh hudng cho cac hoat dong md

rong pham vi khéo sat trong thoi gian to1.
7. Céu tric dé an

Noi dung dé 4an duoc trinh bay qua ba phan chinh, ddm bao tinh tuan ti va
mach lac. Phan thr nhat danh dé hé théng hoéa céc kién thirc co s6 trong linh vuc
truy xuat hinh anh, bao quat tir nguyén Iy tim kiém theo noi dung ngir nghia, cac tiéu
chuin danh gia dén viéc khao sat cac cong trinh tién nhiém. Thém vao do, vai tro
ctia cac mo hinh hoc sau chii dao nhu mang tich chap (CNN) va céc bién thé mang
d6 thi (nhu GCN, GAT, Graphormer) ciing dugc thao luan chi tiét nham xay dung
luan ctr cho phuong phap tiép can cua dé tai. Phan nay két thiic bang viéc tom lugc

cac van de¢ ly thuyét dé lam nén tang cho cac chuong sau.

Noi dung ké tiép s& di sdu vao mo ta tuong tan giai phap ky thuat dugc xay
dung trong khuon kho dé an. Chu trinh xtr Iy duoc thiét 14p bao gém viée thu thap
dic trung thi gidc tr anh, bién d6i dir lidu sang dinh dang d6 thi, va ap dung
Graphormer dé hoc cac biéu dién ngit nghia. Bén canh d6, qué trinh t&i wu hda mo
hinh va chién luoc tang toc tim kiém bang k¥ thuat phan cum vector ciing dugc trinh
bay. Phan nay cling dua ra nhitng danh gia budc dau vé tinh kha thi khi trién khai
giai phap sau khi hé thong da dugc hoan thién.
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Chuong tiép theo tap trung vao cong tac thyc nghiém va kiém chimg, bao gdm
viéc cAu hinh moi truong phﬁn cung, mo ta dac thu dir liéu va xac dinh cac chi s6 do
ludng (mAP, Precision@K, Recall@K). Pong thoi, tién hanh luan giai cac sb liéu
ghi nhan dugc thong qua phan tich dinh lrgng va biéu dién truc quan khong gian
vector. Thém vao d6, cac phan tich cit 10p (ablation study) ciing dugc thyuc hién dé
dinh luong sy dong goép cua timg module thanh phan d6i véi két qua tra ciru cudi
cung. Muc nay s& khép lai bang viéc tong hop cac két luan cbt 1i tir qué trinh khéo

sat.

Viéc to chirc ndi dung dé an tuan thi mot 16 trinh bai ban, chuyén tiép nhip
nhang tir cac kién thirc nén tang sang mo hinh k¥ thuat va cudi cung 1a phan tich
hi¢u nang. Muc dich la tao ra mdt luéng thong tin co trat ty, ddm bao tinh lién két
va dé tiép can cho toan bo cong trinh, gitp ngudi doc ndm bat van dé tir tong quat

dén chi tiét.



NOI DUNG

CHUONG I: CO SO LY LUAN

Chuong nay cung cip nén tang 1y thuyét va tong quan cac nghién ctu lién
quan, lam co sé cho phuong phép truy xuét hinh anh theo ngit nghia. Noi dung tap
trung vao cac khai niém va k¥ thuat tir CBIR, SBIR truyén théng dén cac phuong
phap hoc sau va khong gian embedding, ciing phén tich cdc mé hinh tiéu biéu nhu
CNN, GCN, GAT va Graphormer. Chuong ciing dé cip dén cac thuéc do hiéu suat
chuan muc va phan tich khoang tréng nghién ctru, 1am co sd cho viée tng dung
Graphormer trong phuong phap dé xuat va cac thir nghiém trong cic chuong tiép

theo.
1. Tong quan vé tra ciru dnh

Truy xuét hinh anh (Image Retrieval) 14 qué trinh tim kiém céc hinh anh phu
hop trong mot kho dir li¢u dua trén thong tin truy van, c6 thé 1a van ban, tir khoa
hodc anh mau. Hé thong hudng téi viée nhan dién cac anh twong dong vé ndi dung
thi giac, ngir canh hodc ¥ nghia. Pay 1a nhiém vu quan trong trong nhiéu ing dung
nhu thuong mai dién ttr, y té s6, giam sat an ninh, giao thong thong minh hay quan

1y kho dit li€u da phuong tién.

Hai hudng chinh hién nay 1a TBIR (truy xuat dua trén vin ban) va CBIR (truy
xuat dua trén noi dung thi giac). TBIR tan dung sy phong phu ciia ngdén ngi, nhung
phu thudc vao chat luong metadata, con CBIR trich XUt truc tiép cac dac trung hinh
anh nhu mau séc, hinh dang, két cAu hodc embedding tir mang hoc sau. CBIR khéc
phuc han ché metadata nhung gdp thach thirc vé khoang cach ngit nghia giita dic
trung trich xuat va khai niém ngit nghia thuc té, cling nhu bién thién vé diéu kién

chup, goc nhin va chit luong anh.

Sy bung nd dit liéu sb tao ra thém thach thirc vé quy mo luu trir va chi phi xtr
ly, doi hoi cac ky thuat téi uu nhu giam chiéu dit liéu, 1ap chi muc thong minh, tim

kiém lang giéng gan nhat hodc trién khai hé thong phan tan. Tong thé, truy xuat anh
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1a linh vuc vira 1y thuyét vira img dung, voi xu huéng hién dai 1a két hop TBIR va
CBIR dé tang d6 chinh x4c va linh hoat. Phat trién cic mo hinh nim bét ngit nghia
sdu cung toi wu hoa cho dir liéu 16n sé& 13 yéu tb then chét dé nang cao hiéu qua hé

théng trong tuong lai.
2. Bai todn tra ciru anh dwa trén ngit nghia

Truy xuét hinh anh dya trén ngit nghia (Semantic-Based Image Retrieval —
SBIR) huéng t6i viéc tim kiém va lya chon nhitng hinh anh c6 noi dung mang tinh
¥y nghia twong dong, thay vi chi dwa vao su giéng nhau & muc dic trung thi giac co
ban. Theo quan diém cta con ngudi, ¥ nghia cia mot birc anh khong chi dugc xac
dinh tir cac diém anh hay cAu tric pixel, ma dya trén kha nang nhan dién cac ddi
tugng quan trong, cic hanh dong dang dién ra va tong thé bdi canh trong anh. Vi
vay, mot hé théng SBIR can biéu dién hinh anh theo cich phan anh cac khai niém
mang y nghia thuc sy, thay vi chi ghi nhan cic mau thi giac don gian nhu mau séc,

canh hay két cau.

Khac v6i CBIR truyén thong, vén chu yéu khai thac cac didc trung mirc thap
hodc cac vector nhung chwa duoc diéu chinh téi wu cho ngit nghia, SBIR hudng téi
xay dung mot khong gian biéu dién giau thong tin hon. Trong khong gian nay, cac
hinh anh ¢ ndi dung trong dong dugc dit gan nhau, bat chap nhimg bién ddi vé anh
sang, goc chup, ti 1& hay hinh dang ctia d6i tugng. Cach tiép can nay giup thu hep su
khac biét vé ngir nghia gitta biéu dién may tinh va cach con nguoi nhan thirc thong
tin tryc quan. Nho vay, SBIR tr¢ thanh giai phap thich hop cho nhiing bai toan yéu
cau hiéu siu noi dung hinh anh, vuot 1én trén viéc so sanh cac dic trung bé mit —
ngay ca trong cac truong hop dir liéu don nhén, noi myc tiéu 14 truy xuét nhiing hinh
anh cung 16p, mang ¥y nghia twong déng & mirc khai niém.

Trong pham vi nghién ciru nay, bai toan truy xuét hinh anh dugc coi 1a mot
truong hop ciia SBIR, mic du dit liéu duoc to chic theo dang don nhin. Nhan 16p
tai ddy dong vai trd nhu tin hiéu ngir nghia chinh, biéu thi ndi dung trung tim cta

tung burc anh; vi the, viéc xac dinh va truy xuat cac hinh anh thudc cung nhém dugc
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xem nhu mot dang truy xuét dua trén ¥ nghia, thay vi chi dya trén mirc d6 tuwong
ddng thi giac thuan tay.

Véi cach tiép can nay, SBIR khong doi hoi phai mo hinh hoa day du cc tang
d6i twong hay cac quan hé phtc tap nhu trong cac hé thong SBIR da ddi twong. Thay
vao do, trong tAm 1 xay dung mot khong gian biéu dién sao cho cac hinh anh twong
d6ng vé ndi dung ngit nghia dugc dit gan nhau, con nhiing anh khac biét vé 16p hoic
vé y nghia duoc tach biét rd rang. Khi khong gian biéu dién thé hién duoc cau tric
ngir nghia nay, viéc truy xut anh trd nén sat voi ban chat ciia SBIR: tim kiém dira
trén y nghia dugc phan anh trong nhan 16p va trong ddc trung cua anh, hon la dya

trén hinh thirc thi gidc bé mit.

Theo quan diém ndy, bai toan truy xuat hinh anh don nhan trong nghién ciru
van phan anh dﬁy du cac dac trung co ban cua SBIR, bd1 muc tiéu chinh la td chirc
va truy xuat hinh anh dua trén ¥ nghia ma nhan 16p dai dién. Do d6, phuong phap
nay khong chi thich hop véi dir liéu don nhin ma con pht hop véi triét 1y cbt 16i clia
SBIR, tap trung vao truy xuat dua trén ndi dung ngit nghia thay vi chi dya trén céc

dic trung thi giac cap thap.
3. Cdc phwong phap thw nghiém va danh gia

Qua trinh thyc nghiém dugc trién khai trén hai bd dir liéu chuan 1a CIFAR-
100 [1] va CUB-200-2011 [2] nham muc dich kiém chtng toan dién ning luc cta
mo hinh ddi véi tc vu tra ctru anh theo ngir nghia. Quy trinh nay bao quat tron ven
cac cong doan tur trich rat dac trung, xay dung ciu trac d6 thi cho dén viéc hoc

embedding va thyc hién truy van.

V& phuong dién phuong phéap luin, nghién ctru tin dung kha ning manh mé&
cua Graphormer dé nang cao chét lugng biéu dién hinh anh; cu thé, cac dic trung
duoc trich xudt tir mang CNN s¢€ dugc chuyén ddi thanh cAu tric dd thi lam dau vao
cho qué trinh huin luyén. Hiéu suét hé théng dugc danh gia dya trén cac chi s6 chuén
nhu Mean Average Precision (mAP), Precision@K (P@K) va Recall@K (R@K),
phan anh d¢ chinh xéc, do tin cdy va kha nang thu hoi thong tin.
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Precision@K (P@K) phan anh ty 1& cac két qua truy xuat dung trong K hinh

anh dau tién, duoc xac dinh theo cong thtc:
1 .
P@K = — ¥l rel(D),
trong d6 rel(i) nhan gia tri 1 néu hinh anh & vi tri i ¢6 cung nhin v&i anh truy van
va nhan gia tr1 0 trong trudng hop nguoc lai.
Recall@K do luong kha nang thu hoi cac hinh anh lién quan trong K két qua
dau tién, dugc tinh béi:

_ 2K, rel()
ROK = ===,

v6o1 N 1a tong sO hinh anh 1ién quan trong toan bd co sé dir lidu.

Mean Average Precision (mAP) cung cap danh gia tong thé vé chat luong truy
xuat bang cach 1ay trung binh do chinh xac tai cac vi tri truy xuat diing va duoc xac

dinh theo cong thuec:
mAP =~ S, AP,

trong d6 N 14 s6 luong 16p va AP; 1a Average Precision ctia 16p thir i.

Cudi cung, két qua thyc nghiém s& duoc so sanh voi cac mo hinh tham chiéu
nham 1am ndi bat nhitng vu diém, hiéu qua va tinh kha thi cta giai phap dé xut.

4. Cac nghién cuu trudc day

Trong linh vyc tra ctru hinh anh, cac phuong phap truyén thong chu yéu tap
trung vao viéc trich chon dac trung thi gidc va xay dung co ché so khép hiéu qua
trén khong gian dic trung. Véi sy phat trién cua hoc sau, cac md hinh mang no-ron
tich chap (CNN) [3] da duoc str dung rong rdi dé hoc cac biéu dién dic trung co kha
ning phan biét cao, thay thé cho cac dic trung thil cong trudc day. Cac vector dic

trung duoc trich xuat tir CNN thudng duogc so sanh thong qua cac thude do khoang

cach nham xac dinh muc do twong dong giira cac hinh anh trong bai toan truy xuat.
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Gan déy, Vision Transformer (ViT) [4, 5] va c4c bién thé da thu hat nhiéu su
quan tam nh¢ kha nang moé hinh hoa quan hé dai han va ngit canh toan cuc trong
anh. So vdi CNN, ViT cho phép khai thac thong tin toan anh mot cach truc tiép
thong qua co ché attention, tir d6 cai thién chat luong biéu dién trong mot s6 kich
ban tra ctru phirc tap. Tuy nhién, cac mé hinh transformer thudng yéu cau luong di
liéu huan luyén 16n va chi phi tinh toan cao, gy ra thach thirc khi trién khai trén cac

hé théng truy xuit quy mé 16n hodc c6 yéu cau do tré thap.

Bén canh viéc nang cao chét lugng dac trung, bai toan hi¢u suét truy van cling
dong vai trd then chdt trong tra ctru anh quy mod 16n. Viée so khdp truc tiép cac
vector dic trung c6 chiéu cao dan dén chi phi tinh toan va bd nhd 16n. Pé khac phuc
van dé nay, cac phuong phap hashing cho truy xuat anh di dugc dé xuit nham anh
xa vector ddc trung lién tuc sang cac ma nhi phan ngin gon, cho phép tim kiém
nhanh thong qua khoang cach Hamming. Cac k¥ thuat hashing hoc sau két hop CNN

hodc ViT gitip cAn bang giita d6 chinh x4c truy xuét va hiéu qua luu trir — tinh toan.

Mic du hashing giup cai thién dang ké tbc do truy van va kha ning mé rong
hé thong, viéc luong tir hoa dic trung sang khong gian nhi phan c6 thé gy mat mat
thong tin ngit nghia, dic biét trong cac kich ban yéu cau phan biét tinh té giita cac
16p twong dong cao. Do d6, mot thach thirc quan trong trong cac hé thdng tra ctru
anh hién dai 13 thiét ké biéu dién dic trung vira gidu ngit nghia vira phu hop cho truy

van nhanh, ddm bao can bang gitra d0 chinh xac va hi¢u suat.

Tong hop lai, cac nghién ctru lién quan cho thdy hai hudng tiép can chinh
trong tra ctru hinh anh hién nay: (1) trich chon dic trung sau bang CNN hoic Vision
Transformer nham nang cao kha ning biéu dién ngir nghia; va (2) 4p dung cac k¥
thuat hashing dé ting tdc truy van va mo rong quy mé hé théng. Tuy nhién, viéc két
hop hiéu qua gitta chat luong déc trung va co ché truy van nhanh van 1a mot van dé
mo, dit ra nhu cau nghién ctru cac phuong phap méi nhim tdi wu ddng thoi ca do

chinh xac va hi¢u suat trong bai toan tra ctru anh.
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5. Convolutional Neural Network (CNN)

Convolutional Neural Network (CNN) [3] dugc xem 1a try cot trong cong
ngh¢ thi gidc may tinh, ndi bat véi kha nang tu tri trich xuét cac thudc tinh cot 151 tir
dir liéu gdc ma khong yéu ciu can thiép thi cong. Hé thong vé kién tric tuan theo
m6 hinh nhiéu tang, bao gdm su phdi hop giita cac tang tich chap, ham kich hoat phi
tuyén, tng giam mau (pooling) va két thuc bang cac 16p FC. Co ché van hanh cia
tﬁng tich chap dua trén viéc st dung cac bo loc (kernel) kich thudc nhd dé truot qua
va trich rat thong tin tir cac khu vuc cuc bo, gitp hé théng nhay bén vdi céc chi tiét
co ban nhu duong bién hay goc canh. Piém wu viét cia CNN nam & ki thuat chia
sé tham sb (weight sharing), cho phép ciing mot bo loc duoc tai str dung trén toan
bd khong gian anh, giup nhan dién dic trung bat bién voi vi tri va giam tai ddng ké
khéi lwong tinh toan. Tiép do, ting subsampling dong vai tro tinh gian chiéu dit liéu,
chat loc thong tin tinh ty va ting cuong d bén viing ctia mo hinh trudc cac nhiéu
dong. Thong qua viée xép chdng céc 16p theo chiéu sdu, CNN hinh thanh nén kha
nang hoc phan cip: tir viéc nam bat cac tin hiéu don gian & cac tang dau dén viéc
tong hop thanh cac ciu tric triru tuong phirc tap o cc tang siu, nang cao kha ning

hoat dong vuot trd1 trong cac bai toan nhan dang va xu 1y tai liu.

Pé khic phuc hién tuong dao ham bi triét ti€u khi gia tang s6 tﬁng clia mang
no-ron, ResNet [6] duoc gidi thi€u nhu mdt cau tric CNN cai tién dic biét. Cot 161
ctia phuong phap 1a khi residual, noi dong dit liéu ¢ thé bo qua cac 16p trung gian
thong qua két ndi tat (skip connection) dé hop nhat véi dau ra caa chudi xur 1y phi
tuyén. Chién luoc nay khoi thong dong chay cua gradient qua nhiéu ting mang, mo
duong cho xay dung cac mang no-ron cé do sau cao (deep networks) ma van dam
bao kha nang hdi tu. Vé mit t6 chirc, ResNet bao gém chudi cac khoi residual két
hop véi 16p pooling dé nén dic trung va 16p fully connected dé dua ra du doan cudi
cung. Nho co ché cong gop tin hiéu nay, mo hinh khong chi duy tri duoc thong tin
nguyén ban ma con hoc thém dugc cac biéu dién phirc tap, cai thién hiéu qua mot

cach ro rét so voi cac kién tric CNN truyén thong.
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pé nang cao kha nang hoc dac trung va khéc phuc céac han ché hién c6 cua
cac mang no-ron rat sau, PyramidNet [7]—mdt bién thé nang cao ctia ResNet — da
dugc phat trién. Diém sang tao ctia mé hinh 13 viéc thay d6i s6 luong kénh dic trung
khong theo bic thang ma ting trudng dan dan (tuyén tinh) xuyén sudt chiéu sdu cia
mang. Cach tiép can nay giup ludng thong tin duoc trao d6i mot cach lién mach so
v6i viée ting kénh dot ngdt ciia ResNet. Bang cach st dung zero-padded skip
connections, PyramidNet giai quyét hiéu qua vin dé kich thude khi sb kénh bién
thién, gitp giam thiéu hién twong nut thit co chai va dat hiéu nang cao hon trén

CIFAR va ImageNet.

Tom lai, CNN va céc bién thé cai tién nhu ResNet hay PyramidNet tat ca déu
cho théy strc manh vuot troi trong viée rut trich dic trung hinh anh, trong khi CNN
co ban chu yéu hoc cac dic trung theo cép bac tir don gian dén triru tuong, ResNet
giai quyét van dé dao ham triét tiéu va hd trg xay dung cic mang sau hon, con
PyramidNet toi wu hoa ludng thong tin bang cach ting dan sb kénh dic trung va st
dung két nbi tat thich hgp. Cac cai tién niy vira nang cao kha ning biéu dién cua
mang, vira duy tri hi¢u suét 6n dinh va kha nang hoi ty, tr do tao tién dé cho céc
nhiém vy nhan dang, phan loai va truy xuét hinh anh trong bdi canh thi giac may

tinh hién dai.
6. Cic mé hinh do thi

CAu trc dit liéu d6 thi dugc dinh nghia thong qua tip hop cac dinh (nodes)
dai dién cho thyuc thé va cac canh (edges) phan anh sy két ndi gifra chung. Céach to
chtrc nay mang lai kha nang mo ta sdng dong cac twong tac da chiéu, sy phy thudc
1An nhau hay cau triic khong gian giita cac phan tir. Di voi bai toan thi gidc may
tinh, viéc chuyén doi hinh anh sang dang d thi cho phép hé théng vuot qua gi6i han
ctia viéc nhan dién don 1¢ dé thau hiéu sau sac ngit canh va méi lién hé giita cac vat
thé. Chinh vi thé, cdc mang no-ron do thi (GNN) déng vai tro hat nhan trong viéc
khai pha ciu tric canh va nang cao chét luong biéu dién ngit nghia, phuc vu dic luc
cho cac tic vu nhu phan loai hay truy xuat anh. Graph Convolutional Network

(GCN) [8] va Graph Attention Network (GAT) [9] 1 nhitng mé hinh tiéu biéu trong
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viéc tong hop thong tin tir cac nat 14n can dé khai thac quan hé phirc tap, trong khi
Graphormer [10] m& rong kha ning ndy bang co ché attention toan cuc, gitp nim

bat cac két ndi tam xa trong do thi.

6.1. Graph Convolutional Network (GCN)

Graph Convolutional Network (GCN) [8] 1a mét kién tric mang no-ron duoc
thiét ké dac biét dé xu 1y dir liéu c6 cau trac do thi, noi cac phan tir khong nam trén
lui cd dinh nhu hinh anh hay chudi thoi gian. Piém manh cia GCN nam & kha ning
hoc biéu dién cta timg dinh khong chi dya trén dic trung riéng ctia né ma con dua
trén thong tin tir cdc dinh 1an can, nho d6 mo hinh co thé ndm bét duoc ciu tric va

moi quan hé trong toan b do thi.

Co6t 161 cia GCN 1a co ché lan truyén thong tin gita cac dinh. O mdi 16p, mdi
dinh s& tong hop thong tin tir cac hang xom, két hop véi dic trung ban dau cua chinh
né, va tir 46 tao ra mot vector biéu dién méi. Qua trinh nay dugc thuc hién 1dp di lap
lai qua nhiéu 16p, gitip cac embedding khong chi phan anh dic trung cuc bd ma con
mo rong ra bdi canh toan cuc, tao ra cac biéu dién giau ngir nghia va c6 kha nang

thé hién méi quan hé phirc tap gitta cac phan tir trong d6 thi.

Pé dam bao thong tin lan truyén dugc 6n dinh va khong bi mat di trong qué
trinh tong hop tir hang x6m, GCN str dung cac co ché nhu self-loop va chuan hoa
d6i xung. Self-loop giup mdi dinh giit lai thong tin gdc ctia chinh no, tranh bi hoa
tan hoan toan vao thong tin tir cic hang x6m, trong khi chuan héa dam bao rang céac
dinh c6 nhiéu hodc it hang x6m déu duoc can nhic mot cach hop 1y, tranh hién tugng

mot sO dinh chiém uu thé hodc lam nhiéu qué trinh hoc.

MGdi 16p ctia GCN tuong tng voi mot mue do lan truyén thong tin khac nhau
trong do thi. Lop dau tién cha yéu tong hop thong tin tir cac dinh 1an cén tryc tiép,
trong khi cac 16p sdu hon cho phép dinh tiép nhan bbi canh xa hon, mo rong pham
vi anh hudng qua nhiéu budc lap. Két qua 1a embedding cudi cung khong chi chia

dac trung riéng cua tirng dinh ma con phan dnh cau tric va moéi quan h¢ trong toan
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do6 thi, tao ra cac bi€u dién toan dién, c6 kha nang nam bat nglr nghia & ca cap do

cuc bd va toan cuc.

Nhitng embedding ndy sau d6 c6 thé duoc tmg dung vao nhiéu nhiém vu khac
nhau, tir phan loai dinh, du bao lién két, gom cum, cho dén hd tro trong cac mo hinh
thi giac va xtr 1y ngdn ngir. Ban chat cia GCN 1a tao ra mot khong gian biéu dién
ma & d6 mdi dinh khong con 13 mot diém riéng 1¢é ma da chta thong tin vé cu tric
xung quanh, tir 6 nang cao kha nang hiéu va xir 1y dit liéu c6 quan hé phirc tap.

Tom lai, GCN khong chi hoc céc dac trung riéng 1é ma con hoc cach két hop
thong tin tir cac dinh 1an can, tao ra embedding giau ngit nghia va 6n dinh, phi hop
cho céc bai toan can khai thac ciu trac moi quan h¢ trong dir li¢u, déng tho1 phuc vu
déc luc cho cac ung dung nhu phan loai, truy xuét, du bao hay khai thac thong tin tir

d6 thi phc tap.

6.2. Graph Attention Network (GAT)

Graph Attention Network (GAT) [11] duoc xem 13 mot bude phat trién quan
trong so voi kién traic GCN truyén théng, nhd kha nang két hop co ché attention
nham danh gia muc d§ quan trong cua cac két ndi trong dd thj mot cach linh hoat.
Trong khi GCN truyén thong xtr 1y thong tin tir cac dinh 1an cén dua trén trong sd
¢ dinh tir ma tran k&, GAT cho phép mo hinh ty dong hoc duge mirc dd anh hudng
ctia ting dinh 1an can ddi véi nat trung tam. Co ché nay giup hé thdng phan biét
duogc nhiing lién két mang nhiéu thong tin hiru ich so véi nhitng nat it dong gop, tir

d6 tap trung ngudn luc tinh toan vao cac quan hé co ¥ nghia cao hon.

Mot trong nhing diém ndi bat caa GAT la viéc ung dung multi-head self
attention. Thay vi chi c6 mot cdch nhin nhan thong tin tir cdc hang x6m, mo hinh str
dung nhiéu dau attention song song dé khai thac dir liéu tir nhiéu goc d6 khac nhau.
Piéu nay khong chi 1am phong pht kha ning biéu dién ma con cai thién sy 6n dinh
khi huan luyén, giam thiéu hién tugng overfitting hodc bi chi phdi bdi mot dau

attention duy nhat. Mdi dau attention s& hoc cach phan bo trong sb khac nhau cho
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cac dinh 1an can, sau d6 két hop cac dau ra nay dé tao thanh bi€u dién cudi cung,

giau thong tin hon va phan anh chinh xac hon ciu tric phirc tap cua db thi.

Trong qué trinh huin luyén, trang thai cua tirng nat dugc cap nhat dua trén
thong tin tich liy tir cac nat 1an can, nhung khong phai moi thong tin déu duoc coi
trong nhu nhau. Hé s6 attention hoc duoc giup diéu chinh muc do dong gop cua timg
nut, cho phép mé hinh tip trung vao nhiing lién két quan trong va giam anh huong
cua cac nut it gia tri. Nho co ché nay, GAT khong chi ndm bat dugc dic trung cuc
bd ma con téng hop thong tin tir toan dd thi mét cach ¢6 chon loc, giup biéu dién cac

mbi quan h¢ phurc tap mot cach hi¢u qua.

Nho nhiing cai tién nay, GAT vuot tré1 hon GCN trong viéc biéu dién dic
trung cia dit liéu d6 thi. M6 hinh c¢6 kha ning hoc cac mbi quan hé phi tuyén va
trong s hoa thong tin theo cach thich tng, tir d6 nang cao kha niang phan loai, du
doan lién két hodc bat ky nhiém vu ndo can nim bét ngir nghia va ciu trac phic tap.
Chinh sy linh hoat va kha nang hoc chon loc nay khién GAT trd thanh mot cong cu
manh mé, dic biét phu hop trong cac bai toan ma moi quan hé gitta cac nat trong dd
thi dong vai tro quan trong, chang han nhu trong truy xuat hinh anh dya trén ngi

nghia hay cc hé thong biéu dién embedding nang cao.

6.3. Graphormer

Graphormer [10] danh dau mot bude tién quan trong trong linh vuc mang no-
ron d6 thi, dic biét khi so sanh véi cac kién trac GNN truyén théng nhu GCN hay
GAT. Khac v6i GCN, von chu yéu dua vao thong tin tir cdc nut 1an can truc tiép, va
GAT, mic du di ap dung co ché attention nhung van gidi han trong viéc tap trung
vao cac hang x6m gﬁn, Graphormer su dung co ché self-attention toan cuc. Nho do,
bat ky cap nut nao trong d6 thi déu co thé trao doi théng tin tryc tiép, khong phu
thudc vao cdu triic ma tran ké. Diéu ndy gitip mo hinh khong chi hoc dugc cac mbi
quan hé cuc bd ma con khai thac cac két ndi tAm xa, tir d6 hiéu sau hon vé ciu tric

tong thé cua do thi.

19



Pé duy tri tinh nhit quan cua thong tin khi 4p dung co ché attention,
Graphormer két hop cac k¥ thuat mi hoa dic biét nhu spatial encoding, edge
encoding va centrality encoding. Nhitng k¥ thuat nay giap moé hinh ghi nhé vi tri,
vai trd va tAm quan trong cta ting nut trong d thi, tir d6 tao ra cac embedding giau
ngir nghia hon. Khi 4p dung cho bai toan truy xuat anh, mdi nut trong dd thi c6 thé
dai dién cho mét ddi tuong, mot vung hay mdt dac trung quan trong trong hinh anh,
va co ché attention toan cuc cho phép mé hinh hoc cach can nhic mdi quan hé gitta
tat ca cac nut ndy, ngay ca khi chiing nam cach xa nhau vé mat khong gian trong

anh.

Mot wu diém noi bat khac ctia Graphormer so v6i GCN va GAT 1a kha ning
6n dinh va linh hoat trong vi¢c xu ly dod thi phtrc tap. Trong khi GCN d& bi han ché
boi pham vi 1an can va GAT c6 thé gap kho khan khi sé luong hang xém ting lén,
Graphormer giai quyét vin dé nay bang cach thiét 1ap cac kénh tuong tac truc tiép
gilta cac nat ma khong bi gidi han, déng thoi van duy tri hi¢u qua hoc tap nho vao
co ché multi-head self attention. Co ché ndy khong chi ting cudng kha ning chon
loc thong tin quan trong ma con giam thiéu tac dong cia cac nit it lién quan, tir d6

cai thién chat lugng embedding va do chinh xac khi truy Xuét anh.

Trong bdi canh truy xuat hinh anh, tiém ning ctia Graphormer con thé hién rd
khi anh duoc anh xa thanh d6 thi doi tuong hodac vung. Cac embedding hoc duogc
mang thong tin ngir nghia sau, phan anh ca mbi quan h¢ cuc bd va toan cuyc giira cac
d6i tuong trong anh. Nho vdy, viéc truy xuat cac hinh anh c6 noi dung twong dong
tré nén chinh xac hon, 6n dinh hon trude su bién doi vé bd cuc, anh sang hay goc
chup. Nhin chung, Graphormer khong chi khic phuc nhiing han ché cia GCN va
GAT ma con mo ra hudng tiép can mdi cho céac bai toan image retrieval dua trén

cau truc do thi, nho kha nang hoc biéu dién toan dién, linh hoat va giau ngir nghia.

Mo hinh duoc sir dung trong nghién ctru dua trén kién tric Graphormer nhung
d3a duoc don gian hoa dé phu hop véi bai toan truy xuat anh. Cu thé, cac thanh phan
nhu spatial encoding, edge encoding va centrality encoding da dugc loai bd, chi gilr

lai multi-layer Transformer [12] nhiam hoc cac biéu dién nat trong dd thi. Mic du
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luge gian, md hinh van duy tri kha ning khai thac mdi quan hé giira cac node, tir d6
tao ra embedding giau ngit nghia, 6n dinh trudc cac bién dbi vé bd cuc hay dic trung
thi giac. So véi cac kién tric GCN hay GAT, cach tiép can nay loai bo gidi han vé
pham vi 1an c4n cb dinh, cho phép thong tin duogc truyén truc tiép gitta bat ky cap
node nao trong d thi, dong thoi giam bét do phirc tap tinh toan va dé trién khai hon.
Nho vay, mé hinh vira giit dugc ban chét ctia cac Graph Neural Network trong viéc
hoc cAu tric, vira tap trung vao viéc tdi wu hoa embedding cho truy xuét anh dya
trén ngit nghia ma khéng can cac co ché encoding phuc tap von khong can thiét

trong bai toan don nhan.
7. Tiéu két chuwong

Noi dung chuong I di hé thong hoa cac khai niém va nén tang 1y thuyét lién
quan dén bai toan truy xut hinh anh theo ngit nghia. Trudc hét, bai toan truy xuat
hinh anh duogc gidi thiu mot cach tong quan, lam rd dic diém cua cac hudng tiép
can pho bién nhu TBIR va CBIR, dong thoi chi ra nhimg han ché con ton tai khi chi
dwra trén dic trung thi giac muc thap.

Tiép @6, bai toan truy xuat hinh anh dwa trén ngit nghia dugc phéan tich nhim
nhan manh vai tro cta khong gian biéu dién giau ¥ nghia, trong d6 cac hinh anh c6
ndi dung tuong ddng dugce dit gan nhau. Trong pham vi nghién ctru, truy xuat anh
don nhan dugc xem nhu mot truong hop dac bi¢t cia SBIR, v41 nhan 16p dong vai

tro 1a tin hiéu ngit nghia chinh dé t6 chuc va truy xuat dir liéu.

Bén canh do, cac tiéu chi danh gia hiéu suat thuong dung trong truy xuét anh,
bao gdm Precision@K, Recall@K va mAP, di duogc trinh bay nham lam r cach do
ludng d6 chinh xac, kha nang thu hoi va chat luong tong thé cua hé thong. Cac bo
dit liéu chuan duoc st dung trong thuc nghi¢m ciling duogc gioi thi¢u dé dam bao tinh

khach quan va kha nang so sanh két qua.

Ngoai ra, cac hudng nghién ctu lién quan da duoc tong hop, tip trung vao
viéc trich chon dac trung bﬁng CNN, Vision Transformer va cac ky thuét hashing
nhim can bang gitta chit lwong biéu dién va hiéu qua truy van. Phan tich wu — nhuoc
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diém cua cac phuong phap nay cho thay nhu cau vé nhiing m6 hinh bi€u dién vira

giau ngit nghia vira pht hop cho truy xuét anh quy mé 1on.

Cubi cting, cac mo hinh hoc sau nén tang, bao gdbm CNN va cac mang no-ron
dd thi nhu GCN, GAT va Graphormer, da duoc gidi thi¢u nham 1am o co s& ly
thuyét cho phuong phap dé xuat. Pic biét, kién trac Graphormer va bién thé don
gian héa duoc stir dung trong nghién ctru duge xem 13 tién dé quan trong cho viéc
xay dung mo hinh hoc biéu dién phuc vu bai toan truy xuat hinh anh theo ngit nghia

& cac phan tiép theo.
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CHUONG II: PHUONG PHAP NGHIEN CUU DE XUAT

Trong chuong ndy, mot phuong phap moi duoc dé xuat dé giai quyét bai toan
tra ciru anh dya trén ngir nghia vai tap dir 1iéu don nhan. Phuong phap nay dua trén
nong cdt 1a Graphormer gitp hoc duogc cac biéu dién ngir nghia giita cac 16p, lam
giau thong tin cho dic trung trich rat tir CNN backbone. Nham giai quyét van dé vé
hiéu ning, d& an st dung mot phuong phap phan cum dya trén vector dai dién 16p
(proxy) gitip 1am giam khong gian tim kiém ma van dam bao dugc do chinh xé4c cta

két qua.
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Hinh 2.1: Kién triic tong thé ciia mé hinh dwgc dé xuat.

Mo hinh bao gém ba thanh phan chinh: (1) trich xuat dic trung hinh dnh bang
mang CNN dé tao biéu dién dic trung cho timg anh; (2) ma hoa ngir canh do thi
bang GraphormerEncoder, trong d6 mdi d6 thi gdm mot node dong (dynamic node)
va cac node tinh (static nodes) dai dién cho cac 16p, giip mo6 hinh héa ca quan hé
cuc bd va toan cuc giita cac anh; va (3) td chirc khong gian embedding théng qua co
ché proxy-based clustering, nham kéo cac dic trung cung 16p lai gan nhau va day

cac 16p khac ra xa nhau.

1. Trich xudt dic trung hinh dnh bang CNN
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Tinh wu viét cia mang no-ron tich chiap (CNN) va céc kién tric cai tién nhu
ResNet hay PyramidNet trong viéc xay dung cac biéu dién phén ting tir dit liéu thi
giac da duoc khang dinh qua nhiéu nghién ciru. Diém manh ciia nhém mo hinh nay
nam & kha nang van hanh song song: vira ghi nhan chinh xac céc tin hi¢u cuc bd ¢
murc co ban, vira chat loc va tong hop ching thanh nhimg dic trung ngir nghia c6 do
triru tuong cao. Chinh vi nhitng dac tinh nay, kién trac CNN duoc dé an lya chon dé
dam nhan vai trd backbone cho nhiém vu trich xuét dic trung. Pay duoc xem la
budc tién xtr 1y then chdt, gitip chuan héa thong tin dau vao trudc khi chuyén giao

cho céac khoi tinh toan chuyén sau hon.

Chi tiét hon, quy trinh xur 1y duoc bat dau bang viéc dua timg hinh anh qua
mang CNN backbone nhim trich xuat vector dic trung. Vector nay dong vai tro tong
hop cac thong tin c¢dt yéu va ndi ham ¥ nghia ctia dir liéu thi gidc. Ké dén, ki thuat
chuan hoa L2 (L2 normalization) duoc ap dung dé dong nhat hoa dir liéu dau ra, loai
bo sw chénh léch vé bién d¢ gifra cac vector, tir d6 dam bao tinh 6n dinh cho hé
thong. Két qua thu duoc 1a cac embedding chira dung ham luong thong tin cao, dai
dién cho nhimg dic diém thi gidc then chét, sin sang phuc vu cho cong doan mo

hinh hoéa tiép ndi boi Graphormer.

Thong qua chién luoc nay, vai tro cia CNN khong chi dung lai ¢ viéc tao 1ap
co s& ha tang cho trich xuat dic trung ma con khai thac toi da ning luc cta céc kién
tric hoc sau tién tién. Cac embedding dau ra nhd d6 vira dam bao do sau ngit nghia,
vira duy tri sy bén viing trudc cac thay do6i vé diéu kién anh sang, bd cuc hay ty 18
vat thé. Pay dugc xem 1a budc dém thiét yéu, tao moi truong thuan loi dé trién khai
cac module xtr 1y ké tiép trong bai toan tim kiém hinh anh.

2. Biéu dién do thi

Vé mit truc gidc, v tudng dua trén gid dinh r@ing mdi 16p dbi tuong trong
khong gian dic trung ¢ thé dugc biéu dién boi mot node voi mot proxy dai dién,
bao quanh no 1a cac embedding ctia cac anh thude 16p tuong Uing tao thanh cac cum

riéng bi¢t. Proxy nady ndm ¢ tam cua cum dong vai tro nhu mot diém neo ngir nghia
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(semantic anchor), dai dién cho toan bd 16p. Dua trén ¥ tudng nay, dé 4n mo hinh
hoa tap dit licu huin luyén dudi dang mdt dd thi doi tuong, trong do cac node tinh
(static nodes) dai dién cho céc 16p ¢ dinh, con node dong (dynamic node) dai dién
cho méu anh dang xét hodc anh truy van. Pic trung ctia mdi node duogc biéu dién
boi vector ddc trung cua anh, dugc trich XUt truc tiép tir CNN backbone. Qua trinh
trich xuét nay duoc thuc hién trén toan by anh dau vao, khong yéu cau tach vung
anh hay phat hién ddi twong cuc bd, nham dam bao tinh nhat quan va don gian trong
biéu dién dic trung, ddng thoi phit hop véi nhiém vu so khép dic trung. Cau trac d6
thi nay khong chi gitip mé hinh hoc duoc méi twong quan giita cac 16p ma con cho
phép lan truyén thong tin ngir nghia gita anh dau vao va cac dai dién 16p khac nhau,

tir d6 tao ra embedding co tinh khai quat va phan tach tot hon.

Trén co s& cau trac do thi ndy, méi quan hé giita cac 16p ddi twong dugc ma
hoa thong qua cac canh két ndi giita cac node tinh, phan anh mirc d6 twong dong
hoac lién quan ngtr nghia gilta cac 16p trong khong gian dac trung. Cac canh nay cho
phép md hinh khai théc thong tin lién 16p, dac biét trong cac truong hop ma ranh

gidi1 gitra cac 16p co su chong lan hoac twong dong cao.

Khi mot node dong twong tmg véi anh truy van duoc dua vao do thi, né duoc
két ndi dong thoi véi toan bd cac node tinh. Thong qua co ché lan truyén théng tin
trén do thi, node dong khong chi so khép truc tiép voi timg dai dién 16p riéng 1é ma
con gian tiép tiép nhan ngit canh ngit nghia toan cuc tir cdu trac lién két gitra cac
16p. Qua trinh nay giup mé hinh danh gia mirc 46 phu hop ctia anh truy van véi timg
16p mot cach toan dién hon, thay vi chi dya trén khoang cach cuc bo trong khong

gian embedding.

Nho dé, biéu dién dic trung ciia node dong sau suy luan duoc diéu chinh theo
cdu tric ngit nghia cta toan b tap 16p, gop phan nang cao kha niang phan tach giira
cac 16p gan nhau va cai thién tinh khai quat ciia mé hinh trong céc kich ban dit liéu

phirc tap hozc nhiéu.
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Cu thé, xét tap dir licu huin luyén D gé)m C 16p ddi tuong, véi tap nhan tuong
tng L = {l;,1,, ..., 1-}. M&i 16p [; duge biéu dién béi mot node tinh N;, hinh thanh
nén tap cac node tinh: Ng = {N;, N,, ..., N¢}. MOi node tinh N; luu trit cdc mau anh
thudc 16p 1;, va thong qua qua trinh huin luyén, node nay dan hoi tu vé mot biéu
dién dic trung trung tim (proxy), phan anh dic trung tong quat cia toan bo 16p. Nho
do, cac node tinh mang y nghia phan cum (clustering representation), trong khi cac
proxy doéng vai trd nhu tdm cua cac cum, cung cap mot dai dién 6n dinh cho timg
16p trong khong gian embedding.

Bén canh cac node tinh, mdt node dong N, duoc dinh nghia sir dung dé biéu
dién anh dau vao trong timg budc huin luyén hodc trong pha truy xuét. Node N, co
thé duoc xem 13 mot thyuc thé tam thoi, c6 nhiém vu hoc céach tuong tac va trao doi
thong tin véi cac node tinh théng qua co ché chu ¥ do thi (graph attention). Trong
giai doan huan luyén, dynamic node déng vai trd hoc dic trung toan cuc bang cach
tong hop thong tin tir cac static node theo trong sé cha y, phan anh muirc do tuong
d6ng ngir nghia giita anh hién tai va timg 16p d6i twong. Trong giai doan truy xuat,
dynamic node dugc st dung dé so sanh véi cac proxy nham xac dinh cac cum gan
nhat vé mit dic trung, qua d6 gidi han pham vi tim kiém trong khong gian
embedding.

Toan bo qué trinh trén dugc mo hinh hoa thanh mot dd thi c6 dang:

G=V,PE),
trong do:
o V = {N,, Ny, ..., N} 1a tap cac node,
o P = {P,, ..., Pc} 1a tap cac proxy dai dién ctia cac node tuong Ung,
) E 13 tap cac canh thé hién mdi lién hé giita cac node.
Moi canh e; j € E duoc thiét 1ap dua trén do twong dong ngit nghia hoic dic
trung gilta hai node N;va N;, thuong duge do bang cosine similarity, hoac khoang

cach Euclidean trong khong gian biéu dién, hoic trong sb trong co ché attention. Céc
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trong s canh ndy s& duoc cap nhat dong trong qua trinh huan luyén théng qua co

ché self-attention ctia GraphormerEncoder.

Céu tric d6 thi nhu vAy mang lai hai loi ich chinh. Thtr nhét, né gitp duy tri
mbi twong quan ngit nghia toan cuc giita cac 16p thong qua co ché truyén théng tin
giita cac node, thay vi chi hoc doc 1ap tirng mau nhu cac phuong phap CNN truyén
thong. Thir hai, @6 thi phan cum véi cac node dai dién 16p cho phép to churc lai khong
gian embedding theo cdu trac cum rd rang, gitp giam dang ké chi phi im kiém trong
giai doan truy xuit ma khong 1am suy giam dang ké do chinh xac. Nho d6, mé hinh
c6 thé dat dugc sy can bang tot giita kha ning biéu dat ngit nghia (semantic

expressiveness) va hiéu ning truy xuét (retrieval efficiency).
3. Hoc biéu dién bang Graphormer

Sau khi xay dung dd thi G = (V,E) goém cac node tinh {N;, N,, ..., No} va
node dong N, nhu di trinh bay & phan trén, budc tiép theo ctia md hinh 1a hoc biéu

dién dic trung ngir canh cho toan bo d thi thong qua Graphormer.

Khac véi cac phuong phéap dua trén Graph Attention Network (GAT) [9, 11]
chi lan truyén thong tin giita cac node 14n can, mé hinh st dung co ché self-attention
toan cuc (global self-attention) & mo hinh héa dong thoi mdi quan hé giira tat ca
cac node trong d6 thi. Cach tiép can nay gitp mo hinh hoc dugc mbi twong quan lién
cum toan cuc (inter-cluster correlation), qua do mdi node c6 thé biéu dién ngir nghia

téng hop tir toan bo khong gian dd thi thay vi chi dya vao két ndi cuc bo.
Cuy thé, véi mot anh dau vao I € N; thudc 16p I;, 1dy mau diing mot anh tir mdi
16p trong tong sb C 16p ddi tuong, trong d6 anh duoc chon tir 16p i ludn khéac véi 1.
Tap anh dau vao sir dung dé xdy dung do thi dugc dinh nghia nhu sau:
DI == {I, 11, . Il' ey Ic}
trong d6 I, 1a anh dugc chon tu lop [, val; # 1.
Anh truy van I duoc gan vao node dong N, trong khi cac anh I, ..., I, dugc

phan b twong Gmg vao cac node tinh Ny, ..., N.
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MG&i anh trong tap D; dugc trich xuit dic trung bang backbone CNN, thu duoc
vector dic trung h; € R%cho timg node N; € V. Tap hop dic trung cta tat ca cac
node duoc sap xép thanh ma tran:

H = [hy, hy, ..., ho]T € REFD*do,
Ma tran H sau d6 dugc dua vao Graphormer Encoder dé thuc hién qua trinh hoc chu
¥ toan cuc, trong d6 mdi node c6 thé twong tac truc tiép vai tit ca cac node con lai
ma khong bi gidi han boi cAu tric ké can.

Pau tién, ma tran H dugc chiéu vao khong gian an bang mot phép bién doi
tuyén tinh nho ma tran trong s6 hoc duoc hoc duoc W, € R%*4 taorama tran H':

H' = HW, RC+Dxd,
Ma tran H'sau d6 duoc dua qua nhiéu 16p Transformer Encoder [12], trong
d6 mdi 16p attention tinh cac ma tran truy van, khoa va gia tri tir dau vao nhu sau:
Q = H,WQ,K = H,WK,V = H,WV,
voi Wy, Wy, Wy, € R**4 13 céc ma trdn trong s6 duoc hoc.
Co ché chu ¥ toan cuc duge dinh nghia boi:

T

Attention(Q, K, V) = softmax(Q N

Thong qua co ché nay, mdi node c6 thé “nhin thdy” va thu nhan thong tin tir

W,

toan bo cac node khac, bao gdm ca nhiing 16p khac cum. Diéu nay cho phép mé hinh
hoc dugc phu thudc ngtr nghia dai han (long-range semantic dependency) gitra cac
d6i tuong, diéu ma cac kién tric GAT truyén thong kho dat dugc do gidi han pham
vi két noi.

Sau khi di qua nhiéu 16p Transformer Encoder, dic trung ciia mdi node trong
d6 thi bao gdm node dong Nyva cac node tinh Ny, ..., N, dugc cip nhat dé phan anh
ngit canh tir tat ca cac node con lai. Tiép theo, cac vector dic trung ciia timg node
dugc chuin héa L2, hoan tt qua trinh ma hoa cua Graphormer Encoder thu dugc
két qua cudi cung 14 ma tran:
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h' =[h'g, Ry, ...,h’C]T € ]R(C“)Xd,

trong d6 h' dai dién cho embedding cap nhat ctia toan b dd thi. Mdi node trong h'
mang thong tin ngit canh téng hop tir toan bd cac node con lai trong d thi, phan anh
mbi quan hé gitta cac anh thudc cac 16p khac nhau trong khong gian embedding.
Pic trung ciia node dong N, dugc cap nhat thanh hj), mang thong tin ngir canh tong
hop tir toan b cac node tinh. Vector hy dugc xem nhu ddc trung ngir canh toan cuc
ctia anh, phan 4anh mdi lién hé giira anh truy van va cac 10p dbi tuong trong khong
gian biéu dién. Pic trung nay sau d6 duoc sir dung cho céc tac vu & pha truy xuét
hodc phan loai, dong vai tro 1a embedding cudi cling ctia anh trong khong gian cum
nglr nghia, trong khi cac node tinh cling gift vai tro quan trong trong viéc tinh loss

va duy tri cau tric nglt nghia toan cuc.

4. Hudn luyén va toi wu hoa mo hinh

(O  Embedding
%  Proxy
«+—» Contrastive Loss

<t---  Proxy Anchor Loss

s s

ﬂff‘i_
t f‘.‘//,,o

Hinh 2.2: Hoat dong ciia cac ham méat mat.

Pé 4n ké thira y tuong két hop nhiéu ham mat mat tir nhitng nghién ctru trudc
day [13, 14, 15] dé thiét ké mot chién lugc da mat mat, gitp mo hinh hoc dugc cac
biéu dién phong phu va 6n dinh hon so véi viée chi su dung mot ham méat mat duy
nhat. M6 hinh dugc huan luyén da nhi¢m dya trén to hop ba ham mat mat c6 muc
tiéu b tro 1an nhau duoc stir dung dé mé hinh dat duoc kha nang phan biét va khai

quat tot hon trong khong gian ngit nghia, gdm: cross-entropy loss cho nhiém vu phéan
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loai, contrastive loss dé€ tang do phan tach gitra cac cum khéac nhau, va proxy-anchor

loss nhim tang tinh két dinh giita cdc mau cung 16p trong khéng gian biéu dién.

Proxy-anchor 12 ham mat mét chinh, dong vai tro kéo cac embedding lai gin
v6i proxy tuong tng (tAm cum), Contrastive gop phan dy cac embedding khac 16p
ra xa nhau va cross entropy hd trg cho viéc phan loai cac embedding vé ding 16p

cua minh.

Thanh phan dau tién ciia ham mat mat 1a cross-entropy loss, duoc ap dung dé
huén luyén md hinh dy doan chinh xac nhan 16p cho timg node trong db thi. Sau khi
thu duoc biéu dién dic trung cua node /4y va cac node tinh A¢, goi chung 1a 2, mo
hinh sir dung mot 16p tuyén tinh dé anh xa chung vao khong gian xac suat qua ham

softmax:

p(y | h) = Softmax(W_.h + b,),

trong 46 W, va b, 1a cac tham sd hoc dugc. Cross-entropy loss duge tinh nhu sau:

yilogp(y; 1 h),

c
Leg =—

i=1
v6i y; 1a nhan that cua node trong Gng. HAm mat mat nay huéng ddn mé hinh hoc
cach anh xa dic trung anh vao dung 16p doi tuong, dong vai tro nén tang cho cac
thanh phan mat mét khac.

Madc du cross-entropy gitip mo hinh phén loai ding nhan, n6 chua ¢ manh
dé dam bao khoang cach gitra cac 16p duoc duy tri rd rang trong khong gian biéu
dién. Do d6, contrastive loss dugc bd sung nham khuyén khich cac node thudc cac

cum khac nhau day xa nhau, trong khi cac node cung cum duoc kéo lai gan nhau.

Vi hai vector dac trung h; va h;, contrastive loss duge dinh nghia nhu sau:

i 1 Z { D(h;, b)), néuy; = y;,
- W;:: 7
Con = 9 = Y \max (0,m — D(h;, h))* , néuy; # Vi

VvOI:
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Zl] Yi=Yj
wij = 1+ (posweight 1) ——

€ + D%
trong do:
° h;, h;, 1a cac vector dac trung cua hai node,
° Yi,¥j, la nhan tuong tng,

o D(h;, hj), la khoang cach Euclidean gitra hai vector,

o m, la ngudng bién dinh trudc,

o pos_weight: trong sd ctia cac cip positive (cung 16p) dé ting anh
huéng ciia chung trong qua trinh huan luyén.

Ham nay gitip khong gian embedding tré nén c6 cdu tric, v6i ranh gidi rd
rang gifta cdc cym ngit nghia, tor d6 cai thién kha nang khai quat cia moé hinh. Cu
thé, ham mat mat nay hoc cach dy cac embedding ctia cac 16p khac nhau ra xa nhau
trong khong gian dic trung, nham tao ra ranh gidi 16 rang gitta cic ving biéu dién
ctia timg 16p, gitip mo hinh phan biét t6t hon gitta cac khai niém ngir nghia.

Thanh phan tht ba 1a proxy-anchor loss [16] , dugc thiét ké dé ting cuong
tinh tap trung ctia cac diém anh trong ciing mot 16p quanh mot vector dai dién — goi
1a proxy vector. Mbi 16p ¢ duoc gan mot proxy p, € R% hoc dugc trong qua trinh

huan luyén, dong vai tro nhu tam cum cua 16p do.

Proxy-anchor loss dugc dinh nghia nhu sau:

1 .
LProxy :W Z log| 1+ z e ~a(sim(hi,pc)—m)

pcEPT hieH}
1 :
+ E Z 10g 1+ z ea(51m(hl—,pc)+m)
DcEP hi€HZ
trong do:
. sim(h;, p.): d0 twong dong cosine gitta embedding h;va proxy p,.
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. P*: tap céc proxy c6 it nhat mot mau cing 16p trong batch.

. H*, H™: 1an luot 1a tap cac embedding cung 16p va khac 16p véi proxy
Pec-

. m: margin, xac dinh bién cach giira cac 16p.

. a: hé s6 khuéch dai (scaling factor) diéu chinh do séc nét cta phan bo.

. C: tong sb 16p.

Co ché nay giup md hinh vira kéo cac mau cung 16p lai gan proxy tuong tng,
vira day xa cac mau khac 16p, tir d6 hinh thanh cic cum rd rang trong khong gian
nhing.

Ba thanh phan trén duoc két hop tuyén tinh dé hinh thanh ham mat mat tong
hop:

Lrotar = MLce + A2Lcon + ABLProxyr
v6i Ay, Ay, A5 12 cac hé s6 diéu chinh trong sb timg thanh phan. Trong qué trinh huén
luyén, chién lugc t6i vu hai giai doan dugc st dung:

° O giai doan dau, trong s6 cua L g dugc dat cao hon dé on dinh pha
phan loai va gitip mo6 hinh hdi ty nhanh.

o O giai doan sau, trong sd ctia Ly, va Lproxy dugc tang dan nham toi
rru cau trac khong gian biéu dién, tao ra cac cum 13 rang va bén viing hon.

Nho co ché da ham mét mat nay, mo hinh khong chi hoc duogc dac trung phan
loai chinh x4c ma con dat duoc biéu dién ngir nghia co ciu truc, phan anh t6t moi

quan hé giita cac 10p va dam béo tinh 6n dinh trong qu4 trinh truy xuét anh.
5. Truy xudt nhanh dwa trén cum

Sau khi hoan tat giai doan huan luyén, pha suy luan (inference phase) dugc
cau triic nhiim t6i vu hoa hidu suat truy xuat ma van bao toan do chinh xac ngit nghia

toan cuc. Phuong phap ndy, duoc goi 1a Truy xuét nhanh dya trén cum (Proxy-
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Cluster Fast Retrieval), tich hop cac dic trung d6 thi dong cung cac dai dién (proxy)

ctia cum 16p, qua d6 giam thiéu dang ké do phirc tap trong tinh toan.

Query i Embedding
ery image

ﬂ —»{ Model }—»H Simjlarity}

4

Proxies vector

Embedding by cluster

Output

Top-k

.
M
= . -
- T
- -
- el

Hinh 2.3: So d0 hoat ddng ciia pha truy xuit.

Trong pha truy xudt anh truy vin duoc dwa qua mé hinh thu dugc mot
embedding, embedding nay s& dugc so sanh do twong dong véi cac vector proxy dé
tim ra top-k cum gan nhét, sau d6 sé& thuc hién truy xuét trén tip chira embedding

cua k cum do.

Cu thé, véi mot anh truy van I, mé hinh dau tién dua anh qua cing pipeline
trich xuat dic trung nhu trong pha huan luyén. Pau tién, anh I duoc anh xa vao node
dong N, cua dd thi. Tai day, dic trung anh duoc trich XUt qua CNN backbone thu
dugc vector f; € R%. Vector nay sau d6 duoc dua qua céc tang Clustered Graph
Attention Transformer, tuong tac véi toan bd cac node tinh {Ny, N,,..., N} dé cap

nhat thanh biéu dién ngit canh db thi h,,.

Dac trung hy nay dong vai tro nhu dac trung nglt nghia toan cuc cia anh truy
van, phan anh mdi twong quan giira anh véi cac 16p dbi tugng da hoc. Pé xac dinh

nhanh céc 16p c6 kha niang chira anh twong dong, mé hinh str dung proxy vectors da
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hoc ¢ pha huan luyén — mdi 16p ¢ c6 mot proxy p. € R%dai dién cho trung tam ngi
nghia cua 16p do.
Do tuong dong gitra anh truy van va timg proxy 16p dugc tinh bing do do
cosine:
R -
=P 12,
Il Ao Il pc |l

Céc gia tri twong dong s, duoc sip xép giam dan dé xac dinh tap top-k 16p

S¢ ., C.

gan nhit v6i anh truy van, ky hiéu 1a € = {C;, C,, ..., C}. Budc chon loc nay dong
vai trd nhu giai doan thu hep khong gian tim kiém, gitip mé hinh chi can thuc hién
truy xuét chi tiét trén mot tap con nho cua toan bd co s¢ dir licu.

Sau khi xac dinh duoc cac 16p tiém ning nhat, qua trinh truy xuat anh chi tiét
duoc thuc hién trén cac node twong tng véi C. Mdi node chira tap anh ctia mot 16p,
va cac anh nay da duoc biéu dién dudi dang dic trung fj dugc luu san trong co sO
dir liéu. Viéc so khdp duogc thyc hién gitta dic trung ctia anh truy van h, va cac dic

trung f; trong tap C bang do do cosine hoic Euclidean.

Két qua truy xuat cudi cuing 1a danh sach anh twong tu duoc sap xép theo do
tuong dong giam dan, trong d6 viéc gidi han tim kiém trong top-k proxy cluster giup

giam dang ké do phuc tap tinh toan tir O(N) xubng con O(Ny,), véi N & N.
Cach tiép can PCFR mang lai ba lo1 ich chinh:

Tbc d6 truy xuat cao nho giam khong gian tim kiém dua trén thong tin ngi

canh toan cuc;

D0 chinh xac cao hon vi proxy vectors da dugc hoc sao cho phan anh trung

tam ngit nghia toi wu cua ting 16p;

Kha ndng mé rong tdt, cho phép hé théng hoat dong hi€u qua véi tap dir liéu

16n va sb 16p dbi twong ting nho phan cum theo 16p.
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Nhu vay, PCFR 1a budc hoan thién, cho phép md hinh khong chi hoc dugce
biéu dién ngit canh d6 thi toan cuc ma con trién khai truy xuat nhanh chong, chinh

xac va co kha nang mo rong trong thuc te.
6. Tong két va danh gida

Kién trac dé xuat duoc thiét 1ap dya trén hai nén tang k¥ thuat ¢t 18i. Thr
nhét 1a co ché Hoc dic trung dua trén bdi canh do thi (Graph-Context Feature
Learning). Khéc bi¢t véi cac phuong phap xir Iy anh don 1¢é, mo6 hinh khoi tao qua
trinh béng viéc st dung backbone CNN dé trich xut dic trung cuc bg, sau do kién
tao mot cau tric do thi két hop giira nut dong (anh dau vao) va cac nut tinh (dai dién
16p). Cau tric nay duge xir Iy qua module Graphformer nham khai thac triét dé cac
lién két ngir nghia, tir d6 tao ra cac vector nhiing (embedding) cho nut dong véi ham

lugng thong tin ngir canh phong pht hon.

Tht hai 1a chién lugc Truy xuét nhanh dua trén cum proxy (Proxy-Cluster
Fast Retrieval), sir dung cac proxy 1am dai dién cho timg 16p ddi twong. Qu4 trinh
truy van bat dau bang viéc dbi chiéu anh véi tap proxy dé xac dinh fop-k cum tiém
ning nhat, giup thu hep khong gian tim kiém. Giai phap nay t6i vu hoa triét dé tai

nguyén tinh todn ma van bdo toan dg chinh xéac cua keét qua.

Pé kiém chiig, mo hinh trai qua quy trinh danh gia nghiém ngat trén hai tap
dit liéu chun, thuc hién so sanh ddi chirng v&i cac cong trinh tién tién nhat vé ca toc
d6 phan hoi va do chinh xac. Cubi cung, cac thi nghiém phén tich cét 16p (ablation
study) dugc tién hanh dé x4c dinh rd dong gop cu thé cua timg module trong hé

théng.
7. Tiéu két chwong

Noi dung Chuong II dé di sau phan tich phuwong phap luan va kién trac hé
thong duoc kién nghi. Piém mau chdt cua dé xuat ndy nam & viéc dung hop mang
CNN véi mo6 hinh Graphormer, nham muc dich tan dung triét dé ca dac tinh hinh
anh 13n cac twong quan ngir nghia gitta nhitng phan 16p d6i twong. Qua trinh xir ly

khai dau bang viéc ding mang CNN 1am backbone dé rut trich cac tin hiéu thi giac
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quan trong. Tiép d6, hé théng tao mot cdu trac mang ludi két hop cac nut dong
(trong tmg v&i anh dang truy vn) va cac nut tinh (d6ng vai tro dai dién cho 16p),

qua d6 chuyén dbi toan bo khong gian dir liéu thanh dang d6 thi phan cum.

B ma hoa Graphormer duogc trién khai nhim xay dung céc biéu dién ngi
canh & pham vi toan cuc. Thong qua k¥ thuat tu chu ¥ (self-attention), mdi nut trong
dd thi co thé giao tiép truc tiép véi toan bd cac nat con lai. Diéu nay giup mo hinh
thau tom duoc cac lién két giita cac nhém ciing nhu su phu thudc ngit nghia trong

pham vi rdng, diéu ma cac mang GAT thong thuong khé thuc hién.

Qua trinh huan luyén str dung tong hop nhiéu ham mat mat (cross-entropy,
contrastive, proxy-anchor) nham muc tiéu kép: vira tdi wu hoa su tach biét gifta cac
nhom ddi tugng, vira cing cb su dong nhat cia cac vector dic trung trong cing mot
16p.

Trong giai doan truy xuat, giai phap "Truy xuat nhanh dua trén cum" giup gi6i
han pham vi tim kiém vao danh sach k nhém trién vong nhat. Bang cach su dung
cac vector dai dién (proxy) di duoc huan luyén, hé thong cai thién dang ké toc do
phan hdi ma van bao toan do chinh xac. Tom lai, kién tric nay vua tao ra biéu dién

ngir canh sau sac, vira dam bao hi€u nang cao trén dit li¢u 16n.

Chuong nay da hoan thién quy trinh ttr budc rat trich thong tin thi giac qua
mang tich chap (CNN), m6 hinh hoa dd thi, dén hoc ngir canh va truy XU, tao tién

dé phuc vu qué trinh thue nghiém va do luong két qua ¢ chuong sau.
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CHUONG 3: THU NGHIEM VA PANH GIA

Phan ndi dung ndy tap trung mo ta nhimg thanh qua kiém tht, qua d6 danh
gia hiéu nang van hanh cua hé théng truy xuit anh dugc nghién ctru gi6i thiéu. Hoat
dong danh gid dugc thuc hién trén nhiing tap dir licu chuan hoa, song song vdi viéc
so sanh két qua dinh luong cling cac md hinh hién dai va tién hanh phan tich cat 1op
(ablation study) dé xac dinh mirc do anh huéng ctia mdi khdi chirc ning trong kién

tric tong thé.
1. Muc tiéu thuc nghiém

Hé thdng cac thir nghiém dugc thiét ké trong chuwong nay nham muc dich kiém
chtmg sau rong ning luc cua giai phap tra ctru duge xy dung. Bude dau tién 13 dat
mo hinh 1én ban can so sanh v&i nhimg k¥ thuat tién tién dé xac minh kha ning ma
hoa dac trung trong khong gian ngir nghia, qua d6 lam rd tinh phan tach gitra cac
nhom ddi twong. Song song voi dé, chién luge tim kiém tc do cao thong qua phan
cum ciing dugc xem xét k§ ludng, nham khang dinh xem viée to chirc dir liéu dang
cum c6 thuc sy toi wu hoa thoi gian phan hoi ma khong déanh doi sy chuan xac hay
khong. Tiép dén, tién hanh truc quan héa cac vector nhung dé quan sat rd hon sy
phan b va ranh gidi gitta cac nhan 16p. Vuot 1én trén cac s liéu thong ké thuan tay,
mo hinh dugc dua vao van hanh trong kich ban thuc té—thuc hién truy van va trinh
bay cac két qua khép nhat—nham kiém dinh chat luong thong qua cam quan thi
giac. Cubi cung, phuong phap phan tich cét 16p (ablation study) duoc ap dung dé
xéc dinh r& mirc d6 anh huéng cia timg module chirc niang d6i véi hiéu suat toan hé
théng.

2. Chi tiét cai dit

Nén tang thuc nghiém dugc van hanh trén hé diéu hanh Ubuntu 24.04 LTS,
tan dung Python 3.10, framework PyTorch 2.1 cung céc thu vién phu trg di kem.

Qua trinh dao tao md6 hinh tap trung vao viéc tdi wu hoa to hop ba ham tdn
that: Cross-Entropy Loss, Proxy-Anchor Loss va Contrastive Loss. Viéc huan luyén

dién ra trong 100 epoch sir dung thuét toan AdamW [17] véi learning rate (téc do
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hoc) khéi diém & muc 5 x 1075 va hé sd suy giam trong sd (weight decay) 1a
1 x 107%; gia tri learning rate s& duoc diéu chinh giam 50% sau chu ky mdi 10

epoch.

V& quy trinh tao dit liéu, mdi batch trong qua trinh huan luyén dugc xay dung
bang cach 1ay ngau nhién cic mau tir tap train dé dong vai tro dynamic nodes. Vi
mdi dynamic node, md hinh tiép tuc lya chon mot tap anh bo trg tir dit liéu hudn

luyén lam static nodes, nham cung cap ngit canh tham chiéu can thiét.

Dbi voi giai doan kiém thir, tap gallery 1a su tong hop cua cac dynamic nodes
(tir ca tap train va test) cung véi static nodes lay tir tap train. trong khi do, anh truy
van dugc tao tir cic dynamic nodes cta tap kiém tra. Tat ca cac truy van dugc dam

bao khong xuat hién trong gallery.

Sau cung, hiéu qua cua giai phap duoc dinh luong thong qua thudc do mAP,
dai dién cho kha ning truy xuat chinh xac va muc do tach biét ciia khong gian

embedding ma mé6 hinh hoc duoc.
3. Tap dir liéu

Pé danh gia nang luc ctia mod hinh trong cac kich ban phan loai voi mic do
phtc tap khac nhau, tién hanh thir nghiém trén hai bo dir liéu chuan CIFAR-100 [1]
va CUB-200-2011 [2].

Dbi voi CIFAR-100, tap dit liéu ndy cung cp tai nguyén gém 60.000 hinh
anh mau (d6 phan giai 32x32), duoc phan bo déu vao 100 nhom dbi tuong riéng
biét. Mdi nhom chira 600 mAu, tuan theo ty 1 phan chia 500 mau cho huan luyén va
100 méu cho kiém thir. Su phong phil vé chii dé—trai dai tir dong vat, phuong tién
giao thong dén cac vat dung doi song—bién CIFAR-100 thanh thudc do 1y tuong

nham kiém tra kha ning khai quat hoa cia mé hinh va nhéan dién da 16p ctia hé thong.

Trong khi do, CUB-200-2011 (Caltech-UCSD Birds) lai dat ra bai toan nhan
dién do min cao (fine-grained) vdi 11.788 birc anh thudc 200 chung loai chim. Pac

thu cta dir liéu ndy 1a cac 16p co ngoai hinh rat sat nhau, do d6 dit ra yéu cau khat
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khe budc mé hinh phai trich xuat dugc nhitng dic trung cuc ky tinh t& méi co thé
phan tach chinh xac gitra cac loai.

4. Danh gida hiéu qua mo hinh

Hiéu ning ctia méd hinh dugc danh gia dua trén cac thudc do chuén trong linh
vuc truy xuat hinh anh, bao gdm mAP, Precision@K va Recall@K. Trong d6, mAP

dugc xem nhu chi sb then chdt phan anh d6 chinh x4c tong thé va kha ning phan

biét gitra cac vector dac trung trong khong gian ngit nghia.

Dién giai k¥ hon, Precision@K dinh luong mat d6 cac két qua dung nhin xuat
hién trong nhém K phan ttr dau tién, con Recall@K cho biét ty 1 bao phu cua céac
anh tim duoc trén tong sb dit liéu lién quan hién c6. Co ché so khdp do tuong dong
gilta cac vector nhung dugc thuc hién dua trén ham Cosine Similarity; day la nén
tang cot 161 dé tinh toan cac gia tri néu trén, qua d6 giup tham dinh chét luong biéu
dién ngir nghia, kha nang phan loai dic trung va hiéu suat tra ctru thyc té cua giai

phap dé xut.
5. Phdn tich két qua

Nham danh gia do chinh xac cia mo hinh, tién hanh thtr nghiém benchmark
trén tap dir liéu CIFAR-100, sir dung backbone PyramidNet-272 [7], batch size 128
va kich thudc embedding 256 dé kiém tra kha nang phan loai da 16p. Két qua thu

dugc dugc trinh bay trong bang duoi day:

Bang 3.1: So sanh hiéu suit trén tip dir liéu CIFAR-100.

Phuong phap | mAP | R@l |R@10 | P@! | P@10 | P@20 | P@100
CCO [18] - - - 6420 - - -
CAM [19] 80.8 - - - - 79.4 79.5
RM [20] |~50.10 |~64.20 - ] ] _ ;

MaskCon [21] - 65.52 | 89.25 - - - -
FGVR [22] - 73.83 | 93.24 | - ] _ }
Pé xuat 80.94 | 80.06 | 85.14 |78.06| 78.98 | 79.28 | 79.78
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Két qua trong Bang 3.1 cho thdy mo hinh dat hiéu suat canh tranh trén CIFAR-
100 so v6i cac phuong phap hién c6. Vé chi s6 mAP, mé hinh dat 80.94, vuot qua
CAM (80.8) va cao hon dang ké so v6i RM (~50.10). Cac chi s6 Precision@K
(P@K) cho thiy tinh 6n dinh vé d chinh x4c ctia mé hinh. M6 hinh duy tri mot do
chinh xac cuc ky on dinh va & mirc cao khi K ting 1én: 78.98 (tai P@10), 79.28 (tai
P@?20), va 79.78 (tai P@100). Cac két qua nay déu rat canh tranh, thim chi cao hon
CAM (79.5 tai P@100). Piéu nay c6 nghia 1a mo hinh khéng chi xép hang dung &
top dau, ma con tra vé mot danh sach két qua it nhidu ngay ca khi K tang 1én. Hiéu
suat phan biét da 16p (multi-class discrimination) tot ndy 1a do thay vi xur 1y cac 16p
mot cach doc 1ap, mod hinh hoc dugc ngit canh va méi quan hé twong quan gitta cac
dic trung anh (dynamic nodes) va cac proxy dai dién cho 16p (static nodes). Co ché
attention cho phép mo hinh so sanh va phan biét mot dic trung anh véi nhiéu dai
dién 16p cung mot luc, giup néd hiéu rd hon vé ranh gidi giita cac 16p (inter-class
boundaries). Cac két qua nay chtirng minh rang mé hinh dé xuat c6 kha niang hoc cac
embedding mang tinh phan biét cao va dat hiéu qua truy hoi da 16p chinh xac trén

CIFAR-100.

Tiép theo, nham danh gia kha ning hoc cac dic trung tinh vi va phan biét cac
16p fine-grained ciia m6 hinh mét thir nghiém benchmark dugc thuc hi¢n trén CUB-
200-2011. Déi voi backbone, mé hinh st dung mo hinh BiT-L [23] (m{t ResNetV2-
152x2 [24]) dugc pre-train trén ImageNet-21k, voi batch size 64 va embedding

dimension la 512:

Bang 3.2: So sanh hiéu suét trén tip dir liéu CUB-200.

Phuong thirc mAP | R@l | R@2 | R@4
DFML-V-B [25] 540 | 791 | 868 | -
LOCORE-base [26] 64.8 | 783 | 91.9 | 98.2
Proxy-ISA [27] 268 | 68.1 | - -
LCR [28] 2401 |49.69 | - -
KAE-Net [29] 70.89 | 742 | 833 | 89.1
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HSE-PA [30] - 70.6 | 80.1 | 87.1

R-MAC [31] - 56.7 | 684 | 79.0
D¢ xuat 86.05 | 84.00 | 88.23 | 90.96
Trén benchmark CUB-200-2011, m6 hinh tiép tuc cho théy hiéu suét canh
tranh cao. V& chi s mAP, mo hinh dat 86.05, cao hon +15.16 so véi két qua duogc
bao cao boi KAE-Net (70.89). Vé chi sé R@1, mo hinh dat 84.00, cao hon +4.9 so
v6i DFML-V-B (79.1). Mic du LOCORE-base cho thady R@2 va R@4 cao, céac chi
s6 mAP (64.8) va R@1 (78.3) cua phuong phap nay lai thip hon dang ké. Su khéc

biét ndy do mé hinh str dung mot phwong phap truy xuat dua trén cum (cluster-based
retrieval), dugc thiét ké v6i muc tiéu chinh 13 t6i wu héa mAP. M6 hinh tap trung
gom cac anh cung 16p vao cac cum cd dic, giup cac anh lién quan nhét (khi tim ding
cum) duogc tra vé véi thir hang rat cao, tir d6 déy mAP Ién cao. Tuy nhién, cach tiép
can nay c6 mdt sy danh doi. Hiéu suét phu thudc vao viéc xac dinh ding cum; néu
xé4c dinh khong chinh x4c, mo hinh c¢6 thé bo 15 cac anh dung. Diéu nay 1y giai tai
sao cac phuong phap khac, nhu LOCORE, c6 thé dat R@K caohon 6 K = 2 vaK =
4. Cac phuong phap d6 co thé co khong gian tim kiém phang hon, cho phép viéc
tang K s& mo rong sang cac 16p 1an cén va truy hdi duoc cac anh dung. Du vay, cach

tiép can nay phai danh d6i bang mot chi sé6 mAP (64.8) thap hon dang ké.

Két qua tong thé cho thidy mo hinh hoat dong hiéu qua trén ca hai tap dir liéu.
Hiéu suét nay c6 thé dugc 1y giai boi co ché ciia mo hinh, vén tap trung vao viée
gom cac embedding thudc cing mot 16p lai gan nhau trong khong gian dic trung.
Céch tiép can nay dugc thiét ké dé t6i vu hoa Do chinh xac Trung binh (mAP), va
du diéu nay co thé dan dén mot su danh doi nho vé recall & cac gia tri K 16n hon,
hiéu suat tong thé vin mang tinh canh tranh cao so véi cac phuong phap tién tién
khac. Nhirng phat hién nay cho théy viéc hoc ngilt canh dya trén dd thi c6 thé biéu
dién hiéu qua cac mdi quan hé lién 16p (inter-class relationships), qua dé cai thién
chat luong biéu dién cho bai toan truy xuat anh chi tiét cao. Hiéu qua trén cac tap dir

liéu khac nhau ciing cho thay tinh tong quat hoa va do 6n dinh t6t cia mé hinh.
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Dé danh gia hiéu qua ctia phuwong phép truy xuét dya trén cum proxy (proxy-
cluster retrieval), mét thi nghiém duoc thuc hién br:?mg cach thay ddi sb luong cum
k duoc chon dé tim kiém sau khi xac dinh céc proxy gan nhét. Thay vi do thoi gian
truc tiép, mé hinh tap trung phén tich sy danh doi gitta d6 chinh xac (mAP, R@K)

va mirc d6 thu hep khong gian tim kiém (1 yéu t6 quyét dinh tdc 46 vé mit 1y thuyét).

Tiép theo, mot thi nghi¢ém so sanh ba test case trén bo dir licu CIFAR-100 va
CUB-200-2011 (v6i gallery dataset 13 toan bo tap dit lidu va C 13 tong sb 16p cua tap

dir liéu):

o k = C (Full Search): Tim kiém trén toan bd co s¢ dit lidu.
o k = 3: Chi tim kiém trong 3 cum gan nhat.
o k = 1: Chi tim kiém trong 1 cum gan nhat.

Tap gallery dataset 13 toan bo co s dir liéu, khong bao gém anh query. Két
qua duogc trinh bay trong Bang 3.3 va bang 3.4.

Bang 3.3: Bang so sanh két qua khi thuc hién truy xuit trong khong
gian k cum trén tap dir liéu CIFAR-100.

k cluster | mAP | mAP | mAP | mAP | mAP | mAP | R@l R@10
@l | @l0 | @20 | @50 | @100

1 80.09 | 80.09 | 80.09 | 80.09 | 80.09 |80.09 | 80.09 80.09

3 79.24 | 80.90 | 81.01 | 81.23 | 81.38 | 80.52| 79.63 85.78

100 = C |78.29| 80.42 | 80.54 | 80.84 | 81.07 |80.78 | 79.44 87.26

Bang 3.4: Bang so sanh két qua khi thye hién truy xuat trong khong
gian k cum trén tap dir licu CUB-200.

mAP | mAP | mAP | mAP
k cluster mAP | R@wl | R@2 | Rw4 | Rw8

@ | @ | @4 | @8

1 85.80 | 85.80 | 85.80 | 85.80 | 85.80 | 85.80 | 85.80 | 85.80 | 85.80

3 84.90 | 86.44 | 86.71 | 86.51 | 85.79 | 84.90 | 87.99 | 89.70 | 90.94

200=C | 84.09 | 86.15 | 86.54 | 86.27 | 85.18 | 84.09 | 88.21 | 90.63 | 92.39
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Thu hep khong gian tim kiém giup ting toc do truy xuat: Viéc giam k (tir C
xudng 3 hodc 1) lam giam dang ké s6 luong vector can so sanh trong budc tim kiém.
Bang cach bo qua nhitng cum khong lién quan von ton kém chi phi tham chi con gay
nhidu, mé hinh chi quan tim téi nhitng cum c6 kha ning gn v6i anh truy van nhét.
Mic du c6 thém chi phi nhé ban dau dé so sanh véi cac proxies, nhung né 1a rat nho
so v6i chi phi tinh toan véi full search. Hon nita d6 chinh x4c ctia mo hinh van duoc
dam bao. Diéu nay cho thiy viéc thu hep khong gian tim kiém gitp 1am ting hiéu

suit dang ké ma khong anh hudng dén két qua truy xuat.

Véi k =1 @6 chinh x4c nhin chung giam dang ké. Piéu nay 1a do mot sb mau
van co6 kha ning bi gan sai cum (dic biét v6i cac 16p co dic trung & ving bién cla
cum s€ sat voi dac trung cua 16p khac hay 1a nhitng dac trung khong dugce dua lai
gan cum chinh xac). Tir &6 cho thay khi chi tim trong 1 cum d4 bo 15 nhiéu két qua

lién quan nam & cac cum lan can.

Véi k =3 gitip bao toan duoc d6 chinh xac. Tir thuc nghiém cho thay két qua

cua vi€c truy xuat trén 3 cum cho ket qua rat sat véi viée truy xuat toan bo gallery:

. mAP tong thé: Chi giam mot luong rat nho. Mirc giam nay gan nhu

khong dang ké ma lai ¢ thé giam rat nhiéu chi phi tinh toan.

. mAP@K: Tai cac ngudong K 16n hon 1, mAP@K cua k = 3 thdm chi
con cao hon so véi k = C. Piéu nay co thé do viéc loai b cic cum xa da giup giam

nhiéu.
. Recall@K: Ciing chi giam nhe, khong dang ké.

Viéc chi tim kiém trong 3 cum gﬁn nhét da bao toan gﬁn nhu toan b hiéu sut
truy xudt so v6i tim kiém toan bo. Diéu ndy chimg to khong gian embedding duoc
td chire rat tot, cac anh lién quan gﬁn nhu ludn ndm trong 3 cum gﬁn nhét. Viéc chon
k = 3 la diém can bang t6i uu. N6 mang lai lgi ich ting toc d6 déang ké (do giam
manh khong gian tim kiém) trong khi khong bi giam dang ké vé do chinh xac. Piéu

nay cho thay hiéu qua cta phuong phap truy xuat dia trén cum proxy.
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Dé hiéu rd hon tai sao phuong phap truy xuat top-k cum cua mo hinh hoat
dong hi¢u qua, mdt thir nghi€ém truc quan hoéa khong gian embedding ma mé hinh
da hoc duoc di duoc tién hanh. Thur nghiém thyc hién tryc quan cac vector dac trung
(embeddings) cua toan bo tap dir liéu CIFAR-100. Mdi diém trén biéu d6 dai dién
cho mét anh, va mau sic cua diém dai dién cho 16p thuc té cua anh do, theo thang
mau bén phai.

t-SNE Visualization of dyn embeds
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Hinh 3.1: Truc quan héa cac embedding duwgc hgc béi mo hinh trén tap

dir li¢u CIFAR-100.

MJi diém dai dién cho mdt anh, va mau sac biéu thi cho 16p thuc té (ground-
truth). Hinh anh minh hoa cach mé hinh t6 chtic cac anh twong dong vé ngit nghia
(semantically similar) thanh cdc cum riéng bi¢t. Hinh anh cho théy mot cach truc

quan chét luong ctia khong gian embedding do mé hinh tao ra:

. Cac embeddings dugc td chtre thanh cac cum rd rét, nhirng embedding
cung 16p dugc phan bo sat nhau xoay quanh mét tim cum chinh 1a vector proxy dai

dién cho cum do.
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. Céc diém cung mau hoi tu rat chat ch€ vao trong cum cua chiung. Piéu
nay cho thay mo hinh da hoc dugc cach kéo cac anh c¢6 cung ngit nghia lai gan nhau

mot cach hiéu qua.

. Céc cum khéc nhau dugc tach biét ro rang voi nhau, c6 khodng cach
dang ké gitra chiing tranh cho viéc bi lan 10n gifta cac cum. Piéu nay ching t6 mo

hinh cling thanh cong trong viéc day cac anh c6 ngir nghia khac nhau ra xa nhau.

Cau truc cum day dac, tach biét rdo nay minh chig cho su hi€u qua cua mo

hinh. Loi ich cua viéc t6 chtrc khong gian embedding theo ciu triic cum:
. Céc proxy ¢ thé dé dang dai dién cho timg 16p.

. Anh truy van khi dugc chiéu vao khong gian nay s€ roi vao gan proxy

cua 16p chinh xac.

. Viéc chi can tim kiém trong k cum gin nhét (k <« C) 1a du dé bao phu

cac anh lién quan gitip bao toan d chinh xéc trong khi ting téc d6 dang ké.

Dé cung cip cai nhin truc quan hon vé hiéu suit cia md hinh, bén canh cac
chi s6 dinh luong da bao céo, mot sd vi du truy van dinh tinh duoc trinh bay trong
Hinh 3.2 va Hinh 3.3. Anh truy van dugc danh d4u bang vién mau xanh lam. Cac
két qua truy xuat ding (cung 16p) duoc hién thi véi vién mau xanh 14, trong khi céc

két qua sai (khac 16p) duoc hién thi voi vién mau do.

Kl P E
IEWIIIHIII

Hinh 3.2: Truc quan héa truy xuét trén tip dir liéu CIFAR-100.
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Hinh anh minh hoa hai trudong hop truy véan dai dién:

. Truy van 16p su tir: V&i mot anh truy van thude 16p su tir, mo hinh truy
xudt 100 két qua hang dau, tat ca (100/100) déu thudc 16p su tir dung.

. Truy van 16p hai ly: Véi mot anh truy van thudc 16p hai ly, mé hinh
truy xuat 100 két qua hang dau, trong d6 96 két qua dung va 4 két qua sai duoc danh
dau mau do.

Céc két qua nay minh hoa kha ning ctia mé hinh trong viéc tao embedding

tap trung chat ché va dat do Precision@100 cao trén nhiéu 16p khac nhau.

Hinh 3.3: Truc quan héa truy xuit trén tip dir liéu CUB-200-2011.

Hinh anh minh hoa hai truong hop truy van dai dién véi d6 chi tiét cao, trong

do su khac biét gitra cac loai duoc xac dinh béi cac thudc tinh tinh vi:

. Truy van 16p Parakeet Auklet: M6 hinh truy xuat 30 két qua hang dau,
tat ca (30/30) déu thudc loai chinh xac.

. Truy van 16p Orange-crowned Warbler: M6 hinh truy xuat 30 két qua

hang dau, trong d6 29/30 anh thudc loai chinh xac va 1 anh sai.

Céc két qua nay chtirng minh kha ning ctia mé hinh trong viéc hoc va nim bat
cac dac trung tinh vi, cho phép md hinh phéan biét chinh xac céc loai c6 hinh thuc

tuong tu nhau.

Mot qua trinh phan tich chuyén sau da dugc thuc hién trén tap dit licu CIFAR-

100 nham lam sang to vai tro cta timg yéu t6 trong mo hinh dé xuat. Thir nghiém
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bao gé)m ba kich ban bién thé riéng biét, tat ca déu duoc van hanh trén nén tang

backbone ResNet-50 kinh dién [6]:

. CNN — FC: St dung backbone CNN theo sau boi 16p Fully Connected

dé sinh vector dic trung.

. CNN — Graph — FC: Str dung backbone CNN, sau d6 xay dung mot

d6 thi twong tu nhu mo hinh dé xuét va dua qua 16p Fully Connected.

. CNN — Graph — Graphormer: Phién ban day du cia mé hinh dugc dé

Xuat.
Két qua duoc trinh bay trong bang 3.5:

Bing 3.5: So sanh két qua ciia theo tirng thanh phan ciia mé hinh.

Phuong thirc mAP P@R

CNN - FC 55.95 4435

CNN - Graph - FC 55.96 44.36
CNN - Graph — Graphormer 67.53 64.94

Phén tich sb liéu thuc nghiém din dén nhimg nhan dinh sau:

. Khi van hanh don 1¢ ResNet-50 két hop véi 16p Fully Connected (FC),
chi s6 mAP ding lai & mirc khiém ton (55.95). Két qua nay 1a do mdi anh dugc ma
héa mét cach doc lap, va 16p Fully Connected chi dong vai tro anh xa tuyén tinh tir
khong gian dic trung sang khong gian nhan. Cach tiép cén nay gia dinh rang dic
trung cuc bd clia ting anh da da phan biét, trong khi trén thuc té cac anh thuong chia
sé nhitng mau hinh thi giac twong ddng gitta cac 16p hodc ton tai nhidu do diéu kién
chup, goc nhin va bbi canh. Do d6, embedding thu duoc c6 xu huéng chong lan giira

cac 10p gan nhau, lam suy giam kha nang truy hoi va xép hang.

. Viéc chuyén d6i sang kién triic Graph — FC ciing khong tao ra su dot
pha, phan anh thuc té rang hé thdng van dang xir 1y cac dic trung mot cach roi rac,
chua khai thac duoc soi ddy lién két ngit canh giita cac niit trong mang ludi. Mic du

cau trac do6 thi di duoc hinh thanh, nhung viéc cac dac trung sau dd thi van duge
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dua truc tiép qua 16p Fully Connected khién qué trinh suy luan cubi cung dién ra
trén timg nat mot cach doc 1ap. Lép FC khong cd co ché trao doi hay lan truyén
thong tin gitta cac nit, do d6 cac quan hé da duoc mé héa & mic cdu tric do thi
khong dugc bao toan va khai thac hiéu qua trong khong gian embedding. Noi cach
khac, d6 thi trong kién trac nay chi dong vai trd nhu mot phép bién doi trung gian,
trong khi quyét dinh biéu dién cudi cung van mang tinh cuc b, khién mé hinh vé

ban chit khong khac biét dang ké so v6i cac phuong phap khong st dung db thi.

. Nguoc lai, kién trac hoan chinh ghi nhan sy bt phd manh m€ vo1 mAP
dat 67.53, ap dao hoan toan hai phién ban rat gon. Diéu nay 1a bang ching thép cho
thay viéc tich hop thong tin tir cac nat 1an can da lam giau dang ké ngit nghia cho
biéu dién. Qua d6, vai tro then chét cta viée phdi hop Graphormer trong viéc thau

tom cac quan hé toan cuc va lién két dac trung dugc khang dinh ro rét.

. Mot diém nhén khac 1a chi sé Precision@R dat 64.94, bo xa mirc
~44.35 cia cac bién thé nén tang. Két qua ndy phan anh chat lugng embedding vuot
tr1 voi kha ndng quy tu céac mau cung loai thanh cac cum mat thiét va tach biét rach
10i v6i cac 16p khac. Noéi cach khac, kha ning khir nhiéu va gom nhom ctia mo hinh
da dugc toi wu hoa, giup day i cac mau sai 1éch ra khoi khong gian dic trung cua

truy van.

pé tiép tuc danh gia hi€u qua ctia mo hinh trong viéc td chtre cum, tiép tuc so
sanh két qua ctia mo hinh nay véi phuong phap CNN — Transformer két hop hoc
metric brfmg Proxy Anchor Loss [16]. Ca 2 déu duoc thuc hién truy xuét trén 3 cum,

két qua dugc trinh bay trong Bang 3.6:

Bang 3.6: So sanh giira md hinh dé xuat va phwong phap hoc Proxy

Anchor truyén thong.

Phuong thirc mAP P@R
CNN - Transformer 66.67 60.44
CNN - Graph — Graphormer 67.61 64.94
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Céc s liéu thong ké tai Bang 3.6 minh chimg rang kién trac hoan chinh vuot
trdi hon han so voi ky thuat Proxy Anchor cb dién trén ca hai thudec do mAP va
Precision@R. Thanh tyu nay bat nguén tir hai tru c¢Ot k¥ thuat: (1) viéc ma héa ngtr
canh bang ciu trac d6 thi giup ting cudng d6 gidu thong tin cho dic trung, tin dung
triét dé su twong dong ndi 16p ciing nhu tinh phan tach ngoai 16p; va (2) mot chién
lugc t6i wu hoa theo hudng da muyc tiéu, trong d6 ham mat mat phu gép phan cing
c¢b va bo trg dang ké cho Proxy Anchor, gitip quy hoach khong gian dic trung khoa
hoc hon, ting cudng tinh phan loai va dam bao qua trinh hoi tu dién ra bén viing.
Hiéu nang thap hon cua kién traic CNN — Transformer cho thay rang viéc ap dung
co ché self-attention thuan tiy trén chudi dic trung anh chua di dé mo hinh hoa hiéu
qua quan hé ciu trac gitta cic mau. Transformer gia dinh dau vao c6 dang chudi
tuyén tinh va phu thudc manh vao positional encoding, trong khi cic mdi quan hé
giita cac anh trong bai toan nay mang tinh phi tuyén va phan tan theo cum, kho ¢
thé biéu dién day du bang tht tu tuan ty. Do thiéu rang budc ciu tric tudng minh,
co ché attention c6 xu hudng phan bo trong sb dan trai, lam suy giam kha ning nhan

manh céc lién két ngir nghia quan trong giita cac mau tuong dong.

Tong két lai, phan tich cit 16p (ablation study) khang dinh rang mdi mat xich
trong hé thong dé xuat déu gitr vi tri then chét d6i véi viée toi wu hoa hidu suét tim
kiém. Su hién dién cua tﬁng Graph, va cu thé 1a module Graphormer, hd trg mé hinh
hiéu va duy tri lién két ngit canh giita cac miu dir liéu, gop phan gia ting do chinh
x4c va mat do phan nhom trong khong gian biéu dién. Thuc té nay xac thyc rang sy
lai ghép giita hoc biéu dién d6 thi va Transformer mang lai wu thé vuot bac va loi

ich thiét thuc so voi cac mang CNN don thuan.
6. Tiéu két chwong

Chuong nay mé ta chi tiét quy trinh thyc nghiém va danh gia hiéu ning cia
mo hinh trong bai toan truy xuat hinh anh. Céc thir nghiém dugc tién hanh trén hai
bo dit liéu chuan CIFAR-100 va CUB-200-2011, md hinh d3 chirng minh dugc kha
nang hoc cac embedding phan biét cao, t6 chirc khong gian dic trung thanh cac cum

r0 rang va to1 uu hoa hiéu suat truy xuat.
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Céc s6 liéu dinh lugng ching minh mo hinh dat mirc mAP an tuong dé)ng thot
duy tri hiéu ning 6n dinh cua Precision@K va Recall@K, ca trén bai toan nhan dang
da 16p 1an phan loai tinh vi (fine-grained). Thuc nghiém vé truy xuét dua trén k cum
d3 minh chimg hiéu qua cta viéc thu hep khong gian tim kiém, vira ting toc do vira
giit vimg do chinh xac. Truc quan hoa embedding va cac két qua truy van cu thé
cling x4c nhan kha nang gom nhom chit ché va phan tach rd rang gitra cac 16p, dong
thoi thé hién tiém ning manh mé cua co ché attention cting phuwong phap hoc biéu

dién d6 thi.

Céc phan tich cét 16p (ablation study) minh chtng tim quan trong cia ting
module trong mo hinh, dic biét 13 vai tro then chét cta ting Graphormer trong viéc
cai thién chat luong embedding, tang d chinh xac va kha nang phan nhoém. So véi
cac phuong phap truyén thong nhu Proxy Anchor hay CNN — Transformer, md
hinh cho thiy hiéu suit vuot trdi nho sy két hop giita hoc biéu dién dya trén d6 thi
va chién luge t6i vu hda da muyc tiéu.

Tong quan, két qua thue nghiém va danh gia chi ra rang mo hinh khong chi
dat hiéu suét canh tranh véi cac phuong phéap hién dai, ma con duy tri kha ning tong
quat hoa va su 6n dinh trén nhiéu tap dir liéu, tor 46 ching minh tiem nang ung dung

thuce tién trong cac hé théng truy xuét hinh anh hiéu qua.
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KET LUAN

1. Két qua dat dwoc

Nghién ctru ndy gi6i thiéu mot phwong phap tiép cdn méi cho bai toan truy
xudt hinh anh dya trén ngit nghia nham cai thién kha ning biéu dién va khai thac
thong tin tir cac hinh anh phirc tap. Phuong phap két hop hai thanh phan cha dao:
mot mang CNN dé trich xuat dac trung hinh anh da cép, va Graphormer dé mo hinh
héa mdi quan hé ngit nghia giita cac thuc thé trong dit liéu. CNN chiu trach nhiém
nam bét cac dic trung cbt 16i vé ciu triac va ndi dung hinh anh, trong khi Graphormer
gitip m6 hinh nhan biét cac mdi lién két giira cac dic trung nay, tir d6 nang cao kha

nang phan tach cac 16p va cai thién chat luong embedding.

Pé trién khai phuong phéap, xdy dung mot pipeline toan dién, bao gdom céc
budrc tién xt 1y dit liéu, trich xuat dic trung, xay dung dd thi mo ta mbi quan hé gitra
cac hinh anh, va t6i wu hoéa mé hinh thong qua nhiéu ham mat mat. Pipeline nay
nham tao ra cac vector nhung vira on dinh vira giau thong tin, dong thoi duy tri kha
nang tong quat hoa trén cac tap dir liéu khac nhau. Thém vao d6, co ché lya chon
node tinh va node dong duogc tich hop dé cung cap ngir canh tham chiéu, tir 46 nang

cao do chinh x4c trong qua trinh truy vén.

Panh gia thuc nghiém chimg minh phuong phap duoc dé xuat mang lai hiéu
qua 4n tuong trén cac tap dir liéu chuan nhu CIFAR-100 va CUB-200-2011. Céc chi
s6 mAP, Precision@K va Recall@K dat mirc ndi bat, trong khi khong gian
embedding tao ra thé hién ciu triic cum rd rang, phan anh kha nang cum cac anh co
ngit nghia twong dong va tach biét chung véi cac 16p khac. Viéc toi uvu hoa tim kiém
dwra trén cum ciing gitp giam dang ké tai nguyén tinh toan ma khéng 1am suy giam

do chinh xac.
Nghién ciru nay dong gop mot s6 diém quan trong:

. Su két hop gitta CNN va Graphormer gitip khai thac dong thoi dic

trung cuc bo va quan h¢ nglt nghia cap cao.
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. Mot phuong phap truy van toc do cao dua trén proxy-cluster da dugc
xay dung, hd tro tai cAu trac khong gian dic trung va giéi han ving tim kiém nham
cai thién hiéu suat.

. Céc thir nghiém trén CIFAR-100 va CUB-200 cho thdy mAP dat x4p
xi 0.81 va 0.86, minh chimg cho kha ning can bang giita chat lugng truy xuat va tde
do xur ly.

Toéng quan, nghién ciru ndy chting minh rang viéc két hop CNN va
Graphormer mang lai mo hinh linh hoat, ¢6 kha ndng m& rong va hi¢u suét cao trén
nhiéu bdi canh dit liéu khac nhau. Pipeline duoc dé xuét tao nén tang 6n dinh cho
cac hé thong truy xuat hinh dnh theo ngit nghia, phan loai hodc quan 1y dit liéu hinh
anh. Nhitng két qua dat duoc mé ra co hoi phat trién moi trong viéc tmg dung cc
mo hinh hoc sau két hop ciu tric d thi, gop phan nang cao chat luong truy xuat ngi

nghia va cung cap co s& cho cac chién lugce to61 wu hoa ti€p theo.

2. Nhan xét va dé xuat

Nghién ctru dé xuat mot giai phap truy xuét hinh anh theo ngir nghia, két hop
Graph-based representation va Transformer, thé hién hiéu qué cao trong cac bai toan
phan loai va tim kiém anh twong dong trén CIFAR-100 va CUB-200-2011. Hé thong
khong chi dat cac thudc do dinh lugng tdt ma con tao ra cac cum dic trung rd rang,
gitip truy xudt truc quan va nhanh chong. Tuy nhién, dé dam bao kha ning tong quat
hoa va 6n dinh khi trién khai thyc té, can thir nghiém trén nhiéu ngudn dir liéu khac
nhau va tinh chinh cin than cac siéu tham s6. Bén canh do, viéc toi uu trai nghiém
nguoi dung va tée do phan hdi ciing 1a yéu td then chdt, nham bién mo hinh thanh
mot cong cu truy xuat semantic dang tin cdy, hiéu qua va dé tiép can cho ca nghién

ctru 1an ung dung thyc tién.

3. Huéng phat trién tiép theo
Mot phuong hudng mé rong quan trong ctia dir an 13 phat trién hé thong truy
xuat anh v6i kha ning nhan dién nhiéu d6i tugng két hop thong tin van ban. Y tudng
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1a tich hop mo hinh CLIP (Contrastive Language—Image Pre-Training) [32] nhim
hoc khong gian biéu dién chung cho ca anh va ngén ngit. Cu thé, CLIP s& anh xa
hinh anh va mé ta twong tmg cta chiing vao cung mot khong gian embedding. Tiép
theo, kién trac Graphormer dugc ap dung dé xay dung dd thi dai dién cho cac dbi
tugng trong hinh anh ciing nhu cc thanh phan ngir nghia trich xuét tir van ban. M
hinh c6 thé dugc cai thién thém bang cach tich hop cac dang bias ciu tric tuong tu
nhu trong Graphormer truyén thong — chang han nhu ma hoa do trung tdm hoic
khoang cach khong gian — nham ting cudng kha ning phan biét cac mbi quan hé

phtic tap giita cac doi tuong.

Bén canh do, viéc xay dung mdt giao dién demo tryc quan, cho phép nguoi
dung nhap hinh anh hodc mé ta bang vin ban dé nhan vé cac hinh anh tuong dong,

s& minh hoa rd rang tinh kha thi va gia tri tng dung thyc tién cta hé thdng dé xuat.
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