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Tém tit

Phat hién khuén mit 1a mot trong nhitng méc xich quan trong trong quy trinh nhan dang mit ngudi. i ¢6 nhiéu huéng
tiép can phat hién khuon mat da va dang dugc nghién ctru, theo do bai bao nay dé xuét mot hudng tiép can phat hi¢n mat
ngudi theo cdu trac khudén mat. Chung t6i sir dung dic trung Ridge va Valley dé tim ra cac diém 16i 16m trén khudn mat
nhu mét, miii, miéng lam co s& cho viéc xac dinh khudén mat. Céc két qua thuc nghiém so véi cac phuong phap khac cho
thiy day 1a hudéng tiép can hiéu qua v6i do chinh xéc cao, ¢6 thé img dung trong cac tmg dung phat hién thoi gian thuc,
dat biét 1a trong cac ung dung phat hién canh bdo ngu gat trén xe 6 t0.

Tuwr khoa: Phat hién mat nguoi; Ridge and Valley; tang cuong; Haar-like;

Abstract

Face detection is one of the important phases in the face recognition process. There have been many approaches to face
detection that have been studied. In this paper, we propose an approach to detect human face according to face structure.
We use Ridge and Valley features to find the convex and concave points on the face such as eyes, nose, and mouth as
a basis for facial identification. The experimental results compared with other methods show that this is an effective
approach with high accuracy, and can be applied in real-time detection applications, especially in system of drowsiness
on cars.

Keywords: Face detection; Ridge and Valley; Boosting; Haar-like.

1. Gi6i thiéu

Bai toan phat hién va nhan dang ddi tuong la
mot trong nhitng vén dé co ban thudc linh vuc thi
gidc may. Phat hién va nhan dang mat nguoi trong
dir liéu anh va video 1 bai toan cé nhiéu ung
dung thuc tién nhu hé théng giam sat an ninh, hé
thdng giao tiép ngudi may, hd tro 1ai xe an toan...
La mét trong nhitng mic xich quan trong trong
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hé théng nhan dang mat nguoi, bai toan phat hién
khuon mat da va dang danh duoc sy quan tam
nghién ctru ctia nhidu nha nghién ctru trong sudt
nhiéu thap ky qua. Tuy nhién, bai toan phat hién
khuén mat van gip nhiéu kho khin do tu thé, goc
chup, thiéu hodc bi che mot sb thanh phﬁn cua
khuon mit... nén cho dén nay céc nghién ctru van
chua dat duoc két qua nhu mong mudn.
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D3 c6 nhiéu hudng tiép can duoc dé xuit dbi
véi bai toan phat hién khuén mat: dya trén cac
dic trung bit bién ctua khudén mat [1], mdi quan
hé gitra cac thanh phan trén khuén mat [2], mo
hinh hén hop Gaussian hon hgp [7], mo hinh
Markov 4n (HMM) [10], mang no-ron nhan tao
[9], may véc to tua (SVM) [8], cac md hinh xac
sut [11]... hodc gan day la Hong Du [6] v6i k§
thuat phan tich Ridge va Valley hiéu theo nghia
that su ctia n6 13 16i (chom) 1a cac diém cao nhat
trén ddy ndi va 16m (thung liing) 1a cac diém c6
d6 cao thap nhat, cac diém nay dung dé biéu
dién duoc cac ving nhu: mét, chin may, mili,
va mi¢ng. Tuy nhién, Canton-Ferrer [12] tuyén
b rang diéu kién anh sang, méi trudng, cac goc
camera huéng mit vé phia may s& anh huéng
dang ké dén hiéu sudt cua cac md hinh. Do d6
chiing t6i dé xuét cai tién phuong phap ciia Hong
Du bang cach rit trich cac diém Ridge va Valley
va md hinh héa ching thanh cac khung ludi mo
hinh héa 3D m6 phdng khuon mat tir d6 cai thién
hiéu xuét phat hién khuén mat.

Bai bao nay duoc cau tric nhu sau: Phan 2 s&
gidi thiéu cac két qua va cac cong trinh c6 lién
quan dén bai toan phat hi¢én khuén mat, huéng
tiép can dic trung Ridge va Valley. Phan 3 dé
xudt hudng tiép can mo hinh hoéa 3D cho viée
phat hién ddi tuong dua trén dac trung Ridge
va Valley. Phan 4 trinh bay cac két qua thuc
nghiém va so sanh hiéu qua gitra cac hudng tiép
can. Cudi cung la phan két luan va hudng phat
trién.

2. Cic két qua va cong trinh lién quan

2.1. Hudng tiép cin hoc mdy

Hoc may 1a mot trong cac hudng tiép can
hiéu qua dbi voi bai toan phat hién va nhan dang
d6i tugng. M6 hinh hoc méy c¢6 2 pha: pha huén
luyén (training) va pha phat hién (testing). Pha
huén luyén duogc thuc hi¢n trude dé tao ra co s6
tri thirc phuc vu cho pha testing (Hinh 1).
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Hinh 1. Phat hién d6i tuong dua trén mo hinh hoc may

A. Tién xir Iy

Anh dAu vao c6 thé bi nhidu do nhiéu nguyén
nhan. Vi vdy can nang cao chét luong anh dé ting
d6 chinh x4c cho hé thong. Chirc ning chinh cua
b6 tién xir Iy 1a loc nhidu, nang do twong phan dé
lam anh rd hon, nét hon [15]...

B. Lua chon dac trung

C6 nhiéu phuong phap lya chon dic trung cho
bai toan phat hién d6i twong. Mot trong nhiing
ddc trung hiéu qua dugc nhiéu nha nghién ctru
quan tam, do 1a dac trung Haar Like, sir dung déc
trung ndy c6 thé dam bao yéu cau dap tng thoi
gian thuc cho hé thdng. Pic trung Haar-like do
Viola va Jones dé xuit [4], gdm 4 dic trung co
ban. Mdi dic trung Haar-like 1a su két hop cua
hai hay ba hinh chit nhat “tring” hay “den”. Dic
trung Haar-like 1 sy chénh léch giita tong cua
cac pixel ctia cac ving den va cac vung tring nhu
trong cong thuc sau:

fx) = Z pixels — Z pixels
Vingden Vingtring

Dé tinh cac gia tri cua dac trung Haar-like, can
phai tinh tong cta cac diém anh trén anh. Nhung
vi€c tinh cac gia tri cia cac dic trung Haar-like
cho tit ca cac vi tri trén anh doi hoi chi phi tinh
toan kha 16n, khong dap tng duoc cho cac ung
dung thoi gian thuc. Do d6 Viola va Jones dua
ra mot khai niém goi la “anh tich hop” (Integral
Image) [4]. Anh tich hop c6 cac tinh chit sau: gia
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trj pixel tai vi tri (x, y) bét ky trong anh tich hop
bang tong s cac pixel thudc hinh chir nhat duogc
tao bai goc trai trén cung cua anh (0, 0) va diém
dang xét.
Pey)= ) iGy)
x <xy'<y
Trong do6:
i: anh ban dau.

P: anh tich hop cuai.

P(x.y)

Hinh 2. Anh chia nho tai toa do (x, y)

Viéc tinh anh tich hop s€ dugc thuc hién theo
ky thuat quy hoach dong.

C. Hudn luyén

Céc thuat toan hoc may thuong ap dung k¥
thuat phan tich, théng ké dé xap xi voi mot ham
phan 16p tuyén tinh. C6 nhidu mo hinh hoc méay
da dugc dé xuét cho bai toan phat hién khudn
mat: Mo hinh mang No-ron do H. Rowley va
cong sy d& xudt nim 1998 [9], phuong phap
may vécto tua (SVM - Support Vector Machine
do nhom E. Osuna dé& xuat nam 1997 [8], mo
hinh phéan 16p Bayes doH. Schneiderman va T.
Kanade dé xudt nam 1998 [11], mé hinh Markov
an do A. Rajagopalan va cac cong su dé xuit nim
1998 [10]. Dac biét 1a mo hinh hoc tang cudong
(Boosting) do P. Viola va M. Jones dé xuit nim
2001 [4] va md hinh FloatBoost do StanZ. Li va
Zhen Qiu Zhang 2004 [12].

Nguyén 1y co ban cua hoc ting cudng 1a to
hop tuyén tinh ctia cdc may phan loai yéu dé hinh
thanh mot may phan loai manh (Hinh 3). Véi
phuong phap nay, mot may phan loai yéu (véi

ti 1¢ thanh cong nho hon 50%) c6 thé dugc ning
cap (“boost”) thanh mot may phan loai manh véi
muc tiéu 13 161 hudn luyén ctia may phan loai méi
s& tiém can dén Zero véi thoi gian thuc hi¢n da
thurc.

Céc bd phan loai yéu

Két hop cac bo phan loai L= — " 5y
Hinh 3. Két hop cic bo phan loai yéu thanh bo
phéan loai manh

D. Co so tri thuc

Sau khi huin luyén xong s€ c6 dugc mot “co
so tri thire” (Knowledge base)dé phuc vu cho
pha testing tim kiém va phat hién déi twong. Day
1a yéu t6 xwong sbng cua toan bo hé théng. N6
duoc tao ra & bude huin luyén va duoc luu trir
dudi dang file dir liéu co cAu tric.

E. Phat hién doi twong (Pha testing)

Pha phat hién ddi tuong dugc thuc hi¢n dua
vao co so tri thirc thu duoc sau qua trinh huén
luyén.

2.2. Huong tiép cdan ddac trung Ridge va
Valley

Hudng tiép can ndy quan tim dén cac dic trung
16i 16m cuia cac ddi twong trong anh. Nhu vay céc
dbi tuong trong anh s€ duogc trich chon va biéu
dién dudi dang khung Iudi 3D. M6 hinh khung
lu6i duoc kién tao béng cach xac dinh cac canh
ctia vat thé, hodc béng cach ndi cac diém dinh hop
thanh ctia mot ddi tuong dung dudng thang hoic
cong. DPéi voi dic trung khuon mat, chi can str
dung cac ddi twong diém va dudng thing.
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Lién quan t6i viéc biéu dién chiéu thir ba bang
d6 sau cia mau, James L. Crowley da dé xuét céc
khai niém Ridge va peak nam 1983 [1]. Trong
do, Ridge 1a céc diém 16i trén anh, tap cac diém
Ridge s& tao thanh nhimg dudng xwong sdng va
cac duong nay s€ tao thanh cac chum tia goi la
peak. James L. Crowley da sir dung phép hi¢u
cta loc thong thap dé rut ra cac diém 16i trén anh,
sau d6 st dung mot thuat toan duyét dé két ndi
chung lai véi nhau thanh cac dac trung Ridge va
peak.

Quan Yuan da ap dung cac loai dac trung nay
cho bai toan phat hién khuén mat [13] va dua ra
khéi niém déc trung tra thung liing hay dac trung
co dang ranh (Valley-like feature). Pac trung nay
dua trén hiéu mtc sang cia cac diém xung quanh
va diém dang xét ¢ trung tim dé xac dinh xem
diém nay co6 dang rinh hay khong. Hudng tiép
can nay giup nhan biét duoc cac vi tri trén anh
c6 dic diém ctua mit, mii, miéng. Lién quan dén
dic trung Ridge, Hai Tran va A.Lux [3] dd dé
xuat phuong phap sir dung bo loc Laplacian dé
tang cuong thong tin canh sau do do tim Ridge
va peak dudi nhiéu muc khac nhau. Trong hudng
tiép can nay, cac dic trung Ridge va peak dugc
biéu dién duéi dang cac dd thi quan hé hodc ciy
phan cép véi cac ting 1a cac Ridge va peak dugc
do tim tai cac murc khéac nhau.

Gan day nhat, Hong Du [6] xay dung ciy ciu
trac Ridge va Valley dé phat hién mat ngudi trong
anh k¥ thuat sb. Theo cach tiép cén nay Hong
Du céu trtc lai khuén mit theo cdy phan cép cua
cac diém Ridge va Valley. Cac diém 16i 16m duoc
phat hién ¢ nhiéu mirc khac nhau dé do tim chi
tiét cac ving trén khudén mit tir mirc cao dén mirc
thip nhét.

Vi cac huong tiép can trén, anh khuén mat
trong anh 2D c6 thé biéu dién duoc bang phuong
phép mo hinh hoéa theo dang 3D.

3. Pé xuit mé hinh phat hién khuén mit

Khuén mat s& duge biéu dién dua trén mé hinh
khung ludi theo mot ciu trac bao gdm cac canh

lién két v6i nhau qua cac dinh duogc tao thanh boi
cac vung Ridge va Valley. M&i nut trong khung
ludi s& co thé 1a nat Ridge hodc nit Valley, diéu
nay s& gitip nhan biét duoc do cao hodc thip
cua cac vi tri trén khung ludi. Dya vao moé hinh
khung ludi nay dé do tim va phét hién cac khuon
mit ¢ trén anh voi nhiéu muc khéac nhau.

.
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Hinh 4. M6 hinh phat hién khuoén mat
dua trén dac trung Ridge va Valley

TRICH CHONVUNG
RIDGE WA VALLEY

PHAT HIEN
KHUON MAT

3.1. Tién xir Iy

Anh dau vao s& dugc chuyén sang anh da cip
x4m va loc nhidu. Trong phan nay chung toi sir
dung két hop bo loc Trung binh (mean filter) va
bo loc Gaussian vi hai b loc nay khong lam mo
cac canh.

Tuy chét luong anh dau vao, anh dau ra nhan
duoc sau khi loc nhiéu s& dugc lam min tuong
ddi, tir d6 anh cling c6 do nét khac nhau.

Cao Thép
Hinh 5. B0 nét cua anh

Hinh 5 thé hién toc do chuyén tiép thong tin
cta hinh anh tai bién, vi vay do nét cao cho két
qua 13 cac chuyén tiép hinh dang va chi tiét bién
duoc thé hi¢én mot cach rd rang. DY nét cua anh

¢6 thé nhan dang qua cac duong bién trong anh,
va diéu nay s& anh hudng t6i viée trich chon cac
ving Ridge va Valley. Do d6 dé ting cuong do nét
ctia anh va 1am ndi bat cac duong vién trong anh,
chung t61 &p dung hai thuat toan co ban la phép
gian (Dilation) va phép co (Erosion) trong phuong
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phap hinh thai. Budc xtr Iy ndy s& lam rd mot sb
phén trong anh va mot sb phan khac s& mo di.

3.2. Trich chon dac trung Ridge va Valley

Trong anh khuén mat, miii va cac phﬁn nho
ctia hai ma dugc xem 1 Ridge con cac phan hdc
mat, 16 miii, miéng dugc duge xem 1a Valley. Cac
anh sau budc tién xtr 1y s& dugc phén tich dé do
tim quy tich cua cac diém cyc tri. Hinh 6 va Hinh
7 biéu dién cac dic trung Ridge va Valley twong
tu nhu cac két qua ciia HaiTran [3].

Hinh 6. Tim thong tin Ridge va Valley trén khudn mat
su dung LoG voi 6 = V2.

Céc diém Ridge duoc t6 mau do va Valley dugc
t6 mau xanh. Véi két qua nay, chung ta luu ¥ riang
cac diém Ridge va Valley rut trich dugc chi biéu
dién duoc cac vung Ridge va Valley nho va chi
tiét, chéng han nhu: mét, chan may, mili, va mi¢ng,

Hinh 7. Rut trich vung Ridge va Valley véi mic ¢ da chon.

Trong [6], dé cai thién mic do do tim thong
tin Ridge va Valley trén anh, Hong Du di dé xuét
y tudng do tim cac dic trung Ridge va Valley
tai cac muc khac nhau. V6i phuong phap nay,
tai muc thap thi do tim cac dic trung Ridge va
Valley c¢6 kich thudc nho va chi tiét nhu mit,
miii... Trong nhimg mirc d6 cao hon ké tiép, s&
do tim cac ving Ridge va Valley 16n hon. Dén
mtc 16n nhét, toan bo khudn mit c6 thé tro thanh
mot vung Ridge. Ttc 1a, & muc 16n s€ do duoc
vung Ridge va Valley kich thudc 16n va it chi tiét
hon. Tuong ty nhu khi nhin mét nguoi & rat xa
thi chi c6 thé thiy duoc dang, gan hon ta c6 thé
nhin dugc mat nhung khéng nhin dugc céc chi
tiét mat mili, miéng, va gén hon nita ta méi c6 thé
nhin théy 1o toan bo cac chi tiét trén khudn mat.

1. Do tim va rut trich vung Ridge va ving
Valley

Theo [6], dé danh gia mot viung c6 phai 1a
Ridge hay la Valley hay khong Ridge cting khong
Valley, ta chon bg loc sau (Hinh 8):

Anh dang xt ly

ving dang xét

I

a
. Hinh 8. Do tim vung trén anh:
(a) vung dang xét trén anh; (b) bd loc vudng.

Ung voi ving dang xét, v6i hinh vudng sxs,
tinh gia tri ctia bg loc trén vung nay theo cong
thte (1). bat S1, S2, S3, va §4 1a cac hinh chir
nhat den xung quanh hinh vuéng R (Hinh 8b), gia
tri loc F(R) duoc dinh nghi nhu sau:

4
FR)=25um(R)- ) sum(S) (1)
=1

Trong cong thirc (2), ham sum(x) tinh tong do
sang trong vung x. Dya trén gia tri F(R) vua tinh
duoc, danh gia xem vung R 1a Ridge hay Valley
theo cong thirc sau:
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Ridge=|F(R)|>6 A F(R)>0
Valleys|F(R)|=8 A F(R)<0 2)
Normal & (vung khac)

R=

Cong thuc (2) ding dé do tim cac ving Ridge
va Valley trén anh. Bang cach thay kich thudc caa
bd loc, c6 thé do tim cac ving Ridge va Valley
ung voi nhiéu kich ¢, mutrc dd khac nhau. Ngoai
ra, dé do tim va rat trich cac ving Ridge va Valley
c6 hinh dang khac nhau, chung t6i st dung mot
tap cac loc hinh hoc ¢6 hinh dang nhu trong hinh
9 thay vi chi st dung mdt bo loc vuong [6].

ol Jf fuu

Hinh 9. Tap cac bo 1QC kich thudc S: (a) loc vudng;
(b) loc chir nhat ding; (c) loc chir nhat ngang.

Voi tap bd loc duoc bod sung nhu trén, cong
thirc (1) dwoc viét lai nhu sau:
4

Fy(R)=2sum(R)- Z sum(S)) 3)

4
Fg(R)=3sum(R)-2 z sum(S,) @)
1

F(R) duoc st dung dé tinh gia tri loc vudng
F(R) st dung d¢€ tinh gia tri cac loc hinh chir
nhat. Trong cong thic (3) va (4), hé sb ding
trude ham sum(R) c6 dugce 1a do ty 1€ gitia dién
tich viing & tim (ving dang xét) va téng dién tich
ctia vung 1an can. Trong Hinh 9(a), tong dién tich
cta cac vung den xung quanh gip doi dién tich
phan & gitra, vi vay chung ta c6 hé sb 2. Trong
Hinh 9(b) va 9(c), téng dién tich cac ving den
gap rudi dién tich phan hinh chit nhat & gitra. Mot
thong sd quan trong khac trong cong thire (2) 1a
ngudng 8. Ngudng & phai phu thudc tuyén tinh
vao di¢n tich ctia ving dang xét. Chon §, = K§°
do1 vai loc hinh vudng c¢6 kich thude S va 6, =
4KS’ d6i v6i cac loc hinh chit nhat ¢6 kich thude
s. K 1a mot thong sd thuc nghiém. Ngudng o, la
tich ctia K va s? 1a dién tich cua loc vuong.

2. Do tim va phat hién vung Ridge va Valley

tai nhiéu mirc

Véi nhiéu kich thuéc bo loc khac nhau, ta s& do
tim dugc cac ving Ridge va Valley & nhiéu muc khac
nhau. Trong d6 cac ving dugc rit mdi mure thap hon
s¢ dugc do tim dua trén cac ving ¢ murc cao hon.

(al) 6=10, anh sau khi smooth
béng Gaussian 60v/2.

(b1) Céc ving Ridge va Valley dd
tim duoc véi kich thude 60.

(al) 6=10, anh sau khi smooth
béing Gaussian 20v2.

(bl) Céc ving Ridge va Valley do
tim dwge voi kich thuée 20.

(al) =10, anh sau khi smooth
bing Gaussian 10v2.

(bl) Céc ving Ridge va Valley dd
tim dwoc véi kich thude 10.

Hinh 10. Do tim Ridge va Valley & nhiéu mirc khac nhau.

Trong Hinh 10, cac hinh vudng va hinh chir
nhat mau doé l1a vung Ridge, con cac hinh vudng
va hinh chir nhat mau xanh 1a cac vung Valley.

bato,o,...
¢6 do 16n tang dan tir 6, dén o . Trong do, o, la
mirc c6 thé do tim cac viung Ridge va Valley c6
kich thuée nho va chi tiét nhdt. ¢_1a mic cao
nhat ma tai d6 cic ving Ridge va Valley dd tim
duoc chi tiét 16n va it nhat. Tai mdi mirc, trudc
tién ap dung bo loc Gaussian véi kich thude o,
sau do str dung 3 bd loc hiéu vai kich thude s=o..

o la cac mirc dugce cho trude va



60 Nguye:n Thi Bich Hanh va cac cong sw / Tap chi Khoa hoc va Cong nghé Pai hoc Duy Tan 01(32) (2019) 54-63

3. Khong gian nut va khoang cach giita cac nut

Vi céc vung Ridge va Valley da duge rut
trich, cac vung & murc 6 cao nhat, Gmg v6i mbi
vung nhu vay ta c6 mét “khong gian nut” (node
- space), khong gian nay s& 13 co s¢ dé xay dyng
khung ludi xac dinh khuon mat.

V6i mbi khong gian nut duge xay dung, ta cu
trac chung thanh mot khung ludi dé tao thanh
mot ung vién cho vi¢c xét tim khuon mat trong
d6. Trong khong gian nat nay, tAm ctia mdi ving
Ridge va Valley da rut trich dugc xem la mot
diém (nut) trong khong gian. Ving gi6i han duoc
xac dinh bdi vung Ridge va Valley dugc rat trich
¢ mirc 6, cao nhit. Cac ving Ridge va Valley
rat trich s€ xay dung thanh khong gian nut duogc
phan chia theo mirc nhu Hinh 11.

! i

= =
n -mj -
“\ e S,
S

P
SN
N5 ng n ng ny Ny Nyq

Hinh 11. Khong gian nuat véi cac nit dugce phan theo miec.

Trong Hinh 11, ving gidi han dugc xac dinh
la ving Ridge & mitc o,.V6i moi nit bat ky trong
khong gian nay, chung déu c6 moi lién h¢ véi
nhau bang khoang cach, muc o ctia nd va ving
gi61 han ma no nam trong do. Pé xac dinh duoc
khoang céach gilra cac nut, ta xay dung ham
khoang cach dugc dinh nghia nhu sau:

Ham khodng cdch: Dat N, c6 toa do (x, y)
va N, c6 toa do (x, y,) la cac tdm cua hai nut.
Khoang cach D (N, N,) la ham khoang cach
(Distance) giira cac nit néu nhu:

D(N,, N,) = 0 v6i moi nut thudc khong gian;

D(N,, N,) = D(N,, N,) v&i moi niit thudc khong gian;

D(N,, N,) = 0 khi va chi khi N =N,;

D(N,, M) <D(N,, N,) + D(N,, M); M la mot nut khac

Khodng cach Euclide: Xét vé mat toan hoc,
day 1a khoang cach thurong giira hai diém. Do do,
khoang cach euclide gilta hai nit N, (x ,y,) vaN,
(x,y,) dugc dinh nghia nhu sau:

De(NnNz):\/(Xr x2)2+(y1- y2)2

3.3. Xay dung khung lwdéi mo hinh hoa 3D

Tai mdi khong gian nit, dya vao dir liéu di co
dé xay dung mot khung ludi. Trude hét, nhitng nut
& muc 6 cao s& dugc dua vao khung ludi va ndi
v6i nhau bang cac canh vo hudng dé tao khung co
ban. Kich thudc ctia khung co ban nay co thé 16n
nho tuy khoang cach Euclide gitra cac nut.

Hinh 12. Khung lu6i co ban biéu dién khong gian nut.

Sau d6, nhimg nut & murc o thip hon s& duogc
chén vao trong khung va duoc ndi v6i nut cha
cua chung. Vi cac nit c6 cung nat cha, néu nut
Ridge nam giita hai nut Valley theo chiéu doc thi
ta v& thém canh ndi hai bién ciia nut Ridge nay
v6i hai nat Valley kia. C6 thé d& dang nhan ra
diéu nay sé& tao nén mot hinh thoi ndm trong viing
Ridge hodc Valley cia nut cha.

Hinh 13. Céc ntt tao thanh tir cac vung Ridge va Valley
rat trich dugc theo mirc

Sau khi chén hét cac nat & mot mire, xda cac
nut cha va cac canh twong Gng dé rat gon khung
lugi. Lic nay véi modi ving Ridge va Valley rat
trich & murc cao nhét s& dat dugc mot khung ludi

theo dinh dang 3D vdi dd cao vao thép cua cac
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nat duoc thé hién qua tinh chét cta cac nat (nht
Ridge hay Valley).

Hinh 14. Khung ludi chi tiét dugc rat trich
tur cac vung Ridge va Valley.

Trong Hinh 13, d& dang nhan thiy rang céac
khung luéi tuy thude vao trang thai, d nghiéng
ctia khudn mit ciing sé dugc biéu dién véi nhimg
goc nghiéng khac nhau. Piéu nay gitip ting viéc
xac dinh cac khuén mat dugc chup trong anh
hiéu qua hon so véi nhiéu phuong phéap khac.

4. Thuc nghiém

V61 mo hinh khung nhu trén, ching toi xay

dung mé hinh phat hién dé do tim va phat hién
khudn mat. Bén canh d6, néu co thé ap dung thém
mot s6 thuat toan nham ting cuong kha ning rat
trich cac ving Ridge va Valley c6 dO chinh xac
cao hon thi m6 hinh nay c6 thé mé rong dé dung
cho bai toan nhan dang co quan trén khuon mat
chéng han nhu mét, mii, chan may...

4.1. Tdp méu xdy dung tip khung chuin

Dé xdy dung tip khung chudn, ching toi sir
dung tap di liéu anh khudn mit duoc tong hop boi
Peter Hancock [17]. Chting t61 lya chon tdp anh
g0m ¢6 131 anh chyp khuoén mit caa 49 ngudi dan
ong va 20 nguoi nir. Cac khuoén mat dugc chup &
goc nhin truc tiép, biéu cam ty nhién hodc cudi.

Viéc lya chon tip anh nay gitp cho qua trinh
trich loc cac vung Ridge va Valley vao tao khung
ludi mo ta khuon mat dugc chinh xac, khong bi
nhiéu.

Hinh 15. M6t s6 hinh khudn mit trong tap anh cua Peter Hancock.

4.2. Tap anh thu nghiém

Pé thr nghiém chuong trinh, ching toi st
dung tap anh chup khuén mat dugc thu thap badi
Markus Weber [15] gdm c6 450 anh kich thuéc
896x592 mm luu ¢ dinh dang JPEG. Day la tap
dir liéu anh chyp cac khuén mat théng, chup dudi
nén phuc tap, da dang gdm ca ngoai canh va
trong nha voi cac diéu kién chiéu sang da dang...

a) Anh chup trong nha.

b) Anh chup ngoai trai.
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. B 4

f) Anh chup khuén mit bi che.

a 5

&) Anh chup tranh hoa.

Hinh 16. M6t s6 anh trong tap anh ciia Weber.

Bén canh d6 chung to61 cung sur dung thém
tap anh tir co s& dir licu anh cua CMU/VASC
[16]. Tap anh ndy gom cé 4 phan véi 180 anh
den tréng luvu ¢ dinh dang GIF. Cac khuon mat
dugc chup trong nhiéu khung canh khac nhau,
anh chup nhiéu khuén mat, khuén mat chup ¢
g6c nghiéng hodc anh chyp khuon mat trong tap
chi, anh chup c6é d6 nhiéu cao...

Hinh 17. Mt s6 anh trong tap anh CMU VASC.

4.3. Tao tdp khung chudn

Tl tap anh mau chi chira khuén miat & phan
IV.1, ching t6i rat trich cac ving Ridge va Valley
trén anh. Trong thyc nghiém, chung téi da lua
chon cac muc ¢,=20, 6,=30, 6,=120 Ia nhiing
muc dam bao do chinh xac twong doi khi rat trich
cac cung Ridge va Valley.
5. Két qua thuc nghiém

Dé danh gia két qua thir nghiém, tir anh dau
vao ta dung phuong phdp rut trich dac trung
Ridge va Valley dé nhan dugc mot khung ludi.

Dura vao tip khung chuan di xay dung dé kiém
tra xem liéu ddy c6 phai la khung biéu dién khuon
mat hay khong. Néu thoa diéu kién danh gia né
s€ trd khung luoi ing vién khudn mat.

Bang 1. Két qua thir nghiém trén cac tap anh

Weber va CMU
A 2 ) A bo
Tapanh 1 S0 peo | sai | Y| chinh
thir nghiém | anh sai .
xac
Weber 450 446 4 0.08 | 99,92
CMU/VASC | 180 159 21 16,4 83,6

Thoi gian xtr 1y trung binh cho mdi anh ¢ tap
Weber 1a 1.03s va cho tdp anh CMU/VASC la
1.24s. Ly do cho su khac biét nay 1a cac anh trong
tap Weber co do sang tot hon, do phan giai ciing
cao hon nhiéu so voi cac anh trong tap CMU/
VASC, yéu t6 nay anh huong 16n dén kha ning
xac dinh cac vung Ridge va Valley nhanh hay
cham va anh huéng dén tinh chinh xac cua két
qua rut trich.

Dé c6 su so sanh chung toi ciing thir kiém tra
trén mot chuong trinh phat hién khudén mat véi
tiép can dya trén di¢n mao st dung mang No-ron
va két qua duoc thé hién ¢ Bang 2.

Bang 2. Két qua thir nghiém theo tiép cén
mang No-ron trén cac tdp anh Weber va CMU

, 191 DO
Tép 4nh S , Y€ | chinh
- I X ung | Sai sai .
thir nghiém | anh (%) xac
° (%)
Weber 450 430 20 4,5 95,5
CMU/VASC | 180 135 45 25 75

Thoi gian thyc hién trung binh cta cac 1an thu
nghiém so véi cac tiép can ctia ching t6i 1a tuong
d6i nhiéu hon véi 3.046s cho tap anh Weber va
4,153s cho tap CMU/VASC. Va mot diéu chung
t61i nhan thdy khi thir nghiém trén chuwong trinh
phat hién khudén mat su dung mang No-ron nay
1a v6i anh c6 d6 phan giai cang cao thi téc do xir
1y cua chuong trinh cang cham va dan dén thoi
gian xir 1y tang 1én day 1a mot diéu t6i ky ddi voi
cac hé théng phat hién va nhan dang.
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Trong mot s6 trudng hop, viée phat hién khudn
mit van xay ra nham lan cac ving khac. Didu nay
xay ra do anh thu nhan c6 chira nhiéu ving anh
6 ludi Ridge va Valley c6 két cau tuong tu véi
két ciu Ridge va Valley ctua khuon mit, do dé
thudt toan hiéu nham nhu 13 mot thanh phan biéu
dién khudn mat.

6. Két luan

Bai bao d3 dé xuét va cai dat thu nghiém mot
phuong phap phat hién khudén mat theo tiép can
rat trich dic trung Ridge va Valley. Cac két qua
thuyc nghiém va so sanh cho thdy phuong phap
nay dat do chinh x&c cao hon so véi cac hudng
tiép can di co.

V6i kha ning mo phong khuon mat bang mot
khung luéi, tiép can nay giup xac dinh duoc
nhitng khuon mit bi che khuat hodc cc hinh hoa
khuon mat (khong phai 1a khuén mat that) duoc
chup tir ngudi tot hon so véi cac cach tiép can
khéc.
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