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Tém tat. Tim kiém anh da d6i twong la mot bai todn quan trong trong linh vuc tra cu anh
do su da dang va tinh phtic tap ctia hinh anh. Trong bai bao nay, mot phuong phap tim kiém
anh da d6i twgng dya trén mang R-CNN va cdu triac KD-Tree duoc dé xuat nhim phét trién
nhiing vu diém ctia mang R-CNN trong viéc xac dinh va phén loai ting d6i twgng riéng biét
trén anh, déng thoi két hop véi ciu triic KD-Tree trong viéc luu trit hinh anh da mang lai hiéu
sudt truy van cao va thoi gian tim kiém 6n dinh. D€ giai quyét bai toan nay, chung tdi trich
xudt va phan 16p cac ddi twong trén tp dit liéu hinh anh bﬁng m6 hinh mang R-CNN va luu
trit trén c&u trac KD-Tree. Tir d6, mdi anh dau vao duwoc phan doan theo tirng ddi tuong, trich
xudt vector ddc trung va thwc hién tim kiém tap anh tuong tu dwa trén cdu tric KD-Tree. Trén
co s& d6, mét mo hinh tim kiém anh dua trén mang R-CNN va cdu tric KD-Tree duoc dé
xuat. D& minh chting cho tinh ding dan ctia co so ly thuyét da dé xuat, thuc nghiém duoc
xay dung trén bd anh COCO véi hiéu suat tim kiém anh 1a 0,6898. Két qua thuc nghiém duoc
so sanh véi cac cong trinh khac cung trén bo dit liéu; diéu nay minh chiing cho tinh kha thi
va hiéu qua ctua phuong phap dé xudt, dong thoi cé thé tng dung cho cac bo anh da doi
twong.
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Abstract. Multi-object image retrieval is a crucial problem in the field of image retrieval
because of the diversity and complexity of digital images. In this paper, a method of multi-
object image retrieval based on the R-CNN network with a KD-Tree structure is proposed to
benefit from the advantages of the R-CNN network in identifying and classifying each object
on the image separately; at the same time, the KD-Tree structure has high storage capacity
and stable retrieval time. To solve this problem, we extracted the objects on the image data
set, classified them with the R-CNN network model, and stored them on the KD-Tree
structure. Then, each input image was segmented according to each object; the feature vector
was extracted, and a similar image set was retrieved based on the KD-Tree structure. On this
basis, a model of image retrieval using the R-CNN network and KD-Tree structure was
proposed. To demonstrate the correctness of the proposed theoretical basis, we developed an
experiment on the COCO image data set with an image retrieval precision of 0.6898. The
experimental results were compared with other works on the same data set. This comparison
proves the feasibility and effectiveness of the proposed method, which can be applied to
multi-object images.

Keywords: R-CNN, KD-Tree, Multi-object image, image retrieval, similar images
1  Gidi thiéu

Su phat trién ctia cac loai thiét bi dién tix lam cho dit liéu da phuong tién gia ting nhanh
theo thoi gian, dac biét 1a anh da d6i twgng [1, 2]. Ngay nay, s6 lugng anh da d6i tugng gia tang
nhanh vé s6 lugng va da dang vé chung loai thudc nhiéu linh vuc cling la thach thic cho bai toan
tim kiém anh da d6i twong. Hon nita, viéc xac dinh va bdc tach tig ddi twong riéng biét trén
anh da ddi twong d€ c6 hiéu suat cao la mot bai toan phtic tap. Sau khi phan doan va phan 16p
ting d6i twong trén anh, viéc lwa chon mot ky thuat hoc mdy dé thuc hién bai toan tim kiém anh
d€ c6 hiéu suét truy van cao ciing 1a mot thach thie. Vi vay, bai toan tim kiém anh da d6i tuong
duoc nhiéu nhém nghién ctru quan tam cai tién va nang cao hiéu sudt va thoi gian truy van on
dinh. Hién nay, c6 nhiéu phuong phap d€ thuc hién qua trinh phat hién va phan loai ting d6i
twong trén anh da d6i twgng nhuw R-CNN (Region Convolutional Neural Network), Fast R-CNN,
Faster R-CNN [12, 13]. Trong bai bao nay, mdi hinh anh dau vao dwoc phan doan thanh cac viing
d&nhan dién ddi tuong bang mo6 hinh mang R-CNN d6ng thoi phan loai tiing d6i tuong trén mi

hinh anh da mang lai hiéu suat cao.

Hiéu suét tim kiém cua bai toan truy van anh chiu anh hudng cua qua trinh luu tré va to
chutc dit liéu. Pong thoi, mot cdu tric dit liéu lvu trie hinh anh 1a yéu t6 anh huong dén thoi gian
tim kiém. Hién nay, c6 mét s6 cau truc dir liéu dang cay dugc ting dung nhiéu trong bai toan tim
kiém anh nhw S-Tree [3] va KD-Tree [4, 8, 14]. Trén co sd k& thira cau tric di liéu da chiéu, KD-
Tree duoc st dung cho qua trinh luu trit d€ tim kiém tdp anh twong tw véi anh dau vao dugc
danh gia 1a kha thi va hiéu qua thong qua cac cong trinh [4, 9]. Trong bai bao nay, mdi hinh anh
sau khi thuc hién phan doan theo tirng d8i tiong, phan loai bang mé hinh R-CNN va trich xuat
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vector dac trung dwoc luu trix tai nat 1a trén KD-Tree (k-Dimensional Tree). Tai mdi nut 14 1a tap
hop cac hinh anh ¢6 d6 tuwong tw gan nhau nhat. Ciu truc KD-Tree duoc danh gia véi kha néng
mé rong s& nut 14 dé dang, phit hop cho nhitng bo anh c6 kha nang mo rong sd phan 16p, mo
rong kha nang lweu tri va thoi gian tim kiém 6n dinh do cau tric KD-Tree da nhanh can bang [9].
Vi vdy, dé€ phat trién nhitng wu diém tir viéc phan 16p anh bang mo hinh mang R-CNN va phuwong
phap luu tri, tim kiém anh trén cdu trac KD-Tree nén mot phuong phap két hop mang R-CNN

véi cau triic KD-Tree dugc dé xuat thuee hién trong bai béo nay 1a can thiét va dtng dan.

DPéng gép ctia bai bdo gom: (1) Trich xudt va phan 16p ting d6i teong trén anh bang mang
R-CNN; (2) Trich xuat vector ddc trung va xay dung cau trac KD-Tree d€ luu trit dit liéu hinh
anh da phan doan; (3) Bé xuat mé hinh tim kiém anh; xay dung thuc nghiém trén bo anh da doi
twgng COCO [5] va so sanh véi mot s6 cong trinh khac trén cung b dit liéu. Két qua thwe nghiém

cho thdy hiéu suét truy van anh dya trén mo hinh dé xuat la kha cao.

Phan con lai ctia bai bao bao goém: Phan 2 khao cac cong trinh nghién ctru lién quan vé trich
xuat va phan loai d&i twong bang mang R-CNN, ciu triic KD-Tree cho bai toan tim kiém anh;
Phén 3 trinh bay mo hinh mang R-CNN d€ phat hién va phan 16p d6i twong; Phan 4 xay dung
cau trac KD-Tree d€ luu trit dit liéu hinh anh; Phan 5 d¢é xudt moé hinh truy van anh; Phan 6 xay
dung thuc nghiém va danh gia két qua; két luan va hudng phat trién tiép theo dugc trinh bay
trong Phan 7.

2 Cac cong trinh lién quan

Trong bai bao nay, qua trinh tim kiém anh da d6i twong duoc thuc hién qua cac giai doan
gom: (1) Trich xudt cac d6i teong thi giac trén anh va phan 16p d6i tuong; (2) xay dung cau trtic
KD-Tree luu trit va tim kiém anh tuong tw dua trén cau trac dix liéu da xay dung. Vi vay, mot s6
cong trinh duoc khao sat vé trich xuat va phéan loai d6i twong mang R-CNN va tim kiém anh
bang c&u tric KD-Tree nhdm phan tich wu nhuwroc diém ctia tling phuong phap d€ dua ra phuong
phap két hop mang R-CNN va ciu triac KD-Tree d€ giai bai toan tim kiém anh da d6i twong va

nang cao hiéu sudt truy van.

Chiao va cs. [6] da thuc hién mdt phuong phap phat hién va phan loai cac khéi u va st
dung mat na R-CNN trén anh siéu am. Muc dich ctia bai bao la xay dung mo hinh phat hién,
phan doan va phan loai tw dong cac ton thuong vu béng hinh anh siéu am. Dya trén ky thuat hoc
sau, mot ki thudt st dung cdc vung mdt na véi mang lwdi than kinh phirc hop da dwgc phat trién
dé phat hién ton thwong va phan biét gitra lanh tinh va ac tinh trén hinh anh. D6 chinh x4c trung
binh trung binh 1a 0,75 cho viéc phat hién va phan doan. D6 chinh xac tong thé cua phan loai lanh
tinh va ac tinh trén hinh anh 1a 0,85. Cong trinh nay duoc danh gia la kha thi va tng dung t6t cho
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linh viec phat hién sém bénh ung the v qua hinh anh bidng mang R-CNN. Bén canh d¢,
Kuznetsova va cs. [7] da dé xuat mot phwong phap phan tich ngir nghia treec quan hinh anh. Céng
trinh nay da trinh bay mét bg swu tap gom 9,2 triéu hinh anh (COCO, PASCAL VOC) duoc chu
thich thong nhét &€ phan loai hinh anh va phat hién d&i twong bang mo6 hinh mang R-CNN. Sau
d6, cac moi quan hé truc quan gitra cac doi twong duwogc xac dinh dya trén trén anh dau vao.
Phuong phép dé xudt nay duoc danh gia la kha thi, hiéu qua va ap dung cho nhiéu bd anh da d6i

tuong khac nhau.

Ram va cs. [10] st dung ky thuéat tim kiém lang giéng k-NN dua trén cau truc KD-Tree.
Viéc két hop nay nham cai tién hiéu sudt tim kiém bang cach xay dung cdy phan ving khong
gian ngau nhién d€ thyc hién cac lwgc d6 tim kiém theo cau truc KD-Tree. Tac gia da chiing minh
tinh hiéu qua vé thoi gian truy van ciing nhw hiéu sudt tim ki€m. Trong cong trinh nay, tac gia
dé cap t6i hai cai tién: (1) cai thién d6 phtc tap tong thé giai thuat tim kiém; (2) thuc hién da chi
muc trén cay KD-Tree d€ nang cao hiéu qua tim kiém vé mat thoi gian. Cling thoi diém nay, Chen
va cs. [11] da st dung hai ky thuat tim ki€ém lang giéng RNN (Range Nearest Neighbors) va NN
(Nearest Neighbors) dua trén cdy KD-Tree. Ky thuat RNN nham giam cac tinh toan khoang cach
khong can thiét bang céch kiém tra vi tri cia d6i twong dang xét nam bén trong hay bén ngoai
vung lan can cua diém can tim. Ky thuat NN dugc st dung d€ giam cac nut truy cap du thira
bang cach luu chi s8 truy cap cac diém lang giéng. Thiee nghiém chitng minh tinh hiéu qua ctia

viéc két hop cac thuat toan tim kiém lang giéng RNN, NN va kNN trén cay KD-Tree 1a hiéu qua.

Zhang [17] va cs. da thuc hién xay dung cau tric Vocabulary-KDTree nham thuc hién bai
toan d6i sanh hinh anh. Trong cong trinh nay, nhom tac gia da thuc hién hai qua trinh: (1) phan
cum dit liéu hinh anh theo tinh chéat twong dong va (2) d6i sanh dit liéu truc tuyén véi mot anh
dau vao. Cau tric Vocabulary-KDTree dua trén ddc trung SIFT (Scale-Invariant Feature Transform)
béng cach diéu chinh trong s& tai cac nit trén cay. Cdu tric Vocabulary-KDTree duoc chia thanh
hai nhém: (1) nhém chira cac dac trung hinh anh va (2) nhém cac nat 1a thye hién diéu chinh cac
trong s6 lién quan dén qua trinh huén luyén dé€ xay dung Vocabulary-KDTree. M6 hinh truy van
anh duogc thiec hién theo hai pha. Tai pha offline, mdi hinh anh sau khi trich xuat dic trung duwoc
d6i sanh va gom cum véi cau triac KD-Tree; tir d6 xay dung cay Vocabulary KD-Tree va thuc
hién gom cum lai trén c4u trac nay. Tai pha online, mét anh dau vao sau khi trich xuét ddc trung
duoc so sanh ddc trung nay voi cau trac Vocabulary KD-Tree, tim ra tit khoa lam co so so sanh
v6i dac trung da trich xuat. Cudi cung, loc bo nhiing bat thuong trong két qua tim kiém va tra vé
két qua tot nhat.

Narasimhulu va cs. [18] da dé xuat mot phuong phéap tim ki€ém anh tuong tw dwa trén cdu
tric KD-Tree. Ttr m6t &nh dau vao thuc hién tim kiém trén cau triac KD-Tree béng thuat todn tim

kiém theo s6 lang giéng nhiéu nhat d€ lam can ctt xac dinh phan 16p cho hinh anh. Cudi cing, tac
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gia dung thang do khoang cach dé thyc hién phan 16p cac tap dit liéu hinh anh huan luyén. Trong
cong trinh nay, cay KD-Tree duoc st dung truc tiép dé luu trik dir liéu va phan 16p cho mot anh
dau vao véi két qua tot ma khong mat nhiéu chi phi trung gian. Pay la mot m6 hinh dwoc dé xuat

cho bai toan phan 16p va tim kiém anh dwa vao cau trac KD-Tree va dugc danh gia la kha tét.

Nhiing cong trinh nghién ctru trén cho thay tinh kha thi cho bai toan trich xuét va phan
loai d6i tong bang R-CNN va tim kiém anh bang cau tric KD-Tree. Tuy nhién, sy két hop giita
ky thudt R-CNN va cau tric KD-Tree d€ nang cao hiéu qua cho bai toan tim kiém anh da d6i
twong con han ché vé s6 luong. Vi vay, trong bai bdo nay, mot mé hinh trich xuét, phan loai doi
twgng, trich xudt vector ddc trung va luu tri trén cau trac KD-Tree duwoc ap dung cho bai toan
tim kiém anh da ddi twong va dugc thue hién nham két hop nhitng wu diém hién ¢ ctia ki thuat
mang R-CNN va ciu trac KD-Tree.

3  Mang R-CNN phat hién va phan 16p déi tuwong

Nang cao hiéu suat phat hién d6i teong 1a mét trong nhitng nhiém vu thach thic trong thi
giac may tinh. Hién nay c6 nhiéu cong trinh stt dung mang R-CNN [1], Fast R-CNN va Faster R-
CNN [12] d€ phat hién c4c doi tuong riéng biét trén anh. Muc dich cua qua trinh phat hién d6i
tuong 1a phan loai ddi twong, nhan dang ddi twong, nhan dang mau, dinh vi d6i tuong trén anh,
tim m&i quan hé gitra cdc ddi twong trén anh, v.v. Vi vy, mang R-CNN la mot ky thuét tién tién,
duoc st dung rong rai trong cac cong trinh da cong b trong nhitng nam gan day. Kién tric cua
mang R-CNN gom ba thanh phan: (1) trich xudt vung dé xudt doi tuwong (Region proposal), c6 tac
dung tao va trich xudt cac vung chtra vat thé duoc bao boi cac bounding box; (2) trich xudt dac
trung (Feature Extractor), giip nhan dién hinh anh tir cac region proposal thong qua mang CNN;
(3) phén loai (classifier), dya trén anh dau vao la cac dac trung d€ phan loai hinh anh chtra trong
vung dé xudt vé dung nhan (Hinh 1) [1, 12, 13].

Mang R-CNN duoc danh gid la hiéu qua cho cac bai toan phat hién d6i teong, phan loai
d6i tuong trén anh do nhitng wu diém nhu hiéu sudt phat hién d6i twong va phan loai d6i tuong
cao; mot vu diém khéc la mang R-CNN ¢ thé trich xuét cac tinh ndng cta hinh anh mot cach tw
dong. Tuy nhién, nhwoc diém ctia phuwong phap phat hién va phan loai d6i tuong trén R-CNN la
né phai vuot qua nhiéu giai doan doc 1ap trong do cé trich xudt déc trung tiv mot mang CNN
trén tiing vung dé xuat tao tir vung chira anh. Trong bai bao nay, uvu diém ctia mang R-CNN
duoc tng dung dé€ phat hién va phan loai tiing d6i twong trén anh voi hiéu suat phan loai cao.
Qua trinh phat hién va phan loai d6i twong trén anh béng mang Mask R-CNN dwgc minh hoa
trén Hinh 1.
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¥ Object detection using Mask R-CNN _ o X

File  Process

Hinh 1. Minh hoa phat hién va phan loai d6i twong bing Mask R-CNN

M&i hinh anh sau khi trich xuét titng ddi twong trén anh bang mang R-CNN la két qua cta
qud trinh trich xuét vector ddc trung ctia anh phan doan. Trén co s nay, moi viing anh duoc
trich xuét déc trung theo cac nhém dic trung vé dién tich, chu vi, mau sic, hinh dang va két cau
gom 81 thanh phan cho mdi viing anh. Qua trinh trich xuét vector dic trung c6 81 thanh phan
duoc ké thira tir cOng trinh [4] va minh hoa trén Hinh 2.

0.476674855587278, 0.00112874311134719, 0.00065068720536485, 0, 0.0987849412389616, 0.00929553150521214,
0.083327800278866. 0.000265586614434633, 0.0266117787663502, 0.00654671004581369, 0.0459863222893566,
0.0877232587477591, 0, 0, 0.00600225748622269, 0.0235176947081867, 0.205882352941176, 0.523882352941176,
0.132666666666667. 0.639176470588235, 0.467450980392157. 0.228078431372549, 0.79843137254902, 0.237803921568627,
0.0970588235294118, 0.310066740823137, 0.456757568259599, 0.382627921520212, 0.516148225747633, 0.551150176953573,

0.0, 0. 0. 0.467450980392157, 0. 0. 0. 0. 0.205882352941176, 0.523882352941176, 0.132666666666667, 0.639176470588235, 0,
N 279N72421277R4Q N 7024212796480 N 2279N2021RERETI7 N NATNRARIIRIAAT1R N N NERTRTINIVNEINIT

Hinh 2. Minh hoa trich xuét vector ddc trung hinh anh goém 81 thanh phan
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4  Ciutrac KD-Tree cho tim ki€m anh da d4i tuwong

41 XAy dung ciu truc KD-Tree luu trit anh phan doan

Mbi hinh anh sau khi phéan doan d6i twgng va trich xuat thanh cac vector dac trung duoc
luu triv trén cau truc KD-Tree [14]. Muc dich xay dung cau truc KD-Tree d€ luu trir hinh anh da
phén doan 1a lam cho qua trinh tim kiém nhanh va hiéu qua. Bén canh d6, cau trac KD-Tree ¢
kha ndng mé rong s6 nhanh da duoc chiing minh tir cong trinh [9]. Vi vdy, trong bai bao nay,
mdt cai tién khac 1a mdi hinh anh dwoc phéan doan theo d6i tuong béng mang R-CNN trudce khi
luu tri trén cdu trac KD-Tree. Theo d6, nghién ctru nay dé xuat thuat toan xay dung cau trtc
KD-Tree dua trén tap vector ddc trung vung anh déi tuong duoc dé xuat. Trong thuét toan 1,
ham ExtractFeature duoc k€ thira tir cong trinh [4] con ham RCNN dwgc thye hién d€ phan doan
anh dya trén mang R-CNN.

Thuit toan 1: Xay dung cdu truc KD-Tree
Input: Image data set COCO

Output: KD-Tree

Function BKDT (F, W, h, n)

Begin

Initialize height h, number of branches n;
W = Initialize(random a set of vectors weight);
Nodei.w = Wi;

Segment-image = RCNN(Image I);

Fi = ExtractFeature(Segment-image);
KD-Tree = Initialze(Fi, W, h, n);

Insert each vector Fi into KD-Tree;
Return KD-Tree;

End.

Goi 1 1a s6 phan tr trong tap F dé€ thuc hién xay dung cay KD-Tree va h la chiéu cao cua
cay. Khi xay dung cay KD-Tree, thuat toan 1 cho phép thém n phan t vao cdy c6 chiéu cao 1a h.

Cay KD-Tree la cay can bang nén khi thém phan tr vao cay, moi phan tir déu phai duoc duyét tir
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nut géc dén nat 14. Vi vay, chi phi d€ xay dung cay KD-Tree chiéu cao & ¢6 n phan tix 1a O(n x h).
Vihla h?mg s0, nén do phtic tap cua thuat toan 1 1a O(n).

Sau khi xay dung cau truc KD-Tree gom mot ntt goc (Root) va cac nut trong (Nodei) luu tri
tap vector trong so, cac nut 1a (Leaf) luu trix tap vector hinh anh c¢6 d¢ tuong ty gan nhau nhat.

Cau truc KD-Tree dugc minh hoa trén Hinh 3.

fi = (Xi1,Xj2,-Xin)

; o FE{fETm (X Xk, Xkn)}

Leaf; Leafs Leafs Leafy ¥ eafneq Leafy Leaf+4 Leafk+g-: Leaf4s

Hinh 3. Minh hoa ciu triaic KD-Tree

4.2  Huén luyén ciu trac KD-Tree

Ban dau cdu trac KD-Tree duoc xay dung véi b vector trong sd luu trix tai cadc nut trong
12 ngau nhién nén hiéu sudt phan bg anh twong tw tai ntt 14 chura cao. Vi vy, can phai diéu chinh
vector tai cac nut trong ctia KD-Tree d€ qua trinh chen vector dic trung hinh anh vao KD-Tree
sao cho nat 14 chita cac hinh anh cung mét phan 16p la nhiéu nhat. Thuat toan 2 ké thira cac ham
SetLabel2Leaf va UpdateWeight tir cong trinh [4, 9]. Qua trinh huén luyén vector trong s6 duoc
thuc hién lién ti€p theo cac tap Epochi dix liéu va duoc trinh bay nhw sau:

Thuét toan 2: Hudn luyén trong s6 trén KD-Tree

Input: Set of initialized weights, Epochi
Output: Set of training weights
Function TKDT (InitW eight, Epochi)
Begin

Weight = InitWeight();

repeat
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BKDT(Epoch;, InitW eight, h, n);

SetLabel2Leaf (KD-Tree, ListLabels);

Pi = SumofV ectorRightLabel()/SumofV ectorinEpochi ();
Road (fwrong) = LeafWrong.Road;

Road (f.right) = LeafRight.Road;

Get(Nodew)inRoadf,w;

NewW eight = UpdateWeight(Nodew, Roadf,w);
BKDT (Epochi, NewW eight, h, n);

SetLabel2Leaf (KD-Tree, ListLabels);

Pj = SumofV ectorRightLabel()/ SumofV ectorinEboli();

until (Pj < Pi);

Weight = NewWeight;
foreach (SubTree) do
F =Find(fj in SubTree);

WeightSub = TKDT (InitWeight, SubTree.F);
endForeach

Weight = NewWeight U WeightSub;

Return Weight;

End.

Goi p la s6 lan diéu chinh véc-to trong s6; h 1a chiéu cao cdy; m la s6 phan tit tham gia vao
qua trinh xay dung cay theo ting Epochi. Qua trinh hudn luyén cau tric KD-Tree duoc thuee hién
thong qua viéc cap nhat trong s6 d€ tao cay va gan nhan tai nat la. Vi vay, chi phi d€ thuc hién
thiec hién thuat toan 2 1a (p x h x m). Vip, hlacac h:?mg s0 nho nén d6 phtec tap cua thuee hién thuéat
toan 2 la O(m).

5 Mo hinh tim kiém anh dua trén R-CNN va KD-Tree

5.1 M6 hinh dé xuat

Trén co s& két hop mang R-CNN va cau truc KD-Tree dé ap dung cho bai toan tim kiém

anh da doi tuong, chung to6i dé xudt mo hinh tim kiém anh (Hinh 4).

M6 hinh tim kiém anh da d6i tuong dua trén mang R-CNN va cdu tric KD-Tree gom hai

pha: Pha tién xtra ly va pha truy van véi cac bude nhu sau:
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@™
)
®)
(4)
©)

Pha tim kiém

Phét hién va phan loai d6i twong trén anh bang mang R-CNN

Trich xudt vector dac trung hinh anh da phan doan

Xay dung cdu tric KD-Tree luu trit hinh anh

Anh d4u vao dugc phat hién va phan loai bing mang R-CNN

Trich xuét vector dac trung cho anh dau vao theo timg vung déi twong

Tim kiém trén KD-Tree d€ trich xudt tap anh twong tw véi anh dau vao

Object_1

Object_n

Tap anh twong tw | g Truy van )

Anh dau vao .

objectt (01) |}

Object_k (OK) ||

Class_1 :

Class_k

Hinh 4. M6 hinh tim kiém anh dwoc dé xuét triac KD-Tree

5.2 Thuat toan tim kiém anh twong ty dua trén ciu trac KD-Tree

Sau khi xay dung cdu truc KD-Tree, cac nut 14 luu trix tap dit liéu hinh anh. Vi vay, qué

trinh tim kiém tap anh twong tu v6i mot anh dau vao (I) can phai duyét tir nit géc dén nut la.

Néu cac vector ddc trung ctia vung anh phan doan cta anh I thudc vé mot nut 1a leafi thi trich

xudt tap anh tuong tw la tap anh tai nuat 1a leafc. Trong treong hop anh I ¢6 nhiéu anh phan doan

L, ..., In va cac vector déc trung ctia anh I thudc nhiéu nat 1a khac nhau thi tap anh twong tw véi

anh [ chinh la tap cac anh thudc tap cac nat 1a ma fi tim dwoc.

Thuat toan 3: Tim kiém anh tuong tu dya trén KD-Tree va mang R-CNN

Input: Tap vector dac trung F= { f” } ctia anh I, KD-Tree

Output: Tap anh tewong tu CI
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Function RKDT(F, KD—Tree)
Begin
Cl =g,
Foreach (fi € F) do
Browsing from root to leaf on KD-Tree;
If (fi € leafk) then
CI = leafx.{fx};
Endif;
EndForeach;
Return CI;
End.

Goi h 1a chiéu cao cua cdu truc KD-Tree; k 1a s6 nhanh t0i da tai Nodei bat ky, dit liéu dau
vao la vector ddc trung fi c6 n chiéu. Khi truyén vector fi vao KD-Tree, thuét toan 3 duyét qua cac
mturc cua cay. Tai mdi muec trén KD-Tree chon mdt nut t6t nhat va di theo hudng da chon. Do do,
tai moi mikc c6 t6i da k phép so sénh d€ chon ntit t8t nhat. Mbi Ian so sanh thuat toan 3 duyét qua
n phan tt ctia vector fi. Vi vay, tai mdi mikc s8 phép toan t&i da 1a k x n. Cay c6 chiéu cao h, nén
s6 phép toan t6i da dé€ duyét tir goc dén 14 theo mot hwdng duoc chon 1a k x 1 x h. Vi h, k 1a hang
s0 nho, nén dd phtic tap cua thuat toan phu thudc vao n. Méc khac, s6 chiéu vector fila ¢6 dinh
ban dau nén n ciing 1a hang s6. Goi C 1a gi tri hang s6 vak x h x n<Cnénk x h x n < C x 1. Vay
do phtrc tap cua thuét toan 3 1a O(1).

6 Thuc nghiém va danh gia

6.1 Ditliéu va méi treong thwec nghiém

B anh COCO (Microsoft Common Objects in Context) la bo anh da déi twong, da dang va c6
nhiéu phan 16p va dugc sit dung dé€ phat hién d6i tuong, phan doan, phat hién diém chinh va
phu dé quy md 16n. Bo dit liéu bao gom 163.957 hinh anh. Sau khi thuc hién phan 16p anh bang
mang R-CNN, bo anh COCO c6 79 phan 16p dugc stt dung cho thuc nghiém trén tap Validation
gom 5.000 anh.

Moi truong thue nghiém hé tim kiém anh tuong tu (IR-KDT) duoc xay dung trén nén tang
dotNET Framework 4.5, ngdn ngtt lap trinh C#. Cau hinh mdy tinh: Intel(R) Core™ i5-5200U,
CPU 2.7GHz, RAM 16GB va hé diéu hanh Windows 10 Professional.
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6.2 Xay dung thuc nghiém

Thue nghiém xay dung hé truy van anh IR-KDT gom xdy dung ciu trac KD-Tree d€ luu
tret hinh anh ctia bd COCO da phan doan tai cac nat 14 (Hinh 5). Dya trén s phan 16p ctia bd anh
COCO dé xac dinh s6 nhanh va chiéu cao phtt hop cho KD-Tree. Sau khi xdy dung xong ciu truc
KD-Tree, ching t6i tim tdp anh twong tw dwa trén KD-Tree va R-CNN (Hinh 6). Mot tap anh
twong tw véi mot anh dau vao 000000100510.jpg (bd anh COCO) duoc minh hoa trén Hinh 7.

7 Create KD-Tree _ 0O %

0.09841293577888323, 0, 0, 0.020813725190995, 0. 0. 0. 0. 0.
0.0586262601601204, 0.00581886247342346, 0, 0. 0.0508845281329793,
0.0146895758944466, 0, 1.01728364919991E-05, 0.00349945575324768,
0.226396476129439, 0. 0.0135196996978668, 0. 0. 0. 0.627328307952106.
0.855411764705882, 0.867176470588235, 0.874156862745098,
0.889882352941177, 0.889882352941177, 0.889058823529412,
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0.9085693359375, 0.495447701263636, 0.502038733710073,
0.530899840457109, 0.458226517280721. 0. 0. 0. 0. 0.885882352941177,
0.889058823529412, 0, 0.458313725490196, 0.885411764705882,
0.855411764705882, 0.867176470588235, 0.874156862745098,

A AAAAAAAFrANA44TT A A A ANA4ATIAITIArANAAr A A A ArAr
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Hinh 5. Xay dung KD-Tree

7% Image Retrieval using R-CNN and KD-Tree = O X
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Hinh 6. Hé tim kiém anh IR-KDT
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7% Image Retrieval Experimental Results = O X
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Hinh 7. Két qua truy van trén KD-Tree stt dung R-CNN

Két qua thuc nghiém hé tim kiém anh IR-KDT bao goém d6 chinh xac trung binh (Precision),
dd pht (Recall), @ dung hoa (F-measure) va thoi gian truy van trung binh (Time query) tinh bang
mili gidycua hé truy van anh IR-KDT (Bang 1).

Béang 1. Hiéu suét tim kiém anh ctia hé IR-KDT

Tap anh Precision Recall F-measure Time query (ms)

COCO 0,6898 0,6472 0,6678 109,02

Két qua thuc nghiém danh gid mo hinh truy van anh dé xuat duoc thyc hién trén 5.000 anh
v6i bo dit liéu COCO. D9 chinh xac trung binh duoc 1dy theo TopK (K = 5). Két qua tim kiém anh
trung binh trong hé IR-KDT duwoc minh hoa bang d thi duong cong ROC trén Hinh 8. Mbi duong
cong trén d6 thi mo ta két qua truy van voi do chinh xdc va d pha cua mét chu dé anh trong bo
d@ liéu COCO. Dong thoi, duwong cong tuwong tng trong d6 thi ROC cho biét ty 1é két qua truy
van dung va sai, nghia la dién tich duéi duong cong nay danh gia duoc tinh ding dan ctia cac
két qua truy van. D6 thi cho thay tinh chinh xac ctia hé truy vén tap anh COCO nam tap trung &
viing [0,52, 1,0]. Do thi duong cong ROC biéu dién cac gia tri true positive va false positive theo
dd phti recall. Cac gia tri nam tap trung trén duong co so; nhidu gia tri ndm trong ving true
positive hon viung false positive.
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Hinh 8. Buong cong Precision, Recall va ROC cho b anh COCO

6.3 Danh gia két qua thuc nghiém

Hiéu sudt ctia hé tim kiém anh dua trén méi quan hé ngt nghia (IR-KDT) dugc so sanh véi
cac cong trinh khac trén cuing bé anh COCO. Két qua so sanh duoc trinh bay trong Bang 2.

Két qua tim kiém anh tuong tw cia hé IR-KDT cao hon cac cong trinh khac trén cung bo
d@ liéu. Biéu nay cho thdy phuong phéap dé xudt cua ching toi 1a kha thi, hiéu qua va cé thé so
sanh vdi cac cong trinh khac cung Iinh vuc béi vi cac ly do sau: (1) hé IR-KDT st dung ky thuét
mang R-CNN d€ phan doan anh va phéan 16p d6i tuong nén hiéu suat phan 16p cao lam tién dé

cho qua trinh tim kiém trén KD-Tree; (2) qua trinh hudn luyén tap vector trong sd trén KD-Tree
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d€luu tri tap anh tuong tu tai nut 14 gitp qua trinh hoi tu cac anh twong ty tai nat 14 la tot nhat.
Bén canh d6, su két hop gitra ky thuat R-CNN va cau truc KD-Tree giup giai quyét bai toan tim

kiém anh da d6i tuwong hiéu qua va thoi gian tim kiém 6n dinh.

Bang 2. So sanh hiéu suét truy van anh hé IR-KDT vdi cac cong trinh khac trén b anh COCO

Phuong phap thuc hién Do chinh xac trung binh
CN MAX, TopK =5, [15] 0,391
CAMP, TopK =5, [16] 0,689
IR-KDT 0,6898

7 K&t luin va huéng phat trién

Trong bai bdo nay, hé truy van anh da doi twong IR-KDT duoc thuc hién dya trén cu triac
KD-Tree va mang R-CNN. Mot s6 két qua dat duoc gom: (1) Thuc hién trich xudt va phan loai
ting d6i tuong trén anh bang mang R-CNN; (2) xdy dung c&u tric KD-Tree dé luu trit tap anh
phén doan sau khi trich xuat dac trung; (3) dé xudt mo hinh truy van anh dya trén mang R-CNN
va cdu trac KD-Tree da xay dung; (4) dé xuat cac thuat toan xay dung KD-Tree, huan luyén trong
s0, tim kiém trén KD-Tree; (4) dé xuit md hinh tim kiém anh twong tu; (5) thuc nghiém trén bo
anh COCO v6i d6 chinh xac tim kiém anh trung binh la 0,6898 va so sanh véi cac cong trinh khac
trén cling bd anh. Trong hudng phat trién tiép theo, chiing toi sé két hop mang R-CNN trich xudat
va phan loai d6i twong, sau d6 xay dung mé&i quan hé gitra cac d8i tuong trén anh bang ciu tric
KD-Tree va thuc hién tim kiém anh theo ngit nghia dua trén ontology nhdm nang cao hiéu suat

cho bai toan truy van anh.
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