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TOM TAT

Bai bdo dé xudt hai chién lwoc t6i wu héa hiéu qua tinh
todn cho bé loc Laplacian of Gaussian tong quat (gLoG)
trong phdt hién blob. Chién luwoc thir nhdt diing phén tich
thanh phan chinh (PCA) dé xdc dinh hwéng chinh va rit
gon 56 thang do. Chién luoc thir hai khai thdc phdn bé do
lon gradient cuc bo dé chon va dp dung bo loc theo cdc
huéng lién quan nhdt.

Thuyc nghiém trén cdc bo dir lieu Oxford va ORL cho thcfy
cdc phwong phdp duy tri dg Idp va dg chinh xdc dinh vi tot,
dong thoi giam thoi gian xir Iy: PCA gidm 44% thoi gian
chay voi murc suy giam do chinh xac ghép cap chi 1,7%,
trong khi bién thé dua trén gradient dat mitc tang toc 37%.
Thiét ké gon nhe va tinh nhat quan hinh hoc cua cdc bo
loc d@é xudt cho thdy tiém ndng vmg dung trong cdc bai
todn trich xudt ddc trung véi tai nguyén tinh todn han ché.
ABSTRACT

This paper proposes two strategies to optimize the
computational efficiency of the Generalized Laplacian of
Gaussian (gLoG) filter for blob detection. The first
strategy employs Principal Component Analysis (PCA) to
identify dominant orientations and reduce the number of
scales to be evaluated. The second strategy exploits the
distribution of local gradient magnitudes to select and
apply filters along the most relevant orientations.
Experiments on the Oxford and ORL datasets show that
the proposed methods maintain high repeatability and
strong localization accuracy while reducing processing
time: the PCA-based method achieves a 44% reduction in
runtime with only a 1.7% drop in matching accuracy,
while the gradient-based variant attains a 37% speed-up.
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The compact design and geometric consistency of the
proposed filters highlight their potential for feature
extraction tasks under limited computational resources.

1. MO AU

1.1. Gi6i thi¢u bai toan

Phat hién blob 1a mot bai toan co ban trong thi giac may tinh, véi nhiéu ung dung
trong anh y sinh, nhan dang dbi twong, vién tham va kiém tra cong nghiép. Blob thudng
dugc dinh nghia 1a cic vung anh c6 dac trung cuong do khac biét so vdi vung lan cén,
dong vai trd quan trong trong trich xuat ddc trung va phan tich ddi tuong [1]-[4].

Bo loc Laplacian of Gaussian (LoG) 1a mot phuong phap phd bién trong phat
hién blob nho kha ning phén tich da thang va tinh bat bién theo thang do [5][6]. Tuy
nhién, LoG tiéu chuan sir dung kernel Gaussian dang huéng nén gip han ché khi phat
hién cac cdu trac kéo dai hoic bat dang hudng. Dé khic phuc, bd loc generalized
Laplacian of Gaussian (gLoG) dugc dé xuat bang cach tich hop céac kernel Gaussian c6
hudéng, cho phép phat hién blob véi hinh dang va hudng da dang hon [2], va da dugc
mg dung hiéu qua trong nhiéu linh vuc nhu anh y sinh [7], phat hién sau ring [8] va
cong nghiép [9][10]. Mic du dat hidu qua cao, viéc 4p dung gLoG trén nhiéu thang do
va hudng khac nhau lam gia ting dang ké chi phi tinh toan [11], khién phwong phap
khé dép img cac img dung thoi gian thuc hodc xu 1y anh quy mo 16n [12]. Cac nghién
clru trude day di dé xuat nhidu hudng cai tién nhu ting tc phan ctng [13], loc bat
bién theo twong phan [6] hodc mé hinh xac suit [14], tuy nhién cac phuong phap nay
thudng yéu cau nén tang chuyén dung hoic 1am giam tinh linh hoat ciia thuat toan.

Trong khi do, cac chién luge t6i wu hoa chu yéu cho viéc lua chon thang do va
huéng trong gLoG van chua dugc khai thac day du. Dé giai quyét khoang tréng nay,
bai bdo dé xuat mot khuon kho téi wu hoa kép nham giam cic phép tinh du thira ma
van bao toan do chinh xac phat hién. Cy thé, phuong phap tich hop:

Phan tich thanh phan chinh (PCA) [15] dé udc lugng cac thang do va hudng chi
phéi caa blob trudce khi ap dung gLoG.

Phan tich luge d6 do lon gradient nham lva chon ¢6 chon loc cac huéng quan
trong nhat cho qua trinh loc.

1.2. Tong quan ham Gaussian va biéu dién khong gian—thang do
Ham Gaussian dong vai trd nén tang trong 1y thuyét khong gian-thang do (scale-

space theory), noi né dugc st dung cho muc dich lam tron va biéu dién da thang do.
Ham nay dugc dinh nghia nhu trong phuong trinh (1):

x2+ 2
exp(— — ) (1)

G(x,y,0) = 5162
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trong d6 ¢ 1a tham s6 thang do diéu khién mic do 1am tron [16]. Biéu dién khdng
gian-thang do cua mot anh I(x,y) thu dwoc bing cach tich chap anh voi mot kernel
Gaussian nhu trong phuong trinh (2):
L(x,y,0) =G(x,y,0) xI(x,y) (2) , 7 ‘
Céch tiep can nay dam bdo kha nang trich xuat ddc trung On dinh trén nhicu
thang do khac nhau [16]. Tuy nhién, ban than phép loc Gaussian khong thé phat hién
cac cAu tric dang blob, do d6 can dén céc toan tir vi phan bac hai nhu Laplacian.

1.3. Tong quan ham Laplacian of Gaussian

B6 loc Laplacian of Gaussian (LoG) dugc sir dung rong rdi cho bai todn phat
hién blob va dugc dinh nghia nhu trong phuong trinh (3):

9’6 . 3°G
2 o — —
VG(x,y,0) = (6x2)+(6y2) (3)
Khi ap dung LoG lén anh trong khdng gian-thang do, ta thu dugc (4):
V2L(x,y,0) = V*(G(x,y,0) * 1(x,3)) 4

LoG cho kha ndng phat hién blob hi€u qua [6] nhung doi hoi chi phi tinh toan
cao, ddc biét trong cac thiét 1ap da thang do. Pé khic phuc han ché nay, nhiéu phuong
phap xap xi da duoc dé xuat.

Phuong phap Difference of Gaussians (DoG) [6] x4p xi LoG bang hiéu cua hai
bd loc Gaussian & cac thang do khac nhau, giup ting tc tinh toan nhung lam giam do
chinh xac d6i vdi cac blob khong dong nhat. Fast RT-LoG [11] sir dung b loc hop dé
tang tdc phép tich chap, cho phép xir 1y thoi gian thyc nhung lam suy giam do bén
viing hinh hoc. Nhin chung, cdc phuong phap nay cai thién hi¢u nang tinh toan nhung
gdp kho khan khi xur 1y cac blob c6 hinh dang va huéng da dang.

1.4. LoG tong quat

B loc LoG tong quat dugc biét 1a ham gLoG [2] - mé rong LoG bang cach cho
phép str dung cac kernel Gaussian di hudng, tir d6 cho phép phat hién céc blob c6 hinh
dang va hudng khac nhau. Qua trinh phat hién blob dugc thuc hién béng cach tim cac
cuc tri cuc bd cua dap tng bd loc trong khong gian, thang do. Cu thé, mot diém duogc
xem la irng vién blob néu dap tng cua bo loc tai diém d6 dat cuc dai hodc cuc tiéu so
v6i cac diém 1an cén trong khong gian anh va trén cac thang do 1an can. Co ché nay
cho phép phét hién ca blob sang trén nén tdi va blob tdi trén nén sang. Bo loc nay duoc
mo ta nhu trong phuong trinh (5):

gLoG(x,y,04,0,,0) = VZG(x',y', Oy, Ty) (5)
trong do (x', y') la cac toa do sau khi quay, dugc xac dinh bdi phuong trinh (6):
x' = xcosO+ ysinb, y' = —xsin®+ ycos6 (6)

O day, 0 la tham sé huéng, con o, g, xac dinh d6 mé rong ciia Gaussian theo
cac truc chinh va truc phu. Phuong phap co s¢ ap dung bd loc gLoG mot cach toan
dién trén tat ca cac thang do va hudng, din dén chi phi tinh toan dwoc biéu dién nhu
trong phuong trinh (7) trong d6 N, M 1a kich thudc anh, S 1a sé thang do, 0 1a s6 huéng
va k 1a kich thudc kernel.
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O(N-M-S-O-kz), (7

Maic du gLoG mang lai do chinh xac cao, chi phi tinh toan 16n han ché kha nang
mg dung thuc té. Cac nghién ctru trude da dé xuat lwa chon hudng thich nghi [7] hodc
diéu chinh dong thang do [17], tuy nhién van yéu ciu tai nguyén dang ké hoic c6 thé
1am suy giam do chinh xac hinh hoc. Nguoc lai, cac phuong phap dugc dé xuit trong
bai bio nay nham giam cac phép tinh du thira trong khi van bao toan cac dic tinh céu
trac quan trong cua gLoG, thong qua viée lua chon c6 chon loc cac hudng va thang do
mang nhiéu thong tin nhat.

2. PHUONG PHAP/ VAT LIEU NGHIEN CcUU

Nham cai thién hiéu qua tinh toan cua qua trinh loc gLoG, hai chién lugc duoc
dé xuat. Phuong phap thir nhit lya chon hudng va thang do dya trén phan tich tri riéng
clia tensor cau tric. Phuong phap thi hai tinh chinh lya chon hudng dya trén phan bd
gradient cuc bd.

2.1. Lua chgn thang do va huéng dua trén PCA

Cach tiép can nay tap trung vao viée téi vu hoa gloG bang cach xac dinh hudng
va thang do chinh tur tensor cau tric cua anh.

2.1.1. Tinh toan huong

V6i anh dau vao I(x, y), gradient theo hai truc duoc tinh nhu trong phuong trinh (8):
I I

e = 2522 e = T80, (8

Trong do6 I.(x,y) va I,(x,y) lan luot 1a gradient anh theo truc x va y. Céc
gradient ndy cung cip thong tin thiét yéu vé sy bién thién cudng do trong anh. Pé ting
d6 6n dinh trude nhiéu va phan anh t6t hon cdu tric cuc b ciia anh, cac thanh phan
ctia tensor duoc 1am tron bang mot bo loc Gaussian trén ving 1an can xung quanh diém
anh. Vi€c lam tron nay tuong duong voi vigce tich Ity thong tin gradient trong mot ctra
s6 cuc bo, gitp giam anh hudng cia nhidu va cung cip uoc luvong 6n dinh hon vé
huéng bién thién cudng d6 cua anh. Dya trén ching, tensor cau tric J duoc xay dung

nhu trong Phuong trinh (9):
Z 12 Z L1,

Y, Y| )

Cac vector riéng cua J chi ra nhitng huéng bién thién cudng d6 chi phéi. Bé trich
xuat hudng chi phoi, ta giai bai toan tim tri riéng caa Jthong qua phuong trinh dac
trung trong Phuong trinh (10):

detJ — AD=0. N el
Vector riéng tuong ung voi tri riéng 16n nhat biéu dién hudng chi phoi Opcy,
dugc xac dinh nhu trong Phuong trinh (11):
211
2Ly ) (11)

1
GPCA = Etan_l (ﬁ
x y
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Tt s6 phan anh muac do tuong quan giita cic gradient, trong khi mau sé biéu dién
su chénh Iéch nang lugng gradient theo hai truc. Géc nay dai dién cho hudng bién
thién cuong do quan trong nhat va dugc sir dung dé can chinh kernel gLoG theo hudng
chi phéi do.

2.1.2. Lya chon thang do 101 uru

Thang do chinh dugc ude luong tir cac tri riéng cua J trong Phuong trinh (9) nhu

trong Phuong trinh (12):
2l + A
Opca = & X f% (12)

Trong d6 A4, 1a c4c tri riéng va a 1a hé sd chuan hoa xac dinh bang thuc
nghiém. 14,1, cla tensor cAu trac phan anh muc do bién thién cuong do anh theo hai
huéng chinh truc giao. Trong cic ving c6 ciu tric blob, cac gia tri nay biéu thi ning
luong gradient tich lity trong ving 1an can va do d6 lién quan truc tiép dén kich thudc
dac trung cua cAu tric anh. Khi lua chon mot tap con thang do rat gon S Va loai bo cac
huéng du thura, d6 phuc tap tinh toan cua gloG dua trén PCA dugc gidm Xuéng nhu
trong Phuong trinh (13):

O(N-M-5 k) (13)

trong do S «S. Hé sb tang toc tuong tng so v6i gLoG vét can dugc biéu dién
nhu trong Phuong trinh (14):

S.
Speedup, ., = —— (14)
Két qua nay cho thdy mirc giam dang ké vé chi phi xtr 1y véi tac dong khong
dang ké dén d¢ chinh xac phat hién.
2.2. Tinh chinh hwéng dwa trén gradient
Céch tiép can nay nham t4i uu hoa viéc lwa chon hudng trong qua trinh loc gLoG
bang cach khai thac luge dd d6 16n gradient dé xac dinh cac hudng lién quan nhat,
2.2.1. Tinh todn lwoc do gradient

Cho maot anh dau vao I(x,y), ta tinh d6 16n gradient va hudng gradient tai mi
diém anh nhu trong phuong trinh (15):

VI )l = 2B y) + s y)

Iy (x,
o0 = ((535)

Trong d6 |VI(x,y)| biéu thi 6 16n cua do bién va 6(x,y) 1a goc dinh huéng tai
mdi gid tri pixel tvong tmg. Cac gia tri nay duoc sir dung dé xay dung lugc dd cac
huéng gradient, v6i trong s tuong Gmg 1a d6 16n gradient, qua d6 phan anh mirc d6 chi
phéi cua timg hudng trong ving anh cuc bd.

(15)
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2.2.2. Lwa chon huong

Thay vi ap dung bd loc gLoG trén toan bo tap hudng roi rac kha di
{64,65, ...,00}, phuong phap dé xuat chi lia chon mot tdp con cac hudng quan trong
nhét {91, 6,,..,0 o'}’ trong 36 O’ « 0. Viéc lya chon nay dugc thuc hién dua trén lugce
dd hudng gradient d xay dung & budc trude. Cu thé, cac gia trj hudng gradient trong
mét ving anh cuc bd duoc lugng tir hda vao mot luge d¢6 hudng. MSi bin cua luge do
tich lily trong sb twong &tng véi do 16n gradient cua cac diém anh c6 hudng nam trong
khoang huéng ciia bin d6. Cac hudng twong &ng Vai cac bin ¢é gia tri tich liy 16n nhat
duoc xem la cac huéng chi phéi caa cu tric cuc b va dugc lua chon dé &p dung bo
loc gLoG. Trong thuc nghiém, phuong phap lya chon O’ huéng cé gia tri cua lugce dd
I6n nhat (top-k hudng), giam dang ké s6 lwong hudng can xét trong qué trinh loc.

Trong trudng hop ving anh ¢ gradient yéu hodc phan bd hudng gan dang hudng
(tac lwoc @6 khong xudt hién dinh ndi troi), phuong phap quay vé xét toan bo tap
huéng ban dau nham tranh bo sot cac blob ¢ cdu trac tron hodc it dinh hudng. Co ché
nay giup duy tri tinh 6n dinh cia qué trinh phat hién dic trung. Nho khai thac cac
huéng chi phdi duge trich xuét tir luge dd gradient, do phirc tap tinh toan cta qué trinh
loc duge giam xudng nhu trong Phwong trinh (16).

O(N-M-5-0 -k (16)

trong do 0 « 0; N, M 1a kich thuéc anh, S 13 sé lugng thang do, O 1a s6 huéng
va k 13 kich thudc kernel. Hé sb tang tc tuong tng so voi gLoG vét can dugc biéu
dién trong Phuong trinh (17):
0
Speedquradient = g 17
Céch tiép can nay dam bao rang tai nguyén tinh toan chi dugc sir dung cho céc
huéng blob lién quan nhit, ddng thoi van duy tri hiéu ning phat hién.

3. KET QUA NGHIEN CUU VA THAO LUAN

3.1. Thiét 1ap thye nghiém

Céc phuong phap gLoG duogc dé xuat duoc danh gid trén bo dit liéu Oxford affine
covariant [18] va bg dit li¢u khuén mat ORL [19]. Cac tiéu chi danh gia bao gém do lap
(repeatability), do chinh xac ghép cap (matching score) va thoi gian tinh toan trung binh
trén mdi anh. Chi sb repeatability dugc tinh theo giao thirc danh gia dugc dé xuat & [18].
Hai diém dic trung duge xem 13 twong tmg néu ving dic trung cta chiing, sau khi bién
ddi theo phép bién dbi hinh hoc da biét giira hai anh, c6 d chdng lan vuot qua mot
ngudng xac dinh. Chi sb repeatability dugc tinh bang ty 18 giita sb cip diém dic trung
tuong ng hop 1& va sd luong diém dic trung t6i thiéu dugc phat hién trong hai anh cua
mdi cap anh. Tét ca céc thi nghiém dugc thuc hién trén may tinh st dung bd xtr 1y Intel
Core 17 2.2 GHz v61 16 GB RAM. Hi¢u nang cua hai bién thé gLoG duoc dé xuit duoc
so sanh truc tiép voi gLoG tiéu chuén trén toan bd cac cap anh cua ca hai bo dir ligu.
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Trong céc thi nghiém, bo loc gLoG dugc ap dung trén mot tap thang do roi rac
trong khoang o € [1,6], S=8 thang do. Tap hudéng ban dau cua bo loc gébm O =12 huéng
dugc phan bd déu trong mién goc [0,x). DS véi phuong phap dua trén gradient, cac
huéng chi phdi duoc lya chon tir luvge d6 hudng gradient trong viing 1an can cuc bo va chi
0’ huéng quan trong nhat duoc sir dung trong qua trinh loc nhim giam chi phi tinh toan.

3.2. Két qua thuce nghiém

Hinh 1 trinh bay d¢ 1ap trung binh cua cac phuong phap gl.oG dua trén PCA va
gradient so v&i gloG tiéu chuén trén bo dit liéu Oxford, bao g@)m tam tap anh chuén:
boat, bark, graf, wall, ubc, bikes, trees va leuven. Két qua cho théy cac phuong phap dé
xuat dat d6 1ap gan twong dwong gLoG trén cic phép bién ddi khac nhau, cho thay kha
nang bao toan hiéu qua phat hién diém dic trung cua phuong phap goc.

i Method
—a— gloG

—e— PCA-gLoG (Ours)
Gradient-gLoG (Ours)
80 :

gLoG Kernel
601 \
= \

20

—a— HLOG
o SIFT

Average Repeatability (%)

9 Index 2 Index 3 Index 4 Index 5 Index 6
Image Index

Hinh 1. P§ lip trung binh ciia cic phwong phip gLoG tiéu chuin va cac bién thé dé xuit
trén bo dir liéu Oxford

Béang 1. So sanh cic by phat hién trén b dir liéu ORL

B phat hién S6diém | Dolap | Sodiém | Ty 1é nhan
phat hién (%) khép dang (%)
SIFT 18 41.0 5 90.0
HLoG 9 59.0 3 80.0
Fast RT-LoG 76 45.4 9 94.5
gLoG 59 79.1 21 96.0
gLoG dua trén PCA (Ours) 52 73.8 19 94.2
gLoG dua trén Gradient (Ours) 50 72.5 18 93.5
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Hinh 2 (biéu dd logarit-logarit) minh hoa mdi quan hé giita d6 phan giai anh va
thoi gian tinh toan cta cac phuong phap gLoG. Trong khi gLoG tiéu chuén co chi phi tinh
toan tang nhanh theo d6 phan giai, cac bién thé dua trén PCA va gradient gitp giam thoi
gian xtr 1y 1an luot khoang 44% va 37% d6i véi anh co d6 phéan giai cao, dong thoi van
duy tri hiéu nang phat hién gin trong duong, pht hop cho cac img dung thoi gian thyec.

SIFT

Fast RT-LoG

glLoG kernel

~ HLoG

Standard gLoG

—e— PCA-based gLoG
—e— Gradient-based gLoG

t ¢

® ¢

100 L

Computation Time (s)

10% 10°
Image Resolution (Number of Pixels)

Hinh 2. Biéu do log-log thé hién thoi gian tinh toan theo dd phan giai anh

Céc két qua thyc nghiém cho thay gLoG tiéu chuan dat do chinh xac cao nhat
nhung di kém chi phi tinh toan 16n. Phuong phap gLoG dua trén PCA gitip giam dang ké
thoi gian xir Iy trong khi van duy tri d6 chinh xac tot, phtt hop cho cac ing dung thoi
gian thuc. Phuong phéap gLoG dua trén gradient tiép tuc cai thién hiéu qua tinh toan, dat
muc ting tbc dang ké trong khi van gitr hiéu nang phat hién gan voi gLoG tiéu chuan.

Bang 1 trinh bay so sanh cac bd phat hién diém dic trung trén bo dir licu ORL.
gLoG tiéu chuan dat d6 1ap cao nhit (79,1%) va ty 1 nhan dang cao nhat (96,0%). Hai
bién thé gLoG dugc dé xuét dat hiéu nang canh tranh véi d6 1ap lan luot 1a 73,8% va
72,5%, trong khi van duy tri ty 1é nhan dang trén 93%, cho thdy sy danh ddi hop 1y
gitta d chinh xac va hi¢u qua tinh toan. bé so sanh trgc quan hanh vi phat hi¢n blob,
Hinh 3 minh hoa céc diém dic trung dugc phat hién boi glLoG tiéu chuan va hai bién
thé duoc dé xuat. Mdi blob dugc biéu dién duéi dang mot ellipse mau xanh 14, trong dé
hinh dang va huéng phan &nh cau trdc cuc bo va goc 8 duoc lya chon. Cac mii tén
mau dé biéu thi hudng gradient chi phéi ¢ tai vi tri mdi diém dic trung.
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Standard gloG
A

?CA-based gLoG (Ours)
T

Gradient-based gLoG (Ours)
=

Hinh 3. Minh hoa két qua phat hién blob véi thong tin hwéng. Cac ellipse mau xanh 14

biéu dién hinh dang va huéng ciia tirng blob, trong khi cic miii tén mau dé chi hwéng

gradient cuc bd. Tir trai sang phai: gLoG tiéu chuén, gLoG dua trén PCA (dé xuit), va
gLoG dua trén gradient (dé xuit)

Nhu thé hién trong hinh, gl.oG tiéu chuén tao ra céac blob voi dai hudéng rong,
trong khi phuwong phéap dua trén PCA cho thdy sy can chinh nhit quan hon nho wdc
lugng hudng toan cuc. Phuong phap dua trén gradient thich nghi cuc bg, tao ra céac
huéng da dang hon nhung van duy tri do bén viing trong cac ving c6 két ciu phc tap.

4. KET LUAN

Céac phuong phap dugc dé xuat cung cip mot giai phap thay thé hiéu qua cho
gLoG tiéu chuin bang cach uu tién cac hudng va thang do lién quan thong qua cac
phép tinh nhe. Bién thé dya trén PCA duy tri tinh nhat quan cdu tric toan cuc; trong
khi phuong phap dua trén gradient tdng cudong kha nang thich nghi cuc bg, phu hgp véi
cac canh co6 hinh hoc phtc tap. Két qua thuc nghi€ém trén hai bd dir 1iéu xac nhén tinh
6n dinh va kha ning ung dung cua cac phuong phap dé xuat. Trong twong lai, hudng
nghién ctru c6 thé mo rong sang tich hop véi cac mo hinh hoc may hodc trién khai
trong cac hé thong thoi gian thuc.
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125



