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ABSTRACT

In this paper, we paper presents a novel approach to detect pornographic
images based on the combination of the Scale-invariant feature transform
method (SIFT), the bag-of-visual-words (BoVW) and the Arcx4 of random
multinomial naive Bayes (Arcx4-rMNB). At the preprocessing step, we
propose to use the Scale-invariant feature transform method (SIFT) which is
locally based on the appearance of the object at particular interest points,
invariant to image scale, rotation and also robust to changes in illumination,
noise, occlusion. And then, the representation of the image that we use for
classification is the bag-of-visual-words (BoVW), which is constructed from
the local descriptors and the counting of the occurrence of visual words in a
histogram like fashion. The pre-processing step brings out datasets with a
very large num-ber of dimensions. And then, we propose a new algorithm
called Arcx4 of random multinomial naive Bayes (Arcx4-rMNB) that is suited
Jor classifying very-high-dimensional datasets. We do setup experiment with
two real datasets to evaluate performances. Our approach has achieved an
accuracy of 91.75% for a small dataset and 87.93% for other large one.

TOM TAT

Trong bai nay, chiung t6i gidi thiéu mot phwong phap mdi phat hién nhirng
anh khiéu dam dwa trén su két hop gitta phuwong phdp biéu dién anh bcfng cdc
nét dic trung khéng déi véi nhimg bién doi ti 1é (Scale-invariant feature
transform — SIFT), mé hinh tui tir truc quan (the bag-of-visual-words (BoVW)
va gidi thudt ArcX4 ciia Bayes tho ngdy ngau nhién (the Arcx4 of random
multinomial naive Bayes ( Arcx4-rMNB)). O budc tién xir Iy, ching toi sir
dung phwong phdp biéu dién dnh bang cdc nét ddc trung khéng doi dwoc
thue hién dya trén dac trung cuc bg, khong bi thay doi truée nhiing bién doi
ti 1¢ anh, tinh tién, phép quay, khong bi thay déi mét phan doi véi phép blen
déi hinh hoc affine (thay doi goc nhin) va manh voi nhirng thay doi vé do
sang, sy nhiéu va che khudt. Ké tiép, mo hinh tii tir tryc quan duogc su dung
dé biéu dién noi dung anh. Sau buédc tien xir ly, anh duoc biéu dién béi mot
véc-to ¢é 56 chiéu rdt I6n, chiing téi dé nghi mét gidi thudt moi ArcX4 cia
Bayes tho ngdy ngau nhién cho phép phdn I6p hiéu qua dit liéu co 56 chiéu
6n. Bé danh gid hiéu qua cua phwong phdp dé xuadt, ching toi thwc nghiém
V6i tdp diF liéu thue té va két qud phirong phdp ciia ching téi dat dwoc chinh
xac 91.75% cho tap dir lieu nho va 87.93% cho tap dir liéu lon.
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1 GIOI THIEU

Su bung nd cua Internet gitip con ngudi dé
dang chia sé thong tin va tiép can kho tri thirc
cua nhan loai. Bén canh do, sach anh khiéu dam
cling dugc phat tdn nhanh chong trén céac trang
Web c6 thé giy nguy hai cho tré em. Do d6
viéc bao vé tré em tranh tiép xuc voi hinh anh
khiéu dam trén Internet la mot Vén dé thuc su
rat bt xtc hién nay. Dé glal quyét vin dé nay,
cac nha nghién ctru dé xuat cic phuong phap
phat hién anh khiéu dam bang tlep can hoc tur
ndi dung anh.

Hién nay, tiép can phat hién anh khiéu dam
c¢6 hai huéng chinh. Huéng thir nhat 1a dwa trén
phat hién cua cac diém mau da (skin color
pixels), két cdu da (skin texture), t& chuc do
mau (color histogram) [7], [8], [6], [19], [24],
mit nguoi (faces) [10] va hinh dang co thé
(body shape) [22]. Hé théng nay sir dung mang
no-ron (neural networks), may hoc véc-to hd
trg (support vector machines) [21] hoac ring
ngau nhién (random forests) [3] d& hoc phan
16p anh khiéu dam. Tuy nhién, huéng tiép can
thir nhat nay khéng thu dugce do chinh xac cao
do tiép can rat trich dic trung anh qua don gian.
Gan diy, mot huéng t1ep can thr hai [5], [12]
dua vao phuong phap biéu dién anh bang cac
nét dic trung khong ddi véi nhitng bién doi ti 16
(SIFT [13], [14]) va mo hinh thi tr tryc quan
(BoVW) (dugc d& xuit du tién boi [1] cho
phan 16p két cdu). Mot anh dugc biéu dién boi
tap hop tai tir truc quan duogc xdy dung bang
cach ap dung mdt giai thuat gom nhom 1én cac
véc-to md ta cuc by SIFT. Giai doan tién xir 1y
cho ra mot tap dit li€u véi s6 chiéu rat 16n
(chang han 2000 chiéu hodc tir tryc quan). Ké
dén, phuong phap may hoc véc-to hd tro duoc
str dung cho phén 16p tap dit liéu s chiéu 16n
kiéu nay. Hudng tiép can tha hai nay cho do
chinh xac cao hon huéng tiép can thir nht.

Trong bai bao nay, chung toi dé xuit su
dung phuong phap biéu dién anh bing dic
trung khong d6i, mo hinh tui tir tryc quan. Tiép
dén, ching t6i dé xuat mot giai thuat hoc méi
tén goi 1a ArcX4 cia Bayes tho ngiy ngau
nhién (Arcx4-rMNB) cho phan loai anh khiéu
dam. Giai thuat Arcx4-rMNB st dung phuong
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phap Arcx4 [2] dé xay dung tuan ty & md hinh
co s& Bayes tho ngdy ngau nhién, mdi phan 16p
tap trung hau hét cac 18i dugc tao ra boi cac mod
hinh trude d6. Ngoai ra, chung toi dé nghi sir
dung cac tap con dic trung ngau nhién dé udc
tinh x4c suat cac 10p cua Bayes tho ngdy, y
tuong nay nham ting kha nang chiu dyng nhiéu
cua Bayes tho ngdy. Vi vay, ArcX4-rMNB co6
thé giai quyét tap dir lieu v6i s6 chiéu 16n
(nhiéu dic trung dau vao véi mdi dic trung chi
chira dyng mét luong nho thong tin cho phan
16p). Két qua thuc nghiém trén hai tap dir liéu
anh thuc chi rang, dé xuét cua ching toi dat
duoc 91,75% ddi voi tap dit liéu nhé va 87.93%
voi tap dir li€u 16n. Thuat gidi ArcX4-rMNB
thyc hién phén 16p t6t hon s0 v6i nhimg thuét
giai khac bao gébm cay quyét dinh C4.5 [17],
rung ngau nhién cua (RF-CART [3]), AdaBoost
cta C4.5 [9]. So sanh véi thuét giai SVM [21],
thuat giai ctia chung t6i t6t hon SVM trong céc
titu chi danh gia hiéu qua phat hién anh
khiéu ddm nhung SVM cho két qua t6t hon ddi
v6i cac tiéu chi danh gid hiéu qua cua anh
binh thuong.

Phan tiép theo cua bai bao dugc to chic nhu
sau. Phan 2 trinh bai phuong phap biéu dién
anh str dung SIFT va mo hinh BoVW. Phan 3
trinh bay ngin ngon Bayes tho ngdy va thuit
giai Arcx4-rMNB cua chung t6i dé xuét cho
phan 16p tap dit liéu véi sd chidu 16n. Két qua
thuc nghi€ém s& duoc trinh bay ¢ phén 4 va két
luan & phan 5.

2 BIEU DIEN PAC TRUNG KHONG POI
VA MO HINH TUI TU TRUC QUAN

Biéu dién anh 12 mot budc quan trong trong
phan loai anh. Budc nay ¢6 anh hudng rat 16n
dén két _qua phan loai cudi cing. Hai tiép can
chinh vé biéu dién anh hién nay 1a: str dung nét
dac trung toan cuc (global features) nhu véc-to
bitmap, t6 chtrc d6 mau (color histogram) va sir
dung nét dac trung cuc bo (local features) nhu
diém dic trung, ving dic trung dé biéu dién
anh. Tiép can tht nhit don gian nhung lai
khong that sy hi€u qua vi cach biéu dién nay
khong thich hop vé6i nhimg bién ddi vé goc
nhin, bién doi ti 18, phép quay, dd sang, su che
khuét, su bién dang, sy x40 tron cia hinh nén
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va sy bién dbi trong noi bo 16p. Nguoc lai, tiép
can tht hai dugc dé nghi boi [13], [14], lai rat
manh v&i nhitng thach thirc nay va dat dugc
hiéu qua cao trong phan loai anh, phat hién anh
va nhan dang anh. Vi vay, phuong phap cuia
chung t6i st dung cac nét dac trung cuc bd dé
biéu dién anh duoc chup trong nhiéu diéu kién
khac nhau. Nghién ctru ctia chung t6i dua trén
mot mo hinh trong phan tich van ban: mé hinh
tai tir (bag of words model). D& c6 thé 4p dung
md hinh nay Ién anh, trudc hét can phai dinh
nghia cac “tir” cho anh (goi la cac tir truc quan
hay visual words dé phan biét véi cac tir thong
thudng trong vin ban). Giai doan biéu dién anh
theo md hinh nay bao gém 3 budc chinh: (i)
phat hién va biéu dién cac nét dic trung cuc b,
(i) xay dung tur dién céac tir tryc quan va (iii)
biéu dién anh dudi dang véc-to tin xuat.

O budc dau tién, anh duoc dua vé dang muc
xam. Céc diém dic trung (Hinh 1) dugc tinh
trén nhitng anh nay bang cach sir dung cac giai
thuat phat hién diém dic trung cuc bo (local
feature detector) nhu 1a Harris-Affine, Hessian-
Affine [16]. Nhiing diém dic trung ndy c6 thé
la cuec tri cuc bd cia phép toan DoG (Difference
of Gaussian) hodc 1a cuc dai ctia phép toan LoG
(Laplace of Gaussian). Sau d6, vung xung
quanh cac diém dic trung dugc xac dinh va mo
ta b::ing cac véc-to mo ta cuc bd. Véc-to mo ta

Hinh 2: Pac trung cuc b SIFT
dugec tinh toan tir ving xung
quanh diém dic biét (vong
tron): gradient ciia dnh (trai),
véc-to mo ta (phai)

Budc ké tiép 1a thiét 1ap cac tir truc quan tir
cac mo ta cuc bo da duogc tinh & budc trudce.
Thuat giai k~-means [15] dugc thyc hién trén cac
véc-to md ta dé phan cac véc-to SIFT thanh vao
cac nhom (cluster) va mdi cluster twong tng véi
mot tr tryc quan. Tép cac cluster nay tao thanh
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SIFT [13], [14] duoc danh gla rt cao boi gidi
chuyén mon trong viéc biéu dién cac vung xung
quanh diém dic trung boi vi n6 khong d6i dbi
v6i nhiing bién doi ti 1¢, tinh tién, phép quay, va
khong d6i mot phan di véi nhimg thay doi vé
goc nhin, dong thoi né ciing rat manh véi
nhitng thay ddi vé do sang, su che khuét, nhiéu.

Hinh 1: Cac diém diic trung dugc phat hién béi
thuat toan Hessian-Affine

Hinh 2 minh hoa mot vi du cua véc-to
mo ta SIFT duogc xay dung tir ving cuc bo
xung quanh mot diém dic trung. Mbi véc-
to mo ta 1 mot ma tran 4x4 céc t6 chic do.
MGdi t6 chirc db c6 8 khoang tuwong tmg véi
8 hudng. Do d6, mdi véc-to mo ta SIFT la
mot véc-to 4x4x8=128 chiéu. Luc nay, mdi
anh duogc biéu dién bai mot tap cac véc-to
mo ta SIFT.

mot tir dién. Sau cung, mdi vec-to mo ta trong
anh s& duoc gan vao cluster gin nhat (khoang
cach mdi véc-to dén cac tam diém cua céc
cluster dai dién da dugc dinh nghia trudc do).
Tiép theo, mot anh s& dugc biéu dién bﬁng tan
sd cta cac tir trye quan trong anh. Hinh 3 mb ta
céc bude tao md hinh BoVW biéu dién cac anh.
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Hinh 3: Tao md hinh BoVW dé biéu dién anh

Giai doan tién xir Iy cho mot tap dir liéu véi
s6 chiéu rat lon (vi du, 3000 tir truic quan véi
nhiéu dic trung dau vao véi mdi dic trung chi
chura it thong tin cho phan 16p).

3 THUAT GIAI ARCX4-RMNB

Viéc biéu dién anh bang thi tir truc quan dua
van dé phan 16p anh vé bai toan phan loai vin
ban str dung mé hinh tai tir. C6 nhiéu thuét toan
may hoc cho bai toan nay [20], mdt gidi thuat
don gian Bayes tho ngay Multinomial Naive
Bayes (MNB [11]) thuong dugc sir dung dé
phén 16p van ban.

3.1 Gidi thuiat Multinomial Naive Bayes
(MNB)

Phuong phap wéc luong xac sudt khi phan
16p mot van ban cua m6 hinh MNB dugc trinh
bay tém tat nhu sau. Gia st C 13 tap hop cac 16p
ctua van ban. Tap cac tr vung cla van ban co
kich thuéc 1a N. Khi c6 mot vin ban méi dén 1a
t; thi m6 hinh MNB gan 16p cho ¢; sao cho udc
lwong xac suat dé ¢ thudc vao mot 16p ¢; 1a 16n
nhit hay 13 tim gi4 tri 10n nhat cua Pr(c|t,). Ubc
luong xac suit Pr(c|t;) dugc tinh nhu sau:

16

Pr(c)Pr(¢, | ¢)
Pr(r)

Trong cong thic (1), xdc suit Pr(c) duoc
tinh bang tong s6 van ban cua 16p ¢ chia cho
tong s6 van ban cua tit ca cac 10p. Trong tinh
toan tim gia tri 16n nhat cia Pr(c|t;), nguoi ta co
thé bo qua Pr(t;) do n6 khong ddi khi wdc luong
X4c suat cta timg 16p.

Pr(c|t,) = eC (1

Xéc suat Pr(t|c) duge tinh bang cong thic
(2) nhu sau:

i
MMQ(ZANIMW”) @

Trong cong thic (2), f,; 1 tan suét tir thir »
trong #; va Pr(w,|c) 12 x4c suat cua tir thir n khi
cho trude 16p c. Pr(w,|c) co thé duoc ude lugng
bang cach ly tan suét tir thtr n trong tat ca cac
vin ban cta 16p ¢ chia cho tong sb tan suét cua
cac tir vung trong cac van ban cua 16p c. Hon

nira, (Z L)l va H f.;! trong cong thirc (2)

c6 thé thay bang hang sé chuan hoa a ma khong
lam thay do6i két qua. Viéc udc lugng xac suat
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Pr(tj|c) ciia cong thirc (2) dugc tinh bang cong
thirc (3) nhu sau:

Pr(t, | ¢) = a [ Pr(w, | )" 3)

Mic du cach tinh cia MNB don gian, nhung
lai cho hiéu qua kha t6t khi phan 16p dit liéu
van ban [11]. Tuy nhién, khi dit liéu c¢6 sb chiéu
qua 16n, mo6 hinh MNB don khéng con hiéu qua
khi so sanh v6i md hinh may hoc SVM [21] hay
cac k¥ thuét tap hop moé hinh [2], [3] va [9].

Dau vao:
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3.2 Gidi thuat ArcX4-rMNB

Trong [2], Breiman da nghién ctru phan tich
hi€u qua giai thuat hoc dya trén co s& ctua hai
thanh phan 15i 1a bias va variance. Trong do
thanh phan 15i bias 1 16i ctia md hinh hoc va
variance 12 16i do tinh bién thién ctia md hinh so
véi tinh ngau nhién cta cac mau dir liéu hoc.
Trong nghién ciru két hop nhidu mé hinh phan
loai yéu thanh tdp hop cac mé hinh phan loai dé
cho tinh chinh xac cao hon so v&i chi mot mo
hinh don.

- m phan tir dit lidu : {(x;, y)}i=1,m véix; e R" vay; € {1, -1}

- 56 budc lap T
Hudin luyén:

» khoi dong trong s6 ciia m phan tir dit lidu Dist,(j)

cho j = I t6i m thyc hién
Dist;(j) = 1/m

» choi= 1161 T thuc hién (ldp 7 budc)

- 1dy mau S; phan tir dua trén trong so Dist;

- hoc mo hinh Bayes tho ngay ngau nhién /; tir tip mau S

h; = rMNB(S))

- tinh lai 18i du do4n cua ting phn tir x; khi str dung céc by phan

16p dugc xay dung trude do

i

& = zht()ﬁ) Y

t=1

- cap nhat lai trong sb ctia m phﬁn tr dir liéu

cho j = 1 t61 m thyc hién

Disti, () = (1 + g,“)/faci

voi fac, = Z(l + 6‘].4)
j=1

» tra vé tap 7'md hinh Bayes tho ngdy ngau nhién /A, }i=1,T

Phén lop:

» phan 16p phan tir x: binh chon sb dong cua {hi(x)}i=1,T

Giai thuit 1: ArcX4 Bayes tho ngiy ngiu nhién

Boosting (AdaBoost [9]) 1a k¥ thuat ap dung
mot tap cic bo phan 16p yéu (weak learner) dé
nang cao hi¢u qué cua cac bd phan 16p nay
bang cach giam bias va variance. Trong cung
thoi diém [2] ciing dé xuét 16p cac giai thuat
Arcing nhim giam ca bias va variance. Theo
Breiman, Boosting 1a mét dang trong 16p giai
thuat Arcing. Trong do6 co6 giai thuat ArcX4 cho
két qua tuong tw nhu AdaBoost.
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Y tuong chinh cua giai thuit ArcX4 (nhu
md ta trong giai thuat 1) 1ap lai qua trinh hoc
cia mdt by phan 16p yéu nhiéu lan. Sau mdi
budc lap, bd phan 16p yéu (vi du nhu: Bayes
tho ngéy hay cay quyét dinh) sé& tap trung hoc
trén cac phan tr bi phén 16p sai trong cac lan
truge. Pé lam dugc diéu nay, can gan cho moi
phan tir mot trong s6. Khoi tao, trong s6 cua cac
phan tir bang nhau trong lan lip dau tién. Sau
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mdi bude hoc, cac trong ) nay s€ dugc cép
nhat lai (ting trong s6 cho cc phan tir bi phan
16p sai). O budc tht 7, ta lay tap mau S; trén tap
dit liéu va xay dung mo hinh A, tir tap mau S,.
Lap lai qua trinh nay sau T budc, ta s€ dugc T
md hinh co s&, két hop cac mé hinh co s nay
lai ta s€ c6 dugc mdt bd phan 16p manh. ArcX4
rat dé cai dat va cho két qua tot trong thuc té.

ArcX4 thuong dung gidi thuat co s¢ 1a cay
quyét dinh C4.5 [15]. Cac nghién ciru cia [25]
chi ra rang Boosting va Arcing méc du cho két
qua tot trong thue té nhung thuong bi hoc vet
khi tang s budc lap vuot qua mdt ngudng nao
d6. Bé khic phuc nhuoc diém nay, [26] dé xuét
st dung m6 hinh co s¢ cdy phai don gian (cay

c6 kich thude khong qua 8 nut), khi d6 so bude
lap tdng cao van dam bdo rang Boosting va
Arcing khong bi tinh trang hoc vet.

Xuat phat tir y tudng cua [26] két hop véi y
tuong duge dé xuat bdi [3] cho cay ngau nhién.
Chung ti da dé xuét xay dung giai thuat Bayes
tho ngiy ngau nhién. Thay vi giai thuast MNB
st dung toan bd tap cac thudc tinh (chiéu) dé du
bdo nhin thi Bayes tho ngdy ngiu nhién
(rMNB) chi st dung tap con céc thudc tinh
duogc 14y ngiu nhién tir tap thudc tinh ban dau.
Viéc ude lugng xdc suédt Pr(t|c) cua cong thirc
(3) dugc tinh bang cong thire (4) bang cach thay
thé n tir vung boi n” tir vung 1ay ngau nhién tir n
to vung.

Pr(ti ‘ C) = aH Pr(Wn‘ ‘ C)f”.l (4)

Trong cac nghién ctru thyc nghiém cho thiy
chi can lay tap con, n’ thudc tinh khoang cin

bac 2 cua tong s6 n thudc tinh (n’ = \/_ n). Mac
du mo hinh don ctia rMNB thi khong manh do
qua don gidn, nhung khi ap dung k¥ thuat
ArcX4 dé xiy dung tap hop cac mé hinh rMNB
thi hi¢u quéa cua giai thuat duoc cai thién rat
nhiéu. So v6i mé hinh ArcX4 sit dung MNB
v6i tap ddy du cac thudc tinh thi giai thuat
ArcX4-rMNB don gian, nhanh hon, hiéu qua
phan 16p t6t hon do kha ning chiu dung nhiéu
cao hon.
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4 KET QUA THU'C NGHIEM

Chung t6i tién hanh danh gia hi¢u qua cua
phuong phap dé xuit (mé hinh tai tir truc quan
SIFT-BoVW va giai thuat Arcx4-rMNB) cho
phat hién anh khiéu diam. Ching t6i mudn so
sanh hi€u qua cua giai thudt Arcx4-rMNB voi
cac giai thuat hoc khac, bao gdom MNB [11],
SVM [21], cdy quyét dinh C4.5 [17], AdaBoost
cia C4.5 (AdaBoost-C4.5[9]) va rimg ngau
nhién (RF-CART [3]). Chung toi tién hanh cai
dat giai 2 giai thuat MNB va ArcX4-rMNB
bang ngdn ngit 1ap trinh C/C++. Cac giai thuat
khac da c6 trong cac thu vién phan mém mién
phi, nhu LibSVM [5], thu vién Weka [22] co
san cic giai thuat C4.5, RF-CART, AdaBoost-
C4.5 va kNN.

4.1 Két qua thuc nghiém

Chung toi tién hanh thuc nghiém trén hai
tap dir lidu thuc. Tap dit liéu thér nhét ¢
chtta 1414 anh va tap dir li€u 16n thr 2 co
14971 anh trong hai 16p (khiéu dam va
khong khiéu dam - thuong) dugc mo ta o
bang 1. Anh khong khiéu dam duoc thu
thap tir cac hinh anh video quang céo do 16t
va ngudi mau trién 1dm xe hoi, cac anh
khac trén internet.

Béang 1: Tap dir liéu anh

STT _Tap dir ligu _Anh khiéu dim Anh thuong

1 Tépnho 484 930
2 Tapléon 6944 8027

Dé biéu dién anh bang mé hinh thi tir truc
quan, ching t6i sit dung giai thuat phat hién
diém dic trung cuc bd Hessian Affine cua [16]
dé rat trich cac véc-to mo ta SIFT. Sau d6, thyc
thi giai thudt k-means [15] dé gom nhém céc
véc-to mo ta SIFT vao 3000 clusters twong rng
voi 3000 tr trye quan. Giai doan tién xur Iy tao
ra hai tip (bang) dit liéu voi 1414 va 1971 phan
t&r v6i 3000 chiéu tuong tmg. Chiing toi ¢ ging
thay dbi s6 clusters (tir truc quan tir 1000 dén
50000) dé tim cac két qua thuc nghiém tdt nhét.
Cubi cung, ching t6i thu duoc d6 chinh xac 6n
dinh vai 3000 tir tryc quan.
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Pé so sanh hiég suét cua cac thuét toan phan
16p, ching toi tien hanh phan tich hiéu qua
cua cac thudt toan phéan l6p dua trén cac tiéu
chi sau:

TP Rate = Recall = tp/(tp+fn)

TN Rate = tn/(tn+1fp)

Precision = tp/(tp+fp)

F1-Measure =

(Precision + Recall)

Accuracy = (tp + tn)/(tp+{p+tn+fn)

Véi cac thong sb dé tao thanh céc tiéu chi:

(2*Precision*Recall)/

tp: s6 anh khiéu ddm dwgc mé hinh phan 16p
la khiéu dam

fp: s6 anh binh thuong bi mé hinh phan 16p
la khiéu dam

fn: s6 anh khiéu dam bi mé hinh phan 16p 1a
binh thuong

tn: s6 anh binh thuong dugc mé hinh phan
16p 1a binh thuong

Chung t6i dé xudt sir dung nghi thie kiém
tra chéo (hold-out) dwoc 4p dung dé danh gia
hi€u qua cua cac giai thuat phan 16p. Cach lam
nhu sau: lap lai 3 1an thyc nghiém, mdi 1an thuc
nghiém 14y ngiu nhién 2/3 tap dir liéu lam tap
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huén luyén mo hinh va 1/3 dit liéu con lai ding
lam tap kiém tra két qua phan 16p. Chung toi str
dung tap huén luyén dé didu chinh cac thong sb
cho cac thuit toan Arcx4-rMNB, AdaBoost-
C4.5, RF-CART, LibSVM thu dugc d chinh
xé4c tot nhét trong ting giai doan. Két qua cudi
cung 14 trung binh cia 3 1an thyc thi nhu vira
md ta. Ching t6i cd gang st dung cac ham nhan
(kernel function) cuia thuat toan SVM gdm ham
da thirc bac d, Radial Basis Function (ham nhan
RBF cia hai diém dir liéu x;, x; 1a K[, j] =
exp(—7|x, —x,[). Gidi thuit SVM st dung
ham nhan RBF (véi =0.0002) cho két qua
t6t nhat. Arcx4-rMNB hoc 200 phan 16p yéu
(tMNB) sir dung 300 chiéu ngau nhién dé wéc
luong cac xac suit phan 16p. RF-CART xay
dung 200 cay st dung 300 chiéu ngiu nhién dé
thuc hién phan hoach tai cac nut. AdaBoost-
C4.5 cling thyc hién phan 16p st dung 200 cay.

Két qua thu dugc tir cac giai thuat dugc hién
thi tryc quan trong 2 d6 thi nhu trinh bay trong
hinh 4 (tap dir liéu nhd) va hinh 5 (tap di liéu
16n). Chung t6i tién hanh so sanh va phén tich
két qua phan 16p duya trén cac tiéu chi Precision,
Recall, F1, Accuracy, ti 1¢ TP va TN.

Classification results on small base
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90.00

8500 9

% 80.00
Hinh 4: Két qua phéan lép
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Hinh 5: Két qua phan l6p s

trén tap dir liéu 16n 75.00
70.00
65.00
60.00
55.00

50.00

Precision Recall

Khi so sanh két qua thu dugc boi giai thuat
Arcx4-rMNB vi céc thuat giai khac. Giai thuat
ArcX4-rMNB thyc hién hi€u qua hon giai thuat
MNB [11], C4.5 [17], RF-CART [3], AdaBoost
of C4.5 [9] qua cac ti€u chi danh gia hiéu qua
phat hién anh khiéu ddm nhu F1- measure va
Accuracy

Két qua thuyc nghiém ciing cho thdy giai
thuat ArcX4-rMNB phat hién anh khiéu dam
chinh xac hon LibSVM nhung nguoc lai
LibSVM cho két qua t6t hon ArcX4-rMNB dbi
vOi cac anh binh thuong. Khi xét cac tiéu chi
khac thi ArcX4-rMNB c6 két qua tuong duong
v6i LibSVM. Viéc ArcX4-rMNB c6 két qua tot
khi so sanh v6i LibSVM Ia thanh céng 16n boi
vi LibSVM dugc xem la giai thuat nhan dang
rat chinh x4c hién nay.

Véi cac két qua phan 16p nay, ching toi tin
rﬁng gidi thuat ArcX4-rMNB thyc hién tdt cho
véan dé phat hién anh khiéu dam khi so sanh véi
cac giai thuat nhu MNB, SVM, cdy quyét dinh
C4.5, AdaBoost-C4.5 va ring ngau nhién RF-
CART.

5 KET LUAN VA PE XUAT

Chung t6i vira trinh bay mot phuong phap
méi dat dugc hiéu qua cao trong viéc phan 16p
cac anh khiéu dam. Y tudng chinh xuat phat tu
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két hop biéu dién anh bang mé hinh tai tir truc
quan va giai thuit ArcX4-rMNB. O budc tién
xtr 1y, thuc hién rit trich ddc trung khong doi
SIFT tir anh. Budc ké tiép 1a thiét 1ap cac tur
truc quan tir cac mo ta cuc bo da dugc tinh dya
vao thuat giai k-means. Sau budc tién xir 1y, anh
duoc biéu dién bdi mot véc-to cd sb chiéu rat
16n, chung to6i dé xudt mot giai thuat mai
ArcX4-rMNB cho phép phén 16p hiéu qua dir
lidu c6 s6 chiéu 1on. Két qua thuc nghiém trén
tap dit liéu thuc té cho thiay phuong phap cua
chung t6i dé xuét dat duoc chinh xac 91.75%
cho tap dir liéu nho va 87.93% cho tap dir liéu
16n. Giai thuat ArcX4-rMNB thuc hién t6t hon
cac thudt giai cdy quyét dinh C4.5 [17],
AdaBoost cia C4.5 (AdaBoost-C4.5 [9]) va
rimg ngau nhién (RF-CART [3]). So sanh hiéu
qua voi cac giai thuat nhu MNB, SVM, cay
quyét dinh C4.5, AdaBoost-C4.5 va rung ngau
nhién RF-CART ciing cho thdy rang giai thuat
ArcX4-rMNB thuc hién tét cho van dé phat
hién anh khiéu dam.

Trong tuong lai, ching t6i dy dinh ting dung
phwong phap dé xuit vao van dé phan 16p video
khiéu dam. Bén canh d6, chung t6i ciing mudn
ting téc qua trinh x4y duyng mé hinh hoc
ArcX4-rMNB bang viéc xdy dung giai thuat
song song.
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