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NANG CAO HIEU QUA PHAT HIEN BLOB CHO BQ LOC GLOG
Lé Xuan Quang', Nguyén Pinh Cong?, Pham Anh Pirc?
TOM TAT

Bai bao nay dé xudt hai chién lwoc t6i wu héa hiéu qua tinh toan cho bd loc Laplacian
of Gaussian tong qudt (gLoG) trong bdi todn phdt hién blob. Chién lwoc thir nhdt sir dung
phan tich thanh phan chinh (PCA) dé xdc dinh cdc hudng chinh va rit gon sé thang do can
ddnh gid, qua dé giam cdc phép tinh du thira. Chién legc thir hai khai théc phdn bo dg l6n
gradient cuc bo nham lua chon va ap dung bo loc theo cac huong lién quan nhat. Thuc
nghiém trén cdc bé dit liéu Oxford va ORL cho thdy cdc phwong phdp d@é xudt duy tri dg lap
cao va do chinh xdc dinh vi tot, dong thoi giam dang ké thoi gian xit Iy. Cu thé, phiong phdp
dua trén PCA giup giam thoi gian chay 44% voi mirc suy giam do chinh xac ghép cap chi
1,7%, trong khi bién thé dwa trén gradient dat mirc tang toc 37%. Thiét ké gon nhe va tinh
nhdt qudn hinh hoc cia cdc bé loc dé xudt cho thdy tiém ndng g dung trong cdc bdi todn
trich xudt ddc trung véi tai nguyén tinh todn han ché.

T khoa: Phdt hién blob, Laplacian of Gaussian tong qudt (gLoG), trich xudt déic
trung.
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1. DAT VAN BE

1.1. Gi6i thiéu bai toan

Phat hién blob 1a mét bai toan co ban trong thi gidc may tinh, v6i nhidu tmg dung
trong anh y sinh, nhan dang dbi tuong, vién tham va kiém tra cong nghiép. Blob thuong
duogc dinh nghia 1a cac vung anh c6 dac trung cuong d¢ khac biét so voi vung lan can, dong
vai trd quan trong trong trich xuét dic trung va phan tich dbi tuong [10,7,15,2].

Bo loc Laplacian of Gaussian (LoG) 1a mot phuong phap phd bién trong phat hién
blob nho kha ning phan tich da thang va tinh bat bién theo thang do [16,11]. Tuy nhién, LoG
tiéu chuan sir dung kernel Gaussian dang hudng nén gip han ché khi phat hién cac ciu trac
kéo dai hodc bat déng hudng. bé khic phuc, bd loc generalized Laplacian of Gaussian
(gLoG) dugc dé xuat bang cach tich hop cac kernel Gaussian c6 hudng, cho phép phat hién
blob v&i hinh dang va huéng da dang hon [7], va di duoc (mg dung hiéu qua trong nhiéu
linh vuc nhu anh y sinh [19], phat hién sau rang [9] va cong nghiép [17]. Mac du dat hi¢u
qué cao, viéc ap dung gLoG trén nhiéu thang do va hudng khac nhau lam gia ting dang ké
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chi phi tinh toan [13], khién phuong phép kho dap ting cac ing dung thoi gian thuc hodc xir
1y anh quy mo 16n [14]. Cac nghién ciru trudc day da dé xuat nhiéu hudng cai tién nhu ting
tdc phan ctng [1], loc bat bién theo twong phan [11] hodc mé hinh xac sudt [4], tuy nhién
cac phuong phap nay thuong yéu ciu nén tang chuyén dung hodc lam giam tinh linh hoat
cua thuat toan.

Trong khi 0, cac chién luge tdi wu hoa chi yéu cho viée lua chon thang do va huéng
trong gLoG van chua dugc khai thac ddy du. Dé giai quyét khoang tréng nay, bai bao dé
xuat mot khudn kho t6i wu hoa kép nham giam cac phép tinh du thira ma vin bao toan do
chinh xac phat hién. Cu thé, phuong phap tich hop:

- Phan tich thanh phan chinh (PCA) [5] dé u6c luong cac thang do va hudng chi phdi
cua blob trudc khi ap dung gloG.

- Phan tich luge d6 do 16m gradient nham lya chon ¢6 chon loc cc hudng quan trong
nhat cho qu4 trinh loc.

1.2. Téng 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 sir dung cho muyc dich 1am tron va biéu dién da thang do. Ham nay
duoc dinh nghia nhu trong phuong trinh (1):

X2 4 2
exp (— ’ ) , (1)

2102 202

trong d6 o 1a tham s6 thang do diéu khién mirc do lam tron [8]. Biéu dién khong gian—

G(x,y,0) =

thang do ctia mot anh I(x, y) thu dugc bang cach tich chap anh v6i mot kernel Gaussian nhu
trong phuong trinh (2):

L(x,y,0) = G(x,y,0) *1(x,y) (2) , 9 ‘

Céch ti€p can nay dam bao kha nang trich xuat dac trung 6n dinh trén nhiéu thang do
khac nhau [8]. Tuy nhién, ban than phép loc Gaussian khong thé phat hién cac cau triic dang
blob, do d6 cin dén cac toan tir vi phan bac hai nhu Laplacian.

1.3. Tong quan ham Laplacian of Gaussian

B¢ loc Laplacian of Gaussian (LoG) dugc str dung rong rai cho bai toan phat hién blob
va dugc dinh nghia nhu trong phuong trinh (3):

V2G(x,y,0) = (626 ) + (626) (3)
" dx? dy?
Khi 4ap dung LoG 1én anh trong khong gian-thang do, ta thu dugc (4):
ViL(x,y,0) = VZ(G(x, y, o) * I(x, y)) (4)

LoG cho kha nang phat hién blob hi¢u qua [11] nhung doi hdi chi phi tinh todn cao,
dic biét trong cac thiét 1ap da thang do. Dé khic phuc han ché nay, nhiéu phuong phap xap
xi di duoc dé xut.

Phuong phap Difference of Gaussians (DoG) [11] x4p xi LoG bang hiéu cua hai bo
loc Gaussian & cac thang do khac nhau, gitp tang toc tinh toan nhung lam giam d6 chinh
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xéac ddi véi cac blob khong dong nhat. Fast RT-LoG [13] sir dung bd loc hop dé ting tdc
phép tich chap, cho phép xir 1y thoi gian thuc nhung lam suy giam do bén viing hinh hoc.
Nhin chung, cac phuong phap nay cai thié€n hiéu nang tinh toan nhung gap khoé khan khi xtr
1y cac blob c6 hinh dang va huéng da dang.

1.4. LoG tdng quat

B loc LoG tong quat duoc biét 1a ham gLoG [7] - mo rong LoG bang cach cho phép
st dung cac kernel Gaussian di hudng, tor 6 cho phép phat hién cac blob c¢6 hinh dang va
huong khac nhau. Qua trinh phat hién blob dugc thuc hién béng cach tim cac cuc tri cuc bo
ctia dap tng bo loc trong khong gian, thang do. Cu thé, mot diém duoc xem 1 ing vién blob
néu dap ung cta bo loc tai diém d6 dat cuc dai hodc cuc tiéu so véi cac diém 1an can trong
khong gian anh va trén cac thang do 1an c4n. Co ché nay cho phép phat hién ca blob sang
trén nén tbi va blob tdi trén nén sang. Bo loc nay duge mé ta nhu trong phuong trinh (5):

gLoG(x, Y, 0y, Oy, 9) = VZG(x’,y’,ax,ay) (5)
trong d6 (x',y") 1a cac toa do sau khi quay, dugc xac dinh bdi phuong trinh (6):
x'' = xcos®+ ysin®, y' = —xsin0+ ycos0 (6)

O day, 6 1a tham sb huéng, con ay, 0, xac dinh do mo rong cuia Gaussian theo cac truc
chinh va tryc phu. Phuong phap co sé ap dung bd loc gLoG mdt cach toan dién trén tat ca
céc thang do va hudng, dan dén chi phi tinh toan dugc biéu dién nhu trong phuong trinh (7)
trong d6 N, M 1a kich thu6c anh, S 1a sb thang do, O 14 s6 hudng va k 1a kich thudc kernel.

ON-M-S-0-k?), (7)

Mic du gLoG mang lai d chinh xéc cao, chi phi tinh toan 16n han ché kha ning tng
dung thuc té. Cac nghién ctu trude da dé xuét lya chon hudng thich nghi [19] hoac diéu
chinh dong thang do [3], tuy nhién van yéu cau tai nguyén dang ké hoic c6 thé lam suy giam
d6 chinh xac hinh hoc. Nguoc lai, cic phuong phap duge dé xuat trong bai bao nay nham
giam cac phép tinh du thira trong khi van bao toan cac dic tinh ciu tric quan trong cua
gLoG, thong qua viéc lya chon c6 chon loc cac hudng va thang do mang nhiéu thong tin
nhat.

2. PHUONG PHAP NGHIEN CUU

Nhim cai thién hiéu qua tinh toan cua qua trinh loc gLoG, hai chién luoc duge dé
xuit. Phuong phép thir nhit lya chon hudng va thang do dua trén phan tich tri riéng cia
tensor cdu tric. Phuong phép thir hai tinh chinh Iya chon huéng dwa trén phan bd gradient
cuc bo.

2.1. Lwa chon thang do va hwéng dua trén PCA

Cach tiép can nay tap trung vao viéc toi uu hoa gLoG bang cach xac dinh huéng va
thang do chinh tir tensor cau triic cua anh.

2.1.1. Tinh toan huong
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Vi anh dau vao I(x, y), gradient theo hai truc dugc tinh nhu trong phwong trinh (8):

al (x, al(x,
L= 22 e = o2, ()

Trong do6 I, (x,y) va l,(x,y) lan luot 1a gradient anh theo truc x va y. Cac gradient

nay cung cap thong tin thiét yéu vé sy bién thién cudng do6 trong anh. Pé ting do 6n dinh
trude nhidu va phan anh tdt hon céu trac cuc b cua anh, cac thanh phﬁn cua tensor duoc
lam tron béng mot bo loc Gaussian trén vung lan can xung quanh diém anh. Viéc 1am tron
nay twong duong véi viée tich ity thong tin gradient trong mét cira s6 cuc bd, gitp giam anh
hudng ctia nhidu va cung cap ude lugng 6n dinh hon vé hudng bién thién cudng do cua anh.
Dua trén chiing, tensor cau trac J dugc xay dung nhu trong Phwong trinh (9):

Céc vector riéng ctia J chi ra nhitng hudng bién thién cudng d6 chi phéi. Dé trich xudt
hudng chi phdi, ta gidi bai toan tim trj riéng cuia Jthong qua phuong trinh dic trung trong
Phuong trinh (10):

det(j — Al) = 0. (10)

Vector riéng tuong tmg véi tri riéng 16n nhit biéu dién hudng chi phdi Opc,4, duoc xac

dinh nhu trong Phuong trinh (11):

1 2Y LI
— -1 Xy
BPCA = Etan <m> (11)
Tu s6 phan anh mirc d6 twong quan giita cac gradient, trong khi mau sé biéu dién sy
chénh léch ning lugng gradient theo hai truc. Goc nay dai dién cho huéng bién thién cudong

d6 quan trong nhét va dugc st dung dé can chinh kernel gLoG theo hudng chi phéi do.
2.1.2. Lya chon thang do 16i wu

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

Phuong trinh (12):
2/7\ + A
Opca = @ X - 5 -

Trong d6 A4, A, 1a céc tri riéng va a 1a hé s6 chuan hoa xac dinh béng thuc nghiém.

A1, A, cia tensor cdu trac phan anh mirc do bién thién cuong d6 anh theo hai hudng chinh

tryc giao. Trong cac viing c6 cau truc blob, cac gia tri ndy biéu thi ning lugng gradient tich

lity trong ving 14n can va do d6 lién quan tryc tiép dén kich thudc dic trung cta céu tric

anh. Khi lya chon mét tap con thang do rat gon S’va loai bo cac hudng du thira, d9 phirc tap
tinh toan ctua gl.oG dya trén PCA duoc giam xuéng nhu trong Phuong trinh (13):

ON-M-S'-k?) (13)

trong 6 S’ « S. Hé sb ting tdc twong tmg so voi gLoG vét can duoc biéu dién nhu

(12)
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trong Phuong trinh (14):
S-0
r 7 2 1 T 2
K&t qua nay cho thay muc giam dang ké vé chi phi xur ly véi tac dong khong dang ké
dén d6 chinh xac phat hién.

Speeduppcs = (14)

2.2. Tinh chinh hwéng dua trén gradient

Cach tiép can nay nham t6i uu hoa viéce 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 mét anh du vao I(x, y), ta tinh d6 16n gradient va hudng gradient tai mdi diém
anh nhu trong phuong trinh (15):

VI(x, )| = jl @ y) + 2(x)

L, (x,
0(x,y) = tan™! < ! y)) (15)
L (%, )

Trong d6 |VI(x,y)| biéu thi d6 16n cta do bién va 6(x,y) 1a goc dinh hudng tai mdi
gia tri pixel trong tng. Céc gia tri nay duogc sir dung dé xay dung luge do cac hudng gradient,
v6i trong s6 twong ing 1 do 16n gradient, qua d6 phan anh mirc d6 chi phdi cia ting hudng
trong vung anh cuc bd.

2.2.2. Luya chon huong

Thay vi ap dung b loc glLoG trén toan bo tdp hudng roi rac kha di {64,605, ..., 00},
phuong phap dé xudt chi lya chon mét tip con cac hudng quan trong nhét {6,,6,, ..., 0},
trong 36 O’ < 0. Viéc lya chon nay dugc thuc hién dua trén lugc dd hudng gradient da xay
dung & budc trude. Cu thé, cac gia tri hudng gradient trong mdt vung anh cuc bg dugc luong
tir hoa vao mot lwge dd hudng. Mdi bin ctia luge do tich liy trong s6 twong tmg vaoi do 1on
gradient cua cac diém anh c6 hudng nam trong khoang huéng cua bin d6. Cac hudng tuong
g vai cac bin c6 gid tri tich lity 16n nhét dugc xem 1a cac hudng chi phéi ciia cu triic cuc
bo va duoc lya chon dé ap dung bo loc glLoG. Trong thuc nghiém, phuong phéap lya chon
O’ hudng c6 gia tri ctia luge do 16n nhét (top-k hudng), giam dang ké sb luong hudng can
xét trong qua trinh lgc.

Trong trudng hop ving anh c¢é gradient yéu hodc phan bd hudng gan déng hudng (tirc
lugc d6 khong xuét hién dinh ndi troi), phuong phap quay vé xét toan bo tap hudng ban dau
nham tranh bo st cac blob c6 cau tric tron hodc it dinh huéng. Co ché nay giup duy tri tinh
6n dinh ciia qua trinh phat hién dic trung. Nho khai thac cac hudng chi phdi dugc trich xut
tir luge d0 gradient, d phuc tap tinh toan ciia qua trinh loc dugc giam xudng nhu trong
Phuong trinh (16).

ON-M-S-0'-k?) (16)
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trong d6 0’ <« 0; N, M 1a kich thudc anh, S 13 sb luong thang do, O 13 s6 hudng va
k 14 kich thudc kernel. Hé s6 tang toc twong Gmg so v6i gLoG vét can duoc biéu dién trong
Phuong trinh (17):
Speedup&‘radient = % (17)
Céch tiép can nay dam bao rang tai nguyén tinh toan chi dugc str dung cho cac hudng
blob lién quan nhét, dong thoi van duy tri hiéu nang phat hién.

3. KET QUA NGHIEN CUU VA THAO LUAN
3.1. Thiét 1ap thwc nghiém

Céac phuong phap gLoG duoc dé xuit duge danh gia trén bo dit liéu Oxford affine
covariant [12] va bg dir li¢u khuon mat ORL [6]. Cac tiéu chi danh gia bao gém do lap
(repeatability), d0 chinh x4c ghép cdp (matching score) va thoi gian tinh todn trung binh trén
mbi anh. Chi s repeatability dugc tinh theo giao thirc danh gia duoc dé xuat ¢ [12]. Hai
diém dic trung duge xem 1a trong Gmg néu vung dic trung ciia ching, sau khi bién ddi theo
phép bién ddi hinh hoc da biét giira hai anh, c6 d6 chong 14n vuot qua mot ngudng xac dinh.
Chi s repeatability dugc tinh bang ty 18 giita s6 cap diém dic trung twrong tmg hop 16 va sb
lwong diém dic trung tdi thiéu duoc phat hién trong hai anh ctia mdi cip anh. Tét ca céc thi
nghiém dugc thyc hién trén may tinh st dung bd xur 1y Intel Core 17 2.2 GHz voi 16 GB
RAM. Hiéu ning cta hai bién thé gLoG dugc dé xut duoc so sanh tryc tiép v6i gLoG tiéu
chuén trén toan bo cac cap anh cua ca hai b dir lidu.

Trong cac thi nghiém, bd loc gl.oG dugc ap dung trén mot tap thang do roi rac trong
khoang o € [1,6], S=8 thang do. Tap hudng ban dau ciia bd loc gdm O =12 hudng duoc
phan bb déu trong mién goc [0,7). Poi v6i phuong phap dua trén gradient, cac hudng chi
phéi duoc lya chon tir lugc dd hudng gradient trong vung lan can cuc bd va chi 0’ huéng
quan trong nhat duoc sir dung trong qua trinh loc nham giam chi phi tinh toan.

3.2. Két qua thye nghiém

Hinh 1 trinh bay d¢ lap trung binh cua cac phuong phap gLoG duya trén PCA va
gradient so v6i gLoG tiéu chuén trén bo dir liéu Oxford, bao gdbm tam tip anh chuin: boat,
bark, graf, wall, ubc, bikes, trees va leuven. Két qua cho thay cac phuong phap d& xuit
dat d6 ldp gan twong duong gLoG trén cac phép bién dbi khac nhau, cho thiy kha ning bao
toan hiéu qua phat hién diém dic trung ctiia phuong phéap gbc.

10
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Hinh 1. P lip trung binh ciia ciac phwong phap gLoG tiéu chuin va cic bién thé dé xuit
trén b9 dir liéu Oxford.

Béang 1. So sanh cac b§ phat hién trén b dir liéu ORL

Bo phat hién S6 diem | Polip | SO diém Ty 18 nhan
phat hién (%) khoép dang (%)
SIFT 18 41.0 5 90.0
HLoG 9 59.0 3 80.0
Fast RT-LoG 76 454 9 94.5
gloG 59 79.1 21 96.0
gLoG dya trén PCA (Ours) 52 73.8 19 94.2
gLoG duya trén Gradient (Ours) 50 72.5 18 93.5

Hinh 2 (biéu d0 logarit-logarit) minh hoa mdi quan hé giira d6 phan giai anh va thoi
gian tinh toan cta cac phuong phap gLoG. Trong khi gLoG tiéu chudn c6 chi phi tinh toan
tang nhanh theo d9 phén giai, cac bién thé dua trén PCA va gradient giup giam thoi gian xir
1y 1an lugt khoang 44% va 37% ddi voi anh c6 d6 phén giai cao, ddng thdi van duy tri hidu
nang phat hién gan twong dwong, phtt hop cho cac ing dung thoi gian thuec.

11
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SIFT
—e— Fast RT-LoG
—o— gLoG kernel
®— HLoG
o— Standard gLoG
—e— PCA-based gLoG
—e— Gradient-based gLoG
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104 10°
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Hinh 2. Biéu d log-log thé hién thoi gian tinh toan theo d§ phan giai dnh.

Céc két qua thuc nghiém cho thiy gLoG tiéu chuan dat do chinh xac cao nhat nhung
di kém chi phi tinh toan 16n. Phuong phap gLoG dya trén PCA gitp giam dang ké thoi gian
xtt 1y trong khi van duy tri do chinh xac tbt, phi hop cho cac tmg dung thoi gian thyc.
Phwong phap gLoG duya trén gradient tiép tuc cai thién hiéu qua tinh toan, dat muc ting toc
dang ké trong khi van giit hiéu ning phat hién gan véi gLoG tiéu chuén.

Bang 1 trinh bay so sanh cac bo phat hién diém dic trung trén bo dit liéu ORL. gLoG
tiéu chuan dat d6 1ap cao nhit (79,1%) va ty 1& nhan dang cao nhét (96,0%). Hai bién thé
gLoG dugc dé xuét dat hiéu nang canh tranh voi d6 lap lan luot 14 73,8% va 72,5%, trong
khi vin duy tri ty 16 nhan dang trén 93%, cho thy sy danh dbi hop 1y gitra d chinh xac va
hi¢u qua tinh toan. Dé so sanh truc quan hanh vi phat hi¢n blob, Hinh 3 minh hoa cac diém
dac trung dugc phat hién boi glLoG tiéu chuén va hai bién thé dugc dé xuit. Mdi blob duoc
biéu dién dudi dang mot ellipse mau xanh 14, trong d6 hinh dang va huéng phan anh cu
truc cuc bd va goc 6 duoc lya chon. Cac mii tén mau do biéu thi hudng gradient chi phéi
¢ tai vi tri mdi diém dic trung.

12
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- Standard gLoG
B

PCA-based gLoG (Ours)
S R

Gradient-based gLoG (Ours)
= T

Hinh 3. Minh hoa két qua phat hién blob véi thong tin hwéng. Cac ellipse mau xanh 14
biéu dién hinh dang va hwéng (6) ciia tirng blob, trong khi cic miii tén mau dé chi hwéng
gradient cuc bd (¢p). Tir trai sang phai: gLoG tiéu chuin, gLoG dwa trén PCA (d¢ xuit),
va gLoG dua trén gradient (dé xuit).

Nhu thé hién trong hinh, gLoG tiéu chuin tao ra cac blob vé&i dai huéng rong, trong
khi phuwong phap dua trén PCA cho thay su can chinh nhat quan hon nho wéc lugng huéng
toan cuc. Phuong phap dua trén gradient thich nghi cuc b, tao ra cac hudéng da dang hon
nhung van duy tri ¢ bén viing trong cac ving c6 két ciu phirc tap.

4. KET LUAN

Céc phuong phap dugc dé xudt cung cAp mot giai phap thay thé hiéu qua cho gLoG
tiéu chuan bang cach vu tién cac hudng va thang do lién quan thong qua cac phép tinh nhe.
Bién thé dua trén PCA duy tri tinh nhit quan cau tric toan cuc; trong khi phuong phap dya
trén gradient tdng cuong kha nang thich nghi cuc bg, phu hop véi cac canh cé hinh hoc phirc
tap. Két qua thyc nghiém trén hai by dir liéu xac nhan tinh 6n dinh va kha nang ung dung
ctia cac phuong phap dé xuat. Trong tuong lai, huéng nghién ctru ¢6 thé mé rong sang tich
hop voi cac md hinh hoc may hodc trién khai trong cac hé théng thoi gian thuec.

TAI LIEU THAM KHAO

[1] Acevedo-Avila, R., Gonzalez-Mendoza, M., Garcia-Garcia, A, (2016), A linked list-
based algorithm for blob detection on embedded vision-based sensors. Sensors 16(6),
782

[2] Chen,J., Duan, L.Y., Gao, F., Cai, J., Kot, A.C., Huang, T, (2014), A low complexity
interest point detector. IEEE Signal Processing Letters 22(2), 172—-176

[3] Cho, Y., Kim, D., Saeed, S., Kakli, M.U., Jung, S.H., Seo, J., Park, U, (2020),
Keypoint detection using higher order laplacian of gaussian. IEEE Access 8, 10416—
10425

13



TAP CHi KHOA HQC TRUONG PAI HQC HONG DPUC - SO 90 (09.2026)

p-ISSN 3030 - 4695
e-ISSN 3030 - 4709

(4]

(3]

(6]

(7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

14

Descombes, X., (2017), Multiple objects detection in biological images using a marked
point process framework. Methods 115, 2—8

Esbensen, K., Geladi, P.:, (2020), Principal component analysis: Concept, geometrical
interpretation, mathematical background, algorithms, history, practice. In: Com-
prehensive chemometrics: Chemical and biochemical data analysis, vol. 2

Jiang, X., Mandal, B., Kot, A., (2008), Eigenfeature regularization and extraction in
face recognition. IEEE Transactions on Pattern Analysis and Machine Intelligence
30(3), 383394
Kong, H., Akakin, H.C., Sarma, S.E., (2013), A generalized laplacian of gaussian filter
for blob detection and its applications. IEEE transactions on cybernetics 43(6), 1719—
1733

Lindeberg, T., (1998), Feature detection with automatic scale selection. International
jour-nal of computer vision 30, 79-116

Majanga, V., Viriri, S., (2021), Automatic blob detection for dental caries. Applied
Sci-ences 11(19), 9232

Mendonca, A.M., Campilho, A., (2006), Segmentation of retinal blood vessels by
combining the detection of centerlines and morphological reconstruction. IEEE
transactions on medical imaging 25(9), 1200-1213

Miao, Z., Jiang, X., Yap, K.H., (2015), Contrast invariant interest point detection by
zero-norm log filter. IEEE Transactions on Image Processing 25(1), 331-342
Mikolajczyk, K., Tuytelaars, T., Schmid, C., Zisserman, A., Matas, J., Schaffal-itzky,
F., Kadir, T., Gool, L.V., (2005), A comparison of affine region detectors. Interna-
tional journal of computer vision 65, 43-72

Nguyen Dinh, C., Delalandre, M., Conte, D., Pham, T.A., (2021), Fast rt-log operator
for scene text detection. Journal of Real-Time Image Processing 18(1), 19-36
Petrovi'c, V.L., (2017), A method for real-time memory efficient implementation of
blob detection in large images. Serbian Journal of Electrical Engineering 14(1), 67—
84

Reisenhofer, R., King, E.J., (2019), Edge, ridge, and blob detection with symmetric
molecules. STAM Journal on Imaging Sciences 12(4), 1585-1626

Shivakumara, P., Phan, T.Q., Tan, C.L., (2010), A laplacian approach to multi-
oriented text detection in video. IEEE transactions on PAMI 33(2), 412419

Wang, G., Lopez-Molina, C., De Baets, B., (2017), Blob reconstruction using
unilateral second order gaussian kernels with application to high-iso long-exposure
image denoising. In: Proceedings of the IEEE International Conference on Computer
Vision. pp. 48174825



TAP CHI KHOA HQC TRUONG DPAI HOC HONG PUC - SO 90 (09.2026) E}:Sg gggg i jg‘;;

[18] Wang, G., Lopez-Molina, C., De Baets, (2020), Automated blob detection using iter-
ative laplacian of gaussian filtering and unilateral second-order gaussian kernels. DSP
96, 102592

[19] Xu, H., Lu, C., Berendt, R., Jha, N. (2016), Automatic nuclei detection based on
generalized laplacian of gaussian filters. IEEE journal of biomedical and health
informatics 21(3), 826-837

ENHANCING THE EFFECTIVENESS OF BLOB DETECTION
USING THE GLOG FILTER

Le Xuan Quang, Nguyen Dinh Cong
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 that need to be evaluated, thereby eliminating redundant computations.
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 significantly reducing processing time. Specifically, the PCA-based method
achieves a 44% reduction in runtime with only a 1.7% drop in matching accuracy, whereas
the gradient-based variant attains a 37% speed-up. The compact design and geometric
consistency of the proposed filters highlight their potential for feature extraction tasks under
limited computational resources.

Keywords: Blob detection, Generalized Laplacian of Gaussian (gLoG), feature
extraction.
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