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MO PAU

1. Tinh cép thiét ciia ludn 4n

Chu thich anh (Image Captioning) 12 bai toan lién nganh két nbi thi giac
may tinh va xir 1y ngdn ngit tu nhién, doi hoi mo hinh vira “hiéu” ndi dung
anh vira “dién dat” thanh cau van mach lac. Mic du hoc sau da phuong thire
da dat dugc nhiing tién bo dang ké, cac hé théng hién nay van han ché & ba
diém: (i) khai thac dic trung hinh anh chua du sau; (ii) biéu dién va tin dung
quan hé giita cac dbi twong con yéu; (iii) tich hop tri thirc ngoai tap dir liéu
(vi du: ConceptNet, AMR, LLM) chura hiéu qua, dan t6i chu thich thiéu chiéu
sau ngit nghia. Do vay, nghién ciru phat trién phuong phéap chu thich anh dya
trén mang hoc siu két hop dic trung thi gidc, quan hé va tri thirc ngit nghia
1a can thiét ca vé hoc thuat 13n ung dung.
2. Muc tiéu nghién ciru

Muc tiéu tong quat ctia luan an: Phat trién cac phuong phap chu thich anh
dua trén mang hoc sdu, két hop dic trung thi gidc, quan hé giita cac doi
tugng, tri thirc ngoai tap dir liéu va biéu dién ngir nghia triru tuong dé nang
cao d6 chinh x4ac va tinh tu nhién cia mo ta.

Luén an cu thé hoa muc tiéu nghién ctru thanh cac ndi dung nhu sau:

(i) Khao sat, phan tich cac huéng chi thich anh hién c6, chi ra han ché
trong biéu dién quan hé va tri thirc ngi nghia.

(i) Dé xuat mo hinh chu thich anh c6 kha ning mo hinh héa va khai
thac quan h¢ giita cac ddi tuong trong anh.

(i) Nghién ctru co ché hgp nhat tri thirc da ngudn (dic trung thi gidc—
ngon ngir, ConceptNet, md hinh ngdn ngit 16n) nham ting chiéu siu ngi
nghia va d¢ tu nhién cua chu thich.

(iv) Khai thac biéu dién ngir nghia triru trong (AMR) dé nang cao kha

nang hiéu ndi dung anh ¢ mtc khai niém.



(V) Thuc nghiém va danh gia toan dién trén MS COCO va Flickr30K
bang cac do do BLEU, METEOR, ROUGE-L, CIDEr, SPICE va SCS d¢
kiém chung hiéu qua va kha niang tong quat héa ctia mo hinh.

3. Poi twgng va pham vi nghién ciru

Péi twong: Doi tugng nghién ctru cua ludn an 13 bai toan sinh chu thich
ngon ngir ty nhién cho anh theo khung encoder—decoder, vai trong tam:

= Biéu dién dic trung thi giac (ddi twong, ving anh) két hop d6 thi quan
hé va dic trung thi gidc—ngon nglr tir CLIP.

= Tich hop tri thirc ngit nghia da ngudn: tri thirc ngoai (ConceptNet,
LLM), tri thue triu tugng (AMR) va tri thire nglt canh trong anh.

= Thiét ké bd giai ma LSTM/Transformer véi cho ché chu ¥ (dual, cross,
masked attention) dé sinh chu thich mach lac, diing ¢t phap va ngit nghia.

Pham vi:

= Dir liéu: hai tap dir liéu chuan MS COCO va Flickr30K.

= M® hinh: kién trac encoder—decoder, encoder trich xuat dic trung doi
tugng, quan hé, AMR va CLIP-ViT; decoder 1a LSTM/Transformer két hop
attention; giai doan suy luan diung GPT re-ranking dé chon chi thich cudi.

= DPanh gia: 46 do BLEU, METEOR, ROUGE-L, CIDEr, SPICE, SCS.
4. Phuwong phap nghién ctru

Luén an str dung ba nhém phuong phap chinh:

= Tdong quan tai liéu: Khao sat c6 hé thong cac hudng chu thich anh dé
nhan dién han ché, x4c dinh khoang tréng va dua ra dinh hudng nghién ctru.

* Thiét k& mé hinh: D& xuit chudi bén mé hinh encoder—decoder (OD-
VR-Cap, RGTranCNet, AMR-GT&RG, CLIP-AMR-GPT), lan luot b6 sung
d6 thi quan hé, tri thire ConceptNet, biéu dién AMR/AMR-like va co ché
hop nhat da ngudn (Cross-Fusion, Adaptive Attention, GPT re-ranking).

= Thyc nghiém va danh gia: Huan luyén va kiém thir trén MS COCO va
Flickr30K; danh gi4 bing BLEU, METEOR, ROUGE-L, CIDEr, SPICE va



d6 do méi Semantic Consistency Score (SCS), két hop so sanh véi cac
baseline va phan tich mot s vi du dién hinh.
5. Nhirng déng gop chinh cia luin an

Luan an d& xuét chudi bén md hinh c6 tinh ké thira:

(i) OD-VR-Cap: Két hop dic trung d6i twong va dd thi quan hé, sir dung
LSTM véi cha y kép trén ving anh va embedding db thi.

(i))RGTranCNet: Thay bo giai md LSTM bang Transformer Decoder
Vi cross-attention va tich hop tri thire ConceptNet dé hiéu chinh phan phdi
tir, qua d6 tang kha nang mo hinh hoa quan hé va xtr Iy d6i tugng hiém.

(iii) AMR-GT&RG: Tich hop AMR tir chii thich chudn va AMR-like
tir d6 thi quan hé vao Transformer, dong thoi dé xuét do do SCS, gilip nang
dang ké cac do do ngit nghia trén MS COCO va Flickr30K.

(iv) CLIP-AMR-GPT: Hop nhit dic trung CLIP-ViT, d6 thi quan hé
va AMR/AMR-like bang Cross-Fusion va Adaptive Attention, két hop GPT
re-ranking khi suy luan; dat hiéu nang cao nhét trong chudi, dic biét trén cac
d6 do phan anh chiéu sau va tinh nhat quan ngit nghia.

6. B6 cuc ciia ludn an

Luan an gém: Mé dau, 5 chuong ndi dung, Két luan va Tai liéu tham
khao:

= Mo dau: Néu tinh cip thiét, muc tiéu, dbi tugng, pham vi, phuong phap
va dong gop chinh.

* Chuong 1: Téng quan chu thich anh dua trén hoc siu, phan tich khoang
trbng va dinh huéng nghién ciru.

= Chuong 2-5: Trinh bay bén mé hinh dé xuat theo hudng ké thira: OD-
VR-Cap, RGTranCNet, AMR-GT&RG, CLIP-AMR-GPT, kém kién tric va
két qua thyc nghiém.

= Két luan: Tong hop két qua, nhan manh déng gép va dé xuit huéng

nghién ctru tiép theo.



CHUONG 1. CHU THICH ANH DUA TREN MANG HQC SAU
1.1. Giéi thiéu

Chu thich anh 12 mot trong nhiing bai toan dién hinh két hop giira thi giac
may tinh (CV) va xtr ly ngén ngir ty nhién (NLP). Muc tiéu la sinh cdu mo
ta ty nhién phan 4nh ding noi dung thi giac, d6i twong va quan hé trong anh.
Day 14 bai toan hoc da phuong thirc quan trong, dong vai trd nén tang cho
cac ung dung nhu hd trg nguoi khiém thi, tim kiém theo noi dung, y hoc hinh
anh, phan tich hanh vi, va kiém duyét tu dong.

Vi sy phét trién cua hoc sau (Deep Learning), cac phuong phap cha thich
anh da trai qua nhiéu giai doan: tir CNN-LSTM c6 dién, dén Transformer,
va gan ddy 1 mé hinh ngdn ngit—thi giac tién huan luyén (VLMs). Tuy nhién,
hau hét cac phuong phap van gip han ché trong viéc hiéu sdu mbi quan hé
giita cac d6i twong va tich hop tri thirc ngit nghia ngoai tap huan luyén, khién
chii thich thiéu tu nhién hodc sai 1éch ngir nghia.

1.2. Cac hwong tiép can trong chii thich anh

Céc phuong phap chu thich anh c6 thé chia thanh hai nhém chinh: (i)
phuong phap truyén thong; va (ii) phuong phap hién dai dua trén hoc sau.
1.2.1.Céc phuong phap chii thich dnh truyén théng

Céc phuong phép truyén théng gdm hai nhém chinh:

= Duya trén truy hoi (retrieval-based): So sanh anh dau vao vdi tap dir liéu
anh—cha thich da gan nhan, truy xuat mo ta ctia anh tuong tu nhit.

= Duya trén méu dit liéu (template-based): Trich xuat cac yéu t6 ngit nghia
nhu ddi tuong, hanh dong, bdi canh, roi ghép cac mau ct phap da hoc dé sinh
cau mo ta.

Céc huéng nay tuy dé trién khai nhung thiéu kha nang khai quat hoa,

khong thich g dugc véi anh méi va phu thude vao cau triic mau.



1.2.2.Cac phwong phap chi thich anh dwa trén hoc sau

Khung phé bién 1a kién trac encoder—decoder: b ma hoa (CNN, object
detection, ViT) trich xuat ddc trung anh; bo giai ma (LSTM, Transformer)
sinh chu thich, thuong kém co ché chli y. Cac hudng chinh gdm:

(i) Hudéng CNN-LSTM: Cac md hinh nhu Show and Tell, Show, Attend
and Tell ding CNN m3 hoéa anh va LSTM (kém attention) giai ma; nhiéu
bién thé dung CNN huén luyén trudc, attention theo ving, dat két qua tot
trén MS COCO, Flickr30K. Han ché: chu yéu xu ly déc trung toan cuc hoac
ting ving, chua mé hinh héa 1 cau triic quan hé giita ddi tuong.

(i) Hudng dya trén dd thi: Anh dwgc ma hoa thanh db thi (d6i tugng, thudc
tinh, quan hé) va lan truyén bang GCN/GraphSAGE; dic trung d6 thi két
hop v6i decoder (thuong LSTM c¢é attention). Hudng nay nim bt t6t hon
tuong tac giita di twong nhung lién két v6i ngdn ngit con rdi rac, chua tan
dung hét cdu trac ngit nghia.

(iii) Huéng Transformer-based: Transformer mé hinh héa tt phu thudc dai
va tuong tac token; nhiéu mé hinh ding Transformer Decoder dat hiéu qua
cao trén cac do do chuén. Tuy nhién, Transformer thuan van bj rang budc
boi phan bd dit lidu huin luyén, khé xtr Iy d6i tugng hiém, ngit canh méi va
thiéu suy luan dya trén tri thirc ngoai tap dir lidu.

(iv) Hudng tich hop tri thire ngoai: ConceptNet, WordNet va cac mé hinh
ngdn ngit 16n duge ding dé bd sung tri thire ngir nghia va quan hé (duéi dang
embedding, diéu chinh trong s6 hodc tin hiéu chi ¥). Cach tiép can nay cai
thién d6 chinh x4c ngir nghia va mé ta ddi twong hiém, nhung d& nhiéu néu
thiéu co ché chon loc va thuong tdn chi phi tinh toan.

(v) Huong str dung AMR: AMR (Abstract Meaning Representation) biéu
dién cau dudi dang dd thi khai niém—quan hé, triru tuong khoi ct phap bé
mit. Mot s6 nghién ciru ding AMR hodc vai tro ngit nghia (SRL) dé ting



tinh mach lac va nhét quan; tuy nhién, anh xa tir thong tin thi gidc sang AMR
va tich hop sau vao pipeline chu thich anh van con rat han ché.
1.3. Khoang trong va dinh huéng nghién ciru
1.3.1.Khoéng trong nghién ctru
Phan tich cac hudng trén cho thiy nhing han ché chinh:

= Quan hé giira cac dbi tugng chua dugc biéu dién va khai thac day du;
db thi quan hé chi1 yéu dong vai tro b tro, chwa tich hop chit trong qua trinh
sinh chd thich.

= Kha ning mo ta ddi tuong/khai niém hiém hodc ngoai tap huin luyén
con yéu; tich hop tri thirc ngoai (ConceptNet, LLMs, db thi tri thirc) méi &
mirc so khai, d& gay nhidu néu khong c6 co ché chon loc.

= Ung dung AMR trong chu thich anh it dwoc nghién ciru; thiéu giai
phap nhat quan dé chuyén tir @ thi quan hé anh sang AMR va tich hop chung
vao kién tric hoc sau.

= Pic trung thi giac truyén théng chua du dé biéu dién ngir nghia sau;
két ndi gitra thi gidc, quan hé va ngdn ngit chua that sy thong nhét.

= Cac d6 do (BLEU, METEOR, ROUGE, CIDEr, SPICE) thién vé tring
khép bé mit, chua danh gia tot mirc d6 nhat quan ngit nghia & cip cau.
1.3.2.Dinh huwéng nghién ciru

Pé khic phuc cac han ché trén, luan 4n dinh huéng:

= Xay dyng pipeline phat hién ddi tuong — dy doan quan hé — tao do thi
quan hé, két hop GCN dé 1am giau biéu dién anh trudc khi sinh chu thich.

= Tich hop tri thitc ngoai (ConceptNet, CLIP/BLIP-2...) bang co ché
fusion va cross-modal attention c6 kiém soat, vira hd trg xur 1y ddi tuong
hiém, vira han ché nhiéu.

= Két hop AMR/AMR-like tir chii thich chuan va tir db thi quan hé anh,
nhiing bang mé hinh db thi hoic BERT, va dua vao Transformer Decoder dé

tang chiu sau ngit nghia triru tugng.



= St dung backbone hién dai (ViT, CLIP), két hop hoc da nhiém va
attention da nguon dé thu dugc dic trung thi gidc—ngir nghia toan dién hon.

= D¢ xuit do do ngir nghia méi Semantic Consistency Score (SCS) dua
trén embedding cdu, bd sung cho cic do do truyén théng nham phan anh tot
hon murc d6 tuong ddng ngir nghia giita chu thich sinh va chi thich chuan.
1.4. Phwong phap thue nghiém va danh gia

Phén nay giéi thiéu khung thuc nghiém thdng nhat cho toan bo luan an:

= Dir liéu: MS COCO va Flickr30K dugc str dung cho nhi€ém vu chi
thich anh, véi thiét 1ap chia tap theo Karpathy split; Visual Genome dugc
dung dé huin luyén/tinh chinh mé-dun du doan quan hé giita cac ddi twong.

= Py do danh gia: BLEU, METEOR, ROUGE-L, CIDEr, SPICE va d¢
do ngit nghia méi SCS, nham danh gia ca tring khop bé mit va mirc do nhét
quan ngir nghia giira chu thich sinh va chu thich chuén.

= Mbi trudong thwe nghiém: M6 hinh dugc cai dit bang Python,
PyTorch va céc thu vién lién quan, huan luyén trén GPU (Google Colab/ T4),
v6i cau hinh dugc diéu chinh phu hop cho timg mé hinh.
1.5. Két chwong

Chuong 1 d3 cung cp ci nhin tong quan, c6 hé thdng vé cha thich anh,

tir cac phuwong phap truyén thong dén cac mé hinh hoc sau hién dai dua trén
CNN-LSTM, dd thi quan hé¢, Transformer, tri thirc ngoai tap dir liéu va
AMR. Qua d6, chuong chi ra nhiing khoang trong nghién ciru lién quan dén
biéu dién quan hé, tich hop tri thirc ngit nghia, khai thic AMR va danh gia
ngit nghia. Nhitng phén tich nay dit nén tang 1y thuyét va k§ thuat cho toan
bo luan an, dong thoi dinh hudng cho viée dé xuit bén mé hinh chd thich
anh ké thira va phat trién dan vé chiéu siu ngit nghia: OD-VR-Cap,
RGTranCNet, AMR-GT&RG va CLIP-AMR-GPT, dugc trinh bay tuong
ung trong cac Chuong 2-5.



CHUONG 2. MO HINH CHU THiCH ANH SU DUNG BIEU DIEN
PO THI QUAN HE GIUA CAC POI TUQNG
2.1. Gioi thiéu

Pa sb phuong phap chi thich anh dya dic trung toan cuc hodc vung cuc
b6 nén chua md hinh hoa day du quan hé giita cac ddi twong, 1am suy giam
kha ning nim bt ngit canh va dién dat quan hé ngit nghia. Chuong nay dé
xudt OD-VR-Cap: két hop biéu dién d6i tugng—quan hé duéi dang dd thi
quan hé véi LSTM c6 chi y kép dé hop nhit thong tin thi giac va ciu tric
khi sinh chu thich. Kién tric tong thé gom: (i) ODwGCN phét hién ddi tugng;
(ii) dy doan quan hé; (iii) ma hoa dd thi; (iv) co ché cha ¥ kép (dual-
attention); (v) LSTM decoder sinh mé ta.

DPong gop chinh gdm: (1) ODWGCN ting d6 chinh x4c phat hién bang tri
thirc ddng-xuat hién nhén; (2) Md-dun du doan quan hé khai thac tri thirc
quan hé hoc tir d6 thi thuc thé; (3) Biéu dién R-Graph thanh R-Graph* va
embedding do thi bang GraphSAGE; (4) Chii y kép (trén thi giac va db thi)
dinh hudng bo giai ma LSTM sinh ch( thich mach lac, giau ngir nghia.

2.2. Phwong phap dé xuit
2.2.1.B¢ ma hoa hinh anh

(i) ODWGCN — Phat hién dbi tuong két hgp GCN: ODwGCN tan dung
quan hé déng xuét hién nhan dé hiéu chinh ma tran do tin cdy cua detector
nén (SSD/Faster R-CNN/YOLOX). Cau truc 2 giai doan: (1) hoc dd thi
tuong quan nhin va embedding bang GraphSAGE; (2) diéu chinh x4c suit
phén 16p theo véc-to trong s6 hoc duoc.

(ii))Nhiém vu phan 16p triplet <subject, predicate, object> trén Ng, 1 16p
(ké ca “none”). Mo-dun ding dic trung ciia cip ving, hoi cua ching (union)
va tri thirc quan hé (embedding cac thyuc thé/predicate) hoc tir do thi thyuc thé
(E-Graph) bang GraphSAGE;



(iii) Xay dung va biéu dién R-Graph / R-Graph*: Tir cc cip ving du
doan quan hé, tao R-Graph (d6 thi c6 hudng giita cac Vﬁng/déi tuong). bé
tuong thich mé hinh ngon ngit, chuyén sang R-Graph*: dinh gdm nhén ddi
tuong va nhin quan h¢, canh di qua predicate dé “chuan hoa” cau triic. Cac
dinh cua R-Graph* duoc embedding bang GraphSAGE (hoc khong giam
sat), tao Z* dung cho chu y d6 thi.
2.2.2.B9 gidi ma ngon ngir

= Co ché cha y kép: Tai mdi budc t, tinh dong thoi visual-attention trén
tap dic trung ving ddi twong va graph-attention trén cac node embedding
cta R-Graph*, thu dugc hai vector ngit canh ct(v), va ct(g ). Hai véc-to ngir
canh nay lam du vao cho LSTM dé du doan tir ké tiép, giup cau sinh ra vira
bam vung anh vira ding quan hé ngit nghia

» LSTM Decoder: LSTM nhan [x;,c{”, c{]. cap nhat trang thai va
sinh phan phoi tir qua softmax; toan bo huan luyén theo cross-entropy.

2.3. Thuc nghiém
2.3.1.Dir li¢u va cAu hinh thye nghiém

* Quan hé: ding Visual Genome dé hoc tri thirc quan hé (tién xir 1y, rat
gon quan hé phd bién).

= Chu thich anh: ding MS COCO theo Karpathy split cho huan
luyén/val/test; mdi anh c6 5 chu thich chuén.

= Moi truong & kién triic: backbone detector ph bién; GraphSAGE cho
hai d6 thi; LSTM decoder véi dual-attention.
2.3.2.D§ do danh gia

* Phat hién d6i tuong: mAP, mAP@0.5, mAP@0.75.

= Du doan quan hé: Recall@50/100.

= Chu thich anh: BLEU-1/4, METEOR, ROUGE-L, CIDEr, SPICE.
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2.3.3.Két qua thyue nghiém

* ODWGCN cai thién mAP cho nhiéu kién triic detector, x4c nhan lgi
ich cua tri thire dong-xuat hién nhan.

= VRP+RK dat Recall@50/100 cao hon céc baseline/ddi sanh cting thiét
1ap nho tri thitc quan hé va dac trung union cua cap vung.

= OD-VR-Cap vuot cac CNN-LSTM c¢6 chii y va mot s6 phuong phap
dua scene-graph trén BLEU-4, METEOR, CIDEr (xem Bang 2.1); cac vi du
dinh tinh cho thdy mé ta diing hanh dong/quan hé hon.
Bdng 2.1. So sanh d¢ chinh xdc chii thich dnh ciia cdc phwong phdp trén tap kiém

tra MSCOCO Karpathy

Phuong phap B@1 B@4 M R C S
Show, attend and tell 718 25.0 230 - - -
(Hard-ATT)

Show, attend and tell 70.7 24.3 23.9 - - -
(Soft-ATT)

Dense_Soft-ATT 68.3 229 22.6 53.0 | 743 -
En-De-Cap 70.6 24.3 - - - -
Bi-LS-AttM 68.8 25.2 215 - 41.2 -
Image+SceneGraph 67.2 26.1 22.3 - 76.0 -
G-LSTM+att 67.7 20.7 239 - - -
OD-VR-Cap 72.6 28.3 24.8 534 | 85.1 | 176

2.4. Két chuong

Chuong 2 d3 gi6i thiéu OD-VR-Cap — mot mé hinh dit nén cho chudi
phuong phap ctia luan an: phat hién dbi tuong dugc hiéu chinh br:ng GCN,
xay db thi quan hé va embedding, roi giai ma bang LSTM véi chu y kép. Két
qué trén MS COCO va nhiém vu quan hé cho thay tinh hi¢u qua va tinh kha
trién cua hudng tiép can duya tri thirc cu tric nay. M6 hinh 14 nén tang cho

cac md rong & cac chuong sau.
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CHUONG 3. CHU THICH ANH SU DUNG TRANSFORMER
VA TRI THU'C TU CONCEPTNET

3.1. Gioi thi¢u

Ttr han ché cua decoder LSTM (kho mé hinh hoa phu thudc dai) va viéc
chua tan dung tri thirc ngir nghia ngoai anh, chwong nay d& xuat md hinh
RGTranCNet: thay LSTM béng Transformer Decoder dé hoc phu thudc xa
hiéu qua, déng thoi tich hop tri thire tir ConceptNet nham ting kha ning dién
dat ngit nghia va khai quat hoa voi dbi tuong hiém/chua thdy trong huan
luyén. Kién trac ¢t 16i: hop nhat da ngudn (dic trung ving, do thi quan hé
tir Chuwong 2, tri thirc ConceptNet) qua cross-attention trong Transformer
Decoder dé tao chii thich mach lac, tu nhién, gidu ngit nghia.
3.2. Phwong phap chi thich anh dé xuit

Trong chuong nay, mé hinh chu thich dnh duwoc dé xuat thuc hién theo
khung encoder- decoder gdm 3 phén chinh: (i) Image encoder dé hoc cac dai
dién cta hinh anh; (ii) B6 trich xuat tri thirc ngit nghia d6i tugng dé tra ciru
tri thirc ngit nghia cua cac ddi twong lién quan tir co s6 tri thirc ConceptNet;
(iii) BO giai ma (decoder), 1a phan Decoder ctia mang Transformer dé phat
sinh chu thich cho hinh anh st dung dic trung thu dugc tir phan (i), dong
thoi bd sung tri thirc ngit nghia ¢ phan (ii) dé nang cao d6 chinh xac cho chu
thich sinh ra.
3.2.1.B6 ma hoa hinh dnh

Gitr nguyén pipeline: ODWGCN nang mAP phat hién; VRP+RK du doan
quan hé dé xay dung R-Graph; ma hoa thanh embedding Z cuaa dinh db thi.
Dau ra encoder cho mdi anh I

» F;: ddc trung ving dbi tugng,

= Z,: embedding d6 thi quan hé sau lan truyén ngit nghia.

Hai ma tran nay dua vao decoder.
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3.2.2.Bd trich xuit tri thirc ngir nghia ddi twong

ConceptNet duoc mé hinh hod nhu 6 thi tri thic K = (V, E, W); véi méi
nhan dbi tuong da phat hién, truy van top-k khai niém lién quan (quan hé
nhu Is4, PartOf, UsedFor...) cung diém tin cdy dé tao tap O (dbi twong lién
quan cuing véi trong s6). Tap O duogc dung tai thoi diém sinh tir nham diéu
chinh phan phdi x4c sudt, tang xac suat cho cac tir pht hop ngit canh/tri thirc.
3.2.3.B§ gidi ma ngén ngir

= Multi-Head Cross-Attention hop nhat mot budc: query tir chudi dang
sinh, key/value tir F; (thi giac) va Z; (46 thi); ¢au ra hai nhanh attention duoc
két hop tuyén tinh (hé s diéu tiét hoc duoc) dé tao biéu dién ngit canh hop
nhat.

= Piéu chinh logits theo tri thirc ConceptNet: sau tang du doan, logits
cuia nhiing tir xuat hién trong O duoc cong fw (w 1a @6 lién quan), gitp
decoder uu tién cac tir sat nghia voi bbi canh va kién thirc thuong thic.
3.3. Thue nghiém va két qua
3.3.1.Dir li¢u va thiét 1ap thuc nghiém

Dir lidu MS COCO (Karpathy split); dd thi quan hé va embedding ké thira
tr Chuong 2; Transformer Decoder 6 kh6i/8 heads, d model=512; t6i wu
Adam. ConceptNet dung dé truy xuét tri thirc lién quan theo nhan dbi tugng,
dua vao cho decoder trong lac huan luyén/suy luan.
3.3.2.Két qua va ban luin

So sanh noi bo giira hai bién thé (khong/coé ConceptNet) cho thdy RGTran
(khong ConceptNet) dat BLEU-1 =77.5, BLEU-4 = 34.9, METEOR = 28.3,
ROUGE-L = 55.3, CIDEr = 98.4 va SPICE = 18.7; trong khi RGTranCNet
(c6 ConceptNet) tang déng loat 1én 79.8, 36.3, 35.6, 57.2, 107.8 va 20.5
tuong ung (xem Bang 3.1). Bac bi¢t, METEOR tang +7.3, CIDEr tang +9.4
va SPICE ting +1.8, cho thiy chu thich sinh ra chinh xac hon vé ngir nghia

va gn giii hon v6i chi thich tham chiéu.
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So v6i OD-VR-Cap (LSTM v6i dual attention), cda RGTran va
RGTranCNet déu vuot troi trén moi do do; riéng RGTran da cao hon OD-
VR-Cap 13.3 diém CIDEr nho b giai mi Transformer va co ché cross-
attention hop nhat (Bang 3.1). Viéc bo sung ConceptNet trong RGTranCNet
tiép tuc cai thién kha nang khai quat v6i dbi tugng hiém va suy luan quan hé
chinh xac hon.

Bang 3.1. So sanh do chinh xdc chu thich anh cua cac phwong phap trén tap
kiém tra MSCOCO Karpathy.

Phuong phap B@l | B@4 M R C S
Show, attend and tell 71.8 25.0 | 23.0 - - -
(Hard-ATT)

Show, attend and tell 70.7 24.3 | 23.9 - - -
(Soft-ATT)

CNet-NIC 73.1 299 | 25.6 | 53.9 | 107.2 -
Bi-LS-AttM 68.8 252 | 215 - 41.2 -
Image+SceneGraph 67.2 49.2 | 233 - 76.0 -
G-LSTM+att 67.7 20.7 | 23.9 - - -
OD-VR-Cap 72.6 28.1 | 248 | 534 | 851 | 17.6
RGTran 775 349 | 283|553 | 984 | 18.7
RGTranCNet 79.8 36.3 | 35.6 | 57.2 | 107.8 | 20.5

3.4. Két chwong

RGTranCNet chirng minh ring thay decoder LSTM bang Transformer va
tich hop tri thirc ConceptNet 1a hudng hiéu qua va kha trién cho chu thich
anh: két qua vuot OD-VR-Cap va nhiéu baseline trén BLEU, METEOR,
ROUGE-L, CIDEr, SPICE, d(‘Sng thoi cai thién ngli nghia ctia cau sinh. M6
hinh dit nén cho Chwong 4, noi luan 4n tiép tuc ning cao chiéu sau ngir nghia
bang cach dua AMR/AMR-like vao pipeline.
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CHUONG 4. TICH HQP BIEU DIEN AMR VAO TRANSFORMER
TRONG VIEC CHU THiCH ANH
4.1. Giéi thi¢u

Céc mé hinh chu thich anh gin day (dic biét dya trén Transformer) di
dugc cai thién dang ké, song van thiéu ngit nghia triru tugng va logic quan
hé sau. Ké thira RGTranCNet (Chuong 3), chuong nay dé& xuat AMR-
GT&RG: tich hop Abstract Meaning Representation (AMR) vao
Transformer Decoder, hop nhat ba tang tri thirc:

= Thj giac (dic trung ving ddi twong);

= Ciu trac quan hé (dd thi quan hé chuyén thanh AMR-like);

» Ngit nghia triru twong (AMR tir chi thich chuin, AMR-GT)
kém tri thirc ngoai (ConceptNet).

Khung hop nhat nay giup md hinh hiéu-ly gidi—dién dat & muc khai
niém-hanh doéng—quan hé, tao chu thich ty nhién, nhit quan ngir nghia va
tong quat tot hon.

4.2. Phwong phap chi thich anh dé xuit
4.2.1.Kién tric

(i) Image Encoder: B mi héa phat hién cac ving dbi twong va trich
xudt dic trung thi gidc mirc ving F,. Pong thoi, tir cac ddi twong phat hién
dugc, hé théng xay dung do thi quan hé va tinh embedding d6 thi E RG.I bang
mang no-ron tich chap d6 thi (GraphSAGE/GCN).

(i) B trich xuit nghir nghia triru twong (Abstract Semantic Extractor)

» AMR-GT: Céc chi thich chun duoc chuyén ddi sang dd thi AMR,
tuyén tinh hoa duéi dang PENMAN va mi hoa bang BERT dé thu duoc
embedding ngit nghia triru tugng EST rs- Thanh phan nay chi dugc sir
dung trong giai doan huan luyén.

= AMR-like (AMR-RG): D4 thi quan hé anh dugc anh xa sang db thi
AMR-like theo cc quy tic chuyén déi khai niém/quan hé, sau d6 duoc
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nhing bang GraphSAGE dé tao embedding Ef,f,R,,, cung cap 16p ngir

nghia triru tuong gan voi ndi dung thi giac.

(iii) Bd trich xuat tri thirc ngir nghia (Semantic Knowledge Extractor):
TU mdi anh, hé théng truy van ConceptNet dé thu duogc tap khai ni€m lién
quan C; kém trong sb; cac trong sb nay s& dugc sir dung dé didu chinh xéac
sudt sinh tir trong budc giai ma.

(iv) By giai ma ngon ngir Transformer

= Masked Multi-Head Self-Attention: Trong huén luyén, embedding
ERGr; dugc dua vao nhanh masked self-attention, gitip truyén tai ngir
nghia triru tugng ctia anh vao qua trinh sinh chu thich.

= Cross-Modal Attention hop nhét 3 ngudn: Fy; Egg ;; ESmr,; (Khi suy
ludn bo ESyg 1)-

= Cross-Modal Attention hop nhat da nguon: Md-dun cha y da phuong
thirc hop nhit ba ngudn thong tin: dic trung thi gidc F;, embedding do thi
quan h¢ Egg ; va embedding AMR Egyg ; (khi suy luan bo Efyg ).

= Pidu chinh logits dya trén ConceptNet: Sau khi dy doan phan phbi
tur, cac logits twong tng voi nhitng tir ¢6 lemma thude tap C; dugc cong
thém mot lwong Sw (Vi wla trong sé khai niém), qua d6 thién 1éch mo
hinh vé cac lwa chon tir vung phu hop ngit canh va tri thirc thuong thic.

4.2.2.Thuit toan huin luyén va sinh chi thich

Trong md hinh AMR-GT&RG, quy trinh huén luyén va suy luan duoc to
chirc thanh hai thuat toan chinh:

* TrainTransformerDecoder (giai doan huin luyén): Bo giai ma
Transformer dugc huén luyén theo co ché auto-regressive, st dung masked
self-attention két hop véi thong tin AMR-like, cross-attention da ngudn
(giita ddc trung ving anh va embedding d6 thi quan h¢/AMR), dong thoi
diéu chinh logits dau ra dua trén tri thirc tir ConceptNet. M6 hinh dugc t6i

vu bang ham mit mat cross-entropy.
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= GenerateCaptionAMR (giai doan suy ludn): Khi suy luan, mé hinh chi
st dung cac dic trung {F,, Erc1» Ef,ﬁR,,, C,}, tuong ung voi dac trung vung
anh, embedding d6 thi quan hé, embedding AMR-like va tap khai niém tir
ConceptNet.
4.2.3.D9 do ngir nghia méi - SCS

Do do SCS dugc dinh nghia nhu sau:

SCS = cosine (SBERT(Syen), SBERT (Sycr) ) € [0,1]

Trong d6, Syey, 1a chu thich do md hinh sinh ra, S,.c¢la chd thich chuén,
va SBERT la md hinh mé hoa cau thanh véc-to ngir nghia.

Muc tiéu ctia SCS 14 do luong muc do nhat quan ngir nghia gitra hai cau
trong khong gian embedding, gitip khic phuc han ché cua cac do do dua trén
n-gram nhu BLEU, METEOR, ROUGE vén chu yéu phan anh sy tring khép
bé mit.

4.3. Thye nghiém va két qua
4.3.1.Thiét 1ap thwe nghiém

* Dit liu: M6 hinh dwoc danh gia trén hai bo dit liéu chudn MS COCO
va Flickr30K, véi cach chia tap huin luyén/validation/kiém thr tuan theo
Karpathy split;

= Encoder: Trén MS COCO, luan an stt dung ODwGCN dé phat hién
doi tugng va xay dung dd thi quan hg; trén Flickr30K, st dung Faster R-
CNN két hgp GCN/GraphSAGE dé trich xuét dic trung ving va embedding
do thi.

» Decoder: Bo giai mi 1a Transformer Decoder gom 6 16p, 8 dau
attention, kich thudc 4n d,,p40; = 768; t6i wu bang Adam vdi learning rate
1 x 1074, batch size 32; huin luyén trén GPU T4 (Google Colab)..

= AMR: Ngit nghia triru tugng tir ch thich chuan dugc trich xuat bang
pipeline NeuralAMR — PENMAN — BERT dé thu duoc embedding
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EST RI d6 thi quan hé anh duoc chuyén sang AMR-like va nhung bang
GraphSAGE dé tao ERir ;.

= ConceptNet: Vi mdi anh, hé théng truy van ConceptNet dé 1ay top-k
khai niém va lién két lién quan nhét tdi cac d6i tuong trong anh, dung lam tri
thirc ngit nghia b sung trong qua trinh sinh chu thich.
4.3.2.Két qua va ban luin

Két qua trén MS COCO: Nhu thé hién trong Bang 4.1, md hinh AMR-
GT&RG dat Bwl =81,2; B@4 = 39,5, METEOR = 37,2; ROUGE-L =59,9;
CIDEr=136,7; SPICE = 25,1 va SCS =89,1. So vdi cac phuong phap SOTA
gin day nhu COS-Net, X-Transformer, SGAE, MLA-LRN, GIC-SSF...,
AMR-GT&RG dat két qua ndi troi trén cac do do nhdn manh khia canh ngit
nghia va tinh mach lac (METEOR, ROUGE-L, CIDEr, SPICE, SCS). bac
biét, so voi RGTranCNet & Chuong 3, AMR-GT&RG céi thién thém 28,9
diém CIDEr, 6,8 diém SCS va 1,6 diém METEOR (xem Bang 4.1), cho thy
dong gop dang ké ciia ting AMR trong viéc cung ¢ tinh nhat quan ngit nghia
va do gan giii voi chti thich tham chiéu.

Két qua trén Flickr30K: Bang 4.2 cho thiy AMR-GT&RG dat B@1 =
79,1; B@4 = 36,4; METEOR = 35,6; ROUGE-L = 56,7; CIDEr = 94,5;
SPICE = 22,7 va SCS = 87,2. M6 hinh tiép tuc thé hién wu thé trén cac thudc
do ngir nghia (METEOR, CIDEr, SPICE, SCS) so véi cac phuong phap dbi
sanh, khang dinh kha ning tong quat hoa khi chuyén mién tr MS COCO
sang Flickr30K va duy tri chat lvong mé ta trong bdi canh chu thich da dang.

Panh gia anh hudng timg thanh phan ciia mé hinh trén MS COCO: Phan
tich thanh phan cho thiy timg ngudn AMR déu déng gop tich cuc nhung ciu
hinh két hop cho hiéu ning tot nhét: sir dung riéng AMR-GT cho CIDEr =
132,5; SPICE = 24,6; SCS = 87,3, trong khi chi dung AMR-RG cho CIDEr
= 129,8; SPICE = 23,9; SCS = 84,5. Két hop ca hai ngudn trong AMR-
GT&RG gitp dat gia trj cao nhét trén tit ca do do (CIDEr = 136,7; SPICE =
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25,1; SCS = 89,1, xem Bang 4.1), cho thiy AMR tir ngon ngit cung cip tri
thire khai quat, con AMR-like tir &nh bao dam su déng bd voi ndi dung thi
gi4c va cdu tric quan hé.

4.4. Két chwong

Trong chuong nay, luin 4n d& xuat md hinh AMR-GT&RG cho chi thich
anh, mo rong tir RGTranCNet bang cach tich hop ba ngudn tri thie: (i) AMR
tir ch thich chuan (AMR-GT), (ii) AMR-like suy tir do thi quan hé anh, va
(iii) tri thirc ngoai tir ConceptNet dé diéu chinh xac suat sinh tir. Cac biéu
dién AMR/AMR-like duoc nhing bang GraphSAGE va dua vio
Transformer Decoder qua co ché chu y da ngudn, gitp ting chiéu siu ngit
nghia va ndm bét cAu trac khai niém—quan hé trong anh.

Thuc nghiém trén MS COCO va Flickr30K cho thiy AMR-GT&RG vuot
troi trén cac do do nhan manh ngit nghia, phan anh kha nang mo hinh hoa tét
hon quan hé giira cac thyc thé va boi canh, di BLEU khéng ludn cao nhét.
Han ché chinh 13 phy thudc chu thich chuan dé trich xudt AMR va chi phi
tinh toan cao khi xir Iy/nhung AMR. Cac hudéng mé gom: tan dung mé hinh
thi gidc—ngdn ngir tién huin luyén, md rong ngudn tri thic (Wikidata,
WordNet, LLMs) va nghién ciru kha ning tong quat hoa da ngon ngi.

Trén nén tang nay, Chuong 5 tiép tuc xay dung khung hop nhét ngit nghia
da phuong thirc véi CLIP, d0 thi quan hé va AMR/AMR-like, két hop
Adaptive Attention va GPT-based Re-ranking dé cai thién tinh chinh xéc,

giau ngit nghia va sy tu nhién ctia chi thich anh.
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CHUONG 5. MO HINH CHU THiCH ANH DUA TREN HQP NHAT
NGU NGHIA PA PHUONG THUC VA GPT RE-RANKING

5.1. Gidi thiéu

Chuong 5 tip trung khic phuc cic han ché con lai ciia cac mo hinh &
Chuong 2-4, cu thé 1a: (i) chua ¢6 co ché hop nhat linh hoat giita cac ngudn
tri thirc khong dong nhét (thi giac, ciu trac quan hé, ngir nghia triru tuong),
(i1) d6 tu nhién va mach lac ngén ngir ciia chu thich con chua on dinh, va (ii1)
thiéu mot budc kiém soat chat lwong ngdn ngir ¢ tang cao. Dé giai quyét cac
van dé nay, luan an dé xuat mo6 hinh CLIP-AMR-GPT theo khung encoder—
decoder hop nhit tri thirc da ngudn, trong d6 encoder két hop dic trung thi
gidc—ngon ngit tir CLIP, embedding d6 thi quan hé va biéu dién AMR/AMR-
like, con decoder Transformer dugc trang bi co ché Cross-Fusion va
Adaptive Attention dé diéu tiét dong gop ciia timg ngudn tri thirc trong qua
trinh giai mi. O giai doan suy luan, mo-dun GPT-based re-ranking dugc sir
dung dé chon chu thich cudi cung c6 tinh ty nhién va mach lac cao nhat.
Phuong phép cha thich anh d& xuat
5.1.1.Téng quan kién triic

CLIP-AMR-GPT dugc xdy dung theo kién truc encoder—decoder hop
nhét tri thirc da nguon. O encoder, mé hinh dong thoi trich xuat: (a) dic trung
CLIP-ViT (token [CLS] toan cuc va 256 patch tokens); (b) embedding d6 thi
quan hé R-Graph (d6i twrgng—quan h¢) bang GraphSAGE; va (c) embedding
AMR tir chu thich chuan (AMR-GT) qua pipeline Neura AMR — PENMAN
— BERT. O decoder, Transformer sinh chu thich v&i hai co ché: Cross-
Fusion Attention dé hop nhat ba ngudn dic trung {CLIP, R-Graph, AMR-
GT}, va Adaptive Attention dé dua AMR-like (nhing tir R-Graph) vao tai
céc thoi diém giai ma phu hop. Sau beam search, mo-dun GPT-based re-

ranking chon céau chu thich c6 GPTScore cao nhat lam dau ra cudi cung.
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5.1.2.B6 ma hoa hinh anh

Anh qua CLIP ViT-L/14 cho véc-to tong quat va patch-level, gitp mo
hinh vira nim birc tranh toan cuc, vira giir chi tiét cuc bo. Song song, mé hinh
phat hién dbi tugng va du doan quan hé tir Visual Genome tao R-Graph;
GraphSAGE hai chiéu hoc embedding nut/quan hé thanh E RG.I> cung cAp céu
tric ngir nghia ddi tuong—quan hé.
5.1.3.Trich xuit ngir nghia triru twong

Chu thich chuan dugc phan tich AMR va nhing thanh ES5 | - nguon
“chuan hoa ngit nghia” 6n dinh trong huan luyén. Tir R-Graph, chiing ti anh
xa sang AMR-like (khai niém/quan hé theo chuan AMR) va nhing bang
GraphSAGE, thu duoc E f,fm,, - ngudn ngit nghia gin anh & thoi diém suy
luan. Hai nguén AMR bo trg: AMR-GT gitip dinh huéng khai niém, AMR-
like dua cau triic diing anh vao timg budc sinh.
5.1.4.Co ché chii y Cross Fusion giira ba nguon dic trung

Thay vi cong/trung binh, m6 hinh git nguyén toan b token/dinh cta ba
mién. M&i mién dugc chiéu sang khong gian Key—Value riéng, sau d6 nbi
thanh Ky Vingiei- Truy van tir trang thai decoder s& hoc trong sb lwa chon
thong tin phu hgp tir {CLIP, R-Graph, AMR-GT} theo ngir canh sinh hién
thoi, tranh mat mat chi tiét va cho phép bu trir 1ién mién.
5.1.5.Co ché chiu y Adaptive cho embedding d6 thi AMR-like

Luan an d& xuat co ché Adaptive Attention dé tich hop linh hoat thdng tin
tir &6 thi AMR-like vao qué trinh sinh chd thich. O mdi budc t, trang thai an
he_; duoc dung tinh véc-to cdng g,, didu chinh trong sb cac embedding nut
AMR-like truéc khi dua vao 16p Masked Multi-Head Attention lam
Key/Value. Nho d6, md hinh chon loc cac nat phu hop véi ngit canh hién

thoi, cai thién tinh mach lac va chiéu sau ngilt nghia cta cau chu thich.



21

5.1.6.T4i xép hang qua GPT

Decoder sinh k ung vién bang beam search. Mdi cdu dugc chim
GPTScore (log-probability trung binh theo GPT-2 medium); cu cao nhat
duoc chon. Mo6-dun nay dong vai tro bd loc ngdn ngit, cai thién troi chay,
ngit phap, lién két ma khong thay d6i muc tiéu huan luyén chinh.
5.1.7.Huin luyén va trién khai

Mo hinh huén luyén bang cross-entropy véi teacher forcing; tdi wu Adam;
decoder N=6 block, 8 heads, sb chiéu ctia véc-to biéu dién tir 1a 512. Beam
size = 5; re-ranking dung GPT-2 medium. Thuc nghiém chay 6n dinh trén
GPU T4, d& thay thé backbone (CLIP/LLMs), d& mé rong tri thic
(Wikidata/WordNet/LLMs) va da ngon ngii/da mién.
5.2. Thwe nghiém va két qua
5.2.1.Thiét 1ap thwe nghiém

Panh gia trén MS COCO va Flickr30K (thiét 1ap chia tap/tién xur 1y ké
thira Chuong 4). B6 do: BLEU-1/4, METEOR, ROUGE-L, CIDEr, SPICE,
va SCS (Semantic Consistency Score). Thyc thi bang PyTorch 2.0, Python
3.9, beam = 5, re-ranking bang GPT-2 medium.
5.2.2.Két qua va ban luin

MS COCO (Karpathy split): CLIP-AMR-GPT dat B@1 = 82.9, B@4 =
41.4,M =385 R=61.8, C=144.2, S =26.7, SCS = 91.7, dung d4u trén
hau hét do do. So véi AMR-GT&RG (81.2/39.5/37.2/59.9/136.7/25.1
/ 89.1), mo6 hinh cai thién +1.7 B@l, +1.9 B@4, +1.3 METEOR, +1.9
ROUGE-L, +7.5 CIDEr, +1.6 SPICE va +2.6 SCS, dong thoi vugt CLIP-
Captioner (C = 139.4; S = 23.9; M = 30.0). Piéu nay khing dinh hiéu qua
ctia hop nhét tri thirc da nguon két hop diéu tiét dong va re-ranking bang mo
hinh ngon ngit.

Flickr30K: CLIP-AMR-GPT dat B@1 = 80.5, B@4 =38.2, M =36.9, R
=58.2,C=102.8, S =24.0, SCS = 89.4, tiép tuc vuot AMR-GT&RG (79.1
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/36.4/35.6/56.7/94.5/22.7/87.2). Muc tang +1.8 B@4, +1.3 METEOR,
+1.5 ROUGE-L, +8.3 CIDEr, +1.3 SPICE va +2.2 SCS cho thiy kha ning
tong quat hoa tét khi chuyén mién va xir Iy phong cach mé ta da dang.

Téng thé, wu thé ciia CLIP-AMR-GPT dén tir sy két hop c6 kiém soat
giita gin két ngit nghia véi anh va do tréi chay ngon ngit: CLIP cung cip
khai niém thi gidc gidu y nghia, AMR/AMR-like b6 sung ciu triic vai—hanh
dong—thuc thé, Adaptive Attention diéu tiét dong gop timg ngudn theo ngit
canh, con GPT re-ranking tinh chinh ngit phép va tinh tg nhién. Sy cong
hudng nay gitp cai thién dong déu cac thude do ngit nghia (CIDEr, SPICE,
METEOR, SCS) va thudc do n-gram/céu trac (BLEU, ROUGE).

5.3. Két luan

Trong Chwong ndy, luan 4n di dé xudt mo hinh chu thich anh CLIP-
AMR-GPT, mot kién trac encoder—decoder hop nhét da nguén tri thire, két
hop déc trung thi gidc—ngén ngit tir CLIP, biéu dién ngir nghia triru twong tir
AMR/AMR-like, co ché Adaptive Attention va budc re-ranking bang mé
hinh ngén ngit GPT. Thyc nghiém trén MS COCO va Flickr30K cho thiy
mo hinh dat két qua vuot trdi so véi nhidu phuong phép tién tién, dic biét
trén cac d6 do nhan manh khia canh ngit nghia nhu CIDEr, METEOR va
SPICE; phéan tich ablation khéng dinh vai tro bd trg 1an nhau cia CLIP, AMR
va GPT re-ranking trong viéc nang cao do chinh xac ngir nghia va 46 mach
lac cua chu thich.

Huéng phat trién tiép theo bao gdm mé rong mo hinh sang da ngon ngit
(ddc biét 1a tiéng Viét) va tich hop cac mé hinh ngdn ngit 16n méi (nhu GPT-
4, Gemini) dé xir Iy cac bdi canh phurc tap hon. Chuong Két luan va Kién
nghi sau d6 sé tong hop toan bd két qua nghién ciru, nhdn manh dong gop
khoa hoc va dé xuét cac huéng nghién ctru tiép ndi cho bai toan chd thich

anh dua trén mang no-ron sau.
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KET LUAN

Phén két luan tong hop toan bd hanh trinh nghién ctru cta luan an, tr Mo
dau (xéc lap tinh cap thiét, myc tiéu, pham vi va phuong phap) dén Chuong
1 (khao sat, h¢ théng héa hudng tiép can va nhan dién khoang tréng), va dac
biét 1 chudi bon mé hinh dugc dé xuét tai Chuong 2—5 theo 16 trinh ké thira—
mé rong, voi mire d6 tich hop tri thirc ngit nghia va biéu dién da phuong thirc
ngdy cang su. Dudi day 1a tong két cac két qua cbt 18i, cac van dé con bo
ngo6 kém dinh hudng tiép theo, va nhan dinh chung vé dong gbp khoa hoc—
thuc tién cua luan an.

1. Tong két ndi dung nghién ciru va két qua dat duoc

Luan an tiép can bai toan chu thich anh théng qua bén mé hinh tién hoa:
OD-VR-Cap (khai thac d6 thi quan h¢), RGTranCNet (tich hop tri thirc ngoai
tir ConceptNet), AMR-GT&RG (két hop AMR/AMR-like véi R-Graph) va
CLIP-AMR-GPT (hop nhit ddc trung CLIP, R-Graph va AMR/AMR-like
vai Cross-Fusion, Adaptive Attention va GPT re-ranking). Cac mé hinh
dugc danh gia trén MS COCO va Flickr30K bang BLEU, METEOR,
ROUGE-L, CIDEr, SPICE va dd do ngir nghia méi SCS.

Két qua cho thiy hiéu ning ting déu qua timg thé hé mo hinh: trén MS
COCO, tir OD-VR-Cap (CIDEr 85.1) dén RGTranCNet (107.8), AMR-
GT&RG (136.7; SCS 89.1) va cudi cung CLIP-AMR-GPT (CIDEr 144.2;
SCS 91.7), dat gia trj cao nhat trén hau hét cac do do. Trén Flickr30K, CLIP-
AMR-GPT tiép tuc vuot tréi (B@4 38.2; METEOR 36.8; CIDEr 132.5; SCS
90.8), khing dinh kha ning tong quat hoa va cho thay cdc muc tiéu vé ting
chiéu sau ngit nghia, hop nhat tri thirc da nguon va danh gia toan dién da
duoc dap ung.

2. Nhirng van dé con bd ngé
Céc hudng nghién ctru ndi tiép co thé tap trung vao:
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(i) Suy luan nglr nghia sau (muc dich, hanh vi, nhan—qua) thong qua tich
hop LLMs cho suy luan da budc va causal reasoning;

(i) Xt 1y d6i twong hiém bang cach khai thac CLIP va tri thic ngoai
(Wikidata, ConceptNet), két hop k¥ thuat khai quat hoa va distillation;

(iii) Chuan ho4 danh gi4 ngit nghia, phat trién va chuan hod cac do do
nhu SCS, két hop danh gia ty dong voi danh gia cia nguoi dung;

(iv) Mo rong da ngdn ngit va it tai nguyén bang multilingual LLMs, dich
may, self-supervised/continual pretraining va xay dung corpus tiéng Viét;

(V) Tich hop tri thitc quy mé 16n trong céac kién trac linh hoat (dd thi,
embedding, van ban ty nhién) vadi co ché chon loc/truy hdi tri thire (retrieval-
augmented);

(vi) Tang tinh giai thich dugc qua truc quan hoa attention, phan tich phan
factual va cac phuong phap LIME/SHAP;

(vii) Trién khai trong mdi truong dong voi mé hinh bén viing, chay thoi
gian thyc/on-device, mé rong sang video captioning va trg ly thi giac.

V& tung dung tai Viét Nam, cac hudng wu tién gdm: hd trg ngudi khiém
thi, giao duc, luu trir s6 va tim kiém da phuong thire, di kem yéu cAu md hinh
gon nhe (nén, chung cat), hé sinh thai ngir liéu tiéng Viét phong phu va cac
co ché dam bao an toan, minh bach.

3. Téng két

Luén an xay dung mét 19 trinh hop nhét tri thue tr quan hé thi giac, tri
thirc ngoai, biéu dién AMR dén hop nhat da ngudn c6 diéu tiét va hau xép
hang ngon ngit, qua d6 dong thoi nang cao mirc d6 hiéu ngit nghia va do troi
chay ctia chii thich anh. Cac két qua vira c6 y nghia hoc thuat (md rong khung
biéu dién va kién triic md hinh), vira c6 gia tri thyc tién (kha thi trén ha ting
tinh toan han ché). Viéc tiép tuc phat trién theo cac dinh hudng da néu hira
hen tiép tuc nang tran kha ning chu thich anh da phuong thic va thiic dy

chuyén giao vao cac boi canh tng dung trong nudc va quoc te.
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