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CAI TIEN DO CHINH XAC TRA CU'U ANH
THONG QUA HOC SAU VA HQC PO DO
KHOANG CACH TOI WU
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*Khoa Cong nghé théng tin 1, Hoc Vién Céng Nghé Bwu Chinh Vién Thong

Tém tit- Tra ciru anh dya vao ndi dung duoc thyc hién
boi viéc so sanh do do tuong tu gilra bicu dién anh truy
véan va biéu dién co s¢ dit liéu anh. Do do, hi¢u qua cua
phuong phap tra cru anh bi dnh huéng rat nhiéu boi biéu
dién anh va do do tuong ty. Gan day, hoc sau dugc st
dung va dem lai hi€u qua cao trong cac bai toan phan lop,
nhan dang anh, cac dic trung anh dugc hoc bdi moé hinh
CNN mang tinh ngir nghia cao. Trong bai bdo nay, chung
t6i s& dé xuat phuong phap tra ctru anh IRDLoM (Image
Retrieval using Deep learning and optimal distance
metric) sir dung mang CNN dé xay dung bo déc trung va
tim mot phép chiéu tuyén tinh voi mot d6 do tuong ty cai
tién. Phan thuc nghiém cung cip cac két qua thuc nghiém
dé minh chimg do chinh xéac ciia phuong phap dé xuat.

Tir khoa:  Content-based image retrieval, deep
learning, similarity measures, mahalanobis metric
distance.

l. MOPAU

Tra ctu anh dya vao noi dung (CBIR—Content Based
Image Retrieval) da nhan duoc nhi¢u sy quan tam trong
thap ky qua, do nhu cau xtr ly hiéu qua luong dir liéu da
phuong tién khong 16 va ting nhanh chéng. Nhiéu hé
théng CBIR di dugc phat trién, gom QBIC [21],
Photobook [22], MARS [23], PicHunter [24] , Blobworld
[25].

Trong mot hé thong CBIR tiéu biéu, cac dic trung anh
truc quan muc thap (mau, két cau va hinh dang) duoc trich
rat ty dong va biéu dién thanh cac véc to dic trung tuong
tng cho muyc tiéu mo ta anh va so sanh d§ tuong tu. Be
tim klem cac anh mong mudn, ngudi dung dua mot anh
lam mau truy van va hé thng tra lai mot tap céc anh tuong
tu dwa vao cac dic trung duoc trich rat. Khi cac hé thong
trinh bay mot tap céc anh dugc xem 1a tuong tu ddi véi
truy van, nguoi ding c6 thé lay ra nhitng anh lién quan
nhat véi anh truy van duoc cho, va h¢ thong diéu chinh
truy van sir dung chung Phan hi lién quan dua vao cac ky
thuat CBIR khong yeu cau nguoi dung cung cap Ccéc truy
vén khéi tao chinh xac, nhung danh gia truy vén Iy tudng
Cla nguol dung bang st dung cac anh lién quan phan hoi
b&i nguoi dung.
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Do do, biéu dlén anh baéi véc to dac trung va do do
tuong tu la hai yéu t6 chinh anh huong toi hiéu qua cua hé
thong CBIR. Nang cao hi¢u qua cta h¢ thong CBIR la mét
véan dé thac‘h thirc trong nghién ciru. Dé nang cao hiéu qua,
ching ta can giam khodng trong ngit nghia trong CBIR,
khoang tréng ngir nghia thé hién nhiing han ché cua biéu
din anh béi dic trung muc thip duoc trich rat tu dong va
ngir nghia cua bic anh do con nguol cam nhan. Pé giam
khoang trong ngr nghla nay, da c6 mot sb dé xuét dua cac
k¥ thuat hoc may vao trong qua trinh tra ctu anh. Nhiing
nam gan day, hoc sau da nang cao dwoc hiéu qua cua cac
bai toan nhan dang, phan loai ddi tugng. V6i mong mubn
nang cao hi¢u qua ngay tr qua trinh xay dung bé déc trung
biéu didn anh, phuong phap dé xuat s& sir dung cau trlic
mang CNN dé xay dung bo dac trung c6 tinh nglt nghia
cao. Bén canh do, phuong phap dé xuat s& két hop ky thuat
phén 16p LDA va hoc d¢ do tuwong tu (Learning similarity
measures) dé dua mot do do tuwong tyr cai tién phd hop hon
vai dix liéu.

Y tuéng cia hoc do do khoang cach la tim mot do do
khoang cach t6i wu ma toi thieu dugc khoang céch gitra
cac cap anh tuong tu nhau va t6i da hoa khoang cach gitra
nhiing cap anh khong tuong tu. Sau d6, do do khoang cach
t6i uu nay s& dugc dung dé phan hang lai toan b¢ tap anh
va tra vé két qua. Chung t6i dé xuat mot k§ thuat hiéu ctu
anh hig¢u qua, k§ thuat co tén la IRDLoM (Image Retrieval
using Deep learning and optimal distance metric). Bing
thuc nghiém trén co so dir liéu anh gém 10. 800 anh ,
ching t6i sé chi ra su chinh xé&c ctia phuong phap dé xuat.

Phan con lai cua bai bdo dugc t6 chuc nhu sau. Trong
Phan 2, trinh bay chi tiét phuong phap dé xuat. Phan 3 mo
ta cac thuc nghiém hi¢u ning cta ching t6i va thao luan
céc két qua. Cudi cing, chung toi dua ra két luan.

II. NGHIEN CUU LIEN QUAN

Tra cau anh dya vao ndi dung str dung hoc khoang
cach da nhan duoc sy quan tam trong cong dong nghién
cau [6, 9, 13, 14, 15, 16, 17,18]. Dt liéu dau vao cua cac
thuat toan hoc khoang cach trong tra cau anh thuong dugc
chia Iam hai nhom: (1) chi xem xét dén cc cap anh tuong
tu va (2) xem xét ca c&c cap anh tuong tu va cac cap anh
khéng tuong tu.

Y tudng diéu chinh trong s6 cua ham khoang cach da
dugc &p dung vao cac hé thdng tra cau anh, chang han nhu
phuong phap SRIR [19]. Phuong phap nay thuong tan
dung thong tin cta tap anh tuong tw, xem Xét téi sy phan
tan cua dir liéu trén mdi chidu va biéu didn boi mot ma
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tran duong chéo. Tur do dua ra mét ham khodng cach
Euclid cai tién va ap dung no vao phan hang toan bo tap
anh.

Phuong phap MCML [4], cac phuong phap nay hoc
mot do do khodng cach Mahalanobis sao cho cac mau
cung mot I6p s& duoc anh xa téi cing mot diém. Bai toan
hoc d6 do khoang cach dwoc dua vé bai todn t6i vu 16i va
tim nghi¢m theo phuong phap Gradient-descent. Tuy
nhién, viéc tim nghiém cta bai todn t6i wu boi phuong
phap Gradient-descent c6 chi phi tinh toan I6n.

Phuong phap LMNN [5] véi ¥y tudng cuc tiéu khoang
céch cac mau cung nhan nam trong lan can k-NN va cuc
dai khoang cach cac mau khac nhan béi mot 18 16n hon ma
str dung ham khoang cach Mahalanobis. Y tudng nay dugc
mo hinh hoa bai mot bai toan t6i uu va giai quyét no boi
phuong phap SDP [3] tir d6 tim ra d6 do khoang céch cai
tién.

Thuat toan hoc truc tuyen cho do twong tw anh c& I6n
(OASIS) [18] duoc thiét ké chuyén biét dé lam viéc voéi
cac rang buéc cap. Tuy nhién, ching dya trén cac gia thiét
manh ve dit ligu dau vao hoic cau tric cua céc rang budc
(yéu cau dir lidu dau vao 1a cac véc to thua). Do d6, n khé
c6 thé ap dung duoc trong thuc té.

Phuong phap Xing [20] véi y tuong dua vé bai toén tdi
uu dang 16i ma cuc tiéu hda tong khoang céach cua céc cap
anh tuong ty vai rang buoc tong khoang cach cac cap anh
khong tuong ty dat cuc dai. O pha khoi tao, phuong phip
str dung ham khoang cach Euclid cai tién véi A=I. Sau do,
phuong phap Xing dua ra mét ham khoang céch cai tién
véi A la két qua cua bai toan tdi wu 16i néi trén. Tuy nhién,
phuong phap cua Xing ciing c6 chi phi tinh toan 16n do st
dung phuong phap giai Gradient-descent dé tim nghiém va
cling chua khai thac tap anh tuong tw mot cach hiéu qua.

V6i phuong phép RCA [8], y tuéng cua phuong phap
nay chi sir dung cac cdp anh tuong tu, tim mot phep bicn
doi dir lieu dya vao ma tran phuong sai sinh ra tir tap dnh
tuong tu. Tur do, cdi tién ham khoang cach Mahalanobis
bang cach thay d6i ma tran trong s6. Mic du, phwong phap
RCA nay c6 chi phi tinh toan hiéu qua hon phuong phap
cta Xing nhung phuong phiap RCA chi xem xét téi tap
anh tuong tu.

Tir phan tich vu diém va han ché caa nhiing nghién
cau lién quan ¢ trén, ching toi dé xuat phuong phép tra
cau anh véi ham khoang cach cai tién. Viéc cai tién ham
khoang cach dya trén vi¢c cuc dai héa thuong gifra téng
khoang cac cap anh khong tuong tu va tong khoang céch
cac cap anh twong tu. Trong y tuéng nay, ching ta xem
xét dugc ca tap anh tuong tu va khong tuong ty dé tim
dugc ma tran trong sé va cai tién hiéu qua cua phuong
phép tra cau.

[ll. PHUONG PHAP TRA CUU ANH PE XUAT

Phuong phdp dé xuat s& thyc hién xay dung bo dac
trung dya vao hoc su, tir K-NN sé tra vé tap anh khai tao
cho nguoi dung. Qué trinh phan hdi lién quan dwoc thuc
hi¢n, ngudi dung sé lya chon ra tap anh phi hop véi mong
mudn 1 tap mau lién quan. Lay duoc tap mau lién quan,
phuong phép s& thyc hi¢n huan Iuyen dé tim ra mot phep
chiéu tuyén tinh thoa man phuong sai gitra C4C mMAu clng
tap lién quan la cuc tiéu va cuc dai hoa phuong sai gitra
mau lién quan va khong lién quan. Sau d6, phuong phap sé
thuc hién xdy dung mot do do tuong ty cai tién
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Mahalanobis bang thuc hién tim ma tran t5i wu M trong
cbng thirc d6 do tuong tu cai tién.

A. Tong quan phwong phdp

Phuong phap tra ctru anh d& xuat IRDLOM duoc mé ta
trén Hinh 1. Phuong phép s& st dung mo hinh CNN da
dugc huan luyén trén mot tap di lidu, sau d6 sir dung ciu
tric mang lam khai tao dé trich rat dic trung muc cao, d6
1a qua trinh biéu dién anh boi Vvéc to dac trung. Khi nguoi
ding dwa vao mét anh truy van, phuong phap ciing thuc
hién trich rat dac trung twong tu nhu thuc hién véi anh co
so dir ligu. Phuong phép s& thyc hi¢n so sanh d¢ twong tu
giita véc to ddc trung anh truy van va tap véc to dic trung
cua co so dit ligu anh sir dung d6 do Euclid va tra vé tap
anh két qua khoi tao cho ngudi dung. Ngudi dung sé& thuc
hién qua trinh phan hoi lién quan, lya chon ra nhitng dnh
phu hop véi mong mudn. Tlep theo, thong tin phan hoi
bao gom tap anh lién quan va khong lién quan duoc dua
vao hoc do do khoang cach va t01 uru héa trong sb ctia ham
khoang cach cai tién. Sau do, tit ca cac anh duoc sip Xep
lai dya trén gia tri cua ham khoang cach Mahalanobis cai
tién. Néu nguoi ding chua thoa man véi cac két qua, qua
trinh phan hoi lién quan s& dwoc lap lai dé tra vé tap anh
két qua cho ngudi ding.

Co so di CNN |CSDL véc

liéu anh to déc
trung
So sanh do Phan hai Hoc d6 do
do tuong [ lién quan> tuong tu
L, Lom
CN
Truy Véc to
=1 vén diic trung
£ Phan
<| K hangtap
qua )
anh

Hinh 1. So' dé ciia phwong phdp dé xudt.

B. Biéu dién dnh si dung hoc sau

Trong nhing nim gan day, mang CNN da dem lai hiéu
qua tuyét voi trong trong linh vuc thi gidc mdy nhu bai
toan phan 16p anh, xac dinh déi tuong, phan doan ngit
nghla Tir d6, cling c6 nhiéu nghién ctu vé tra cru anh dya
vao noi dung (CBIR) st dung CNN va nhan duoc két qua
tot.

Trong [7] chi ra mét s6 cach tiép can dé cai tién hiéu
quéa cua hé thong CBIR sir dung hoc sdu trong viéc Xay
dung ra by dac trung c6 tinh ngit nghia cao hon: (1) su
dung moét mo hinh CNN d tién huan luyén va xay dung
ra bo dic trung anh dung khoang cach L, dé so sanh d6 do
tuong Ung gilta cac véc to dic trung; (2) van dung mo
hinh CNN d3 duoc tién huan luyén dé€ xay dyng ra by déc
trung, tuy nhién né cai tién bang cach st dung hoc do do
khoang cach (DML) dé c6 duoc mét do do twong ty thich
hop véi dit li¢u hon & pha so sanh d twong tu; va (3) voi
mot by dit li€u cy thé nao do, huan luyén lai mo hinh
CNN ket hop véi mot bo phan 16p cu thé, sau d6 st dung
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d6 do nhu cach tiép can (1) hodc (2) 1a hoan thién mot
phuong phap tra ctru anh str dung hoc sau.

Trong [7] da glm thi¢u cach tiép can (1) d6 cling 1a
mot trudng hop cai tién cua cach tlep can (2) Gia s,
chiing ta ¢6 hai anh trong CSDL la I; va I}, qua trinh trich
rﬁt, dac trung st dung mot mo hinh CNN da duogc tién
huan luyén trén tap dit liéu 16n, sau d6 st dung md hinh
lam khoi tao dé trich rat dic trung muc cao. Qua trinh nay
con duoc goi 1a qua trinh hoc biéu dién anh, twong tng bod
déc trung muc cao la x; va x;. B do twong tu dugc dung
dé so sanh giita hai ddc trung nay 1a L,:

- x|, (@)

Cong thirc (1) thé hién do twong ty gitra anh I; va I;, do
tuwong tu cang l6n thi dnh /; va I; cang twong tu nhau.

similarity(xl-, x]-) = ||xi

Do do tuwong tu theo cach tiép can thir (2) dé so sanh
gitra hai véc to dac trung cua anh dugc tinh bdi cong thirc
Ly:

similarity(xl-, xj)

= [lxi = x|, = G =2 A6 - x) @)

Véi ma tran A duoc hoc tir qué trinh hoc do do tuong
tw voi didu kién M 1a ma tran xac dinh duong, vi d9 twong
ty phai duong, va do tuong tu dat gi4 tri nho nhat khi
x; = x;. Do do twong tu trong cach tiép can nay sé& I cach
tiép can (1) khi ma tran A 13 mot ma tran don vi 4 = I.
Mot cach khéc, d6 chinh 1a truong hop déc biét khi chiing
ta xem xét dén sy tuong quan gitra cac thanh phan dac
trung trong cach tiep can (1). Hon thé nira, mdi thanh
phan dic trung lai co dg tuong tu khac nhau nén thuong
d6 do tuong ty & cach tiép can (2) dem lai hiéu qua hon.

Phuong phap dé xuét s& thyc hién xay dung bo dic
trung dua vao hoc sau, tir k-NN ldy duoc, phuong phép sé
thuc hién huan luyén véi mé hinh LDA. Sau do, phuong
phap s& xay dung mét d6 do tuong tu cai tién bang cach
tan dung tap mau duong lay y tuong tir cach tiép can (2)
dé xay dyng nén ma tran A trong cong thac do do tuong
ty (2), ma tran M 1a mot ma tran day du n6 sé phan anh
duogc su twong quan cua dir liéu trén tung dic trung va
gitra cac déc trung.

Thuat todn hoc biéu dién dic trung anh
(Representation |mage learning) duéi day thuc hig¢n hoc
biéu dién anh duya vao tién huan luyén mang hoc sau CNN
thu duoc tap dac trung muc cao. Thuat toan nhan dau vao
I& mot tap cAc anh va moé hinh di tién huan luyén CNN
trén bo anh ImageNet.

4. Return S

Thuét toan 1.1. Thuat toan RIL
(Representation image learning)

Input: - Tap c&c anh X = {X1 Xz, Xn} VGi Xje R™

- Mb hinh tién huin luyén M
Output: - Tap biéu dién anh S = {s15,.._sn} Vi sie R?
1. Model «— LoadModel(M);
2.59
3.fori=1,...,ndo
3.1. si«ExtractFeature(x;,Model);

3.2. S«SU Si
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C. Mot do do khodng cdch cdi tién

Cho dén nay, ciing c6 mot s6 cach tlep can hoc
khoang cach khac nhau ma khai thac tinh chat cua tap
phan hoi tir phla ngudi dung trong qué trinh tra cau anh.
Tuy nhién, cac phuong phép da co thuong chi xem xét tGi
tap mau duong (positive samples) ma chua xem xét tGi
tap miu am. Y twong co ban cua phan tich thanh phan
phan biét (DCA-Discriminative Component analysis) la
tim mot phép bién doi toi wu dan tsi mot ham khoang
cach tbi wu bang cach cyc dai hoa tong phuong sai gitra
cac phan tir khac tap mau (am hoic duong) va cyc tiéu
héa phuong sai cua dir liéu trong cuing tap mau (dm hoic
duong).

Gia sir tap anh két qua khoi tao gdbm N anh: X =
{x; }l , va mot sb céc rang buoc. Tap anh két qua khoi
tao duoc tra vé cho nguoi ding phan hoi lien quan va
dugc chia thanh hai tap phan biét 1a tap mau duong
(positive samples) va mau am (negatlve samples). Bé dat
duoc muc tiéu DCA, ching ta can xac dinh hai ma tran
phuong sai 1a €, va C,, 1a khoang céch giita cac ky vong
cua cac lop khéac nhau va khoang céach gitra ky vong va
cac mau ctua mdi 16p. Puoc tinh theo cong thirc sau:

é = —ZJ 1ZlEDj(mj i)(mj - mi)T 3)
w = ;Zj=1 n; Zl‘zl('x]l —m)(xj; — my)" (4)

Véi n,, 1a tong sd lu?ngnphﬁn tir cua hai tap, m; 1a
A N i i _ j o A vUh Lo
tam cua lop j voi m; = n_jzi=1xﬁ’ Vvéi xj; 1a véc to i cua
16p j, mdi D; 1a mot 16p va trong bai toan nay ching ta c6
2 16p gom tap mau duong va tap mau am.

Y tuéng cia DCA 1a tim mot phép bién doi tuyén tinh
ma dua ra mot ham khOang cach téi vu béng Viéc cuc dai
hoa tong khoang cach cac ky vong cua cac I6p khac nhau
va cyc tiéu héa tong khoang cach cac ky vong trong cung
I6p. Qua trinh DCA s& dua vé bai toan téi wu nhu sau:

_ |aTCpA|
](A) = argmaxy |AT6VI:,A| (5)
Ma tran A |a ma tran bién doi tél wu ma ching ta can
tim. Khi tim dwogc phép bién ddi t6i wu A, chung ta s& c6
dugc trong sb t6i wu cuia ham khoang cach Mahalanobis:
M = ATA.

Theo Iy thuyét Fisher [11,12], bai todn téi wu (5)
tuong ng véi viéc cuc dai hda tong khoang cach cac ky
vong cua cac 16p khac nhau va cuc tiéu hoa tong khoang
cach cac ky vong trong cung 16p, twong ung la €, va C
[10]. Pé tim duoc loi glal cho bai toan (5), bai bao de
Xuét thuat giai sau, thuat giai cling dugc ding dé giai cac
nghién ctru trude day vé LDA [22].

Thuat toan 1.2. Discriminative Component Analysis

Input:
-Tapanh X = {xl}l 1
- Tap cac mau (lién quan, khong lién quan) D; =
{x1, x5, ...,xnj} ,j=1,2.
Output:

- Ma tran bién ddi t6i wu A
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- Ma tran t6i uu Mahalanobis M,
1. Tinh ma tran €, va C,, theo cong thic (1.1) va (1.2)
2. Chéo héa ma tran C,, str dung eigen analysis:

2.1. Tim U sao cho: UTC,U = Ay; UTU =1, A, la
ma tran duong chéo cac thanh phan la tri riéng cua U;

2.2. Tim U 1a k thanh phan cia U véi cac thanh phan
tri riéng khac 0

2.3. Tim D, = UTC,U 1a ma tran vudng cip k 1a ma
tran con cua ma tran Ay.

24.TimZz = 0D, "*vac, =77C,,z;
3. Chéo hoa ma tran C, st dung eigeinanalysis:

3.1. Tim V sao cho: VTG,V =A,,; VIV =1, A, la
ma tran duong chéo céc thanh phan 1a tri riéng caa U;

3.2. Néu can giam chiéu, gia str s6 chiéu mong mudn
13 r thi V7 chinh 13 r véc to cot caa ma tran V ma madi cot 1a

véc to rleng twong ung Vi gla tri rleng nho nhat. Tim
D, =VTC,V ;v6iV =VvaD,

4. Taco: A=ZVD,;"* vaM, = ATA.

4. RResultiital(Q);
5. Repeat

5.1. < Ffeature:Flabel'Flabel >)<—Feedback (R)
Phdn hai lién quan

52 sz pCA(Ffeature' Fl;hel' Fl;bel); Tim phep
bién déi toi wu A

5.3. M, = AT A; Trong s6 téi wu cuia ham khodang
cach mahalanobis

5.4. R«<-Ranking (S, M,, N); Phan hang lai tap anh
theo ham khodng cach Mahalanobis véi bg trong 6
toi weu

until (User ding phan hoi);
6. Return R;

Thuat toan 1.2 thuc hién nhu sau, ma tran U la ma tran
chéo héa cua ma tran phuong sai C, thé hién su tach biét
giira hai tap mau lién quan va khong lién quan. Sau khi bo
di cac véc to véi tri riéng bang 0, ching ta c6 ma tran
vuodng cap k 1a D, la ma tran duong chéo véi thanh phan
trén duong chéo 1a cac tri riéng khac 0 cua ma tran U. Sau
do6, thuat toan s& thyc hién viéc tim phép chiéu Z =
UD; "', phép chiéu nay 1am cho céc lop khéc nhau c6 su
phan biét lon nhat. Tiép theo, ching ta tinh ¢, = Z7C,,Z
va tim ma tran V dé chéo héa cua ma tran C,. Néu muén
giam chiéu, gia st s6 chiéu mong mudn 1a r thi ¥ chinh 1a
r véc to cot cua ma tran V ma mdi cot 1a véc to riéng
tuong ung voi gié tri riéng nho nhat. Tir d6, cho ching ta
duoc ma tran duong chéo D, = V'C,V . Cudi cing,
chlng ta ¢ ma tran bién doi t6i wu A va ma tran toi uu
Mahalanobis M: A = ZVD,"/* va M, = ATA.

3.4. Thuat toan tra ciu

Thuat toan 1.3 duéi day 1a m6 ta thuat toén tra cau
anh hiéu qua su dung Vvé6i hoc biéu dién anh dya vao hoc
sau va két hop vai ham khoang cach cai tién Mahalanobis
IRDLoM (Image Retrieval using Deep learning and
optimal distance metric).

Thuat toan 1.3. Thuit toan tra cieu anh IRDLOM

Input:

Tap céc anh: DB

Anh truy van khoi tao: Q

Sb cac anh tra vé tai mdi lan lap: N
Output:

Tap két qua duoc tra ciu: R
1.S «RIL<DB,M>;
2. Sq < RIL<Q,M>;
3. Resultinitial(Q)«—Retrieval initial (Sq‘S, N)
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Thuat toan tra ciu anh hiéu qua s dung voi hoc biéu
didn anh va két hop voi ham khoang céch cai tién
Mahalanobis trén thuc hién nhu sau:

Mbi anh trong tap anh DB dugc hoc biéu dién (budc
1) va duoc biéu dién bai mot véc to dic trung trong
khong gian dac trung nhiéu chiéu. Khi nguoi ding dua
vao anh truy van khai tao Q, thuat todn cung st dung
cling mét thu tuc dé biéu dién anh truy van cung mot céch
Vi co s¢ dir ligu anh dé biéu dién thanh véc to ddc trung
anh truy van Sq (budc 2). Truy van khoi tao duoc thyc
hién & budc 3 boi ResuIt.n.t.a|(Q)<—Retr|evaI|nma|(S S, N)
& day Sq la biéu dién cua anh truy van, S la tap bleu dién
cta tap anh co s¢ dir liu va N la sb cac anh duoc tra ctu
trong tap S sau mdi lan lap. Két qua thuc hién tra ciru voi
truy van khai tao Resultiniia(Q) duge gan cho R (budc 4).

Trén tap Resultiiia(Q); tra vé bai truy van khoi tao,
nguoi ding sé thuc hién lya chon nhitng anh phu hop véi
mong muén cua ho thong qua ham Feedback(R) dé duoc
tap dac trung Ffeature va tap nhan FLabel - {Flabel' Flabel}
(budc 5.1). Sau d6, thong tin phai hoi gdbm tap phan hoi
lién quan va khong lién quan dugc dua vao hoc DCA
(budc 5.2) dé tim ra phép chiéu A bang céch giai bai toan
ti wu (5). Két qua cia ma tran chiéu nay dugc dua vao dé
xay dung ma tran trong s téi wu dé cai tién trong s6 M
cua ham khoang cach Mahalanobis (budc 5.3). Lic nay,
chung ta c6 dugc ham khoang cach Mahalanobis cai tién:

similarity(F;, F;) = (F; — F;)"M(F; — F))

Qua trinh tra cuu sé thyc hién phan hang lai toan bo
tdp anh trong co s dir liéu anh bai ham Ranking
(S,M,N) valay ra N anh lam tap két qua tra vé cho nguoi
dung (budc 5.4).

IV. PANH GIA THUC NGHIEM
A. Co so dir liéu dnh

Dé chimg minh hiéu qua cua phuong phap dé xuat,
thuc nghiém tién hanh trén co s¢ dir liéu anh COREL
gdém 10.800 anh. Mot s hinh duogc chi trong dudi. Trong
tap co so dir liéu anh COREL, moi thu muc gdm 100 dnh
tap tin cdy nén gom 80 khai niém khac nhau nhu hoa,
hoang hon, tau hoa, xe hoi, xe buyt, bau troi, bién... Tt ca
cac anh trong tap anh nay co tinh chit 1a déu chira ddi
tuong nodi bat.
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Hinh 2.Céc mau trong co so dit liéu anh dwoc gdn nhan.

Chiing t6i két hop mot dic trung mau 102 chiéu va
mot ket cau 88 chiéu dé biéu dién cac anh. Pic trung mau
duoc ciu tao boi mé men mau 6 chiéu, luge d6 mau 32
chiéu va tuong quan mau 64 chiéu. M6 men mau c6 6
chiéu 1a bai vi trong mdi kénh mau H, S va V caa khang
gian mau HSV, ching t6i trich rat hal md men la color
mean, color Standard Deviation. Ciing trong khong gian
mau HSV, luoc dd6 mau dugc tinh toan sir dung 8*2*2
bins. Tuong quan mau dugc tao ra bai sir dung 4 bin cho
moi kénh (R, G va B) trong khong gian RGB. Pac trung
két cau tich hop cac dic trung Gabor va cac dic trung
wavelet. Pac trung Gabor gom Mean-squared energy va
meanAmphtude cho 4 scale va 6 huong cho anh da cap
xam. dic trung wavalet 40 chiéu gom hai m6 men cua
wavelet 1a trung binh, d6 léch chuan. Tém lai, cac dic
trung nay duogc to hop thanh mot véc to dic trung ¢6 190
gia tri (tuc 6+32+64+40+48=190). Sau do, tat ca cac
thanh phan dic trung duge chudn hoéa thanh cac phén b
chuén véi trung binh khong va do 1éch chuén mot dé biéu
dién cac anh. Cac khoang cach Euclid cua cac dic trung
190 chiéu gitra anh truy van va cac anh co s dit liéu dugc
tinh todn ma khdng sir dung bién doi. Céc két qua tra cuau
nay dugc goi la “Baseline” cho cac so sanh.

Bén canh d6, nhu da trinh bay & phén trude, hau hét
céc hé thong CBIR déu phu thudc chu yeu vao cach bleu
dién dic trung hinh anh. Tuy nhién v6i mot hé thong
CBIR thong thuong chi quan tim dén cach biéu dién anh
bang cach trich rat cac ddc trung toan cuc hodc cuc bd
mot cach thu cong dan dén hiéu ning cia hé thong nghéo
nan. Do do, chiung t6i sir dung k¥ thudt hoc sau hoc biéu
dién anh str dung mang hoc sau CNN tao ra cac dic trung
muc cao tur hinh anh.

Trong phuong phap d& xuét, ching toi sir dung mot
mod hinh CNN, c6 tén AlexNet [26], dd duogc tién huin
1uyen trén mot tap dir liéu rat 1on trén tap ImageNet, sau
d6 st dung md hinh 1am khoi tao dé trich rat dic trung
muc cao, con duge goi la hoc biéu dién anh. Mang
AlexNet ¢6 céu tric tuong d6i don glan bao gom 5 16p
tich chap va 3 16p két nbi day du voi cac 16p giira 1a cac
16p 1ay méu va ReLU, duoc huin luyen song song trén hai
card dd hoa GPU. Bé phu ‘hop voi bai toan tra ciru anh,
chung to1 chon lop FC 8 de trich rat cac véc to dé cho ra
véc to dic trung c6 sd chiéu 1a 1000.

Ly do chinh chung t0i chon cach nay la tuong do6i
hiém khi chiing ta c6 mot bo dir liéu du 16n dé huan luyén
toan by CNN tur dau ngoai ra, huén luyén mot mé hinh
CNN tir dau s& mat rat nhiéu thoi gian. Cac CNN théng
thuong duge dung cho céc bai toan mang nhiém vy phén
loai hinh anh trong d6 mét hinh anh dwoc lan truyén qua
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mang va xac sut cudi cung dugc lay tir 16p cudi cia
mang. Tuy nhién, trong qua trinh hoc biéu dién, thay vi
cho phép hinh anh lan truy€n qua toan b mang, ching ta
c6 thé dung vige truyen ¢ mot 16p tuy ¥, chang han nhu
16p dugc két ndi day du cudi ciing va trich rat cac gia tri
tir mang tai thoi diém nay, sau d6 st dung ching nhu cac
vecto déc trung.

B. Thiee hién truy vin va danh gia

Trong phan thuc nghiém, cac tham sé duoc lva chon
nhu sau:

Hi¢u qua tra cru dugc danh gia trén co s¢ di liéu anh
COREL gdm 10.800 anh, tat ca cac anh trong co s¢ dir
liéu duoc su dung dé thyc hién cac truy van. Thyc nghi¢m
thuc hi¢n danh gia do chinh xac cua phwong phap de xuat
dua trén d9 chinh xac trung binh cua 10.800 anh truy van.
M3i truy van thuc hién s& tra vé 100 anh, Iy do

chon 100 anh la boi vi ngudi dung thuong chi xem xét
2 trang man hinh va mdi trang man hinh chira 50 anh dé
lya chon anh phan hdi.

Nham muc dich danh g1a bai bao sir dung do chinh
xé4c trung binh dé danh gia hiéu qua va so sanh véi cac
phuong phap khac. Do chinh xac trung binh la ty & cua s6
anh lién quan trong danh sach tra vé cho nguoi dung va
dugc tinh todn bai trung binh tat ca céc truy van. Do
chinh xéc trung binh 1a tiéu chi déanh gi4 chinh ding dé
danh gid d6 chinh xac so véi cac phuong phap khac. Do
léch chuan dung dé do ludng do bién thién caa d6 chinh
X&c trung binh.

C. So sanh do chinh xdac trung binh cua phuwong phap
dé xudt

Trong thyc nghiém, phwong phap dé xuat duoc so
s&nh vGi nam phuong phap tra citu anh sur dung cac do do
khoang cach khéc nhau: (1) Euclid: thyc hién tra cau anh
dua vao do do khoang cach Euclid (2) Euclid cai tién:
thuc hi¢n tra ctu anh dya vao do do khoang cach Euclid
co cai tién trong s cua tung chiéu dic trung; (3) RCA:
thuc hién tra cuu véi d6 do khoang cdch RCA duoc cai
tién tir do do khoang cach Mahalanobis [8]; (4) MCML:
thyc hi¢n tra ctu anh vo6i do do khoang cach MCML
duoc cé}i tien tr o do khoéng cach Mahalanobis ma b
trong soO 1a két qua cua viéc bien doi dir ligu voi cac rang
budc nhan va (5) phuong phap dé xuit IRDLOM thyc
hign tra cau trén by déc trung hoc sau két hop véi ham
khoang cach mahalanobis téi uu.

Bdng I. So sanh do chinh xdc trung binh cua 5 phuong
phap tai cac mirc Top-50, Top-100 sau 1 lan lap phdn

hoi.
Eclid
\verage| gycli | rea | MCM | IRDLo
TOP | 1887 | 26.01 | 6232 o | 66.32
U ” o | 64.02% | o
prec.
Top 1 1901 | 26.08 66.89
100 |y, v | 63% | 64.05% | o
prec. 0 (i ()

Nhu duoc chi ra trén Bang |, phuong phap cua ching
toi cho d9 chinh xac cao gon hidn cac phuong phap con
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lai. Ly do cua diéu nay la bd dac trung sau trong phuong
phap d¢ xuat da bao gom tinh nglr nghia ctia ciia anh va
ham khoang cach cua phuong phap dé xuét da phan anh
dugc khoang cach thich hgp cta cac anh c6 chung mot
chu dé.

V. KET LUAN

Bai bao nay trinh bay phuong phap IRDLoM, maot
ky thuat tra ctru anh hiéu qua cho cai tien hiéu nang cua
cac hé thong tra ciu anh da diém. IRDLOM tan dung tot
thdng tin ciia nguoi ding théng qua tap mau phan hoi lién
quan va khong lién quan thuc hién hoc mot phép chiéu toi
wu nham muc dich phan tach céc anh khong lién quan va
céc anh lién quan gan nhau hon. Tir d6, tim ra dugc ma
tran trong s6 toi uu cua ham khoang cach Mahalanobis va
sir dung ham khoang céch cai tién nay thyc hién phén
hang toan bo tap anh co s¢ dir liéu va tra vé tap anh két
qua cho nguoi dung. Thuc hién thyc nghiém IRDLoM
vao mét co s¢ dir liéu gom 10800 anh minh ching ring
IRDLOM cung cap d¢ chinh xac cao hon han so véi cac
phuong phap Euclid, phuong phap Euclid cai tién,
phuong phap RCA [8] va phuong phap MCML [4].
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IMPROVE THE EFFECTIVENESS OF CONTENT-
BASED IMAGE RETRIEVAL BY COMBINING
DEEP LEARNING AND THE OPTIMAL
DISTANCE FUNCTION

Abstract: Effective image representation and similarity
measurement between two images are two important
issues in improving the performance of a content-based
image retrieval system. Deep learning has attracted the
attention of researchers in the issue of effective image
representation. Meanwhile, the problem of measuring the
effective  similarity  towards learning  distance
measurement has an advantage. In this paper, we propose
an image retrieval method, called IRDLoM (Image
Retrieval using Deep learning and optimal distance
metric). Method of representing images by deep features
and measuring the similarity between two images by
learning a measure of distance. The experimental results
on the Corel photobook have proved the accuracy of the
proposed method.

Pao Thi Thuy Quynh nhan hoc vi
tien sT May tinh, chuyén nganh Khoa
hoc may tinh tai Hoc vién Khoa hoc
va Coéng nghé, Vién han lam Khoa
hoc va Cong nghé Viét Nam. Hién
nay, la gidng vién Khoa Coéng nghé
théng tin 1, Hoc vién Cong nghé Buu
chinh Vién théng.

Linh vic nghién ctru: Tri tué nhan tao, hoc may, xtr ly
anh, tra ctru anh dwa vao ndi dung.

Email: quynhdao.ptit@gmail.com

SO 03 (CS.01) 2020 TAP CHf KHOA HQC CONG NGHE THONG TIN VA TRUYEN THONG 68


mailto:quynhdao.ptit@gmail.com



