K,\'yéﬁ Hoi nghi Khoa hoc céng nghé Quoc gia lan thie XVI vé Nghién citu co ban va ung dung Cong ngh¢ thong tin (FAIR); Pa ,Vzing. ngay 28-29/9/2023
DOI: 10.15625/vap.2023.0042

XAC DINH DO TUONG TY CUA CAC ANH CHUY KY DUYA TREN
TIEP CAN XEP HANG DA TAP

Tran Vin Huy', Tran Céng Hung?, Ngé Hoang Huy?, Pao Vin Tuyét,
Pham Thi Kim Dzung*, Nguyén Vin Quyén®, Lé Dinh Nghiép'
'Truong Dai hoc Héllg buc
’Pai hoc Quoc t¢ Sai Gon
’Pai hoc CMC, Ha Noi
‘Swinburne Vietnam, FPT University
Trudng Dai hoc Hai Phong
tranlehuy@hdu.edu.vn, tranconghung@siu.edu.vn, nhhuy@cmc-u.edu.vn, tuyetdvi@gmail.com,
dungptk8@fe.edu.vn, quyennv@dhhp.edu.vn, ledinhnghiep(@hdu.edu.vn

TOM TAT: Thudt toan xép hang da tap EMR dwoc sic dung réng rdi trong tra ciru anh, thong thicong, suw dung cac dac
trung mire thap nhu két ((fu va hinh dang dé biéu dién hinh anh. Pac trung nhw HOG va LBP trong anh chir kv thé hién kha ning
phan biét anh chir ky rdt cao va la mot p/mn ba sung hicu qua cho dac trung nhing dwoc tinh te mang SigNet. Pé tang kha nang
phan biét cua thudt toan xép hang da tap EMR trong tra cieu hinh anh theo ngi dung, trong nghién ciu nay, ching (6 dé xuat két
hop cac dac trung micc thip véi cdc vée to nhing dai dién tir mé hinh hoc sau. Thuc hién cdc thu nghi¢m trén tap dir liéu chit ky tay
dé chimg minh tinh hiéu qua cua phuong phap \ep hang dé xudt trong viéc cai thién chat lwong tra cuu va do do twong tw gitta cac
anh chir ky.

Tir khéa: Tra ciru anh chiv ky, Xép hang da tap, EMR, Contrastive loss.

1. GIOI THIEU

Trong linh vuc tra cuu hinh anh dya trén ndi dung (CBIR), dé dénh gia do twong wr gitra hai vecto dic trung
(dai dién cho hai hinh anh can so sanh), thuong sur dung cac ky thuat do d¢ trong wr, do khoang cach (nhu khoang cach
Euclid) va xép hang da tap dé so sanh dic trung cua anh truy van vai cac dac trung trong co so dir li¢u hinh anh. Ngay
ca khi sir dung cdc dic trung cé sy phan biét anh cao, cac do do twong ty van dong vai tro quan trong trong viée ning
cao d¢ chinh xac cua hé thong.

Céc do do tuong ty truyén thong thuong chi tap trung vao mic do twong dong gitia hai hinh anh 0 mtc cuc bo
ma khong xem xét moi twong ty toan cuc gitta mot nhom céac hinh anh twong tw dan dén hiéu qua tim kiém do trong tuw
khong nhu mong mudn [11]. P& vuot qua nhirng gigi han nay va kham pha céu tric bén trong cua dir liéu dac trung
anh, xép hang da tap (Manifold Ranking-MR) da dugc nghién ctru phat trién manh tr nhimg nam 2000 va duoc dp
dung hiéu qua trong nhiéu van dé vé tim kiém twong tur.

EMR (Efficient Manifold Ranking) [5, 9] la mot thuat toan xép hang da tap duoc st dung rong rai trong hé
théng Tra ctru anh dya trén ndi dung (Content-Based Image Retrieval - CBIR). Khac vai cac dé do twong tu dua trén
khoang cach Euclidean, EMR da dugc chimg minh la rat hiéu qua khi xay dung dugc do thi quan h¢ ké ¢o tinh doi
ximg gilta cac vecto dac trung anh, phuong phap giai ham muc tiéu tinh vecto xép hang theo so d6 lan truyén trén do
thi ké phan anh duoc cau tric ndi tai cla co so dir lidu vecto dac trung anh,

Chwr ky trén van ban (loai offline) 1a mot trong nhung dau an sinh tric hoc phé bién va duge chip nhan rong ri
lién quan dén con ngudi nhu: tai licu, bleu mau, séc ngan hang, ca nhan,... Do do, viée xac minh chir ky tro thanh mét
nhiém vu quan trong va da co nhiéu nd luc dugc thuc hién dé loai bo su khong chic chin trong quy trinh xac thuc thu
cong, tir o bién xac minh chix ky thanh mot hudng nghién ciru quan trong trong linh vie hoc may va nhan dang mau

[1-4].

C6 rat nhiéu thach thirc trong viéc thiét ké xac minh chir ky offline khi cac dic trung thoi gian dong cua chit ky
khong c6 sin. Mang noron tich chdp sau (Deep Convolutional Neural Networks - DCNNs) ¢ kha ndng tuyét voi trong
viéc trich xudt cac dic trung tir hinh anh chit ky nhu SigNet [1]. Cac dic trung trich rit tr mang noron tich chap
(CNN), nhu dac trung tr m6 hinh contrastive [2] hodc triplet loss [8] thuong phai cﬁn mot lugng 16n dir li¢u dé mang
thich ing duoc vai su thay doi cua doi tugng, vi thc khi trién khai cac h¢ thong thuc té can két hop dic trung CNN va
dac trung muc thap khi dir liéu khong du da dang vé hudng va két cau.

Bén canh ddc trung biéu dién anh chir ky, do do twong tu va phan twong tu ciing 1a mot thanh phin quan trong
trong cac h¢ thong nhan dang, xac thyc anh chu ky.

Noi chung cac dg do phan twong tu nhu khoang cach Euclid la khong phu hop khi so khop déc trung biéu dién
anh va hoc da tap, hoc do do khoang cach c¢6 mai lién hé voi nhau. Ngoai ra, nhu bd dé tai [Phu luc A] da chimg minh
ve tinh tong quat cua dir liéu da tap, dé nhan dang va d6i sanh anh chir ky. ching ta co thé su dung cdc thudt toan theo
tiép can dir liu da tap trong cac khong gian duoc gia dinh la khong Euclid. Dir li¢u da tap. xép hang da tap (MR) 1a mé
hinh dua trén d6 thi da dugce dp dung thanh cong cho tra ctu hinh anh dya trén ndi dung (CBIR) bang cac dac trung
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mtc thap [5-9] va dic trung CNN. Trong bai viét nay, chung t6i dé xuat su dung xép hang da tap dé két hop cac uu
diém cua ddc trung mic thap nhw HOG, LBP va véc to biéu dién anh duogc trich rut tir mang SigNet khi nhan dang va
déi sanh anh chix ky offline.

Phén con lai cua bai bao dugc cdu tric nhu sau: Muc II nghién ctru lién quan va phuong phap dé xuat. Muc 111
thuc nghiém trén bo dix liéu SIGN_HD300. Muc 1V 1a két luan.

1. NGHIEN CUU LIEN QUAN VA PHUONG PHAP PE XUAT
A. Mang SigNet hoc dj do khoang cach

Deep Metric Learning (DML) la mét tiép can manh mé dé trich chon déc trung anh va la mot phuong phap hi¢u
qua dé giam chleu dir li¢u trong qua trinh phan 16p anh. DML st dung céc kién triic mang sau dé khac phuc cac han
ché cua dir lidu géc bang cach hoc cac dac trung nhing tuong tu thong qua khong gian con phi tuyén. Viéc nay da
dwoc chirmg minh la hi¢u qua cao trong phan I6p va phan cum anh. DML cd kha ning tao ra céc dic trung véc to tir
hinh anh dau vao va da duoc ap dung trong nhiéu linh vic khic nhau, bao gdm nhén dang mat nguoi, xac minh chir ky

(1. 8]..

Trong bai bao nay, chung toi lya chon DML véi mang Siamese lam mé hinh tien huan luyén dé trich xudt cac véc
to nhung va trich xuat dic trung nhing. Mang noron SigNet [1] dang Siamese la mét 16p kién triic mang thuorng chua hai
phan mang con dong nhét. Cac mang noron tich chdp (CNNs) song sinh c6 cung cau hinh véi cac tham sé va trong s6 chia
se giong nhau. Viéc cap nhat tham so duoc thuc hién déi ximg trén ca hai phan mang con. Nhimg phan mang con nay
duge két hgp thong qua mot ham mat mat o phia trén, tinh toan mot d6 do tuong ty lién quan dén khoang cach Euclid
gita biéu dién dac trung o moi bén cua mang Siamese. Mot ham méat mat phé bién duoc su dung chu yéu trong mang
Siamese la ham mat mat twong phan, dugc dinh nghia nhu sau:

2
] m
Ly

trong do, s) va s, la hai mau (¢ day la hinh anh chtr ky), y la ham chi s6 nhi phan danh diu xem hai mu c6 thugc cung
mot 16p hay khong, a va B 1a hai hing sb, & day m duoc giéi han bang 1 va f1a mot ham nhing chuyén d6i hinh anh
chir ky thanh khong gian véc to thuc thong qua CNN, va wy, w, la céc trong s6 hoc dugce cho mét 16p cu thé cua mang
co s0. Khac voi cac phuong phap tiép can thong thuong gan nhan tuong tu nhi phan cho cic cap, mang Siamese nhim
dua cac vecto dac trung dau ra gan nhau cho cac cap dau vao duoc gan nhan la tuong tu, va day céc vecto dic trung xa
nhau néu cac cip dau vao khong twong tw. Mdi nhanh cia mang Siamese c6 thé dugc xem nhu mdt ham nhung hinh
anh déu vao vao mot khong gian. Su dung Contrastive loss (cong thie 1) nén khong gian nay sé c6 tinh chét ring hinh
anh cua cung mot 16p (chir ky that cua mot nguoi viét cu thé) s& gan nhau hon so v6i hinh anh cua cac 16p khac nhau
(chi ky gia mao hodc chir ky cua cic nguoi viét khac nhau). Ca hai nhanh dugc ket hop voi nhau thong qua mot 16p
tinh toan khoang céch Euclid giira hai diém trong khong gian nhing. Sau do, dé quyét dinh hai hinh anh c6 thugc cung
16p tuong tu (that, that) hay 16p khong tuong tu (that, gia) can xdc dinh mot gia tri ngudng dua trén gia tri khoang
céach.
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Bang 1. Bang tong quan vé cac mang CNN

Layer Size Parameters
Convolution 96x11x11 stride = 1
Local Response Norm - a=10%B=0.75k=2;n=5
Pooling 96x3x3 stride = 2
Convolution 256x5x%5 stride = 1, pad = 2
Local Response Norm - a=10%B=0.75,k=2;n=5
Pooling + Dropout 256x3x3 stride =2; p=0:3
Convolution 384x3x3 stride = I; pad = 1
Convolution 256x3%3 stride = 1; pad = |
Pooling + Dropout 256x3x3 stride =2; p=0:3
Fully Connected + Dropout 1024 p=0:5
Fully Connected 128

Céc 16p tich chap dau tién loc hinh anh chit ky dau vao kich thuéc 155%220 bang 96 kernel kich thuéc 11x11
vGi bude di la 1 pixel. Lép tich chap thir hai nhin dau vao tir két qua (da duoc chuén hoa va thu gon) cua Iép tich chap
dau tién va loc n6 bing 256 kernel kich thuéc 5x35. Lép tich chép thir ba va thir tu duoc két ndi vGi nhau ma khong cé
su can thiép cua I6p thu gon hodc chuan hoéa. Lép thi ba c6 384 kernel kich thude 3x3 duge két ndi voi dau ra (da
chuan hoa, thu gon va thuc hién dropout) cua 16p tich chdp thir hai dugc dua vao 16p tich chap thir tu. Lorp tich chap
thtr tu c6 256 kernel kich thugc 3x3. Diéu nay din dén mang noron hoc cac dac trung cap thap it hon cho cac vung tiep
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nhan nho hon va nhiéu déac trung cho cac déc trung cép cao hodc triru tugng hon. Lap két ndi day du dau tién c6 1024
neuron, trong khi 16p két n6i day du thi hai c6 128 neuron. Dicu nay cho thay rang véc to déc trung da hoc cudi cung
cua SigNet ¢6 kich thude bang 128.

B. Xép hang da tap hig¢u qui

Khdc voi cdc thudt toan MR trong CBIR, thudt toan gbc EMR [5, 9] tap trung vao chon s6 luong diém neo
(anchors), sau d6 xép hang cac diém dir liéu trong co so dir liéu hinh anh. Viéc x€p hang cac hinh anh dya trén cac mbi
quan hé 1an can trong biéu dd EMR duoc biéu dién ‘thong qua céac diém neo nay va duy tri mét cdu truc do thi co kha
nang mo rong. Vi vay, EMR c6 kha nang ap dung xép hang mét cach hic¢u qua trén cdc co so dir li¢u lon va do do6 ning
cao hiéu suat cua cac hé thong CBIR [5-9].

Mot vecto dac trung £; dugce goi la két ndi vOi E; néu i # va ton tai mot diém neo chung cuthé A (¢ = 1, 2, ..,
C;: ¢ la sb lugng cac diém neo) sao cho 4, la lang giéng cua ca E; va E;. Vi moi ky hiéu Ej, ching ta s& ky hiéu N,(i; s)
la mot tap hop gém s véc to dic trung cua cac diém neo gan nhit vai £, (s la mot tham sb thw nghiém, vi du nhu s = 5)
va khoang cach 1ém nhét gitra E, va s dugce biéu dién boi:
d = max {d(E,A)} (2)
leN, (i.s)
Do do da tap 1a mot véc to xép hang ro = (ri) dugc xdy du'ng tor ham muc tiéu sau:

\/—— \/~ wZ“ )

(i) Ma tran trong s6 Z biéu thi khoang cach giita cac diém neo dugc tinh bing:
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EMR,(r) =
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def

(ii) Ma tran ké W duge xéc dinh nhusau W = Z"Z cu thé (5)
W=(W,) g W, = Z 2z o Si jsn (6)
€N (i,8)NN, (j.5)
(iii) Ma tran duong chéo D = (Dy), véi i =1.n D, = o z' (7
iy

/=

C. Dé xudt thudt todn két hop cic xép hang

Dic trung cua anh chir ky co thé chia thanh hai loai: ddc trung murc thap va ddc trung mire cao. Péc trung mirc
thap chira thdng tin vé ciu tric va hinh dang cua chi ky, ddc trung muc cao gilp nang cao tinh phan biét cua chir ky,
tuy nhién ching phu thu¢c vao hudng va cau truc cu thé cua anh chir ky. Bang cach su dung cac dac trung muc cao,
biéu thi bang cic véc to nhung trich rat tr mot mang hoc sau ‘kleu triplet loss hodc contrastive loss, tra ciru hinh anh
cho két qua voi d§ chinh xac twong doi cao [7, 14]. Gia su rang tap dir liéu anh chir ky gdoc, moi anh c¢6 mot vecto
nhung duy nhat tuong img dugce xéc dinh bai DML (cu thé la mang SigNet), va voi mdt anh chir ky truy van I,.hé
thdng lua chon xép hang theo hinh anh chir ky dac trung mirc thap Vivo két hop voi xép hang dic trung muac cao
Vomb,0.i » trong do6 cac vée to xép hang dugce tinh bang EMR. Hinh 1 sau mé ta cdc budc thuc hién thuat toan tra ctru anh
chir ky ma ching toi dé xuat:

Thu tuc chudn hoa anh va dac trung muc thép (HOG,LBP) va dac trung mire cao (SigNet) dugc thue hién thong
qua hai thu tuc sau:

function vir = get_hog_lbp(rgblmage)
=resize(rgblmage, (64,128)):
Vhog=hog(1);
Vipp=1bp(I); S
VIii=VhogtvIbp; %ket noi tu nhién
function v_emb = get_emb(rgblmage)
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Ig=grgb2gray(rgbImage):
Ig =resize(Ig, (220,155));
chh:sigNCt([g);
function Vaorm = 36_opt(datasetEir or cmbs Vi or emb) [6] % chudn hoa vecto 36-opt
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Iap anh két qua
Hinh 1. So dd mo ta hé théng (CBIR) tra ciru anh chit ky sir dung két hop xép hang da tap

Chiing t&i dé xuat thudt toan chinh EMR-LF-SIGNET két hop xép hang EMR trén dic trung muc thép va EMR
trén dac trung muc cao (SigNet) nhu sau:

Buwde 1. Xay dung do thi cua xép hang EMRemp cua CSDL anh E véi n anh trén ddc trung nhung (SigNet):

1.1. Chuén héa céc anh cua CSDL anh vé kich thudc 155x220, va chuyén vé anh grayscale

1.2. Xac dinh cac vecto nhung chiéu deb cho méi anh khi cho anh chay qua mang SigNet (thu tuc get_emb).

1.3. Chuan héa va chuin héa 3c-opt toan bd CSDL vecto dac trung nhung (thu tuc 36_opt).

1.4. Phan cum K-means vai C cum tap cac vecto nhung thu dugc ¢ budce 1.2, nhan duoc tap tam cum va gan
cho tap diém neo cua d6 thi EMR.

I.5. Xdc dinh ma tran Zey, bicu dién gia tri khoang cach giira timg vecto nhiing ve, cua CSDL anh véi r diém
neo gan nhat cua Ve.

1.6. Chuan héa va chuin héa 3c-opt toan bo CSDL vecto dic trung mirc thép (thu tuc 3o_opt).

1.7. X4c dinh cdc ma tran cua dd thi EMRens dua trén Zeme.

Budc 2. Xay dung do thi cua xép hang EMR trén dac trung mirc thép (HOG va LBP két péi voi nhau):

Tuong tu cac budc nho ¢ budce 1, ta dugc ma trdn Zyr va cac ma tran khac cua do thi biéu dien EMRf cho déc
trung muc

thap HOG va LBP (thu tuc get hog_Ibp), va chuan héa 3c-opt.

Buéc 3. Tai thoi diém chay (runtime), tinh vecto xép hang tir mot anh truy vén Q:

3.1. Chuin héa anh I vé kich thude 155x220, chuyén anh vé anh grayscale va chay qua md hinh SigNet thu
nhan duoc véc to nhiing v.Eg.emb chiéu dep (01 thu tuc get_emb va thu tuc 36_opt).

3.2. M@ réng ma tran Zems cua dd thi EMRes [9], thu dugc ma tran trong sb Z.q.emb mOi ¢ kich thude C x (n+1).
3.3. Tinh hang cua v.Eq ¢mb, ching ta thu nhan dugc vecto xép hang r*cmb.v.0-
3.4. Chuén héa anh Iq vé kich thude 64x128, tinh dac trung HOG va LBP (goi thu tuc get_hog_lbp va thu tuc
36 _opt).
Két ndi hai dac trung, chung ta thu nhan duoc vecto mirc thép v.Eqr chicu dir.
3.5. M@ rong ma tran Zs cua dd thi EMRy [9], thu dugc ma tran trong ) Zqr mai cé kich thude C x (n+1).
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3.6. Tinh hang cua v.Eq emb, ching ta thu nhan dugc vecto xép hang r¥i, .

Bwde 4. Pau ra cua thuat toan 1a vecto xep hang két hop: r*q = RC(r*itvq, r*emby.o), 0 day RC(riremp) 12 ham
gia tri vecto két hop hang cua 2 vecto du vao dé tao ra vecto xép hang dau ra.

Thudt toan EMR-LF-SIGNET chia thanh 2 pha offline va online va dugc thyc hién bang cach to hop 2 xcp hang
EMR. Déi vai pha offline, do phuc tap la: O(C*n*d) + O(C?) trong d6 C la sé cum, n sé mau dau vao, d s6 chiéu vée to
dac trung. Doi vi pha online, do phic tap 1a O(C*n*d).

Vay thuit todn c6 do phic tap la O(C*n*d) + O(C?) la tuong duong véi d phirc tap cua EMR gbe [5].
Nhitng dong gop chinh cua dé xuat cua chung t6i nhu sau:

(1) Cung cap mot cach két hop gilra dac trung HOG, LBP va dic trung CNN SigNet mot cach hiéu qua, tr d6
lam tang do chinh xéc cua ket qua tra cuu chi ky.

: (2) Su dung bd du liéu SIGN 300HD tién hanh thuc nghiém dé ching minh thuat toan do do tuong tu su dung
2 xép hang EMR c¢6 hiéu qua hon khoang cach Euclid.

D. Xac dinh dj twong tw ciia cap anh chii ky

Trén thyc té ching ta thuong gap bai toan xac dinh do twong tw cua cap anh chur ky, van dé nay dang doi mat
v&i han ché 16n khi ap dung EMR cho cac anh nam ngoai tap dir liéu [5]. Dé giai quyét van dé nay, chung t6i daé xuat
tich hgp may hoc bing viéc huan luyén mét mé hinh Support Vecto Machine Regression (SVR) dé hoc két qua xép
hang EMR cho moi cdp hinh anh trong bg dir li¢u huan luyén.

Tap cdp vecto ddc trung anh hudn luyén (Ivi,1> ) duge chon nhu sau: Iy, duge chon trong tap 50% anh ngfiu
nhién trong CSDL vecto dac trung anh. Voi mdi I, chon Iy, trong 20 anh duoc chon gfm nhit vai vé mat khoang cach
Euclide. Sau khi xdy dung duoc tap (I, Iv2), chung ta chia tdp nay thanh 80% cé@p nhdu nhién dé huén luyén mé hinh,
20% tap cap vecto ddc trung anh dugc su dung dé lam tap kiém tra huan luyén. Chuy la moi cap (I, I12) s€ cho chung
ta | vecto Iy-l,2. Bang cach sir dung xép hang EMR nhu la dau ra, md hinh SVM ¢6 thé hoc dy doan do twong ty hinh
anh mot cach chinh xac dya trén cac sai I¢ch cua cac vecto dac trung déu vao cua hinh anh.

Qua do6 giam chi phi tinh todn va hiéu qua hon khi ap dung cho cdc tap dir li¢u méi. Két qua thu nghiém trén tap
dir licu huén luyén (train) d tuong quan 1a 0,94 va trén tap dir liéu thu nghiém (test) d6 tuong quan la 0,92. Céc gia tri
hé s twong quan rét cao da chimg to tinh hi¢u qua cua mé hinh hoc may.

11l. THUC NGHIEM

A. B¢ dir liéu thue SIGN_300HD

B6 dir liéu chir ky thuc nghlem duoc thu thép cua 300 ngudi voi 4800 hinh anh duge chung ti sir dung. Bo dir
liéu nay dugc tdng hop tir nhiéu ngudn, bao gdm: GPDS 1-150, ICEDAR, Bengali va thu thap tir chir ky thuc té€ cua 50
nguoi tai Truong Pai hoc Hong Dirc. Pay 1a b dit liéu phire tap va chua gan nhan ¢6 cau tric 300 16p, véi 16 anh trén
mot 1op, ¢6 dung lwong ~285 MB. Anh chtr ky duoc danh s6 tir 01-16 trong mdi thu muc, chung o1 dat tén tam thoi
cho bo dir liéu nay la SIGN_300HD.

B. Trich chon dac trung

¢} phan thue nghiém, ching t6i lra chon 02 dac trung HOG véi 720 chiéu, LBP voi vi 59 la dac trung muc
thap (LF) dé mé ta moi chr ky trong tdp SIGN_300HD. 02 dac trung nay da duoc chudn hoa dé mdi thanh phan vecto
cua mdi anh nam trong khoang [0, 1] va sau d6 ghép lai thanh mét vetor véi sb chiéu di,=1779. Podng thai, kich
thude cua mdi hinh anh trong bd dur li¢u dugce chuén hoa vé kich thude 155x220 va dugc dua vao mo hinh Q, SigNet,
mo hinh ndy st dung Contrastive loss va mot vecto nhung c6 kich thude dp, = 128.

C. Tham sé thuc nghiém

Cac tham ) dugc thiét lap chung cho cac thuc nghi¢m, cu the tham s6 a = 0,99, s6 diém neo C - 1500, =3,
nbest cho mdi lan truy van nh— 16, 20% sb luong mau truy van liy ngau nhién. 'Ham gia tr1 vecto RC két hop xép hang
1a: RC(r*irv.q, Memby.Q) = O I*itvQ + B r*emvvg , 0 ddy a = 0,8, B = 0,2. Chi s6 danh gia hiéu qua tra ciu anh chir ky
duoc str dung 1a mAP (xem [9]).

D. Két qua thue nghiém va lugn gidi

Chung toi thuc hién cac thu nghiém trén bd dir ligu dugc chon SIGN 300HD va danh gia d6 chinh xac theo
mAP khi truy xudt hinh anh chir ky voi thudt toan EMR-LF-SIGNET. 3 thuc nghi¢m dugc tién hanh gom: 1. Su dung
khoang cach Euclid do d§ twong tu cua cac dac trung HOG+LBP, dac trung SigNet: 2. Su dung EMR ticu chuén cho
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xép hang ddc trung HOG+LBP, dic trung Si

Thuc nghi¢m 1: Str dung khosng cach Euclid

gNet; 3. Su dung két hop xép hang EMR theo phuong phap dé xuat, cu

Thuc nghi¢m la st dung khoang cach Euclid do do twong ty cua cac ddc trung HOG+LBP cho két qua véi do

chinh x4c 49,5%, Thuc nghiém 1b su dung khoang cach Euclid cho dac trung SigNet cho két qua vai do chinh xéc

52,1%.
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Hinh 2. Anh truy van chit ky
Thye nghiém 2: St dung EMR

Thuc nghiém 2a st dung EMR dé xép hang cho céc véc to trich xudt tir bd dac trung HOG+LBP, thuc nghiém
2b su dung EMR cho déc trung SigNet. Mot véc to nhiing dugc chon tuong tng véi hinh anh truy van cé kich thude
chir ky Ién nhat. Thyc nghiém 2a dat d6 chinh xac 52,1%, thuc nghiém 2b, d9 chinh xac la 54,1%.

Danh gia: Két qua thuc nghiém rd rang cho thay wu diém cua viée sur dung cac dac trung nhing va do d¢ twong
tw bang EMR so véi khoang céch Euclid. Tuy nhién, cin luu ¥ ring co nhing truong hop cu thé, két qua truy xuét c6
thé khong nhu mong doi, mac du véc to nhiing cua hinh anh truy van la rat tot. Nguyén nhan chinh la sy khac biét giira
dit liéu tién huén luyén (pretrain) va b6 dir liéu SIGN_300HD. iéu nay thuong gap khi dp dung Deep Learning trong
CBIR, do thudng sir dung mo hinh tién hudn luyén.

Thuc nghi¢m 3: Két hop xép hang EMR

Trong phan nay, ching toi dung hai EMR dé xép hang tuong ung cho cdc véc to trich Xuat tir by dic trung
SigNet va véc to ddc trung HOG+LBP, tir d6 két hop céc xép hang nay theo thudt todn dé xudt (EMR-LF-SIGNET )
cho két qua dat do chinh xdc 64,4%. Hinh sau mo ta két qué truy van cua anh 193.0010.png khi s dung két hop xép
hang EMR véi n, = 5.
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Hinh 3. Anh truy vin chi ky su dung phuong phap két hop EMR

Két qua thyc nghi¢m duoc t’éng hop vao Bang 2. Céc két qua thu duoc thé hién EMR cho két qua tot khi chay
riéng ré va tot hon han khi duogc két hop, dd chinh xac duoc tinh bang mAP, cu thé nhu sau: Khoang cach Euclid véi
dac trung HOG+LBP, Khoang cach Euclid véi ddc trung SigNet, EMR véi véi diac trung HOG+LBP, EMR v6i véi dac

trung SigNet va cudi clng la két qua cua két hop xép hang EMR.
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Bing 2. Bang két qua thyc nghiém

£ % SO ____ Phuong phép : et o WA
| Khoang Cq}_(_?h Euclid voi ddc trung HOG, LBP 49,5%
2 Khodng cach Euclid véi déc trung SigNet 52,1%
3 EMR cho dac trung HOG, LBP 54,8%
+ EMR cho dac trung SigNet 54,1%
5 | Két hop xép hang EMR (phuong phéap dé xuét) 64,4%

E. Nhan dang chiv ky trén van bdn thuc 16

Qua trinh dinh vi vang chtr ky trén anh chup hop ddng, van ban, va cong van sir dung thuat toan YOLOVS dién
ra qua mot loat cac bude chinh. Pau tién, anh dau vao duoc dua vao mang YOLOVS dé xac dinh cac ving c6 kha nang
chtra chir ky. Thuat toan s¢ phan loai va du doan céc bounding box xung quanh chir ky co trong anh. Sau khi da xac
dinh dugc vung chira chit ky, ching ta tién hanh cat va trich xuat nhimg phin anh nay dé chuan bi cho budc tiép theo.
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Hinh 4. Ving chit ky dugc dinh vi bang thuat toan YOLOVS

Tiép theo, céc phan anh chira chit ky dugc chun hoa vé kich thude 155%220 dé dam bao tinh nhat quén cho
viéc trich xuat dac trung. Sau khi chuén hoa, cac anh nay duoc dua vao mang SigNet dé trich xudt cac véc to dic trung
¢6 chiéu dai 128. Mang SigNet duoc ddo tao dic biét dé nhan dién va trich xuat thong tin quan trong tir chir ky trén cac
anh nho kich thudc nay.

Qué trinh nay sir dung mét két hop giita YOLOVS va mang SigNet gitip xéac dinh va trich xuat thdng tin chir ky
mot cach hiéu qua tur cac van ban hop dong, van ban va cong van. Cac véc to dac trung 128 chleu tu mang SigNet co
thé duogc sir dung dé so sanh va nhan biét chit ky giira cac tai liéu khac nhau, dong, thoi cung cép thong tin quan trong
cho céc mg dung lién quan dén xac thuc va nhan dang chit ky trong linh vuc sb hoa tai liéu. Hinh 4 minh hoa qua trinh
crop chir ky.

V. KET LUAN

Két qua thuc nghiém cua nghién ciru dé xuat 16 rang cho thay tinh hi¢u qua cia phuong phap trong viée tra ctu
anh chir ky. Su két hop hiéu qua gitra cac véc to dic trung HOG, LBP va véc to dic trung tinh tr mang SigNet trong hé
thong> CBIR da dugc chimg minh la htru ich va mang lai két qua déng ké. Piéu nay thé hién qua viéc tan dung ca dac
diém hinh dang. két cdu va dic diém phan biét ngt nghia sau qua trinh dao tao dé giai quyét mot phan van dé vé
khoang cach nglr nghia gitra cac ddc trung mirc thdp va mic cao.
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Phuong phép két hop céc xép hang theo ddc trung mic thip va xép hang theo véc to nhiing da duoc trinh bay
trong nghién ctru, véi viée tinh hai gid tri xép hang twong trng béng thuat toan EMR va sau d6 tong hop thanh mét xép
hang duy nhét. Thong qua su két hop nay, nghién ctru da nang cao dugc chat lugng xép hang EMR cua cic véc to
nhing. Tét ca cdc thi nghiém da duoc thuc hién va két qua da ching minh ring phuong phap dé xuét la hi¢u qua va co
tiém niang trong linh vurc nay.

Trong thoi gian t8i, ching t6i dy kién ap dung cach xép hang EMR trong xay dung do do twong tir cho anh chit ky,
Vi myc ti€u t0i wu hoa chat lwong so khép anh chir ky trong céc truong hop chir ky ¢6 dac diém dudng nét phirc tap.
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Ching t6i xin dan bé dé vé tinh tong quat nay do éng Hoang Van Quy - Khoa CNTT&TT, Trudmg Dai hoc Hong Bire cung cép,

chung t6i xin tran trong cam on dng Hoang Vin Quy da cho phép trich din két qua nghién ctru chua dugc cong bo vé dir lidu da tap.

EXPLORING SIMILARITY AMONG SIGNATURE IMAGES BASED ON THE
MANIFOLD RANKING APPROACH

Tran Van Huy, Tran Cong Hung, Ngo Hoang Huy Dao Van Tuyet,
Pham Thi Kim Dzung, Nguyen Van Quyen, Le Dinh Nghiep

ABSTRACT: The Efficient Manifold Ranking (EMR) algorithm is widely used in image retrieval, typically employing low-
level features such as texture and shape to represent images. Features like HOG and LBP in signature images exhibit a high
discriminative capability, serving as an effective complement to the embedded Seatures computed from the SigNet network. To
enhance the discriminative power of the EMR algorithm in content-based image retrieval, this study proposes combining low-level
Sfeatures with embedded feature vectors from a deep learning model. Experimental tests conducted on a dataset of handwritten
signatures demonstrate the effectiveness of the proposed ranking method in improving retrieval quality and measuring image
similarity.

Keywords: Signature image retsrieval, Manifold ranking, EMR, Contrastive loss.
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