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LOI CAM DPOAN

T6i xin cam doan ludn an: "Phat trién phuong phap chu thich anh dya trén
mang hoc sau" 1 cong trinh nghién cru ciia chinh minh duéi sy huéng dan khoa hoc
ctia tap thé hudng dan. Ludn an st dung thong tin trich dan tir nhiéu ngudn tham khao
khac nhau va cac thong tin trich dan duoc ghi rd ngudn gbe. Cac két qua nghién ctru
ctia t0i dugc cong bd chung véi cac tac gia khac di duoc sy nhét tri cuia dong tac gia
khi dua vao luan an. Cac s liéu, két qua dugc trinh bay trong luan an 14 hoan toan
trung thuc va chua timg dugce cong bd trong bat ky mot cong trinh nao khic ngoai
céc cong trinh cong bd cua tac gia. Luan an duge hoan thanh trong thoi gian t6i lam
nghién ctru sinh tai Hoc vién Khoa hoc va Cong ngh¢, Vién Han 1am Khoa hoc va
Cong ngh¢ Vi¢t Nam.

Ha Ngi, ngay  thang  nam 2026
Tac gia ludn an
(Ky va ghi réo ho tén)
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LOI CAM ON

Trudc hét, toi xin bay to long biét on sdu sic va sy tri an dic biét dén
PGS.TS. Tran Vin Ling, ngudi Thay hudng dan chinh di tan tinh diu dit va dong
hanh clng toi trong sudt thoi gian thuc hién luan an. Véi kién thire chuyén mén siu
rong va tu duy khoa hoc chit ché, Thay di dinh hudng cac van dé hoc thut quan trong
va c6 anh hudng 16n dén sy hinh thanh ciing nhu phét trién ning luc khoa hoc cua
t61. Toi ludn tran trong va ghi nhé rang, néu khong c6 sy dan dat va hd tro tan tim
ctia Thay, t6i kho c6 thé truong thanh trén con duong hoc thuat va hoan thanh cong
trinh nay.

T6i cling xin chan thanh cam on TS. Van Thé Thanh, ngudi Thay da dong hanh,
dinh hudéng va khich 18 ti trong nhimg budc dau trén con duong hoc thuat. Thay da
luén danh cho t6i su hd tro va dong vién quy bau. Su giup d& cua Thay di tao nén tang
quan trong dé t6i tiép tuc theo dudi con duong nghién ctru khoa hoc.

To1 xin tran trong cdm on Vién Han 1am Khoa hoc va Cong nghé Viét Nam,
cung céac don vi tryc thudc nhu Vién Co hoc va Tin hoc Ung dung, Vién Cong nghé
Thong tin, va dac biét 1a Hoc vién Khoa hoc va Cong ngh¢, da tao diéu kién thuén loi
vé moi truong hoc thuét, co s& vat chit va cac tha tuc can thiét trong thoi gian toi
thuc hién ludn an.

T61 cling xin giri 161 cdm on chan thanh dén Ban Giam hiéu Truong Pai hoc Su
pham Thanh phé H6 Chi Minh, Ban Lanh dao Khoa Cong ngh¢ Thong tin, cung cac
phong ban chirc ning va toan thé dong nghiép trong Truong da ludn quan tam, hd trg
va tao diéu kién thuan loi dé toi vira hoan thanh nhiém vu chuyén mén, vira theo dudi
chuong trinh nghién ctru sinh.

T6i xin chan thanh cam on céc thay c6, ddng nghiép va ban bé da chia sé kién
thirc chuyén mon va luén dong vién to1 trong thoi gian hoc tap.

Dic biét, t6i xin danh 10 tri 4n sau sic nhat dén gia dinh than yéu, nhiing ngudi
luon 1 diém tya tinh than vimg chic va ngudn dong vién 16n lao, giup t6i kién tri
theo dudi con dudng hoc thuit va hoan thanh ching dudng nghién ciru nay.

Ha Noi, ngay thang  nam 2026
Tac gia ludn an

(Ky va ghi ro ho tén)

NCS. Nguyén Vin Thinh
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MO PAU

Chu thich anh tu dong la bai toan tiéu biéu trong tri tu¢ nhan tao hi¢n dai,
doi hoi phdi hop gitra thi giac may tinh va xir Iy ngén ngir tu nhién. Véi su phat trién
nhanh cua hoc sau da phuong thure, bai toan nay ngay cang thu hat sy quan tdm nho
tmg dung rong rii trong y té, gido duc, truyén théng va hd tro ngudi khiém thi.
Tuy nhién, cac m6 hinh hién tai con han ché trong viéc khai thac dac trung hinh anh,
biéu dién quan hé ngir nghia giira cac d6i twong, va tich hop tri thirc ngoai (tri thic
bén ngoai tap dit liéu huin luyén). Do dé, phat trién phuong phép cha thich anh diwa
trén mang hoc sau - két hop hi¢u qué dac trung hinh anh, tri thirc ngir nghia va biéu
dién triru twong - 12 huéng di can thiét. Phin M¢ dau trinh bay 1an luot: (1) Tinh cép
thiét cta luan an; (2) Muc tiéu nghién cuu; (3) boi tuong va pham vi nghién cuu;
(4) Phuong phap nghién ctru; (5) Pong gop chinh cta ludn an; va (6) BS cuc luan an
nham dinh huéng cho toan bd ndi dung trinh bay trong cac chuong tiép theo.
1. Tinh cép thiét ciia ludn an

Tri tu¢ nhan tao (Artificial Intelligence - Al), dac bi¢t 1a hoc sau (Deep
Learning - DL), d3 c6 nhiing budc phat trién vuot bac, gop phan dua cac hé thong
may tinh dén gan hon voi kha nang xir Iy va nhan thirc thong tin da phuong thirc nhu
con nguoi [1]. Trong xu thé nay, hai linh vuc von phat trién tuong dbi doc 1ap 1a thi
giac may tinh (Computer Vision - CV) va xtr Iy ngdn ngit ty nhién (Natural Language
Processing - NLP) ngay cang duoc tich hgp nham giai quyét cac bai toan phirc tap
doi hoi sy phdi hop gitta kha ning “nhin thiy” va “dién dat” cia may. Mot trong
nhiing bai toan dién hinh cua sy két hop nay 1a chii thich anh (Image Captioning -
IC) - trong d6 hé théng can phan tich ndi dung hinh dnh dau vao va sinh ra mé ta (chi
thich) tuong trng dudi dang ngdn ngit tur nhién [2-4].

Vé mit khai niém, cha thich anh ty dong duoc hiéu 13 qua trinh ty dong tao ra
md ta dudi dang ngdn ngit ty nhién sao cho phan anh chinh xac ndi dung cét 16i ctia
anh, bao g@)m cac dbi tuong va mbi quan h¢ gitra chung [5, 6]. Pay 1a mdt nhiém vu
hoc da phuong thuc tiéu biéu, két hop hai linh vuc quan trong ctia Al: thi gidc may
tinh dé giai quyét viéc hiéu anh va xir Iy ngdn ngir tu nhién nham phat sinh mé ta cho
hinh anh dang ¢t phap va ngir nghia [7]. Hinh MD.1 minh hoa diu vao 13 mét anh,
va dau ra 1a cAu mo ta duoc sinh tu dong bdi mo hinh chu thich anh [8]. Nho kha
ning gan két hai mién thong tin khic nhau (thi gidc va ngon ngir), cic mo hinh chi
thich anh da dugc Gmg dung rong rii trong nhiéu linh vuce, tir 1ap chi muc anh dé tim
kiém theo noi dung [9], hd tro ngudi khiém thi [10], hd tro chan doan va ké don thude

ty dong trong anh y khoa [11], phan tich dit liéu giao thong [12], chin doan bénh



cay trong [13], diéu hudng giao thong [14], dén viéc sinh mé ta tw dong cho anh trén
céc nén tang mang xa hoi [15], trong kiém duyét ndi dung [16] va an toan lao dong
[17].

A female tennis player in A group of young men playing A man ridinga wave ontop A baseball game in progress
action on the court. a game of soccer. of a surfboard. with the batter up to plate.

(b) (c) (d)

Y \

A brown bear standingontop A person holding a cell A close up of a person A women laying on a bed in
of a lush green field. phone in their hand. brushing his teeth. a bed-room.

()

A black and white cat is A large clock mounted to the A bunch of fruits that are A toothbrush holder sitting

sitting on a chair. side of a building. sitting on a table on top of a white sink.
(i) (i) (k) M

Hinh MD.1. Mot 56' vi du yé anh dau vao va cdu mé td odwo’c sinh ra boi mé hinh chu thich
anh ty dong. Moi cap gom dnh va cdu mo ta ngan thé hién kha nang cia mé hinh trong
viéc tao chu thich ngon ngiv tw nhién phu hop voi ndi dung thi gidc (trich tir [8])

Vé hudng tiép can, cac phuong phap cha thich anh ban dau chu yéu sir dung
mang no-ron tich chiap (Convolutional Neural Network - CNN) dé trich xuat dic
trung va mang no-ron hdi quy (Recurrent Neural Network - RNN hodc Long Short-
Term Memory - LSTM) dé sinh chu thich, tiéu biéu 1a kién trac CNN-LSTM [3, 18].
Tuy nhién, sy ra doi cua kién triic Transformer ciing co ché tu chii y (self-attention)
d3 md ra hudng tiép can moi, gitp cai thién kha ning hoc ngit canh va tao ra cac chii
thich phong phti hon [18, 19]. Pong thoi, nhiéu nghién ctru da tich hop thém cac
nguén tri thirc bén ngoai tap dir liéu nhu ConceptNet, WordNet [20, 21], hodc biéu
dién sau hon cac mbi quan hé thong qua dd thi quan hé (relationship graph) hodc dd
thi canh (scene graph) [22, 23]; dac bi¢t la biéu dién ngir nghia triru tugng (Abstract
Meaning Representation - AMR) dé ting cuong kha ning hiéu ngit nghia va mdi lién
hé gitta cac d6i twong trong anh [24, 25]. Mic du di dat dugc nhiéu két qua tich cyc,
cac mo hinh chu thich anh van con ton tai nhitng thach thirc 16n, bao gom: (i) chu
thich sinh ra thuong thiéu chiéu sau ngit nghia va khong phan anh ddy du quan hé



gilta cac d6i twong [26], (ii) mo hinh kho khin khi gip cac ddi trong hiém hodc chua
ting xut hién trong dir liéu huan luyén [27, 28], (iii) kha ning biéu dién tri thirc vin
con han ché do thiéu co ché tich hop hiéu qua giira thong tin hinh anh va cac dang tri
thirc bén ngoai [29]. Bén canh do, viéc su dung tri thirc nglr nghia hién nay con roi
rac, chu yéu duoc tich hgp vao mdt giai doan xtr 1y cu thé, ma chua co su phéi hop
nhip nhang gitra biéu dién thi giac, quan hé ngit nghia va biéu dién ngdn ngi trong
toan bd quy trinh xwr 1y (pipeline) ctia mé hinh.

Bén canh cac thach thirc vé biéu dién ngit nghia va tich hop tri thirc, mot van
dé quan trong khac trong nghién ctru chu thich anh 13 kha ning mé rong sang cic
ngdn ngit it tai nguyén nhu tiéng Viét. Phin 16n cac cong trinh ndy tap trung vao tiéng
Anh do sy san co clia cac tap dit liéu chuan quy mé 16n va cac cong cu xir Iy ngon
ngit hoan chinh, trong khi cdc ngén ngit khac con thiéu dit liéu gan nhan va cac bd
phan tich ngir nghia twong tng. Thach thirc ndy dit ra yéu cau phat trién cac phuong
phap chu thich anh c6 tinh tong quét cao, c6 kha ning thich tmg véi nhiéu ngén ngir
va mién dit liéu khac nhau, thay vi phu thudc chat ch€ vao dac thu cua mot ngébn ngix
cu thé.

T cac phan tich trén c6 thé nhan thdy rang, mic di cac phuong phap chu thich
anh dya trén hoc sdu da dat dugc nhiéu tién b dang ké, van con ton tai nhiing han
ché mang tinh hé thdng lién quan dén biéu dién ngir nghia, khai thac quan hé giira
céc ddi tuong va tich hop tri thirc ngoai mét cach hiéu qua. Nhiing han ché nay dit ra
céc cau hoi nghién ciru (Research Question - RQ) cdt 16i ma ludn an can giai quyét,
bao gom:

=RQ1: C6 cach gi dé mo hinh chu thich anh c6 thé biéu dién va khai thac hiéu
qua cac mdi quan hé ngir nghia gitra cac d6i tugng trong anh thay vi chi dya trén dic
trung thi gidc cuc bo.

= RQ2: Viéc tich hop tri thirc nglr nghia bén ngoai (vi du: ConceptNet) vao qua
trinh sinh chu thich mot cach c6 hé théng nham cai thién kha nang mo ta cac ddi
tuong hiém hodc chua xuét hién trong dir liu huin luyén dugc lam nhu thé nao.

» RQ3: Biéu dién nglr nghia triru tuong, dién hinh nhu AMR, ¢6 thé duogc khai
thac nhu thé nao dé nang cao kha ning hiéu ndi dung anh & muc khéi niém va ting
tinh nhat quan ngir nghia cta cha thich sinh ra.

= RQ4: Viéc hop nhit dong thoi dic trung thi gidc, quan hé cau tric va cac dang
tri thirc ngit nghia da ngudn trong mot kién triic théng nhét c6 gitip cai thién toan dién

chat luong chi thich anh hay khong.



Xuét phat tir cac thach thirc va cau hoi nghién ctru néu trén, ludn an lya chon
dé tai “Phat trién phwong phap chi thich dnh dua trén mang hoc sau” voéi
muc tiéu dé xudt cac md hinh chu thich anh tich hop da ngudn thong tin, két hop chat
ché gitra biéu dién thi giac, quan hé ngit nghia, tri thirc ngoai va biéu dién ngir nghia
triru twong. Vé mit hoc thuat, nghién ciru ndy goép phan 1am sau sic thém hiéu biét
vé hoc sau da phuong thirc va biéu dién ngit nghia trong bai toan chu thich anh. V&
mit thue tién, cac két qua dat dugc huong tdi viéc xay dung cac h¢ théng chu thich
anh c6 d6 chinh x4c cao, giau ngit nghia va phu hop hon véi cach dién dat tu nhién
ctia con ngudi, dap ing yéu cdu ciia nhiéu tng dung théng minh trong bdi canh Al
hién dai.

2. Muc tiéu nghién ciru

Dua trén cac thach thirc da xac dinh, luan an dat ra muc tiéu téng quat la:
Pht trién cdc phwong phdp chii thich anh dwa trén mang hoc sau, két hop hiéu
qua dic trung thi gidc, quan hé ngit nghia, tri thirc ngoai tap dit liéu va biéu dién ngir
nghia triru tugng nham cai thién d6 chinh xac va tinh t nhién ctia mo ta.

Trén co s cac cau hdi nghién ciru RQ1, RQ2, RQ3, RQ4 da néu, ludn an cy
thé hoa myc tiéu nghién ctru thanh cac ndi dung cu thé twong tmg nhu sau:

(i) Phén tich va danh gia cac hudng tiép can hién c6 trong bai toan chu thich
anh, tir 6 xac dinh nhiing han ché lién quan dén viéc biéu dién quan hé gitlra cac ddi
tuong va tri thirc nglt nghia trong qua trinh sinh chu thich.

(ii) D& xuét phuong phap cha thich anh c6 kha niang biéu dién va khai thac mbi
quan hé gitta cac dbi twong trong anh nham cai thién kha ning hiéu ciu tric canh vat
va nglr canh hinh anh ctia mo hinh.

(iii) Nghién ctru co ché tich hop va hop nhét tri thire da ngudn, bao gdm tri thire
ngtr nghia tir cac co so tri thirc bén ngoai (nhu ConceptNet, mo hinh ngon ngir 16n)
cung dic trung thi gidc va ngdn ngit nham ting chiéu sau ngir nghia va kha ning dién
dat tu nhién ctia mo hinh.

(iv) Khai thac va tng dung biéu dién ngit nghia triru twong, dién hinh nhu AMR,
dé nang cao kha ning biéu dién va hiéu ndi dung anh & mirc khai niém triru tuong.

(v) Tién hanh thyc nghiém va danh gia cac phuong phap duoc dé xuat twong ing
v6i cac nodi dung (ii)-(iv) trén cac tap dit liéu chuan (MS COCO, Flickr30K) bang hé
théng d6 do BLEU, METEOR, ROUGE, CIDEr, SPICE va SCS nham kiém chimg
mirc 46 dat dugc ciia cac muc tiéu nghién ctru va danh gia kha ning téng quat hoa

cua mo hinh.



Céc ndi dung nghién ctru dugc trién khai theo 16 trinh ké thira va mo rong,
trong d6 thuc nghiém va danh gia dong vai tro kiém ching bat budc, dam bao tinh
thdng nhat gitta co s& 1y thuyét, thiét ké mo hinh va két qua thyc nghiém, dong thoi
huéng dén gid tri tmg dung thuc tién trong cac hé thong thi gidc-ngon ngit.

3. Poi twong va pham vi nghién ciru

Dé trién khai hiéu qué cac muyc tiéu nghién ctru da dé ra, viéc xac dinh 1o ddi
tuong va pham vi nghién ctru 14 diéu can thiét nham dam bao tinh tap trung, nhat quan
va kha thi trong toan bd qua trinh thyc hién luan an. Phan nay trinh bay cu thé dbi
tugng nghién ctru chinh cung v&i pham vi nghién ctru cta ludn an.

3.1. Poi twong nghién ciru

Dbi twong nghién ctru cua luan an 1a qua trinh sinh chu thich bang ngon ngir
tu nhién cho hinh anh dau vao, tap trung vao cdc mo hinh hoc sau dua trén kién trac
encoder-decoder. Cu thé, luan an tap trung vao cac yéu td sau:

= Biéu dién dic trung hinh anh, két hop didc trung ngir nghia thi gidc-ngdn ngir
tir CLIP (Contrastive Language-Image Pretraining) voi thong tin cau triic vé cac ddi
tugng va mdi quan hé gitta chung dugc mo hinh hoa thong qua dd thi quan hé nham
cung cip biéu dién toan dién va giau ngir canh hon cho qua trinh giai ma.

= Khai thac va tich hop tri thirc ngit nghia, bao gom tri thitc bén ngoai tap dir
liéu (nhu ConceptNet va LLM), tri thuc nglr nghia triru tugng (tr AMR), va tri thirc
ngir canh trong anh nhiam ting cudng kha ning hiéu ndi dung, suy luin ngit nghia va
tao chu thich phu hop hon vdi nhan thirc ngdn ngit cua con ngudi,

= M6 hinh héa qua trinh phéat sinh chu thich, st dung céc kién trac giai ma hién
dai nhu LSTM va Transformer cé tich hop co ché cha y (dual attention, cross-

attention, masked attention) dé sinh cha thich mach lac, dung cu phap, ngir nghia.

Nhu vay, luan an khong chi xem xét anh nhu mot nguén thong tin thi gidc don
thuan ma con nhu mot thuc thé co cau trac ngilt nghia, can dugc hiéu va mo ta bﬁng
cach két hop nhiéu dang tri thirc.

3.2. Pham vi nghién ctru

DPé dam bao tinh tap trung va kha thi, pham vi nghién ctu cua luan an dugc

gi61 han nhu sau:

= Dir liéu diu vao va ngoén ngir: Luan an su dung hai tap dir liéu chuin MS
COCO va Flickr30K véi chu thich bang tiéng Anh nham dam bao kha ning so sanh
v6i cac phuong phap hién co. Viée chwa thuc nghiém cho tiéng Viét chit yéu do han
ché vé dit liéu gan nhan quy mé 16n va cong cu phan tich ngit nghia triru twong tuong

mg, khong phai do gidi han ctia m6 hinh dé xuat.



= Kién triic mé hinh: Luan an tip trung vao kién trac encoder-decoder, trong
d6 encoder trich xuat dic trung tir nhiéu ngudn gém ddi twong, quan hé, biéu dién
AMR, va dac trung ngdn ngir - thi gidc tor CLIP-ViT. Decoder sir dung LSTM hodc
Transformer két hop v6i cac co ché chu ¥ dé hop nhat thong tin va sinh cha thich tw
nhién, chinh xéac. O giai doan suy luan, 4p dung GPT re-ranking nham chon chu thich
t8i wu va dam béo tinh mach lac.

= Ngudn tri thirc va biéu dién ngir nghia: Luan an khai thac tri thirc ngoai tap
dit liéu tir ba ngudn chinh: ConceptNet dé biéu dién quan hé ngit nghia giita cac khai
niém, AMR dé mé hinh héa ciu triic ngir nghia triru twong, va md hinh ngon ngit 16n
(GPT) nham danh gi4, xép hang lai cha thich. Viéc két hop cac ngudn tri thirc nay
gitip tang cudng kha niang hiéu ngir canh va tinh ty nhién cia mo ta anh.

=Piu ra: Diu ra 1a mot cdu mo ta bang ngdn ngir tw nhién (tiéng Anh) phan
anh chinh xac ndi dung ciia anh dau vao.

= Thye nghiém: Céc thyc nghiém duoc trién khai trén hai tap dit liéu chuan MS
COCO va Flickr30K, str dung cac d do danh gia phé bién gém BLEU, METEOR,
ROUGE, CIDEr, SPICE, cung do do ngir nghia mdi - Semantic Consistency Score
(SCS) nham phan anh mirc d6 twong ddng ngir nghia gitra cha thich sinh ra va chu
thich chuan. Viéc mé rong sang cac ngdn ngit khac hoic tap dir liéu khong gan nhin
khong nam trong pham vi ctia luan an.
4. Phwong phap nghién ciru

Nhim hién thuc hoa cac muc tiéu nghién ctru da dé ra, trén co s& ddi tuong va

pham vi nghién cuu da xac dinh, ludn &4n van dung téng hop nhiéu phuong phéap
nghién ctru theo dinh hudng ung dung trong linh vuc tri tu¢ nhan tao, dac biét 1a hoc
sau da phuong thitc (multimodal deep learning). Cac phuong phap dugc to chirc
thanh ba nhom chinh, phan 4nh tuan ty tién trinh trién khai tir phan tich 1y thuyét dén
thiét ké md hinh va dénh gia thuc nghiém. Cu thé nhu sau:

(i) V@& viéc tong quan tai liéu: Luan an tién hanh khao sat, tong hop va phan tich
c6 hé thdng cac cong trinh nghién ctru lién quan dén bai toan chi thich anh, tap trung
vao bén nhom phuong phéap chit dao: (i) cac mé hinh dya trén kién trac CNN-LSTM
truyén thong; (ii) cac phuwong phap khai thac do thi quan hé va do thi canh; (iii) cac
md hinh hién dai str dung kién tric Transformer; (iv) cac huéng tiép can tich hop tri
thirc ngit nghia tir cac ngudn tri thirc ngoai nhur ConceptNet, WordNet, LLMs; va (v)
cac phuong phap su dung AMR.

Qua trinh khdo sat ndy nham xac 1ap nén tang 1y thuyét cho ludn an, dong thoi

nhdn di¢n cac han ché con ton tai trong nghién ctru hién tai, tir 6 x4c dinh khoang



trbng hoc thudt can tap trung giai quyét.

(ii) Trong viéc thiét ké md hinh va phat trién thut toan: Trén co sé két qua
khéo sat, luan 4n dé xuét va phat trién chudi cac mé hinh chu thich anh theo kién tric
encoder-decoder, c6 tinh ké thira va mé rong qua ting giai doan. Cac mo hinh khai
thac két hop dic trung thi giac, cau tric quan hé giita cac ddi twong, tri thirc ngir nghia
bén ngoai tap dit liéu va biéu dién ngit nghia triru twong nhim nang cao kha ning
hiéu noi dung anh va chét luong sinh mé ta. Toan b md hinh dugc cai dat bang ngon
ngtr 1ap trinh Python, framework PyTorch va cac thu vién lién quan khac.

(iii) V@ viéc thuwe nghiém va danh gia mé hinh: Cic mo hinh dugc huan luyén
va danh gia trén hai tap dir liéu chuan MS COCO va Flickr30K. Hiéu qua ctia md
hinh dugc do Iudng thong qua céc do do phé bién nhu BLEU, METEOR, ROUGE- L,
CIDEr va SPICE; dong thoi luan 4n dé xuat bd sung d6 do SCS nham danh gia mirc
d6 twong dong ngit nghia & khong gian embedding. Bén canh so sanh dinh luong,
luan an con thyc hién phan tich dinh tinh dé danh gia kha nang hiéu noi dung anh va
tinh ty nhién ctia ngdn ngir sinh ra.

5. Nhirng dong gop chinh ciia luan an

Luan an phat trién mot chudi bén mé hinh chi thich anh phat trién theo huéng
ké thira va mé rong, tap trung ting cudng kha ning biéu dién ngir nghia va hop nhat
tri thire da ngudn nham ning cao chat luong mé ta anh. Cac dong gop chinh bao gom:

(i) Xay dyng mo6 hinh OD-VR-Cap két hop dic trung ddi twong véi quan hé
giita cac ddi trong thong qua do thi quan hé va co ché cha y kép, tir d6 cai thién kha
ning nam bat ngit nghia va cu trac canh khi sinh chu thich.

(ii) Phat trién mé hinh RGTranCNet dya trén Transformer decoder va tri thirc
ngit nghia tir ConceptNet, ting cuong kha ning khai thac thong tin quan hé va hd trg
xur 1y hiéu qua cac dbi twong it xuét hién trong dit liéu huan luyén.

(iii) Pua ra mdé hinh AMR-GT&RG két hop hai dang biéu dién ngir nghia triru
tugng - AMR trich xudt tir cha thich chuan va AMR-like chuyén d6i tir do thi quan
hé anh - nham nang cao kha ning biéu dién ngit nghia sau. Pong thoi, gidi thiéu do
do SCS dé danh gia mirc d6 twong ddng ngir nghia giita chu thich sinh ra va chi thich
chuan.

(iv) Hoan thién khung hop nhét tri thirc da ngudn thong qua mé hinh CLIP-AMR-
GPT, két hop dic trung thi giac - ngdn ngi, biéu dién do6 thi quan hé va biéu dién
AMR/AMR-like bang cac co ché Cross-Fusion va Adaptive Attention. Giai doan suy
luan ap dung GPT re-ranking giup ting cudng tinh ty nhién va d chinh xac nglr nghia

cua chu thich.



6. B6 cuc ciia ludn an
Bén canh phén Mé dau, Két luan va Tai liéu tham khao; luan an duoc t6 chirc

thanh nim chwong chinh. Noi dung duoc sip xép theo tién trinh logic tir tong quan Iy
thuyét dén dé xuat phuong phép va danh gia thuc nghiém, cy thé nhu sau:

= M¢ dau: Trinh bay tinh cdp thiét, muc tiéu, ddi twong, pham vi va phuong
phap nghién ctru; ddng thoi khai quat cac dong gop khoa hoc va bd cuc téng thé cua
luan an.

= Chwong 1: Téng quan cac huéng nghién ctru vé chu thich anh dua trén hoc
sdu, bao gdm cac phuong phap dua trén dic trung thi gidc, dd thi quan hé, tri thirc
ngit nghia va biéu dién AMR, qua d6 xac dinh khoang tréng hoc thuat va dinh hudng
nghién clru cua luén an.

= Chwong 2 dén Chwong 5: Trinh bay cdc md hinh chi thich anh duoc dé xuét,
phat trién theo cac huéng tiép can: tir khai thac ddc trung thi gidc va quan hé d6i
tugng (OD-VR-Cap), tich hop tri thitc ngoai tir ConceptNet (RGTranCNet), két hop
biéu dién ngir nghia triru tuong AMR (AMR-GT&RG), dén hop nhét dic trung da
ngudn va ap dung GPT re-ranking (CLIP-AMR-GPT). Mdi chuong mo ta kién truc,
quy trinh huan luyén, két qua thuc nghiém va phan tich danh gia twong ng.

= Két ludn va Kién nghi: Tong két két qua nghién ctru, khang dinh nhiing dong

gop khoa hoc chu yéu va dé xuat cac hudng phat trién tiép theo ctia luan an.



CHUONG 1. CHU THiCH ANH DUA TREN MANG HQC SAU

Chuong nay cung cip mot cach tong quan vé nén tang 1y thuyét cho toan bo
ludn an thong qua vi¢c khao sat, phan tich va hé théng héa cac hudng tiép can trong
bai toan chu thich anh, véi trong tam 1a cac phuong phap dya trén mang hoc sdu. Muc
1.1 trinh bay téng quan vé bai toan, dic diém va cac thach thirc trong viéc sinh mé ta
ngdn ngit tir anh dau vao. Muc 1.2 phan loai va phén tich cac nhom phuong phap
nghién ctru chinh, tir cac tiép can truyén théng dén cac mo hinh hoc sau hién dai. Trén
co s d6, Muc 1.3 xac dinh cc khoang tréng nghién ciru con ton tai va dé xuit dinh
hudng phat trién nham nang cao kha ning hiéu ngir nghia va sinh ngdn ngit ctia mo
hinh. Cudi cung, Muc 1.4 gi¢i thiéu khung thuc nghiém duoc sir dung trong toan bo
luan an, bao gém tap dir licu, d§ do danh gia va moi trudong trién khai, 1am co s dé
danh gia hiéu qua ciia cac mo hinh duoc trinh bay trong cac chuong tiép theo.

1.1. Gi6i thi¢u

Cht thich anh tu dong 1a mot bai toan lién nganh tiéu biéu trong linh vuc tri
tué nhan tao, két hop gitra thi gidc may tinh va xur 1y ngdn nglr tu nhién [30]. Muc
tiéu cua bai toan 1a sinh ra mot cdu mo ta ngén ngit tu nhién phan dnh ndi dung anh
dau vao mét cach chinh xac, mach lac va phu hop ngir canh [31]. Khac véi cac tac vu
trong thi gidc may tinh truyén théng nhu phan loai anh hodc phat hién dbi twong, bai
toan chii thich anh doi hoi mé hinh khong chi nhan dién cac thanh phan trong anh ma
con hiéu duge cic mdi quan hé ngir nghia giita chung dé biéu dat thanh cau vin hoan
chinh, dap Gmg yéu cau vé ca phap va ngir nghia [32].

Vi sy phat trién manh m& cta hoc sau da phuong thure, dac biét 1a cac kién
trac nhu CNN, RNN, va Transformer, hi¢u qua ctua cac hé théng chu thich anh da co6
nhitng bude tién dang ké [31, 33]. Trong cac kién truc nay, CNN thudng duogc sir
dung dé trich xuat dac trung hinh anh, trong khi RNN hodc Transformer ddm nhi¢m
vai tro giai ma ngon ngir [34, 35]. Tuy nhién, nhiéu nghién ctru chi ra rang cac md
hinh nay van gip khé khin trong viéc md hinh hoa sau ngit nghia ctia anh, dic biét 1a
trong viéc hiéu quan hé gitra cac d6i tugng hodc cac khai niém ngit nghia khong truc
tiép biéu hién bang dic trung thi giac [36, 37].

Pé khic phuc han ché ndy, c6 hudng tiép can da dé xuat nhu tich hop thém
céc ngudn tri thirc ngoai nhu ConceptNet, WordNet hodc sir dung biéu dién ngir nghia
triru twong nhu AMR nhim mé rong kha ning suy dién va sinh ngén ngit ciia mo
hinh [20, 25, 38]. Du vdy, cach thuc tich hop hiéu qua cac ngudn tri thirc nay vao
pipeline hoc sau van 1a mot thach thirc mé, doi hoi cac giai phap sang tao trong biéu

dién, huan luyén va suy luan [31, 39].
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Trén co s& d6, chuong nay duoc xay dung nhdm cung cap cai nhin toan dién
vé cac hudng tiép can trong bai toan chu thich anh. Cu thé, Muc 1.2 dung dé trinh
bay chi tiét cac phuong phap nay, qua d6 1am rd tién trinh phét trién va nén tang 1y
thuyét cho cdc md hinh dé xuat trong cac chuong sau.

1.2. Huéng ti€p can trong chu thich anh

Trén co s tién bo cua thi gidc may tinh va xtr 1y ngdn ngit tu nhién, cac
phuong phép cha thich anh c6 thé dugc phan thanh hai nhom chinh: (i) cac phuong
phap truyén thong va (i) cac phuwong phap hién dai dya trén hoc sau. Theo cach phan
loai nay, cac muc tiép theo 1an lugt trinh bay tong quan vé cac phwong phap truyén
thong (Muyc 1.2.1), phan tich cic phuong phap hoc sau hién dai - nén tang cho cac
mo hinh dé xuét trong luan an (Muc 1.2.2), va dua ra danh gia téng hop vé ru nhuogc
diém ciing nhu xu hudng phat trién ciia cac hudng tiép can nay (Muyc 1.2.3).

1.2.1. Phuwong phap chi thich anh truyén thong

Trude khi cac phuong phap hoc siu trd nén phd bién, bai toan chi thich anh
da duoc tiép can thong qua hai hudéng truyén thong: (i) phuong phap dua trén truy
hoi thong tin (retrieval-based) va (ii) phuong phap dua trén mau dir liéu (template-
based) [40]. Mic du khong con 1a xu huéng chu dao, hai hudng tiép can nay van dong
vai trd nén tang, cung cip nhitng ¥ tudng ban dau cho viéc phat sinh mé ta tir ndi

dung hinh anh.

1.2.1.1. Phuwong phap chu thich anh dya trén truy hdi thong tin

Phuong phap cha thich anh dwa trén truy hoi thong tin hoat dong trén nguyén
tdc tim kiém cac anh tuong tu tor mot tap dir liéu da c6 cha thich, sau d6 chon ra chi
thich pht hop tir cac anh twong tu d6 lam chi thich dau ra cho anh dau vao. Qua trinh
nay bao gdm ba budc chinh: (i) trich xuit ddc trung hinh anh (thudng bang cic mo ta
SIFT, HOG hodc BoVW); (ii) tinh toan do twong dong giira anh dau vao va cac anh
trong tap dir liéu; (iii) chon chu thich ctia anh gan nhat (hodc tong hop tir nhiéu anh
gan nhat) 1am két qua dau ra [4, 40]. Hinh 1.1 m6 ta kién truc tong quan ctia phuong
phap chi thich anh dua trén truy hoi thong tin, véi dau vao 1a mot anh, dic trung anh
duoc trich xuit va ddi sanh véi tap anh c6 san, chu thich duoc chon tir 4nh gﬁn nhét

hodc to hop tir nhiéu anh tuong tu dé tao ra mo ta dau ra.

Uu diém chinh cta phuong phap nay 1a don gian, nhanh va cho ra cau cha
thich ding ca phap vi cic cau duge trich tir tp chu thich sin c6. Tuy nhién, né phu
thudc nhiéu vao chat lwgng va do phi cua tap dit liéu, dan dén ba han ché chinh: (1)
tinh tong quat hoa kém - khong thé tao mo ta cho nhirng hinh anh véi ndi dung chwa

ting xuat hién trong tap huan luyén; (ii) kha nang biéu dat ngir nghia han ché - mé ta
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thudng bi tring lap, thiéu sang tao va khong phu hop véi ngit canh cu thé; (iii) phu
thudc vao chat luong cia tap dir liéu va phuong phap tim kiém anh tuong tu [40].

|Target image

s y Similar image-capt 2
; Affinity matrix imilar image-caption pair
. - )
T
=, F
5 Two ach o

Matching

. =
1 ea

‘ Two dogs play with

Query image i
. - each other on the road.

Image-caption pairs

Input image Query corpus Similarity comparison Output caption

Hinh 1.1. Khung ciia mé hinh chii thich anh dwa vdo truy hoi théng tin. Mé hinh nhdn dau
vdo la mét dnh can chii thich va truy van dén tdp anh-chii thich da dwoc gan nhan dé tim
danh twong tir théng qua ma trén dé twong dong. Sau d6, mé hinh chon cdp dnh-chii thich
gan nhat va sir dung cau mé td cia anh dé lam chii thich cho anh dau vao (trich tir [40]).

1.2.1.2. Phuong phap chi thich anh dya trén miu dir liéu

Khac véi truy hoi thong tin, phuong phap dua trén mau dit liéu xay dung cha
thich méi cho mdi anh dya trén cac mau cau dinh nghia trude (pre-defined templates).
V& ban chit, cac mau nay 1a khung ct phap c6 chd tréng danh cho cac thanh phan ndi
dung nhu danh tir, dong tir, trang tr... duoc trich xuét tir anh théng qua cac budce nhu:
phat hién ddi tuong, xac dinh hanh dong va quan hé gitra cac ddi tuong [40]. Vi du,
mot mau c6 thé 13 “There is a [object] on the [location]”, trong d6 hé thdng phat hién
ra cac d6i twong va dién vao chd trong dé tao thanh cAu hoan chinh nhu “There is a
dog on the couch”. Hinh 1.2 minh hoa kién tric co ban cua phwong phap ndy: anh
duogc dua vao hé théng nhan dién thi giac dé trich xuét thong tin, sau do cac thong tin
nay duoc 4nh xa sang nhan ngdn ngit va dién vao mau cau c¢é cau trac dinh sin.

Uu diém ciia phuong phéap nay 14 tao ra cau chu thich dang ngit phap, dé kiém
so4t va nhat quan vé mat ngon ngir. Tuy nhién, han ché lai nAm & chinh c4u tric ctmg
nhic ctia mau cau: (i) kha ning biéu dat bi gidi han, khong thé tao ra cac chu thich
linh hoat va da dang; (ii) kho m& rong sang cac ngit canh phong phu; (iii) yéu cau
phat hién day du va chinh xac cac thuc thé va hanh dong - diéu von kho dam bao voi
cac k¥ thuat xir Iy hinh anh truyén thong [6, 40].

Mic du hai phwong phap truyén théng ké trén cung cip nhiing cach tiép can
ban dau co tinh kha thi, song ching chua thé giai quyét dugc yéu cau vé tinh linh
hoat, dién dat ngit nghia phong pht va kha ning tong quat hoa trén anh méi. Nhitng
han ché nay chinh 13 dong luc thuc ddy su phat trién ciia cac phuong phéap dua trén
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mang hoc sau - von c6 kha nang hoc tir dit li¢u 16n, sinh m6 td méi va két hgp dugce

gitra biéu dién hinh dnh va ngén nglt mot cach mém déo va manh mé& hon.

1actg: Bus. Bike, Bud Dog. Man |
Objects: ]
: Person, Plant f

Caption of the image

Actions: | Do: Fiy: Smad. Sit. Walk. Cry.
: - Swmm. Smile. Come.

Scenes; |3 Hom

ation. Street. Kitchen. Amport A person agamst dog

| (PPN T

<<person=, sit, on <sofa>> . is smiling on the sofa
<<person>, near, <dog>, sit, on, <sofa>>"— 1
atione: | Ve Agamst. Infront of. Behind <<person=>, sit, on, <sofa>, smile> =
Relations: "1 -0, Big. Small. On P ) ) )
<<person>, against, <sofa>, smile>
Input image Elements extraction Label prediction Caption generation

Hinh 1.2. Khung ciia mé hinh chii thich anh dya vao mau dir ligu. M6 hinh thuc hién trich

xudt cdc yeu 16 ngu’ nghia bao gom doi tuwong, hanh dong, canh nén va quan hé tir anh dau

vao. Cdc yéu té nay dwoc sir dung dé di dodn cau triic nhan dang bg ba, tir do sinh ra cdu
mé ta anh twong g théng qua dnh xa cdc mau da hoc (trich tir [40]).

1.2.2. Phuwong phap chu thich dnh dua trén hoc sau

Céc phuong phap chu thich dnh dya trén hoc sau da tré thanh xu hudng chu
dao trong nhitng nam gan day nhd kha ning biéu dién dic trung manh mé&, hoc dugc
cac mau phire tap gitta hinh anh va ngdn ngit. Khac véi cac phuong phap truyén thong
dua vao truy hoi hodc mau dit liéu co sin, cac phuong phap chu thich anh hién dai
thuong 4p dung mo hinh hoc sau dé hoc anh xa truc tiép gifra dac trung hinh anh va
mo ta ngdn ngit. Khung lam viéc phd bién cua cac phuong phéap nay 1a kién tric ma
hoa - gidi ma (encoder - decoder). Trong d6, mdt mang CNN hodc mang phat hién
dbi tugng (Faster R-CNN, YOLO...) thuong duogc st dung lam bo ma héa hinh anh,
gitip trich xudt dic trung thi gidc; trong khi bd giai md ngdn ngit thuong 1a RNN,
LSTM, GRU, hodc Transformer decoder c6 nhiém vu sinh chu thich du ra dua trén

dac trung anh va nglt canh trudc do.

Mot thanh phan quan trong trong hau hét cac mé hinh sinh chii thich 1a co ché
chu y (attention mechanism), giip mo hinh tap trung vao cac vung anh lién quan khi
tao ra moi tir trong cau mo ta. Ngoai ra, cac md hinh hién dai con duoc ting cudng
béng tri thirc ngit nghia tir bén ngoai tap dir liéu nhu ConceptNet, WordNet, LLMs
hoic str dung biéu dién db thi ngir nghia nhu scene graph hoic AMR dé cai thién kha
nang hiéu ndi dung anh & cap d6 ngit nghia sau hon. Hinh 1.3 minh hoa c4u tric tong
quat cia mo hinh cha thich anh encoder - decoder. Hé thdng sir dung cac phuong
phap ma hoa thi gidc nhu ddc trung CNN toan cuc, attention theo ludi, theo vung,
attention dua trén dd thi. Cdc mé hinh ngoén ngit co thé dya trén LSTM, CNN,

Transformer hodc mo6 hinh hop nhat sém gitta van ban va hinh anh. Qué trinh huan
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luyén c6 thé sir dung céc chién lugc nhu him mat mét cross-entropy, mo hinh ngdn
ngir mit na, hoc ting cuong va mé hinh ngdn ngi-thi giac huan luyén trude.

Duya trén kién tric tong thé nay, cic phuong phap hoc sau cho bai toan chi
thich anh dugc phan thanh cdc nhém chinh sau: (1.2.2.1) cac phuong phép dua trén
CNN-LSTM, (1.2.2.2) cic phuong phap st dung biéu dién @6 thi, (1.2.2.3) cac
phuong phap dua vao mang Transformer, (1.2.2.4) phuong phap st dung tri thirc bén
ngoai tap dir liéu, va (1.2.2.5) cac phuong phap st dung AMR.

Image

' TRAINING STRATEGIES -
1. Cross-Entropy Loss

. 2. Masked Language Model

i 3. Reinforcement Learning
4. VL Pre-Training

________________________________________

( VISUAL ENCODING LANGUAGE MODELS
1. Non-Attentive 1. LSTM-based:
(Global CNN Features) *  Single-layer
2. Additive Attention: - *  Two-layer
Grid-based 2. CNN-based
Region-based 3. Transformer-based
3. Graph-based Attention 4. Image-Text Early Fusion
4, Self-Attention: (BERT-like)
Region-based 'L =
Patch-based

A herd of zebras grazing

= Imege-Toxt Rany fusion with a rainbow behind.

Hinh 1.3. Tong quan céc thanh phan chinh trong hé thong chii thich anh tw dong bao gom
ma hoa hinh dnh, mé hinh ngén ngit va chién lwoc huan luyén (trich tie [5]).

1.2.2.1. Phuwong phap dua tréen CNN-LSTM

Nhitng nghién ctru tién phong trong chu thich anh dua trén hoc sau thuong ap
dung kién trac ma hoa - giai ma (encoder - decoder), trong d6 CNN dam nhiém vai
trd trich xuat dic trung hinh anh, con RNN/LSTM duoc dung dé sinh mé ta ngdn
ngir. M6 hinh Show and Tell [3] 1a vi du tiéu biéu, dit nén moéng cho hudng tiép can
nay. Sau d6, Show, Attend and Tell [18] m& rong v&i co ché chii ¥, gitip md hinh tap
trung vao cac vung anh quan trong khi sinh tirng tir trong chu thich.

Nhiéu cong trinh di cai tién kién traic CNN-LSTM bang cach st dung cac
mang CNN huén luyén trude nhu ResNet, DenseNet hodc Inception dé tao véc-to dic
trung hinh anh, sau d6 dua vao LSTM tich hop co ché cha ¥ dé phat sinh mo ta [41-
43]. Mot sb tac gia con két hgp mang phat hién dbi twong nham bd sung thong tin tir
cac vung cuc bd thay vi chi dya trén dac trung toan cuc [44]. Ngoai ra, da c6 cac mod
hinh m& rong cho nhiing ngén ngir ngoai tiéng Anh, dién hinh 14 hé thong chu thich
anh tiéng Hindi két hop CNN, co ché chu ¥ va LSTM [45]. Mot s6 hudng nghién ciru
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khac tan dung Bi-LSTM, hoc ting cudng siu hay thuit toan tim kiém heuristic dé
nang cao chat lugng sinh chu thich [46-48].

Céc cong trinh ké trén déu duoc kiém chimg trén nhitng bo dir liéu chuan nhu
MS COCO va Flickr30K, véi d6 do BLEU, METEOR, CIDEr va ROUGE, cho thiy
phuong phap CNN-LSTM dat hiéu qua tdt trong giai doan dau. Tuy nhién, han ché
chung cua hudng tiép can nay la viéc chi khai thac dac trung toan cuc hoac dac trung
ving dbi twong tir CNN, trong khi chua xem xét dén quan hé ngit nghia giita cac d6i
tuong trong anh. Pidu ndy din dén viéc mo hinh con thiéu kha ning biéu dién céu
tric nglr nghia phure tap, lam gidm tinh chinh xac va tinh giau ngit nghia cia cha thich
sinh ra.
1.2.2.2. Phwong phap sir dung biéu dién dé thi

Khac voi cac phuong phap CNN-LSTM truyén théng von chii yéu khai thac
dic trung toan cuc hodc cac ving dbi twong riéng 1¢, cac phuong phap chu thich anh
str dung biéu dién dd thi tdp trung mo hinh hoa cdu tric quan hé gitta cac ddi tuong
trong anh nham 1am giau thong tin ngit nghia cho qua trinh sinh mé ta. Trong nhom
phuong phap nay, anh khong con dugc xem nhu tap hop cac viung ddc 1ap ma dugc
biéu dién dudi dang dd thi quan hé (relationship graph) hodc d6 thi canh (scene
graph), trong d6 cac dinh twong tng voi dbi tugng va cac canh biéu dién mbi quan hé
giita chtng. Y tudng cdt 16 1a khai thac sy tuong tac giira cac di tuong dé to chirc
lai n6i dung anh theo cau trac logic, tir @6 nang cao kha niang hiéu ngit canh va chat
lugng chu thich sinh ra.

Mot trong nhitng huéng tiép can sém 1a xdy dung d6 thi canh cho ca anh va
cAu mo ta. Yang va cong su [49] dé xudt mo hinh hoc chung mét tir dién ngdn ngit
cho d6 thi anh va db thi cau, qua do thiét 1ap mdi lién hé chat ché giira bicu dién thi
gi4c va ngdn ngit trong qua trinh ma hoa-giai ma. Cach tiép can nay gitp mé hinh tao
ra cic mo ta gin lién véi ngir canh, song van phu thudc manh vao dir liéu ngdn ngit.
Yao va cong su [22] mo rong hudng tiép can nay bang cach két hop R-CNN dé phat
hién ddi twong va st dung GCN nham mé hinh hoa cac quan hé khong gian va ngir
nghia gitra cac ddi tuong. Nho d6, mo hinh khong chi nhan dién sy hién dién cua ting
d6i twong ma con nam bat duge cach chung lién két trong khong gian anh.

Mot s6 nghién ctru khac nhan manh viéc khai thac déng thoi cac quan hé tuong
minh va tiém an giita cac d6i tuong. Song va cong su [50] cho thay viéc két hop nhiéu
loai quan hé gitp cai thién dang ké chat lugng chu thich. Parseh va cong su [23] dé

xuét phuong phap biéu dién kép, trong d6 db thi ngit nghia va dd thi khong gian duoc
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trich xuit song song, sau d6 dwa vao LSTM v&i co ché chi y da phuong thirc dé sinh
mo ta giau y nghia hon.

Bén canh cac mo hinh xay dung dd thi truc tiép tlr anh, mot s cong trinh tap
trung khai thac d thi canh trich xut tir cha thich chuan. Gao va cong su [51] dé xuat
khung hai giai doan, trong d6 do thi canh dugc xay dung thong qua két hop CNN-
RNN-SVM va sau d6 str dung RNN dé sinh cha thich. Mic du dat két qua kha quan
trén MS COCO, phuong phép nay phu thudc nhiéu vao di liéu ngdn ngit va dd thi
khong phan anh tryc tiép ndi dung thi gidc ctia anh. Chen va cong sy [52] d& xuat dd
thi canh triru twong (abstract scene graph) trich xuét tir cht thich chuan nham kiém
soat mirc d6 chi tiét va phong cach ciia chu thich dau ra. Yan va cong sy [53] cai tién
md hinh bang cach két hop Transformer voi kién tric hai ting LSTM, trong d6
Transformer hoc mirc dong gop tuong ddi clia cac ngudn dic trung trong qua trinh
du doan tir. Cac cong trinh nay cho thdy biéu dién db thi triru twong gitp cai thién do
mach lac va tinh da dang cua chi thich, tuy nhién van chua tryc tiép khai thac déy du
quan hé ngir nghia xuat phat tir chinh anh dau vao.

Ngoai ra, Mozes va cong su [54] tiép tuc khai thac hudng nay bang cach tao
scene graph tryc tiép tir anh sir dung MOTIENET [55], sau d6 anh xa sang bo giai ma
LSTM d¢é sinh chii thich. Phuong phap nay con tich hop GAT nham ma hoa t6t hon
cac quan hé giita ddi twgng. Thir nghiém trén tap dit liéu giao giita Visual Genome
va MS COCO cho théy mo hinh G-LSTM cua ho vuot troi hon rd rét so voi cac
baseline CNN-LSTM, dic biét khi sir dung scene graph tir ch thich chuan, qua dé
khang dinh tim quan trong ctia viéc mé hinh hoa quan hé ngit nghia trong viéc nang
cao chét luong mb ta anh.

Tir cac nghién ctu trén c6 thé nhan thiy rang, vu diém ndi bat cua nhom
phuong phap sir dung biéu dién do thi 1a kha ning mé hinh héa tryc tiép su twong tac
giita cac dbi twong, vuot 18n trén cac véc-to dic trung thi giac tong quat. Tuy nhién,
phan 16n cac phuong phap hién tai méi ding & viéc khai thac quan hé bé mit (nhu
quan hé khong gian hodc sé hiru), chua biéu dién ddy du cac khai niém ngit nghia
troru twgng nhu vai tro, muc dich hay sy kién. Bén canh do, viéc lién két va dé)ng bo
hoa hiéu qua giira dic trung thi giac va dic trung dd thi trong qué trinh sinh chu thich
van con 1a mot thach thirc mo. Nhitng han ché nay dit ra nhu cau phat trién cac md
hinh ¢6 kha nang két hop chit ché giita phat hién ddi tugng chinh x4c, moé hinh hoa
quan hé ngit nghia bang d6 thi va co ché giai ma hoc sau tich hop chi y, nhim néng

cao hon nita d§ chinh xac va tinh giau ngtr nghia cia chu thich anh.
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1.2.2.3. Phwong phap dua vao mang Transformer

Sau thanh cong vuot bac cua kién tric Transformer trong xir 1y ngdn ngir tu
nhién [56], nhiéu nghién ctru gan day da mé rong mod hinh nay cho bai toan chi thich
anh trong bdi canh thi giac-ngdn ngit. So vdi cac kién tric hoi quy nhu RNN hoic
LSTM, Transformer c¢6 wu thé rd rét nhd kha ning mo hinh hoéa hiéu qua cac phu
thudc dai han, hd trg hudn luyén song song va dat hi¢u suat cao trén cac tap dir ligu
quy mé 16n [53]. Ngoai ra, su xuit hién cta cac bién thé Transformer cho thi giac
nhu Vision Transformer (ViT) [57], Swin Transformer [58] hay ConvNeXt [59] da
ching minh kha nang ma hoa anh vuot trdi thong qua viéc mo hinh hoa mbi quan h¢
toan cuc gitra cadc vung trong anh, qua do khéc phuc han ché cua kién trac CNN-
LSTM vébn phu thude nhiéu vao dic trung cuc bo.

Trong hudng tiép can ndy, Wang va cong su [60] 1a mot trong nhimg cong
trinh tiéu biéu khi dé xuit mé hinh chu thich anh sir dung Transformer nham thay thé
hoan toan vai tro cuia LSTM trong bd gidi ma, qua do cai thién tinh mach lac va on
dinh ctia chii thich sinh ra. Tiép ndi nghién ctru nay, Yang va cong su [61] phat trién
Transformer c6 kha ning nhan biét ngir canh, gitp ting cuong lién két giita dic trung
hinh anh va mé ta ngén ngir. Cornia va cong su [19] d& xuat mo hinh Meshed
Transformer, trong d6 sir dung Memory-Augmented Encoder két hop véi co ché
Meshed Connectivity & bo giai ma, cho phép t6i wu hoa biéu dién ngit nghia-khong
gian giira cac d6i tugng trong anh. Ngoai ra, Pan va cong su [58] gidi thidu X-Linear
Attention Networks, 4p dung cac khdi cht y phi tuyén nham khai thac twong tac hinh
anh-ngdn ngir dong thoi theo ca chiéu khong gian va chiéu kénh, tir d6 nang cao hiéu
quéa sinh mo ta.

Céc mo hinh cha thich anh dya trén Transformer thuong dugc danh gié trén
cac tap dir li¢u chuan nhu MS COCO va dat két qua an tuong theo nhiéu d6 do phé
bién nhu BLEU, METEOR, ROUGE, CIDEr va SPICE. Nhiing két qua nay cho thy
Transformer dong vai trd quan trong trong viéc nang cao kha nang biéu dién ngit canh
va tang cudng lién két giita thi giac va ngdn ngir. Tuy nhién, cac mo hinh Transformer
thuan tay van gap kho khan khi xir Iy ddi tuong hiém, tinh huéng ngoai tap dir liéu
huan luyén, ciing nhu thiéu co ché tich hop tri thirc ngir nghia bén ngoai dé b6 trg
cho qua trinh sinh chu thich. Nhiing han ché nay da thic ddy cac hudéng nghién ctru
két hop Transformer véi tri thirc ngoai nham nang cao kha ning dién giai va tinh

chinh xac nglr nghia cua mo6 hinh.
1.2.2.4. Phwong phap sit dung tri thirc bén ngoai tap dir li¢u

Nham khac phuc han ché vé dir li¢u huan luyén va tang chiéu sau ngtr nghia
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cho mé hinh chu thich anh, nhiéu nghién ciru da dé xuét tich hop tri thirc bén ngoai
tap dir li¢u vao kién trac hoc sau. Cac nguén tri thirc nay cé thé duoc phan thanh ba
nhom chinh: (1) cac co so tri thitc nglt nghia nhu ConceptNet va WordNet; (i1) cac
md hinh ngdn ngitr 16n (Large Language Models - LLMs) nhu GPT hodc LLaMA; va
(iii) cac mo6 hinh ngén ngir-thi gidc huan luyén trude (Vision-Language Models -
VLMs) cho phép hoc biéu dién lién mién sau giita hinh anh va vin ban. Y tudng cbt
16i ciia hudng tiép can nay 1a cung cip thém thong tin vé& quan hé ngir nghia giira cac
débi tuong, tir d6 hd trg mo hinh dién giai chinh x4c hon ndi dung anh, dic biét trong
cac truong hop dbi twong hiém hodc ngit canh phirc tap.

Mot trong nhitng cong trinh tiéu biéu 1a CNet-NIC do Zhou va cong su [62]
dé xuat, trong d6 tri thire tir ConceptNet dugc tich hop vao bo mi héa ciia mé hinh
NIC [3], gitp m& rOong von tir va cai thién su da dang cua chu thich sinh ra. Tuy nhién,
viéc dua tri thirc vao mot cach khong kiém soat c6 thé gay nhidu thong tin va lam
giam hiéu qua hudn luyén. Dé giai quyét van dé nay, Hafeth va cong su [21] dé xuat
mang chil y nglt nghia cho phép tich hop c6 chon loc tri thure tir ConceptNet vao cac
tang cha ¥ ctia Transformer, giup tang cuong chat luong mé ta trong khi van kiém
soat dugc muc do anh hudng cua tri thire ngoai. Bén canh d6, Li va cong sy [63] két
hop Transformer véi tri thirc ngir nghia nham mé hinh hoa hiéu qua hon cac quan hé
giita d6i tuong trong anh, qua do6 cai thién kha ning biéu dat noi dung hinh anh.

Gan day, sy phat trién ctia cac mo hinh thi gidc-ngdn ngit huan luyén trudc
quy mo 16n d3 mo ra mot hudng tiép cAn méi cho bai toan cha thich anh. Cac mé
hinh tiéu biéu nhu CLIP [64], BLIP [65], BLIP-2 [66], hay Flamingo [67] cho thiy
kha niang hoc biéu dién 1ién mién sau giita hinh anh va vin ban thong qua huan luyén
trén cac tap dir liéu 16n, da dang, cho phép khai thac embedding da phuong thirc manh
mé& nham cai thién do chinh xac va kha niang khai quat ma khong can huan luyén lai
toan bo hé thong. Nhiéu nghién ciru da tan dung hiéu qua cic md hinh nay trong chii
thich anh, chang han nhu CLIP-Captioner [68], BCEFT [69], hay céc kién trac két
hop Vision Transformer vé1 GPT trong mé hinh ViT-GPT-2 [70], cling nhu cac
phuong phép st dung CLIP két hop GPT cho bai toan chu thich anh vién tham [71],
cho thay kha ning sinh mé ta hiéu qua trong bdi canh zero-shot va giam sy phuy thudc
vao tap dir liéu gan nhan 16n.

Nhin chung, cdc phuong phdp tich hop tri thirc ngir nghia va m6 hinh da
phuong thirc huan luyén truéc da ching minh tiém ning rd rét trong viéc nang cao
d6 chinh xac ngit nghia va kha ning tong quat hoa ctia mé hinh chu thich anh. Tuy
nhién, nhiéu thach thirc vin con ton tai, bao gdm: (i) phan 16n cac phwong phap méi

dung & muc lién két tr vung hoac quan h¢ bé mat, chua khai thac sau céac cau tric
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ngit nghia triru twong; (ii) viéc tich hop tri thirc va embedding da phuong thirc thiéu
co ché diéu phdi theo ngit canh anh c6 thé gay nhiéu thong tin; va (iii) chi phi tinh
toan cao khi str dung cac mé hinh ngén ngir 16n trong giai doan suy luan. Nhiing van
dé nay cho thay nhu cau phat trién cac kién trac hop nhét tri thirc c6 kiém soat, két
hop hiéu qua giita dic trung thi gidc-ngdn ngit huin luyén trude, tri thirc cau trac va
biéu dién ngit nghia triru twong nham nang cao chat luong chu thich anh trong cac
bbi canh dit liéu da dang.

1.2.2.5. Phwong phap sir dung AMR

Abstract Meaning Representation (AMR) [72] 1a mét dang biéu dién ngir
nghia troru tuong cho cau ngdn ngir ty nhién, trong d6 ngit nghia duwgc ma hoéa dudi
dang d6 thi vdi cau tric “who does what to whom” (ai 1am gi vdi ai). Khac véi cac
biéu dién ca phap bé mit, AMR tap trung biéu dién ngit nghia cdt 16i cua cau, cho
phép céac cau c6 cing ndi dung ngit nghia nhung khac nhau vé ciu tric ca phap dugc
anh xa vé cung mot dd thi AMR. Nho kha ning triru tugng hoa nay, AMR da chimg
minh tinh hitu ich trong nhiéu bai toan xur 1y ngon ngilr tu nhién, dac biét la cac nhiém
vu doi hoi biéu dién ngit nghia sau.

Trong bdi canh bai toan cha thich anh, viée st dung AMR dugc xem la mot
hudng tiép can tiém nang nham khic phuc han ché ctia cdc mé hinh dya thuan vao
dac trung thi giac hodc cac quan hé tuong minh gitra dbi tuong, von chua thé hién
day du ciu tric ngit nghia sau cia ndi dung anh. Tuy nhién, s6 luong cac cong trinh
khai thaic AMR trong chii thich anh hién vaAn con han ché va chii yéu tap trung vao
viéc xur Iy ngon ngit hon 14 thiét 1ap mbi lién két tryc tiép voi thong tin thi giac.

Mot s6 nghién ciru tién phong di budc dau khai thic AMR thoéng qua viéc
trich xuét biéu dién ngir nghia tir chinh cac chi thich chuan. Neto va cong su [73] dé
xut sir dung AMR nhu mot tang trung gian trong bai toan chu thich day dic cho hinh
anh (dense image captioning), trong d6 cac cha thich chuin dugc chuyén sang dang
AMR tuyén tinh nham giam bién thién ct phap va gitp mé hinh hoc biéu dién ngir
nghia tong quat hon. Bhattacharyya va cong su [24] gi6i thiéu mo hinh ReCAP, tich
hop thong tin vai trd nglr nghia (Semantic Role Labeling - SRL) vao qua trinh sinh
chu thich, cho phép kiém soat t6t hon ciu tric predicate-argument va dam bao tinh
mach lac nglr nghia cia cau mo ta. Bén canh do, Kim va cong su [26] tap trung khai
thac quan h¢ chu ngir - tan nglr nham giam thién I¢ch dir li¢u va cai thién sy nhét quan
trong nd1 dung chu thich sinh ra.

Gan day hon, mot sé nghién ciru ¢ mé rong hudng tiép can nay theo hudng

kiém soat ndi dung chii thich dua trén biéu dién ngir nghia triru tuong. Basioti va cong
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su [25] dé xuéat ky thuat Semantic Structure Alignment (SSA) trong bdi cianh
controllable captioning, két hop nhiéu do thi AMR trich xuét tir chi thich chuan thanh
mot meta-graph nham diéu hudng ndi dung mo ta theo cac ving anh. Mic di phuong
phap nay budc dau cho thay kha ning két ndi gitra ngit nghia triru twong va khong
gian thi giac, biéu dién AMR van chi yéu duoc sinh tir ngdn ngir, chua phan anh truc
tiép cdu trac quan hé thyc té trong anh dau vao.

Téng hop cac cong trinh lién quan cho thdy mot han ché chung cua hau hét
cac phuong phap st dung AMR hi¢n nay la AMR chi dugc khai thac tir phia ngon
ngit, khién biéu dién ngir nghia triru twong khong gin két chit ché véi noi dung thi
giac cua anh. Viéc anh xa truc tiép thong tin thi gidc va cac quan hé gitra ddi tuong
trong anh sang ciu tric AMR turong thich van con la mot bai toan mo. Bén canh do,
chi phi xir 1y d6 thi, su thiéu hut cic cong cu parser AMR phu hop cho dit liéu hinh
anh, ciing nhu viéc thiéu mot co ché théng nhat dé tich hop dong thoi AMR va dic
trung thi gidc vao bo giai ma ngdn ngir, tiép tuc 14 nhiing thach thirc 16n trong hudng
nghién clru nay.

Nhirng han ché néu trén cho thay nhu ciu phat trién cac phuong phéap chu thich
anh c6 kha ning két ndi chat ché gitra biéu dién ngit nghia triru twong va cau tric
quan hé trong anh, dong thoi tich hop hidu qua cac ngudn thong tin nay vao kién trac
giai ma hién dai. Py ciing chinh 1a khoang trong nghién ctru quan trong, tao tién dé
cho cac huéng tiép can méi trong viéc khai thic AMR nham nang cao chiéu sau va
dd chinh xac ngtr nghia cua chu thich anh tu dong.

1.2.3. Panh gia tong quan cac hwéng tiép can

T tong quan da trinh bay trong cic muyc trude, c¢6 thé nhan thay rang linh vuc
chu thich anh ty dong da trai qua nhiéu giai doan phat trién, v6i su chuyén dich ro nét
tir cac hudng tiép can truyén théng dua trén truy hoi théng tin va mau dir liéu sang
cac mo hinh hoc sau hién dai tich hop thi gidc va ngoén ngir. Cdc md hinh CNN-LSTM
dong vai trd nén tang, thiét 1ap khung ma hoéa - giai md ban dau; trong khi do, cac
kién trac Transformer da nang cao kha niang mé hinh hoa ngit canh va biéu dién ngon
ngit ty nhién mot cach linh hoat hon. Dong thoi, viée két hop do thi quan hé (scene
graph, relationship graph) va tri thirc nglr nghia tir bén ngoai (ConceptNet, WordNet,
LLMs) di gop phan cai thién kha ning biéu dat ngit nghia va ting cuong tinh nhét
quan trong mo ta.

Tuy nhién, da sb céc hudng tiép can hién hanh van con ton tai nhiéu han ché
chua dugc giai quyét triét dé. Cu thé: (i) cac cha thich thuong thiéu chiéu sau ngir

nghia va chua thé hién rd duge vai trd, hanh dong gitra cac ddi tuong; (ii) kha nang
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biéu dién va suy ludn cac quan hé phtrc tap con han ché, nht 1a khi chi dua trén dic
trung thi giac bé mat; (iii) viéc mo ta chinh x4c cac dbi twong méi hodc it gap trong
tap huan luyén van 1a mot thach thic; (iv) cac biéu dién ngir nghia triru twong nhu
AMR - dui tiém ning - van chwa dugc khai thac ddy du trong khung mé hinh chi thich
anh.

Viéc nhan dién cac diém manh, diém yéu va khoang tré)ng con tdn tai & moi
nhom tiép can 14 co so quan trong dé dinh hudng nghién ctru cac phuong phap méi
c6 kha ning ting cuong biéu dién ngit nghia, cai thién tinh khai quat va nang cao hiéu
qua md ta trong nhitng tinh hudng da dang va phtic tap hon.

1.3. Khoang trong va dinh huéng nghién ciru

Dua trén tong quan va danh gia cac hudng tiép can dugc trinh bay ¢ Muc 1.2,
phan nay phan tich nhitng khoang trong nghién ctru con ton tai trong linh vuc cha
thich anh ty dong va dé xuat cac dinh hudéng giai quyét tiém ning. Viéc nhan dién rd
cac khoang tréng giup xac 1ap ludn ctr khoa hoc cho viéc phét trién cac mé hinh cha
thich anh tich hop tri thirc ngit nghia va biéu dién ngir nghia triru trong - dinh hudéng
xuyén sudt trong cac chuong tiép theo ctia luén an.

1.3.1. Khoéng tréng nghién ctru

Mic du linh vuc chii thich anh ty dong dd c6 nhirng budc tién déng ké trong
thap ky qua nho vao sy phat trién manh mé ciia cac mé hinh hoc sau, nhung van con
ton tai nhiéu khoang tréng nghién ctru ma cac cong trinh hién tai chua giai quyét triét
dé. Dué6i day 1a nam van dé doi bat:

(i) Biéu dién va khai thac quan hé giira cac ddi twong con han ché: Cac mo
hinh dang c6 chu yéu st dung dac trung toan cuc hoac vung cuc bg, trong khi quan
hé giira cac d6i tugng (vé khong gian, ngit nghia hodc hanh dong) chwa dugc khai
thac sdu. Viéc biéu dién ciu trac anh dudi dang d6 thi méi ding ¢ muc dic trung bd
trg, chua dugc tich hop chat ch€ trong pipeline sinh chu thich.

(ii) Khé mé ta doi twong ngoai tap huin luyén va viée tich hop tri thire ngir
nghia chwa hi¢u qua: Do mé hinh hién tai phu thudc chit vao dit liéu huan luyén va
khoéng gian tir vung gidi han, rat kho dé nhan dién hodc sinh mé ta phu hop cho nhiing
ddi tuong chua tung xuét hién trong qua trinh hoc. Déng thoi, viée tdn dung céc nguén
tri thirc ngtr nghia bén ngoai - nhu ConceptNet, WordNet hay cac mo hinh ngdn ngir
16n (GPTs, LLaMA...) - van dang & giai doan so khoi, gip nhiéu thach thtc ca vé
cach biéu dién tri thirc 1dn co ché tich hgp dé khong gay nhidu cho qua trinh hoc, dan
dén kha ning can bang giira dic trung thi gidc va tri thirc ngit nghia bén ngoai kém

hiéu qua, 1am giam tinh tong quat hoa va chat luong mo ta ciia md hinh.
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(iii) Ung dung AMR trong chu thich dnh con so khai: Du AMR da ching
minh hiéu qua vuot troi trong nhidu tac vu xir Iy ngdn ngir ty nhién, nhung viéc két
hop AMR véi thong tin thi giac trong md hinh sinh chu thich cho hinh dnh van chua
dugc nghién ciru day du. Hién tai, con thiéu cac giai phap nhat quan dé anh xa céu
triic dd thi tir anh sang biéu dién AMR, cling nhu co ché hoc biéu dién AMR mét
cach hi¢u qua.

(iv) Han ché trong biéu dién ngir nghia sau tir dic trung thi gidc: Phan 16n
cac mo hinh hién tai van dua trén dic trung trich Xuét tlr cac mang CNN hodc cac
backbone nhu Faster R-CNN, ResNet, ... Tuy nhién, cac dac trung nay thuong phan
anh sy hién dién hodc ngir canh cuc b cua ddi tuong, trong khi thiéu kha nang biéu
dién céac lién két ngir nghia giita cac ddi twong ciing nhu lién két gitra ddc trung thi
gidc va ngodn ngir. Piéu nay din dén cic mo ta don gian, thiéu chiu sau va khong
phan anh diy di ndi dung anh.

(v) Han ché trong danh gia chit lwong ngir nghia: Mic du cac d6 do BLEU,
METEOR, ROUGE, CIDEr hay SPICE phan nio danh gia d6 khép ca phap va chét
luong bé mat, van ton tai khoang cach dang ké v6i nhan dinh ctia con ngudi - nhit 1a
khi doi hoi phan anh chiéu sau ngit nghia, da dang biéu dat hay kién thirc mo rong.
Viéc két hop dong thoi nhidu d6 do gitip danh gia toan dién hon, nhung van chua thé
do ludng chinh x4c chiéu sau ngit nghia va su da dang biéu dat ciia cac chi thich.

Nhirng khoang trong néu trén khong chi cho thay gidi han hién tai clia cac mo
hinh chi thich anh, ma con mé ra nhiéu huéng nghién ciru giau tiém ning nham cai
thién chiéu sau ngir nghia, kha ning téng quat hoa va suy dién cta hé thong thi gic
- ngon ngir.

1.3.2. Pinh hwéng nghién ctiru

Dé khic phuc céc khoang tréng da duogc chi ra, luan an dé xuit mot so dinh
hudng nghién ciru cy thé, gan chit véi timg van dé con ton tai, cy thé nhu sau:

(i) Téng cuong khai thac quan hé giira cac d6i twong: Xay dung pipeline gdm
phat hién ddi tuong, du doan quan h¢ va xay dung dd thi quan h¢ tir anh, sau dé khai
thac toan dién ciu tric dd thi béng cac k¥ thuat nhu mang tich chap dd thi nham 1am
gidu biéu dién hinh anh trudc khi sinh chi thich.

(ii) Tich hop tri thirc ngoai vao méd hinh mdt cach cé kiém soat: Str dung
cac ngué)n tri thirc nhu ConceptNet, WordNet, Visual Genome va cac mo hinh thi
gidc - ngdn ngir huan luyén trude (CLIP, BLIP-2...) dé tao embedding ngit nghia
phong phtl. Cac embedding nay dugc dwa vao mé hinh thong qua mo-dun hop nhét
tri thirc (Knowledge Fusion), sir dung co ché hop nhét (fusion) dé diéu hoa ty 1¢ dong
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gop giita tri thirc ngoai va dic trung thi giac, dong thoi ap dung co ché chi ¥ cross-
modal dé tinh chinh twong tac giita hai mién va loai bo nhiu khong mong muén.
Cach tiép can nay cho phép mé hinh vira mé rong kha ning nhan dién va mé ta cac
d6i twong méi, vira dam bao tinh nhat quan va chiéu sau ngit nghia cho cac chu thich
anh.

(iii) Ung dung AMR vao qua trinh hoc va sinh chii thich dnh: Két hop AMR
theo hai hudng: (1) trich xuat AMR tir cha thich chudn dé hoc biéu dién ngir nghia
va diéu chinh mé hinh sinh chi thich; (2) 4nh xa tir @ thi quan hé sang d6 thi AMR-
like tir anh dé dwa vao mé hinh. Embedding AMR c6 thé duge hoc qua GCN hoac
cac k¥ thuat hoc dd thi, sau do tich hop vao bd giai ma Transformer thong qua cac co
ché chu y nhu masked multi-head hodc cross-modal attention.

(iv) Téng cwong biéu dién ngir nghia sau tir diic trung thi giac: St dung cac
backbone hién dai nhu Vision Transformer, Swin Transformer hoac cac mo hinh thi
gidc-ngdn ngir huan luyén trudéc quy méd 16n (CLIP, BLIP-2, PaLl, Flamingo,
Kosmos-2) lam bd ma hoa; két hop huén luyén da nhi¢m (nhén dang ddi tuong, vai
trd, hanh dong) va co ché cross-modal attention dé thu dugc dic trung anh mé ta toan
dién ndi dung anh, tao nén tang cho viéc tao chii thich giau ngir nghia.

(v) Pé xuit @9 do danh gia ngir nghia: Pua ra d6 do moi nham danh gia tinh
tuong dong ngit nghia giita cha thich phat sinh va chd thich chuan, khac phuc han
ché clia cac do do truyén thong von chi yéu dua trén so khép n-gram va phan anh
chinh x4ac hon chét lugng ngir nghia ciia mo ta [74].

Céc dinh hudng nghién ctru néu trén khong chi mé rong kha ndng mo hinh hoa
trong khong gian thi giac - ngit nghia ma con dit nén tang cho cac hudng tiép can hoc
sau da phuong thirc ¢6 tich hop tri thire. Pic biét, viéc khai thac biéu dién ngir nghia
triru tuong nhuw AMR, két hop véi cac mod hinh ngén ngit - thi giac va do do ngir nghia
chuyén biét, ky vong nang cao chit lugng mo ta ca vé chiéu sau ndi dung lan kha
ning tong quat hoa. Cac dinh hudng nay duoc cy thé hoéa thong qua bén mé hinh
duogc trinh bay tuong tng trong Chuong 2, 3, 4 va 5 cta luan an.

1.4. Phuwong phap thuwe nghiém va danh gia

Nham dam bao tinh nhat quan va khach quan trong qua trinh kiém thir cac mo
hinh d¢ xuat, luan an xdy dung mot quy trinh thyc nghiém c6 cau tric rd rang, bao
gdm ba thanh phan chinh: (i) dit liéu thuc nghiém, (ii) 46 do danh gia, va (iii) moi
truong trién khai thuc nghiém.
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1.4.1. Dir liéu thwe nghiém

Trong bai toan chu thich anh, cac bd dit liéu chudn thudng bao gém céc cap
anh - chu thich duoc gan nhin thii cong. Trong luan 4n ndy, ba ngudn dit liéu chinh
dugc st dung gém MS COCO va Flickr30K cho nhi¢m vu sinh chu thich anh, cung
v6i Visual Genome cho bai toan dy doan quan hé gitta cac ddi tugng trong anh. Viéc
Iwa chon két hop cac tap dit liéu nay nham danh gia mot cach toan dién kha ning tong
quat hoa va mé rong ciia md hinh trén nhiing tap dir liéu c6 quy md, mic do chi tiét
va dg phuc tap khac nhau.

= MS COCO (Microsoft Common Objects in Context) [75]: La mdt trong
nhimg tap dit liéu 16n va da dang nhat (hon 330.000 anh) cho bai toan chu thich anh,
moi anh di kém 5 chu thich ngon ngit ty nhién do con nguoi tao ra. Tap dit lidu co
mirc da dang cao vé bdi canh, d6i twong va tuong tic gitta cac dbi twong, va la tiéu
chuan phd bién dé danh gia cac mé hinh chu thich anh. Thiét ldp ding trong ludn dn:
ludn 4n tuan theo Karpathy split [76] v6i 82.783 anh hudn luyén, 5.000 anh kiém dinh
(validation) va 5.000 anh kiém thtr (testing); mdi anh c6 5 chu thich thu thap qua
Amazon Mechanical Turk (AMT). MS COCO duoc dung lam chudn chinh dé huin
luyén va danh gia tit ca cac mo hinh.

= Flickr30K [77]: Gom 31.783 anh, mdi anh c6 5 cha thich do ngudi gan nhén.
Pay 1a tap dir liéu c& vira, thuong dugce dung dé danh gia hiéu qua mé hinh trén anh
tir bdi canh thuc té hon. Thiét ldp ding trong ludn dn: Karpathy split [78] v&i 29.783
anh huan luyén, 1.000 anh kiém dinh va 1.000 anh kiém thir; duoc dung 1am danh gia
bd sung nham kiém tra kha niang khai quat hoa ngoai mién MS COCO.

= Visual Genome [79]: Tap dit liéu phong phu vé ngir nghia, chtra hon 100.000
anh kém mo ta chi tiét, chu thich ving di twong, thudc tinh, quan hé giita cac doi
tugng va cau hoi - tra 16i. Trong luan 4n nay, Visual Genome chi dugc sir dung dé
huin luyén/tinh chinh phén du doén quan h¢ (phuc vu xay dung dd thi quan h¢); viéc
st dung nay khong anh huong téi quy trinh danh gia chu thich trén MS
COCO/Flickr30K.

Pé dam bao thong nhit dir liéu dau vao va kha ning so sanh cong bang giira
cac mo hinh, quy trinh chuan hoa dit liéu théng nhét duoc ap dung nhu sau:

Tién xir ly van ban: Tt vung duoc xay dung tu tap huén luyén; sau khi loai
b6 cac tir xuat hién dudi 5 1an, kich thudc tap tir vung dat 10.010 d6i véi MS COCO
va 7.414 d6i véi Flickr30K. Do dai t6i da cua cau chu thich dwoc dit 1a 16 tir.

Tién xi 1y anh: Anh duoc chuin hoa kich thuéc dau vao phu hop véi
backbone thi giac ctia timg mé hinh (vi du 224x224), va viéc chuan hoé theo théng
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ké cua bo pretrain twong g duogc thuc hién. Cac dic trung/ving bo sung dugce trich

xudt theo mo ta cua tirng chuong.

#1: A black dog and a while dog with brown spots | #1: Bedroom scene with a bookcase, blue

are staring at each other in the street. comforter and window.

#2: A black dog and a tri-colored dog playing with | #2: A bedroom with a bookshelf full of books.
each other on the road. #3: This room has a bed with blue sheets and a
#3: Two dogs of different breeds looking at each | large bookcase

other on the road. #4: A bed and a mirror in a small room.

#4: Two dogs on pavement moving toward each | #5: a bed room with a neatly made bed a window
other. and a book shelf

#5: A black dog and a spotted dog are fighting.

Hinh 1.4. Vi du vé anh va cdac cau mé ta chii thich trong tdp dit lieu MS COCO (phai) va
Flickr30K (trai). Moi anh di kem 5 chu thich ngon ngiv tw nhién do nguoi gan nhan.

Dé minh hoa dir liéu huan luyén, Hinh 1.4 trinh bay mot vi du tir mdi tap dir
liéu MS COCO (anh 000000000632.jpg) va Flickr30K (anh 1001633352.jpg), trong
d6 mdt anh dugc gan nhan voi 5 cau mo ta (ground truth captions) do con nguoi tao
ra. Cac mo ta nay phan anh su da dang vé ngon ngit trong viéc biéu dat ndi dung thi
giac.

1.4.2. Cac d¢ do danh gia

Hi¢u qua cua cac md hinh chu thich anh trong luan 4n dugc danh gia dua trén
mirc d6 trong dong giita chu thich sinh ra va chu thich chuan (ground truth), sir dung
nam do do phé bién trong Iinh vyc chu thich anh gém: BLEU, METEOR, ROUGE,
CIDEr va SPICE.

1.4.2.1. P do BLEU

BLEU (Bilingual Evaluation Understudy) 1a mot trong nhitng dé do phd bién
va c6 anh hudng 16n trong viéc danh gia tu dong chat luong ban dich may va cac mé
hinh sinh vin ban, bao gém ca bai toan cha thich anh. BLEU duoc dé xuit boi
Papineni va cong sy (2002) [80] nham muc tiéu tao ra mot phuong phap danh gia ty
dong, nhanh chéng, chi phi thip, va c6 twong quan cao véi danh gia ctia con ngudi.
Nguyén ly ¢t 16i cua BLEU la: mot ban dich duge xem 13 tdt néu n6 c6 mirc do

twong dong cao v&i mot hodac nhi¢u ban dich tham chiéu do con nguoi tao ra.
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Khac véi céc tiéu chi danh gia nglr nghia hodc cu phap phuc tap, BLEU su
dung cach tiép can dua trén thong ké n-gram dé so sanh mirc do tring khdp giita cac
cum tir trong cau sinh ra véi cac cau chuan.

BLEU duogc tinh toan dua trén hai thanh phan chinh: (1) trung binh cta cac do
chinh x4c n-gram di duogc diéu chinh (modified n-gram precision), va (2) yéu t6 phat
d6 dai (brevity penalty) dé tranh uu tién cac ban dich qua ngan hoic qué dai.

Pau tién, tinh d6 chinh x4c n-gram da duoc diéu chinh p,,:

_ ZCE{Candidates} Zn—gramec Countclip (Tl - gram)

Pn = (1.1)
ZCE{Candidates} Zn—gramec Count(n - gram)
Trong do:
" Counteyp(n — gram) = min(C ount(n — gram), max,erCount,r(n — gram)): sb

lwong n-gram trong chu thich sinh ra dwgc gidi han béi s6 luong t6i da cia n — gram
d6 trong bat ky cha thich chudn nao.

= Téng duoc tinh trén toan bd tap chi thich sinh ra (candidates), thuong & cap
do corpus dé tang do on dinh.

Tiép theo, tinh yéu t6 phat do dai (brevity penalty - BP):

1 néuc>r
= ; 1.2
BP {e(l_r/c) néfuc<r (1.2)

Trong do:
= c: D6 dai téng cua tat ca chu thich sinh ra trong tap kiém tra.
=7: Do dai tham chiéu hiéu qua, dugc tinh bang cach chon d6 dai chu thich
chuan gan nhét vai chu thich sinh ra cho ting anh va tong hop lai (trong chu thich
anh, thuong co nhiéu tham chiéu cho mdi hinh anh, nén léy dd dai trung binh hoac
gan nhat).

Cubi cung, gia tri BLEU dugc tinh nhu sau:

N
z Wnlogpn> (1.3)

n=1

BLEU = BP.exp <
Hoic duéi dang log dé d& phan tich hon:

N
r
log BLEU = min (1 o O) + z wylogp, (1.4)

n=1
Thong thuong, sit dung N = 4 (tirc 1a tinh dén 4-gram) va trong sé dong déu

w, = 1/4 = 0.25. Gia tri BLEU nam trong khoang [0, 1], véi 1 biéu thi chii thich
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hoan toan tring khép véi tham chiéu. Trong cha thich anh, thuong bao cdo BLEU-N
riéng 1¢ (vi du: BLEU-1 cho unigram, BLEU-4 cho 4-gram) dé danh gia chi tiét.
BLEU dénh gia tt trén tap dit liéu 16n, c6 kha ning phan biét 1 rang giita cac ban
dich tdt va kém khi xét trung binh trén toan b tap kiém thur. Tuy nhién, d6 do nay co
thé khong phan anh chinh xac chit luong trén tirng ciu riéng 1¢ va khong xét dén ngir

nghia sau sic néu khong c6 sy trung khdp bé mat.
1.4.2.2. Py do METEOR
METEOR (Metric for Evaluation of Translation with Explicit ORdering) 1a

mdt do do dugc phat trién dé danh gia chét luong dau ra cua cac hé théng sinh van
ban, bao gém ca dich may va chu thich anh ty dong. Puoc dé xuit boi Banerjee va
Lavie (2005) [81], METEOR khic phuc mét s6 han ché cia BLEU béng cach két hop
c4 precision va recall, ddng thoi dwa vao yéu té danh gia thtr tu tir ngit nham phan
anh t6t hon tinh mach lac va ding din vé ct phap-ngir nghia ctia cau mé ta duoc sinh
ra.

Trong bai toan cha thich anh, METEOR dénh gia mirc d6 trong dong giita cau
mo ta sinh ra tir mod hinh va cac chi thich chuin do con ngudi gan nhén, bang cach
thuc hién khép tir linh hoat gitra hai cau.

Daiu tién, thyc hién co ché khop tir va tinh diém:

METEOR thyc hi¢n so sanh & mirc unigram (tirng tur riéng 1¢) gitra cdu mo ta
ctia mo hinh va cac ciu tham chiéu. Qua trinh khép tir bao gdbm ba giai doan chinh:

= Khép chinh xac (Exact match): hai tir giéng nhau hoan toan.

= Khép theo gde tir (Stem match): hai tir gidng nhau sau khi rat gon vé gbe (vi
du: “running” va “run”).

= Khép theo tir ddng nghia (Synonym match): hai tir thudc cing nhom dong
nghia trong WordNet.

M&i tir trong cdu mod ta chi dugc khop v6i mot tir duy nhat trong cdu tham
chiéu, va uu tién khép theo thir ty trén.

Tiép @0, tinh toan do chinh xac (precision), do bao phii (recall) va F-mean:

= Precision (P): Ty 1 tir trong cau mod ta khdp voi cau tham chiéu.
m
P=—
t
= Recall (R): Ty 18 tir trong cau tham chiéu dugc khdp véi cau mé ta.

R=—
r
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*F_mean: Trung binh diéu hoa co trong sd giita Precision va Recall, véi trong
s6 nghiéng vé Recall nhim phan anh mirc d6 bao phu ngit nghia:
10.P.R

1.5
R + 9P (15)

F mean =

Trong do:
=m 1a s6 tir duwoc khop,
= ¢ 14 tong sd tir trong cau mo ta,
= 13 tong s tir trong cau tham chiéu.
Sau d6, tinh murc phat phan manh (Fragmentation Penalty): Dé danh gid mirc
dd lién tuc va dung thu ty cua cac tr khop, METEOR xéac dinh s6 cum lién tuc
(chunks) gom céc tir khdp c6 thir ty gidng nhau trong cé hai cau. S lugng cum cang

16n thi cau mo ta cang roi rac, va bi phat nhiéu hon.
Cong thure tinh hinh phat:
chy?
Penalty = 0.5. (—) (1.6)
m
Trong do:

= ch 1a s6 cum tir khop lién tiép,

=m 1a s6 tir khép,
Cubi cung, diém s METEOR duoc tinh bang:
METEOR = F_mean. (1 — Penalty) (1.7)

Gia tri METEOR nam trong doan [0,1], gia tri cang cao thé hién cdu mo ta
gan voi cau tham chiéu vé bé miat ndi dung va cdu trac ngodn ngit.

Trong céac nghién ctru chu thich anh, METEOR dugc sir dung phé bién bén
canh cac d6 do khac nhu BLEU, ROUGE va CIDEr dé danh gia chét lugng mo ta tu
d6ng. Uu diém ndi bat cia METEOR 1a kha ning danh gid linh hoat hon so v6i BLEU
nhd hd trg cac phép anh xa tir md rong, dong thoi co twong quan cao hon véi danh
gia cta con nguoi, dic biét trong cac tap dir liéu co nhidu phong cach viét cau chu
thich khac nhau nhu MS COCO hoac Flickr30K.

1.4.2.3. P§ do CIDEr

CIDEr (Consensus-based Image Description Evaluation) 1a mét d do ty dong
dugc d& xuat boi Vedantam va cong sy (2015) [82] nham dénh gia chét lugng mo ta
anh sinh ra boi mé hinh hoc sau dua trén mirc d¢ phu hop voi su déng thuan cta con
ngudi. Khac véi cac d6 do nhu BLEU hay METEOR vén thién vé n-gram bé mit,
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CIDEr dugc thiét ké dic biét cho bai toan chu thich anh v6i kha nang phan anh sy da
dang va do tu nhién cta cic cau mo ta do con ngudi tao ra.
a) Nguyén ly hoat dong

Trong bai toan chu thich anh, véi mdi anh dau vao I, gia st c6 mat tap cac cau
md ta tham chiéu ctia con nguoi S; = {51, Siz, ..., Siyg}, va Mot cAu mo ta do md hinh
sinh ra c;. CIDEr do luong d6 twrong dong giita cau sinh ra va tip cac cau tham chiéu
dua trén phén tich théng ké n-gram (voi n tir 1 dén 4), két hop véi ki thuat TF-IDF
dé diéu chinh trong s6 theo do pho bién va dic trung cia mdi n-gram.

Piém manh cua CIDEr 13 né khong chi do luong do khdp bé mit, ma con
khuyén khich viéc sir dung céc tir vung quan trong (salient words), hiém va giau thong
tin trong ngir canh hinh anh.

b) Biéu dién cAu va trong s6 TF-IDF

Mai cau dugc biéu dién béng mot tip cac n-gram. Vi mdi n-gram wy, trong

s6 TF-IDF dugc tinh nhu sau:

9i(sij) = (sy) log< o ) (1.8)

Ywiea Mi(5ij) Sp,ermin(1, Xq hi(spq))

Trong do:
= hy (si j): s6 1an xudt hién cua n-gram wy, trong cAu tham chiéu s; 15
= (2: tap hop tit ca cac n-gram trong tap dir licu,
= |1|: tong s6 anh trong tap di liéu,
¢) Tinh diém CIDEr theo tirng bic n-gram
Sau khi tinh trong s6 TE-IDF, diém CIDEr theo béc n-gram n dugc tinh dua

trén do do tuong tu cosine gitra véc-to ddc trung cia cau sinh ra ¢; va cic cau tham

chiéu Si]':

g"(c)-g"(sy)
g (eIl lg™(si)) ||

m
1
CIDE?’n(Cl,Sl) = EZ ” (19)
j=1

Trong do:
" g™ (c;): véc-to TF-IDF ciia cac n-gram d6 dai n trong céu sinh ra,

=m: sO cau tham chiéu.
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d) Tinh diém tong hop CIDEr

Diém CIDEr téng quat dugc tinh bang trung binh cong cac diém theo ting bac

n-gram tir 1 dén 4:

4
CIDET(c;,S;) = z w,,.CIDET, (c;, S;) (1.10)
n=1

Véi trong s6 w,, = i cho moi n. Theo thong 1é danh gia trong cong dong, bién
thé CIDEr-D dugc sir dung bo sung clipping n-gram (gi6i han s6 1an lap theo mirc tdi
da trong tham chiéu) va phat do dai dang Gaussian (khuyén khich d6 dai cau hop 1y).
Cong thirc CIDEr-D con bao gém mot hé s6 mo rong thang diém; khi hién thi, cac

cong cu danh gia thudng nhan thém hé sd hién thi (ky hiéu “x100”).
CIDEr 1a d6 do dic thu cho bai toan cha thich anh, dugc thiét ké dé phan anh
mirc d6 phit hop véi nhan thirc chung cta con ngudi vé ndi dung anh. So véi BLEU
va METEOR, CIDEr cho thdy twong quan cao hon véi danh gia thi cong cua con

nguoi, dac biét khi s6 cau tham chiéu tang lén (tur 5 dén 50 cau).
1.4.2.4. P§ do ROUGE

ROUGE (Recall-Oriented Understudy for Gisting Evaluation) 1a mot tap hop
cac do do duoc dé xudt boi Lin (2004) [83] nham danh gia chat luong cia ban tom
tat tu dong béng cach so sanh véi mot hodc nhiéu ban tom tit tham chiéu do con
nguoi tao ra. Mac du ban dau duoc phat trién cho bai toan tom tit vian ban, ROUGE
cling duoc ap dung hiéu qua trong cac bai toan sinh ngdn ngit tu nhién khac, bao gdm
chu thich anh ty dong, noi cac cdu mo ta sinh ra dugc so sanh vdi cac cau chuan vé
murc d§ trung khop ndi dung va trat tu tir vung.

Trong bai toan chd thich anh, ROUGE do ludng muc do twong dong giita cau
md ta ctia md hinh va tip cac chii thich chuan duya trén tiéu chi n-gram tring khép va
chudi con chung dai nhat. Cac bién thé phd bién duoc sir dung bao gobm ROUGE-N
va ROUGE-L.

a) ROUGE-N: Thong ké trung khép n-gram

ROUGE-N do ty 1& n-gram trong ciu mo ta sinh ra ma ciing xut hién trong
céc cau tham chiéu. V&i n = 1, ta ¢6 ROUGE-1 (trung khép tir don); voi n = 2, ta
c6 ROUGE-2 (trang khép cap tir lién tiép), ...

Cong thuc tinh ROUGE-N (dang recall):

ZSERefSummaries ZgramES Countmatch (gramn)

ZSERefSummaries Zgrames Count(gramn)

ROUGE — N = (1.11)



30

Trong do:
= CouNt ygecn: 8O 14n xudt hién ctia n-gram trong ca cAu mo ta va cau tham chiéu.
= Mau s 1a tong sd n-gram trong tat ca cac cau tham chiéu.
» ROUGE-N 1a d6 do thién vé recall, nén déanh gia cao cac cau mo ta bao phu
duoc nhiéu n-gram quan trong trong cau tham chiéu.
b) ROUGE-L: Chubi con chung dai nhit (Longest Common Subsequence)
ROUGE-L danh gia dya trén do dai ctia chudi con chung dai nhat (LCS) gitta
hai cau, phan anh mirc 46 bao toan thi ty tir ngit gitta cau sinh va cau tham chiéu. So
v6i n-gram, LCS khong yéu cdu céc tir tring phai nam lién tiép nhung phai gitr thu
tur xuét hién.
Cong thuc ROUGE-L sur dung F-measure:
_LCS(X,Y) LCS(X,Y)

T len(X) T T len(Y)

(1 + 32) Plcs- Rlcs

Fl =
“ Rlcs + Bz' Plcs

(1.12)

Trong do:
» X: cau tham chiéu, Y: cu mé té sinh ra,
= LCS(X,Y): do dai chudi con chung dai nhat,
= 8 thuong dat rat 1on (=~ 8) dé uu tién recall hon precision.

Trong cac nghién ctru chu thich anh ty dong, cac bién thé nhu ROUGE-I,
ROUGE-2, va ROUGE-L thuong dugc st dung dé danh gia muc dg bao phu ndi dung
va tinh mach lac ngon nglr cia mo ta sinh ra. Chung dac bi¢t hitu ich trong viéc danh
gi4 kha ning tao cau gan nghia v6i md ta ciia con ngudi, va c6 thé bd sung cho cac

d6 do nhu BLEU hay CIDEr dé dua ra cai nhin toan dién hon vé hiéu sudt mé hinh.

1.4.2.5. P$ do SPICE

SPICE (Semantic Propositional Image Caption Evaluation) 1a mdt d§ do danh
gia tu dong cho bai toan sinh chu thich anh, dugc dé xuat boi Anderson va cong su
(2016) [84] v6i muyc tiéu phan anh sat hon danh gia ctia con ngudi so voi cac do do
truyén thong nhu BLEU, METEOR, ROUGE hay CIDEr. Khéac véi cac phuong phap
dwa trén so khop n-gram, SPICE do luong muc d6 twong dong vé ngit nghia gitra chu
thich sinh ra va cac cau tham chiéu, thong qua biéu dién d6 thi canh (scene graph).

Phuong phép nay tdp trung vao vi¢c phan tich ndi dung nglr nghia (semantic

propositional content) bang cach chuyén doi chu thich sinh ra va cc chu thich chuan
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thanh d6 thi canh, sau do tinh toan su tuong déng dua trén cac doi tuong, thudc tinh,
va moi quan h¢. SPICE khéc phuc han ché cua cac do do dua trén n-gram nhu BLEU
hoic ROUGE bang cach wu tién so khop ngit nghia, gitip danh gia tinh chinh xac, chi
tiét, va noi bat cta cht thich ma khong phu thudc vao tir vung chinh xac.

Viéc tinh diém sé SPICE duoc thuc hién nhu sau:

Pau tién, biéu dién cau bang scene graph. Vi mdi cu mé ta ¢, SPICE chuyén
d6i cau nay thanh mot do thi ngit nghia G(c) =< 0(c), E(c), K (c) >. Trong dé:

= 0(c): tap cac dbi tugng (objects),
=E(c) S 0(c) X R x 0(c): tap quan hé giira cac ddi tugng,
=K(c) € 0(c) x A: tap thudc tinh gin véi dbi tuong.

Tiép theo, dinh nghia T (G (c)) = 0(c) U E(c) U K(c) 1a tap hop tit ca cac bd
ba ngit nghia tir cau sinh ra. Tuong tu, T(G (S)) 12 hop nhit cta cac bd ba tir cau tham
chiéu.

Goi toan tir so khép 1a ®, voi nghia 1a dém sb bo ba giéng nhau giita 2 tap.
Khi do:

= Precision:
_T(G())BT(G(S))]
PeS) ="rG o
= Recall:
TG ()®TG(S))]
RS =1 G sl

= F-score (SPICE Score):
2.P(c,S).R(c,S)
P(c,S) + R(c,S)

SPICE(s,S) = F,(c,S) = (1.13)

Céc bo ba dugc xem 1a khép néu giéng nhau vé tir nguyén (lemma) hodc thude
cing nhom dong nghia theo WordNet. SPICE khong cham diém mdt phan: néu chi
mot thanh td trong b ba sai thi khong duogc tinh diém.

Gia tri SPICE nam trong khoang [0, 1], cao hon biéu thi khép ngir nghia tot
hon. C6 thé phan tich theo timg loai (vi du: SPICE-objects, SPICE-relations) dé danh
gia chi tiét. Phuong phap nay dd duoc ching minh qua céc thuc nghiém trén MS
COCO va Flickr8K, cho thiy trong quan cao v&i danh gia con nguoi trén tap dir liéu

16m, va hd trg tot cho viéc so sanh mo hinh chi thich anh.
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Mbi do do néu trén déu c6 wu diém va han ché riéng. Trong thuc té, nhiéu
nghién ctru str dung két hop cac do do (BLEU, METEOR, CIDEr, ROUGE, SPICE)
dé c6 cai nhin toan dién hon. Tuy nhién, van con ton tai khoang cach dang ké giira
cac danh gia ty dong va nhan dinh thuc té ctia con nguoi, dac biét khi chu thich can
phan anh thong tin ngir nghia sau, sy da dang biéu dat hodc cac kién thirc mé rong.
Diéu nay dit ra nhu cau phat trién cac do do mdi tap trung vao danh gia ngir nghia va
kha ning tong quat hoa ctia mo hinh, 1a mot hudng nghién ctru ddy tiém ning trong
tuong lai.

1.4.3. Mi truong trién khai thue nghi¢m

Toan bd md hinh duoc trién khai bang ngon ngit Python va mot s6 framework,

thu vién chinh nhu sau:
= PyTorch: X4y dung va huan luyén mé hinh hoc siu.
= Torch-Geometric: Xir 1y va hoc biéu dién trén do thi (GCN).

= NeuralAMR (AMR Parser): Xur Iy biéu dién chi thich chuan thanh do thi
AMR.

Viéc huin luyén mo hinh dugc thuc hién trén Google Colab Pro, GPU NVIDIA
Tesla, sit dung batch size, learning rate, va sb epoch duoc tdi wu hoa cho tung mo
hinh riéng biét. Cac thanh phan thyc nghiém néu trén dong vai tro ¢t 15 trong viéc
kiém thir va dénh gia hiéu qua ctia cac mo hinh dugce dé xuat trong luan an.

1.5. Két chuwong

Chuong niy cung cap mdt cai nhin tong quan c6 hé théng vé linh vyc nghién
ctru chu thich anh, dac bi¢t tap trung vao cac phuong phap dua trén mang hoc sau.
Thong qua viéc phan tich va phan loai cac hudng tiép can nhu CNN-LSTM, mé hinh
dua trén do thi, Transformer, tich hop tri thirc ngir nghia tur nguén ngoai, va biéu dién
triru twong AMR, chuong da lam rd tién trinh phat trién, vu diém va nhitng han ché
con ton tai ciia timg nhoém phuong phap. Tir d6, cac khoang tréng nghién ctru quan
trong da dugc xac dinh, bao gém: han ché trong biéu dién quan hé va ngilr nghia sau,
khé khan khi mé ta cac doi tugng ngoai tap huén luyén, va su thiéu Véng cac do do
phan anh dy du chat luong ngir nghia trong sinh mo ta. Ngoai ra, chuong ciing da
gi6i thiéu khung thyc nghiém thdng nhét bao gom tap dir liéu, do do danh gia va moi
truong cai dat - nhitng thanh phan dugc sir dung xuyén sudt trong cac chuong tiép
theo. Nhitng ndi dung trinh bay trong chwong nay déng vai trd lam nén tang 1y thuyét
va dinh hudng k¥ thuat quan trong cho viéc phat trién va trién khai bén mé hinh cht

thich anh ty dong dugc dé xuét trong luan an.
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CHUONG 2. MO HINH CHU THiCH ANH SU DUNG
BIEU DIEN PO THI QUAN HE GIUA CAC POI TUQONG

Trong cac md hinh chi thich anh gan ddy, phan 16n phuong phap van dya vao
dic trung toan cuc cia anh hodc dic trung vung doc 1ap, dan dén han ché trong viéc
nim bét ngir canh va quan hé giita cac d6i tugng. Dé cai thién kha ning mé hinh hoa
cAu tric ngir nghia nay, chuong 2 gidi thiéu mé hinh OD-VR-Cap, dai dién cho budc
khoi dau trong chudi phat trién ciia luan an. M6 hinh két hop dic trung dbi tuong vai
thong tin quan hé théng qua biéu dién dd thi quan hé va co ché cha y kép, giup ting
cudng kha ning hiéu cau tric canh va ngit nghia khi sinh cht thich.

Chuong nay dua ra mot co ché tich hop thong tin quan hé vao qua trinh sinh
chu thich, qua d6 nang cao kha niang mo hinh nam bét cau triic ngit nghia cta anh va
tao nén tang cho cac huéng mé rong & nhitng chuong tiép theo. Cac dong gop cia
chuong nay duoc cong bd trong cong trinh [CT1], dong thoi cling dong vai trd nén
tang cho cac phat trién trinh bay trong cac cong trinh [CT4], [CT5] va [CT6].

Noi dung ctia Chuong duoc to chirc nhu sau: Muc 2.1 trinh bay hudng tiép
can; Muc 2.2 mo ta chi tiét mé hinh OD-VR-Cap; Muc 2.3 trinh bay thiét lap thuc
nghiém va két qua; cudi cung, Muc 2.4 két luan chuong va thao luan vai tro ciia mo
hinh trong chudi nghién ctru cua luan an.

2.1. Gi6i thiéu

Cac mo hinh tao chi thich anh dat két qua tdt chu yéu dua trén mo hinh hoc
sau két hop co ché chu y va duge t6 chirc theo khung ma hoa - giai ma [85]. O khung
nay, bo mi hoa (image encoder) hoc biéu dién ndi dung truc quan va anh xa anh thanh
véc-to ddc trung, con b gidi ma (language decoder) - thuong 1a mé hinh ngén ngir -
nhan véc-to ndy dé phat sinh cdu mé ta. Nhin chung, cac cong trinh ndy c6 thé quy
vé hai nhém chinh: (i) CNN-RNN/LSTM [3, 76], va (ii) cac bién thé ting cuong co
ché cht y [18, 86].

Tuy nhién, khi anh dugc nén vé mot véce-to duy nhét boi cac mang CNN huin
luyén truée, mo hinh khé ndm bt ngit nghia ¢ cap dbi twong ciing nhu su tuong tic
giita cac cac ddi twong nay; dong thoi viée can chinh hodc lién két (alignment) giita
vung anh va cac tir trong cau thuong kém hiéu qua [87]. Do do, mot hudng cai thién
ty nhién 1a trich xuat d6i twong trong anh va mé hinh héa cac quan hé giita chiing dé
bd ma hoa giir lai thong tin gidu ngit canh hon, tao tién dé cho b giai ma sinh cha
thich chinh x4c hon. Mt khac, cac phuong phap ¢ co ché chu ¥ da chirng minh hiéu
qua khi gitp bo giai ma tap trung dong vao nhimg phan lién quan cia anh thay vi dwa

toan bo anh [85]. Dau vay, nhiéu nghién ctru chi khai thac dac trung thi giac vung
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anh, trong khi ngit nghia nhan 16p va thong tin quan hé giita cac dbi twgng chua dugc
khai thac ddy du. Vi thé, can mot co ché cha ¥ kép két hop chi ¥ thi gidc (trén dic
trung ving) voi cht ¥ ngit nghia/dd thi (trén nhan 16p va quan hé), dé gan trong sb
thich nghi cho tirng thanh phan dic trung khi giai ma, qua d6 cai thién chét lugng chi
thich.

Xuét phat tir cac han ché néu trén, chuong nay dé xuét tiép can ma héa dd thi
quan hé két hop cht y kép nham ning cao d6 chinh xac. Cu thé, dd thi quan hé duoc
xay dung bang cach phat hién d6i twong va du doan quan hé gitra cac cap ddi tuong;
céu tric nay cho phép mé hinh t6 chirc lai ngit canh anh theo dang lién két, giup hiéu
ndi dung mot cach hé théng hon trude khi dua vao bo giai mi. Song song, chi ¥ kép
dong thoi khai thac dic trung thi gidc va dic trung ngit nghia tir d6 thi, nho d6 ting
kha niing chon loc thong tin phu hop & mdi budc sinh tir. Pong gop trong tim clia
chuong dugc tom luge nhu sau:

= Dua ra mo hinh nang cao do chinh xac phat hién dbi twong két hop mang tich
chap d6 thi, m6 hinh nay c6 thé d& dang tich hop vao cac k¥ thuat phat hién di tuong
khac.

» Dua ra mo hinh dy doan mdi quan h¢ gitra cac déi tuong trong anh dua vao
dic trung ving ddi twong, théng tin ngir canh va tri thirc quan hé giira cac d6i tuong
trong tap dit liéu. Tir d0, tao ra d6 thi quan hé dé biéu dién nodi dung hinh anh day du
ngtr nghia.

= Gi6i thi¢u cach biéu dién dd thi quan hé cta hinh anh thanh véc-to dc trung,
cach biéu dién nay khai thac duoc ngit nghia ctia mdi quan hé dya trén mang tich
chap d6 thi.

=Pua ra co ché chi ¥ kép tap trung vao ca dic trung ving ddi twong va dic
trung cac dinh trong do thi quan hé cua hinh anh. Tir @6, xy dung mé hinh cha thich
anh dya vao d6 thi quan hé cta hinh anh va mang LSTM véi co ché cha ¥ kép.

2.2. Phwong phap chu thich anh dé xuit

Trong chuong nay, md hinh chu thich anh duoc xay dung theo kién triic ma
hoa - giai mi (encoder-decoder), nhur minh hoa trong Hinh 2.1, gdm hai thanh phan:

» B6 md hoa hinh anh (Image Encoder): hoc va biéu dién noi dung anh duéi
dang cac dic trung gidu thong tin ngit nghia, bao gdm (i) phat hién ving ddi tuong
cai tién bang ODwGCN; (ii) du doan quan hé giita cac d6i twong bang mo hinh
VRP+RK; va (iii) xay dung - biéu dién d0 thi quan hé (R-Graph/R-Graph*) dudi dang
embedding.
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= B¢ giai mi ngdn ngir (Language Decoder): tao cdu md ta bang ngdn ngir tu
nhién dya trén dic trung du ra ciia bd ma hoa; trong nghién ctru ndy, bd giai ma gdbm
(iv) co ché chi y kép (dual attention) va (v) mang LSTM nham két hop dong thoi dic

trung vung ddi tuong va dic trung ciu tric tir d6 thi quan hé.

B6 ma héa hinh anh B6 giai ma ngon ngir

| Déc tring thj giac Co ché B gidi ma
Anh dau vao [ OD":;;CN mire vang | chiykép —>» LSTM » Ch thich
| i 1 § ) v)
Tao va nhiing dé thj quan hé | = | T

Dw dodn ; _—
mébi quan hé > (iii) : Chi thich
) chuan

(i)

Hinh 2.1. Kién triic tong thé ciia mé hinh chii thich anh OD-VR-Cap. (i) ODwGCN phdt
hién cdc ving doi twong, (i) Mé-dun dw dodn quan hé gitka cdc doi twong; (iii) Xdy dung
va biéu dién do thi quan hé duéi dang embedding; (iv) co ché chii y kép két hop dac trung
vung va ddc trung do thi; (v) Bo gidi ma LSTM sinh cdu chu thich dwa trén cac dac trung

két hop va chii thich chuan.

2.2.1. Kién tric tong thé ciia md hinh dé xuit

Hinh 2.1 mé ta toan bd md hinh OD-VR-Cap nhu mét chudi xtr 1y lién tiép
g6m bo ma hoa hinh anh va b giai ma ngén ngir. Trén co so do, cac thuat toan trong
muc nay duoc sap xép theo dang thir ty dong dit liéu tir anh ddu vao dén ciu chu thich
dau ra, ddng thoi mdi thuat toan duoc gan truc tiép vi mot khdi chire niang trong kién
tric tong thé.

Cu thé, trong bd ma hoa hinh anh, khdi phat hién d6i trong cai tién ODwGCN
duoc trinh bay trude, bao gdm quy trinh hoc trong sé/embedding dé hiéu chinh phat
két qua phat hién ddi twong cta cac mé hinh huin luyén trude; ndi dung ndy tuong
mg v6i Thudt toan 2.1-2.2. Tiép theo, khéi du doan quan hé¢ VRP+RK dugc mé ta
nhu mot tac vu phan 16p quan hé giita cac cip vung ddi tuong, trong do tri thire quan
hé duoc hoc tir co sé tri thirc va dugc dua vao bd phan 16p; quy trinh du doan quan
hé gitra hai ving ddi twong duogc cu thé hoa bang Thuét toan 2.3. Sau khi co tap ddi
tuong va tap quan hé, dd thi quan hé G va dd thi quan h¢ mé rong G* dugc xay dung;
viéc hoc embedding cho cac niit ciia G* nham tao dic trung cu tric - ngir nghia phuc
vu gidi ma dugc mo ta trong Thuat toan 2.4.

Trong bd gidi ma ngdn ngir, hai ngudn dic trung dau vao gdbm dic trung ving
dbi tuong F va embedding dd thi Z* duoc tich hop thong qua co ché chi y kép. Quy
trinh tinh diém lién két, chuan hoa trong sb chu ¥ va tao hai véc-to ngir canh ct(v) va
ct(g ) tai moi budc thdi gian duge mo ta trong Thuit toan 2.5. Cac véc-to ngit canh
nay sau d6 dugc dua vao LSTM dé cap nhat trang thai va sinh tu tiép theo theo cac
cong thirc (2.7)-(2.8), tir d6 tao thanh chudi chu thich hoan chinh.
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Dé thuan tién cho viéc mo ta chi tiét mo hinh dé xuét, cac ky hiéu va dinh

nghia lién quan sau dugc st dung:

= Tap dir liéu dugc str dung cho bai toan chi thich anh gém c6 Ny mau, moi mau
duoc biéu dién dudi dang mot cdp (I,S). Trong do6, I 1a anh dau vao va S =
{51, Sy, ) SNS} 1a ch thich chuan twong Gmg. Mdi s; dai dién cho tir thtr i trong cau,
vi € {1, ..., Ng}.

= B, Ny lan luot 1a tap ving ddi tuong va sé ving dbi twong phat hién duoc
(detected boxes) trong anh.

= C, N lan luot 1a tdp nhan 16p va sé luong nhén 16p ddi tuong trong tap dir
liéu.

=Y 1a ma tran d¢ tin cay thu dugc tur két qua cta mo hinh phat hién ddi tuong
huin luyén trude, Y 12 ma tran do tin cdy sau khi thuc hién diéu chinh béng mang
GCN.

= K 14 co so tri thitc chtra N thuc thé (entity) bao gdm cac subjects, objects
va predicates; E 1a tap thuc thé.

=R, Ny lan luot 1a tap mbi quan h¢ va sb luong mbi quan h¢ cé trong K.

W, 6@, G, G* 1an luot 1a d6 thi trong quan nhin di tugng, dd thi thuc thé,
d6 thi quan hé va d6 thi quan hé mé rong; X P, X @ [ ma tran dic trung cia G va

G@; X 1a ma tran dic trung clia G*.

= hf,l) 1a trang thai an cta dinh v tai ting [ ciia GCN, h, 13 trang thai an cua
LSTM cell tai thoi diém t.

= C6 3 ham tong mat mét hay chi phi (cost function), ky hiéu L, (¢) cho bai toan
chu thich anh, L, (@) cho bai toan huan luyén mang GraphSAGE theo phuwong phap
c6 giam sat trén do thi GV dua vao nhén cta cac ving dbi tuong trong anh va L (@)
cho bai toan huan luyén mang GraphSAGE theo phuong phap khong giam sat dua

vao d6 tuong ty cua cac dinh 1an can trong d6 thi G® va 6@,

Trong do:
M Ny’
N ; ; 2.1
L@ =3 Y 10g PO, 50, . 500 £ ) @
T i=1t=1

Trong (2.1), Nbgi), st(i), f,(i) lan luot 13 sb tir trong chu thich, tir ding tai thoi

diém t, dic trung anh cia mau dit li¢u thw i; P(St(t) |sl(i), Sz(i), e St(i)l, £©) 14 xac suat
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, \ i . o3 R ) X ,o. ~ , < g~ , ‘ oA
du doan tur yt( ) tai thoi diém t ctia mau thir i dua trén cac tir da du doan trude do6 va
dac trung cua anh dau vao.

Np N¢

1
L) = 3 ). ) (7 109(5,): ) 22)
i=1 j

Trong (2.2), y;;,¥:; € {0,1} lan luot 13 nhin chudn va nhan du doan ctia mod
hinh phat hién dbi twong két hop GCN cho bounding box i thudc vé 16p dbi tuong j.

L)y = Y | D —tog (o (" 1))

vev (@ \uenN(v)

+ Z log (1 -0 (hf,NL) . h;NL))) ;P

nen’

(2.3)

Trong (2.3), o 1a ham sigmoid, hf,NL) 1a véc-to embedding cuia dinh v tai tang
cubi (N,), N(v) 1a tap cac dinh 1an cén cua v, N'(v) 1a tap cac dinh duoc chon ngiu
nhién khong phai lan cén cua v.

Ba ham mat mat Ly, L,, L; duoc xdy dung tuong ung v6i ba nhiém vu riéng
biét trong mo hinh dé xuét. Mdi ham dam nhiém mot muc tiéu toi vu cu thé va duoc
str dung trong céac giai doan huin luyén khac nhau, phit hop vi ban chat cua ting bai
toan. Cach to chirc nay gitip dam bao sy tach biét rd rang giira cac muyc tiéu hoc va
duy tri tinh nhat quan trong qua trinh xay dyng mé hinh.

Dua trén cac ky hiéu va dinh nghia trén, cac muc tiép theo trinh bay chi tiét
ting thanh phan trong mo hinh dé xuat theo dung ludng xtr 1y cia kién trac téng thé.

2.2.2. B0 ma héa hinh dnh

B6 ma héa hinh anh bao gdm: (i) moé hinh phat hién ddi tugng két hop GCN,
goi 1a ODwWGCN; (i1) m6 hinh du doan mbi quan h¢ gitra cac ddi tugng trong anh,;
(iii) d thi quan hé, bao gdm cach tao do thi quan hé va cach bicu dién cac nat ciia dd
thi quan h¢.
2.2.2.1. M hinh phat hién @i twong két hop mang tich chap db thi

Cac md hinh phat hién dbi twong phd bién nhu SSD, Faster R-CNN hay
YOLO, vén dugc hudn luyén san trén céc tap dir liéu 16m, da ching minh dugc hiéu
qua trong nhiéu bai toan thi gidc may tinh, bao gdm ca chi thich anh. Tuy nhién, khi
xtr 1y cac hinh anh c6 nhiéu d6i tuong hodc cau triic phtc tap, cac mé hinh nay thudng
gap kho khan trong vi¢c phan biét va dinh danh chinh xac céac ddi tuong. Han ché

chinh ndm & chd chung chi tap trung vao dic trung cuc bo cia timg dbi twong riéng
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1¢, trong khi b qua mdi quan hé ngir canh gitra cac ddi tuong trong cting mot khung
hinh, dan dén kha ning nhén dién sai hodc thiéu nhit quan trong mét sd trudng hop.

Dé khic phyc van dé nay, nghién ctru dé xuat mot mo hinh phat hién doi twong
cai tién, ky hiéu 1a ODwWGCN, dugc minh hoa trong Hinh 2.2. M6 hinh gom hai giai
doan chinh:

(a) O giai doan dau, mé hinh hoc cac mdi quan hé dong xuit hién giira cac ddi
tugng trong anh bang cach sir dung mang tich chap do thi (Graph Convolutional
Network - GCN) dé mé hinh hoa su phu thudc ngtr canh.

(b) O giai doan tiép theo, két qua phat hién tir cac mé hinh nén tang (SSD, Faster
R-CNN, YOLO) duogc hi€u chinh lai dyua trén cac mbi quan h¢ hoc dugc & giai doan
trudc, thong qua hé sb diéu chinh twong quan giita cac ddi tugng.

Céch tiép can nay gilip tang d6 chinh x4c trong nhan dién ddi tugng, dic biét
dbi v6i cac anh chira nhiéu ddi twong twong tac hodc co bd cuc phuc tap, dong thoi
cung cap ngudn dic trung dau vao gidu ngir nghia hon cho giai doan xay dung do thi
quan hé & phan sau ctia mo hinh.

a) Giai doan 1: Hoc méi quan hé déng xuit hién giira cac doi twong trong
anh bang GCN

O giai doan dau nay, mo hinh xay dung mot do thi biéu dién sy tuong quan
giita cac nhan d6i twong nham mo ta mic do dong xuat hién ciia chung trong cuing
mot anh. Dya trén d6 thi ndy, mang tich chap d6 thi duoc thiét ké va huan luyén dé
hoc cac mau quan hé dong xuét hién giira cac ddi twong, v4i dit liéu dau vao 1a két

quéa phat hién tir cic md hinh phat hién ddi twong dugc huan luyén trude.

r : : :
Giai doan 1. Hoc moi quan hé gitra cac doi twong trong dnh bang GCN Db thi trong quan nhan déi twong

Tap div
liéu anh

Confidence pooling Confidence [ -
matrices (box axis) matrix oot 8

Trong sé

| Giai doan 2. Diéu chinh két qua phét hién déi tuvong

|

' |Anh dau vao Phat hien Confidence matrix element-wise
| doi twong product

|

Hinh 2.2. Mé hinh phat hién doi twong cdi tién két hop mang tich chdp do thi (ODwGCN)
gom hai giai doan: hoc quan hé nhdn va hiéu chinh ma trdn do tin cdy

New confidence matrix
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a.1) P thi twong quan nhin ddi twong

D) thi nay biéu dién mdi quan hé ddng xudt hién giita cic nhan 16p dbi twong
trong tap dir li¢u hinh anh va dugc xay dung dya trén nguyén ly ctia m6 hinh ML-
GCN [88]. Muc tiéu la khai thac su phu thudc ngit canh giira cac dbi tuong dé hd tro
viéc hiéu chinh cac phat hién sai hodc thiéu nhit quan trong giai doan nhan dang.
Trong kién tric ML-GCN, mdi dinh trong d6 thi twong ting véi mot nhan 16p ddi
tuong cua tap dir 1i€u, con dac trung cua dinh dugc biéu dién thong qua véc-to nhiing
tir (word embedding) ctia nhin 16p d6. Ma tran ké duoc xac dinh bang cach thong ké
tan suat dong xudt hién giita cac nhin trong cung mot anh, qua d6 phan anh mirc do
lién két giita cac 16p d6i tuong.

Trong nghién ciru ndy, dic trung cua cac dinh dugce trich xudt truc tiép tir két
qua phat hién dbi twong trong anh thay vi sir dung véc-to nhung tir. Cach tiép can nay
gitip d0 thi biéu dién chinh xac hon mbi quan hé thuc té giita cac ddi twong trong
khong gian hinh anh, dong thoi ting cudng kha nang khai thac thong tin ngir canh,
phuc vu cho viéc hiéu chinh két qua phat hién trong cac giai doan tiép theo.

Dinh nghia 2.1. D4 thi twong quan nhan LC-Graph 6 = (VY, A®) 1a mot
d6 thi c6 huéng bao gom:

~ Tap dinh VO = (v € ¢, vi = T, N}, mbi dinh v" dai dién cho mét nhan
16p trong tip dit li¢u anh.
— Matranké A® = {al.(}) € {0,1},Vi,j = 1, N}, mdi phan tr al.(}) trong ma tran

ké biéu thi su ton tai ctia mot canh c6 hudng gitra 2 dinh vl.(l) va vj(l).

Qua trinh tao ma tran k& A® duoc tién hanh theo cac bude sau:
(1) Trude hét, goi I;, |; 1an luot 1a nhan cua 16p déi tuong o; va o;; dong thoi,
m;; biéu thi s6 1an cip nhan [; va [; ciing xuat hién trong céc anh ctia tap dit liéu huén
luyén. Khi d0, ta xac dinh ma tran tan suat dong xuat hién M € NNc*N¢ phy sau:
M ={m; >0,Vi,j =1,Ng,i#j
(2) Tiép theo, goi n; 1a tong sb 1an xuét hién cua nhin [; trong toan b tap dir

li¢u huan luyén. Dya trén do, ma tran h¢ s6 tuong quan giira cdc nhan 16p dugc tinh

bang cong thirc:

D—{d —EVi'—lN}
- ij_n') ] = L Ne

l
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(3) Sau khi thu dugc ma tran D, tién hanh nhi phan hoa dé loai bo cac quan hé
nhidu, thu dwoc ma trn twong quan nhi phan - dong thoi ciing 12 ma tran ké cua dd
thi.

0 ifd; <t N
) — Q)z[' ij —
A (au 1, if dij = T'VL’] 1, Ne

Trong d6, T € (0,1) 1a ngudng loc nham loai bod cac canh c6 tan suat ddng xuét
hién thép, giup giam nhidm trong dd thi. Gia tri T = 0.5 duoc sir dung trong céc thuc

nghiém cua nghién ctru nay.
a.2) Mang tich chip dé thi cho mé hinh phat hién ddi twong

Mang tich chap do thi dwuoc gidi thiéu 1an dau trong cong trinh “Semi-
Supervised Classification with Graph Convolutional Networks” [89], v61 muc tiéu
xtr Iy bai toan phan 16p ban giam sat trén dit liéu co ciu trac do thi. C6t 161 ciia phuong
phap nay nam & co ché lan truyén thong tin gitta cac dinh 14n can, cho phép cap nhat
biéu dién cua mdi dinh dua trén dic trung cua cac dinh lién ké. Cu thé, tai mdi 16p
GCN, véc-to dic trung ctia mot dinh méi duge tinh bang cach tong hop (thudng 1a
trung binh c6 trong sd) cac dic trung cia cac dinh ké cung véi chinh dinh d6 & 16p
trudc. Cach lam nay gitip moé hinh khai thac dugc mbi quan h¢ cuc bd trong cAu tric
d6 thi, tir d6 cai thién hiéu qua biéu dién va phan biét giira cac nhom dinh c6 lién két
manh. Tuy nhién, khi s ting GCN ting 1én, hién tuong dong nhit héa dic trung
(over-smoothing) c6 thé xdy ra: cac dinh nam trong cac ving do thi co cau triic k-hop
tuong tu nhau dan tré nén khé phén biét, vi véc-to dic trung cua chung trd nén gan
nhu giéng nhau & cac 16p sau hon. Piéu nay lam giam kha ning biéu dién ngit nghia
ctia md hinh, dic biét trong cac bai toan can phan biét tinh té giita cac quan hé phirc
tap.

Dé khic phuc han ché nay, nghién ctru sir dung GraphSAGE [90] thay cho
GCN truyén théng nham hoc biéu dién cho cac dinh dya trén mdi quan hé gitra cac
d6i twong trong anh. Khac véi co ché gop trung binh toan cuc ctia GCN, GraphSAGE
tong hop thong tin tir tap cac dinh l4n can thong qua mot ham 14y mau va ham gop
(aggregator) dé tao ra véc-to dai dién cho vung lan can. Véc-to nay sau do dugc két
hop voi ddc trung cua chinh dinh dang xét dé sinh ra biéu dién méi. Cach tiép can
nay gitip giit dugc su khac biét gitta cac dinh, dong thoi mo rong kha ning tong quat
hoéa cho céc cau tric dd thi phuc tap trong bai toan phat hién déi tugng.

V61 mang GraphSAGE c6 dau vao la d6 thi LC-Graph(G (1)) theo Dinh nghia
2.1, ky hi€u la GraphSAGENet1, qua trinh thuc hién giai doan 1 dugc thé hién qua

Thuit toan 2.1, gdbm 3 budc nhu sau:
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Budée 1 (detect objects): Cac mo hinh phat hién ddi twong huén luyén trude
dugce sir dung dé xac dinh va trich xuat cac ving chtra d6i tuong trong tap anh huan
luyén. Sau khi xtr Iy mdt anh dau vao I, hé théng thu dugc ma tran do tin cdy Y €
RVB*Nc_trong d6, mdi phén tir y;; biéu dién xac suat ma ving déi tuong th i duoc
du doan thudc vé 16p ddi tuong j,Vi=1,...,Ng; Vj =1, .., Nc.

Bude 2 (pooling): Chon gié tri dai dién cho céc 16p ddi tugng trong ma tran
confidence (co thé ma max, min hodc average). Gia tri max dugc chon trong thuc
nghiém cua nghién ciru nay, tir 46, mdi ma tran do tin ciy cua anh thu duoc mot véc-
to N¢ chidu. Khi d6, X® = {x™ € RN¢|i = 1,2, ..., N;} 1a tap véc-to thu dugc tir
viéc chon gia tri dai dién cho cac ddi tuong trong ma tran do tin cay.

xy = max {v)},vj = TN, vi =T N (2.4)

Tap véc-to XD lam dau vao cho mang tich chap dd thi, dong vai tro 1a tap
véc-to dic trung cua cac dinh trong d6 thi LG-Graph.

Buéce 3: Huan luyén GraphSAGENet1 theo phuong phap hoc co giam sat
(supervised) voi ham mat mat 13 L, dé tao ra embedding cho cac nhén 16p ddi tuong,
day ciing 1a véc-to trong s6 (w) gitip diéu chinh két qua cua cac mo hinh phat hién
dbi tuong hudn luyén trude.

Véc-to trong sd w € RNC phan anh mirc d6 anh hudng ngir canh giita cic nhin
dbi twong. Kich thudc cia w twong tng véi s6 16p dbi twong N, va cac gia tri ctia w
dugc hoc tir dir liéu thong qua GraphSAGE nham dam bao phu hop véi cu triic dong
xuét hién ctia cac nhin trong tap huén luyén.

Thuit toan 2.1 md ta qua trinh hoc trong sb cho cac nhan 16p dbi tugng dua
trén d6 thi LC-Graph. Trudc hét, cdc mo hinh phét hién d6i twong hudn luyén trude
dugc sur dung dé tao ma tran do tin cay Y. Tir d6, mdi anh dugc biéu dién béng mot
véc-to dic trung xV théng qua phép pooling theo ting 16p dbi twong. Tap cac véc-
to nay dugc sir dung 1am dic trung dau vao cho GraphSAGENet1 nhdm hoc cac trong
s6 ngit canh gitra cac nhan di tugng.

Sau khi GraphSAGENet1 d3 dugc huan luyén, mé hinh di hoc duoc tap ma
tran trong s6 WM Khi 6, thuat toan phat sinh embedding cho cac dinh cua dod thi
dugc mo ta nhu ¢ Thuét toan 2.2.
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Thuit toan 2.1. LearningWeightStage1(G (%, M)

DAiu viao: Tap dit liéu anh 7, d6 thi G (V®, AM), m6 hinh phat hi¢n d6i trong huén luyén
trude M .
Piu ra: Véc-to trong sow.

Begin
1 Y® = M(1),vi=1..Ny
3 fori = 1to Ny do
@ _ @ .
4 Xij o = krf%{ykf } vji=1Nc
5 # Add the row x© to the matrix X®
@

1@

7 endfor

8 N,,,W® = TrainingGraphSAGENet1(G¢™, X W)
9 w= GenerateEmbedding(G(l),X(l),NLl, W(l))

10 return w
End

Thuét toan 2.2. GenerateEmbedding(G(l), X, Ny, W(l))

Piu vao: dd thi G = (V, AW), véc-to dic trung X® = {x,gl), Vv € V(l)}, sdtang Ny,
ma tran trong sO WD vyl = 1,—NL1, ham kich hoat phi tuyén 0.

Piu ra: véc-to embedding z,, Vv € VD,

Begin

1 Y« x vy e v®

2 forl=1..N, do

3 forve VD do

: hl(\/lzv) = Jagg ({hﬁf‘”,\m € N(v)});
5 =o(ron i )

6 endfor

e

8 endfor

9 Zy & h,(,NL),Vv ev®

10 return z,
End
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Thuit toan 2.2 tinh todn embedding cho cac dinh trong d6 thi LC-Graph thong
qua nhiéu ting GraphSAGE. Mbi dinh bit dau v&i mot véc-to dic trung ban dau xil) ,
va qua mdi tang, thuat toan tong hop dic trung tir cac dinh lién ké, sau d6 két hop
thong tin nay véi dac trung hién tai cia dinh thong qua mdt ma trén trong b6 va mot
ham kich hoat phi tuyén o. Pic trung nay sau d6 duoc chudn hoa trudc khi chuyén
sang tang tiép theo. Sau khi di qua tit ca cac ting, dic trung cudi cung cua mdi dinh
(hf,NL)) dugc sir dung lam véc-to embedding dai di¢n ctia dinh. Embedding z, 1a biéu
dién ngit canh cta nhan ddi twong v, c6 cung kich thude dic trung ddi véi tat ca cac
dinh va dugc chuan héa dé dam bao tinh 6n dinh trong cac budc xu Iy tiép theo cua
mo hinh.

b) Giai doan 2: Hiéu chinh két qua phat hién ddi twong

Dua trén véc-to embedding (hay con goi 13 hé s diéu chinh - adjustment weight),
vén mo ta mbi quan hé giita cac nhin 16p dbi tuong da duoc hoc trong Giai doan 1,
qua trinh diéu chinh lai két qua phat hién ddi twong cho timg anh dau vao duoc thyc
hién theo cac bude cu thé nhu sau:

Buwéc 1 (dectect objects): O budc nay, cac mo hinh phét hién d6i twong da duoc
huén luyén trude duoc ap dung dé xac dinh va trich xuét cac ving chia ddi tuong

trong anh dau vao. Két qua dau ra 1a ma tran do tin cay Y.

Budce 2 : thuc hién phép todn element — wise product gitta ma tran Y va véc-
to trong sb diéu chinh w duoc ky hi¢u la © voi tdc dong nhu sau:
Yii - Ying YV11&Wy ... ViN AWy,
Y =Y®aw = (2.5)

G)a:[w1 ...WNC] =

YNg1O&W1 o YNpgNEWn,

Trong do, J;; biéu thi xac suat ving ddi twong thi i dwgc gan cho nhin 16p j sau

YnNg1 -+ YNpNc

khi ap dung hé s6 diéu chinh a. Néu trong (2.5) ta dat @ = 1 va moi thanh phan cia
véc-to trong s6 w déu béng 1, thi ma tran do tin cay ban dau duoc gilt nguyén, tac la
khong c6 sy hiéu chinh nao tr mang tich chap dd thi.

Khi d6, ma tran ¥ chinh 1a dau ra cudi ciing ctia mé hinh ODwGCN cho bai toan

phat hién dbi twong.

2.2.2.2. M hinh dy doan mdi quan hé giira cac ddi twong

Méi quan hé giita cac déi tugng trong anh gdp phan quan trong trong viéc hiéu
day du ndi dung hinh anh. Tuy nhién, cic cong trinh cong bd gan day c6 han ché 1a
thuong tap trung vao mot sb loai mdi quan hé cu thé, chéng han nhu quan h¢ vi tri,

hanh dong (twong tdc giia cdc doi twong),.. . Hon nita, thuong chi sir dung dic trung
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cac vung ddi tuong [91, 92] hodc két hop dic trung ving dbi tuong va dic trung ngit
canh méi quan hé (union ciia 2 viing déi twong) [22, 93] ma chwa khai thac thong tin
tri thirc quan hé von ¢ trong tap dit liéu dan dén do chinh x4c chua cao. Vi vay, trong
nghién ctru nay, mé hinh dy doan mbi quan h¢ duoc dé xuit co thé nhan ra nhiéu loai
mdi quan hé khac nhau, khai thac thong tin tri thirc quan hé giita cac thuc thé trong
tap dir liéu nham nang cao do chinh xAc.

M&i quan hé giira cac cip dbi twong trong anh thudng duoc biéu dién dudi dang
bd ba, con goi la triplet, <subject, predicate, object>. Trong do, predicate la tu
dugc st dung dé lién két cac cap ddi tuong, vi du nhu: <woman, riding,
motorcycle>, <flower, in, vase>...Chl y rang, ddy la méi quan hé c6 huéng giira
mot dbi tuong (subject) va mot d6i tugng khac (object) thong qua mot predicate.
Trong chuong niy, md hinh du dodn mdi quan hé gitta cac d6i tugng duoc mo ta
trong Hinh 2.3, goi 1a VRP'RK, gém cac budc chinh: (a) hoc tri thirc quan hé bang
GCN va (b) phan 16p mdi quan hé gitta cac d6i twong bang mang FC (Fully
connected). Cu thé, dau vao 13 hai vung ddi twong va thong tin ngit canh ctia mdi
quan hé (viing chita ca 2 d6i tuong). Dé ting d6 chinh xAc, tri thirc quan hé giita hai
dbi tuong duoc thém vao. Cac dic trung nay duoc ghép lai (CONCAT), sau d6 dua
qua cac tang két ndi ddy du dé tao ra xac suét phan 16p trén Ng,, mdi quan hé (Ng

moi quan h¢ va 16p none — relation).

a)

Ma trén ké

Embedding ctia céc thuc thé
(Tri thirc quan hé - RK)

Tép dir ligu
moi quan hé

Béc trung cac
thue thé

r: Labels (s and o)

,: Bounding box s
Anh dau vao '
» Bounding box o

Thong tin nglr cénh
(union of s and o) b)

—>p1-on

——>»p5 - has

Fully +——» ps-ridding
Connected )
Layers [— P4 - playing

.

——> None relation 1

.___\I“.._

Hinh 2.3. Kién triic mé hinh dw dodn quan hé giita cdc doi twong. (a) GCN dwoc hudn
luyén trén tap dir liéu quan hé dé tao embeddmg tri thire quan hé (RK) giita cdc thuc thé;
(b) ODwGCN trich xudt cdc cap doi twong, ving doi twong va théng tin ngit canh, sau do
két hop ddic trung thi gidc va embedding RK dé diw dodn nhédn quan hé théng qua cdc tang

fully connected.
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a) Hoc tri thirc quan hé

Dé khai thac tri thirc quan hé gitra cac dbi twong nham nang cao do chinh xac cho
viéc du doan mdi quan hé, tap dir liu bo ba biéu dién d6 thi canh trong Visual
Genome [79] duoc sir dung. Cac triplets trong tip huan luyén duoc to chirc thanh mot
co so tri thic K chita Ny thuc thé (entity), bao gém cac subjects, objects va
predicates. Trong nghién ciru nay, co so tri thirc K dugc biéu dién dudi dang mot
dd thi thuc thé, tir d6 hoc mdi quan h¢ gitra cac thuc thé béng mang tich chap dd thi.
Dinh nghia 2.2. D6 thi thyc thé E-Graph 6@ = (V®, A®) 1a d5 thi v6 hudng, bao

\
A

gom:
~Tap dinh V® = {v® € E,vi = T,N;}

~Matrinké A® = {a{ € {0,1},i,j = T, Ny}

Trong do, E 1a tap thuc thé trong K, ma tran ké nhi phan A® dugc xay dung dé
biéu dién mdi quan hé gitra cac thuc thé, cu thé 1a cho biét co hay khong mbi quan h¢
gitra cac subjecs/objects va predicates. Vi du: K c6 chua triple <child, has, tie>
thi cac phan tir agi)ild‘has va a,(lza)s‘tie trong ma tran k& A® ¢o gia tri 1a 1. Dic trung
ctia cac thuc thé (dinh ciia do thi) 1a véc-to embedding (word embedding) cia cac

thuc thé E.

Tt d6 thi E-Graph nhu Pinh nghia 2.2 va dic trung cua tap dinh, mang tich chap
dd thi GraphSAGE [90] dugc su dung dé hoc tri thirc quan h¢ gitra cac thuc thé, ky
hiéu 1a GraphSAGENet2. V6i X@ = {(x® € E, Vi = T, Ny} a tp véc-to embedding
cta céc thuc thé. Trong phﬁn nay, mang GraphSAGENet2 dugc huén luyén theo
phuong phap hoc khong giam sat dé cap nhat cac embedding cua dinh bang cach t6i
wu ham mat mat dua trén do tuong tu gitra cac dinh va cac dinh lién ké trong dd thi
(contrastive loss) v6i ham mat mat L.

Sau khi GraphSAGENet2 da dugc huan luyén va hoc dugc cac ma tran trong sb
WD, vl =1,N,, (N, la sb layer ciia mang). Khi d6, embedding céc dinh ctia do
thi, hay con goi 1a tri thirc quan hé cia cac thuc thé duoc phét sinh bang cach ap dung
Thuat toan 2.2.

Z® « GenerateEmbedding(G®,X®,N,_,W®) (2.6)

Trong (2.6), Z%) € RNEXND 13 tri thirc quan hé cua tap thuc thé E (N 1a s6 chiéu
véc-to embedding cua cac thyuc thé). Sau d6, dic trung tri thirc quan hé ciia cac nhin
16p cua ddi twong tir ZE) ¢ thé dugce trich xuit dé bd sung cho dau vao cua mang

fully connected nhiam ting d6 chinh x4c phan 16p mdi quan hé.
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b) Phén 16p mdi quan hé giira cac ddi twong

Trong nghién ctru nay, viéc dy doan moi quan hé dugc thuc hién nhu 1a mdt tac
vu phén 16p v6i dau vao 1a hai vang doi tuong trong anh (b; va b,) va tri thirc quan
hé cua cac nhan doi tugng. Pau ra 1a mot trong s6 Ni,; modi quan h¢, gbm Ny moi
quan h¢ gitra hai doi tugng va "none relation". Qua trinh dg doan moi quan hé gitra

hai d6i twong trong anh dugc mé ta nhu trong Thuét toan 2.3.

Thuét toan 2.3 thuc hién du doan mbi quan hé gitra hai vung dbi tuong dua trén
su két hop gitra dac trung thi gidc va tri thitc quan h¢ da dugc hoc trude do. Trude
hét, ving union ciia hai bounding box duoc xac dinh nham trich xut thong tin ngi
canh khong gian ctia cip ddi tugng. Tuy nhién, can luu y rdng ving union chi dong
vai tro cung cip ngir canh bo sung, khong phai 14 tiéu chi duy nhat dé suy luan quan
hé giira hai dbi tuong. Tiép theo, dic trung thi gidc cua timg bounding box va cia
vung union duoc trich xuit thong qua mang ResNet-101. Cac dic trung nay duoc
tong hop dé tao thanh biéu dién thi giac chung cho cip ddi twong. Pong thoi, tri thirc
quan hé cua hai nhan 16p twong tng dwoc truy xudt tir ma trin embedding Z®, 1a két
qua clia qué trinh hoc trén d6 thi thuc thé E-Graph bang GraphSAGE (2.6). Mdi
vector trong Z%9 biéu dién quan hé ngit nghia cia mot thuc thé trong khong gian
embedding. Cubi cung, biéu dién thi giic va embedding tri thirc quan hé dugc ghép
ndi va dua vao mang fully connected dé thuc hién phan 16p trén tip Ng,, quan hé.
Nho sy két hop ndy, viéc du doan quan hé khong chi dua trén thong tin hinh hoc hoic

ngtr canh cuc b, ma con khai thac cau truc ngit nghia toan cuc tir co s¢ tri thuc.

Thuit todn 2.3. PredictRelationship(b,, b, , Z )

Piu vao: bounding box by, bounding box b,, Z*)
Piu ra: r - quan hé giira 2 ving ddi tuong

=
(43
]
il
=]

b, < Uol(by,b,)

fi = ResNet — 101(b,)
f> = ResNet — 101(b;)
fu = ResNet —101(b,)

favg < g(fl + f2 + fu)
ky, < ZiK) ALY

ky < 20 € 7

X < favg " kbl " kbz

9 # Predict the relationship
10 1< FCN(x,Ww®)

11 return r

End

O J o U w N
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2.2.2.3. Do thi quan hé

Do thi quan hé 13 mot cong cy manh m& dé mo hinh héa cac mdi quan hé phirc
tap gitra cac ddi tugng trong thé gidi thuc. Trong cau tric ndy, cac dbi tuong dugc
biéu dién duéi dang cac dinh, con cic mdi quan hé giita chung duoc thé hién dudi
dang cac canh. Phan nay dinh nghia khai niém d6 thi quan hé, dong thoi trinh bay
cach xay dung va biéu dién d6 thi nay.

Trong nghién ctru nay, d6 thi quan hé ctia mot hinh anh dwoc dinh nghia nhy sau:
Pinh nghia 2.3. D6 thi quan hé cta hinh anh R-Graph G = (V, E) 1a d6 thi c6 huéng
bao gom:

~Tap dinh V = {v; € B,Vi = 1, Ny}
—Tép canh E = {e;; = (v;,v;,73;) € R, Vi,j = 1,Np, i # j}
a) Cach tao do thi quan hé

Sau khi b phan 16p quan h¢ duoc huan luyén trén tap dir liéu quan h¢ thi giac,

mod hinh nay duogc két hop véi ODwGCN dé xdy dyng d6 thi quan hé cho anh dau

vao. Trudc hét, tir anh dau vao I, ODWGCN phat hién Ny vung d6i tuong {bl—}ﬁvfl;
mdi ving ddi tuong twong tng véi mot dinh v; trong d6 thi. Khi d6, tap dinh cta do

thi quan hé dugc xac dinh 1aV = {v;|b; € B}.

Tiép theo, cac ving ddi tuong trong anh duoc xem xét theo ting cip (bi, bj) voi
i # j, tao thanh Ny (N — 1) cap ving ddi twong. Ddi véi mdi cap (bi, bj), mo hinh
du doan mbi quan h¢ dugc ap dung dé uoc lugng phan phéi xé4c suét trén Ny + 1 16p
quan hé, bao gdm Ny quan hé ngir nghia va mot 16p “none relation”. Néu xac suat
ctia 10p “none relation” nho hon ngudng 6 cho trudc, md hinh gia dinh rang giira
hai d6i tuong tdn tai mot quan h¢ c6 y nghia; khi d6, mdt canh dugc thém vao dd thi,
lién két hai dinh twong (mg v; va v;, voi nhan canh 1a 16p quan h¢ ¢6 xac suat dy doan
cao nhét.

Qua trinh nay dugc ap dung cho toan bd cac cap ddi tugng trong anh, tir 6 hinh
thanh d6 thi quan hé G = (V, E), trong d6 cac dinh biéu dién cac dbi twong duoc phat
hién va cac canh md ta mdi quan hé ngit nghia gitra chiing. Hinh 2.4(c) minh hoa mot
vi du d6 thi quan h¢ thu duogc tir anh dau vao, trong do:

—Tap dinh V = {child, tie, water bowl};
—Tap canh E = {< child, tie, has >, < child, water bowl, playing >}.
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b) Cach biéu dién va embedding dé thi quan hé
Mic du db thi quan h¢ c6 kha nang mo ta thong tin trong anh mot cach toan dién
va chinh x4c, song cau triic khong dong nhat ctia n6 khién cho viéc sir dung truc tiép
lam dau vao cho hau hét cac thuat toan ngir nghia tré' nén khong phu hop [94]. Vi ly
do d6, can thiét phai chuyén d6i d6 thi quan hé sang dang tuyén tinh, vira dam bao
gilt nguyén thong tin quan trong, vira c6 thé tich hop d& dang vao cac kién tric hoc
sdu, ching han nhu khi dwa vao mé hinh ngdn ngit dé sinh cha thich cho anh. Ngoai
ra, dé khai thac ngit nghia ctia nhin 16p dbi twong cling nhu mdi quan hé giita cac doi
tugng, thay vi chi dua trén dic trung ving va cau triic d6 thi nhu nhiéu nghién ciru
trudce, luan an nay dé xuat mo rong dd thi quan h¢ cia hinh anh thanh dod thi quan h¢
mo rong dugc ky hiéu la R-Graph* ¢* = (V*, E*):
~Tap dinh V* = {v; € L,Vi = 1,N,}
—Tap canh E* = {e;; € {0,1},Vi,j = 1,N,,i # j}

Child

ODwWGCN . Relationship|

'3; af c) D6 thi quan hé

a) Anh d3u vao b) Két qua phat hién déi tuong

Hinh 2.4. Qud trinh tao do thi quan hé tir anh ddlu vao: a) la anh dau vdo, b) la két qua sau
khi thuwc hién mé hinh phat hién doi tuong cai tien ODwGCN, c) ld’dé thi quan hé thu dwoc
sau khi thuc hién dw doan moi quan hé gitva cac doi twong.

Trong d6, Tap dinh L gém c6 hai loai dinh: dinh 12 nhan cia cc ving dbi tuong
va dinh 13 nhin quan hé giita cac d6i tugng (predicates). Tap canh E* duoc xay
dung theo quy tic: Néu c6 mot canh e; ; = (v;,vj,1;5) € E thi tao hai canh c6 huéng
lan luot 1a canh tir dinh v; dén dinh nhén r;; va canh tir dinh nhan r;; dén dinh v;. Vi
du nhu d0 thi quan hé G = (V,E) & Hinh 2.4c) co6 cac dbi tuong:
child, tie, water bowl; cac mbi quan h¢ gitra cac abi tuong: < child, tie, has >,
< child, water bowl, playing > thi dugc chuyén thanh d6 thi G* = (V*,E*) gdm
5 dinh va 4 canh nhu Hinh 2.5.

Qua trinh hoc biéu dién cac dinh cta db thi R-Graph* dugc thuc hién béng mang
GraphSAGE, trong d6 str dung phuong phap hoc khong giam sat v6i muc tiéu tdi wu

ham mat mat contrastive loss L3, dua trén mirc do twong dong gitra mdt dinh va cac
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dinh ké trong cAu trac do thi. Viéc tao ra véc-to embedding cho céc dinh dugc tién

hanh theo Thuit tean 2.4, bao gdm céac budc sau:
—Budre 1: Khdi tao véc-to dic trung cho nhin dinh bang k§ thut word2vec.

—Budée 2: Chia tap dinh ké thanh hai nhém: tap dinh vao (N — (v)) gdm céc dinh
c¢6 canh di d&én v, va tap dinh ra (N + (v)) gém cac dinh ma v tro toi.

—Budre 3: Két hop thong tin caa (N — (v)), (N + (v)) cung véi ddc trung hién tai
cua chinh dinh v, qua d6 hinh thanh véc-to trung gian, h,(,IXL), h,(,IXL).

—Budc 4: Néi hai vée-to RS va hY dé thu dugc bidu dién cuéi cing ciia dinh

v, z; = [, R3], vv e V™.

v— Tyt
—Bude 5: Lap lai cac thao tac tir bude tir 2 dén 4 N, vong lap, két qua cudi cing 14

véc-to biéu dién 6n dinh cho dinh v.

Child ————>! Playing |

':. Has

Tie / Water

bowl

Hinh 2.5. Két qua khi chuyén doi dé thi quan hé R-Graph ¢ Hinh 4c) thanh do thj R-
Graph*

Dua trén két qua phat hién dbi twong tir mé hinh ODwGCN cting véi mé hinh dy
doan quan hé gitta cac d6i twong da trinh bay & Muc 2.2.2.1 va 2.2.2.2, cac vang ddi
tugng trong anh duoc xac dinh va tir d6 hinh thanh d6 thi quan hé ctia anh. Sau budc
nay, mot mang CNN da dugc huén luyén trude dugce ap dung dé trich xuat dic trung
clia timg vung dbi tuong, ky hiéu 1a F = {f;|Vi = 1, Ng}. Tiép theo, d0 thi quan hé
duoc anh xa thanh cac véc-to dac trung theo quy trinh md ta tai Muc 2.2.2.3, thu duoc
tap cac véc-to bicu dién cua cac dinh z;, Vv € V*. Nhiing véc-to dic trung ndy sau
d6 duoc két hop véi cac trong sd chi ¥ trong co ché cha y kép, va toan bo théng tin
dugc dua vao mang LSTM dé sinh ra chu thich cho anh dau vao.

Thuit toan 2.4 thyc hién hoc biéu dién cho cic dinh trong d6 thi R-Graph* bang
céch khai thac tinh c6 hudng cia cau tric quan hé. Viéc tach tap dinh ké thanh hai
nhom N — (v) (céc dinh di vao) va N + (v) (cac dinh di ra) cho phép mé hinh phan
biét vai trd ngit nghia ciia mot thuc thé khi né dong vai tro cha thé (subject) hoic

dbi tuong (object) trong cac quan hé. Qua trinh tong hop thong tin theo hai hudng
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riéng biét giup embedding cubi cling z; khong chi phan anh sy xut hién ciia cac quan
hé, ma con bao toan hudng twong tac gitta cac thyc thé trong dd thi. Viéc ndi hai biéu
dién h,(,IXL) va hffiL) tao thanh mot embedding giau thong tin cdu tric hon so voi cach
téng hop don huéng, tir d6 tang kha nang khai thac ngir nghia khi dua vao co ché chii

y trong bd giai ma.

Thujt ton 2.4. GenerateRGraphNodeEmbedding(G*, X, N, W)

Pau vao: Do thi G* = (V*,E*), véc-to khoi tao X = {x,, Vv € V*}, s6 tang N5, ma trin
trong sOWwO vl =1, N 5.

Pau ra: node embedding véc-to z,, Vv € V™.

Begin

1 hl(,o_) « x, Vv EV;

2 h,(](l) «x,, Vv EVT

3 forl=1..N; do

4 forv eV” do
l -1

5 KD o) = fago ({hfl ) Vu €N — (v)});
O _ -1 ,O .

6 hv_ =0 (W(l)_ [hv ) hN—(V)]) )
@ _ -1 .

7 hPr oy = fagg ({pS 2 v e N + W)));
O _ @ (-1 (O .

8 h) = o (W2 [hS ™, 00, 1)

9 endfor

10 endfor

11z« [B, h8), v e v

End

2.2.3. B§ gidi ma ngon ngir

B giai ma ngdn ngit duoc thiét ké vai hai thanh phan chinh: (iv) Mot co ché chii
y kép (dual attention), c6 nhiém vu xac dinh trong s6 dong cho cac ving thong tin
quan trong trong anh khi sinh ra ting tir trong cau mo ta; (v) Mot mang LSTM, duoc
tich hop véi co ché chu y kép nay, dé tao ra chudi chii thich hoan chinh cho hinh anh.

2.2.3.1. Co ché chu ¥ kép

Trong bai toan sinh chu thich cho anh, co ché chii y cho phép mé hinh x4c dinh
trong s thich nghi ddi v6i cac ving quan trong cua anh tai timg budc giai ma. Cac
trong s6 nay duoc st dung dé tong hop thanh mot véc-to ngit canh (context véc-t0),
ky hiéu 1a c,, dong vai tro lam dau vao cho bo giai ma trong qua trinh phat sinh mo
ta. Trong nghién ctru ndy, co ché cha y kép (dual attention) dugc xdy dung véi hai
thanh phan hoat dong doc 1ap: visual attention va graph attention (Hinh 2.6). Visual

attention tap trung vao vi¢c tinh toan mirc do lién két gilra trang thai 4n cua bod giai
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mi va ddc trung cac ving d6i tugng trong anh, trong khi graph attention khai thac
dic trung ctia cac dinh trong dd thi quan hé mé rong. Cach két hop nay cho phép mo
hinh tan dung ddng thoi ca thong tin thi gidc 1An ngir nghia cau trac. Két qua, hai véc-
to nglr canh riéng biét 1a visual context véc-to (ct(v)) va graph context véc-to (ct(g ))

duoc tao ra theo Thuit toan 2.5 va sau do6 tich hop vao bo giai ma dé sinh chi thich.

- e

(J‘

Visual attention Graph attention

-

h k& h fug 27 23 I3 zy,
Feature vectors of regions Embedding vectors of nodes

Hinh 2.6. Co ché chii y kép trong mé hinh chii thich anh. Mang LSTM tai méi bude thoi
gian ket hop hai ngir canh: visual attention trén cdc véc-to ddc trung vung anh va graph
attention trén cdc véc-to embedding ciua cdc dinh trong do thi quan hé.

Thuit toan 2.5. CreateContextVector(F,Z*, h;_;)

Piu vao: Tap dic trung ving ddi twong F, tip véc-to embedding ctia d6 thi Z*, trang thai
an trudc d6 cua decoder hy_4

Diu ra: Véc-to ngit canh tai thoi diém ¢ ( @) t(g))

Begin

1 # Calculate alignment score

2 (v) = faee(fi he—1), Vi = 1, N, e;)” = for(2;,5.-1), Vi = 1, Ny
3 # Calculate attention weight

)
@ _ e"”( ) W) _ ) e
4 Pei =3 exp( @y Yipy =1, 0<p;’ <1, Vi=1,Np,

(@)
w0 _ _exn(e) @ _ @ —
P T gy P T 0SS VLA
6 # Calculate context vector
7 (v) Zz ) lpglv), Ct(g) Zl lzlpglg)’
8 return c(v) t(g);

End

Trong Thudt toan 2.5, hé s6 chi ¥ (attention score) trude hét duge tinh thong qua
mot phép bién doi tuyén tinh f,;,, nham udc lugng murc d6 lién quan giita trang thai
4n cua bod gidi ma tai thoi diém hién tai va ting thanh phﬁn dac trung dau vao. Qua

trinh nay duoc thuc hién ddc 1ap trén hai khong gian ddc trung: dac trung thi giac cua
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cac ving ddi tuong va embedding cua cac dinh trong d6 thi quan hé. Cac hé s6 chu y
sau d6 dugc chuan hoa bang ham softmax dé thu dugc trong sb chi ¥ (attention
weight). Tiép theo, hai véc-to ngit canh dugc tinh bang tong c6 trong sb cua cac dic
trung twong tng, gdm véc-to ngit canh thi gic (ct(v)) va véc-to ngit canh dd thi
(ct(g )). Co ché chu ¥ kép nay cho phép bo giai ma dong thoi khai thac thong tin truc
quan tir anh va thong tin cau trac ngir nghia tir 6 thi quan hé, qua d6 ting kha ning
Iira chon tir phit hop va duy tri tinh nhét quan ngit nghia trong cAu mo ta sinh ra.
2.2.3.2. Mang LSTM phat sinh chu thich

Mang véi kién tric luu trir dai va ngan han (LSTM) [95] dugc phét trién nham
khéc phuc han ché ctia mang no-ron héi quy (RNN) [96], dic biét 14 hién tuong triét
tiéu dao ham khi x1r Iy cac chudi c6 quan hé phu thudc dai. Trong chuong nay, LSTM
dugc str dung nhu mot mo hinh ngén ngit két hop véi co ché chi y kép dé sinh mo ta
cho hinh anh. Tai mdi budc t, LSTM tiép nhan dau vao gém: nhung tr (x;), trang
thai an trudc d6 (h,_;), cing véi hai véc-to ngit canh Ct(v), va ct(g ) sinh ra tir co ché
cht ¥ kép. Dya trén cac thong tin nay, cac thanh phan cia LSTM bao gdm cong vao
(i;), cong quén (f,), cong dau ra (o), cling v6i trang thai bd nhé (C,) duoc cap nhat

tai thoi diém t theo cic cong thirc tinh toan chuan cia LSTM.
(i = U(Vl/acixt + Whiht—l + Wic[ct(v); Ct(g)] + bi)

fo= o (Wexe + Wy heoy + W [c; ¢ + by)

0 = o(Wyyxe +Whoheoy + Wy [c”; cf”] + b,) (2.7)
C, = tanh(Wy x, + Wy he—y + W, [ct(v); ct(g)] +b,)

Ce = ft® Ceeq + O @
\ h; = 0t®tanh(@)

Trong céc (2.7), ky hi¢u 6 biéu thi ham sigmoid, con W va b 1a cac tham sb can
hoc ctia md hinh. Ky hiéu © thé hién phép nhén theo timg phan tir (element-wise).
O bude cudi, trang thai an h; duoc st dung dé suy ra tur can dy doan béng cach sinh
ra phan phdi xac suat p, trén tir hién tai y, thong qua ham softmax, dwoc mo ta boi:

ye ~ pr = softmax(W,h, + b,) (2.8)

Trong (2.8), W}, va by, la céac trong s6 duge mo hinh t6i vu trong qué trinh hudn

luyén. Toan bd mang LSTM duoc huan luyén bang thuit toan lan truyén nguogc theo

thoi gian (BackPropagation Through Time), véi ham mat mat Iya chon 1a L, [97].
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2.3. Thue nghiém

Tur co s6 1y thuyét va mo hinh da giéi thiéu, phan nay cai dat thyc nghiém trén
céc tap dir lidu va danh gia tinh hiéu qua cua phuong phap dé xuét véi cac do do dugce
str dung phd bién trong bai toan phat hién déi twong, du doan mdi quan hé gitta cac
dbi tuong va chu thich anh.
2.3.1. Dir liéu va cAu hinh thyc nghiém

Muc nay trinh bay chi tiét vé tap dir liu dugc st dung trong qua trinh thyc
nghiém, cac tham sb6 huin luyén cling nhu thiét lap cAu hinh ctia m6 hinh dé xut.
Ngoai ra, cac do do dung dé danh gia hiéu qua cua mé hinh ciing duoc gi6i thiéu
trong phan nay.
2.3.1.1. Dix liéu thuc nghiém

Dé bao dam tinh nhat quan v6i khung da néu tai Muc 1.4.1, phan nay trinh bay
cu thé dit liéu dugc sir dung cho hai muc dich: (i) hoc quan hé ddi tuong dé xay dung
db thi quan hé, va (ii) phat hién ddi tuong cung sinh chi thich trén MS COCO.

(1) D@t liéu cho mé hinh du doan quan hé (Visual Genome). Tap anh Visual
Genome [79] ¢6 108.077 anh, mdi anh c6 trung binh 35 ddi twong va 21 mdi quan hé
cap doi gitra cac ddi tuong (triplet) duoc st dung cho mé hinh du doan mdi quan hé.
Tuy nhién, nhiéu mo ta trong tap dit liéu ndy c6 chat luong thip va cac ving ddi
tugng tring lp, nhap nhang tén cac d6i trong. Didu nay dan dén mo hinh khé co thé
hoc dugc cac thong tin mot cach hi€u qua. Do do, budce tién xir Iy duoc ap dung béng
cach loc cac mo ta chat luong thap va cac ving ddi twong tring 1ap theo phuong phap
ctia Xu va cong su [98]. Sau khi tién xur Iy, 150 16p d6i twong (subjects/objects) va
50 mdi quan hé (predicates) ph6 bién nhat diung cho mé hinh du doan méi quan hé
gilta cac d6i tugng trong chuong nay. Tap dir liéu méi gdbm 95.998 anh duoc chia
thanh hai phan, 70% cho huin luyén va 30% cho kiém thir. Tap dit liéu da duoc tién
xur 1y theo cach nay cling dugc stir dung rong rai trong cac cong trinh khac [98-100].

(ii) Trong céac thuc nghiém lién quan dén phat hién d6i tugng (ODWGCN) va sinh
mo ta anh, nghién ctru nay sir dung bo dir liéu MS COCO [101]. B dir liéu bao gdbm
82.783 anh dung dé huin luyén va 40.504 anh cho giai doan kiém dinh. Nhim dam
bao tinh trong ddng va kha ning so sanh vai cic nghién ctru trude, phép chia dit lidu
theo chuin Karpathy dugc 4p dung, voi 82.783 anh huén luyén, 5.000 anh dung dé
kiém dinh, va 5.000 anh kiém tra. Mdi anh trong tap dir liéu dugc gan nam cau mo ta
dugce tao thi cong bdi con ngudi. Ngoai ra, tap tir vung gom 10.010 tir cung véi gidi
han d6 dai t6i da cia chu thich 1a 16 tir duoc gilt nguyén nhu mo ta tai Muc 1.4.1

nham dam bao tinh nhat quan trong toan bd qua trinh thyc nghiém.
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2.3.1.2. Chi tiét cai diit

Céc thyc nghiém ctia mo hinh dé xuat duoc cai dit bang ngon ngit Python 3.6 trén
nén tang hoc sau PyTorch 2.0 két hop véi thu vién torch-geometric, va duoc trién
khai trong méi truong Google Colab Pro. Cau hinh mé hinh va cac siéu tham sé dugc

thiét 1ap cy thé nhu sau:

(1) Thiét 1ap chung: Hai m6 hinh Faster R-CNN_wGCN va ResNet101 duoc sir
dung cho nhiém vu phat hién va trich xuét dic trung cua cac vung ddi tugng trong
anh, v&i véc-to dic trung c6 kich thude 2.048 chiéu. Cac nhin 16p, tir trong chu thich
chuan, ciing nhu ddi tugng va quan hé trong d6 thi déu duoc biéu dién bang k¥ thuat
GloVe véi kich thudc embedding 512, trong khi mang GCN duoc cdu hinh gdm hai
tang lan truyén.

(2) M hinh phat hién ddi twong két hgp GCN: Thanh phan nay chi huén luyén
GCN dé hoc biéu dién (embedding) cho cac dinh cta dd thi quan hé. Kién tric GCN
gdm hai 16p tich chap, véi kich thudc dau ra lan luot (1, ¢) > (4, ¢) 2 (1, c), trong
d6 c 1a tong s6 16p dbi twong trong tap dir liéu. Pbi voi MS COCO, gia tri ¢ = 81, bao
gdm 80 16p ddi twong thuc va mot 16p nén (background)

(3) Mé hinh dy doan quan hé: Mdi d6i twong dugc dnh xa thanh véc-to dic trung
6 chiéu 512, sau do di qua mang fully connected dugc huin luyén v6i ham méat mat
cross-entropy va bd téi wu Adam. Cac tham s6 huan luyén gom: téc d6 hoc (learning
rate) 0.0003, s6 vong lap tdi da 20.000, kich thudc batch 64, va ty 1& dropout 0.5 nhim
tranh hi¢n tuong overfitting.

(4) Mb hinh sinh cha thich dnh: Thanh phan giai ma ngon ngir sir dung mang
LSTM véi kich thudc trang thai an 1.024, va d6 dai téi da cta cau sinh ra 1a 16 tir.
Qua trinh huin luyén ciing st dung ham mat mét cross-entropy cing voi bd tdi uu
Adam, learning rate 0.0001, va batch-size 32.

2.3.2. Do do danh gia

Trong cac thyc nghiém ¢ nay, hi€u qua cia mo6 hinh dugc danh gia theo ba nhom
nhiém vu khac nhau:

(i) Phat hién d6i twong: Hiéu suat dugc do bang do chinh xac trung binh mAP
(Mean Average Precision) va mAP@0.5, mAP@0.75.

(ii) Dw doan moi quan hé: Hiéu suat dugc danh gid bang Recall@K véi
K=50,100. Chi s6 nay cho biét ty 1¢ bo ba quan h¢ ding (subject — predicate —
object) xuét hién trong K du doan hang dau ctia mé hinh cho mdi anh so véi tap bo

ba tham chiéu.
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(iii) Phat sinh chii thich: D6i v6i nhiém vu chu thich anh, cac do do chuan da
dugc gidi thiéu chi tiét & Muc 1.4.2 duoc su dung, bao g@)m BLEU, METEOR,
ROUGE-L, CIDEr va SPICE. Cac d6 do ndy phan anh mirc d twong dong giita cht
thich sinh ra boi mé hinh va cha thich chuan duéi nhidu goc d6 khac nhau (n-gram,
ngit nghia, chudi con chung dai nhét, dong thuan thdng ké va ciu triic ngit nghia).

Tat ca cac d6 do déu duogc tinh toan & mirc corpus va gia tri cao hon biéu thi
hiéu sut t6t hon. Nho sir dung két hop nhiéu do do, chat lugng chu thich dugc ddnh
gi4 toan dién ca & muirc do tring khép bé mit 1An muc do cAu tric ngit nghia.

2.3.3. Chi phi tinh toan va thoi gian thuc hién

Ngoai hiéu qua vé d6 chinh xéac, phan nay phan tich chi phi tinh todn ctia mé hinh
OD-VR-Cap nham 1am rd kha ning trién khai thuc té ctia pipeline chi thich anh gém
nhiéu mo-dun xtr 1y lién tiép trong diéu kién phan cimg phd bién. Toan bo qua trinh
huén luyén duoc thyc hién trén GPU NVIDIA Tesla T4 (16 GB VRAM) va duoc
chia thanh ba giai doan twong tmg véi cac thanh phan cdu thanh ctia mo hinh. Cu thé,
mo hinh phat hién dbi tuong két hop mang tich chap dd thi (ODwWGCN) duogc huin
luyén trong khoang 8 gid cho 20 epoch; tiép theo, mé hinh du doan quan hé giira cac
d6i tugng (VRP+RK) dugc tbi wu trong 6 gior cho 15 epoch; va cudi ciing, thanh phan
sinh cha thich anh OD-VR-Cap str dung bo giai ma LSTM véi co ché cha ¥ kép dugc
huan luyén trong 14 gio cho 25 epoch trén tap dit liéu MS COCO.

O pha suy luén, thoi gian sinh cha thich trung binh dat khoang 0.10 gidy/anh véi
batch size = 32. Két qua nay cho thiy mdc dit mé hinh bao gdm nhiéu mé-dun xir Iy
doc 1ap, chi phi tinh toan van dugc kiém soat & mirc phii hop, dap ting yéu ciu trién
khai trong cac hé théng thuc t& ma khong doi hoi ha ting phan ctng chuyén biét.

2.3.4. Két qua thye nghiém

Céac két qua thyc nghiém, ban luén va so sanh vdi cac cong trinh baseline hodc
cong trinh cong bd gan ddy duoc trinh bay trong phan nay nhim lam rd vu khuyét
diém cua phuong phap dé xuit. Cu thé gém: két qua thyc nghiém phat hién ddi tugng,
thuc nghiém dy doan mbi quan hé gitra cac ddi tugng va thuc nghi¢ém chu thich anh.
2.3.4.1. Két qua thye nghiém phat hién ddi twong

Két qua danh gia hi¢u suét cua cac mé hinh phat hién ddi tuong dugc huén luyén
trudc - bao gdm SSD, Faster R-CNN va YOLOX - cling v&i mo hinh ODwGCN dugc
trinh bay trong Bang 2.1, thong qua cac chi sé mAP, mAP@0.5 va mAP@0.75.
Trong céac tén mo hinh, hau td GCN biéu thi viéc ap dung mang tich chap dd thi dé
diéu chinh lai két qua phat hién ddi tuong dua trén mbi quan h¢ déng xuét hién gitra

cac nhan 16p. Két qua thyc nghiém cho théy, viéc b sung GCN gitp nang cao do
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chinh xé4c trung binh (mAP) cho toan bd cac md hinh co s¢. Cu thé, muc cai thién
dao dong tir 0.9 dén 3.2 phan tram, ty thudc vao kién trac backbone. Trong s do,
SSD str dung ResNet101-FPN ghi nhan mirc cai thién 16n nhét, voi mAP tang 2.2 va
mAP@O0.5 ting 3.2, trong khi YOLOX két hop DarkNet-53 c6 mirc ting thap nhat,
lan luot 1.2 (mAP), 0.9 (mAP@0.5) va 1.3 (mAP@0.75).

Mic du mire cai thién cia YOLOX nhé hon, nhung do nén tang ban dau da c6 do
chinh x4c cao, mé hinh YOLOX+GCN van dat két qua t6t nhét trong toan bo thir
nghiém. Diéu nay khang dinh tinh hiéu qua cuia viéc bo sung thong tin ngit canh gitra
cac dbi tugng thong qua GCN, gitip mo hinh phét hién 6n dinh hon trong cac canh
phuc tap. Pang chu y, m6 hinh ODwGCN c6 thé duoc tich hop linh hoat véi bat ky
kién trac phat hién dbi twong hién c6 nao nham ting cudng kha ning nhan dién va
giam 15i phan loai sai trong cac hé thong thi gidc may tinh.

Bdng 2.1. So sanh két qua phat hién doi twong giita cdc mé hinh hudn luyén truée va
ODwGCN trén tap dir liéu MS COCO

Bo trich xudt Avg
M0 hinh déc trung Precision | mAP@IoU=0.5 | mAP@IoU=0.75
(mAP)
SSD VGG16 28.8 48.5 30.3
SSD+GCN VGG16 30.9 49.4 32.8
SSD ResNet-101-FPN 31.2 50.4 33.3
SSD+GCN ResNet-101-FPN 33.4 53.6 35.4
Faster R-CNN ResNet-101-FPN 36.2 59.1 39.0
Faster R-CNN+GCN | ResNet-101-FPN 37.5 60.4 41.8
Faster R-CNN Inception_ResNet v2 34.7 55.1 36.7
Faster R-CNN+GCN | Inception ResNet v2 36.2 56.9 38.6
YOLOX DarkNet-53 474 67.3 52.1
YOLOX+GCN DarkNet-53 48.2 68.2 53.4

2.3.4.2. Két qua thue nghiém du doan méi quan hé giira cac doi twong

Bdng 2.2. So sanh d¢ chinh xdc ciia cdc phwong phép dw dodn moi quan hé trén tip div
liéu thuc nghiém

Phuong phap Recall@50 (%) | Recall@100 (%)
VRD [99] 27.9 35.0
Message Passing [98] 44.8 53.0
MSTG [100] 52.5 58.4
VRP*RK 54.7 60.3

Két qua dy doan mbi quan hé giira cac ddi twong cua phuong phap dé xuit c6 gia
trj 1an luot 1a Recall@50 = 54.7 va Recall@100 = 60.3. So sanh véi két qua cia cac
phuong phép khac duge mé ta trong Bang 2.2 cho thiy phuong phap dé xuit c6 do
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chinh xéac cao hon. Cu thé, so v&i phuong phap baseline (VRD) 1a cao hon 26.8% cho
dd do Recall@50 va 25.3% cho Recall@100. Hai phuong phép con lai cao hon tir 2.2
dén 2.9 voi d6 do Recall@50 va tir 1.9 dén 7.3 cho do do Recall@100. Tir d6 cho
thdy thong tin ngit canh ctia mdi quan hé, va ddc biét 14 tri thirc quan hé von cé gitra
cac d6i tugng c6 dong gop quan trong trong viéc phat hién mdi quan hé gitta cac ddi
tuong trong anh.
2.3.4.3. Két qua thyc nghiém chu thich énh

Pé danh gia hiéu qua ctia md hinh OD-VR-Cap, luén an tién hanh thyc nghiém
trén tap dit liéu chudn MS COCO Karpathy va so sanh v&i nhiéu phuong phap chu
thich anh da cong bd. Cac d6 do duoc sir dung gdbm BLEU-1, BLEU-4, METEOR,
ROUGE-L, CIDEr va SPICE, trong d6 cac d0 do BLEU va METEOR phan anh muc
d6 trung khép n-gram, ROUGE-L déanh gia tinh mach lac, CIDEr do ludng su dong
thuén vé&i chu thich tham chiéu, con SPICE tip trung vao tinh ding dén ngit nghia
cua cac chu thich.

Bang 2.3. So sanh dg chinh xdc chi thich anh cua cac phwong phdp trén tdp kiém tra
MSCOCO Karpathy. Gid tri in ddm biéu thi diém sé cao nhat trong méi cét dg do.

Phuong phap BLEU-1 | BLEU-4 | METEOR | ROUGE | CIDEr | SPICE
Show, attend and tell 71.8 25.0 23.0 - - -
(Hard-ATT) [18]

Show, attend and tell 70.7 243 23.9 - - -
(Soft-ATT) [18]

Dense Soft-ATT [42] 68.3 229 22.6 53.0 74.3 -
En-De-Cap [43] 70.6 243 - - - -
Bi-LS-AttM [46] 68.8 252 21.5 - 412 -
Image+SceneGraph [51] 67.2 26.1 22.3 - 76.0 -
G-LSTM+att [54] 67.7 20.7 23.9 ] ] _
OD-VR-Cap 72.6 28.3 24.8 534 85.1 17.6

Két qua trong Bang 2.3 cho théy mo hinh OD-VR-Cap dat hiéu suét vuot tri trén
hau hét cac d6 do so voi cac phuong phap ddi sanh. Xét theo nhém d6 do n-gram,
OD-VR-Cap dat BLEU-1 = 72.6 va BLEU-4 = 28.3, 1an lugt cao hon 0.8 va 3.3 diém
so v6i Hard-ATT [18], ddng thoi cai thién 4.0 diém BLEU-4 so v6i Soft-ATT. Mirc
ci thién dang ké & BLEU-4 cho thay mo hinh khong chi du doan chinh xac céc tir
don 1é ma con sinh duge cac cum tir dai ¢6 tinh nhét quan cao hon.

Péi voi METEOR va ROUGE-L, OD-VR-Cap dat 24.8 va 53.4, cao hon cac
phuong phap Dense Soft-ATT [42] va Image+SceneGraph [51]. Piéu nay phan anh
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khéa nang bao phu ndi dung va duy tri tinh mach lac trong chu thich dugc cai thién
nho khai thac quan h¢ gitra cac ddi tuong thay vi chi dya vao dac trung vang doc lap.

Péng chi y nhit 1a chi sé6 CIDEr dat 85.1, cao hon 9.1 diém so véi
Image+SceneGraph [51]. Vi CIDEr danh gia murc d6 twong ddng véi nhiéu cha thich
tham chiéu cua con nguoi, két qua nay cho théy viéc tich hop dd thi quan hé va co
ché tinh chinh phat hién d6i twong da giup mé hinh sinh chu thich gan véi dién dat tu
nhién hon. Chi s6 SPICE dat 17.6, phan anh su cdi thién vé tinh diang dén ngtr nghia

& muc cau truc canh.

Gmn " i front of ¥~ b.k. )
b!.'hll'ﬂ
.-

fi lmgl nextito (c)

Caption: a person jumping a skateboard in the air

Caption: a man fixing a motorcycle on the ground Ground truth captions:

Ground truth captions: GT1: Skate boarder hang ume with young man
GT1: aman 1s working on a hub cap on the ground appearing to streak though the air.

GT2: A man sitting on the ground, fixing a motorcycle GT2: Teenager doing stunts with a skateboard at a
wheel. skateboard park.

GT3: A man in 2 green shirt working on a nm ) GT3: a person jumping a skate board in the air

GT4: a man in a green shirt 3 rim and motorcycle GT4 A young skateboarder seems to be high in the
GT5: a man fixing a tire for a motorcycle

GT: A boy doing a mid air trick on hus skateboard.

Hinh 2.7. Vi du tir tap danh kiém tra minh hoa hiéu qua ciia phuong phap dé xudt. (a) va

(b): Anh dau vao cung voi cac doi tieong duwoc phat hién (chi hién thi 4 doi twong cé xdc

sudt cao nhat); (c): Bo thi quan hé dwoc trich xudt tir anh (chi hién thi 5 ‘quan hé co xdac
sudt cao nhat); (d): Chii thich dwgc sinh tw dong va cac chii thich chudn twong vmg.

Bén canh két qua dinh lugng, Hinh 2.7 minh hoa truc quan hiéu qua cua mo hinh
trén hai anh trong tap kiém tra. M6 hinh phat hién chinh xac cac ddi twong chinh va
xay dung dd thi quan hé ngit nghia giau thong tin, tir d6 sinh ra cac chu thich gan gii
v6i chu thich chuan. Vi duy, trong anh tht nhat, mé hinh nim bat dang ngit canh “a

man fixing a motorcycle on the ground”, thé hién su lién két chat ché gitta d6i twong
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(person, motorcycle, wheel) va hanh dong. Tuong tu, trong anh thir hai, mé hinh moé
ta chinh xac hanh dong “a person jumping a skateboard in the air”, phu hop véi cac
chu thich chuan.

Nhirng minh chimg dinh lugng va dinh tinh nay cho thdy OD-VR-Cap khong chi
khéc phuc dugc han ché cta cac md hinh CNN-LSTM, ma con vugt qua cac phuong
phap dua trén d6 thi da cong bd, khang dinh tinh hiéu qua cua viéc mo hinh héa quan
hé giita cac ddi twong trong viéc ning cao do chinh xac va tinh gidu ngir nghia cta
chu thich anh.

Su cai thién hiéu suét cua OD-VR-Cap dén tir viée chuyén hudéng biéu dién hinh
anh tir dang phang sang céu tric do thi, gitp mo hinh khong chi nhan dién timg d6i
tuong riéng 16 ma con hoc duoc cach chung tuong tic v6i nhau trong ngit canh tong
thé. Viéc két hop mang GCN vao quy trinh phat hién va ma hoa quan hé cho phép
lan truyén thong tin gitta cac dbi twong lién quan, gitp bd giai ma sinh ra cha thich
c6 cau tric logic va sat voi ndi dung thuc t& hon. Day chinh 13 dong goép hoc thuat
chinh ctia mé hinh - dua tri thirc quan hé vao khung chi thich anh, tao nén tang cho
cac md hinh ké tiép mé rong sang biéu dién ngir nghia sau hon.
2.4.Két chwong

Trong chuong ndy, mé hinh OD-VR-Cap di duoc dé xuat nham khic phyc nhiing
han ché cua cac phuong phap chu thich anh truyén thong - vn chil yéu dua trén dic
trung toan cuc hodc dic trung riéng 1é cia timg ving ddi twong ma chua khai thac
day du thong tin vé mdi quan hé giita cac dbi twgng trong anh. M6 hinh dugc thiét ké
theo hudng tich hop ba thanh phan chinh: phat hién ddi twong bing ODWGCN, xay
dung va nhung (embedding) d6 thi quan hé, va giai ma sinh chi thich thong qua mang
LSTM két hop co ché chi y kép. Pay 1a mot hudng tiép can co ciu tric rd rang, cho
phép md hinh hoc dugc ca thong tin truc quan va cac quan hé nglr nghia gitra cac
thanh phan trong anh.

Thuc nghiém trén tap dit liéu MS COCO cho thiy mé hinh OD-VR-Cap dat hiéu
qua cao hon so v&i cac phuong phép gan ddy theo nhiéu d6 do danh gia khac nhau.
Pac biét, cac thanh phén nhu bo phat hién ddi tuong ODWGCN va bd du doan quan
hé cling chirng minh dugc hi¢u qua riéng biét. M6 hinh nay khong chi thé hién uu thé
vé mit dinh lugng, ma con mo ra mét hudng tiép can kha thi trong viéc mo hinh hoa
ngit nghia hinh anh théng qua cdu tric do thi. Trong chwong tiép theo, mo hinh
RGTranCNet dugc gidi thi¢u nhu mot su ké thira va mo rong mo hinh hién tai, véi
viée tich hop kién tric giai ma dua trén Transformer cung tri thitc ngit nghia tir

ConceptNet nham tiép tuc ning cao kha niang hiéu va sinh chu thich giau y nghia.
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CHUONG 3. CHU THiCH ANH SU DUNG TRANSFORMER
VA TRI THUC TU CONCEPTNET

Bai toan chu thich anh doi hoi mé hinh vira hiéu ndi dung thi giac vira biéu dat
ngon ngt mot cach tu nhién va giau ngir nghia. Chuong 2 da trinh bay m6 hinh OD-
VR-Cap, khai thic quan hé gitra cac ddi twong thong qua dd thi quan hé va co ché
cha ¥ kép. Tuy nhién, kién tric dwa trén LSTM van con han ché trong viéc mé hinh
hoéa phy thudc dai han gitra céc tir va chua tan dung dugc tri thic ngtr nghia ngoai
anh dé hd tro qua trinh sinh chu thich. Xuat phat tir nhitmg han ché nay, Chuong nay
gi6i thiéu mo hinh RGTranCNet nhu mot budc phat trién tiép theo trong chudi nghién
ctru cua luén an. M6 hinh dugc xay dung trén nén tang Transformer Decoder, gitip
tang cuong kha ning hoc cac quan hé ngit nghia dai han, dong thoi tich hop tri thirc
ngit nghia tir ConceptNet nham cai thién tinh chinh x4c va mach lac cua chii thich
duoc sinh ra.

Pong gop ndi bat cia RGTranCNet nam & co ché tich hop da ngudn thong tin.
Cu thé, cross-attention dugc st dung dé két hop déc trung thi giac va dic trung quan
hé tir d6 thi quan hé, qua d6 gitip mo hinh ndm bt cAu tric canh mot cach dﬁy duva
c6 hé théng hon. Song song voi do, tri thirc ngit nghia tir ConceptNet dugc dua truc
tiép vao bd giai mi, bd sung cac lién két ngit nghia khong co trong tap huan luyén va
tang cudong kha ning xir Iy cac d6i tugng hiém hodc méi. Nho vy, RGTranCNet mo
rong dang ké pham vi hiéu ngir nghia ctia mé hinh so véi OD-VR-Cap va tao nén
tang vitng chic cho cac phuong phap ning cao duoc trinh bay & Chuong 4. Cac noi
dung chinh ctia chuong da duoc cong b trong [CT4] va mot phan trong [CT3].

Noi dung cua Chuong duoc cau tric gdm bdn phan chinh: (3.1) gidi thiéu,
(3.2) md hinh dé xuit, (3.3) thuc nghiém va két qua, va (3.4) két luan.
3.1. Gidi thi¢u

Trén co so cac nghién ciru di phan tich & Chuong 2, viéc khai thic mdi quan
hé giira cac d6i tugng thong qua biéu dién d6 thi cho thay tiém nang rd rét trong viée
nang cao kha nang hiéu ngit canh va cau tric ndi dung anh. Tuy nhién, trong nhiéu
md hinh hién c6, qué trinh giai ma ngén ngit van chu yéu dya trén mang LSTM két
hop céc co ché chu y truyén thdng, dan dén nhitng han ché vé kha ning mé hinh hoa
phu thude dai han va hi¢u qua huén luyén do tinh todn tuan tu.

Su ra doi cta kién tric Transformer [56] trong linh vuc xir 1y ngdn ngir tu
nhién d3 mé ra hudng phat trién méi cho bai toan chu thich anh. Transformer cho
phép huén luyén song song, giam dang ké thoi gian tinh toan va dat hiéu suat cao hon

nho kha ning hoc phu thudc dai han théng qua cac co ché ty chu ¥ (self-attention) va
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cht ¥ chéo (cross-attention). Nho vay, trong nhitng nam gan day, cac mé hinh chu
thich 4nh da dan thay thé LSTM bang Transformer trong vai trd bo gidi ma, mang lai
kha ning ndm bét ngit canh toan cuc va lién két ngir nghia giita cac dbi tuong hiéu
qua hon so véi cac co ché chi y truyén thong.

Bén canh d6, cac phuong phap chu thich anh cong bd gan day déu duoc huin
luyén trén tap dir liéu gdm céc cdp anh-cau cha thich (paired image-captions). Tuy
nhién, cac tap dir li¢u nay thuong chi cung cép mot sd lugng rat han ché chu thich
cho mdi anh (thuong tir 1 dén 5 cau). Vi vdy, cac mo hinh nay thiéu thong tin can
thiét dé mo ta cac ddi tugng mdi khong xuét hién trong tap huin luyén, hodc céac khia
canh khong duoc thé hién rd rang trong anh. Van dé nay c6 thé duoc giai quyét bang
cach tich hop thong tin tir cac ngudn dir liéu bén ngoai vao qua trinh phat sinh cht
thich. Nhiéu cong trinh da khai thac thong tin tir cdc ngudn dit liéu bén ngoai tap dix
liéu huén luyén, chfmg han nhu: khai thac tri thirc ddi tuong tur tap dir liéu nhan dang
ddi tugng va van ban bén ngoai tap du li¢u dé tao chu thich cho cac ddi tuong maoi
[102], st dung db thi tri thirc dé nang cao hiéu qua cho chi thich anh [62], biéu dién
ngit nghia (st dung co s¢ tri thirc ConceptNet) va mang chil y cho chu thich anh [21],
... Viéc st dung tri thirc bén ngoai tap dir li¢u huan luyén, cu thé 1a co so tri thic
ConceptNet dé nang cao hiéu qua cho mé hinh chu thich anh 1a can thiét, kha thi va
hiéu qua.

Do d6, nghién ciru nay dé xuit mot phuong phap méi c6 tén RGTranCNet,
dugc ciu thanh tir ba thanh phan chinh: RG (Relationship Graph) biéu thi d6 thi quan
hé, Tran dai dién cho by giai ma Transformer, va CNet thé hién sy tich hop tri thure
ngit nghia tir ConceptNet. Trong md hinh nay, (i) dic trung ving ddi twong va do thi
quan hé ctia anh dugc hop nhat trong mot khdi cha ¥ chéo duy nhit thay vi sir dung
hai co ché chi ¥ doc lap, tir d6 nang cao hiéu qua cha y; (ii) tri thirc ngoai tir
ConceptNet dugc tich hop mot cach lién mach vao qué trinh gidi ma dé tinh chinh
cau chu thich dugc sinh ra, gitip xir Iy hiéu qua hon cac d6i tuong khong xuat hién
trong tap huin luyén - mdt han ché phé bién trong cac mod hinh chu thich anh hi¢n
nay - qua d6 cai thién kha ning tong quat héa va lam phong phti ndi dung ngit nghia
cua chu thich; va (iii) chi thanh phﬁn decoder dugc huin luyén, trong khi cac mé-dun
chju trach nhiém trich xuét dic trung vung dbi tuong, xay dung va biéu dién dd thi
quan hé, ciing nhu truy xuét tri thirc ngit nghia tir ConceptNet duoc giit nguyén khong
thay doi. Chién luoc nay gitip giam dang ké chi phi huan luyén ma van duy tri do

chinh xac va kha nang mé rong ciia mo hinh.
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DPoéng gop chinh ciia chwong nay gom:

= Cai thién hi¢u qua chu thich anh bang cach dung Transformer decoder lam mo
hinh ngdn ngi thay cho mang LSTM va co ché cross-attention thay cho cac co ché
cha y truyén théng dé két hop thong tin da phuong thire gitra encoder va decoder.

= Tich hop tri thirc ngir nghia tir co s tri thitc ConceptNet vao decoder dé khai
thac tri thirc bén ngoai tap dit liéu hun luyén nham nang cao d6 chinh xac cho chi
thich phét sinh, dic biét 1a cac d6i twong mdi. Phuong phap nay c6 thé dé dang ap
dung vao cac mo hinh chu thich anh khac.

» Thuc nghiém trén b dir li€u chuan MS COCO cho théy mo hinh dung
transformer decoder v&i cross-attention ¢6 d0 chinh xac cao hon LSTM véi cac co
ché chi ¥ truyén thong, va viéc bd sung tri thirc ngit nghia cta cac ddi twong trich
xuat tir ConceptNet vao decoder ciing gdp phan nang cao do chinh xac cho chu thich
dugc phat sinh.

3.2. Phuwong phap chii thich anh dé xuat

Phén nay trinh bay chi tiét phuong phap chu thich anh dé xuat RGTranCNet,
bao gom kién tric tong thé ciia mo hinh va cac thanh phan chinh cau thanh hé thong,
tir bo ma héa hinh anh, b trich xudt tri thirc ngit nghia dén b giai ma ngdn ngit dua

trén Transformer.

3.2.1. Kién tric tong thé ciia mdé hinh RGTranCNet

]
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Hinh 3.1. Kién triic l(fng thé ciia mé hinh RGTranCNet. Bé md héa anh tao dic trung ving
doi twong F, va embedding do thi quan hé Z,. B¢ trich xudt tri thirc truy xudt ConceptNet
dé thu thdp tri thire C;. Bé giai ma Transformer tich hop F; va Z; théng qua multi-head
cross-attention va sir dung C; dé tang cuong duw dodn tir khi sinh chii thich.
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M6 hinh RGTranCNet dugc xay dung theo khung encoder-decoder nhu minh
hoa trong Hinh 3.1, gdm ba khéi chirc ning chinh: (i) B6 ma hoa hinh anh (Image
Encoder) trich xut biéu dién thi gidc va cau tric quan hé cua anh; (ii) Bo trich xuét
tri thirc ngit nghia (Semantic Knowledge Extractor) truy xudt tri thirc ngit nghia lién
quan tir ConceptNet dya trén nhin 16p dbi twong; va (iii) BO giai mi ngdn ngit
(Language Decoder) dua trén Transformer dé phét sinh chu thich.

Trong ba khéi chirc ning trén, Image Encoder ké thira tryc tiép thiét ké da
trinh bay & Chuwong 2 nhim dam bao tinh nhat quan vé quy trinh trich xuét dic trung
vung va xay dung dd thi quan hé. Hai biéu dién dau ra cta encoder gém: ma tran dac
trung ving dbi tuong F, va ma tran embedding d0 thi quan hé Z,. Trén nén tang do,
chuong ndy tap trung vao hai co ché mo rong tai phia decoder.

Thir nhat, mé hinh sir dung Transformer Decoder thay cho LSTM va khai thac
co ché multi-head cross-attention dé hop nhit thong tin thi giac F; va thong tin quan
hé Z; theo ngit canh ngon ngir ¢ tirng budc sinh tur.

Thtr hai, tri thirc ngoai tr ConceptNet dugc dua vao qua trinh gidi ma thong
qua bd trich xuét tri thirc va co ché diéu chinh phan phéi du doan tir; cu thé, véi mdi
anh, tap tri thuc C; dugc truy xuét theo cac nhin ddi tuong va dugc su dung dé tang
cuong xac suat cho cac khai niém lién quan khi tinh phan phéi dyu doan.

Trong md hinh RGTranCNet, cac mo-dun trich xuat ddc trung ving dbi tugng,
xay dyung va biéu dién do thi quan hé, ciing nhu truy xut tri thirc ngir nghia tir
ConceptNet dugc xem la cac budc tién xir 1y hodc da dugc huén luyén trude va duoc
gilt ¢6 dinh trong suét qua trinh huan luyén. Chi cac tham sd cia bo giai ma
Transformer, ky hi¢u 1a ¢, duoc t8i wu hoa nham hoc cach két hop thong tin thi giac-

quan hé va tri thurc nglr nghia trong qua trinh sinh cht thich.
3.2.2. B0 ma ho6a hinh anh

Qua4 trinh mi hoa hinh anh trong mé hinh RGTranCNet ké thira tryc tiép kién
tric by ma hoa da dugc trinh bay chi tiét trong Muc 2.2.2 cua Chuong 2. Cu thé, mo
hinh tiép tuc str dung hai thanh phan chinh: (i) bo phat hién ddi twong tich hop GCN
(ODwWGCN) nhim cai thién d6 chinh xac phat hién thong qua viéc bd sung mbi quan
hé dong xut hién giita cac dbi twong trong anh, va (ii) khéi xay dung do thi quan hé
két hop mo hinh du doan quan hé (VRP+RK), tir d6 xdy dung d6 thi R-Graph ¢6 céu
tric 1d rang, phan anh moi quan hé giira cac d6i tuong trong anh.

Sau khi thu duogc dd thi quan h¢, dac trung nglt nghia cta tirng dinh dugc lam
gidu bang mang no-ron tich chap trén do thi hai tang. Vi mot anh dau vao I, két qua

ctia bd ma hoa hinh anh 13 hai ma tran dau ra F;, Z;. Ma tran F; luu trit dac trung truc
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tiép tir cac ving anh, trong khi Z; chtra cac véc-to dic trung sau khi lan truyén ngir
nghia trén db thi quan hé. Hai ma trn nay dugc str dung lam dau vao cho ting chi y
tai by giai ma Transformer.

B6 ma héa hinh anh trong RGTranCNet dugc giit nguyén theo thiét ké da trinh
bay tai Muc 2.2.2; do d6 luan an khong lap lai cac cong thirc va thuat toan lién quan.

3.2.3. Bo trich xuit tri thirc ngir nghia ddi twong

ConceptNet 1a mdt co s¢ tri thire da ngén ngtr, mo ta cac tir, cum tir ma con
ngudi thuong st dung va cac mdi quan hé thong thudng giita chiing. Tri thirc trong
ConceptNet duoc thu thap tir nhiéu ngudn khac nhau, gdm cac ngudn tai nguyén duoc
dong gop tir cong dong nhu Wiktionary va Open Mind Common Sense, cac ngdn tai
nguyén do chuyén gia tao ra nhu WordNet va JMDict va nhiéu ngudn dit liéu mé
khac [103]. Tt d6 tao ra mét co s tri thic lién két cac khai niém véi nhau thong qua
cac mbi quan hé ngir nghia nhu nhu “IsA” (1a mot), “PartOf" (1a mot phan cia),
“UsedFor” (ding dé), va nhiéu mdi quan hé khac. Cac mdi quan hé nay cho phép
md hinh hiéu rd hon vé bdi canh va lién két ngit nghia giita cac tir, cum tir. Tir d6, hd
tro cac hé théng tri tué nhan tao trong viéc hiéu ngtr canh, suy luan va tuong tac voi
con nguoi. Trong nghién clru nay, co so tri thure ConceptNet K dugce dinh nghia dudi
dang dd thi nhu sau:

Pinh nghia 3.1. D6 thi CK-Graph K = (V, E, W) 1a d6 thi tri thirc bao gom:

—Tap dinh V = {v; € C,Vi = 1,N.}, trong d6 C la tap khai niém trong
ConceptNet,

—Tap canh E = {e;; = (v;,v;,w),Vi,j = 1, N, i # j}, bicu dién moi lién hé
ngtr nghia gitra cac cdp khai ni¢m;

—Tap trong s6 W = {w; € R*,Vi = 1,N,}, trong d6 Ny 1a s6 lugng canh
trong tap E, va mdi trong sb phan &nh mure dd 1ién quan nglr nghia gitra hai khai niém
tuong ing.

Pé tich hop tri thirc ngit nghia tir ConceptNet vao qua trinh sinh chu thich
nham cai thién d chinh xac, dic biét trong viéc md ta cac dbi tuong méi chua xuat
hién trong tap dir li¢u huan luyén, ConceptNet dugc biéu dién dudi dang mot dd thi
tri thac K = (V, E, W), nhu dugc dinh nghia trong Dinh nghia 3.1. Sau do, cac nhan
16p ddi twong trong anh duoc sir dung dé truy van cac tri thirc c6 ¥ nghia tuong tu tir
d6 thi nay. Hinh 3.2 minh hoa két qua truy van d6i voi ddi twong "laptop" tir @6 thi
K. Mbi khai niém lién quan dugc gan mot gia tri xac suét, phan anh mtrc do tuong

ddng hoic lién quan ngir nghia gitra khai niém d6 va dbi twong dugc truy van.
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Trong nghién ctru nay, fop-k d6i tugng lién quan dén mdi dbi twong phat hién
trong anh duoc str dung dé ting cudng thong tin cho decoder trong qué trinh phét sinh
chu thich anh. Tap nay, ky hiéu 1a C, duoc sir dung khi phat sinh tir tiép theo ctia bo

giai ma. Qua trinh trich xut tri thirc cua cac ddi twong lién quan duoc mé ta trong
Thuat toan 3.1.

Thuét toan 3.1 thuc hién viéc trich xuét cac d6i tuong lién quan tir co s& tri
thirc ConceptNet dura vao nhan 16p cua cac dbi tuong trong anh. Thuit toan bat dau
béng viéc khoi tao mot tap rong dé chua cac d6i tuong lién quan cung véi gia tri trong
s6 twong Gmg cua chung. Dbi v6i mdi nhin 16p ddi tuong trong anh, thut toan truy
Xuat cac canh tir ConceptNet c6 nguén 1a nhan do, tir d6 thu dugc tap cac canh tuong
ung. Céc ddi tuong lién quan cuia nhan dbi tuong dugc xac dinh tir cac canh nay, va
tap két qua dugc cap nhat bang cach két hop chiing vao tap ddi tugng lién quan. Két
qua cudi cing ctia thuat toan 1a danh sach cac ddi tuong lién quan ciing véi trong sd.
Nhu vy, tir mot anh ddu vao I gdm tap cac nhin 16p cia cac dbi twong dd phat hién
duoc trong anh L;, qua Thut toan 3.1 thu duoc két qua 1a tri thire ngit nghia cua cac

dbi twong lién quan C; gém tap ddi twong va gia trj trong sd twong Gmg.
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Hinh 3.2. Minh hoa két qua trich xudt tri thire tir ConceptNet ciia nhén 16p doi twong
“laptop”. Moi canh duoc gdan nhdn voi logi quan hé (IsA, UsedFor, PartOf, CapableOf) va
diém tin cdy tuong ing.
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Thuét toan 3.1. ExtractRelatedObjectCNet(L;, K)

Dau vao: Tap nhan doi tuong cuaanh I, L; = {l4, L,,.., lNI}, co s¢ tri thirc ConceptNet K

Piu ra: Danh sach cac dbi tuong lién quan va trong s tuong tmg C;
Begin

1 # Khéi tao tap C rong

2 C < 0;

3 foreach[; € L; do

4 # Truy xuat tap canh E; € E tir ConceptNet K
5 E; = {(vs,ve, W)l = 1}

6 # Tap doi tugng lién quan cua ;
7 ¢ = {(We W), ve, w) € E})

8 # Cap nhat C;

9 C < CUg

10 end

End

3.2.4. B§ gidi ma ngon ngir

Trong nghién ctru ndy, bd giai mi (decoder) cia kién tric Transformer dugc
khai thac nhu mot moé hinh ngdn ngir c6 kha nang tao sinh mo ta cho hinh anh. Cac
dic trung hinh anh duoc trich xuét tir bd ma hoa (encoder) - bao gém biéu dién cua
cac ving d6i tuong cung véi embedding cua d6 thi quan hé - duoc két hop va dua
vao b giai ma thong qua co ché cross-attention. Mo hinh dwgc huin luyén dé sinh
cha thich anh, dong thoi tich hop thém tri thirc ngit nghia rut trich tir ConceptNet
nham cai thién tinh chinh x4c va d6 bao quat ngit nghia cua két qua. Toan bd quy
trinh hudn luyén va sinh md ta anh ciia m6 hinh dugc trinh bay qua hai thuat toan:
Thuét toan 3.2: md ta qua trinh hudn luyén bo giai ma Transformer c6 tich hop tri
thirc ngit nghia dé tao ra mo hinh sinh mé ta hinh anh; Thuit toin 3.3: mo ta qua
trinh sinh chu thich cho anh dau vao bang cach str dung mé hinh da duoc huan luyén
¢ Thuit toan 3.2.

Nghién ciru tap trung vao hai cai tién chinh: (1) co ché Multi-Head Cross-
Attention dé két hop thong tin giita dic trung ving ddi tuong va embedding do thi
quan hé; va (2) tich hop tri thirc ngir nghia tir ConceptNet nham diéu chinh xac suat
du doan tir phat sinh, giip mo hinh tao ra chi thich chinh xac, da dang va giau y nghia
hon, dic biét v6i cac dbi tuong chua xuét hién trong dir li€u huén luyén. Céc téng
khac cua Transformer Decoder nhu Masked Multi-Head Attention, Feed-Forward
Layer va Add & Norm khéng duoc trinh bay chi tiét vi duoc giit nguyén theo thiét ké

A

goc.
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Thuét toan 3.2. TrainingTransDecCNet(D, ¢)

Pau vao: Tap dit liéu huan luyén D = {(F;, Z;, S;, C;), Vi = 1, Ny}
Pau ra: Tham sb ctia mé hinh ¢ da dugc tdi wu

Begin
1 ¢@ < Random Initialization
2 fori=1to N;do
3 Loss <0
4 H;ni: = Embedding(S;)
5 Qmasked = HinithmaSked: Kmaskea = HinitWI:naSked;
Vinaskea = HinitVvaaSked
6 Attyaskea = Softmax (MW) Vinasked
7 Hpaskea = Add&Norm(Hp;e + Attmaskea)
8 Qr = HinaskeaWq, K = FiWy, Vi = ;WY
9 Attg = softmax (Q\F/I_;E) Vg
10 Qz = HumasieaWs Kz = ZWy, Vz = Z;W¢
11 Att; = softmax (Q\Zg%) Vy
12 CombinedAtt = a. Attg + (1 — ). Atty
13 Hross = Add&Norm(Hpgskea + Combined Att)
14 Hfingr = FeedForward (Heyoss)
15 Logits = WyHsina
16 foreach (I,w) € C;do
17 Logits'[l] = Logits[l] + pw
18 endfor
19 P = Softmax(Logits")
20 Loss; = — thvzs‘l logP(s{|SL:, Fi, Z;, C;)
o1 QD‘_(P_T]aLOSSi
d¢
22 endfor
End

Trong Thuét toan 3.2, N 1a s6 mau dit liéu trong tap dir liéu huin luyén,
F;,Z;,S; va C; 1an luot 13 tap ddc trung ving ddi tugng, embedding cac dinh cua dd
thi quan hé, chu thich chuan va tap dbi twong tri thirc lién quan ctia mau dit liéu (anh)
thtr i. Ch thich chun cia mdi anh S = {s, sy, ..., Sy}, trong d6 s; bicu dién tir thir
i trong cau, Vi = 1, N5 , voi Ng 12 s tir trong cau S. H 13 trang thai an, Wo, Wk, Wy
va W, 1a cac ma tran trong sd cua Transformer decoder, cac ma tran trong sé nay

duoc khai tao ngau nhién, va duge hoc dé cap nhat gid tri trong qua trinh huén luyén.
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Thuit toan 3.2 thuc hién huin luyén Transformer Decoder dé phat sinh chu
thich anh bang cach két hop dic trung thi giac tir cac ving ddi tuong va dic trung
ngir nghia tir embedding d6 thi quan hé thong qua co ché cross-attention. Pong thoi,
tri thirc tir ConceptNet duoc tich hop & tang dau ra nhdm cai thién tinh chinh x4c va
dd bao quat ngir nghia cua chu thich du doan. Cuy thé, tai mdi mau dit liéu, qué trinh
huin luyén bat diu v6i Masked Multi-Head Self-Attention dé dam béao tinh nhan qua,
tirc 1a mo hinh chi st dung cac tu trude do dé du doan tir tiép theo. Tiép theo, dac
trung thi gidc (tir cac ving ddi tugng) va embedding ngit nghia (tir d6 thi quan hé)
duoc két hop trong co ché Multi-Head Cross-Attention. Hé sd két hop a dugc st dung
dé diéu chinh mtrc d6 dong gop twong dbi gitra hai ngudn thong tin nay, qua doé kiém
soat su can bang giira tin hi¢u thi gidc va ciu tric quan hé trong qué trinh suy dién
ngir nghia. Biéu dién cubi cung cua decoder dugc anh xa qua mot tang tuyén tinh dé
tinh diém sd (logits) cho toan b tir vung. Cac logits nay sau d6 dugc diéu chinh truc
tiép bang cach cong thém gia tri fw twong tng voi cac tir xut hién trong tap tri thirc
ConceptNet ctia anh. Budc diéu chinh nay lam thay d6i phan phdi diu ra trudce khi ap
dung softmax, qua d6 gia ting xac sudt ciia cac tir ¢6 lién hé ngit nghia véi ndi dung
anh, dic biét 1a cac d6i tuong hiém hodc it xuit hién trong dir liéu huén luyén.

Sau khi 4p dung ham softmax, thu dugc phan phdi xac suit
P(s}|SL,, F;, Z;, C;), tlr d6 tinh gid tri ham mat mat Cross-Entropy cho timg budc thoi
gian. O giai doan dau huin luyén, do cac tham s6 dugc khdi tao ngu nhién, xac suat
du doan ctia tir muc tiéu thuong thap, dan dén gia tri Loss 16n. Thong qua co ché lan
truyén nguoc (backpropagation), cac tham s attention va cac ma tran chiéu duoc cap
nhat dan nham gia tang xac suat cua tir dung, lam cho Loss giam theo cac epoch. Viéc
tich hop ConceptNet tac dong truc tiép 1én logits trudc softmax, qua d6 thuc day
qua trinh t6i wu ddi véi cac thuc thé quan trong va dong vai trdo nhu mot dang diéu

chuan ngtr nghia ¢ tang dau ra.

Qué trinh huén luyén duoc lip lai trén toan bo Ny mau dir licu. Két qua thuc
nghiém cho th?iy ham Loss giam on dinh va hoi tu sau mot sb epoch nhét dinh, cho
thdy viéc tich hop tri thirc ngoai khong 1am mét 6n dinh qua trinh t&i wu ma con hd
trg cai thién kha ndng dy doan cac quan h¢ va thuc thé trong chu thich anh.

Trong Thudt toan 3.3, qua trinh tao chu thich cho anh dau vao dugc thuc hién
bing b giai ma Transformer (¢) dd duoc huan luyén trude d6. Dua trén dic trung
ving ddi twong ciing biéu dién embedding ctia dd thi quan hé twong tmg v6i anh dau
vao, chudi mo ta duoc khdi tao bang token bat dau <start>. Tai mdi vong lap, chudi
hién thoi duoc ma hoa théng qua co ché masked multi-head attention, sau d6 két hop

v6i didc trung hinh anh thong qua multi-head cross-attention dé ndm bat mdi lién hé
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giita ngit canh ngdn ngir va thong tin thi giac. Biéu dién két hop nay dugc chiéu qua
tang tuyén tinh dé thu duoc véc-to logits trén toan bo tir vung; trong d6 cac logits
tuong ng voi cac khai niém truy xudt tir ConceptNet duoc diéu chinh nham ting
cudng xac suat sinh cac tir lién quan vé ngit nghia. Phan phéi xac sudt tir tiép theo
dugc tinh bang ham softmax. Tl c6 x4c suat 16n nhat duoc chon lam tir ké tiép trong
cau. Quy trinh nay lap lai, trong d6 mdi tir méi sinh ra duoc thém vao chudi hién tai,
cho dén khi token két thiic <end> xuat hién hogc dat d6 dai tdi da ctia cau. Chu thich
cudi cung thu duoc 1a mdt mo ta anh chinh xéc, mach lac va c6 y nghia, dugc sinh ra

dua trén céc dac trung bi€u dién cia anh dau vao.

Thuét toan 3.3. GenerateCaptionCNet(F,, Z,;, C;, ¢)

Pau vao: F;, Z;, C; mo hinh transformer di huan luyén ¢

Piu ra: Chu thich cua anh §,

Begin

1 S, = [< start >]

2 while (last token # < end >) and (length of §; < max length) do
3 Hipir = Embedding(ﬁ,)

4 Haskea = MaskedMultiHeadAttention(H;y;t)

5 H;poss = MultiHeadCrossAttention(Hpygskea, Fi, Z1)
6

7

8

Logits(s;) = W,.FeedForward(H,ss)
Logits' « Logits
foreach ([,w) € C, do

9 Logits'[l] = Logits[l] + pw
10 endfor

11 P(s;) = Softmax(Logits'(s;))

12 St = argmaxseyocap P (St)

13 5, = §, U s;

14 endwhile

End

3.3. Thuc nghiém va két qua

Tir co s6 1y thuyét va mo hinh di dé xuét, phan nay cai dit thuc nghiém va
danh gié tinh hiéu qua cua moé hinh véi cac do do dugce sir dung phé bién trong bai
chii thich anh. Cac két qua thuc nghiém, ban luan va so sanh véi cac cong trinh cong
bd gan day ciing duge trinh bay trong phan nay nham lam rd vu khuyét diém cua

phuong phéap dé xuat.
3.3.1. Dix liéu va thiét 1ap thwe nghiém

Phén nay trinh bay ngudn dit liéu duoc sir dung trong qua trinh thir nghiém,

cung véi cac tham sé huin luyén va cau hinh hé thong ap dung cho phuong phap
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duoc dé xuat. Ngoai ra, cac 4 do danh gia hiéu qua mé hinh ciing duoc mo ta chi tiét
trong muc nay.
3.3.1.1. Dir li¢u thuc nghiém
Trong chwong ndy, md hinh RGTranCNet duoc huin luyén va danh gia trén
tap MS COCO [101] theo dung cac quy tic chudn hoa vin ban/hinh anh, xay dung
tap tu vung va chia tach dir li¢u da trinh bay tai Muc 1.4.1. Ngoai ra, co so tri thic
ConceptNet [103] dugc st dung nhu ngudn tri thirc ngit nghia ngoai hd trg qua trinh
giai mi. Viéc tich hop ConceptNet khong 1am thay ddi cdu hinh dir liéu/danh gia néu
0 Muc 1.4.1.
3.3.1.2. Chi tiét cai dit
Viéc trién khai mé hinh dugc thyuc hién bang ngén ngit Python (phién ban 3.9)

cung voi thu vién hoc sdu PyTorch (phién ban 2.0), va toan b qua trinh huin luyén,
kiém thir dwoc thuc thi trong méi truong Google Colab Pro. Cac cdu hinh va siéu
tham sd chinh duoc thiét 1ap nhu sau:

= Phin tao va embedding do thi quan hé: Quy trinh nay duoc giir nguyén theo
thiét 1ap trong OD-VR-Cap, str dung cac dac trung va dd thi quan hé da duoc huin
luyén sén & Chwong 2 nhim dam bao tinh nhit quan giita cac md hinh.

= Thanh phén Transformer Decoder: Kién tric giai ma bao gdm 6 khdi (N =
6) voi 8 dau chu ¥ (heads), kich thude véc-to biéu dién tir dugc dit 1a 512 chidu. Qua
trinh hudn luyén &p dung bo t6i wu Adam, toc d6 hoc (learning rate) = 0.00004 va
kich thuéc 16 (batch size) = 32.

= Phan ConceptNet: Co so tri thirc ConceptNet 5.7 duge sir dung dé truy xudt

céc tri thirc ngit nghia lién quan dén cac ddi twong trong anh thong qua REST API tai
api.conceptnet.io. Voi mdi anh, 5 ddi tuong co xac suét cao nhit duoc chon; ddi voi
mdi ddi tuong, 10 tri thirc nglt nghia c6 dg lién quan l6n nhét duoc thu nhan va dua
vao bd giai ma nham ting cuong kha ning hiéu ngit canh cia mo hinh.
3.3.2. D) do danh gia

Hiéu qua cua md hinh cha thich anh dé xuat (RGTranCNet) dugc danh gia
bang cac do do chuan dugc sir dung rong rai trong bai toan cha thich anh, bao gom
BLEU, METEOR, ROUGE-L, CIDEr va SPICE. Cac dinh nghia, cong thurc tinh toan
va nguyén tc su dung cta cac do do nay da dugc trinh bay chi tiét tai Muc 1.4.2
trong Chuong 1.

Tat ca cac gia tri danh gia déu duoc tinh & muc corpus, va gia tri cao hon thé

hién hiéu suat tot hon ciia mo hinh.
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3.3.3. Chi phi tinh todn va thoi gian thwe hién

Trong bdi canh chuyén tir bo giai ma LSTM sang Transformer, viéc ddnh gia
chi phi tinh toan 13 can thiét nhdm xem xét tinh kha thi cia mé hinh RGTranCNet
trong cac moi truong huan luyén tiéu chuan. Trong chuong nay, b ma hoa hinh anh
dugc gitr ¢ dinh theo thiét lap huan luyén trude; do do, chi phi huén luyén tap trung
chu yéu vao Transformer decoder va co ché tich hop tri thirc ngir nghia tir

ConceptNet.

Céc thyc nghi¢m duogc trién khai trén nén tang Google Colab Pro vé1i GPU
NVIDIA Tesla T4 (16 GB VRAM). Két qua cho thay qua trinh huan luyén kéo dai
khoang 16 gio cho 30 epoch véi batch size = 32. So vo1 mo hinh st dung LSTM &
Chuong 2, chi phi huén luyén ting 1én do s6 luong tham sé 16n hon va co ché self-
attention cua Transformer; tuy nhién, mic chi phi ndy van niam trong pham vi chap
nhén duoc ddi véi cac hé théng huén luyén hién nay.

O pha suy luan, thoi gian sinh cha thich trung binh dat khoang 0.12 gidy/anh
v6i batch size = 32. Diéu nay cho thay viéc ap dung Transformer decoder giup cai
thién chit lugng chu thich ma khong 1am gia ting dang ké chi phi suy luan, qua d6
dam bao kha ning tng dung ctia mé hinh trong thuc té.

3.3.4. Két qua va ban lun

Két qua thuc nghiém ctia phuong phap dé xuét trén tap kiém tra MSCOCO
Karpathy duoc trinh bay trong Bang 3.1. Bang nay nham phan tich tic dong ctia viéc
tich hop tri thirc ngit nghia tir ConceptNet trong kién tric Transformer. Vi mo hinh
RGTran (khong tich hgp ConceptNet), cac chi s BLEU-1, BLEU-4, METEOR,
ROUGE-L, CIDEr va SPICE lan luot dat 77.5, 34.9, 28.3, 55.3, 98.4 va 18.7. Khi b
sung thanh phan tri thirc ngit nghia ngoai dé hinh thanh RGTranCNet, toan bd cac do
do déu tang, dat 79.8, 36.3, 35.6, 57.2, 107.8 va 20.5. Sy cai thién dong thoi trén tat
ca cac do do cho thiy viéc tich hgp ConceptNet khong chi mang lai loi ich cuc bo ma
c6 tac dong toan dién dén chat lugng chii thich. Pang cha y, METEOR ting 7.3 diém
(tir 28.3 18n 35.6), phan anh kha nang xir 1y tot hon cac bién thé ngdn ngit va tir dong
nghia. CIDEr ting 9.4 diém (tir 98.4 1én 107.8), cho thdy mirc d6 twong ddng cao hon
v6i cac mo ta tham chiéu ctia con nguoi. Pong thoi, SPICE tang tir 18.7 1én 20.5, xac
nhan rang tri thirc ngoai gbp phan cai thién tinh nhat quan ngir nghia va kha ning
biéu dién quan hé giita cac thuc thé trong anh. Nhitng két qua nay ching minh rang
viéc tich hop tri thurc nglt nghia vao bd giai ma Transformer giap mo hinh khong chi

sinh cau ding vé mat hinh thirc ma con chinh xac hon & mirc cau truc va y nghia.
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Bdng 3.1. Hiéu sudt chii thich anh ciia phwong phap dé xuat trén 1ap. kiém tra MSCOCO
Karpathy. Gid tri in ddm biéu thi diém sé cao nhat trong méi cét do do.

Phuong phap BLEU-1 | BLEU-4 | METEOR | ROUGE | CIDEr | SPICE
RGTran
(without ConceptNet) 77.5 349 28.3 55.3 98.4 18.7
RGTranCNet
(with ConceptNet) 79.8 36.3 35.6 57.2 107.8 20.5

Bang 3.2 mé rong phan tich bang cach dat RGTranCNet trong twong quan véi
cac hudng tiép can tiéu biéu trén cing tap dir liéu. Trude hét, so voi mod hinh OD-
VR-Cap & Chuong 2 — vbn sir dung LSTM va co ché chua  kép — RGTranCNet thé
hién budc tién 16 rét trén toan bo cac do do. Su cai thién nay phan anh loi thé cua
kién trac Transformer véi co ché self-attention va cross-attention, cho phép tich hop
linh hoat dac trung thi giac, biéu dién quan hé va tri thirc ngit nghia trong ciing mot
khoéng gian dic trung, thay vi xir 1y tudn ty nhu LSTM. Diéu nay dic biét quan trong
trong viéc mo hinh héa cac phu thudc dai va cAu trtc phurc tap trong cau mo ta.

Khi so sanh véi cac phuong phap RNN truyén thong nhu Bi-LS-AttM va G-
LSTM-+att, RGTranCNet vuot trdi ro rét, cho théy su chuyén dich tir kién trac hoi
quy sang Transformer 13 xu hudng tat yéu trong bai toan chi thich anh. Pdi véi CNet-
NIC — mét phuong phéap cling tich hgp ConceptNet nhung dua trén khung NIC —
RGTranCNet dat két qua cao hon, khéng dinh rﬁng hi€u qua cua tri thirc ngoai phu
thudc manh vao co ché tich hop trong kién triic giai ma.

O mot hudng khac, cac phuong phap nhu Image+SceneGraph hay ConvNeXt
tap trung ting cuong biéu dién thi gidc thong qua do thi canh hodc encoder manh.
Tuy nhién, két qua ciia RGTranCNet cho thdy viéc cai tién encoder thi giac 1a chua
da néu thiéu co ché tich hop ngir nghia ¢ phia giai ma. Hiéu suit cao dong thoi trén
BLEU, METEOR, CIDEr va SPICE chting minh ring mo hinh d¢ xuat dat duoc su
can bang giita d6 chinh xac bé mit va tinh nhat quan ngir nghia.

Bdng 3.2. So sanh d¢ chinh xdc chii thich anh ciia cdc phirong phdp trén tdp kiém tra

MSCOCO Karpathy.

Phuong phap BLEU-1 | BLEU-4 | METEOR | ROUGE | CIDEr | SPICE
CNet-NIC [62] 73.1 29.9 25.6 53.9 107.2 -
Bi-LS-AttM [46] 68.8 25.2 21.5 - 41.2 -
Image+SceneGraph [51] 67.2 26.1 233 - 76.0 -
G-LSTM+att [54] 67.7 20.7 23.9 - - -
ConvNeXt [104] 74.8 34.8 - - - -
OD-VR-Cap 72.6 28.1 24.8 53.4 85.1 17.6
RGTranCNet 79.8 36.3 35.6 57.2 107.8 20.5
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Pé 1am rd hon tinh hiéu qua cia RGTranCNet, Bang 3.2 trinh bay so sanh véi
cac nghién ctru gin day. Két qua cho thiy RGTranCNet dat hiéu suit cao nhét trén
toan bd cac do do. So véi CNet-NIC - mot phuong phap cling tich hgp ConceptNet
nhung dua trén kién trac NIC truyén théng - RGTranCNet vuot troi 10 rét & BLEU-
4 (+6.4), METEOR (+10.0) va CIDEr (+0.6), khing dinh loi thé cta viéc két hop tri
thirc ngoai véi kién triic Transformer thay vi RNN. Khi so v§i ConvNeXt, von sir
dung kién triic ma hoa thi giac tién tién, RGTranCNet van dat hiéu qua vuot troi &
BLEU-1 va BLEU-4, chirng minh riang khong chi encoder ma ca co ché giai ma va

tich hop tri thirc ngit nghia méi déng vai tro then chét trong viéc nang cao hi¢u suat.

OD-VR-Cap: a man fixing a motorcycle on the OD-VR-Cap: a person jumping a skateboard

ground in the air

RGTran: A man sitting on the ground fixing RGTran: A person jumping on a skateboard
the wheel of a motorcycle in a skate park

RGTranCNet: A man sitting on the ground RGTran-CNet: A person  performing
repairing the wheel of a motorcycle outdoors. a skateboard trick in the air at a skate park

Hinh 3.3. Cac vi du dinh tinh so sanh gitta cac mé hinh sinh chu thich anh. (a) va (b) la hai
anh thie nghiém voi cdc chu thich dwoc tao boi ba mé hinh: OD-VR-Cap, RGTran, va
RGTranCNet.

Sau cac phan tich dinh lwong, Hinh 3.3 cung cip minh chimg dinh tinh vé chat
lwong chu thich. C6 thé thiy, OD-VR-Cap chu yéu ding lai & viéc mo ta ddi tuwong
va hanh dong chinh ( “a man fixing a motorcycle”, “a person jumping a skateboard”)
nhung bo qua cic chi tiét ngir canh. RGTran cai thién hon khi b6 sung thong tin cu
thé hon vé vi tri hodc bi canh (“sitting on the ground”, “in a skate park ), tuy nhién
van han ché trong viéc khai thac chi tiét va quan hé ngit nghia phirc tap. Trong khi
d6, RGTranCNet khong chi giit dugc cac yéu td c¢dt 16i ma con sinh ra cac mo ta tu
nhién, chi tiét va gidu ngir nghia hon, chiang han “repairing the wheel of a motorcycle
outdoors” hodc “performing a skateboard trick in the air at a skate park”. Su khac
biét nay cho thiy tri thirc ngoai tir ConceptNet da gitip mo hinh bd sung thong tin ma
dir liéu huan luyén chua bao phi, tir d6 tao ra cha thich phong pht va gan giii hon

v&1 ngdn ngit ty nhién.
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Tom lai, cac két qué dinh lugng va dinh tinh déu kh'flng dinh ré“lng RGTranCNet
vuot troi hon so véi cac phuong phap CNN-LSTM truyén thong, cac md hinh dua
trén do thi quan hé, ciing nhu cac hudng tich hop tri thire trude day. Viée két hop dd
thi quan hé, Transformer decoder vdi cross-attention, va tri thirc nglr nghia tr
ConceptNet da chimg minh 13 mot hudng tiép can hiéu qua, gitp mé hinh khong chi
mo ta chinh xéac cac d6i tuong va hanh dong trong anh ma con tao ra cac chu thich ty
nhién, giau thong tin va c6 tinh nglt nghia cao.

Sy cai thién hiéu sut cia RGTranCNet phan anh budc tién quan trong trong
huéng tiép can chu thich anh dya trén tri thirc. Viée két hop tri thirc ngit nghia tir
ConceptNet v6i co ché cross-attention ciia Transformer d3 mé rong khong gian biéu
dién ngir nghia, gitip mo hinh khong chi “nhin” dugc cac quan hé tryc tiép gitra ddi

9
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tugng ma con “hiéu” duoc y nghia khai quat va mdi lién hé ngir canh giira ching.
Nho d6, mé hinh c6 thé dién dat linh hoat hon, gidm cac 16i mo ta roi rac va tién gﬁn
hon dén kha ning dién dat tu nhién cua con nguoi. Mot dong gop chinh cua
RGTranCNet 1a viéc chirng minh tinh hi€u qua cua tich hop tri thirc ngoai vao khung
mod hinh Transformer, dit nén tang cho viéc hoc biéu dién ngir nghia sau hon trong
cac chuong ké tiép.

Mic du dat két qua tich cuc trén MS COCO, phuong phap van ton tai mot s6
han ché. Th nhét, chat lugng chu thich phu thudc vao do chinh xéac ctia caic mo-dun
tién xur 1y nhu phat hi¢n ddi tuong va du doan quan h¢; cac sai 1éch ¢ giai doan ma
hoéa c6 thé lan truyén va anh huong dén qua trinh giai ma. Thir hai, tri thirc truy xuét
tir ConceptNet mang tinh thuong thirc tong quat; trong mot s6 truong hop, cac khai
niém lién quan theo nghia phd quat nhung khong phu hop véi ngit canh cu thé cia
anh c6 thé gay nhiéu néu thiéu co ché diéu hudng tri thirc theo ngit canh manh hon.
Thir ba, co ché tich hop tri thirc hién tai chu yéu tac dong & mirc ting cudng xac suat
tlr vung, nén kha ning biéu dién va kiém soat ciu tric ngit nghia ¢ cap sy kién - vai
trd ngit nghia van con han ché trong cac tinh huéng can suy luan triru tuong.

Nhirng han ché ndy goi mé nhu cau dua vao mot bicu dién ngit nghia c6 ciu
tric chit ché hon dé diéu khién qua trinh sinh ciu theo hudng nhat quan & mic quan
hé va vai nghia. Trén co s& d6, Chuong 4 tiép tuc md rong mo hinh theo hudng tich
hop Abstract Meaning Representation (AMR) nham ting cudng kha niang biéu dién

ngit nghia triru tugng va cai thién tinh nhat quan ngir nghia ciia chu thich.
3.4.Két chwong

Trong chuong niy, md hinh RGTranCNet da dugc dé xuat nhu mot hudng

phat trién mo rong tor mé hinh OD-VR-Cap nham tan dung uu diém cua kién trac
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Transformer va kha nang khai thac tri thirc ngir nghia tir ngudén ngoai dé nang cao
hi€u qua sinh chu thich anh. Cy thé, mo hinh st dung bo giai ma Transformer vdi co
ché cross-attention dé két hop biéu dién thi gidc va ngit nghia tir d6 thi quan hé; dong
thoi, tri thire tir ConceptNet dugce tich hop truc tiép vao qué trinh gidi ma nham ting
cuong kha nang hiéu ngit canh va biéu dat chinh xac ndi dung hinh anh.

Két qua thuc nghiém di ching minh rang kién traic RGTranCNet vugt troi so
v6i cac phuong phap trudéc d6 trén nhiéu d6 do chuan nhu BLEU, METEOR,
ROUGE, CIDEr va SPICE khi danh gia trén tap dit liéu MS COCO, dong thoi thé
hién tinh kha thi trong viéc mo rong ap dung cho cac tap dir li¢u khac nhu Flickr8k
va Flickr30k. Viéc tich hop tri thirc ngoai von khong phu thudc vao dic trung truc
tiép cia anh ciing gop phan duy tri tinh tong quét ctia mo hinh, giam thiéu hién twong
1¢ thudc vao ciu trac huan luyén cua ting tap dir licu.

Bén canh hi¢u qua dinh lugng, RGTranCNet con mé ra trién vong ung dung
thuc tién trong cac hé théng hd trg nguoi khiém thi, tim kiém anh theo nglt nghia,
hodc céc tro 1y da phuong thirc. Tuy nhién, mot sb han ché van con ton tai, dic biét
1a kha nang trru tuong hoa va suy luan ngir nghia & marc sau. Do do, trong chuong
tiép theo, luan an dé xuat md hinh AMR-GT&RG, két hop biéu dién ngir nghia triru
tugng Abstract Meaning Representation (AMR) véi d6 thi quan hé nham dat dugc
kha ning hiéu ngit canh va biéu dién ngir nghia toan dién hon trong qua trinh sinh
chu thich anh.
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CHUONG 4. TICH HQP BIEU DIEN AMR VAO TRANSFORMER
TRONG VIEC CHU THICH ANH

Mic du cic mo hinh chu thich anh gan day da dat duoc nhimng tién bo déng
ké, kha ning ndm bt ngit nghia triru twong va hiéu sau cau tric khai niém trong anh
van con han ché. Chuong 3 trinh bay mo hinh RGTranCNet, tich hop thanh cong dic
trung quan hé va tri thirc ngit nghia tir ConceptNet, nhung biéu dién ngit nghia cia
md hinh van chu yéu dua trén cac khai niém cu thé, mang tinh cuc bg va chua phan
anh duoc cac cdu trac ¥ nghia triru twong & cip d6 khai niém - hanh dong - quan hé.
Pay 13 yéu t6 quan trong giup mo hinh sinh ra cdc mé ta linh hoat, khai quat va gan
v6i cach con nguoi dién dat. Xuat phat tir nhitng gidi han, Chuong ndy dwa mé hinh
AMR-GT&RG, mé hinh nay duoc xiy dung nham tich hop biéu dién ngit nghia triru
tugng duya trén Abstract Meaning Representation (AMR) vao tién trinh chii thich anh.
Céch tiép can nay cho phép mé hinh két ndi cac quan hé ngit nghia sau hon, vuot ra
ngoai nhimg gi c6 thé hoc tryc tiép tir dit liéu hinh anh.

Pong gop trong tdm cua chuong nam & viée thiét ké mot co ché hop nhat tri
thirc da tang, két ndi dic trung thi gidc, quan hé dbi tuong va biéu dién ngir nghia
triru tuong trong cuing mot pipeline. AMR duoc khai thac tir hai nguén bo sung - chii
thich chudn (AMR-GT) va d0 thi quan hé anh (AMR-like) - tao thanh hai dang biéu
dién dugc tich hgp vao bd gidi ma Transformer, giup mo hinh hiéu sau sic hon cdu
trac ngit nghia va ting cudng tinh ty nhién, nhat quan cta mo ta sinh ra. Noi dung
chinh cta chuong dd dugc cong bd trong [CT5] va ké thira mot phan tir cac két qua
trong [CT2] va [CT4]. Noi dung ctia Chuong dugc to chirc gdm nam phan: (4.1) gidi
thiéu, (4.2) md hinh dé xuét, (4.3) thuc nghiém va két qua, va (4.4) két luan.

4.1. Gidi thi¢u

Trong khoang mét thap ky qua, cidc md hinh chu thich anh chu yéu duge phat
trién dua trén kién trac encoder-decoder két hop v6i hoc sau, voi su tién hoa tir cac
mo hinh CNN-RNN/LSTM [3, 6, 18, 30], sang cac huéng khai thac dd thi quan hé/dd
thi canh [23, 49, 50, 93, 105] va g?m day la cac kién trac Transformer véi co ché self-
attention va cross-attention [104, 106-108]. Pong thoi, mot s6 nghién ciru da bat dau
tich hop tri thirc tir cic ngudn dir liéu bén ngoai tap huin luyén nham nang cao kha
ning tong quat hoa cta md hinh [20, 21, 70, 71, 109]. Cac hudng tiép can nay da
dugc tong quan va phan tich chi tiét trong Chuong 2 va Chuong 3 cua ludn an.

Mic du dat dugc nhidu két qua kha quan, cic nghién ctru gan ddy cho thiy bai
toan cha thich anh van con ton tai nhiéu thach thicc. Cu thé, phé‘ln 16n cac phuong

phép chi khai thac dac trung thi giac bé mit ma chua tan dung triét dé ngtr nghia triru
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tugng. Mic du d6 thi quan hé hodc db thi canh c6 thé biéu dién t6t mbi quan hé giira
cac d6i tugng trong anh, nhung chwa thé hién ddy du ciu tric ngir nghia sdu ctia ngdn
ngit. Trong cac anh co cAu trac phuc tap, viéc chi khai thac dac trung thi gidc hoac
d6 thi quan hé trong minh thuong chua du dé moé hinh nim bat day du y nghia ngir
canh. Pac biét, cac phuong phép dua trén trung khop bé mat hodc quan h¢ cuc b gap
kho khan khi sé lugng ddi tugng va twong tac trong anh gia ting.

Trong bbi canh d6, Abstract Meaning Representation (AMR) [72] ndi 1én nhu
mdot khudn khod biéu dién ngir nghia triru twong hiéu qua, cho phép chuin hoa ¥ nghia
cua cau theo dang khdi niém - quan hé - vai tro ngir nghia, doc 1ap voi biéu thuc cu
phap bé mit. AMR di duoc Gmg dung thanh cong trong nhiéu bai toan xtr 1y ngdn
ngi tu nhién nhu dich may, tra 101 cau hoi va tom tat van ban, nho kha nang lam ndi
bét cdu trac ngit nghia cbt 16i ctia cau [110]. Tuy nhién, trong bai toan chi thich anh,
AMR van chua duge khai thac mot cach hé théng, dac biét trong vi¢c két nbi ngir
nghia ngdn ngit triru tuong voi ndi dung thi gidc cia anh.

Bén canh d0, cac cha thich chuén trong tap dit liéu 1a ngudn thong tin giau ngir
nghia, nhung phan 16n cac nghién ciru trude day chua khai thic hodc mdi chi khai
thac chiing & muc chudi tir hodc n-gram, ma chua tan dung cau tric ngit nghia tiém
an bén trong. Ngoai ra, cac d6 do danh gia pho bién nhu BLEU, METEOR, ROUGE,
CIDEr va SPICE chi yéu dua trén so khép n-gram, nén chua phan anh diy du chat
lugng ngilr nghia cua chu thich dugc sinh ra [74].

Xuat phat tir nhitng han ché néu trén, chuong nay dé xuat mot mo hinh cha
thich anh méi tich hop biéu dién ngir nghia triru tuong AMR nham nang cao do chinh
xé4c va chiéu sau ngtr nghia cua cht thich sinh ra. Cu thé, AMR duoc khai thac tir hai
ngudn bd sung: (i) AMR trich xuét tir chi thich chudn (AMR-GT), dong vai trd tin
hi¢u hoc ngilr nghia toan cuc trong giai doan huin luyén; va (ii) biéu dién AMR-like
suy dién tur dd thi quan h¢ anh, cung cép rang budc nglr nghia truc tiép tr ndi dung
thi giac trong ca huan luyén va suy dién. Hai ngudn biéu dién nay duoc tich hop vao
Transformer Decoder thong qua cac co ché Cross-Modal Attention va Masked Multi-
Head Attention, dong thoi ké thira co ché tich hop tri thie tir ConceptNet ciia md
hinh RGTranCNet (Chuong 3) nham cai thién kha nang xir 1y cac dbi twong hiém.

Bén canh kién tric mé hinh, chuong nay con dé xuat do do SCS nham danh
gia tryc tiép mirc do twong déng ngir nghia giita ch thich sinh ra va chi thich chuan
trong khong gian embedding, qua d6 khic phuc han ché cta cac do do dya trén n-
gram. Cac thuc nghiém dugc tién hanh trén hai tap dir licu chuan MS COCO va
Flickr30K cho théy phuong phap dé xuat dat hiéu sudt vuot troi, dic biét trén céc
danh gia mang tinh ngir nghia, qua d6 khang dinh tinh hiéu qua va kha ning tong quat
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héa ctia mod hinh.
DPong gop chinh ciia chwong nay bao goém:
= Tich hop ngit nghia triru twong tir AMR vao Transformer Decoder: D& xuét
mot phuong phéap két hop ngir nghia triru twong tir biéu dién AMR vao Transformer
Decoder thong qua co ché Masked Multi-Head Attention va Cross-Modal Attention.
Céch tiép cén nay gitip md hinh tao ra cic chu thich chinh xac, phong pht vé y nghia
va phu hop véi ndi dung hinh anh.
= Chuyén d6i d6 thi quan hé thanh d6 thi AMR-like: Gi6i thiéu mot phuong
phap chuyén dbi d6 thi quan hé thanh db thi AMR-like, dam bao giit nguyén thong
tin ngit nghia va cung cap ngir canh triru trong cho qué trinh giai ma. Phuong phap
nay cho phép mé hinh khai thac hiéu qua thong tin ngir nghia sau tir mbi quan hé giira
cac dbi tuong, tir d6 cai thién kha ning mo ta ndi dung hinh anh mot cach chi tiét va
tu nhién hon.
= Pé xuat do do Semantic Consistence Score (SCS): Dé vuot qua han ché cua
cac do do truyén théng dua trén n-gram, ludn an phét trién do do SCS. SCS st dung
mo hinh Sentence-BERT hudn luyén trudc dé trich xuat embedding ngit nghia toan
cuc, tir d6 danh gia muc d6 twong dong ngir nghia giira cha thich do mé hinh tao ra
va chii thich chuan. P do nay phan anh chinh xac chét lugng ngir nghia cia chii
thich, ngay cé khi cach dién dat ngdn ngit c6 su khac biét.
= Xay dung mo6 hinh chu thich anh toan di¢n: m6 hinh chu thich anh hoan chinh
duoc thiét ké, tich hop nhiéu ngudn théng tin bao gém dic trung ving ddi tugng,
embedding d6 thi quan hé, AMR tir chu thich chuan, d6 thi AMR-like va tri thirc bo
sung tir ConceptNet. M6 hinh dugc thtr nghiém trén hai tap dir li¢u chudn MS COCO
va Flickr30k, dat hiéu sudt vuot trdi trén cac dd do truyén théng (nhu BLEU, CIDEr)
va do do SCS. Két qua thyc nghiém chimg minh tinh hiéu qua va kha nang tong quét
hoa cao cua mo hinh trong vi¢c tao chu thich anh.
4.2. Phwong phap chu thich anh dé xuit
Phén nay trinh bay chi tiét phuong phap cha thich anh dé xudt AMR-GT&RG,
bao gom kién triic tong thé ciia mo6 hinh va cac thanh phan chinh cau thanh hé thong,
tlr b ma hoa hinh anh, b trich xuat ngit nghia triru tuong va tri thirc ngir nghia, dén
bo giai ma ngdn ngir dya trén Transformer.
4.2.1. Kién triic tong thé ciia mé hinh AMR-GT&RG
Trong chuong nay, md hinh AMR-GT&RG duoc trién khai theo khung kién

trac encoder-decoder nhu minh hoa trong Hinh 4.1, bao gdm bdn khéi chinh: (i) bd

ma hoa hinh anh (Image Encoder), (ii) bo trich xuat ngir nghia triru tugng (Abstract
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Semantic Extractor), (iii) bo trich xuat tri thirc ngit nghia (Semantic Knowledge
Extractor), va (iv) bo giai ma ngdén ngt dya trén Transformer (Transformer Language
Decoder). Trong d6, b ma hoa hinh anh duoc ké thira truc tiép tir mo hinh OD-VR-
Cap trinh bay & Chuong 2 nhim dam bao tinh nhit quan trong biéu dién thi gidc va
dd thi quan hé; bo trich xuét tri thirc ngit nghia tir ConceptNet dugc ké thira tir md
hinh RGTranCNet & Chuong 3; trong khi b trich xuat ngit nghia triru tugng dua trén
AMR va co ché tich hgp AMR-like 1a cac thanh phan cai tién cbt 16i dugce dé xuét
trong chuong nay.
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Hinh 4.1. Kién triic tong thé ciia mé hinh chii thich anh dé xuat. (i) B6 ma héa anh trich
xudt ddc tring ving va do thi quan hé; (ii) B¢ trich xudt ngiv nghia triru tiwong biéu dién
embedding ciia do thi AMR va AMR-like; (iii) Bé trich xudt tri thirc ngit nghia cung cdp
cac tri thire ngit nghia tir ConceptNet; (iv) B gidi md Transformer dwoc cdi tién bang co
ché MHA, attention da phwong thike, va diéu chinh diém sé dya trén ConceptNet nham tich
hop tri thire thi gidc, quan hé va tri thirc ngoadi dé tao chii thich cho anh.

V& phuong dién kién triic, mo hinh AMR-GT&RG hudng t6i viée tich hop ba
tang thong tin bo sung: (i) dic trung thi gidc mic ving va quan hé giita cac ddi tuong,
(i) biéu dién ngir nghia cau truc triru twgng dudi dang AMR va AMR-like, va (iii) tri
thirc ngit nghia bén ngoai tir ConceptNet. Cac ngudn thong tin ndy dugc tich hop theo
co ché phan tang trong bo giai ma Transformer thay vi dwa vao nhu cac dic trung
doc lap. Cu thé, dac trung thi giac va embedding dd thi quan hé dugc khai thac trong
co ché Cross-Modal Attention nham cung cip ngit canh da phuong thirc tai mdi budc
giai mi; trong khi embedding AMR-like duoc tich hop vao tang Masked Multi-Head
Attention dé bo sung tin hiéu cdu trac ngit nghia song song véi chudi tir da sinh. Cach

t6 chtrc nay cho phép mé hinh hoc su twong thich gitra céu triic thi gidc va cau trac
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nglt nghia & mtrc sdu hon so véi cac phuong phap chi dya trén dac trung vung hoac
d6 thi quan hé thuan tay.

Trén co s& kién trac da minh hoa, toan b quy trinh dugc td chirc thanh hai
pha chinh: huén luyén va suy dién. Trong pha huan luyén, biéu dién ngit nghia triru
tugng duogc khai thac tir hai ngudn thong tin bo sung nham cung cap tin hiéu hoc giau
ngit nghia cho b giai ma. Cuy thé, Thuit toan 4.1 (EmbeddingGroundTruthAMR)
trich xuat embedding AMR tir chu thich chuan, dong vai trd nhu mét chudn ngir nghia
& muc triru twong dé dinh hudng qua trinh hoc. Song song v&i d6, Thuat toan 4.2
(ConvertRGtoAMR) chuyén d6i do thi quan hé cua anh sang dang biéu dién AMR-
like, qua d6 phan anh cAu tric quan hé nglr nghia ndi tai ctia ndi dung thi giac. Trén
co sO cac dic trung ndy, Thuit toan 4.3 (TrainTransformerDecoder) tién hanh huan
luyén bo giai ma Transformer v6i dau vao da ngudn, bao gdm dic trung thi giac,
embedding d6 thi quan hé, cac biéu dién AMR va tép tri thirc ngit nghia.

Trong pha suy dién, mé hinh sinh cha thich theo co ché tu hdi quy thong qua
Thuit toan 4.4 (GenerateCaptionAMR). O giai doan nay, bo giai ma chi sir dung cac
dac trung co thé trich xuét truc tiép tir anh dau vao, trong do biéu dién AMR-like
dong vai trd cung cdp tin hiéu ngit nghia triru twong thay thé. Biéu dién AMR trich
xuat tir chi thich chuan khéng dugc str dung nham dam béo tinh nhat quan giita huan
luyén va suy dién, dong thoi tranh hién tuong ro ri thong tin tir dir liéu huan luyén.

Sau khi mé ta quy trinh tong thé, cac khéi cia mo hinh AMR-GT&RG duoc
md ta chi tiét theo thir ty tir khau ma hoa dén giai ma; trudc hét 1a bdo ma hoa hinh
anh, ké thira tir Chuong 2, dong vai tro cung cép cac biéu dién thi giac va quan hé
ban dau cho toan bd hé théng.

4.2.2. B0 ma héa hinh anh

B6 mé hoa hinh anh trong mé hinh AMR-GT&RG ké thira kién trac di duoc
trinh bay trong Muc 3.2.2 (Chuong 3), va gian tiép tir mo hinh OD-VR-Cap tai Muc
2.2.2 (Chuong 2). Thanh phﬁn nay thuc hién ba giai doan chinh: (i) phat hi¢n va trich
xuat dic trung cac ving ddi tuong trong anh, (ii) xay dung d6 thi quan hé gitta cac
ddi tuong, va (iii) embedding dd thi quan hé béng GCN. Hai ma tran ddc trung dau
ra bao gdm: ma tran dic trung thi gidc F; va ma tran dic trung ngit nghia Z,.

Poi véi tap dir licu MS COCO, mo6 hinh su dung lai toan bg pipeline
ODwGCN dé phat hién dbi tuong, két hop vai cac bude xay dung do thi quan hé (dua
trén mo hinh du doan quan hé VRP+RK) va embedding dd thi bang GCN hai tang.
Trong khi d6, d6i voi tap dir liéu Flickr30K, do khong c6 du théng tin dé ap dung mé
hinh ODWGCN, thanh phan phat hién ddi tugng dugc thay thé bang mo hinh Faster



81

R-CNN. Cac budc tiép theo nhu xay dung do thi quan hé va embedding bang GCN
van duoc gir nguyén nhu ddi véi tap dir liéu MS COCO. Piéu nay bao dam su nhét
quan vé cdu trac mo hinh, ddng thoi duy tri kha nang khai thac mbi quan hé giita cac
d6i tuong trong anh.

Toan bo chi tiét vé kién trac, thuat toan va thiét 1ap ctia bd ma hoa hinh anh da
dugc trinh bay trong Muc 2.2.2 va Muc 3.2.2.

4.2.3. B) trich xuét ngir nghia triru twong

Trong phan nay, bo trich xuit ngir nghia triru twong (Abstract Semantic
Extractor) dugc xay dung nham khai thac cac dic trung ngit nghia triru tuong tir ca
chu thich chuén (ground-truth caption) va do thi quan hé cuia anh, thong qua biéu dién
AMR. Bo phan nay bao gém hai hudng xir 1y chinh: (4.2.3.1) Trich xuat dic trung
ngit nghia tir cac cdu chu thich chuan théng qua AMR; (4.2.3.2) Khai thac ngir nghia
triru tuong Xuét phat tur dd thi quan h¢ cua anh, dugc anh xa va mé rong thong qua
bicu dién AMR.

Hai quy trinh trén gitip bd sung thong tin ngir nghia phong phu, tao nén ting
quan trong cho b gidi ma trong qua trinh sinh chu thich anh tré nén chinh xac va tu

nhién hon.

4.2.3.1. Trich xuét diic trung ngir nghia tir cha thich chuén thong qua AMR

Céc cha thich chuan (ground-truth captions) mé ta hinh anh dong vai tro 1a
ngudn tri thirc ngit nghia giau thong tin, phan anh chi tiét vé ndi dung va ngir canh
ctia hinh anh. Trong phan nay, cac chi thich chuan duoc khai thac dé xay dung biéu
dién ngir nghia triru tuong dudi dang véc-to embedding nham ting cuong kha ning
nam bat ndi dung hinh anh ciia mé hinh mot cach sau sac hon. Qua trinh nay bao gom
ba giai doan chinh: (i) chuyén chu thich chuan thanh do thi AMR, (ii) tuyén tinh hoa
d6 thi AMR, va (iii) trich xuat embedding tir linearized AMR.

a) Chuyén chi thich chuén thanh do thi AMR

Trong giai doan dau tién, viéc sinh d6 thi AMR tir van ban md ta duogc thuc
hién bang mé hinh NeuralAMR [111], mét trong nhitng cong cu tién tién va duoc sir
dung phd bién cho nhiém vu phén tich ¢t phap ngit nghia (semantic parsing). Mo
hinh nay da dat d6 chinh xac SMATCH 62.1, thé hién hi€u qua cao trong ca hai huéng
Text-to-AMR (tir van ban sang d6 thi AMR) va AMR-to-Text (tir 3 thi AMR tai tao
lai van ban).

Céac cau chu thich chuin duoc dua vao trinh phan tich AMR parser dé tao
thanh dd thi AMR, trong d6 moi dd thi thé hién céu tric ngit nghia noi tai cia mot

hozc nhiéu chu thich twong dong vé y nghia. Mdi d6 thi AMR bao gom céc khai niém
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(concepts) va quan hé nglr nghia (semantic relations). Vi dy, v&i cau cha thich "4
child is playing with a water bowl", 36 thi AMR tuong (mg duoc biéu dién nhu sau:
(p / play-01
:ARGO (c / child)
:ARG1 (b / bowl
:mod (w / water)))
Trong do:
* p/play-01: Hanh dong chinh "play" v6i dinh nghia tir PropBank.
= : ARGO: Quan hé chi tac nhan hanh dong, ndi vé6i "child".
* :ARG1: Quan hé chi ddi tuong hanh dong, ndi véi "bowl", duge bd nghia bdi
"water".
b) Tuyén tinh h6a AMR graph

Str dung dinh dang PENMAN dé chuyén d6i do thi AMR thanh chudi vin ban
tuyén tinh, duy tri ddy du thong tin ngit nghia ctia d0 thi. Vi du: dang tuyén tinh cia
d0 thi trén la:

(p / play — 01 : ARGO (c / child) : ARG1 (b / bowl : mod (w / water)))

Chudi tuyén tinh hoa nay duoc chuan héa dé loai bo cac ky hiéu hodc thong
tin khong can thiét, dam bao phu hop lam dau vao cho mé hinh ngén ngir.

¢) Trich xuit embedding tir Linearized AMR

Chudi tuyén tinh sau d6 dugc tién xir 1y, lam dau vao cho cac mé hinh ngon
ngit pretrained dé trich xuit embedding, biéu dién ngit nghia triru twgng va mdi lién
két ngit nghia cta hinh anh. Trong thyc nghiém cia nghién ctu nay, mé hinh
pretrained BERT [112] dugc sir dung dé trich xudt dic trung cua cac token.

Viéc chuyén chi thich chuan thanh embedding thong qua AMR va biéu dién
tuyén tinh (linearized AMR) khong chi gitp giam su du thira do cac bién thé dién dat
giita nhiéu cdu mo ta cing mot hinh anh, ma con cho phép trich xudt cu tric ngit
nghia triru tugng & murc siu hon, bao gdm cac khai niém cdt 16i (concepts) va vai tro
ngit nghia (semantic roles) giita chung. Nho d6, thong tin ngir nghia duoc chuan héa
theo ciu trac do thi thay vi phu thudc vao trat ty tir hay ca phéap bé mit cua cu.

Biéu dién embedding E, e thu duge tir qué trinh nay dong vai tro nhu mot
tin hiéu ngit nghia chudn trong pha huin luyén, cung cip thong tin bd sung giau cau
triic nham hd tro bd giai ma hoc dugc su twong thich gitra ndi dung thi gidc va quan
hé ngir nghia triru tugng. Piéu nay giup mo hinh biéu dién ndi dung hinh anh mot

cach toan dién va chinh x4c hon, dac biét & mirc quan hé gitra cac doi tuong.
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Thuit toan 4.1. EmbeddingGround TruthAMR(C;, My, Mpgrr, Esur.1)

Piu vao:
C; = {c1, ¢ ..., Cy . }: tp chu thich chuan cua anh I, véi N; = |C]|
Mypr: M6 hinh AMR parser (text-to-AMR)
M_p: M6 hinh ngén ngit hudn luyén trude (BERT)

Paura: E XIER,,: Biéu dién embedding ngit nghia triru tugng cta anh /.

Begin
1 # Converting Ground-Truth captions into AMR
2 Gamr = Mamr(C). v6i Gayg = {G1, Go, .., GNAMR}' Namr = |Gamr]
3 if Nypir > 1 then
4 G* = argmax|Vg|
GEGamR
5 else
6 G"=G,
7 endif
8 # Linearizing the graph G* in PENMAN format

9 S = Linearize(G™)

10 # Trich xuat embedding tir Linearized AMR
11 E/?IER,I =My u(S)

12 return Efig;

End

Quy trinh trén duoc hé thong hoa trong Thuit toan 4.1. Cu thé, tap chu thich
chuan cua anh trude hét duge phan tich bdi AMR Parser dé tao thanh tap cac do thi
AMR tuong mg. Trong truong hop ton tai nhidu d thi, thuat toan lwa chon d6 thi co
s6 nut 16n nhat nham giir lai cdu trac ngir nghia phong phu nhat, dya trén gia dinh
rang s luong nut phan anh mirc d6 bao quat cac ddi twong va quan hé trong mo ta.
Do thi duogc chon sau d6 duge tuyén tinh hoa theo dinh dang PENMAN dé béao toan
thong tin cdu trac trong khi chuyén sang dang chudi tuan ty. Cudi cung, chudi tuyén
tinh nay duoc dua vao mé hinh ngon ngir pretrained (BERT) dé trich xuat embedding
ngit nghia toan cuc, tao thanh biéu dién Efyz ; phuc vu cho cac budc huén luyén tiép
theo cua mo hinh.
4.2.3.2. Khai thac ngir nghia triru twong tir 6 thi quan hé thong qua AMR

Trong cac hé théng chu thich anh, mdi quan tdm chinh 13 1am sao dé mé hinh
c6 thé tao ra cac mé ta chinh xac va mang tinh ngit nghia sau tir hinh anh dau vao.
Do thi quan hé G = (V, E), mot biéu dién cau trac phd bién, cung cip thong tin vé

cac d6i twong (V) va mdi quan hé gitra ching (E). Tuy nhién, d6 thi quan hé thudng
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chtra cac thong tin cu thé nhu vi tri hodc quan hé hinh hoc ma thiéu cac biéu dién ngir
nghia triru tuong can thiét, khién mé hinh gip kho khin trong viée phét sinh cac chi
thich giau y nghia. AMR, mdt chuan biéu dién ngir nghia triru twong, duoc thiét ké
dé ndm bat ¥ nghia c6t 161 cta cu van théng qua cac khai niém va méi quan hé triru
tuong [72]. Ldy cam hing tir AMR, nghién ctru nay dé xut chuyén ddi d6 thi quan
hé sang d6 thi AMR-like, mot biéu dién db thi triru twong héa nham tich hop thong
tin ngit nghia cAp cao vao mé hinh chu thich anh. Viéc embedding d6 thi AMR-like
va tich hop né vao decoder bd sung thong tin ngit nghia phong phu, gitp cai thién
hiéu qua cua hé théng chu thich anh.

Pinh nghia 4.1: D6 thi AMR-like G’ = (V', E") dugc dinh nghia nhu sau:

o V': Tap cac dinh dai dién cho cac khai niém, dugc anh xa tir tap dinh V cia
dd thi quan h¢.

o E': Tap cac canh, dai dién cho cac quan hé ngir nghia gitra cac khai niém,
dugc anh xa tir tap canh E cua dd thi quan h¢.

Phan nay trinh bay: (1) Chuyén dbi do thi quan hé thanh d6 thi AMR-like: Anh
xa cac dbi twong va mdi quan hé trong d6 thi quan hé sang cac khai niém va nhan ngir
nghia triru twong, thong qua hai bang anh xa M, va My. (2) Biéu dién va embedding
dd thi AMR-like: Sir dung GraphSAGE dé embedding d6 thi AMR-like nhiam trich
xuét dic trung ngit nghia.

a) Viéc chuyén do thi quan hé thanh d6 thi AMR-like

Do thi quan hé G = (V, E) 1a mot biéu dién cau trac trong d6 tap dinh V tuong
ung vdi cac ddi tuong trong dnh, vatdpcanh E € V X R X V biéu dién cac quan hé
gitta cac ddi tuong do. Cac ddi tuong trong V duoc phan loai thanh 12 loai chinh, bao
gém person, vehicle, food, furniture, clothing, animal, plant, location, building,
structure, artifact, part. Méi loai chtra nhiéu d6i tuong cu thé, vi du nhu loai vehicle
bao gém car, bicycle, bus, loai animal bao gém dog, cat, horse... Tap hop cac quan
hé R trong dd thi quan h¢ duogc chia thanh bon loai chinh, phéan anh céc mbi quan h¢

khong gian, s& hiru, ngir nghia va quan hé khac gitra cac thuc thé. Cu thé:

—Geometric relations: md ta vi tri twong d6i giita hai d6i tuong, bao gdbm above,
behind, under, near...

—Possessive relations: thé hién su so hiru hodc thanh phﬁn cua d6i tuong, bao
g0m has, part of, wearing. ..

—Semantic relations: md ta hanh dong hoic tac dong giira hai dbi twong, bao

gom carrying, eating, using...
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—Miscellaneous relations: bao gdm cac quan hé khong thudc ba nhom trén,
chang han nhu for, from, made of...

Danh muc dbi tuong va mbi quan hé trén dua vao phan loai trong tap dir li¢u
Visual Genome, MS COCO, Flickr30k, va cac nghién ctru lién quan dén phat sinh do
thi quan h¢ va scene graph. Pay ciling chinh la cac ddi tuong va mbi quan hé tdn tai
trong d6 thi quan hé. Trong dé, dang chu ¥, cd 25.2% d6i twong loai parts va 90.9%
mdi quan hé 13 geometric hodc possessive [92].

Dua vao sy tuong tu vé chu tric gitra dd thi quan hé¢ va AMR, cung véi danh
muc dbi tuong V va mbi quan hé E cua dd thi quan h¢ da dé cap. Qua trinh chuyén
d6i tir do thi quan hé G = (V, E) sang céu trac AMR tuong tng, goi 1a do thi AMR-
like G' = (V',E"), duoc thuc hién dya trén viéc anh xa tap dinh gdm cac d6i twong
(V) va tap canh gdm cac moi quan hé (E) sang tap khai niém V' va nhin quan hé ngir
nghia E’ trong AMR.

Db thi AMR-like G’ = (V', E") duoc dinh nghia nhu sau:

— V': Tap cac dinh, dai dién cho cac khai niém, dugc anh xa tir tip dinh V cia dd
thi quan h¢.
— E': Tap cac canh, dai dién cho cac mbi quan hé ngilr nghia gilta cac khai niém,
dugc anh xa tir tdp canh E trong dd thi quan h¢.
Qua trinh chuyén do thi quan hé G = (V, E) thanh d6 thi AMR-like G’ =
(V',E") dugc thyc hién nhu Thuét toan 4.2, st dung quy tic 1 va 2 nhu sau:
— Quy tic 1: Anh xa tap dinh (V - V")
Xay dung ham My, anh xa mot ddi tuong v; € V thanh mét khai niém AMR

c; € V', vai thir tu vu tién nhu sau:

c?, if Ac? € Dy, ¢ = type(v;)
My (v;) =1 cf, if Ac?,3cf € Dyyr, 7 = v; 4.1
vy, otherwise

Trong do, clfg , ¢, Damr lan luot 1a khai niém tong quat, khai niém cu thé va
tap khai niém trong AMR [72], type(v;) cho biét loai d6i tugng cua v;.
—  Quy tic 2: Chuyén d6i tap canh (E - E’):

Xay dung ham Mg, xac dinh quan h¢ AMR tuong ting cho quan hé r € E’, vai

quy tac chuyén ddi dya trén 4 loai mdi quan h¢ da dé cap.
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(cq,:location,r), (r,: optl, cy), if r €Rg

(cq,:p0ss, C3y), if r €Rp

_ 42

Me((cur,€)) =9 (4 ARGO, c,), (r: ARG c,),  if r € R +2)
(ci,7,¢0), otherwise

Trong d0: R¢, Rp, R, Ry 1an luot 13 4 loai mbi quan hé trong do thi quan hé
(geometric, possessive, semantic va miscellaneous); c;,c, 1a subject va object clia
mbi quan h¢, ciing la cac cac khai niém trong AMR da dugc anh xa tir cac ddi tuong
trong do thi quan hé; ARGO, AGR1, location, opt1 1a cac quan hé ngir nghia duoc
dinh nghia trong AMR [72].

Thuit toan 4.2 chuyén doi do thi quan hé G = (V, E) thanh biéu dién AMR
G' = (V',E") thong qua hai giai doan: anh xa tdp dinh va anh xa tap canh, stir dung
cac ham anh xa M, va My. Trudc tién, moi ddi tugng v; € V dugc anh xa sang mot
khai niém AMR c; theo quy tac uu tién trong My, dam bao lya chon khai niém tong
quat néu co, hodc gitr nguyén nhin néu khong tim thay anh xa phu hop. Tap khai
niém V' dugc xdy dung tir cac dbi twong da duogc anh xa. Tiép theo, mdi quan hé
(ci,1ij, ¢j) € E dugce anh xa boi Mg thanh mot hodc nhiéu quan hé¢ AMR rl-']-,
g v6i bon nhém quan hé chinh trong AMR. T4p quan hé E’ chira cac quan hé da
chuyén doi. Két qua 1a do thi AMR-like G’ = (V',E"), duy tri tinh nhat quan vé mat
ngtr nghia.

tuong

Thuét toan 4.2. ConvertRGtoAMR (G, My, M)
Piu vao: G = (V,E), My, Mg
Paura: G' = (V',E")

Begin

1 V' «@Q,E' <0

2 for v; €V do

3 ¢ < My(vy)

4 V'« V'U{c}
5 endfor

6 for (ci,rij, cj) €eE do
7 1 < Mg[(ci, 1, ¢)]
8 E'<E'U {ri’j}
9 end

10 return G' = (V',E")
End

Dé minh hoa qua trinh chuyén ddi tir d6 thi quan hé sang dd thi AMR-like, xét
dd thi G = (V, E) véi tap dinh va tap canh nhu sau:
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— Téap dinh V = {person, bicycle,dog},

— Tap canh E = {(person,riding, bicyle), (dog, next-to, bicycle)}
:ARGD ()

.—ﬂdll’lg
next to ‘ARG1
(a)
,ocalo

Hinh 4.2. szuyén doi tir do thi quan hé sang do thi AMR-like, trong dé (@) biéu dién do thi
quan hé dau vao vadi cdc doi twong va quan hé giita chung, va (b) la do thi AMR-like sau
chuyén doi, chudan hoa hanh dong va quan hé theo cau triuc AMR.

Hinh 4.2 (a) minh hoa dd thi quan hé dau vao, trong do cac ddi tuong duoc
lién két bang cac quan hé tryc tiép giira chung. Ap dung thuat toan ConvertRGtoAMR
qua hai buéc nhu sau. Pau tién, anh xa tap dinh V qua My, do vehicle 1a thuc thé

téng quat cua bicycle va animal 14 thyc thé tong quat ciia dog, tap dinh thu duoc la:
V' = {person, vehicle, aminal}

Sau d6, anh xa tap canh E qua My, mdi quan hé trong E dugc chuyén thanh
nhin AMR tuong tng. Cu thé, riding dugc chuyén thanh ride-01 véi cac tham sb
ngir nghia 1a : ARGO va :ARG1, next-to dugc chuyén thanh : location. Khi dé, tap

canh sau khi anh xa:

E' = {(ride-01,: AGRO, person), (ride-
01,: ARG1, vehicle), (vehicle,: location, animal)}

Hinh 4.2(b) minh hoa d6 thi AMR-like thu duoc sau khi chuyén doi. Trong
d6, ride-01 duoc biéu dién dudi dang hanh dong chinh, véi person la tdc nhan
(: ARGO) va vehicle 1 d6i tuong bi tac dong (: ARG1). Pdng thoi, next-to dugc anh
xa thanh :location, gitp biéu dién mdi quan hé ngir nghia giita vehicle va animal
theo céu trac AMR.

b) Embedding d6 thi AMR-like

Sau khi chuyén ddi tir d6 thi quan hé sang d6 thi AMR-like, bude tiép theo 1a
biéu dién db thi nay trong khong gian dic trung nham trich xuit thong tin ngit nghia
phuc vu cho qua trinh sinh chu thich anh. Do d6 thi AMR-like c6 cu trac tuong dong
v6i dd thi quan hé mé rong da dugc trinh bay tai Myc 2.2.1.3 (Chuong 2), phuong
phap embedding sir dung GraphSAGE, vdn da dugc mé ta chi tiét trong Muc 2.2.1.3,
cling dugc 4p dung dé hoc biéu dién cac dinh trong d6 thi AMR-like. Phuong phap
nay dua trén co ché lan truyén thong tin tir cac dinh 1an can, giup két hop dic trung
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ndi tai cua tung dinh vdi thong tin nglt nghia tir cac canh, qua do cai thién hiéu qua
biéu dién ngir nghia triru twong. Do k¥ thuat embedding bang GraphSAGE da duoc
trinh bay dﬁy du tai Muc 2.2.1.3, ndi dung hién tai chi néu rd bdi canh ap dung cho
d6 thi AMR-like va khong l3p lai chi tiét k¥ thuat nhadm dam bao tinh nhat quan va
tranh trung lap.

Dbi v6i mdi anh dau vao I, embedding cia d6 thi dang AMR tuong ung, ky
hiéu 1a EfGp ;, duge tich hop vao b giai ma Transformer thong qua co ché masked
multi-head attention nham tang cuong kha ning hiéu ngit nghia trong qua trinh sinh
chu thich.

4.2.4. B) trich xudt tri thirc ngir nghia

Thanh phan bo trich xudt tri thirc ngit nghia trong mé hinh AMR-GT&RG
dugc gitr nguyén so v6i mé hinh RGTranCNet da trinh bay trong Muc 3.2.3. Cu thé,
mo hinh tiép tuc su dung tri thie tr co s¢ dir liéu ConceptNet dé truy xuét cac khai
niém ngir nghia lién quan dén cac nhén 16p dbi twong phat hién trong anh. Qua trinh
truy vén, 4nh xa va tich hop tri thirc vao b giai ma dugc thuc hién theo Thuat toan
3.1 - ExtractRelatedObjectCNet, ciing dd dugc mo ta chi tiét trong Chuong 3.

Do khong c6 thay d6i vé kién tric mo hinh hodc phwong thirc xur 1y tri thirc
ngtr nghia, ludn an khong 1ap lai cac dinh nghia, cong thirc hay mo ta thuat toan lién
quan. Quy trinh xay dung va tich hop tri thurc ngtr nghia tir ConceptNet da dugc trinh
bay day du tai Myc 3.2.3.

4.2.5. By gidi ma ngon ngir Transformer

Decoder dong vai tro then chdt trong mo hinh chu thich anh theo khung
encoder-decoder, chiu trach nhiém chuyén ddi thong tin hinh anh da dugc ma hoa
thanh vin ban mé ta mot cach ty nhién va chinh xac vé ngit nghia. Trong nghién ctru
nay, bo giai ma ngon nglr dugc trién khai trén kién trac Transformer, véi muc tiéu
khai thac hiéu qua cac ngudn thong tin thi giac va ngdn ngit, ngit nghia. Cu thé, mo
hinh tap trung vao cac cai tién chinh trong 3 thanh phan: (4.2.5.1) Tich hop ngit nghia
triru tuong ctia anh thong qua AMR, ngir nghia triru tuong tir dd thi AMR-like (dugc
chuyén tir @b thi quan hé) dugc tich hop vao Decoder thong qua Masked Multi-Head
Attention; (4.2.5.2) Cross-Model Attention, két hop thong tin tir dic trung ving ddi
tuong (F;), embedding d6 thi quan hé (Eg ;) va embedding AMR tir chii thich chuan
(E XI\ER, ;) trong mot co ché chu y; (4.2.5.3) Tich hop tri thirc ngir nghia tir ConceptNet,
ké thira co ché da cong bd trong cong trinh RGTranCNet, xac suat dy doan tir dugc
hi€u chinh duya trén tri thirc ngtr nghia lién quan tr ConceptNet, gitip mo hinh tao chi

thich chinh xac va giau y nghia hon, dac biét 1a cac ddi tugng it hodc chua co trong
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tap dir liéu. Bén canh do, chi tiét cac ting khac trong Transformer Decoder duoc bo
qua, chfmg han nhu Feed-Forward Network, Residual, Layer Normalization, vi nhiing
thanh phan nay dugc giit nguyén nhu thiét ké gc.
4.2.5.1. Tich hgp ngir nghia triru twgng cia anh thong qua AMR

Ngir nghia triru twong ctia anh duoc biéu dién dudi dang d6 thi AMR-like G’ =
(V',E"), duoc chuyén dbi tir dd thi quan hé ctia anh bang cc quy tic anh xa dya trén
cdu trac cia d6 thi quan hé va AMR. Théng tin ndy dugc dwa vao Transformer
Decoder thong qua co ché Masked Multi-Head Self-Attention, gitip mé hinh hoc cach
két ndi cac ddi tugng va quan hé mot cach ¢ ngit nghia, thay vi chi dua trén thong

tin bé mat cia hinh anh.

Quy trinh xtr Iy trong Masked Multi-Head Attention dugc tinh toan nhu sau:

A A A
Qmask < HinieW§, Kmask < EAMR Wi, Vinask < EAMR Wy

Qmask Kg;lask
Hpaskea = SOftmax ( \/d_ Vinask + Hinit
k
Trong do, H;,;: 1a embedding cua céc tir da dugc sinh trudc do trong cau chu
thich, W', W¢', Wi/ 1a cac ma trén trong s6 hoc dugc cia md hinh. Nho d6, mé hinh
c6 thé hoc cach t6 chirc ngit nghia dya trén thong tin triru twong thay vi chi dua vao
su xudt hién cua tur trong tap dir licu huin luyén. Mat na (mask) bdo ddm mo hinh

khong nhin thiy céc token & tuong lai, tuan thii nguyén tic autoregressive.

4.2.5.2. Co ché chii y Cross-Modal

Bén canh co ché Masked Multi-Head Attention, thay vi ndi cac nguén dac
trung thanh mot véc-to chung, Cross-Modal Attention dugc thiét ké nham két hop ba
ngudn thong tin chinh tir anh theo trong sb: F; - dic trung ving dbi twong cua anh;
Egg, - embedding cua d6 thi quan hé, biéu dién thong tin cau tric clia anh va E{yy
- embedding ctia AMR tir chu thich chuén, giup bd sung thong tin ngir nghia da c6
trong dir liéu huan luyén. Cac bude tinh toan trong Cross-Modal Attention duoc thuc

hién nhu sau:

Pau ra cia Masked Multi-Head Attention tai budc t, ky hidu Hy,gskeq, duoc
st dung dé tinh toan Query (Quross), trong khi Key (K yoss) va Value (Verpss) duoc
tao bang cach két hop thong tin tir cac ngudn khac nhau:

Qcross < HmaskedWQC )
Keross < [FIWK Erg i Wi Effira Wi |,
Veross < [FIWV ; ERG,IWV s Efmig IWVGT]
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Trong sb attention duoc tinh toan thong qua softmax véi phép toan dot-

product gitra Qcross Va Keross:

T
_ QCTOSSKCTOSS
VCTOSS - SOftmax I/CT‘OSS

Vdk
Dic trung két hop dugc tinh bang cach nhan trong s attention v6i Value, sau

do thuc hién co ché residual connection vo1 H,y,gskeq:

Hcross = ycroschross + Hmasked

Trong 46, W5, Wi, W&, W™, Wi, Wif%, Wif™ 1a cac ma trén trong sb hoc
duogc cua md hinh, trong sb attention xac dinh muac d6 quan trong cua tung nguén
thong tin d6i voi qua trinh phat sinh chi thich. Két qua cua Cross-Modal Attention
duoc str dung lam dau vao cho Feed-Forward Network. Co ché nay giup mé hinh hoc
cach tap trung vao cac thong tin quan trong tir ca hinh anh va tri thirc ngir nghia trong
qué trinh phat sinh chu thich. Bang cach két hop cac ngudn thong tin khac nhau,
Cross-Modal Attention gitp cai thién tinh chinh xac va su lién két ngir nghia giita

hinh anh va van ban dau ra.

4.2.5.3. Tich hgp tri thirc ngir nghia tir ConceptNet

Ngoai hai co ché trén, k¥ thuét tich hop tri thitc tir ConceptNet trong cong
trinh RGTranCNet & Muc 3.2.3 (Chuong 3) dugc 4p dung nham diéu chinh xac suét
clia tir phat sinh duya trén cac d6i tuong c6 lién quan trong anh nham cai thién d¢ chinh
xé4c cho cac dbi tuong hiém hodc chua xuét hién trong tap dir licu huén luyén. Cu thé,
tai mdi budc t, sau khi tinh toan phan phdi xac suét ciia tir phét sinh.

Zy = Hfinaleocab (4.3)

Céc nhén 16p ddi twong phat hién trong anh duoc sir dung dé truy véan trong
ConceptNet, tir d6 thu thap tap C; gdm céac ddi twong c6 lién két ngir nghia manh véi
ndi dung anh va gia tri trong sb tuong tng. Tap C; dugc sir dung dé diéu chinh xac

suat sinh tu:

© _ (zlkl +Bwy, if keC
T {Zt [k], otherwise (4.4)
P(y,) = softmax(z") (4.5)

Trong d6, B 1a hé sd diéu chinh, wy, 14 trong sd cta tir k trong ConceptNet.
Nho vay, cac tir hiém hodic méi duge ConceptNet goi ¥ ¢6 xac sudt cao hon, gitip mod

hinh tao ra cac chu thich chinh xac va hop ly.
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Thuét toan 4.3. TrainTransformerDecoder (D, N, ¢,1)
D?;iu V&‘lO: D = {(XI' yl*) XI = (FI' ER,I' EAG]\’I,;RII, EEI\QIR,I' CI)' yI*' Chl,l tthh Chuﬁln},

N: s epoch, ¢: tham sd ctia mé hinh, 7 téc d6 hoc.

Output: ¢: tham sé m6 hinh di huin luyén

Begin

1 Khoi tao tham s ¢

2 for epoch =1to N do

3 shuffle(D)

4 for (X;,y") € D do

5 Fi, Erc,i, Efmr, Edvirg < Xi

6 V<1 < BOS,L <0

7 fori=1to|y*| do

8 Hipie < Embedding (y<,)

9 Hpasked € MaskedMultiHeadAttention(Hinit, Ef,gR_,, (p)
10 H ross < CrossModalAttention(Hmasked, F1,Egg 1, EE;,R,,, (p)
11 Hging < FeedForwardNetwork(Hcyoss, @)

12 Zy < HeinaitWoocan

13 Zt(c) « AdjustWithConceptNet(z;, C;) (theo (4.4))
14 P(y;) « sof tmax(zt(c)) (theo (4.5))

15 L« L—1logP(yily<e: X1, 9)

16 Y<t+1 < Y U {Ve}

17 endfor

18 @< @p—nV,L

19 endfor

20 endfor

21 return ¢
End

Thuit toan 4.3 trinh bay quy trinh huan luyén mé hinh Transformer Decoder
dé phat sinh chu thich ty dong cho hinh anh, tan dung déng thoi cac dac trung thi giac
va tri thue ngtr nghia. Cu thé, diu vao cua thuét toan bao gém tap dac trung thi giac
cta anh (F,), embedding cua d6 thi quan hé (E r1)> embedding AMR fir chu thich
chuan (E§7z ;), embedding AMR dugc chuyén doi tir do thi quan hé (EfGz ), va tap
tri thirc ngit nghia tir ConceptNet (C;). Trong mdi vong lap huan luyén, dir liéu duoc
x40 tron dé ting tinh tong quat hoa ciia mo hinh. Vi mdi anh dau vao, cac dic trung
duoc chuyén vao Decoder dé du doan cac tir trong chu thich. Co ché Masked Multi-
Head Attention duoc sir dung dé tich hop embedding dd thi AMR-like véi chu thich
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chuan tai timg budc thoi gian, trong khi co ché Cross-Modal Attention két hop cac
dic trung thi giac va ngir nghia dé cung cap ngit canh toan dién. Trudc khi 4p dung
ham softmax, diém s6 logits cua cac tir trong tir vung dugc diéu chinh dwa trén tri
thirc ngir nghia tir ConceptNet, giup md hinh uu tién cac tir lién quan dén ngit canh
ctia anh. X4c suét cua tir dung duoc tinh tir phan phdi softmax va str dung dé tdi uu
héa ham mat mat cross-entropy thong qua thuat toan gradient descent. Teacher
Forcing duoc ap dung trong qué trinh hudn luyén bang cach sir dung token dung &
bude hién tai 1am dau vao cho budc tiép theo, dam bao su 6n dinh va tdc do hoi tu
ctia md hinh. Thuét todn nay tin dung triét dé cac thong tin tir anh va tri thirc ngir
nghia dé nang cao hiéu qua phat sinh chu thich, tao ra cic mo ta chinh xac, ngir nghia

phong phtl va sat véi nglt canh cta hinh anh.

Thuét toan 4.4. GenerateCaptionAMR(X;, @)

Pau vao: X; = (F,, ER,,,EEMR,,, C,), @: mo hinh da huan luyén, T,,,,: chi€u dai toi da cua
cau chu thich.
Pau ra: y- cau chu thich cho anh dau vao I.

Begin

1 Yo < {start},t < 1

2 while t < T,,4, and y; # <end> do

3 Hinit < Embedding(y<,)

4 Hppask < MaskedMultiHeadAttention(Hpnie, Efvg.p @)
5 Hposs < CrossModalAttention(Hmask,F,,ER,,,go)
6 Hfinar < FeedForwardNetwork(Heyoss, )

7 z; « Linear (Hginai, Pvocan)

8 Zt(c) « AdjustWithConceptNet(z, C;, B)

9 Vi « sof tmax(zt(c))

10 ye « argmax P(y;)

11 Y<t+1 < Ve U {ye}

12 t—t+1

13 endwhile

14 returny =y
End

Sau khi hoan tat giai doan huan luyén mé hinh Transformer Decoder trong
Thuét toan 4.3, mo hinh da huin luyén dugc sir dung dé phat sinh cht thich anh
(inference) theo co ché autoregressive decoding nhur Thuit toan 4.4. Trong giai doan
ndy, do khong c6 sin cht thich chuan, embedding AMR tir chu thich chuan (ES7z ;)
khong dugc st dung. Thay vao do, mo hinh tan dung cac dac trung trich xuét tir anh,
bao gom dic trung thi giac (F;), embedding do thi quan hé (E rG.1)> embedding AMR
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duoc chuyén d6i tir d6 thi quan hé (E fﬁR,,), va tri thirc nglr nghia tir ConceptNet (C;).
Nhitng dic trung nay cung cap day du thong tin truc quan va ngit nghia, cho phép méo
hinh phét sinh céc chu thich chinh xéc, gidu ngir nghia, dong thoi xir 1y hiéu qua cac
d6i twong hodc mdi quan hé phire tap trong hinh anh. Qua trinh phat sinh bét dau véi
token khoi tao (<start>) va tiép tuc timg budc cho dén khi dat token két thuc
(<end>) hodc d¢ dai tdi da ctia cau chu thich. Tai mdi buée t, embedding cua chudi
tir d4 sinh dugc két hop véi embedding ciia do thi AMR-like théng qua Masked Multi-
Head Attention dé tich hop thong tin ngit nghia triru tugng. Tiép theo, ddc trung thi
giac va embedding d6 thi quan hé duoc két hop qua Cross-Modal Attention, giip mo
hinh lién két théng tin giita cac mién dir liéu. Pau ra tir cac budc nay duoc xu 1y boi
Feed-Forward Network (FFN) dé tao biéu dién cubi cung. Truéc khi ap dung
softmax, xac suat du doan tir duge diéu chinh bang tri thirc tir ConceptNet dé ting
cudng kha ning sinh tir pht hop véi ngit nghia anh. Tir c6 xac suét cao nhit duoc
chon va ndi vao chudi da sinh, qua trinh 1dp lai cho dén khi hoan tat, tao ra cu cha
thich mo ta chinh xac ndi dung hinh anh.

Tom lai, mo hinh dé xuat khai thac dong thoi thong tin thi gidc, ngir nghia triru
tugng va tri thirc ngit nghia bén ngoai dé tao ra cac chu thich chinh xac va giau y
nghia. Pic trung ving dbi twong va dd thi quan hé duogc trich xudt tir anh, embedding
AMR tir chu thich chuan va d6 thi AMR-like duoc sir dung dé bd sung thong tin ngit
nghia triru twong, va tri thire tir ConceptNet duoc tich hop dé diéu chinh x4c suét phat
sinh tir. Nho céc cai tién ndy, mé hinh c¢6 kha ning sinh chii thich khéng chi phi hop
v6i ndi dung anh ma con nhit quan vé mit ngit nghia.
4.3. Thuc nghiém va két qua

Phan thuc nghiém nham danh gia hi¢u qua ciia mo6 hinh chu thich anh dé xuét,
v6i su tich hop giita biéu dién ngit nghia triru tuong AMR, d6 thi quan hé va tri thirc
ngit nghia tir ConceptNet. Noi dung phan nay bao gdom: dit liéu thyc nghiém (4.3.1),
chi tiét cai dat (4.3.2), d6 do danh gia (4.3.3), cac phuong phap so sanh (4.3.4) va
cudi cing 13 két qua cing voi phan thich, ban luan (4.3.5).
4.3.1. Dir liéu thuc nghiém

Trong Chuong ndy, cac thuc nghiém ciia md hinh AMR-GT&RG dugc trién
khai trén hai tap dir liéu MS COCO va Flickr30K theo dting thiét 1ap di trinh bay tai
Muc 1.4.1 (Karpathy split, chuén hoa van ban/anh, xay dung tur vung, gidi han do
dai). Cac thong sb va quy tic tién xir Iy & day duoc giit nguyén nham bao dam tinh

nhat quén va kha nang so sanh cong bang vdi cac cong trinh li€n quan.
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Trong khuon kho cac thuc nghiém ctia Chuong ndy, quy trinh xay dung db thi
quan hé dugc ké thira tir Chuong 2, trong khi co ché khai thac ConceptNet nhu ngudn
tri thirc ngit nghia ngoai tap dir liéu duge ké thira tir Chuong 3. Hai thanh phan nay
dugc tich hop vao pipeline thuc nghiém cta chuong ma khong 1am thay ddi cdu hinh
dir liéu da néu tai Muc 1.4.1.

4.3.2. Chi tiét cai dit

Phan nay mé ta cac tham sd cai dat chi tiét cho timg thanh phan trong mé hinh
cht thich anh dé xuét, bao gém: C4u hinh cia bd ma hoa hinh anh, cai dat cia bd
trich xuat ngir nghia triru tuong, chi tiét ctia bo trich xuat tri thirc ngit nghia, kién trac
bd giai ma ngdn ngir Transformer va thiét 1ap hudn luyén.
4.3.2.1. Céu hinh ciia b méi héa hinh anh

Dic trung ving d6i twong F; duoc trich xuét tir anh dau vao bang cidc mo hinh
phat hién dbi trong huin luyén trude. Dbi voi MS COCO, ODWGCN dugc st dung
dé trich xuat dic trung ving ddi tuong, két hop cac mdi quan hé giita cac déi twong
dé cai thién do chinh xéc. Trong khi d6, ddi véi Flickr30k, do han ché vé dir liéu quan
h¢, Faster R-CNN v6i ResNet-101 lam backbone dugc stir dung dé phat hién cac vung
d6i twong. Mdi ddi tuong trong anh dugc biéu dién bang mot véc-to ddc trung chiéu
2048.

Embedding dé thi quan hé E rc,1: Embedding cua céc dinh trong db thi quan
hé duoc hoc bang GraphSAGE nhu trong mé hinh OD-VR-Cap. Embedding ctia mdi
dinh c6 kich thudc 512 va dugce st dung dé hd trg qué trinh két hop ngir nghia trong
bo giai ma.
4.3.2.2. Cai dit ciia bd trich xuit ngir nghia triru twong

Embedding AMR tir chii thich chuan Ey, ;: Chu thich chuan dugc chuyén
d6i thanh d6 thi AMR bang mé hinh NeuralAMR [111]. D6 thi nay duoc tuyén tinh
hoa thong qua biéu dién PENMAN va ma hoa bang mé hinh ngén ngit BERT. Kich
thuéc embedding ctia mdi token 1 768.

Embedding AMR-like tir @6 thi quan h¢ ERGrr: Do thi quan hé cua anh
duoc chuyén d6i thanh do thi AMR-like théng qua cac quy tic ngit nghia. Cac
embedding cua dinh trong d6 thi AMR-like dugc hoc bang GraphSAGE véi kich
thudc embedding 1a 512.

4.3.2.3. Chi tiét ciia b trich xuit tri thirc ngir nghia

Co ché trich xuat va khai thac tri thirc ngit nghia tir ConceptNet trong chuong
nay duogc ké thira tryc tiép tir thiét ké da trinh bay chi tiét & Chuong 3. Cu thé, hé
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thong st dung ConceptNet 5.7 dé truy xut céc tri thirc lién quan dén cac dbi tuong
dugc phat hién trong anh thong qua REST API, sau d6 Iya chon mdt tap con cac khai
niém va quan hé ngit nghia c6 murc d6 lién quan cao dé tich hop vao bd giai ma ngon
ngir. Cac tham sb Iya chon tri thirc va hé sé diéu chinh duoc gitt nguyén theo thiét
lap & Chuong 3 nhdm bao dam tinh nhit quan va kha ning so sanh cong bang giita
cac mo hinh.
4.3.2.4. Kién tric bd giai ma ngon ngir Transformer va thiét 1ap huin luyén
Phén giai ma ngon ngir duoc xdy dung dua trén kién trac Transformer véi 6
16p (layers), trong d6 mdi 16p bao gom Masked Multi-Head Self-Attention, Cross-
Modal Attention, va Feed-Forward Network. Kich thuéc embedding trong Language
Decoder dugc dit 1a 768, véi 8 dau (heads) trong co ché Multi-Head Attention. Céc
tham s6 duoc toi wu hoa thong qua Adam optimizer véi téc d6 hoc n = 0.0001,
gradient clipping dugc gidi han & gid tri 1.0.

4.3.3. D0 do danh gia

Trong Chuong 4, hi€u qua cia m6 hinh AMR-GT&RG duoc danh gia dua trén
cac d6 do chuan phé bién trong linh vyc chu thich anh, bao gém BLEU, METEOR,
ROUGE-L, CIDEr va SPICE. Cac dinh nghia, cng thirc va nguyén tic tinh toan chi
tiét cua cac do do nay da duoc trinh bay tai Muc 1.4.2 trong Chuong 1.

Mbdi d6 do phan anh chét lugng chu thich & mét khia canh riéng va cé cach
tinh toan khac nhau, song déu c6 dic diém chung 1a gia tri cao hon thé hién hiéu suét
md hinh t&t hon. Phan 16n cac d do nay dua trén mirc d6 khép n-gram gitra chu thich
sinh va tham chiéu, chi khac nhau & co ché diéu chinh. Cu thé, BLEU st dung
precision n-gram c6 trong sé nhung chua xét dén tinh mach lac hay ngit nghia;
METEOR b6 sung phép khép dong nghia va bién thé tir vung song van dya nhiéu
vao n-gram; CIDEr dung trong s6 TF-IDF dé nhan manh céc tir quan trong, tuy nhién
van thién vé tan suat tir phd bién hon 14 ngir nghia sdu; ROUGE-L dua trén chudi con
chung dai nhét (LCS); trong khi SPICE chuyén cha thich thanh d thi ngit nghia, qua
d6 phan anh tot hon méi quan hé giita cac thuc thé.

Tuy nhién, han ché chung cia cac do do trén 1a chua danh gia day du tinh
tuong dong ngir nghia. Cac phuong phéap dua trén n-gram co6 thé chim diém thap véi
nhing cdu dién dat khac nhau nhung giit nguyén y nghia, hodc nguoc lai cho diém
cao véi cac cau chtra nhiéu tir trung 1ap nhung dién dat sai n6i dung. Thuc té, chi co
CIDEr va SPICE duoc thiét ké riéng cho nhiém vy chu thich anh; cadc d6 do con lai
nhu BLEU, METEOR va ROUGE-L vén phat trién cho dich may hodc tom tat vin
ban [74], nén chwa hoan toan ph hop dé danh gia chit lvgng mé hinh chu thich anh
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theo nghia rong.

Do d6, nham khic phuc han ché cua cac d6 do truyén thong von chi tap trung
vao so khop n-gram, nghién ciru nay dé xuat do do SCS nham phan anh tt hon sy
tuong dong vé ngit nghia giita chu thich phat sinh va cha thich chuan. SCS do ludong
mirc d6 twong ddng ngir nghia gitra cau chu thich phét sinh béi mé hinh chu thich anh

Sg

(embedding) cua hai cau. Pé dam bao tinh chinh xac va 6n dinh, SCS st dung mo

en Va clu chu thich chuan S,.r bang cach so sanh bi€u di€n nglt nghia toan cuc

hinh ngén ngit 16n (LLM) Sentence-BERT dé trich xuat embedding ngir nghia cia
mdi cu, sau d6 tinh todn d6 twrong dong giita cac véc-to biéu dién bang ham cosine
similarity.

E(Sgen) ' E(Sref)
”E(Sgen)” X ”E(Sref)”

Trong do, E (Sgen), E (Sre f) 1an luot 13 embedding ngit nghia cua ciia Sgen VA

SCS(Sgen Srer) = (4.6)

Sref» * 1a phép toan tich v6 hudng, || || 1a chuan L2 (norm-2). Gié trj SCS nam trong
doan [0,1], véi: SCS = 1, néu hai cdu hoan toan nhit quan vé ngir nghia, nguoc lai
(SCS = 0) thi hai cdu khong c6 su twong dong vé ngir nghia.

Do do nay khong chi gitip danh gia chinh xac hon su phu hop nglr nghia gitra
cdu chii thich va ndi dung anh ma con gitp khic phuc han ché cua cac phuong phap
dya trén n-gram, dic biét 1a trong cic truong hop c6 cach dién dat linh hoat nhung
van giit nguyén y nghia chinh cuia ciu. Trong thuc nghiém ctia chuong nay, mé hinh
Sentence-BERT [113] dugc st dung dé trich xuat embedding ngit nghia toan cuc ctia

cau chu thich.

4.3.4. Chi phi tinh toan va thoi gian thuc hién

Bén canh cai thién vé chiéu sau ngit nghia, chwong ndy xem xét chi phi tinh
toan cia mo hinh AMR-GT&RG, dac biét tap trung vao anh hudng cua viéc tich hop
biéu dién ngir nghia triru tuong AMR trong cac giai doan hudn luyén va suy luan. Cac
thuc nghiém duogc thuc hién trén nén tang Google Colab Pro voi GPU NVIDIA Tesla
T4 (16 GB VRAM), str dung batch size = 32.

M3$ hinh dugc huan luyén trong 20 epoch trén tip MS COCO va 30 epoch trén
tap Flickr30K. Thoi gian huin luyén trung binh ghi nhan khoang 22 gid d6i véi MS
COCO va 10 gio ddi véi Flickr30K. So véi md hinh RGTranCNet & Chuong 3, chi
phi huan luyén ting 1én do viéc bd sung céc thanh phan xir Iy AMR, bao gdom AMR
trich xuét tir chu thich chuan trong giai doan huan luyén va AMR-like suy dién tir 46

thi quan h¢ anh.
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O pha suy luan, thoi gian suy luan trung binh cia mé hinh AMR-GT&RG dat
khoang 0.14 giay/anh véi batch size = 32, chi tang nhe so v&i mo hinh & Chuong 3.
Can luu y rang AMR trich xuét tir chii thich chuan (AMR-GT) chi duoc str dung trong
huén luyén va khong tham gia vao pha suy luan; do do, chi phi suy luin ctia mé hinh
van dugc duy tri & mic hop 1y, phu hop véi cac hé thong chi thich anh trong thuc té.

4.3.5. Két qua va ban luan

Trong phan nay, hiéu qua ciia phuong phap dé xuat AMR-GT&RG dugc phan
tich va danh gid chi tiét theo ba khia canh chinh. Trudc tién, phuong phap duoc so
sanh v6&i cac nghién ciru cong bd gan day trén hai tap dir liéu benchmark MS COCO
va Flickr30K nhiam xac dinh mirc do hiéu qua ctia mé hinh trong bdi canh nghién ctru
hién tai (4.3.5.1). Tiép theo, tién hanh phan tich 4nh hudng cta timg thanh phan trong
mo hinh dé 1am rd vai trd cia AMR thu duoc tir tap chu thich chuin va AMR trich
xuét tir dd thi quan hé (4.3.5.2). Cubi cung, phﬁn danh gia dinh tinh dugc trinh bay
thong qua cac vi du minh hoa, qua d6 néu bat nhitng diém manh cia mé hinh va giai
thich sy khac biét giita 46 do ngir nghia SCS véi cac d6 do truyén thong (4.3.5.3).
4.3.5.1. So sanh véi ciac phwong phap cong bo gin day

Pé danh gia mot cach khach quan va toan dién hiéu qua cua phuong phap dé
xuat (AMR-GT&RG), nghién ctru tién hanh so sanh két qua véi cac cong trinh hién
tai trén hai tap dir li€éu benchmark trong bai todn chi thich anh, bao gém MS COCO
va Flickr30K. Qua trinh so sanh dugc thuc hién dya trén cac d6 do chuan trong bai
toan ndy, bao gom BLEU-1 (B@1), BLEU-4 (B@4), METEOR (M), ROUGE-L (R),
CIDEr (C) va SPICE (S). Ngoai ra, do do SCS ciing dugc str dung - day 1a mot do do
dugc dé xuét trong nghién ctru ndy nham danh gia mic d6 nhit quan vé ngit nghia
giita cau chu thich sinh ra va chu thich chuan cua hinh anh. Céc két qua so sanh dugc
trinh bay chi tiét trong Bang 4.1 va Bang 4.2.

Két qua trong Bang 4.1 cho thy rang phuong phap AMR-GT&RG dat hiéu
sudt vuot troi hon hau hét cac phuong phap trudc ddy trén da sé cac do do quan trong.
Cu thé, trén do do BLEU-4, phuong phéap dé xuét dat gia tri 39.5, cao hon COS-Net
(39.1), X-Transformer (37.0), JCRR (37.7) va SGAE (36.9). BLEU-4 do luong murc
d6 trung khdp ctia cum tir bén-gram giita cdu chi thich sinh ra va cau tham chiéu.
Két qua nay phan anh ring mo hinh dé xut c6 kha ning tao ra cau chu thich cé mirc
d6 trung khép véi dit liéu tham chiéu cao hon so véi da sé cac phuong phap trudc
day, du van dya trén chién lugc tiép can khac biét. Bén canh do, phuong phap AMR-
GT&RG dat 37.2 trén do do METEOR, vuot troi hon tit ca cac phuong phap khéc,
bao gdbm COS-Net (29.5), MLA-LRN (29.4), X-Transformer (28.7) va SGAE (27.7).
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Khac voi BLEU, METEOR khong chi dua trén n-gram ma con xem xét su lién két
giita cac tir ddng nghia va bién thé tir vung. Gia tri METEOR cao hon cho thdy rang
md hinh d& xuét c6 kha nang sinh ra cau chu thich c6 su lién két ngit nghia manh mé
hon véi cau tham chiéu, thay vi chi t6i wu hoa tring khép tir vung.

Bang 4.1. So sanh do chinh xdc chii thich anh cua cac phwong phap khdc nhau trén tdp
kiém tra MSCOCO Karpathy. Gid tri in ddm biéu thi diém sé cao nhat trong méi cét dg do.

Phuong phap B@l | Bw4 M R C S SCS
Bi-LS-AttM (2023) [46] 68.8 | 252 | 215 - 41.2 - -
DRL-Attention (2023) [47] 752 | 344 | 289 | 58.8 | 106.6 - -
X-Transformer (2020) [107] 77.3 37.0 28.7 | 57.5 | 1200 | 21.8 -
COS-Net (2022) [108] 78.8 | 39.1 29.5 | 58.7 | 1274 | 22.8 -
SGAE (2019) [49] 77.6 | 369 | 27.7 | 572 | 116.7 | 20.9
MLA-LRN (2023) [114] 799 | 424 | 294 | 59.7 | 125.7 | 23.2 -
GIC-SSF (2025) [23] 81.6 | 40.1 29.7 | 59.5 | 1354 | 232
CNet-NIC (2019) [20] 73.1 | 299 | 25.6 | 539 | 107.2 - -
JCRR (2020) [109] - 37.7 | 28.2 - 120.1 | 21.6 -
SemanticGuideAtt (2023) [21] 78.6 | 36.0 | 27.6 | 57.7 | 120.9 - -
OD-VR-Cap 72.6 | 28.1 248 | 534 | 851 | 17.6 | 75.8
RGTranCNet 79.8 | 363 35.6 | 57.2 | 107.8 | 20.5 | 823
AMR-GT&RG 81.2 | 39.5 | 37.2 | 599 | 136.7 | 25.1 | 89.1

Mot trong nhitng diém manh dang ké cua phuong phap dé xuit thé hién ¢ 4o
do CIDEr, véi gid tri 136.7, cao hon GIC-SSF (135.4) va MLA-LRN (125.7). CIDEr
dugc thiét ké dé danh gia muc do phu hop cua cau cha thich véi tap dir liéu tham
chiéu bang cach gan trong s cao hon cho céc tir quan trong. Két qua nay cho thay
rang AMR-GT&RG c6 kha ning sinh ra cic cdu mé ta anh c¢6 ¥ nghia gan giii voi tap
chu thich chudn hon so véi cac phuong phap khac, nho vao viée tin dung thong tin
tir 46 thi AMR. Ngoai ra, trén d6 do SPICE, phuong phdap AMR-GT&RG dat 25.1,
cao hon COS-Net (22.8), MLA-LRN (23.2) va GIC-SSF (23.2). SPICE la d6 do dac
biét quan trong vi n6 khong chi xét dén trang khép tir ma con danh gia mdi quan hé
giita cac thuc thé trong ciu chi thich bang cach sir dung do thi ¢ phap. Két qua nay
phan anh ring mé hinh dé xuat c6 kha ning nim bat va biéu dién tét hon cac mbi
quan hé ngir nghia gitta cac d6i twong trong anh. Mic du BLEU-1 (81.2) va BLEU-4
(39.5) cia AMR-GT&RG thap hon mét chut so véi GIC-SSF (BLEU-1: 81.6, BLEU-
4: 40.1), phuong phap dé xuét van vuot trdi trén cic do do phan anh tinh chinh xéac
ngir nghia, bao gdm METEOR, ROUGE-L, CIDEr va SPICE. Diéu nay cho thay rang
mic di BLEU c6 thé danh gia cao cac cau c6 tring khép tir vung cao, nd khong phan

anh day du kha ning biéu dién ngit nghia ctia mé hinh.
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Trén tap Flickr30K (Béng 4.2), phuong phap AMR-GT&RG tiép tuc thé hién
hiéu suat cao nhat trén hau hét cac do do quan trong. Dac biét, chi sé CIDEr dat 94.5,
cao hon déng ké so véi GIC-SSF (80.6), MLA-LRN (65.6) va DRL-Attention (92.1).
Diéu nay cho thiy phuong phap dé xuét c6 kha ning sinh ra cdu cha thich phu hop
v6i tap chu thich chuan trén Flickr30K tét hon so véi cac phwong phap so sanh.

Ngoai ra, 40 do METEOR dat gia tri 35.6, tiép tuc cao hon cac phuong phap
d6i sanh gom GIC-SSF (27.3), MLA-LRN (23.5) va DRL-Attention (22.2). Két qua
nay cing cb nhan dinh ring mo hinh d& xuét c6 kha ning tao ra cau cha thich c6 lién
két ngit nghia chat ch& hon vdi cau tham chiéu, ngay ca trén Flickr30K - mot tap dir
liéu c6 mirc d6 da dang ngdn ngtr cao hon MS COCO. Tuy nhién, phuong phap AMR-
GT&RG c6 chi s6 BLEU-1 (79.1) va BLEU-4 (36.4) thap hon dbi chut so véi GIC-
SSF (79.9 va 38.1). Nguyén nhén la do m6 hinh tip trung khai thac thong tin ngir
nghia sau thong qua AMR thay vi t6i uu chi yéu theo murc do tring khép n-gram.
Viéc t6i vu hoa dya trén n-gram c6 thé cai thién BLEU, nhung khong dam béo rang
cau chi thich sinh ra phii hop vé ngit nghia v6i ndi dung hinh anh. Trong khi d6, cac
chi s6 SCS va SPICE cho thay tinh chinh x4c ngit nghia di dugc cai thién dang ké -
mot khia canh ma BLEU khong phan anh day du.

Bang 4.2. So sanh dg chinh xdc chi thich anh cua cac phuong phdp khdc nhau trén tdp
kiém tra Flickr30K Karpathy.

Phuong phap B@l | B@4 | M R | C S | scs
DRL-Attention (2023) [47] 738 | 335 | 222 [ 504 [ 921 | - -
VisualCaptionNet (2024) [48] | 74.8 | - 207 | 528 | - - -
MLA-LRN (2023) [114] 743 | 312 | 235 [ 515 | 656 | 172 | -
GIC-SSF (2025) [23] 799 | 38.1 | 273 | 550 | 80.6 | - -
AMR-GT&RG 79.1 | 364 | 356 | 56.7 | 94.5 | 22.7 | 87.2

Bén canh viéc so sanh v&i cac mo hinh tién tién gan day, hiéu suat ciia phuong
phap dé xudt AMR-GT&RG ciing dugc ddi chiéu v6i hai cong trinh da cong bd trude
d6 trong Chuong 2 va Chuong 3, gom OD-VR-Cap va RGTranCNet, ca hai déu duoc
danh gia trén tap dir liéu MS COCO. RGTranCNet la phién ban cai tién ctia OD-VR-
Cap, trong d6 bo giai ma LSTM va co ché chil ¥ kép (dual-attention) duoc thay thé
bang bo giai ma dua trén Transformer va co ché chu y chéo (cross-attention), dong
thoi tich hop tri thire ngit nghia tir ngudn ngoai (ConceptNet). Dya trén RGTranCNet,
mo6 hinh AMR-GT&RG tiép tuc gidi thiéu biéu dién nglr nghia troru twong dua trén
AMR duogc tao tir ca cht thich chuan va dd thi quan h¢. Nhu dugce trinh bay trong
Bang 4.1, phuong phap AMR-GT&RG vuot troi dang ké so véi ca OD-VR-Cap va
RGTranCNet trén tit ca cac do do danh gia. So voi OD-VR-Cap, AMR-GT&RG cai
thién BLEU-4 +11.4 diém (39.5 so voi 28.1), CIDEr +51.6 diém (136.7 so véi 85.1)
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va SCS +13.3 diém (89.1 so voi 75.8). Trong khi RGTranCNet d3 mang lai nhitng
céi tién dang ké so voi OD-VR-Cap (vi du: CIDEr: 107.8, SCS: 82.3) thong qua nang
cap kién tric va tich hop tri thirc ngir nghia, thi AMR-GT&RG tiép tuc nang cao hiéu
sudt (vi du: CIDEr: +28.9, SCS: +6.8 so voi RGTranCNet). Nhirng két qua nay khing
dinh hiéu qua cta viéc tich hop biéu dién ngit nghia triru trgng dua trén AMR trong
viéc nim bat y nghia toan cuc va ngit canh quan hé siu hon trong anh. Piém
METEOR ciing ting tir 35.6 (RGTranCNet) 1én 37.2 (AMR-GT&RG), cho thiy su
cai thién vé& d6 phong phu ngit canh va tinh da dang biéu dat trong cac cdu chu thich
duoc sinh ra.

Nhiing két qua nay cho thiy rang mic dit BLEU c6 thé hitu ich trong viéc danh
gia mue do trung khop tir vung, cadc do do nhu CIDEr, SPICE va dac biét 1a SCS phan
anh chinh xac hon mic d6 phu hop ciia cau chu thich v6i ndi dung hinh anh. Diéu
nay chirg minh rang viéc str dung AMR dé biéu dién thong tin ngit nghia trong mo
hinh AMR-GT&RG khong chi gitp cai thién tinh chinh xé&c cua cau chu thich ma con
gitip md hinh tong quat hoa tét hon trén nhiéu tap dir liéu khac nhau.
4.3.5.2. Anh huéng ciia tirng thanh phan trong phwong phap dé xuat

Dé danh gia tac dong cua ting thanh phan trong phuong phdap AMR-GT&RG,
nghién ctru tién hanh thyc nghiém voi hai bién thé: AMR-GT only (chi str dung AMR
ttr cha thich chuan) va AMR-RG only (chi sir dung AMR chuyén ddi tir d6 thi quan
hé cua anh). Két qua so sanh gitta ba mé hinh nay trén tap dir liéu MS COCO va
Flickr30K dugc trinh bay trong Bang 4.3 va Bang 4.4.

Bang 4.3. Phdn tich anh huong cua cdc thanh phan trén tip lgiém tra MS COCO Karpathy.
AMR-GT chi s dung AMR tuyén tinh héa tie chii thich chudn; AMR-RG chi sur dung cdc
do thi dang AMR duwoc chuyén doi tir do thi quan hé; AMR-GT&RG két hop cd hai nguon.

Phuong phap B@wl Bw4 M R C S SCS

AMR-GT only 80.5 37.8 36.8 594 | 1325 | 246 | 873
AMR-RG only 79.3 36.9 36.2 58.8 | 129.8 | 239 | 84.5
AMR-GT&RG 81.2 39.5 37.2 59.9 | 136.7 | 25.1 | 89.1

Két qua trong Bang 4.3 cho thy rang phuong phap AMR-GT&RG, khi két
hop ca AMR tir tép chii thich chuan (GT) va AMR tir d6 thi quan hé (RG), dat hiéu
suét cao nht trén tat ca cac do do. Cu thé, chi s6 CIDEr dat 136.7, cao hon dang ké
so voi AMR-GT only (132.5) va AMR-RG only (129.8). CIDEr 1a d do quan trong

trong bai toan chu thich anh vi n6 phan anh mic do phu hop cta cau chu thich véi

tap chii thich chuan. Két qua nay chimg minh rang viéc két hop ca hai nguén thong
tin AMR gitp mo6 hinh khai thac toan dién hon cac dac trung ngir nghia va tao ra cau

chu thich ¢6 mutrc d twong ddng cao hon véi chi thich chuan. Tuong ty, chi s6 SPICE
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cua AMR-GT&RG ciing dat 25.1, cao hon so vé1 AMR-GT only (24.6) va AMR-RG
only (23.9). SPICE la mét trong nhimg d6 do quan trong nhét vi né phan anh kha
ning mod hinh nim bét cac quan hé ngir nghia gitta cac thuc thé trong anh. Viéc két
hop thong tin tir AMR d6 thi quan hé da gitip mé hinh ting cuong kha ning biéu dién
mdi quan hé giita cac d6i twong trong anh, tir d6 cai thién dang ké chat luong ngir
nghia cta cau chu thich sinh ra.

Bén canh d6, chi s6 SCS cuia phuong phap AMR-GT&RG dat 89.1, cao hon
dang ké so véi AMR-GT only (87.3) vi AMR-RG only (84.5). SCS do luong mirc
d6 nhat quan vé ngit nghia gita cAu chu thich va ndi dung hinh anh, phan anh rang
phuong phap két hop hai loai AMR d3 gitip mé hinh tao ra cac cau cha thich phu hop
hon véi bdi canh hinh anh, thay vi chi tap trung vao su tring khdp tir vung nhu cac
d6 do truyén thdng duwa trén n-gram.

Pang chu y, két qua phan tich anh hudng timg thanh phan cho thay loi ich cua
AMR-GT&RG khong chi thé hién ¢ cac do do dya trén tring khép n-gram ma con
n6i bat hon & cac do do ngir nghia nhu SPICE va SCS. V& mit co ché, biéu dién AMR
trich xuat tir cha thich chuan (AMR-GT) déng vai trd nhu mét tin hiéu ngir nghia
chuan hoa, gitp bd giai ma hoc dugc cac mau cau trac khai niém va vai tro ngit nghia
6n dinh trong giai doan huan luyén. Trong khi do, biéu dién AMR-RG, dugc suy dién
truc tiép tir d6 thi quan hé ciia anh, cung cap ngir canh ngit nghia triru tugng c6 thé
khai thac trong giai doan suy dién khi khong con chu thich chuan. Su két hop nay
mang lai loi ich kép: mé hinh vira hoc dugc ciu trac ngir nghia giau thong tin tir dix
liéu huan luyén, vira duy tri duwoc sy nhat quan ngir nghia gitra cac ddi trong va quan
hé khi sinh chu thich & pha suy dién.

Bang 4.4. Phan tich anh huong cua cac thanh phan trén tap kiém tra Flickr30K. AMR-GT
chi s dung AMR tuyén tinh héa tir cac chii thich chudn; AMR-RG chi s dung cdc do thi
dang AMR duwoc chuyén doi tir do thi quan hé; AMR-GT&RG ket hop ca hai nguon.

Phuong phap B@wl B4 M R C S SCS

AMR-GT only 78.6 35.7 35.2 56.1 90.2 | 21.8 | 85.7
AMR-RG only 77.2 34.9 34.7 55.6 88.6 | 21.3 | 83.2
AMR-GT&RG 79.1 36.4 35.6 56.7 94.5 | 22.7 | 87.2

Két qua trong Bang 4.4 trén tap Flickr30K tiép tuc khang dinh tinh hiéu qua
ctia phuong phap dé xuat. Cu thé, chi s CIDEr cia AMR-GT&RG dat 94.5, cao hon
so voi AMR-GT only (90.2) va AMR-RG only (88.6). Flickr30K 1a tap dir li¢u c6 ndi
dung mo ta da dang hon so véi MS COCO, do d6 viéc md hinh dat CIDEr cao nhét
chung to rﬁng su két hop gitta AMR tur tap dir li¢u géc va AMR tir do thi quan hé
gitip md hinh thich nghi tot hon v&i ngit canh anh c6 ndi dung phong pht hon. Twong
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tu, SPICE ctia AMR-GT&RG dat 22.7, tiép tuc cao hon AMR-GT only (21.8) va
AMR-RG only (21.3). SPICE trén Flickr30K c6 gia tri thip hon so véi trén MS
COCO do tinh da dang va do phuc tap cua mo ta trong Flickr30K. Tuy nhién, phuong
phap AMR-GT&RG van dat két qua cao nhét, khiang dinh rdng mé hinh khai thac tbt
thong tin quan hé giita cac d6i twong, ngay ca trong trudng hop cau chi thich c6 cdu
trac mo ta linh hoat hon.

bac bi¢t 1a, SCS cua AMR-GT&RG dat 87.2, cao hon so vo1i AMR-GT only
(85.7) va AMR-RG only (83.2). Piéu niy chtng t6 rang phuong phap dé xuit gitp
cai thién su nhat quan vé ngit nghia giira cau chu thich va ndi dung anh, mot yéu tb
quan trong dé dam bao chat luong chu thich anh trong cac tinh hudng thuc té. BLEU-
1 va BLEU-4 trén Flickr30K ciing cho thay sy cai thién khi két hgp hai nguén AMR
(BLEU-1 = 79.1, BLEU-4 = 36.4), cao hon so v6i AMR-GT only (78.6/35.7) va
AMR-RG only (77.2/34.9). Diéu nay tiép tuc cing cd nhan dinh rang mo hinh khong
chi cai thién do chinh xac nglr nghia ma con ting cuong muc do trung khdp tir vung
v6i cau tham chiéu.

Nhin chung, céac két qua ablation trén ca hai tap dir li¢u cho th?iy viéc chi st
dung AMR-GT hoic AMR-RG riéng 1¢ déu mang lai hiéu qua nhét dinh nhung van
ton tai han ché. AMR-GT only khai théc tdt thong tin tur dir liéu huén luyén nhung
thiéu kha ning rang budc ngit nghia truc tiép vdi cdu tric anh trong pha suy dién,
trong khi AMR-RG only phan anh t6t quan hé giira cac dbi tuong trong anh nhung
thiéu tin hiéu ngir nghia chuan héa tir chu thich. Phuong phap AMR-GT&RG khic
phuc dugc cac han ché nay bang cach két hop hai nguon AMR bé sung 1an nhau, tir
doé giap md hinh dat cai thién déng thoi trén cac do do CIDEr, SPICE, SCS va
METEOR, khéng dinh tinh hiéu qua ctia phuong phap dé xuat.
4.3.5.3. Panh gia dinh tinh

Bén canh cac phan tich dinh lugng ¢ trén, nghién ctru tiép tuc danh gia dinh
tinh nham 1am rd hon tinh hiéu qua ctia phuong phap dé xuat (AMR-GT&RG) thong
qua mot s6 vi du minh hoa dién hinh trén tap dit liéu MS COCO. Noi dung phan nay
tap trung vao hai khia canh chinh: (1) So sanh cau chu thich sinh ra béi phuong phap
dé xuit cung cic bién thé (AMR-GT only, AMR-RG only) voi phuong phap
RGTranCNet; (2) Phén tich trudng hop d6 do SCS thé hién t6t hon cac do do truyén
thong dua trén n-gram.

Thir nhat, dé minh chimg cho sy cai tién cta phuong phap dé xuit va cac bién
thé thanh phan (AMR-GT only va AMR-RG only) so v6i phuong phap nén ting
(RGTranCNet), ba hinh anh dai di¢n da dugc lya chon véi mirc d¢ da dang ndi dung
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gom: nhidu dd vat (a), ndi that c6 cau trac khong gian phirc tap (b) va hoat dong ngoai
troi thé hién twong tac giita cac dbi tuong (c). Két qua cha thich sinh ra boi cac méd
hinh duoc trinh bay nhu trong Hinh 4.3. O Hinh 4.3(a), cAu chu thich do RGTranCNet
tao ra dé cap dén cac dbi tuong chinh nhung thiéu chi tiét vé screwdriver va vat thé
mau den trén ban. Phuong phap AMR-GT only di bo sung thém thong tin vé
screwdriver nhung van chua day du. AMR-RG only tap trung vao quan hé giira cac
d6i twong nhung bo sot screwdriver. Trong khi d6, phuong phap dé& xuit AMR-
GT&RG khai thac dﬁy du céc doi tugng trong anh, tao ra mot mo ta ty nhién va chinh
xac hon. V&i Hinh 4.3(b), twong tu nhu trén, RGTranCNet md ta co ban vé phong
ngti nhung thiéu chi tiét vé cira s6. AMR-GT only tip trung vao giudong ngi, AMR-
RG only bd sung chi tiét vé& guong nhung van chua day du. Phuong phap AMR-
GT&RG két hop ca ba yéu t6 giudng, ti sach va ctra sd, tao ra mo ta toan dién hon
vé bbi canh hinh anh. O vi du Hinh 4.3(c), RGTranCNet md ta hai nguoi dan ong
cudi ngya trén bai bién nhung khong dé cap dén cac yéu t6 cam xac. Cau chu thich
cia AMR-GT only bé sung thém thong tin vé& nudc bién, trong khi AMR-RG only
nhan manh dén quan hé gitra ngudi va ngua. Phuong phap AMR-GT&RG két hop tt
ca cac yéu td quan trong, tao ra cau chu thich dﬁy dt nhét khi dé cap dén ca hanh
dong va cam xuc cua dbi tuong.

Thir hai, nhdm 1am ndi bat wu diém ctia d6 do SCS duge dé xuat so véi cac do
do danh gia truyén théng dya trén n-gram, hai vi du minh hoa duoc trinh bay trong
Hinh 4.4. Trong céc trudng hop nay, cdu chi thich dugc tao bdi mé hinh dé xuit da
phan anh chinh xac ngit nghia ctia ndi dung anh, tuy nhién lai khac biét vé cach dién
dat, dan dén diém s6 thap tir cac d6 do n-gram, trong khi diém SCS nhan gia trj cao -
thé hién rd hon d6 chinh x4c vé ngit nghia va mirc do phu hop ngit canh ciia cAu md
ta. Cu thé, trong Hinh 4.4 (a), do su khac biét vé cach dung tir vung (vi du: “striped
animals” thay vi “zebras”, “habitat” thay vi “enclosure”), diém BLEU-4 chi dat 7.0.
Tuy nhién, diém SCS dat tGi 80.6, cho théy murc d§ phu hop ngit nghia cao vdi ndi
dung hinh anh. Tuong tu, trong Hinh 4.4(b), cau chu thich dugc tao bdi moé hinh
AMR-GT&RG truyén tai cing mot y nghia vai chu thich chuan, nhung sir dung cach
dién dat khac (“arranged with various foods” thay vi “filled with food”), ddn dén diém
BLEU-4 chi 1a 17.3. Tuy vay, diém SCS dat 94.3, phan anh chinh xac muac dg tuong
thich ngir nghia gitta cau dugc sinh va cau tham chiéu.

Phuong phap AMR-GT&RG thé hién uu diém trong viéc tao ra cau chu thich
chi tiét, chinh x4c va phu hgp ngir canh hon so véi phuong phap RGTranCNet. Bang
cach tich hgp AMR, m6 hinh dé xuat c6 thé mé ta cac d6i tugng va mdi quan hé trong

anh tt hon, dan dén cau cha thich giau thong tin hon. Ngoai ra, phan tich vé do do
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SCS khang dinh rang cac do do truyén théng nhu BLEU c6 thé dénh gia thap nhiing
cAu mo ta dang nhung c6 cach dién dat khac biét. D6 do SCS giup khic phuc han ché
nay bang cach tip trung vao sy trong dong ngir nghia, mang lai danh gia toan dién

va chinh xac hon vé chét luong chi thich anh.

RGTranCNet: a cellphone next to scissors and a coffee cup
AMR-GT only: a cellphone and screwdriver lying on a desk near
scissors

AMR-RG only: a coffee cup placed beside scissors and a cellphone
AMR-GTERG: a cellphone and scissors next to a coffee cup and a
black case

Ground truth captions

#1: a cell phone screwdriver a pair of scissors and a black thing on
a desk

#2: A close up of a cell phone, scissors and a cup.

#3: A cup of coffee, cell phone and scissor sitting on a desk.

#4: A view of a coffee cup and a pair of scissors sitting on a table.
#5: A cellphone and scissors are next to a coffee mug.

RGTranCNet: a bedroom with a bed near a bookshelf

AMR-GT only: a neatly made bed beside a bookshelf

AMR-RG only: a bedroom with a mirror near a bed and bookshelf
AMR-GT&RG: a neatly made bed next to a bookshelf and a
window

Ground truth captions

#1: Bedroom scene with a bookcase, blue comforter and window.
#2: A bedroom with a bookshelf full of books.

#3: This room has a bed with blue sheets and a large bookcase
#4: A bed and a mirror in a small room.

#5: a bed room with a neatly made bed a window and a book shelf

(b)

RGTranCNet: two men riding horses together on the beach
AMR-GT only: two men riding horses near the water

AMR-RG only: two people riding horses on the beach
AMR-GTE&RG: two men smiling and riding horses along the beach
Ground truth captions

#1: Two men smile as they ride horses on the beach.

#2: two guys horseback riding and playing on the beach.

#3: Two men are riding horses along the beach.

#4: Two people on horseback are posing while the horses gallop
on a beach shore.

#5: Two people on horses on a beach readying for a picture

Hinh 4.3. Vi du dinh tinh trén ba anh kzém tra (a)-(c).\Do‘i’vo"i méi dnh, chii thich dwoc tao
boi m6 hinh RGTranCNet, ba bién thé ciia mo hinh dé xuat - AMR-GT only, AMR-RG only
va AMR-GT&RG - duoc liét ké lan luot, tiép theo la nam chu thich chuan.

Su cai thién hiéu suat cia AMR-GT&RG bit ngu@)n tor viéc mo hinh khong
chi xir Iy cac didc trung thi giac bé mat ma con hoc dugc cu trac ngit nghia tiém an
ctia canh vét thong qua biéu dién AMR. Co ché két hop song song giita AMR tir chu
thich chuan va AMR chuyén doi tir d0 thi quan hé da giup mo hinh ddng thoi nam
bat duoc tri thirc ngon ngit troru tugng va tri thic cAu tric cu thé, tir 46 hiéu sau hon
mdi lién hé giita cac thuc thé trong anh. Pong gop ndi bat ciia mo hinh 1a minh chimg
rang viéc tich hop biéu dién ngir nghia triru trong vao khung Transformer c6 thé thu
hep khoang cach gitta hiéu biét thi giac va ngdn ngit, gitp md hinh sinh ra cic mo ta
mang tinh khai quat, tw nhién va gan véi cach dién dat ciia con ngudi hon.

Bén canh nhiing céi thién vé ngir nghia, phuong phap AMR-GT&RG van ton
tai mot s6 danh doi nhét dinh. Thir nhat, nhdanh AMR-GT lam tang chi phi tién xir Iy
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do phu thudc vao chii thich chuan va qua trinh phan tich AMR. Thir hai, chat lwong
biéu dién ngir nghia chiu anh hudng boi do chinh xac ciia AMR parser, trong d6 cac
sai l&ch phén tich c6 thé lan truyén sang bd giai ma. Thir ba, trong mot sb truong hop,
cac d6 do dya trén n-gram nhu BLEU khong ting twong Gmg do mé hinh wu tién biéu
dién ngir nghia sau hon thay vi t6i vu trung khép tir vung. Nhirng han ché nay goi
mo cac hudng cai tién tiép theo nhur giam phu thudc vao AMR parser hoic thay thé
nhanh AMR-GT bang cac biéu dién ngit nghia dugc hoc tryc tiép trong qua trinh huan

luyén.

AMR-GT&RG: Two striped animals eating grass in their habitat.

Ground truth captions

#1: Two zebras graze on grass inside of an enclosure.

#2: Two zebras at the zoo eating some grass.

#3: Two zebras grazing on the green grass in an enclosure.
#4: A pair of zebras grazing on grass in a zoo.

#5: A couple of zebras are grazing in a field

AMR-GT&RG: A dining table arranged with various foods and a cake covered
with berries.

Ground truth captions

#1: A plate of finger foods next to a blue and raspberry topped cake.

#2: A nicely set dining table filled with food and a cake topped with berries.
#3: a close up of a table with many plates of food

#4: A table topped with a cake covered in berries next to a plate of
sandwiches.

(b) #5: A white cake topped with berries and a plate of fruit and cheeses.

Hinh 4.4. Vi dy vé chii thich phat sinh ciia mé hinh dé xudt - truong hop chii thich phii hop
voi ngit nghia cua ndi dung anh nhung hiéu sudat trén cac dé do dva trén n-gram thap.

4.4.Két chwong

Trong chuong nay, luan 4n da dé xuit mo hinh AMR-GT&RG, mét kién tric
chu thich anh m¢ rong tir RGTranCNet nham khai thac biéu dién ngit nghia triru
tuong dya trén AMR két hop voi do thi quan h¢ anh, qua dé nang cao chat lugng va
chiéu sau ngir nghia ctia chu thich sinh ra. M6 hinh tich hgp dong thoi ba ngudn tri
thirc bd sung: (i) AMR trich xuét tir chu thich chuan dé cung cép tin hiéu hoc ngit
nghia c6 cau tric; (ii) biéu dién AMR-like suy dién tir @6 thi quan hé nham bd sung
ngir canh ngit nghia truc tiép tir ndi dung thi giac; va (iii) tri thirc ngoai tir ConceptNet
dé cai thién kha ning xt Iy cac d6i twong hiém. Trén nén kién truc Transformer, hai
co ché Masked Multi-Head Attention va Cross-Modal Attention dugc thiét ké nham
hop nhét hi¢u qua thong tin thi gic, quan hé va ngir nghia triru tugng trong qua trinh
g1l ma.

Két qua thyc nghiém trén hai tap dir liéu chuan MS COCO va Flickr30K cho
thdy AMR-GT&RG dat hiéu suat vuot troi trén cac d6 do phan anh chat lugng ngir
nghia nhuy METEOR, CIDEr, SPICE va SCS, dong thoi thé hién kha ning mo hinh

hoéa tt hon cac quan hé va bdi canh phtrc tap trong anh. Mdc du cac do do dua trén
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tring khép n-gram nhu BLEU khong ludn dat gia tri cao nhat, cac két qua ngir nghia
cho thidy mé hinh dé xuit tao ra cac chu thich nhit quan, gidu y nghia va gan voi cach
dién dat ctia con ngudi hon.

Bén canh nhiing cai thién vé mat ngit nghia, viéc tich hop biéu dién AMR ciing
kéo theo mot sé danh ddi nhat dinh vé chi phi tinh toan. Cu thé, chi phi bo sung chil
yéu phat sinh tir budc chuyén ddi d6 thi quan hé sang biéu dién AMR-like va qua
trinh embedding ngtr nghia triru twgng. Tuy nhién, cac budc nay dugc thuc hién chu
yéu trong pha huin luyén; & pha suy luan, mo hinh chi sit dung lai cac tham sé da
duoc hoc va khong yéu cAu trich xudt AMR tir cha thich chuan, do d6 do tré suy dién
khong ting dang ké so v6i cac mo hinh chi thich anh duya trén d6 thi quan hé. Nhin
chung, chi phi suy dién cia AMR-GT&RG vé co ban twong duong voi cac mo hinh
cung ho, va hoan toan co thé tiép tuc t6i wu théng qua cac k¥ thuat nhu nén mo hinh
hoic sir dung cac mo-dun phat hién dbi twong nhe hon trong trién khai thuc té.

Trén co s cac két qua dat dugce, Chuong 5 tiép tuc phat trién hudng nghién
ctru nay theo hudng hop nhat ngir nghia da phuong thirc, két hop dic trung thi gidc-
ngon ngit tir CLIP, biéu dién d6 thi quan hé va AMR/AMR-like, dong thoi gidi thidu
cac co ché Adaptive Attention va GPT-based Re-ranking nham cai thién thém tinh tu

nhién, mach lac va kha nang ki€ém soat chat lugng cia chu thich anh sinh ra.
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CHUONG 5. MO HINH CHU THiCH ANH DUA TREN HQP NHAT
NGU NGHIA PA PHUONG THUC VA GPT RE-RANKING

Chuong 2, Chuong 3 va Chuong 4 phat trién cac hudng tiép cdn nham nang
cao chét luong chu thich anh, bao gdbm mé hinh hoa quan hé giira cac ddi twong (OD-
VR-Cap), tich hop tri thirc ngit nghia ngoai tap huan luyén (RGTranCNet), va khai
thac biéu dién ngir nghia triru tuong dua trén AMR (AMR-GT&RG). Mic dii cac md
hinh nay d4 giai quyét nhiéu thach thirc cdt 15i, cdc phwong phap chu thich anh hién
nay van con hai han ché ndi bat. Thir nhét, chua c6 co ché hop nhét linh hoat giira
cac ngudn tri thire khac nhau - ddc trung thi giac, cdu triic quan hé va ngir nghia triru
tuong - dan dén viéc khai thac thong tin b tro gilta cac mién chua tdi vu. Thir hai,
chét lugng ngdn ngl d4u ra d6i khi van thiéu mach lac va tu nhién, cho théy can ¢6
co ché kiém soat va tinh chinh cau chii thich hiéu qua hon.

Pé khic phuc nhitng han ché néu ra, Chuwong nay gidi thiéu mé hinh CLIP-
AMR-GPT nhu budc phat trién hoan thién trong chudi nghién ctru cia ludn an. M6
hinh hop nhit dic trung thi gidc-ngon ngit tir CLIP, thong tin cdu trac tir d6 thi quan
hé, va ngir nghia triru tuong tir biéu dién AMR trong mét kién tric encoder-decoder
da ngudn. Hai co ché bd trg - Adaptive Attention va GPT-based Re-ranking - duoc
thiét ké nham diéu tiét linh hoat cac ngudn tri thirc trong qua trinh giai ma, dong thoi
nang cao tinh ty nhién va do chinh xac ngtr nghia ctua chu thich sinh ra. Péng gop
trong tdm cua chuong nam & viéc xdy dung mot co ché hop nhét tri thirc da ngudn
két hop hiéu qua thong tin thi giac, cdu tric va ngir nghia, dong thoi bd sung bude
tinh chinh ngdn ngit dé cai thién dang ké sy mach lac va tu nhién cua cau chi thich.
Céch tiép can nay hudéng dén xdy dung mot khuon khd hop nhat tri thie da tang, toi
vu dong thoi chét luong ngit nghia va chit lwong ngdn ngit. Noi dung chinh cia
chuong nay da dugc cong bd trong [CT6]. Ciu tric chuong gom bdn phan: (5.1) gidi
thiéu bdi canh va hudng tiép can; (5.2) mo ta chi tiét mo hinh CLIP-AMR-GPT; (5.3)
thuc nghiém va két qua; va (5.4) két luan chuong.

5.1. Gié6i thi¢éu

Mic du da dat dugc nhiéu tién bd dang ké, cac md hinh cha thich anh hién nay
van ton tai mot s6 han ché chinh can duge khic phuc. Thtr nhét, hau hét cac phuong
phap chua khai thac day du tri thie ngir nghia két hop giira thi gidc va ngon ngit. Cu
thé, chung chu yéu dua vao dac trung cuc bo tir cdic mo hinh phat hi¢n ddi tuong nhu
Faster R-CNN hodc déc trung toan cuc tir cac mang CNN huén luyén trude, ma chua
tan dung hiéu qua céc biéu dién cau tric ngit nghia sau hon nhu Abstract Meaning

Representation va d thi quan hé gitra cac ddi tuong trong anh [72, 115]. Thir hai, do
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ty nhién va mach lac trong ngdn ngit ciia cac cau chii thich sinh ra van con han ché;
mdt s cau chu thich c6 thé chira 16i ngit phap hodc thiéu tinh lién két, cho thiy nhu
cau cip thiét vé mot co ché hau xir Iy nham kiém soat chit lugng ngdn ngit ¢ mirc
cao hon [31]. Tht ba, van con thiéu mot co ché hop nhét linh hoat va hiéu qua gitra
cac nguén dac trung khac nhau, dac biét 1a trong vi¢c két hop cac biéu dién toan cuc
va cuc b tir mé hinh thi gidc-ngdn ngit hudn luyén trude nhu CLIP-ViT véi tri thic
ngit nghia triru trgng nhu AMR va thong tin cdu trac tir 6 thi quan hé [39].

Nhitng han ché nay dit ra yéu cau cap thiét vé mot kién trac chu thich anh c6
kha ning tich hop linh hoat tri thirc ngir nghia da ngudn, vira tan dung hiéu qua tri
thirc thi giac - ngdn ngit huin luyén trudc, vira khai thac thong tin cu tric va triru
tuong dé sinh ra cic mé ta tu nhién, chinh xac va ngir nghia hon.

Dé giai quyét cac thach thirc néu trén, trong nghién ctru nay, mot mé hinh chi
thich anh méi duge dé xuét- goi la CLIP-AMR-GPT - két hop cac dac trung thi giac-
ngdn ngit tir mo hinh CLIP, biéu dién cau trac tir d6 thi quan hé, ngit nghia triru twong
tir AMR, va tri thirc ngdn ngir tir md hinh ngén ngir 16n GPT thong qua co ché Re-
ranking. M6 hinh duoc thiét ké theo kién triic encoder-decoder, trong d6 encoder tich
hop ba ngudn tri thie: dic trung CLIP, embedding tir d6 thi quan hé, va embedding
tr 46 thi AMR cua chd thich chuén; con decoder sir dung Transformer vdi co ché
adaptive attention dé tich hop embedding AMR-like dugc tao tir dd thi quan h¢ cua
anh dau vao. Pau ra cia decoder duoc cai thién thém béi mot bude Re-ranking st
dung GPT d¢ ting tinh ty nhién va ngit nghia cua chi thich. Cac thyc nghiém dugc
thuc hién trén hai tap dit liéu chuan 1a MS COCO va Flickr30K véi cac do do phd
bién trong bai toan chi thich anh. Két qua cho thay mé hinh dé xuét vuot troi hon so
v6i cac phuong phép cong bd gan day, bao gdm ca cac mo hinh dya trén Transformer,
md hinh tich hgp CLIP, va mé hinh sir dung biéu dién AMR. Dic biét, phan phan tich
anh hudng cta cac thanh phan (ablation study) da minh ching cho vai trd quan trong
va déng gop riéng biét cua timg thanh phan trong kién trac dé xuat.

DPoéng gop chinh ciia chwong nay gom:

= Pé xuit khéi hop nhit tri thirc Cross-Fusion da ngudn méi: Nghién ciru
dé xuat mot kién triic Cross-Fusion méi, cho phép két hop dong thoi ba loai dic trung
ngit nghia: (i) biéu dién hinh anh tir mé hinh CLIP, (ii) embedding tir d6 thi quan hé,
va (iii) embedding AMR trich xuat tir chu thich chuan. Thiét ké nay giup mé hinh tan
dung hiéu qua tri thire thi gidc-ngdn ngit cling nhu cau trac quan hé giita cac dbi tuong

dé cung cép biéu dién ngir nghia phong phu cho giai doan giai ma.
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= Tich hgp embedding AMR-like thong qua co ché Adaptive Attention:
Khac véi cac nghién ctru trude von tich hop toan bd embedding d6 thi vao mdi budc
sinh chu thich, nghién ciru ndy dé xuét co ché Adaptive Attention dé diéu tiét mirc do
anh huong cua ting dinh trong dd thi AMR-like mot cach linh hoat tai mdi thoi diém
sinh tir. Thiét ké nay cho phép mé hinh khai thac hiéu qua thong tin cau trac khi can
thiét, dong thoi han ché anh hudng tiéu cuc tir nhidu ngir nghia khong lién quan.

= Pua ra mo-dun re-ranking dua trén GPT dé t6i wu chat lwgng chii thich
phat sinh: Mot mo-dun hau xur 1y st dung mo hinh ngon ngtr 16n GPT-2 dugc xay
dung nham danh gid va xép hang cic cdu mo ta img vién theo xac suat ngdn ngir
(GPTScore). Cau cé diém cao nhat dugc chon lam dau ra cudi cing, gop phan nang
cao d9¢ troi chdy, tinh nglr phap va mirc do tu nhién cua chu thich.

= Xay dung va thwe nghiém mo hinh chu thich anh tich hep tri thirc da
ngudn: M6 hinh dugc huan luyén va danh gia trén hai tap dit liéu chuan MS COCO
va Flickr30K, cho két qua vuot troi so voi cac phuong phéap trude do, khang dinh
hiéu qua ctia chién lugc tich hop tri thirc da ngudn trong cai thién d6 chinh xac va

tinh nglr nghia cua chu thich.

5.2. Phwong phap chii thich dnh dé xuét
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Hinh 5.1. Kién triic tong qudt ciia mé hinh dé xudt. Mé hinh gom 3 khoi: (i) B6 mé hoa
hinh anh - déc trung trich xudt tir CLIP-ViT va embedding do thi quan hé; (ii) Bo trich
xuét ngi nghia triru twong - Embedding AMR ciia chii thich chuan va AMR-like ciia d6 thi
quan hé; (iii) Bo giai ma ngdn ngit Transformer - Cross Fusion hop nhdt cdc nguon ddc
trung, giai mad voi Adaptive Attention, sau do beam-search va GPT re-ranking chon chu
thich cudi ciing.

Phan nay trinh bay kién trac mé hinh dé xuit CLIP-AMR-GPT, duoc thiét
ké theo hudng hop nhat tri thirc da ngudn nham néng cao chét luong chu thich anh.
M5 hinh tuan theo kién trac encoder-decoder va ké thira ¢6 chon loc tir cac md hinh

trudc trong ludn 4n, gom ba thanh phan chinh: (i) B6 ma hoa hinh anh (Image
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Encoder), khai thac dic trung thi giac tir CLIP két hop biéu dién dd thi quan hé giira
cac ddi twong ké thira tir mo hinh OD-VR-Cap (Chuong 2); (ii) Bo trich xut ngir
nghia triru tugng (Abstract Semantic Extractor), ké thira tir m6 hinh AMR-GT&RG
(Chuong 4), thuc hién trich xuét va anh xa ngtr nghia triru tuong AMR tr chu thich
va anh; va (iii) B giai ma ngén nglr Transformer (Transformer Language Decoder),
tich hop ddc trung da ngudn thong qua co ché chil ¥ thich ng va tai xép hang
chu thich bang GPT. Kién truc tong thé cia mé hinh dwoc minh hoa trong Hinh 5.1,
trong khi chi tiét timg thanh phan dugc trinh bay tai cac Muc 5.2.1-5.2.3.

5.2.1. B0 ma héa hinh dnh

B6 mi hoa hinh anh dam nhiém vai tro trich xuét hai loai dic trung quan trong
tir anh dau vao: (i) dic trung ngdn ngi-thi gidc tir mdé hinh CLIP-ViT, va (ii)
embedding cdu truc tir d6 thi quan hé gita cac dbi tuong. Hai loai dic trung nay 1a
co s& dé bd sung tri thire nén phong phii cho bd giai ma & giai doan sau.
5.2.1.1. Trich xuét dic trung thi giac - ngén ngir tir CLIP

Trong md hinh ch thich anh dé xuat, moé hinh CLIP (Contrastive Language-
Image Pretraining) dong vai tro 1a mot thanh phan quan trong trong viéc trich xuét
dic trung ngdn ngir - thi giac tir anh dau vao. CLIP 1a mot md hinh hoc sau da phuong
thirc do OpenAl phat trién, duoc huén luyén trén mot tap dir licu 16n g@)m hon 400
triéu cap anh-van ban. Qua trinh huén luyén dya trén muyc ti€u twong phan (contrastive
learning) nham hoc mot khong gian biéu dién chung cho ngdn ngir va hinh anh, trong
d6 cac cap twong ing dugc dua lai gan nhau, con cac cip khong twong (mg bi ddy ra
Xa.

Trong phan nay, anh dau vao I duoc xir Iy bai backbone thi gidc cua CLIP véi
kién tric Vision Transformer (ViT-L/14). Cu thé, anh duogc chia thanh cac patch co
kich thudc 14 x 14, két qua thu dugc 256 ving khong chong 1an khi 4p dung cho anh
chuan hoa kich thudc 224 x 224. Sau d6, mot token dic biét [CLS] dugc thém vao
dau chudi nham tém luoc thong tin tong thé cta anh. Két qua dau ra ciia CLIP gom:

» MOt véc-to toan cuc G; € R7%® twong ung voi token [CLS], dai dién cho dic
trung tong quat cua toan b anh;
= MOt tap véc-to patch tokens P; = {py, P, ..., D256, trong d6 mdi véc-to p; €
R7%8 ma hoa thong tin ngit nghia ciia mot viing anh cu thé.
Tap dac trung M; = G; U P; sau do dugc dua vao mot nhadnh Cross-Fusion
trong bo giai ma Transformer nham truyén tai tri thirc thi gidc-ngdn ngir tir md hinh
CLIP dén qué trinh sinh cau mo ta. Vi¢c st dung déng thoi ca véc-to toan cuc va

patch tokens cho phép mé hinh tan dung day di thong tin tir cip do tong thé dén chi
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tiét, gop phan ting cuong kha ning biéu dat ngit nghia va cau trac khi phat sinh chi
thich anh.

5.2.1.2. Tao va embedding dé thi quan h¢ ciia hinh énh

Trong mo hinh CLIP-AMR-GPT, thong tin ciu triic gita cac ddi tugng trong
anh tiép tuc duge biéu dién dudi dang dd thi quan h¢ (R-Graph), ké thira truc tiép
phuong phap da trinh bay ¢ Chuong 2 (OD-VR-Cap) va dugc st dung lai trong
Chuong 3 (RGTranCNet) va Chuong 4 (AMR-GT&RG). Cu thé, cac dbi twong duoc
phat hién tir anh dau vao va két ndi théng qua cac quan hé ngit nghia dugce du doan
tir tap Visual Genome, tao thanh mot do thi R-Graph. Biéu dién cta dd thi nay duoc
tinh toan bang GraphSAGE véi lan truyén hai chiéu nham thu dugc embedding giau
ngir nghia cho timg dinh. Tap hop embedding cua cac dinh tao thanh biéu dién E RG.I>
dugc sir dung nhu mot trong ba ngudn tri thirc chinh trong co ché Cross-Fusion ciia
bd gidi ma.

Cach tiép can nay da dugc chirng minh 1a hi€u qua trong viéc mo hinh hoa cAu
trac quan hé ngit nghia giita cac ddi tugng trong anh. Trong Chuong 5, d6 thi quan
hé tiép tuc duogc khai thac nhu mot nguén tri thirc bd sung bén canh dac trung CLIP
va embedding AMR nhidm nang cao chat luong va chiéu sau ngit nghia ctia cac md
ta duoc sinh ra.

5.2.2. B trich xuat ngir nghia triru twong

Pé ting cuong kha ning hiéu ngit nghia cia mo hinh, nghién ctru nay ké thira
phuong phap trich xuét ngit nghia triru trong da duoc trinh bay trong Chuong 4 (md
hinh AMR-GT&RG), trong d6 st dung Abstract Meaning Representation (AMR)
nham thu nhan cac khai niém ngit nghia triru twong tir hai ngudn: (i) cac cau chi thich
chuan va (11) dod thi quan hé cua anh. Cu thé, cac cau chu thich chuan duoc chuyén
d6i thanh d6 thi AMR thong qua mé hinh Neural AMR, sau d6 tuyén tinh hoa theo
dinh dang PENMAN va trich xuat embedding bang m6 hinh ngdn ngit huan luyén
truée (BERT). Két qua thu dugce 1a véc-to biéu dién ngit nghia triru tuong ESyg ;-
Song song d6, dd thi quan hé gitra cac d6i tugng trong anh dugc anh xa sang cau trac
AMR-like bang cach gan nhin khai niém va quan hé ngit nghia theo chudn AMR.
Biéu dién nay dugc embedding bang GraphSAGE dé thu duoc véc-to ERr ;-

Trong kién tric CLIP-AMR-GPT, hai ngudn embedding nay dugc tich hop
v6i vai trd bo sung: E ﬂ;R,, duogc dua vao tang hop nhat tri thirc (Fusion Layer) nham
cung cp ngudn tri thirc ngir nghia chuan tir dir liéu huan luyén, trong khi EXS g, duoc

tich hop vao ting Masked Multi-Head Attention ctia Transformer Decoder théng qua
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co ché Adaptive Attention, cho phép diéu tiét anh hudng ciia théng tin ciu triic mot

cach linh hoat trong qua trinh sinh chu thich.

5.2.3. B gidi ma ngon ngir Transformer

Bo giai ma ngdn ngit dong vai trd then chdt trong qua trinh sinh cha thich tir
cac biéu dién dic trung trich xuét tr anh, dd thi quan h¢, va khung ngtr nghia triru
tuong. Trong mé hinh dé xuét, bd giai ma dugc xdy dung dua trén kién trac
Transformer decoder v&i hai co ché cai tién chinh nham khai thac hiéu qua cac ngudn
tri thirc du vao: (i) Co ché Cross Fusion Attention két hop truc tiép toan bo véc-to
dic trung tir ba mién (thi gidc-ngdn ngit tir CLIP, ciu triic quan hé tir @b thi quan hé,
va ngit nghia triru twrong AMR tir chu thich chuan), va (ii) Co ché Adaptive Attention

diéu khién mutrc d6 dong gop ciia embedding AMR-like trong mdi budc giai ma.
5.2.3.1. Co ché chui § Cross Fusion giira ba nguon dic trung

Thay vi tinh trung binh céc véc-to dic trung nhu mot sb cong trinh khac,
phuong phap dé xuét gitr nguyén tat ca cac véc-to thanh phan ciia ba mién dau vao
nham bao toan thong tin ngit nghia & mirc do chi tiét. Cu thé:

= Pic trung CLIP gém véc-to [CLS] va 256 patch tokens dugc biéu dién dudi
dang ma tran M;.

= Embedding d thi quan hé cta anh, E RG.I>

= Embedding ciia AMR tir chu thich chuan, E{7j ;.

Ba ngudn dic trung nay duoc chiéu tuyén tinh sang khong gian Key-Value
riéng biét 1o hop nhét lai dé tao thanh tap khoa K va gid tri V cho 16p Cross-Attention:
Kmuiei = [CI ng; ERG,I WI§G; EAGI'I\/;R,IWKGT]! Vinuiei = [CI WVCi ERG,I Wlfci EEI\ER,I WVGT]

Vi mdi budce giai ma, véc-to truy van Q duoc tao tir token hién tai trong qua
trinh phat sinh, véc-to dau ra dugc tinh théng qua co ché Multi-Head Attention:

frusea = MultiHeadAttention(Q, Kpuiti, Vinuiti)

Cach két hop nay dam bao mo hinh c¢6 thé hoc duoc céc trong sb tuong tng
cho ting thanh phan dic trung, tir 46 khai thac day du thong tin thi gidc-ngdn ngir,
cdu trac dd thi va biéu dién nghia triru twong ma khong mat mat thong tin do phép
trung binh.
5.2.3.2. Co ché chii y Adaptive cho embedding d6 thi AMR-like

Pé ting cudng kha ning tich hop thong tin ngit nghia ciu tric tir d6 thi AMR-
like vao qua trinh sinh mé t4, mo6 hinh dé xuat mot co ché Adaptive Attention, dugc

thuc hién tai ting Masked Multi-Head Attention trong Transformer Decoder. Khac
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v6i cac phuong phap tich hop cb dinh toan bd embedding tai moi budc sinh ti,
phuong phap nay cho phép mo hinh tu dong hoc cach lya chon mirc d§ dong gép cua
ting nut trong do thi tai mdi thoi diém sinh token.

Cu thé, gia su tai thoi diém t, véc-to trang thai an trude do cua decoder 1a hi_;.
Mo hinh sir dung véc-to ndy dé tinh toan mot véc-to cong diéu khién g, thong qua
mot ham sigmoid:

gr =0(W, - he_y + by) (5.1)
Trong do, W, la ma tran trong sb hoc duoc, va o 1a ham sigmoid ap dung theo
tirng chiéu.
Gia sir embedding ctiia do thi AMR-like dugc biéu dién bang tip véc-to
ERGe 1 = [e1, €z, ..., €], Vi mi e; 1a embedding ctia mot dinh trong db thi. Co ché
adaptive attention diéu chinh timg véc-to e; theo véc-to didu khién g, nhu sau:

6 = g.@e, véii=1,2,..k (5.2)

Toan b tap véc-to diéu chinh Efz\i}(e? = éft), ) é,Et)] duoc sir dung lam Key

va Value trong 16p Masked Multi-Head Attention tai thoi diém ¢, trong khi h,_; dugc
st dung lam Query.

Co ché nay giip mo hinh hoc dugc cach chon loc linh hoat cac dinh trong dd
thi AMR-like tity theo ngit canh dang sinh tir, thay vi sir dung dong déu hoic toan bo
embedding nhu cic phuwong phap trude day. Nho do, mé hinh c6 thé tap trung vao
cac khia canh ngit nghia triru twong phu hop véi ndi dung dang dugc tao ra, cdi thién
ca tinh mach lac ct phap va chiéu sdu ngir nghia ctia cdu mo ta sinh ra.

Co ché nay khong chi gitip gitt nguyén ciu triic day du ctia do thi, ma con tao
diéu kién cho Decoder ty hoc chién lugc tham chiéu pht hop véi ndi dung ngit nghia
dang duogc phat sinh. Viéc nay gop phan ning cao tinh linh hoat va kha niang biéu dat

cua mo hinh khi sinh ra céc cau chu thich giau nglr nghia hon.
5.2.3.3. Tai xép hang qua GPT

Sau khi m6 hinh sinh ngén ngir tao ra mét tdp cac cau chu thich tng vién cho
mot anh dau vao, chit lugng cudi cung cua md hinh chu thich anh phu thudc dang ké
vao kha ning lya chon duoc chu thich phi hop va tu nhién nhat. Nham ting cudng
tinh mach lac ngir nghia va do troi chay cua chu thich, nghién ctru nay dé xuét tich
hop mét budc tai xép hang (re-ranking) sir dung mé hinh ngén ngir 16n GPT, dong

vai tro nhu mot bo dénh gia ngdn ngit tong quat (language scorer).
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Cu thé, sau khi mo hinh decoder sinh ra mét tap cac ciu chu thich ing vién
Y, = {37,(1), 371(2), 371(10} thong qua thuat toan beam search kich thuéc K, mdi cau 371(}{)
dugc danh gia boi md hinh GPT dé tinh diém ngir nghia theo cong thirc:

SN 509150
7] L 9 Pepr (I 191t (5.3)
0| Lo

Trong do: ?,(k) la token thir t trong cau ing vién thu k, | y,<")| la @6 dai cua chu

GPTScore (37,('{)) =

thich j‘ll(k), Ppr(.|.) 1a xé4c sut c6 diéu kién duoc tinh tir md hinh GPT di huin
luyén.
Chu thich cudi cung §; dugc chon 1a chu thich c6 GPTScore cao nhat:

91 = argmaxy,cy,GPTScore(y) (5.4)

Viéc str dung mé hinh ngén ngir huin luyén trude nhu GPT trong giai doan suy
ludn (inference) gitip ting do tu nhién va kha nang biéu dat ngit nghia ma khong lam
thay doi qua trinh huan luyén chinh ctia mé hinh phat sinh mé ta.
5.2.3.4. Thuat toan huin luyén va phat sinh chi thich

Qua trinh huin luyén dugc mo ta trong Thuat toan 5.1, véi dau vao 1a cdp anh
va cht thich chuén. Mb hinh st dung co ché teacher forcing dé cap nhat trong sb qua
ham mat mat cross-entropy. Sau khi huén luyén, qua trinh suy luan duoc thuc hi¢n
theo Thuit toan 5.2, st dung beam search dé sinh ra nhiéu cdu chii thich ng vién.
Sau d6, budc re-ranking bang mé hinh GPT lwa chon cdu c6 gia tri GPTScore cao
nhat 1am dau ra cubi cung.

Thuit toan 5.1 trinh bay quy trinh huan luyén mé hinh sinh chii thich dnh dua
trén kién trac Transformer Decoder két hop voi co ché tich hop tri thirc ngit nghia.
Pau vao cua thuit toan 1a tap dit liéu D, trong d6 mdi mau dir liéu bao gém cac dac
trung hinh anh X, va chu thich chuan y;. Tai mdi epoch huén luyén, tap dir liéu dugc
x40 tron ngau nhién dé ting kha ning téng quat hoa ciia mo hinh. Véi mdi mau, mo
hinh tién hanh sinh tuan tu ting token trong cdu chi thich bang cach khai tao chudi
v6i token bat dau (start). Tai mdi budc thoi gian t, chudi dau vao hién tai y, duoc
anh xa thanh véc-to nhung H,,;;. Sau d6, biéu dién nay duoc diéu chinh théng qua
mo-dun AdaptiveAttention, cho phép mé hinh hoc cach tham chiéu linh hoat dén cac
véc-to embedding tir d6 thi AMR-like Efur ;. Tiép theo, cac dic trung ngit nghia tir
anh - bao gdm dic trung tir CLIP M,, d6 thi quan h¢ Epg; va AMR tir cht thich chuén
ESur,; - dugc két hop ciing Hgq4p thong qua moé-dun CrossFusion, tao ra dau vao tong
hop H,yoss cho ting Feed-Forward Network. Két qua tir tang FFN dugc dung dé tinh

phan phdi xac suat trén khong gian tir vung thong qua ham softmax. Mat mat huan
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luyén dugc tich lity theo ham log-likelihood gitra tir muc tiéu y; va xéac suat du doan
P(y,). Sau khi hoan thanh viéc sinh toan bd chudi, tham s6 mé hinh ¢ duoc cap nhat

bang phuong phap gradient descent voi tbe do hoc 7.

Thuét toan 5.1. TrainCaptioningModel (D, N, ¢, 1)

Pau vao: Tap ditlicu D = {(X;, ¥))}, X; = (Erc., ESir EXGr1» M) va yj 1a chu thich cho
trude; s6 epoch Ny, hé s6 hoc 1; tham sb ban dau ¢.

Piu ra: Tham s da huan luyén ¢.

Begin

1 Khoi tao ¢

2 for epoch = 1to Ny do

3 shuffle(D)

4 for all (X;,y*) € D do

5 Decompose X; into (Egg 1, EStr.1 Exdr. M;)
6 Vo1 < Start, L < 0

7 fori =1to|y*| do

8 Hinie < Embedding (y<)

9 Hyap < AdaptiveAttention(Hl-nit, EXIER,,, (p)
10 H_ross < CrossFusion(Haap, {C1, Erc 1, EStiri } @)
11 Hfinal < FFN(Hcross: (P)

12 P(y,) = softmax(WHfinal + b)

13 L« L —=IlogP(yily<e, X1, )

14 Y<t+1 < V<t U {y(}

15 endfor

16 @ <@ —nV,L

17 endfor

18 endfor

19 return ¢

End

Thuit toan 5.2 thyc hién suy luan dé sinh cha thich anh ti vu. Vi mdi anh
dau vao, md hinh sinh ra k cha thich ng vién bang co ché giai ma tuan tu: tai mdi
budc, embedding chudi hién tai dugc xir Iy qua Adaptive Attention (tich hop
embedding AMR-like), sau d6 Cross-Fusion (két hop dic trung CLIP va embedding
db thi quan hé), roi qua Feed-Forward Network dé dy doan token tiép theo. Qua trinh
lap lai cho dén khi dat T,,,, hodc gip token <end>. Sau khi tao xong tap k chii thich
mg vién, moé hinh GPT-2 duoc dung dé danh gia va xép hang dua trén diém ngon
ngit (GPTScore). Chu thich ¢6 diém cao nhat duoc chon lam dau ra cudi cung, dam

bao vira chinh x4c ngir nghia vura ty nhién vé ngdén ngi.
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Thuit toan 5.2. GenerateCaptionWithGPTReRanking(X;, ¢, M, k)

Piu vao: X; = (ERG,,, EfﬁR,,, M,), mo6 hinh d3 huin luyén ¢, d6 dai tb6i da cua cau chu thich

Tymax» MO hinh GPT sir dung M, s6 cdu ung vién k.
Piu ra: Chu thich duoc sinh ra § cho anh dau vao I (ciu chi thich sau khi re-ranking).

Begin
1 Y<0
2 fori=1tokdo
3 ygl) « {start}, t « 1
4 while t < T,,,4, and y; # <end>do
5 Hl.(gt “« Embedding(yfl) )
6 Hl(lgp “ AdaptiveAttention(Hl.(rgt, EShri (p)
7 HO CrossFusion(H‘gz)p, {M,, Egg .1}, <p)
t t
8 Hf(ir)lal < FFN(HC(rLss' QD)
9 PO softmax(WH;i?lal + b)
10 y P ~p®
® @ ®
11 Yetv1 < Var Y {Yt }
12 t—t+1
13 endwhile
14 Y « YU{y(")=ySt)}
15 endfor

16 S <« GPT_ReRanking(Y,M)
17 9 « argmaxieq,. ;gS®

18 returny

End

5.3. Thwc nghiém va két qua

Phén nay trinh bay quy trinh thiét 1ap thuc nghiém va két qua danh gia hiéu
qua ctia md hinh dé xuat trén hai tap dir liéu chuan trong bai toan cha thich anh. Cac
ndi dung bao gém: mo ta dir 1i€u sir dung, cac do do danh gia, chi tiét cau hinh hun
luyén, so sanh véi cac phuong phap hién tai va phan tich thanh phin mé hinh nham
1am 13 vai tro dong gop clia ting thanh phan trong kién tric dé xuat.
5.3.1. Thiét 1ap thuc nghiém va d4nh gia

Pé danh gia mot cach khach quan va toan dién, cac thi nghiém dugc tién hanh
trén hai tap dit liéu phd bién 1a MS COCO va Flickr30K, st dung cac d6 do danh gia
tiéu chuan. Ngoai ra, cAu hinh huin luyén duoc giit ¢d dinh giita cac mo hinh nham
dam bao tinh nhat quan va do tin cdy trong so sanh. Muyc nay trinh bay chi tiét cac

yéu t6 lién quan dén dir lidu, d6 do danh gia va thiét 1ap cai dat mo hinh.
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5.3.1.1. Dix liéu thuc nghiém

Trong nghién ciru ndy, hai bo dit liéu chuan MS COCO va Flickr30K tiép tuc
duoc str dung dé danh gia hi€éu qua cua md hinh CLIP-AMR-GPT. Dac diém chi tiét
ctia hai bo dir liéu ndy, bao gdm quy mé, cau hinh chia tap va cach thirc tién xir ly, da
dugc trinh bay trong Muc 4.4.1 cua Chuong 4.

Viéc sir dung dong thoi ca hai tap dir liéu nham kiém ching kha nang khai
quat hoa va mac d6 thich ing ctia moé hinh trén cac tap c6 quy md va do phuc tap
khac nhau. Trong pham vi Chuong 5, cac thiét 1ap chia tap va tién xir 1y duoc giir
nguyén nhu trong Chuong 4 dé dam bao tinh théng nhat va kha ning so sanh truc tiép
v6i1 cac nghién cuu trude day.
5.3.1.2. ) do danh gia

Cac d0 do danh gia dugc s dung trong nghién ciru nay bao gdm BLEU,
METEOR, ROUGE-L, CIDEr, va SPICE, vbn 13 nhitng d6 do chuan muc trong bai
toan chu thich anh. Bén canh do, nghién ctru nay con tiép tuc st dung SCS - mot do
do dd dugc dé xuat va trinh bay chi tiét trong Muc 4.3.3 ctia Chuong 4 - nham dénh
gid muirc d6 nhat quan vé ngit nghia giita chu thich sinh ra va noi dung anh.

Viéc két hop dong thoi cac do do truyén thong voi SCS cho phép danh gia
toan dién hon hi€u qua cua mé hinh CLIP-AMR-GPT, khong chi ¢ khia canh chinh
xéac vé ¢t phap va n-gram, ma con & kha nang duy tri tinh mach lac va nhat quan ngir
nghia trong cac cdu mo ta.
5.3.1.3. Chi tiét cai dit

Mo hinh thuc nghiém ctia phuong phap dé xuat dugc cai dit bang ngon ngir
1ap trinh Python (3.9) va framework hoc sau Pytorch (2.0), thyc thi trén Google Colab

Pro v&i ciu hinh va tham s6 cu thé nhu sau:

» Phan tao va embedding dd thi quan hé: thyc hién theo thiét 1ap trong nghién
ctru OD-VR-Cap (Chuong 2).

* Phan Embedding cia AMR tao tir chu thich chuin va AMR-like tao tir d6 thi
quan hé dugc thyc hién theo thiét 1ap trong nghién citu AMR-GT&RG (Chuong 4).

» CLIP-ViT: St dung phién ban ViT-L/14 tir md hinh OpenAlI CLIP, trich xuét
token toan cuc [CLS] va 256 patch tokens tir anh dau vao.

* Phan Transformer Decoder: véi s6 block N = 6, s6 head = 8, s chiéu cho
véc-to biéu dién tir 1a 512, sir dung bo t8i wu Adam, hé s6 hoc 1a 0.00004, batch size
la 32.
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= Re-ranking: sau khi sinh ra 5 chu thich img vién cho mdi 4nh bang beam search
(beam width = 5), mét md hinh GPT-2 medium (345M tham sd, tir thu vién
Huggingface) duoc sir dung dé dénh gia xac suat ngon ngit (GPTScore). Chil thich

c6 log-probability cao nhat dugc chon lam dau ra cudi cing.
5.3.2. Chi phi tinh toan va thoi gian thuc hién

Toan bd qué trinh huin luyén duoc thyuc hién trén nén ting Google Colab Pro,
st dung GPU NVIDIA Tesla T4 (16 GB VRAM). Trong chuong nay, mé hinh CLIP
dugc st dung nhu mot bg trich xuat dic trung thi giac-ngdn ngir huan luyén trude va
duoc gitr ¢b dinh trong subt qua trinh huan luyén. Khac véi cac chuong trude, mo
hinh khong str dung dic trung ving d6i twong (region-level features), qua dé loai bo
chi phi lién quan dén phat hién dbi twong va trich xuét dic trung ving.

Chi phi huin luyén ctia mé hinh vi vay tap trung chii yéu vao cac mo-dun duoc
dé xuét trong Chuong 5, bao gdbm co ché hop nhit da ngudn dic trung, Transformer
decoder, va Adaptive Attention trén embedding AMR-like. M6 hinh duoc huan luyén
trong khoang 24 gio trén tap MS COCO va 12 gio trén tap Flickr30K, phan anh chi
phi ting 1én do viéc tich hgp dong thoi biéu dién CLIP, db thi quan hé va ngit nghia
triru tuong AMR, thay vi do m¢ rong cac mo-dun xu 1y thi giac cuc bo.

Trong giai doan suy ludn, mé hinh 4p dung beam search véi beam size = 5 dé
sinh tap cac cau chu thich ng vién, sau d6 sir dung GPT Re-ranking nham lya chon
cdu mo ta c6 tinh tw nhién va phu hop ngir canh cao nhét. Vi batch size = 32, thoi
gian suy lun trung binh dat khoang 0.15 gidy/anh, cho thiy chi phi phat sinh tir budc
re-ranking dugc kiém soat hiéu qua do chi ap dung trén mot tap nho cac ciu Gmg vién.

Nhin chung, mic du Chuong 5 gidi thiéu thém cac thanh phin méi nhu CLIP
va GPT, viéc loai bo dic trung vung ddi tuong gitip can béng chi phi tinh toan, cho
phép md hinh CLIP-AMR-GPT duy tri kha ning trién khai thuc té trén ha ting GPU
pho thong trong khi dat hidu ning cao vé mit ngit nghia va chat lugng chu thich.

5.3.3. Két qua va ban luan

Phén nay tong hop va phén tich cac két qua thuc nghiém dat duoc boi mé hinh
dé xuét khi so sanh voi cac phuong phap chu thich anh hién c6. Ngoai ra, mot
phan tich thanh phan (ablation study) duoc tién hanh nhdm danh gia anh huong cia
tirng thanh phan chinh trong kién trac mé hinh. Viéc két hop cac dic trung da ngudn
nhu CLIP, do thi quan h¢, AMR va co ché re-ranking béng GPT cho théy nhitng cai

tién dang ké vé dg chinh xac va tinh ngit nghia cua cau mo ta sinh ra.
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5.3.3.1. So sanh véi cac cong trinh cong bd gan day

Bang 5.1 trinh bay két qua so sanh giita mo6 hinh ¢ xuat CLIP-AMR-GPT
v6i cac phuong phap chi thich anh tién tién trén tap kiém tra Karpathy ciia MSCOCO,
st dung cac do do chuan gdm BLEU-1 (B@1), BLEU-4 (B@4), METEOR (M),
ROUGE-L (R), CIDEr (C), SPICE (S) va SCS. Cac md hinh d6i sanh duoc chon bao
gdm cac mo hinh Transformer hién dai nhu X-Transformer, cac mo hinh tich hop tri
thirc ngir nghia nhuw COS-Net, MLA-LRN, ciing nhu cac phuong phap gan day co lién
quan nhu GIC-SSF, RGTranCNet, AMR-GT&RG va CLIP-Captioner.

Bdng 5.1. So sanh d¢ chinh xdc ciia cdc phwong phdp chii thich dnh dé xudt trén tdp
kiém tra MSCOCO Karpathy. Gia tri in dam biéu thi diém sé cao nhat trong méi cét dé do.

Phuong phap B@l | B@4 | M R C S [scs
X-Transformer (2020) [107] 773 | 37.0 | 287 | 575 | 1200 | 21.8 | -
COS-Net (2022) [108] 788 | 39.1 | 295 | 58.7 | 1274 | 228 | -
MLA-LRN (2023) [114] 799 | 42.4 | 294 | 597 | 1257 | 232 | -
GIC-SSF (2025) [23] 81.6 | 40.1 | 29.7 | 595 | 1354 [ 232 | -
CLIP-Captioner(2022) [68] - 40.6 | 30.0 | 59.9 | 139.4 [ 239 | -
BCEFT (2025) [69] 76,5 | 352 | 274 | 56.0 | 1286 | - -
OD-VR-Cap 726 | 28.1 | 248 | 534 | 851 | - | 758
RGTranCNet 798 | 363 | 356 | 572 | 107.8 | - | 823
AMR-GT&RG 812 | 39.5 | 372 | 59.9 | 136.7 | 25.1 | 89.1
CLIP-AMR-GPT 829 | 414 | 385 | 61.8 | 144.2 | 26.7 | 91.7

Két qua thyc nghiém cho théy mé hinh CLIP-AMR-GPT dat hiéu suit vuot

troi trén hau hét cac do do. Cu thé:

= V& do chinh x4c n-gram, mo hinh dat B@1 = 82.9 va B@4 = 41.4, ndm trong
nhom diém sb cao nhit trong sé cac phuong phap dugc so sanh. Két qua niy cho thay
md hinh khong chi tao ra cac tir veng ding ma con tao ra cac cum tur lién tuc phu hop
v6i cau tham chiéu.

= V& d6 do ngir nghia, mo hinh dat METEOR = 38.5 va SPICE = 26.7, déu vuot
qua mo hinh AMR-GT&RG (METEOR = 37.2, SPICE = 25.1) va CLIP-Captioner
(METEOR = 30.0, SPICE = 23.9), cho thay hiéu qua ctia viéc tich hop biéu dién ngir
nghia AMR va dac trung thi gidc-ngén ngtr CLIP trong viéc tao ra mo ta ngén ngir tu
nhién giau ngit nghia va nhat quan véi ndi dung anh.

*PJ do CIDEr - 4o do phan anh sy déng thuén vdi cac mo ta ctia con nguoi -
dat 144.2, cao nhat trong tat ca cac md hinh, vuot qua ca CLIP-Captioner (139.4) va
AMR-GT&RG (136.7), chimg t6 md hinh sinh ra cc chu thich gan sat nhat v6i nhan

thirc ngén ngir ciia con ngudi.
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= ROUGE-L dat 61.8, cao hon dang ké so v&i cac phuong phap khac, cho thay
md hinh khong chi cht ¥ dén n-gram ma con duy tri cau tric cau t6t hon.

So v6i mo hinh AMR-GT&RG - md hinh co s& gan nhét - mo hinh dé xudt cai
thién dang ké trén tat ca cac do do, dic biét la cac dd do danh gia chiéu sau ngit nghia
nhu METEOR, SPICE va CIDEr. Piéu nay xac nhan rang viéc bo sung dic trung ngit
nghia tir CLIP, tich hop biéu dién AMR-like qua adaptive attention, va str dung GPT-
based Re-ranking da mang lai sy cai thi¢n toan dién vé chat lugng chu thich. Ngoai
ra, khi so sanh v&i cac phuong phdp dung Transformer nhu X-Transformer hay cac
phuong phap dung tri thirc nhu COS-Net, mo6 hinh cling thé hién d6 vuot troi 1o rét,
khéng dinh tinh hi¢u qua cua viéc két hop tri thirc thi giac va tri thic cAu tric ngon
ngtr trong mo hinh hoa da phuong thue.

Bdng 5.2. So sanh d¢ chinh xdc ciia cdc phwong phdp chii thich dnh dé xudt trén tdp
kiém tra Flickr30K Karpathy

Phwong phap B@l | Bw4 M R C S SCS
DRL-Attention (2023) [47] 73.8 33.5 222 | 504 | 92.1 - -
VisualCaptionNet (2024) [48] | 74.8 - 20.7 | 52.8 - - -
MLA-LRN (2023) [114] 74.3 31.2 235 | 515 | 656 | 17.2 -
GIC-SSF (2025) [23] 79.9 | 38.1 273 | 55.0 | 80.6 - -
AMR-GT&RG 79.1 36.4 356 | 56.7 | 945 | 22.7 | 87.2
CLIP-AMR-GPT 80.5 | 38.2 369 | 58.2 | 102.8 | 24.0 | 894

Tiép ndi két qua trén tap MSCOCO, Bang 5.2 trinh bay hiéu qua ctia md hinh
CLIP-AMR-GPT trén tap Flickr30K nham kiém chimg kha ning tong quat hoa cua
phuong phap dé xuat trén mot tap dit liéu co6 quy mé nhoé hon va c6 tinh da dang cao
hon vé cach dién dat ngon ngit. M6 hinh CLIP-AMR-GPT tiép tuc duy tri vu thé vuot
trdi so voi cac phuong phap so sanh. Cu thé, mo6 hinh dat BLEU-1 = 80.5 va BLEU-
4 = 38.2, cai thién nhe so véi AMR-GT&RG (79.1; 36.4), cho thdy kha ning md
phong chinh xac tir vung va ciu trac cum tlr trong cdu md ta. Pang chu ¥, d6 do
METEOR = 36.9 va SPICE = 24.0 déu vuot trdi so voi cac phuong phap gan nhat
(AMR-GT&RG: 35.6 va 22.7), cho thdy mé hinh khong chi tai hién ndi dung thi giac
ma con sinh ra cac mo ta giau ngir nghia va phu hop ngoén ngit tu nhién. B§ do CIDEr
=102.8 va ROUGE-L = 58.2 dat mirc cao nhat trong tit ca cac phuong phap dugc so
sanh, phan 4nh mtrc do dong thuan cao giita cic cdu sinh ra va tip chu thich chuan
duoc gan bdi con nguoi.

So voi tap dit ligu MS COCO, cac muc cai thién trén Flickr30K nhin chung
van dugc duy tri mot cach on dinh, cho thdy mé hinh dé xuat khong chi phu hop véi
cac tap dit liéu quy mo 16n ma con thich g hiéu quéa voi nhimg tap ¢ ciu tric biéu

dat da dang hon. Két qua nay khang dinh tinh hiéu qua va kha niang tong quat hoa ciia
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md hinh trong nhiéu bdi canh ngén ngit khac nhau. Bén canh d6, mic di mot s6 mo
hinh gan day nhu DRL-Attention, MLA-LRN, hay GIC-SSF tuy di dat duoc nhitng cai
tién nhat dinh, hiéu ning ctia ching van chua dat téi mic do chinh xac va on dinh
nhu mé hinh d& xuét.

Téng thé, két qua trén ca hai tip MSCOCO va Flickr30K cho thdy mé hinh
CLIP-AMR-GPT khéng chi cai thién dang ké do chinh xac mé ta hinh anh, ma con
nang cao kha ning biéu dat ngit nghia sau sic, nhd vao su két hop hiéu qua giira dic
trung thi gidc-ngon ngir tir CLIP, tri thire cAu trac tir &6 thi AMR-like, co ché adaptive
attention va budc tai xép hang bang GPT.
5.3.3.2. Panh gia anh huéng caa tirng thanh phan trong mé hinh dé xuét

Pé danh gia vai trd va mac d6 dong gop cia timg thanh phan trong kién tric
dé xuit, phan tich thanh phﬁn (ablation study) dugc thuc hién trén hai tap dir liéu MS
COCO va Flickr30K. Cuy thé, ba bién thé cia mé hinh dugc xay dung bang cach loai
b6 lan luot timg thanh phan chinh: (i) khong sir dung dic trung tir CLIP (w/o CLIP
features), (ii) khong ap dung co ché adaptive attention cho embedding d6 thi AMR-
like (W/o adaptive attention), va (iii) khong st dung mo-dun GPT Re-ranking (w/o
GPT Re-ranking). Céc bién thé nay duoc huan luyén va danh gia véi cing cdu hinh
nhu mé hinh ddy du nhim dam bao tinh so sanh cong bang.

Bdng 5.3. Két qua phén tich anh hieong timg thanh phan trén tap dir liéu MSCOCO

Mo hinh BLUE-4 | METEOR | CIDEr | SPICE
w/o CLIP features 39.1 36.7 134.5 25.2
w/0 adaptive 39.8 373 137.1 | 257
attention

w/0o GPT Re-ranking 40.2 37.8 139.6 26.0
Proposed model 41.4 385 | 1442 | 267
(Full)

Két qua trén tap dir lieu MS COCO dugc trinh bay trong Bang 5.3 cho thiy
viéc loai bd tung thanh phﬁn déu 1am gidm hi¢u suét cua mo hinh. Cu thé, khi khong
str dung dic trung tir CLIP, diém CIDEr giam tir 144.2 xudng con 134.5 va SPICE
giam tir 26.7 con 25.2, phan 4nh tam quan trong cta thong tin ngit nghia truc quan
ma CLIP mang lai. Viéc bo qua co ché adaptive attention ciing khién mo hinh kém
linh hoat hon trong viéc diéu hudéng dong gop cua ting niit trong d6 thi AMR-like tai
mdi budc sinh, dan dén giam hi¢u qua téng thé (CIDEr: 137.1, SPICE: 25.7). Pac
biét, khong st dung GPT Re-ranking khién két qua giam 15 rét & cac do do danh gia
tinh mach lac nglr nghia (CIDEr: 139.6, SPICE: 26.0).

Tuong tu, trén tap Flickr30K (Bang 5.4), cic xu hudng trén tiép tuc duoc duy
tri. Viéc loai bo dic trung tir CLIP 1am diém BLEU-4 giam tir 38.2 xudng con 36.2,



122

va CIDEr giam 7.8 diém. M6 hinh thiéu adaptive attention ghi nhan két qua CIDEr
14 97.6, thap hon déng ké so véi md hinh day du (102.8). Téc dong clia viéc khong st
dung GPT Re-ranking ciing dang ké voi SPICE giam tir 24.0 xudng 23.5.

Poéng gop chinh ctia md hinh CLIP-AMR-GPT nidm & viéc xay dung mot
khung hop nhét tri thirc da ngudn theo hudng bd sung 13n nhau giita ba mién thong
tin: thi gic, ngir nghia cu tric va ngdn ngit tu nhién. Cu thé, CLIP dam nhiém vai
trd can chinh thi gidc-ngdn ngit & mic khai niém, gitp mo hinh nim bt chinh xac
cac dbi twong va ngit canh hinh anh; AMR/AMR-like cung cip ciu trac ngit nghia
dang vai tro - hanh dong - thuc thé, hd trg biéu dién quan hé va rang budc ngir nghia
giita cac thanh phan; trong khi Adaptive Attention diéu tiét dong murc dong gop cua
tirng nguon tri thirc theo ting bude sinh tir, dam bao qua trinh tong hop thong tin dién
ra cAn bang va ngit canh phy thudc duoc duy tri xuyén subt. Trén nén tang d6, GPT
Re-ranking hoat dong nhur mot co ché hiéu chinh hau giai mé, ddnh gia va lya chon
cac phuong an chu thich c6 ¢ mach lac, ty nhién va phu hgp ngtr canh cao nhét trong
khong gian rng vién.

Bdng 5.4. Két qua phén tich anh hieong tirmg thanh phan trén tap dir liéu Flickr30K

M6 hinh BLUE-4 | METEOR | CIDEYr | SPICE
w/o CLIP features 36.2 353 95.0 22.8
wio adaptive 36.9 35.9 97.6 | 23.1
attention
w/o GPT Re-ranking 37.5 36.3 100.1 23.5
Proposed model
(Full) 38.2 36.9 102.8 24.0

Su cai thién hiéu suit cia CLIP-AMR-GPT bét nguén tur kha nang két hop co
kiém soat giira hai khia canh c6t 161 ctia qua trinh sinh ngén ngit: d6 hiéu ngit nghia
(semantic grounding) va d¢ tro6i chdy ngon ngir (linguistic fluency). CLIP gitip mo
hinh nhén dién chinh xac hon cac ddi tugng co tan suit xuit hién thép va cac ngilr
canh phtc tap, trong khi AMR/AMR-like giam thiéu 15i ¢ phap va quan hé thiéu
hut, qua d6 ning cao cic do do phan anh chiéu sau ngit nghia nhu SPICE va CIDEr.
Co ché Adaptive Attention cho phép mé hinh diéu chinh mirc d6 tap trung 1én cac
thanh phan ngir nghia khac nhau trong embedding AMR-like theo timg budc giai ma,
duy tri tinh linh hoat ngir canh, con GPT Re-ranking tinh chinh c4u triic ngir phap va
lua chon mo ta toi wu vé ngit nghia, dan dén cai thién nhat quéan trén cac do do BLEU-
4, METEOR va ROUGE-L. Két qua cta phan tich anh huéng timg thanh phan xac
nhan réng mdi thanh phﬁn déu dong gop tich cuc mot cach doc lap, trong khi vige Kkét
hop ddng thoi cac thanh phan nay tao nén hiéu tng cong hudng, giup mo hinh dat

hi€u suat cao nhat trén ca hai tap dir 1iéu chuan.
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Nhirng két qua nay khang dinh rang ca ba thanh phan - dic trung tir CLIP, co
ché adaptive attention cho embedding AMR-like, va GPT Re-ranking - déu dong vai
trd quan trong trong viéc nang cao chit lugng sinh chu thich. Pic biét, viéc két hop
d6ng thoi ba thanh phan mang lai hiéu qua t6t nhat trén ca hai tap dir licu.
5.3.3.3. Danh gia dinh tinh

Bén canh cac két qua dinh luong va phan tich anh huong céc thanh phan da
trinh bay, phén nay tiép tuc thyc hién danh gid dinh tinh nham 1am r& hon tinh hiéu
qua ctiia mo hinh CLIP-AMR-GPT so véi cac phuong phép trude d6. Cu thé, chu
thich sinh ra ttr m6 hinh CLIP-AMR-GPT dugc dat trong twong quan so sanh véi hai
m6 hinh nén tang AMR-GT&RG va RGTranCNet, dya trén ba hinh anh dai di¢n ctuia
tap kiém tra MS COCO (Hinh 5.2). Ba vi du nay lan luot phan 4nh cac bdi canh: (a)
canh tinh v&i nhiéu do vat, (b) canh noi that c6 cu tric khong gian phuc tap, va (c)
canh dong thé hién hanh dong va tuong tac giira cac dbi tuong.

Thir nhat - Canh d6 vat (a): O vi du ndy, RGTranCNet sinh cau md ta “a
cellphone next to scissors and a coffee cup”, néu dugc cac doi twong chinh nhung
con thiéu chi tiét ngit canh va chua ty nhién vé mit ngdén ngit. M6 hinh AMR-
GT&RG cai thién dang ké voi mé ta “a cellphone and scissors next to a coffee cup
and a black case”, phan anh tot hon cau trac vat thé trong khong gian. Trong khi do,
CLIP-AMR-GPT sinh cau “a cup of coffee a cellphone and a pair of scissors on a
desk”, thé hién 15 ngit canh “on a desk” va troi chay hon vé mit ngdn ngir. Két qua
nay cho théy loi thé cua viéce két hop dac trung CLIP, giup mo hinh nam bat b cuc
hinh 4nh t6ng thé, va co ché GPT Re-ranking, gitp ting tinh tu nhién trong dién dat.

Thir hai - Canh ndi that (b): Trong vi du nay, RGTranCNet sinh mo ta “a
bedroom with a bed near a bookshelf”, thé hién duoc cac dbi tuong chinh nhung bo
sot cac yéu t6 khong gian nhu cira s6 hay guong. AMR-GT&RG bd sung duoc thong
tin vé& bdi canh voi mé ta “a neatly made bed next to a bookshelf and a window” gitip
mod hinh ndm bt tot hon b tri tong thé cua can phong. Trong khi d6, CLIP-AMR-
GPT sinh ciu “a neatly made bedroom with a mirror near a bed and bookshelf”, thé
hién day du cac dbi twong chinh va quan hé khong gian, dong thoi duy tri dugc tinh
tu nhién va mach lac trong ngdn ngir. Két qua nay cho thdy biéu dién AMR-like két
hop v6i CLIP gitip md hinh nhén dién va dién dat chinh xac hon cac mdi quan hé cac
d6i tuong trong khong gian.

Thtr ba - Canh hanh dong (c): Trong vi du nay, RGTranCNet sinh mo ta “fwo
men riding horses together on the beach”, thé hién dang chu thé va hanh dong chinh.
M6 hinh AMR-GT&RG mo rong mo ta thanh “two men smiling and riding horses
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along the beach”, bd sung chi tiét cam xtc “smiling” gip cdu mo ta sinh dong hon,
tuy nhién lai thém vao yéu t6 khong co6 trong mot sé chu thich chudn. Nguoc lai, md
hinh CLIP-AMR-GPT sinh ciu “two men riding horses on a beach shore”’, ngan gon,
mach lac va bam sat ndi dung anh, thé hién rd hanh dong va khong gian ma khong
tao chi tiét thira. Hiéu qua nay dén tir buéc GPT Re-ranking, gitip Iya chon phuong
an chu thich c6 x4c suat ngit nghia cao nhat, ddm bao sy can bang gitta d6 chinh xac

ngtr nghia va d¢ tu nhi€én ngon ng.

RGTranCNet: a cellphone next to scissors and a coffee cup
AMR-GT&RG: a cellphone and scissors next to a coffee cup and a
black case

CLIP-AMR-GPT: a cup of coffee a cellphone and a pair of scissors
on a desk

Ground truth captions

#1: a cell phone screwdriver a pair of scissors and a black thing on
adesk

#2: A close up of a cell phone, scissors and a cup

#3: A cup of coffee, cell phone and scissor sitting on a desk

#4: A view of a coffee cup and a pair of scissors sitting on a table.
#5: A cellphone and scissors are next to a coffee mug

RGTranCNet: a bedroom with a bed near a bookshelf
AMR-GT&RG: a neatly made bed next to a bookshelf and a
window

CLIP-AMR-GPT: a neatly made bedroom with a mirror near a bed
and bookshelf

Ground truth captions

#1: Bedroom scene with a bookcase, blue comforter and window.
#2: A bedroom with a bookshelf full of books

#3: This room has a bed with blue sheets and a large bookcase
#4: A bed and a mirror in a small room

#5: a bed room with a neatly made bed a window and a book shelf

b

& RGTranCNet: two men riding horses together on the beach
AMR-GT&RG: two men smiling and riding horses along the beach
CLIP-AMR-GPT: two men riding horses on a beach shore

Ground truth captions

#1: Two men smile as they ride horses on the beach

#2: two guys horseback riding and playing on the beach

#3: Two men are riding horses along the beach

#4: Two people on horseback are posing while the horses gallop
on a beach shore

#5: Two people on horses on a beach readying for a picture

Hinh 5.2. Cdc vi du dinh tinh trén ba dnh kiém tra (a)-(c) thuéc tdp MS COCO.
Méi anh minh hoa chii thich sinh ra béi ba mé hinh RGTranCNet, AMR-GT&RG va CLIP-
AMR-GPT, kém theo ndm chii thich chudn (ground truth).

Ttr ba vi du dién hinh trén c6 thé nhan théy mo hinh CLIP-AMR-GPT tao ra
cic cAu mo ta vira chinh xac vé mat nglt nghia, vura troi chay vé ngon ngit, vuot troi
hon so vé6i cac phuong phap trude d6. Su phdi hop cua ba ngudn tri thirc - dic trung
thi giac-ngdn ngit tir CLIP, biéu dién ngir nghia AMR/AMR-like, va budc tai xép
hang bang GPT - gitip mé hinh dat duoc su can bang giita kha ning hiéu ngit nghia
va kha ning biéu dat ngdn ngit ty nhién. Nho do, cac cau cha thich sinh ra khong chi
phan anh chinh xac noi dung va mdi quan hé trong anh, ma con thé hién tinh ty nhién,

mach lac va phu hgp hon véi phong cach ngdn ngir cua con nguoi.
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5.4. Két chwong

Trong chuong nay, mot mo hinh chu thich anh méi ¢6 tén CLIP-AMR-GPT
da dugc dé xudt, két hop hidu qua giita cac didc trung thi gidc-ngdn ngit tir CLIP, biéu
dién ngit nghia triru twong tir AMR, co ché adaptive attention, va budc re-ranking
bang mé hinh ngdn ngir GPT. Khéc véi cac phuong phap trude d6 chi tap trung vao
mot nguén dac trung hodc bo qua cac tri thurc nglt nghia sdu, mé hinh CLIP-AMR-
GPT tich hop da tang tri thirc nham ting cuong kha niang hiéu noi dung anh va sinh
mo ta tu nhién, giau nglr nghia hon.

Két qua thuc nghiém trén hai tap dit liéu chuan 1a MS COCO va Flickr30K
cho thiy mo hinh dé xuat dat hi¢u suat vuot trdi so v6i nhidu phuong phap tién tién
hién nay, ddc biét 1a trén cac d§ do danh gia nglr nghia nhu CIDEr, METEOR va
SPICE. Phén tich anh huéng timg thanh phan trong mé hinh ciing khang dinh vai tro
quan trong cta chiing, trong d6 cac dic trung CLIP dong vai trd cung cp ngit nghia
thi giac chinh xac, biéu dién AMR mang lai cdu trac ngdn ngit sau sic, con GPT re-
ranking gitp cai thi¢én d§ mach lac va phu hop nglr cdnh cho cau sinh ra. Hudng
nghién ciru tiép theo ¢ thé bao gdm: (1) md rong mo hinh sang cac ngdn ngit khac
ngoai tiéng Anh, vi du nhu tiéng Viét; va (2) tich hop cac moé hinh ngén ngir 16n
(LLMs) nhu GPT-4 hoic Gemini dé nang cao chat luong sinh chii thich trong cac bdi
canh phuc tap hon.

Trong phan tiép theo ctia ludn an, phan Két luan téng két toan bd qua trinh
nghién ctru, phan tich déng gop khoa hoc, va dé xuat cac hudng phat trién kha thi cho

bai toan chu thich anh dya trén mang hoc sau.
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KET LUAN

Phén nay tong két toan b ndi dung nghién ciru da duoc trién khai trong luén
an, bit dau tir phén Mé dau, noi xac 1ap tinh cép thiét, muc tiéu, pham vi va phuong
phap tiép can cua dé tai, cho dén Chuong 1, noi trinh bay mdt cach hé théng cac
huéng nghién ctru hién tai, ciing nhu phan tich khoang tréng nghién ciru can giai
quyét. Trén nén tang dé, cac Chuong 2, 3, 4 va 5 lan luot dé& xuit bén mé hinh chu
thich anh theo hudng ké thira va mé rong, vi mirc do tich hop tri thirc ngir nghia va
biéu dién da phuong thirc ngdy cang sau sic hon. Phin két luan nay tong hop cac két
qua dat dugc, khing dinh nhitng dong gép khoa hoc va thuc tién cta luan an, dong
thoi chi ra nhitng van dé con bo ngoé va dé xuat cac dinh hudéng nghién ctru tiép theo
trong linh vuc chu thich anh dua trén hoc sau da phuong thtc.

1. Tong két ndi dung nghién ciru va két qua dat dwoc

Luan 4n tap trung giai quyét bai toan chu thich anh tu dong thong qua viéc dé
Xuat va phét trién bon mo hinh hoc sau theo hudng ké thira va cai tién Iy tién, véi
mirc do tich hop tri thirc ngit nghia va dic trung da phuong thirc ngdy cang sau sic
hon: (1) mé hinh OD-VR-Cap (Chuong 2) khai thac dic trung thi gidc va quan hé
giita cac ddi tuong trong anh qua d6 thi quan hé; (ii) mé hinh RGTranCNet (Chuong
3) tich hop tri thitc ngir nghia tir ConceptNet nhdm ting cuong kha ning dién dat;
(iii) m6 hinh AMR-GT&RG (Chuong 4) két hop biéu dién ngir nghia triru tugng dya
trén AMR v6i d6 thi quan hé dé cai thién chiéu sau ngtr nghia; va (iv) mo hinh CLIP-
AMR-GPT (Chuong 5) hop nhit dic trung da phuong thirc két hop co ché GPT Re-
ranking nham nang cao tinh ty nhién, mach lac va phu hop ngit canh ctia chi thich
sinh ra. Cac moé hinh dugc danh gia trén cac tap dir liu chuan MS COCO va
Flickr30K, sir dung cac do do phd bién cua bai toan chu thich anh (BLEU, METEOR,
ROUGE, CIDEr, SPICE) cing d6 do mé&i SCS do luan an dé xudt nham phan anh
mirc d6 phii hop ngir nghia gitta chii thich sinh ra va cha thich chuin ¢ muc
embedding cau.

Chudi md hinh dé xuét cho thay luan 4n da hoan thanh diy du muc tiéu nghién
ctru néu trong phﬁn Mé dau. Muc tiéu khao sat, phan tich va nhan di¢n khoang tréng
nghién ctru duge thuc hién trong Chuong 1. Cac muc tiéu tiép theo lién quan dén
nang cao kha niang biéu dién n6i dung hinh anh, khai thac tri thirc ngoai, biéu dién
ngir nghia triru trong va hop nhat tri thirc da ngudn déu duogc hién thuc hoa thong
qua tirng mo hinh cy thé, kém theo cac kiém ching thuc nghiém dinh lugng va dinh
tinh. Ngoai ra, viéc dé xuit d6 do SCS gitip bd sung mdt goc nhin toan dién hon vé

mirc d6 pht hop ngir nghia giita chu thich sinh ra va chi thich chuan.
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Két qua thuc nghiém trén MS COCO cho théy bon mé hinh thé hién su cai
thién lién tuc qua timg giai doan phat trién. M6 hinh OD-VR-Cap khang dinh hiéu
qua cua vi¢c khai thac cAu trac quan hé ddi tuong; RGTranCNet mo rong kha nang
hiéu ngit nghia nho tri thie ngoai; AMR-GT&RG vuot troi hon dang ké nho biéu
dién ngit nghia triru tugng; va CLIP-AMR-GPT dat hiéu suét cao nhat nho hop nhét
dic trung da phuong thic va sir dung GPT Re-ranking dé chon ra cau chi thich tdi
wu. Cac thyc nghiém mé rong trén Flickr30K tiép tuc khang dinh kha nang tong quat
hoa cta hai md hinh AMR-GT&RG va CLIP-AMR-GPT, cho thdy hiéu qua cta
hudng tiép can dya trén hop nhat tri thirc da ting.

Hinh KL.1 minh hoa truc quan su cai thién hi¢u suat gifra bon mé hinh dé
xudt trén tap dir liéu MS COCO. Biéu do cho thdy xu hudng ting trudong on dinh qua
ting giai doan, trong d6 CLIP-AMR-GPT dat gi4 tri cao nhat trén tat ca cac do do,
dac biét & CIDEr va SCS, phan anh hi€u qua ndi bat cta viéc két hop dac trung da
phuong thire (CLIP + AMR + d thi quan h¢) cing GPT Re-ranking trong viéc ning
cao chét luwong sinh chu thich.

So sanh hiéu suit giira cic md hinh chi thich inh dé xuat trong luin 4n
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Céc mé hinh dé xuat

Hinh KL. 1 So sanh hi¢u sudl: gitta cac mo hinh chi thich anh dé xuadt trong ludn an. Mo
hinh CLIP-AMR-GPT dat ket qua cao nhat, khang dinh hiéu qua cua viéc hop nhat ddc
trung da phwong thirc va co ché GPT Re-ranking..

Tom lai, chudi bon mé hinh do ludn 4n dé xuat thé hién mot tién trinh nghién
ctru ¢6 hé thong, ké thira va mé rong qua ting giai doan: tir khai thdc quan hé giita
cac d6i tuong, tich hop tri thire ngir nghia ngoai anh, két hop biéu dién ngit nghia triru
tuong dya trén AMR, dén hop nhét tri thie da phuong thirc véi sy hd tro ctia mo hinh
ngdn ngir 16n. Sy phat trién lién tuc nay cho thay tinh kha thi va hiéu qua ciia hudng

tiép can ma luén 4n theo dudi, déng thoi khéng dinh viéc hoan thanh déy du cac muc
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tiéu nghién ciru da dé ra. Nhitng két qua dat dugc khong chi chimg minh tinh dung
dan ciia cac md hinh ma con mo ra trién vong tng dung trong cac hé thong thi giac-
ngodn ngir hién dai, dap tng yéu cau cao vé d6 chinh xac, chiéu sau ngir nghia va kha
nang biéu dat ty nhién ctia ngdn ngit.

Dic biét, xét dudi goc do kha nang tong quat hoa va md rong tng dung, cac
mod hinh dugc dé xuit trong luan an duoc thiét ké theo kién trac doc 1ap ngodn ngi,
trong d6 cac co ché hop nhat dic trung thi giac, quan hé ngit nghia va biéu dién triru
tuong khong phu thudc chat ché vao mét ngdn nglr cu thé. Do do, gidi han vé ngon
ngtr trong cac thyc nghiém cua ludn an mang tinh dir li¢u va diéu kién thuc nghiém,
khong phan anh gi6i han cua phuwong phap d& xuét, va cac md hinh hoan toan ¢ kha
ning mo rong sang cac ngdn ngir khac, bao gom tiéng Viét, khi co san tai nguyén
ngon ngtr phu hop.

2. Nhiing van dé con bé ngé

Mic du linh vyc chu thich anh ty dong dua trén mang hoc sau da dat dugc
nhiéu thanh tuu dang ké, bai toan nay van con ton tai nhiéu thach thic va khoang
tréng hoc thuét can tiép tuc nghién ctiru. Cac van dé con bo ngod dugce trinh bay dan
xen v6i cac hudng phét trién twong tmg nham goi mé dinh huéng cho cac cong trinh
tiép theo. Cu thé, cac vin dé dang cha y bao gom:

(i) Hiéu ngir nghia siu va suy ludn ngir canh: Mic du cac md hinh hién tai,
bao gdm ca nhirng kién tric tién tién nhu Transformer va cic mé hinh ngon ngit 16n
(LLMs), chu yéu hoc tir twong quan giita dic trung hinh anh va vin ban ma chua thuc
su nam bat dugc ngir nghia sdu hay kha ning suy ludn theo logic nhan qua. Viéc sinh
chu thich cho cac tinh huéng doi hoi kién thic nén, hiéu duoc muc dich hanh dong
hodc nhan dién hanh vi ngu y van con la thach thire 1on. Viée tich hop cac mé hinh
ngdn ngir 16n (LLMs) da duoc hudn luyén trén luong tri thirc khong 16 dé hd tro suy
luan da tang, dong thoi 4p dung cac k¥ thuat nhu causal reasoning hodc multi-hop
inference nham nang cao kha ning hiéu hanh vi va logic ngir canh 1a can thiét [116,
117].

(ii) Xir Iy ddi twong hiém hoic chwa tirng xuit hién (novel/zero-shot object
captioning): Cac mé hinh hoc sau thudng yéu cau khdi luong 16n dit liéu huin luyén.
Trong khi do, thuc té chira nhiéu dbi tugng hiém gap hoac mai xuét hién ma mo hinh
chua ting quan sat. Viéc sinh mé ta chinh xac cho cac anh ¢ chtra cac d6i tuong nhu
vy doi hoi cac co ché nhan thic linh hoat, két hop véi kha nang suy dién tir tri thirc
ngoai tip dir liéu, diéu ma cac mé hinh hién nay van chua giai quyét hiéu qua. Viéc

khai thac tri thirc ngoai (vi du: ConceptNet, Wikidata) dé biéu dién khai niém dang
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ngit nghia, hodc sir dung tri thire tir mé hinh pretrained nhu CLIP [64], dong thoi ap
dung cac k¥ thudt zero-shot learning, semantic generalization hoac knowledge
distillation dé m& rong kha ning ctia mé hinh ma khéng can gan nhan tryc tiép, hodc
str dung tri thirc tir mé hinh pretrained nhu CLIP ciing 13 van dé dit ra

(iii) Thiéu chuan danh gia thong nhat vé chat lwong ngir nghia: Cac do do
hién hanh nhu BLEU, METEOR, CIDEr, ROUGE hay SPICE chu yéu danh gia su
tuong dong vé mit ngdn ngit bé mit ma chwa phan anh day du khia canh ngir nghia,
sy phu hop ngir canh hoac mirc dd tuy nhién trong biéu dat. Bén canh d6, chua ton tai
mot chuan danh gia thdng nhat dugc cong dong nghién ctru chdp nhan rong rai, giy
kho khin trong viéc so sanh va tai 1ap két qua. Chuan hoa cac d6 do danh gia ngir
nghia, chang han nhu SCS do luan an d& xuat, hodc két hop giira danh gia tu dong
v6i phan hdi tir nguoi ding (human-in-the-loop evaluation) dé ghi nhan tinh chinh
xac nglt nghia va tuy nhién cia chu thich sinh ra cling nén dugc xem xét [74].

(iv) Han ché trong xir Iy da ngdn ngir va dir liéu it tai nguyén: Hau hét cac
nghién ctru hién nay tap trung vao tiéng Anh, trong khi cac ngdn ngir khac - dic biét
12 nhém ngdn ngit it tai nguyén - chua nhan dugc sy quan tim tuong xtmg. Viéc thiéu
cac tap dir lidu song ngit duwoc gan nhin chat lugng cao va cong cu xur 1y ngdn ngir
pht hop dan dén viéc kho ap dung cac mé hinh hién c6 trong méi truong da ngir thuc
té. Xay dung cac md hinh chi thich anh da ngdn ngir bang cach khai thac mé hinh
ngdn ngit 16n da ngir (multilingual LLMs), két hop véi ky thuat machine translation,
self-supervised learning hodc pretraining da mién dir li¢u dé huan luyén mé hinh hi¢u
qua cho cac ngdn ngit it tai nguyén nhu tiéng Viét rat can thiét [118].

(v) Tich hop tri thirc ngit nghia ngoai vin con so khai: Mic du mot sb
huéng tiép can gan day da budc dau tich hop tri thirc tir cac ngudn nhu ConceptNet,
WordNet, Wikidata hoic AMR vao mo hinh hoc sau, nhung van tdn tai nhiéu vin dé
nhu: kho khin trong viéc biéu dién tri thirc theo dang twong thich voi mé hinh, thiéu
co ché loc va danh gia muc dd lién quan cua tri thuce, va han ché trong kha nang huin
luyén toan bo hé théng theo co ché tir diu dén cubi (end-to-end) [119]. Nén thiét ké
kién trac linh hoat, c6 thé tiép nhan tri thirc dudi dang dd thi, embedding hodc ngdn
ngir tw nhién, ddng thoi phat trién cac co ché chi ¥ ¢6 didu kién (conditional attention)
hodc hoc chon loc tri thirc (knowledge selection) nham khai thac hiéu quéa nhiing
thong tin c6 lién quan va tin cdy trong qua trinh sinh chu thich [28, 120].

(vi) Thiéu kha ning giai thich va minh bach trong mé hinh: Pa phan cic
mod hinh hién hanh dugc xem nhu “hdp den”, thiéu kha ning giai thich rd rang cho
viéc sinh ra mot chu thich cu thé. Diéu nay lam giam d9 tin cdy trong cic ing dung

quan trong nhu trg Iy hd trg ngudi khiém thi, y té hodic gido duc. Viéc phat trién cac
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md hinh ¢ kha nang giai thich va cung c4p thong tin minh bach vé co ché hoat dong
1a mot yéu cau cap thiét. Co thé phat trién cac mo hinh chu thich c6 kha niang giai
thich, vi du: sir dung attention visualization, hodc hé thdng giai thich hau nghiém
(post-hoc explanation) nhu LIME hoac SHAP trong cdc md hinh thi gidc-ngdn ngir
dé tang tinh minh bach va dang tin ciy nham cung cip thong tin truc quan vé co s
sinh chu thich [121-123].

(vii) Kha ning thich ving véi dir liéu thue té va mdi trwomg bién dong: Cac
md hinh chu thich anh hi¢n tai thuong dugc huén luyén va danh gia trén tap dir licu
tinh, dugc xir 1y va gan nhin day du. Trong khi d6, dir liéu thuc té thuong co tinh
bién dong cao, chira nhiéu yéu t6 nhiu nhu dbi twong bi che khuat, diéu kién anh
sang khong thuan loi hodc thanh phan anh khong day du. Viéc mo rong mo hinh dé
xur 1y hiéu qua trong cac diéu kién méi truong thyc té van 1a mot hudng nghién ctiru
con bo ngo. Nén tap trung xay dung mo hinh chiu 15i tbt, c6 kha ning hoat dong on
dinh trong diéu kién anh dong, thoi gian thuc, hodc anh co chat lugng kém. Ngoai ra,
can danh gia hiéu suét trén cac Gmg dung cu thé nhu chu thich video, trg 1y thi giac,
hozc mé ta hinh anh trong gio duc va y té [124].

Bén canh nhitng van dé hoc thuat néu trén, cac két qua cia luan 4n cling mo
ra kha ning ung dung thuc tién cao tai Viét Nam. Cac mé hinh chu thich anh thong
minh ¢6 thé dugc trién khai trong cac h¢ théng hd trg ngudi khiém thi (vi du: kinh
thong minh md ta canh vét bang giong néi tiéng Viét), trong gido duc (cac nén ting
hoc tap truc quan, tao mo ta tu dong cho hinh dnh minh hga), hodc trong luu trir va
truyén thong $6 (gén nhan ty dong cho kho dir li¢u anh, bao chi, thu vién sé). Ngoai
ra, cac k¥ thuat dugc phat trién trong ludn an con co thé mo rong cho cac tng dung
giam sat thi giac thong minh, phén tich hanh vi, va tim kiém da phuong thic trong
mdi truong cong nghiép va chinh phu dién tir. Tuy nhién, khi trién khai trong thuc té
tai Viét Nam, van ton tai mot sd thach thuc dang ké, nhu sy thiéu hut dir liéu gan
nhin tiéng Viét, han ché vé tai nguyén tinh todn va kha nang huan luyén cic mé hinh
quy md 16n, cling nhu yéu cau vé do tin cay, minh bach va kiém dinh dau ra cua cac
hé théng Al trong cac linh vuc nhay cam nhu y té, gido dyc va an sinh xa héi. Do do,
huéng nghién ctru tiép theo can tap trung vao viéc phét trién cic md hinh gon nhe
(lightweight models), k¥ thudt nén mo6 hinh (model compression), hodc hoc chung
ct tri thire (knowledge distillation), dé c6 thé trién khai hiéu qua trén ha ting phan
cirng trong nudc ma van dam bao hiéu ning va do an toan cao.

Nhin chung, cac dinh hudng trén khong chi phan anh xu thé phat trién cua linh
vuc chu thich anh ty dong ma con mo ra tiém ning tng dung rong rii trong bdi canh

Viét Nam. Viéc két hop tri thirc ngit nghia, khai thac mo hinh ngdn ngir 16n va t6i vu
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hoa trén ha tang han ché 13 budc quan trong dé chuyén cic mé hinh thi giac - ngén
ngit tir nghién ctru sang thuc tién. Dé lam duoc didu d6, can dong thoi phat trién dir
liéu mo va hé sinh thai ngir liéu tiéng Viét, tao nén tang cho viéc tng dung két qua
ludn 4n vao céc linh vire nhu gido duc, y té, giao thong thong minh va hd trg nguoi
khiém thi.

3. Tong két

Tir nhimg két qua dat duoc va cac phan tich ¢ trén, c6 thé khang dinh rang
luan 4n d& hoan thanh toan bd myc tiéu va ndi dung nghién ciru dt ra trong phan Mo
dau, ca vé phuong dién 1y thuyét 1an thuc nghiém. Chudi bén mé hinh dugc dé xuat
trong luan an - tr OD-VR-Cap, RGTranCNet, AMR-GT&RG dén CLIP-AMR-GPT
- d4 thé hién mdt tién trinh phat trién c6 tinh ké thira, mé rong va hoi ty, hudng dén
muc tiéu chung 13 phat trién phuong phap chu thich anh dwa trén mang hoc sdu c6
kha ning hiéu ngit nghia va sinh ngdn ngi ty nhién & mirc cao.

Cac két qua dat dugc khong chi khing dinh tinh ding dan va hiéu qua cia
huong tiép can ma con dong gop thiét thuc vao tri thitc khoa hoc trong linh vuc thi
giac may tinh va tri tu¢ nhan tao da phuong thuec. Vé mit hoc thuat, ludn 4n d3 m&
rong pham vi nghién ctru tir khai thac quan hé gitra céac ddi tuong, dén tich hop tri
thirc ngit nghia ngoai va biéu dién nghia triru tugng. V& mit thuc tién, cac két qua
nay dat nén mong cho viéc phat trién cac hé théng ing dung thong minh trong diéu
kién Vi¢t Nam, noi ma dir li¢u, ngdn ngt va tai nguyén tinh toan con han ché.

Nhu vay, luan 4n khong chi gop phan cing ¢ co so Iy luan cho huéng nghién
ctru chu thich anh dya trén mang hoc sdu ma con mé ra trién vong ap dung trong
nhiéu linh vuc khac nhau cia doi sdng, tir gido duc, y té, truyén thong dén cong nghé
hd trg con ngudi. Viée tiép tuc mé rong nghién ctru theo cac hudng da néu trong Muc
2 gitp hoan thién hon kha ning biéu dién ngir nghia, mé rong sang da ngdn ngit, va

nang cao tinh thich rng ctia mo6 hinh véi dir li¢u va ngilr canh thuc té.
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