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TOM TAT

Trong bdi bdo nay, mét mé hinh tim kiém dnh sir dung cdu triic R%-Tree va mang hoc sdu
Faster R-CNN duwoc dé xudt nham ndng cao hiéu sudt truy van anh. Trong mé hinh ndy, cdc cong
viéc sau dwoc thuc hién: (1) cdu tric R3-Tree duoc cdi tién thudt todn tach nut aé ndng cao hiéu qud
gom cum cdc véc-to ddc trung cia tdp dnh da doi twong; (2) mang hoc sau Faster R-CNN duoc sir
dung dé phat hién va phén logi cdc doi twong trén hinh anh; (3) cdc hép gidi han chira d6i twong
trén anh dwoc trich xudt dic trung cdp thap va luu trit trén cdu tric RS-Tree; Vi méi anh dau vao,
hé thong phat hién va phan logi tieng doi twong bang mang hoc sdu Faster R-CNN; trich xudt véc-to
ddc trung cd'p thd'p; thue hién truy van anh twong tw dua trén cau tric RS-Tree. Thuc nghiém dwoc
thwe hién trén bé anh da doi teong MS-COCO gom 5000 anh véi do chinh xdc la 77.39%. Két qua
thwee nghiém dwoc so sdanh voi cdc cong trinh khdc trén ciing b dnh nham danh gia tinh ding dan
ciia mé hinh dé xuat.

Tir khéa: clustering; image Retrieval; R-CNN; RS-Tree

1.  Giéi thiéu

Tra ciu anh twong tu va phan 16p nglr nghia hinh anh 1a mdt trong nhiing bai toan
quan trong va pht hop véi xu thé ctia x4 hoi hién dai (Chou et al., 2016; Liu et al., 2015). Vi
vay, cac hé théng tim kiém anh twong tur dugc cic nha nghién ctru quan tim trong nhiéu thap
nién gan ddy va c6 nhiéu phuong phap khac nhau duge dé xuit nham nang hiéu qua tim
kiém. M6 ta ni dung thi gidc cua hinh anh va lap chi muc cho ndi dung thi giac 1a hai van
dé can thiét khi thuc hién bai toan truy van anh theo ndi dung (Begum & Supreethi, 2018;
Sivakumar et al., 2021). Hién nay, c6 nhiéu phwong phap lap chi muc cho dit liéu da chiéu
nhu KD-Tree, QuarTree, M-Tree, R-Tree... Trong d6, R-Tree 12 mot trong nhitng ciu trac
duoc sir dung phd bién dé luu trit chi muc dya trén phan ving dit liéu (Manolopoulos et al.,
2006). Trong nhiing thap nién gan ddy, cac phuong phap hoc may dwoc ap dung rong rai cho
bai toan tim kiém anh nham nang cao chit lugng truy van. Dit lidu da phuong tién ngay cang
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gia tang nhanh theo thoi gian 1a thach thirc cho viéc luu trit va tim kiém hiéu qua. Do do,
viéc két hop cac phuong phap khac nhau cho bai toan truy van anh can dugc thuc hién nham
nang cao hiéu suét, giam thoi gian tim kiém cling nhu t6i wu hoa khong gian luu trit 1 can
thiét (Zhou et al., 2022).

Phat hién d6i tuong la mot chu dé duogc nhiéu nha khoa hoc quan tam trong linh vuc
thi giac may tinh. Muc dich chinh cua phét hién ddi tuong 1a tim dbi twong quan tdm trong
hinh anh hoic video, phat hién vi tri va kich thudc ciia chung. Trong nhitng nim gan déy,
phat hién ddi tuong da dugc sur dung rong rai trong tri tu¢ nhan tao, nhan dang khuén mat,
lai xe khong nguoi 1ai va cac linh vuc khac. Cac thuat toan phat hién ddi tuong hi¢n co6 bao
gém thudt toan phat hién truyén théng va thudt toan phat hién dua trén hoc sau. Céc thuat
toan phat hién dbi twong truyén thdng chu yéu dua trén khung ctra s6 truot hodc dbi sanh
dua trén cac diém dic trung. Vo1 sy phat trién cua cong ngh¢ hoc sau, cac thuat todn phat
hién d6i twong da chuyén tir phwong phap truyén thong dua trén cac dic trung dugc lya chon
thu cong sang phuong phap phat hién dya trén mang no-ron sau. Cac phuong phap phat hién
dua trén mang no-ron sau co thé chu yéu dugc chia thanh hai loai: (1) thuat toan phat hién
db6i tuong hai giai doan két hgp mang dé xuat ving RPN (Region Proposal Network) va
mang no-ron tich chap (CNN), chang han nhu R-CNN; (2) thuit toan phat hién ddi tuong
mot giai doan chuyén d6i phat hién ddi twong thanh mot bai toan hdi quy (vi du: YOLO).
D6i voi anh da ddi tuong, viée phat hién ddi tugng va phan 16p dbi twong trén anh 1a can
thiét dé ap dung cho cac bai toan tim kiém anh nhdm nang cao d6 chinh xac. Nhiéu phuong
phap hoc hién dai duoc st dung dé phat hién va phan 16p anh da dbi tuong bao gdbm: Mang
hoc sau Fast R-CNN (Girshick, 2015), Faster R-CNN (Amitha & Narayanan, 2021; Ren et
al., 2015) Yolo (Pestana et al., 2021) (Singh et al., 2021)...

Trong bai bo nay, ciu tric chi muc Improved-RST, mot cai tién cua cau trlic RS-Tree
(Le et al., 2022) duogc dé xuat. Trong ciu triic Improved-RST, c4c véc-to dic trung hinh anh
duoc biéu dién dudi dang cac khdi cau va duoc luu trit tai cac nat 14 cua cay tuong tuy nhu
RS-Tree. Nhiam nang cao hiéu qua luu trit va truy véan trén ciu trac Improved-RST, mot
phuong phap thém phan tir vao cdy dugce dé xuét dé cai thién thoi gian tao cdy va giup can
b.':ing dit liéu tai cac nut 14. Viéc cai tién bao gém cac ndi dung sau: (1) Khi mot nat dﬁy, mot
nut tran cho nut d6 duoc tao ra va tat ca cac nat tran duoc luu trong mot bang bam; (2) Néu
nut do tiép tuc dugc thém dir li¢u, dir li¢u s€ dugc thém vao nut tran ctia no; (3) Khi mot nut
tran bi déy, qué trinh tach nut dugc thuc hién. Trén co s¢ d6, mdt mo hinh truy vén anh st
dung cAu trac Improved-RST va mang hoc sau Faster R-CNN dugc dé xuit dé nang cao hiéu
qua tim kiém anh. Thuc nghi¢m truy van anh tuong tu dugc thyuc hién trén bo anh MS-COCO
gbém 5000 anh.

Céc cong trinh nghién ciru lién quan

Gan day, mang no-ron tich chap (Convolution Neural Network - CNN) da duoc ching
minh 12 dat dugc hiéu suét cao trong nhiéu nhiém vu thi giac may tinh nhu phan loai hinh
anh (Simonyan & Zisserman, 2014), phat hién d6i twong (Ren et al., 2015) hoidc phan doan
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ngit nghia (Long et al., 2015). Cac mang CNN duoc huan luyén vé6i luong 16n dit liéu da
duoc chirng minh 13 hoc dugc cac biéu dién dic trung tong quat dé st dung khi giai quyét
cac nhiém vy ma chung chua duoc huén luyén (Wang et al., 2019). bac biét ddi véi viee
truy xuét hinh anh, nhiéu cong trinh da ap dung céc giai phap duya trén cac dic trung vuot
troi duoc trich xuét tir mot CNN duoc hudn luyén trude cho nhiém vu phan loai hinh anh
(Babenko & Lempitsky, 2015; Tolias et al., 2015).

Wenze Li (2021) va (Li, 2021) da thyc hién phan tich hiéu suat ctia cac mé hinh Faster
R-CNN dua trén cac md hinh tién huin luyén khéac nhau va tién hanh danh gia toan dién vé
hiéu suit ctia Faster R-CNN. Két qua thur nghiém cho théy dd chinh xéc va tc do phat hién
cta R-CNN, Fast R-CNN va Faster R-CNN nhanh hon dua trén ba tap dir liéu khac nhau.
Thuat todn Faster R-CNN duoc thuc hién dua trén Pytorch, VGG16 va ResNet101 dugc st
dung 13m mé hinh tién huan luyén dé hun luyén va ghi lai thoi gian trén hai tap dit liéu
Pascal VOC va COCO twong tng. Hiéu suit cia Faster R-CNN duoc phan tich theo cac mo
hinh tién huén luyén va cac tap dir liéu khac nhau. Két qua thir nghiém chtrng minh rang do
chinh xac va toc do phat hién cua Faster R-CNN duogc cai thién rat nhiéu so véi R-CNN va
Fast RCNN vi n6 str dung RPN dé thay thé bo tim kiém chon loc.

Wenmei Wang va cong su (2019) (Wang et al., 2019) di dé xuat mot phuong phap
dua trén hoc sau dé truy xuét anh nhan hiéu. Faster R-CNN duoc ap dung trong vi¢c truy
xuat hinh anh nhan hi¢u dé trich xuét cac diac diém ngir nghia cip cao cua hinh anh nhin
hiéu. B mo ta dic diém toan cuc cta hinh anh duge Faster R-CNN trich xuét va dic diém
cuc bo ctia hinh anh duoc trich xuat thong qua cac ving dé xuat dbi tuong bai mang dé xuét
khu vuc (RPN). Dé ¢ dugc hidu qua truy xut tot hon, nhom tac gia ap dung két hop chién
lugc truy xut xép hang va sap xép lai theo khong gian.

Amaia Salvador va cong su (2016) (Salvador et al., 2016) da dé xuat st dung CNN
tién huin luyén phat hién ddi tuong dé trich xuét cac dic trung toan cuc va cuc bd cua hinh
anh. Nhom tac gia sir dung phuong phap xép hang lai va van dung cac vi tri ma mang dé
xuat khu vue (RPN) hoc duoc dé cung c?ip dinh vi dbi tuong cho cac hinh anh duogc
truy XUét.

Bén canh d6, nhiéu cong trinh d 4p dung céc ki thuat 1ap chi muc hinh anh nhdm nang
cao toc d6 tim kiém anh. Haldurai va cong su (2015) da dé xuat mot hé truy van anh tuong
tu theo ndi dung str dung cdu tric ciy R-Tree (Haldurai & Vinodhini, 2015). Vanitha va
cong sy (2017) da dé xuat mot cau tric chi muc SR-Tree tng dung cho hé thong tim kiém
anh tuong tu theo ndi dung. H¢ théng thuc hién trich xuét dic trung mau séc, dac trung
khong gian va luu trir véc-to dac trung trén cdy SR-Tree (Vanitha & SenthilMurugan, 2017).
Shama va cong sy (2015) dd dé xuat mot hé thng truy van anh tuong tu sir dung cau tric
R*-Tree cho bd anh thuc vat. Nhom téc gia sir dung phuong phap ma tran déng xuat hién va
phép loc Gabour dé trich xuit dic trung anh (Shama et al., 2015). Alfarrarjeh va cong su
(2020) da d& xuat mot 16p chi muc R*-Tree ing dung cho bai toan tim kiém anh twong tu
v6i dir liéu anh duong phd (Alfarrarjeh et al., 2020).
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Tir viéc phan tich cac nghién ciru lién quan & trén cho thay mé hinh truy xuat anh dia
trén cau tric cdy duoc danh gia 1a dang tin cdy va hiéu qua. Bén canh d6, nhiing cach tiép
cén gan day da tap trung vao cac phuong phap hoc may cho bai toan truy vin anh nham nang
cao d¢ chinh x4c. Két qua ciia nhitng cong trinh d6 cho thiy viéc ap dung mang hoc séu
Faster R-CNN cho bai toan truy xuat hinh anh 1a kha thi. Trén co s& ké thira va khic phuc
nhitng han ché ciia cac cong trinh lién quan, mot mo hinh truy xuat hinh anh sir dung ciu
trac cay két hop mang hoc siu Faster R-CNN dugc gidi thiéu dé cai thién hiéu sut truy xuat
hinh anh. Thir nghiém duoc thuc hi¢n xay dung trén bg dir liéu anh MS-COCO (bao gém
5000 hinh anh, 80 16p), dé chimg minh hiéu qua truy van anh cta phuong phap dé xuit.

2. Noi dung
2.1. M0 hinh truy vin dnh dwa trén ciu triic Improved-RST va mang Faster R-CNN

Mot anh can truy van dugc phat hién doi twong va trich xuét véc-to dic trung bang
mang hoc sau Faster R-CNN va thuc hién truy vén trén céu trac cay Improved-RST. Quéa
trinh truy van trén cay cho dén khi gip duoc nat 14 phi hop thi tip hop tat ca cac phan tir dir
li¢u trong nut 1a d6 duoc goi 1a mot tap anh tuong ty cua anh truy van. Sau do, tap anh nay
dugc sap xép theo do do twong tu dé tim ra cac anh tuong tu gan nhat. M hinh truy van anh
tuong tu theo ndi dung véi mot anh truy van dau vao cho trude dua trén cdy Improved-RST
dugc minh hoa nhu Hinh 1.
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Hinh 1. M6 hinh tim kiém dnh dira trén Improved-RST va mang hoc sau Faster R-CNN
Qua trinh tim kiém anh dugc thuc hién gé)m hai pha, pha tha nhét thuc hién gom cum
va luu trir dir liéu hinh anh trén cay Improved-RST, pha tht hai thyc hién tim kiém cac hinh
anh twong tu va phan 16p ngit nghia cho anh dau vao. Qua trinh thyc hién duoc mé ta nhu sau:
Xay dung ciay phian cum
Qua trinh xay dung cay gom cum dit liéu khong gian Improved-RST dua trén véc-to
ddc trung cua tap dir liéu anh gdm 3 budc nhu sau:
Buée 1. Trich xuét véc-to dic trung f; cta tip dit liéu anh st dung mang Faster R-CNN.
Buée 2. Biéu dién véc-to didc trung cua tap dit liéu anh thanh khéi cau khong gian.
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Buée 3. Dua trén d6 do twong tu dé xudt va phuong phap phan cum K-mean, cay gom
cum chi muc khong gian Improved-RST duoc tao ra voi mdi nat 14 cua cay la tap cac thuc
thé khéi cau chtra cac véc-to f; mé ta ddc trung thi giac ctia hinh anh.

Tim kiém dnh

Viéc tim kiém anh tuong tu dugc thuc hién voi dau vao 1a mét hinh anh truy van va
dau ra 13 tdp anh twong ty va phan 16p ngir nghia hinh anh dua trén ciy gom cum chi muc
Improved-RST. Qua trinh tim kiém anh tuong tu dugc thuc hién theo cac budc nhu sau:

Buéc 1. Trich xuét véc-to dic trung ctia anh can truy van dua trén mang Faster R-CNN
va chuyén ddi thanh dang khéi cau khéng gian.

Burée 2. Thyc hién truy van anh twong ty dua trén cau trac khong gian Improved-RST.

Buoc 3. Tra cuu tap anh tuong tu dua trén tap chi muc da duogc truy van.

2.2. Mang hoc siu Faster R-CNN

Faster R-CNN la phién ban hi¢n dai duoc st dung rong rai nhét ciia ho R-CNN. Cac
nhiém vy ctia mang nay bao gdm: (1) Thuat toan dé xuat vung dé tao ra cac “hdp gi6i han”
hodc vi tri cua cac doi tuong co thé c6 trong hinh anh; (2) Giai doan tao dac trung dé c6 duoc
cac dic trung cua cac ddi twong nay, thuong sir dung CNN; (3) Lop phan loai dé du doan
dbi twong nay thudc 16p nao; (4) Lép hdi quy dé 1am cho toa d6 ctia hop gidi han di tuong
chinh xac hon. Fast R-CNN da stir dung thuat toan tim kiém chon loc dya trén CPU cho dé
xuat vung, mat khoang 2 gidy cho mdi hinh anh va chay trén tinh toan cua CPU. Faster
R-CNN khic phuc diéu nay bang cach sir dung mang dé xuat khu vuc (RPN) dé tao cac dé
xuat khu vuc. Pidu ndy lam giam thoi gian dé xudt khu vuce tir 2 gidy xudng 10 mili gidy cho
mdi hinh anh. Kién trac ctia Faster R-CNN duoc thé hién trong Hinh 2.
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Hinh 2. Kién tric Faster R-CNN
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Trong bai bao nay, mang Faster R-CNN nhu trong cong trinh (Ren et al., 2015) duoc
sir dung dé phat hién va phan 16p d6i trong trong hinh anh. Két qua ciia qua trinh nay 1a mot
b cac véc-to dic trung ciia cac dbi twong trén hinh anh va cac phan 16p cia chiing. Tép cac
thong tin nay duogc str dung dé gom cum trén cau trac Improved-RST. Mot vi du cia viée
phan 16p anh dau vao dua trén mang Faster R-CNN dugc minh hoa nhu Hinh 3.
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Hinh 3. Phdn I6p déi tirong bang mang Faster R-CNN
MJi d6i twong sau khi duoc trich xuit bing mang Faster R-CNN, cac dic trung cip

thép duoc trich xuét riéng biét dua trén khdi chit nhat chia dbi tuong do. Céc dac trung nay

duoc dua vao luu trir trén clu tric RS-Tree cai tién.

2.3. Cdu triic cdy RS-Tree cdi tién

Qua trinh gom cum cac véc-to dic trung dua trén cau trac RS-Tree (Le et al., 2022).
Céc n{t trén R-Tree bao gom: (1) Nt trong S,,p4, 12 mot bo (MBS, p), trong d6 MBS 1a mot
khéi cau c6 tim &, 4, Va ban Kinh 7,44, P 1a con tro lién két dén cac nut con. Khéi cau nay
bao phu cac khéi cau cua cac nit thude nhanh cdy con. Mdi nat trong Sy,,q. ¢6 s6 phan tir
toi thiéu 14 2 va toi da 1a N; (2) NUt 14 Sy 12 bO (MBS, entity), trong &6 MBS 1a mot khéi
cAu ¢6 thm Eleaf va ban Kinh 7., chira mot tap thuc thé entity véi moi thuc thé SspED la
mot bd (MBS, oid) trong d6 MBS 1a khéi cau c6 tam C, va ban kinh 7, chira khong gian
déi tuong, oid 1a dinh danh dbi tuong f = (vy,v,, V3, ..., Vg). Mdi niit 14 Seq, 6 s phin
tir téi da 1a M va sb phan tir tdi thiéu lam(1 < m < M/,).

Trén co s& cau trac RS-Tree d3 duoc dé xuét, trong bai bao nay mot cAu trac cai tién
duoc trinh bay nhu sau nhim nang cao hiéu qua luu trir va tim kiém anh. Dé giam sy chong
chéo gifra cac nit trung gian va nang cao chét luong ciia RS-Tree, can phai cai thién hai qua
trinh ctia RS-Tree d6 1a: (1) qua trinh thém dit liéu vao cay; (2) qua trinh tch nit trén cay.
Mot phuong phap thém phan tir vao cay dua trén viée két hop bang bam nham nang cao chat
lwong truy van va cin bang dit liéu trén cay dugc dé xuat trong phan 3.3.

2.4.  Cdc thudt todn cdi tién trén cdu triic cdy Improved-RST

Viéc tach nat thuong xuyén din dén lam ting chiéu cao cua cdy va gia ting ving
chdng lip khong gian, anh hudng dén hiéu qua truy van. Dé cai thién hai van dé nay, bai bao
dé xuét chién luoc thudt toan tach nut c6 do tré dé toi wu hoa quy trinh tao ciy RS-Tree.
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Thuat toan dugc chia thanh hai phr:?m: thém dir li¢u va tach nat. Trong qué trinh thém,
viéc phan tach c6 do tré duoc ap dung. Trong qua trinh phan tach nit, mot thuat toan tach
tdt hon duge ap dung dé thuc hién phan tach c6 do tré. Thuat toan hoan chinh lam giam )
1an phan tach xdy ra trong qua trinh xay dung cdy RS-Tree va ting su phan chia khong gian
ctia cdy RS-Tree, do d6 cai thién hiéu qua tim kiém.

Trong qua trinh thém dit liéu vao cdy, dé chon mot nit 14 phu hop dé thém vao, tiéu
chuan 1a giam thiéu dién tich cta cac khdi cau cua cac nat khi dit liéu duge thém vao. Khi
mot nut da dﬁy, tire 12 sb lugng dir li€éu ma nt chira da dat dén M, thuét toan tach nut khong
thuc hién ngay ma thay vao d6 sé thém dir li¢u vao mot nut tran. Khi qua trinh thém két thuc,
nut tran dugc xem xét da day hay khong; néu dy qua trinh hop nhét va tach nat dwoc thuc
hién: nat hién hanh va nat tran ctia n6 dugc hop nhét dit liéu gém c6 2M phﬁn tr. Sau do,
thuat toan tach nat dugc thuc hién twong tu nhu trong thuat toan tach nit cta cay RS-Tree.

Pé thuc hién thao tac thém, mot bang bam duoc st dung, ki hiéu HM, chira cac nut
tran dé ghi lai cac dit liéu. Khi thém dit liéu vao nit chira dir ligu, thuat toan dau tién xac
dinh xem nut co dﬁy hay khong, néu khong, n6 s€ thém dir ligu truc tiép va cap nhat khdi
cau cua nat d6. Néu nat ddy, thuat toan s& kiém tra xem nat d6 c6 nut tran trong bang bam
hay khong. Néu khong c6 nut tran ndo ton tai trong bang bam, mot nut tran s& dugc tao cho nut
d6 va dix liéu can thém s& duge thém vao nit tran. Sau do, no cap nhat khéi cau cua nut hién
hanh va khéi cau ctia niit tran tuong tng. Khi nut da c6 nit tran, thuat todn s€ thém dir liéu truc
tiép vao nut tran, cap nhat khdi cau ctia nit va khéi cau ciia nit tran va khi qua trinh thém hoan
tt, s& kiém tra xem nat tran c6 day hay khong. Khi nut tran ctia nit hién tai da day, budc tiép
theo 12 thuc hién thao tac tach-gdp bang cach chia nho dir liéu cta niit va nit tran thanh hai nat,
mdi nut c6 khdi lugng dir liéu M, ghi chiing tr¢ lai cay Improved-RST va loai bo nat khoi cac
nut tran trong bang bam HM. Hinh 4 minh hoa c4u trac cta nit tran va bang bam.

Hinh 4. M6t minh hoa ciia cdu tric cdy Improved-RST va niit tran sir dung bang bdam
Khi mot phén ttr spED duoc thém vao cay R5-Tree, viéc thém duoc thyuc hién bt dau
tir nut gde, 1an luot duyét qua tat ca cac nat con ciia niit ge va di theo gan nhat cho dén khi
tim dugc nat 14. Sau d6, phan tir spED; duoc phan phéi vao nat 14 hién hanh thoa diéu kién
dg(SPED. ésp, Siear- Crear) < 6. Nguoc lai, mot nlt 14 méi Spepieqr duoc tao ciing cha véi
nGt 14 hién hanh dé luu phan ta spED. Khi gap mot nat day thi mot nat tran duoc tao trong
bang bam dé luu trir phan tir nay. Thuat todn thém phan tir vao cay duoc trinh bay nhu trong
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Thuét toan 1.
Thuit toan 1: Thém phan tir vao ciy
Pau vao: cdy Improved-RST, nit Sy va spED 14 phan tir s& dugc thém vao
PAu ra: cay Improved-RST dugc cap nhat
Function. InsertspED (Improved-RST, spED)
Begin

1. Néu Sy khong phai nat 14 thi

Chon nhanh gfin voi ph?m tir duogc thém vao theo dd do Euclidean cho dén khi gap dugc nut 14

hién hanh Sy ;,¢;

2. Néu S, ., c6 s6 phan tir nho hon M thi

Tinh khoang cach Euclidean d = Euclidean(Sspgp- €, Spere-€) + Sspep- T

3. Néud < 6 thi

Thém phan tir spED vao nit 14 S; o

Cép nhat tdm cym,;

4. Nguoc lai

Tao mot nut 1a méi S; ., cing cha voi nat 1a hién hanh;

Thém phén tir Sgppp Va0 Nt 14 M6 Sppey;

Cép nhat tdm cym,;

5. Néu Sy c6 sb phan tir bang M thi

Gén O « Sy vao trong bang nut tran HM,;

6. Néu O khac null thi

Thém spED vao O;

Cap nhat tdim cum cho nut Sy va nit O;

7. Néu O day thi

Goi split(Sy) tdch nat Sy va nat tran O thanh hai nit;

Gan hai nit méi vao cay Improved-RST;

Loai bo O khoi HM;

8. Nguworc lai

Tao mot nut tran O méi cho nut Sy trong bang nut tran HM;

Thém phan tir spED vao O;

Cap nhat tdim cum cho nat Sy va nit O;

9. Tra vé Improved-RST;
End

Goi n 12 s6 phan tir cia tap dit liéu, M 12 s6 phan tir toi da trong mot ndt cua Improved-
RST. Thuét toan InsertspED lan luot thuc hién duyét tir nat gbe dén nat 14, mdi 1an duyét
qua M phan ti, mdi 1an duyét thuat toan InsertspED thuc hién phép cap nhat tam va tach
nGt tir nat 1a ¢én nat géc. M 1a hang sb. Do d6, thuit toan InsertspED c6 do phic tap 1a
0(logn)3.
Viéc nat O bi tran duoc xir li béng cach tron cac phén tir chia nat O va nat Sy lai gém

co 2*M phﬁn tur, sau do6 thyc hi¢n vi¢c tdch nit nay thanh hai nat 14 méi S; 4, S;,, cung muc
v6i Sy, phan bd 2 * M phan tir vao hai nat. Thuat toan tach nat dugc trinh bay nhu trong
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Thuat toan 2.
Thuat toan 2: Tach nut trén cay Improved-RST
Pau vao: Sy, nut duoc tach.
PAiu ra: Si1 va Si2, hai nit moi.
Function: IRSTsplit (Sn)
Begin

1. Taonut W;
Gan O « Sy vao trong bang ntt tran HM;
Gan W =0U Sy;
TaonUt 14 S;4;
Taonutla s, ,;
Chon hai phan tir xa nhau nhat trong nut W gia sir 1a spEDy, Va spED;;
Pua spED;, vao n(t 14 S; ;; Cap nhat tim va ban kinh;
Dua spED, vao nut 14 S; ,; Cap nhat tim va ban kinh;
. X06a hai phan tir nay ra khoi W;

10.Goi ham phan phdi cac phan tir vao hai nit;

11.DistributeSpED (W, S;1,S12);

12.8;,r=Sn-parent,;

13.Néu (S6 phan tir nut cha Sy, nhé hon N) thi

14.Cap nhéat tdm nut cha;

15.Ngworc lai

16.Téch nut cha;

17.endif

End.

Goi n 1 sb phan tir caa tap dir liéu, M 1a s6 phan tir t6i da trong mot nat Improved-
RST. Khi thuc hién tach nut, trong trudng hop xau nhat, thuat toan IRSTsplit phai tach tur
nat 14 dén nat gbc. Mai 1an tach nit, thuat toan IRSTsplit phai thuc hién M phép so sanh dé
phan bd vé k-cum. Mit khac, trong truong hop xau nhét thuat toan IRSTsplit phai goi dé
quy tir nut 14 d&én nat goc, M 1a hang s6. Do d6, d6 phuc tap cua thuat toan IRSTsplit 1a
0(logn)?.
2.5.  Thudt todn tim kiém dnh twong tw
Tur cay phan cum dir liéu khong gian Improved-RST da tao, mot thuat toan tra ciru anh

tuong tu theo ndi dung dua trén cdy Improved-RST dugc dé xuat. Qua trinh tim kiém anh
tuong tu dugc thuc hién trén cay Improved-RST va dugc mo ta nhu trong Thuét toan 3.

© 0N GO WDN

Thuit toan 3. Truy van anh twong tu

Piu vao: vec-to dic trung Sspep cua dnh truy vén, cdy Improved-RST.
PAu ra: tap anh tuong tu SI;

Function: IRSTIR (Syy, Sspep)

Begin
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SNrode = Snr; .

Néu Syoqe tro toi phan tae null) thi

Tra vé null;

Nguwge lai

Néu Sy khong phai 14 nit 14 thi

Di theo nhanh gan nhit véi phan tir truy van ki hiéu Sy
IRSTIR (Syx, SPED);

Nguwge lai

O 0N o gk e

. SI = {Cédc phdn tit dnh trong tw trong niit 14 hién hanh S, ..+ };
10. Trd vé tip dnh twong tw {SI};

End

Goi n 12 s6 phan tir cia tap dit liéu, M 1a s6 phan tir toi da trong mot nit cua Improved-
RST. Thuat toan IRSTIR lan luot duyét qua cac nut tir gbc dén 14, hon nita vi cay Improved-
RST 1a ciy cn bang nén thuit toan IRSTIR duyét qua chidu cao h ciia cay. Mdi 1an duyét,
thuat toan IRSTIR phai so sanh véi M phan tir caa mdi nat. Do d6, do phic tap cua thuat
toan IRSTIR 1a O(M X logn).
3.  Két qua thwc nghiém va danh gia
3.1. Moéi trwong thuc nghiém

Pha tién xir If dwoc thuc hién trén may PC CPU 2.3GHz 8-core 9th-generation Intel
Core 19, 16GB 2666MHz memory, 1TB flash storage. Pha tim kiém dugc thuc nghi¢m trén
méy PC CPU Intel Core i7-6500U CPU @ 2.50GHz, 8.0GB RAM, hé diéu hanh Windows
10 Pro 64 bit.
3.2. Ung dung va két qud thuc nghiém

Trong bai bao nay, chiing toi tién hanh thuc nghiém trén b anh MS-COCO gbém 5000
anh duogc chia thanh 80 phan 16p. Ung dung thuc nghiém duoc minh hoa trong Hinh 5.

my' Content - based Image Retrieval = a X

@ox il Rdeor: efratlandon - | Thursirad &

0.121721587088037 0 0 0.243555256668908 A
0.000448329970858552 0 0.0198386012104509
0.0146828065456176 0.000112082492714638
0.0262273032952253 (.240641111858328
0.000112082452714638 0 0.0056041246357319
0.190540237614885 0 0 0.000224164985429276
0.0196144362250616 0 0.034409325263393300 0
0.0822685496525443 0.0531702751223704 0 0
0.252980620214513 5.20654852513541E-05 0
0.006945696 70558991 0.0148532322658851
1.5344248208555E-05 0.0147765110248423

Bl |0.163891915115619 3.0688456417118E-050
0.00533575837657854 0.3304 14601586595 0
4.60327446256771E-05 3.0688496417118E-05
0.0110785472065796 0 0.027727056512866200 0
0.0266069263936413 0.163392 0.1426751 0.1681641
N1 3072111 N 3116704 A JNITAR N 1/G4GNT N 1RNLEIR

ﬁme Database
() COREL ) Wang (O Oxford Flowers 17 () CaltechBind-200 () Visual Genome (@ MS-COCO

i Improved ST Testing Close
o Retreval Improved-RST
Precision: 74.99%  Recal: 6457% Fmeasure: 6962% Cuerytime fme): 83me DONE!

Hinh 5. Giao dién truy van anh trén cdu triic Improved-RST
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Pé danh gia hiéu qua ciua phuong phéap tim kiém anh, phan thyc nghiém duoc danh gia
cac gia tri gdm: do chinh xac (precision), d phu (recall) va d6 do dung hoa F-measure. Két
qua thye nghiém dugc thé hién nhu trong Hinh 6.

Procision-Recall on MS-COCO dataset
R B T R T i e T it

precision

D 01 02 03 04 05 06 OF 08 09 1 0 ©1 02 03 04 05 06 OF DB 09 1
all false positive ral

Hinh 6. D¢ chinh xdc, dé phii va dwong cong ROC cua bé dir liéu MS-COCO

Mbi duong cong trén d6 thi mo ta két qua truy van tir mot cha dé anh trong bo dit MS-
COCO, mbi diém trén dudng cong 1a mot hinh anh theo timg cha dé. Pong thoi, duong cong
tuong tmg trong db thi ROC cho biét ty 1¢ két qua truy van dung va sai, nghia la dién tich
dudi dudng cong nay danh gia tinh dung dén cia cac két qua truy van. Dién tich AUC dudi
dudng cong cia d6 thi ROC nam trén dudng baseline, cho thiy két qua phén loai trong bai
bao cua ching to6i 1a dung.

Dé danh gia hidu suét cta phuong phap dé xuat, chiing t6i so sanh két qua thyc nghiém
v&i cac cong trinh trude day trén by anh MS-COCO duogc trinh bay trong bang sau

Bang so sanh do chinh xac trung binh voi cac phwong phap khac

Methods MAP Dataset
Cao, Y., 2018 (Cao et al., 2018) 70.13 MS-COCO
Cao, Z., 2017 (Cao et al., 2017) 73.62 MS-COCO
CBIR-iRST 77.39 MS-COCO

4.  Két luan va kién nghi

Trong bai bao nay, chung toi di xay dung mot ciu trac Improved-RST, mot cai tién cua
céu tric RS-Tree, 4p dung cho bai toan tim kiém anh. Trong cau tric nay, thuat toan thém
phan tir dwoc cai tién dé can bang dir liéu trong cay, dong thoi han ché thoi gian tach nut trén
ciy gitp tang thoi gian tao cdy; thuat toan thém phan tir vao cdy dugc cai tién bang cach st
dung bang bam dé luu trit cac phan tir thudc nit tran nham tao do tré cho qua trinh tach nut.
Tur d6, mot mo hinh truy van anh tuong tu dugc dé xuét két hop mang hoc sau Faster R-
CNN va céu trac Improved-RST dé nang cao hiéu suat truy van. Trong mé hinh nay, mang
hoc sau Faster R-CNN duoc str dung dé phan 16p cho tap dit liéu anh va anh dau vao. Céac
d6i twong duoc trich xuét dic trung va duoc luu trit trén cau tric cdy Improved-RST nhim
nang cao hiéu qua cho vi¢c tim kiém tap anh tuong tu. Két qua thuc nghiém trén b dir li¢u
anh MS-COCO c¢6 d6 chinh xé4c 1a 77.39%. Theo két qua thyc nghiém cho thay tinh hiéu
qua so voi cac cong trinh khac trén cung mot tap dir li€u anh.
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7

% Tuyén bé vé quyén lgi: Céc téc gid xéc nhan hoan toan khéng cé xung dot vé quyén loi.
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ABSTRACT

In this paper, an image retrieval model using the R®-Tree and the Faster R-CNN deep learning
network is proposed to enhance query performance. In this model, the following tasks are performed:
(1) the R®-Tree is improved by the node separation algorithm to enhance the efficiency of the
clustering vectors feature of the multi-object image set; (2) the R-CNN deep learning network is used
to detect and classify objects in images; (3) bounding boxes containing objects in an image is
extracted with low-level features and stored on the R3-Tree. For each input image, the system detects
and classifies each object using the Faster R-CNN deep learning network, extracts low-level features
of the image, and performs a process of image retrieval based on the RS-Tree. The experiment is
performed on the MS-COCO multi-object image set of 5000 images with an accuracy of 77.39%.
The experimental results are compared with related works to demonstrate the effectiveness of the
proposed model.

Keywords: clustering; image Retrieval; R-CNN; RS-Tree
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