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TOM TAT

D6 thi ngr canh mo ta d6i tuong, thudc tinh va méi quan hé gitra cac d6i tuong
trong mot nglr canh nhét dinh cta anh. Trong cdc nhiém vu tim ki€ém can sy hiéu
biét vé m&i quan hé ngit nghia va cach sap xép gitta cac d8i twong trong khong gian
anh, st dung d6 thi ngtr canh c6 thé cai thién hiéu suat va kha nang cua cac hé thong
tim ki€m anh. Bai nghién ctru nay trinh bay tém tat mot s§ phuong phap tim kiém
anh dua trén d6 thi ngtt canh, nhiing déng gdp va han ché cta cac ky thuat xac dinh
moéi quan hé ddi twong trong bai todn xay dung d6 thi ngir canh cho anh. Trén co so
nhitng danh gia nay, mo6 hinh DPTree duoc dé xudt nham du dodn méi quan hé gitra
cac doi twong dua trén tap luat cay quyét dinh va lam co so cho viéc trich xuat tap
quan hé bg ba tir anh, tir d6 phat trién mo hinh cho bai toan tim kiém anh dwa trén
do thi ngtr canh.

T khoa: D0 thi ngtt canh, tim ki€m anh, tim kiém anh theo ngi nghia.

1. MO PAU

Vi sy bung nd dit liéu, lugng thong tin tang truong khong 16 dang gay kho khan
cho cac chwong trinh tim kiém, truy xuat, biéu dién va lién két thong tin [1], trong d6 cd
d@ liéu anh. D€ giai quyét van dé tim kiém anh tuwong tw nhanh chéng, hiéu qua tu tap
dit liéu anh 16n 1a mot thach thitc trong linh viec thi gidc may tinh.

D06 thi ngir canh (scene graph) la cu truc dix liéu duoc sit dung cho viéc mo ta
ddi twong, thudc tinh va cac moi quan hé cua d6i tugng trong mot nglt canh nhét dinh.
Mot d6 thi ngit canh c6 thé bidu dién ngit nghia chi tiét ctia cac tap dit liéu ngi canh, la
cong cu hiéu qua dé ma hda hinh anh thanh cac yéu td ngit nghia triru twong ma khong
phu thudc vao 16p va thudc tinh ctia d6i twong hay méi quan hé gitta cac doi tuong.
Ngoai tim kiém anh, d6 thi ng canh duoc tng dung cho nhiéu tac vu ting dung trong
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xtt Iy anh nhuw chti thich anh, tao anh, hoi-d4p bang hinh anh va phat hién cac méi quan
hé gitta cac doi teong trong anh [2], [3], [4]. Hinh 1 minh hoa vé d6 thi ngit canh ctia anh.

Hinh 1. D6 thi nglt canh cua anh [5]

Tuy con nhiéu thach thic lién quan dén phuong phap xdy dung nhung so véi
nhiing cach ti€p can khac, khi duwoc st dung mot cach hiéu qua do thi nglt canh co thé
cai thién dang ké hiéu suat va kha nang cua cac hé thong tim kiém anh. Dac biét trong
cac nhiém vu tim kiém can sy hidu biét vé mdi quan hé ngit nghia va cach sap xé&p giita
cac d6i twgng trong khong gian anh, cho phép hiéu mét cach toan dién hon vé ndi dung
anh ngoai viéc chi nhan dang cac d6i twong riéng 1€; hodc khi can sy hiéu biét vé thong
tin ngl canh tong thé cua anh nham cai thién tinh lién quan va do chinh xac ctia cac truy
van phtc tap dwgc hiéu qua hon. Hinh 2 minh hoa m6 hinh tim kiém anh ngt nghia
bang d6 thi ngtr canh.
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Legend: objects attributes relationships

Hinh 2. Minh hoa tim kiém anh ngir nghia bang do thi ngi canh [11]
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2. CAC CONG TRINH TiM KIEM ANH TIEP CAN PO THI NGU CANH

J. Johnson va cong su (2015) [6] phét trién mo hinh mién diéu kién ngau nhién
(CREF - Conditional Random Field) cho viéc tim kiém anh ng@t nghia dua trén d6 thi ng
canh. Pay la mét trong nhitng cong trinh nghién cttu co ban dau tién sit dung d6 thi ng
canh cho bai toan tim kiém anh. Nhém tac gia thiét k&€ mo hinh nham ndi suy d6 thi ngt
canh co s cua anh dau vao va st dung d6 thi ngtr canh nay dé tim kiém anh tuong ty
vé ngtt nghia. Tuy nhién, do stt dung d6 thi ngit canh ctia mdi anh cy thé lam nén tang
nén do phu trong két qua tim ki€m van chua cao.

Zellers va cong su (2018) [7] phan tich rang mdi yéu t8 ctia ngit canh mo ta déu
€6 cac cau truc dong nhdt va phat trién mo hinh cau trac mang neural MOTIFNET dé
xuat kién trac phan ra d6 thi ngtt canh thanh cac pha du doan khung, nhan va méi lién
hé gitta cdc phan doan trong anh. Coéng trinh thyc hién xay dung d6 thi ngt canh dua
trén cac moi quan hé thuong gdp nhat gitra cac cap doi tuong trong tap dit liéu Visual
Genome va goi ciu trac bidu dién nay 1a mo-tip (motif). Cong trinh cho két qua thuc
nghiém phan tich d6 thi ngl canh t6t hon so vdi cac phuong phép trude day nhat nho
kha ning phan tich cac ciu trtc biéu dién quan hé & mtrc toan cuc.

Tang va cong su (2019) [8] d& xudt md hinh cay ngi canh truc quan VCTree nham
thuc hién suy luan hinh anh & muic cao nhu tao d6 thi ngr canh va héi-dap trec quan
(VQA). Cong trinh st dung VCTree va thuat giai LSTM d€ ma héa ngtt canh cho phép
viéc truyén thong diép cu thé hon va ma héa hiéu qua cac méi quan hé song song, phan
cdp gifta cac d6i twong bang cdu triic cAy nhi phan. Tuy nhién do st dung ma tran trong
s0 trong qua trinh tao cdu trac cay nén su hiéu qua khi du doan mdi quan hé gitta doi
twong phu thudc vao do chinh xac ctua anh xa ttr quan hé sang trong so.

P. Tian va cong sy (2021) [9] thuc hién qua trinh tao cha thich hinh anh dwa trén
do6 thi nglt anh. Qua trinh tao ra do thi ngr canh duoc xay dung duya trén cdc mdi quan
hé ddc trung ctia cac d6i tuong va phan loai mdi quan hé dua trén mang neural hoc sau.
Ttr cdc m6i quan hé dac trung, nhom tac gia tong hop tao thanh do6 thi cho ngtt canh cua
hinh anh. Day la mot bai todn cha thich hinh anh, nhom tdc gia chwa thuwe hién qua trinh
tim kiém hinh anh v6i mot anh dau vao do dé chua thuc hién qua trinh truy hoi va tim
kiém tap anh twong tu, ngtr nghia cho anh dau vao.

Jiang va cdng su (2023) [10] dé xuat phuong phap HierMotif két hop xac suat
Bayes dé suy luan mdi quan hé gitra cic d6i twong trong ngit canh ctia anh bang cach st
dung cdu trac phan cap, phan loai doi twong va moéi quan hé thanh nhém loai (super-
categories) riéng biét. Muc tiéu la giai quyét van dé mat can bang gitra cac 16p ddi tuong
cua tap dir liéu trong qua trinh xay dung d6 thi ngix canh. Vi su ké thira sit dung
mo-tip cua Zellers [7], cong trinh da trich xuat dwoc nhiing ngtt canh rong cé trong anh,
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tuy nhién van chwa giai quyét duoc viéc du doan cac méi quan hé phirc tap hodc cac
~ 2 7 A M AN Ale
ngit canh c6 sy nhap nhang vé doi tuong.

M6 hinh DR-Net [12] két hop mang no-ron sdu va CRF dua ra mo hinh méi quan
hé dua trén théng ké nham nang cao hiéu qua viéc du doan cac mdi lién két ngit nghia
trec quan. M hinh SG-CRF [13] giai quyét sw nhap nhéang gitta chti ngit va vi ngit trong
m&i quan hé bo ba bang dé xuat mdt mang ngit nghia dua trén CRF véi chudi cac 16p
quan hé xac dinh chu ngir va vi nglt cac doi twong trong anh. M6 hinh ViP-CNN [14] dé
xuat xay dung do thi ngtt canh dya trén xt Iy mai quan hé triee quan gitra cac d6i tuong
bang cum tir md ta véi ba déc trung: tén md ta d6i tuong, khong gian va ngit nghia. Mo
hinh nay huén luyén két hop dong thoi cac dic trung md ta nham phan tich su tuong
tac va phat hién sy phu thudc 1an nhau. C4u trac truyén thong diép theo cum tir duoc
dé xuat trong md hinh ViP-CNN dé md hinh héa su phu thudc thong tin 1an nhau gitta
cac ddc trung md ta cuc bd. Factorizable Net [15] la md hinh xdy dung d6 thi ngl canh
dua trén do thi con. D6 thi ban dau dwgc phan ra thanh cac do thi con va sau d6 dwoc
gom nhém, moi d6 thi con gom cé cac d6i tuong va tap moi quan hé gitta chting. Huéng
ti€p can ctia md hinh nay 1a trich xuat cc vliing anh c6 d6i tuong bang kién triic mang
RPN va gom nhom lai thanh ting cdp d€ xay dung mot d6 thi lién thong manh trong dé
mbi cip ddi tuong két ndi véi nhau bang cdp canh c6 hudéng. Sau d6 cac ving anh dugc
két ndi v6i nhau thanh d6 thi con bang cach két ndi cac canh.

Phan 16n cac cong trinh tap trung vao ky thuat xay dung d6 thi nglt canh cho anh
O muec toan canh; chua tap trung nghién cttu méi quan hé cua ting cdp ddi tugng ciing
nhu ciu truc di liéu mo ta moi quan hé bo ba, cdu tric c6 thé sinh ra tap luat cho viéc
du doan cac mdi quan hé mdéi, chwa duoc gan nhan; dong thoi van chua ap dung cac ky
thuat khai thac dit liéu trén cac dit liéu mo6 ta nhu: ky thuat phan 16p, gom cum, mang
neural ddc trung, ...

3. PHUONG PHAP XAY DUNG PO THI NGU CANH
3.1. Tong quan xay dung d6 thi ngir canh

Xay dung d6 thi ngit canh c6 hai xu hudng ti€p can chinh: (1) hudng tiép can
bang phurong phéap dwdi-lén: hiedéng nay dugc chia thanh hai pha 1 phat hién ddi tuong
vanhan dién m&i quan hé theo cip ddi tuong [16]; (2) hudng tiép can bang phwong phap
trén-xudng: hudng tiép can thuc hién dong thoi hai tac vu phat hién déi tuong va nhan
dién moi quan hé [14], [17]. Viéc thuc hién ndi suy va cac tac vu triec quan ¢ cap cao
thwong bao gdm viéc nhan dién doi twong, dw dodn vi tri twong d6i dua trén toa do va
phat hién hay nhan dién mdi quan hé vi ttr tling cdp gitra cac ddi twong. Cac budce chinh
cho quy trinh xay dung d6 thi ngtr canh [15], [17], [18] cé thé trinh bay tong quat nhu
sau: phat hién ddi twong nham xac dinh cac dinh ctia d6 thi (bao gom cac thong tin
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thudc tinh, ddc trung caa doi tuong); du doan, dinh nghia moi quan hé bd ba gitra cac
dinh d6i tuwong, tir d6 xac dinh canh ctia do thi; cac budc dugc thyee hién lap lai cho moi
anh va tap anh dé tao d6 thi ngtr canh. Hinh 3 la so d6 kh6i md ta qua trinh xay dung
do thi ngtt canh tt anh.

Trich xuét
doi twong
Db thi Xay dng
quan hé méi quan hé

Do thj
ngitr cinh

Hinh 3. So d6 khoi xay dung d6 thi ngit canh
3.2. Phwong phép xdy dung d6 thi ngit cinh

Céc thuat toan hoc sau hién nay gitp phat hién, phan loai cic d6i twong trong
anh véi d§ chinh xac cao nhung viéc hiéu, suy luan, xac dinh duwgc mdi quan hé gitra cac
d6i twong trong mot ngit canh nhat dinh d8i véi may tinh van dang la bai toan phtc tap,
van con mot khoang cach so voi con nguoi. Nhiém vu du doan, biéu dién méi quan hé
duoc xem la nén tang co ban cho viéc biéu dién anh mot cach truc quan 6 mutc 4§ ngte
nghia, d6 ¢ thé mdi quan hé bd ba, quan hé vé vi tri khong gian, thudc tinh, so sanh
hodc cac tac dong tuong hd gitta hai d6i tuong... D6 thi nglt canh la moét trong ky thuét
hiéu qua cho nhiém vu dé. Vi dugc xay dung béng viéc phan tich mdi quan hé gitra
nhiéu déi twong trong tap dit liéu anh, nén d6 thi nglr canh can xem xét sy lién quan
gitta nhiéu d6i tuwong voi nhau khong chi tap trung vao mot d6i tuong cu thé.

Du doédn va noi suy mdi quan hé gitta cac ddi teong trong anh 1a yéu cau cot 16i
trong mo hinh xay dung d6 thi ngir canh cho anh. Thuat todn nay duwoc phat biéu tong
quat nhu sau:

- Dau vao la hai d6i tuong trong anh.

- Noi suy m6i quan hé gitra doi twong.

- Tao ramot bd ba quan hé <d6i tuwgng, vi tir, d6i tuwong>.

- Dau ra la tap bd ba cho tdt ca d6i twgng dugc xac dinh trong anh.

Qua khao sat cac cong trinh nghién ctru lién quan, ky thuat ndi suy moéi quan hé
dang duoc thuc hién theo hai hudng la sit dung kién triic mang neural hoc sau va kién
tric cdy phan cdp. D61 voéi kién tric mang hoc sau, van dé can huan luyén véi luong
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d@ liéu du 16n d€ xac dinh mdi quan hé nhung hién chwa ¢6 tap dit liéu nhu thé hodc
phan phoi c6 mic d6 giam mat do thap (long-tail distribution). Bén canh d6, khi c6 sy
tang truong thém phan 16p thi can phai huan luyén lai mo6 hinh hoc sau. Véi kién truc
phéan cap nhw C-Tree [19], KD-Tree [20], RS-Tree [21]... du da giai quyét duoc van dé
dap tng tap di liéu huan luyén nho, c6 thé mo rong khi cé sy tang trudng phan 16p
nhung thoi gian, chi phi huan luyén van con cao do can t&i wu héa gid tri trong s hodc
phai huan luyén lai md hinh khi c6 phan 16p mdi.

Dua trén nhiing danh gia trén, mo6 hinh DPTree dugc dé xuat két hop st dung
mo hinh cay quyét dinh va phuong phap thong ké nham sinh ra tap luat noi suy mdi
quan hé bo ba gitra hai d6i twgng. Trong m6 hinh nay, cac d6i twgng trén anh dau duoc
trich xudt va tao ra cac vector ddc trung tuong ng, tir d6 lam dau vao cho mo hinh cay
quyét dinh két hop ham Gaussian va phan tich Bayes d€ ndi suy moi quan hé. Tt tap div
liéu hinh anh Visual Genome, cac dic trung doi twong duoc thong ké, huan luyén va
phan loai nhu mét nit (node) trong md hinh hoc sau. Mdi quan hé gitra cap doi tuong
duoc quyét dinh ¢ nut la sau khi huan luyén mé hinh hoc sau lién két cac niit con mang
dac trung trén. Hinh 4 minh hga m6 hinh DPTree du dodn mdi quan hé gitta hai d6i
teong trong anh.

M6 hinh thuc hién qua hai pha goém: (1) pha néi suy tap luat quyét dinh moi quan
hé, (2) pha du doan mdi quan hé gitra cac d6i twong tir mét anh dau vao. Qua trinh nay
duwoc mo ta cu thé nhu sau:

(1) Pha ni suy tap luit quyét dinh:
- Budce 1: Xac dinh khung gidi han (bounding box), trich xuét, phan 16p d6i tuong
trén moi anh tir tap dit liéu anh.
+Budc la: Trich xuat va xay dung tap dac trung do6i twong qua mang neural.
+ Budc 1b: Ghép ting cdp doi tuong cd thit ty trén anh.

- Budc 2: Tong hop tl tap vector ddc trung cho tiing cdp doi twong dé tao tap
vector ddc trung ghép va thuc hién tinh toan ham Gaussian tra vé xac suat trén phan
phoi Gaussian.

- Budc 3: Thong ké tir tap dit liéu anh mdi quan hé gitta cac d6i twong va thuec
hién tinh toan ham mat d¢ xac suat cua phan phdi Gaussian.

- Budc 4: Tong hop tir tap vector dic trung ghép va xac sudt moi quan hé qua
phéan phdi Gaussian d€ xac dinh phan phdi xac sudt vector dac trung cho mdi quan hé.

- Budce 5: Thyee hién huan luyén va phan loai mdi quan hé véi mdi dic trung bﬁ“mg
md hinh cay quyét dinh; qua trinh hudn luyén nay duoc xem nhu mét quy trinh khép
kin trong mot nut cho ting ddc trung.
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- Budc 6: Tt mo hinh huan luyén ndi suy mai quan hé, xay dung tap cac quan hé
bd ba gitta cac d6i teong trong anh.

(2) Pha du dodn mdi quan hé:

- Buéc 7: V6i mdi anh dau vao thue hién trich xuat d6i teong va xac dinh vector
dac trung ghép ting cap ddi tuong.
- Budc 8: Thure hién tinh todn ham Gauss trén vector ddc trung ghép va dua vao

mo hinh ham DT (decision tree) phan loai vector dac trung da huan luyén.

- Budc 9 : Két xuat két qua de doan méi quan hé d6i tuwong; xay dung tap quan
hé b ba lam co s& cho viéc xay dung do6 thi quan hé va d6 thi ngir canh.

Tip dir li¢u Anh

Mang neural

Tép vector
dac trwng

J

Tap vector
ddc trwng ghép
Trich xuét Fij(f1, 2 s )
doi tweng

Xac suét T
F a an phoi
3——» moi c]1)uan hé 3 Gaussian 2
()

v

Phan phéi xac suét
vector déc trwng cho —&
moi quan hé £

2

Ham Gauss
i

el = e —J

Ham DT phin logi
vector diie trung

Pha ngi suy tap luat

Anh diu vao

Trich xuat Vector
cdp doi twong déac trwng ghép

Db thj quan hé 9

Hinh 4. M6 hinh du doan m&i quan hé d6i tuong DPTree

b ba
Pha di dodn méi quan hé

4. KET LUAN

Bai nghién cttu da trinh bay khao sat mot s6 cong trinh lién quan vé tim kiém
anh ngt nghia dya trén d6 thi ngtt canh; hudng ti€p can va phan tich cac ky thuat xay
dung d6 thi nglt canh cho anh va dé xudt mo hinh DPTree du doan mdi quan hé gitta
cac ddi tuong stt dung md hinh cay quyét dinh va phuong phép théng ké nham sinh ra
tap luat ndi suy. Viéc xay dung d6 thi ngtr canh dé dat dwoc mc nglt nghia bac cao
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trong bdi canh thuc t& van con nhiéu thach thitc vé o phtic tap, sw nhap nhang trong
dinh nghia m&i quan hé tuwong hd gitta hai d6i tiong, va viéc phan loai cac 16p ddi tuong
chwa duoc gan nhan. Véi xu hudng nghién ctru va tng dung cua d6 thi ngr canh ngay
cang mo rong thi nhitng khao sat phuwong phap xay dung d6 thi ngir canh trong khuoén
kho bai nghién ctru con chwa bao quat hét cac khia canh lién quan. Trong tuong lai, nhém
tac gia sé mo rong khao sat cac phwong phap xay dung do thi ngir canh véi cac tri thirc
dan mé (prior knowledge) va cdc hudng tiép can trén cc bo dit liéu khac nhau.
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ABSTRACT

Scene graphs describe the objects, attributes, and their relationships in a certain
context of the image. Using scene graphs can improve the performance and
capability of image retrieval systems in search tasks that require the understanding
of semantic relationships and spatial arrangements among objects in the image. This
research will provide an overview of different scene graph-based image search
approaches, as well as the pros and cons of object relationship determination
methods for creating scene graphs for images. The DPTree model was proposed,
which predicts the relationships between objects using a set of decision tree rules
based on these evaluations. Afterwards, this model is applied to extract triple sets

from images, creating an image search task model based on scene graphs.

Keywords: Scene graph, image retrieval, semantic-based image retrieval.
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