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Toém tat - Nhan dang dau van tay dwoc st dung kha phé bién trong
cac hé théng sinh trac hoc. Nhiéu phurong phap da dwoc nghién ciu
nham nang cao hiéu suét va tdi wu hoa hé thong nhan dang. Trong
bai bao nay, mét phwo'ng phap hiéu qua d& nhan dang déu van tay
dwoc nghién ciru va trinh bay dwa trén mé hinh huan luyén mang
no-ron nhan tao st dung mang truyén thang da I&p véi thuat toan
lan truyén nguoc. Ngoai ra, chéat lwong cAu tric dwong van dwoc
nang cao voi sy két hop gitra bd loc Gabor va thuat toan FFT. Hé
théng duwoc danh gia dwa trén ba tap co sé& di liéu anh van tay
FVC2000, FVC2002 va FVC2004. Hiéu nang clia phwong phap
dwoc dé xuét cling dwoc so sanh véi hai phwong phap khac, do 1a
Déi sanh va RBF SVM. Két qua nhan dang chi ra rang, phirong phap
str dung mang no-ron cho két qua nhan dang cao va dang tin cay.
Hiéu suét nhan dang t6t nhét trén cac co s& di liéu cd cung diéu
kién trong hé thdng la trén 90% véi FAR, FRR déu bang 4%.

T khéa - nhan dang van tay; bd qu Gabor; thuat toan FFT; mang
no-ron nhan tao; thuat toan lan truyén nguworc.

1. Giéi thi¢u

Hé théng nhén dang diu van tay la mot trong nhitng hé
théng sinh tric hoc dugc sir dung phd bién béi tinh duy
nhét, do én dinh va hiéu suit cao. Dé nhéan dang duoc diu
van tay, cAn phai d6i sanh ddu van tay voi co so dit liéu da
dugc luu trong hé thdng. C6 nhidu phuong phap nhén dang
d3 duoc d& xuat. Dua vao ky thut d6i sanh, c6 cac phuong
phéap nhu dbi sanh dya vao mang no-ron nhan tao; dbi sanh
sir dung cac b xir Iy song song hay cac kién trac khac [1].
Dua vao thudc tinh, ¢6 3 phuong phap chinh dugc st dung:
nhén dang dua vao dic tinh van [2], nhan dang dga vao do
twong quan [3] va nhan dang dya vao diém dac trung [4].
Trong d6, nhan dang dya vao diém dic trung 1a phuwong
phap phé bién nhét va dwoc sir dung rong rai nhat. Phuong
phép nay da duoc thuc hién boi Sachin Harne va cong su
Uniascit [5], R.Dharmendra Kumar va cac cong su [6].

Trich cac diém déc trung dong vai trd quan trong, 1am co
s& dit liéu cho qua trinh nhan dang. Vi vy anh dau vao can
phai qua budc tién xir 1y dé nang cao chat lugng anh. Mot s6
phuong phap da duge dé xudt nhu bo loc Wiener, can bing
lugc do xam, bd loc Isotropic va Anisotropic, bo loc Gabor,
thuat toan FFT. Trong d9, viéc két hop gitta thuat toan FFT
va bd loc Gabor dugc su dung phé bién trong cac bai bao
trude ddy va két qua anh c6 chat lugng tot nhét [7], [8]. Tang
cuong anh vén tay st dung bién doi FFT giup tang chat
luong ctia dudng vén, lap day cac 16 trong va ndi cac dudng
van bi dut [5]. Trong khi d6, bd loc Gabor loai bo nhiéu dong
thoi cai thién cu trac duong van va ranh [8].

Phuong phéap nhén dang déu van tay sir dung mang no-
ron nhan tao dugc lya chon trong bai bdo nay. Vector dac
trung dugc tao ra trén co so cac diém dic trung (diém ré
nhanh va diém két thuc) cua van tay da duogc trich chon,

Abstract - Fingerprint recognition has been popularly used in
biometric systems. A lot of methods have been studied to improve
performance and optimize recognition system. In this paper, an
effective method based on the training africial neural network
model using multi-layer perceptron with back-propagation
algorithm is studied and presented to recognize fingerprint. In
addition, the quality of ridge line is enhanced with the combination
of Gabor filter and Fast Fourier Transform algorithm. This system
is evaluated by using three database sets FVC2000, FVC2002,
FVC2004. The performance of the proposed method is compared
with that of two other methods, including Matching and RBF SVM.
The recognition results indicate that the approach using neural
network has high recognition result and reliability. The best
performance of this system on the same condition database sets is
over 90% with both FAR and FRR of 4%.
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sau d6 dwa vao mang no-ron dé huén luyén. Két thic quéa
trinh huén luyén s€ tao ra mot mé hinh mang no-ron véi
céc trong s6 cua mang phuc vu cho qua trinh nhan dang.
Mang truyén thing da 16p va thuat toan lan truyén ngugc
sai s6 (Back Propagation) dugc sir dung dé huin luyén
mang no-ron [12]. H¢ théng dugc xay dung va danh gia
trén 3 diéu kién khac nhau véi co s dit liéu duoc 1§y tr
cudc thi FVC (Fingerprint Verification Competition) qua
cac nam 2000, 2002, 2004 [9], [10], [11]. Dong thai, hiéu
ning cua phuong phap dé xuat ciing dugc so sanh véi hai
phuong phép dbi sanh va RBF SVM.

So db khéi tong quét cua hé théng nhan dang diu van
tay dugc mo ta & Hinh 1.

Anh Két qua
vao N ] . nhéan dang
I T}er} Tr}ch chon Nhén >
xu ly dac trung dang

Hinh 1. So do6 khoi chirc ndng qud trinh nhdn dang
Noi dung bai bao duoc cAu tric nhu sau: Phan 2 trinh
bay cac thuat toan dugc sir dung trong hé thong nhan dang
dau van tay, bao gdm qua trinh tién xtr 1y, trich chon dic
trung va nhan dang ding mang no-ron; Phan 3 trinh bay
cac két qua dat dugc va danh gia; cudi cing 1a két luan.

2. Thuit toan nhian dang dAu vén tay
2.1. Tién xir Iy

/%nh déu vao thuong co chét lwong thap nén can tién xir
1y dé cai thién chat luong anh bang mét s6 phép bien doi
thong thuong, dong thoi lam tién d€ cho qua trinh trich
chon déc trung. Qua trinh tién xur ly dugc ap dung trong bai
bao nay bao gom chuén hoéa, phan vung anh, udc lugng
hudng, wdc lugng tan so6 van tay, loc bang bd loc Gabor va
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loc trong mién tin sé st dung phép bién ddi Fourier.
2.1.1. Chudn héa

Muc dich ciia giai doan chuén hoa nay 1a nhim giam do
sai léch v€ mirc xdm gitra dudng van va ranh dé thuén tién
cho céac giai doan xur ly v€ sau [5]. Chuan héa cho phép
dicu chinh gia tri mrc xdm cac diém anh dé dat dugc gia
tri trung binh mirc xdm (mean) va d¢ sai 1éch muc xam
(variance) mong muon cho trudc.

Gia str I(i,j) va N(i,j) 1a gia tri mirc xam tai diém anh
(i,j) ctia anh dau vao va sau khi chuan hoa. Cong thirc tinh
gia tri chuin hoa anh [7]:

N(i,j)= St:ld”(l(i,j)—M) ()
Trong do: My, stfio 1a d6 xam trung binh va d¢ sai 1éch
muc xam mong muon. M, std 1a d§ xam trung binh va do
sai lIéch mirc xam cua anh I ¢6 kich thudc MxN.
2.1.2. Phdn vung anh
Phan ving anh 1a chon ra dugc ving anh van tay can

quan tam dung cho viéc nhén dang, bao gdm cac duong
van va ranh rd rang.

Phuong phap dé xuét cho viéc phan ving anh 14 sir dung
mot ngudng vé do sai léch mirc xam. Goi I(i,j) 1a gia tri
mirc xam cua van tay tai diém anh (i,j). Thuét toan phan
vung dugc trinh bay tom tat nhu sau [8]:

1. Phan chia anh thanh cac khdi lién tiép khong tring
nhau, mdi khéi c6 kich thudc WxWw.

2. Tinh toan d9 sai 1éch muc xam v(i,j) cho mdi khdi
(1,j) nhu sau:

V(i) =

i=0 j=0

w—

(1(i,5)-M (in)) )
3. Chon cac khdi c6 d6 sai léch 16n hon ngudng T cho

trude 1a cac khoi hop 1€.

2.1.3. Uéc luong hudng

Trong bai bao nay, huong dudng van duge sir dung cho
bd loc Gabor [8]. Binh phuong tdi thiéu 1a phwong phap
thong dung dé thuc hién wéc luong huéng dwa vao gia tri
gradient dé tim ra hudng manh nhét.

Thuét toan ude luong hudéng dudng van theo phuong
phap nay bao gom céac budc sau [8]:

1. Ubc lwgng hudng cho mdi khéi lién tiép khong tring
nhau clia 4nh van tay véi kich thude mdi khoi 1a Wx W (voi
W de nghi 1a 16).

2. Tinh toan gia tri gradient va theo hudng x - & (ij) va
huéng y - 3(i,j) cho mdi pixel ctia khdi. Toan tir gradient
duogc sir dung la toan tir Sobel.

w w
:+7 j+7
V.(i,j) = Z D 20, (u,v)0,(u,v)
u:ifgv:jfj
w W
o l+7 /+7 , ,
V,Gai= > > (0. -0,wv))
. w 4
11:1—7 \,-:/,7
eo,,)_;amtan[v EB] 3)

0, j) 1a gia trj udc lugng binh phuong tdi thiéu cua

huéng cuc bd ciia dudng vén tai tim (i,j) cua mdi khéi.

3. Su dung loc Gaussian lam mugt cac truong hudng va
chinh stra nhitng van cuc bd sai [8].

2.1.4. Uéc luong tan sé van tay

Tan s6 duong van cling anh hudng dén bo loc Gabor.
Trong h¢ thong nay thi phuong phap Counting - Based
dugc chon dé tinh khoang cach duong van [8]. Phuong
phap nay rat hiéu qua trong truong hop vung vén tay khong
chira di€m core hodc diém delta.

Goi N 1a dnh duoc chudn héa, 6 12 trudong hudng duong
van. Thuét toan udce lugng tan sO theo phuong phap nay
bao gom céac budc sau [8]:

1. Phan chia anh N thanh cac khdi c6 kich thudc WxW.

2. V6i mdi khéi tdm tai (i,j), tinh toan cira s6 hudng
kich thude bew.

3. V6i mbi khéi tam tai (i,)), tinh toan x-signatuqre, X[0],
X[1], ..., X[1-1] cia dudng van va ranh trong cura s6 hudng,
trong do:

w-1

X[k] = ZI wv), k=0,L.. “4)

2.1.5. Loc Gabor

B0 loc Gabor dya vao tan s6 va hudng van gitp lam rd
anh van tay mot cach hiéu qua [1]. Bo loc Gabor co tac
dung loai bo nhiéu, cai thién cau triic dudng van va ranh.
B0 loc Gabor dbi xung hai chiéu ¢o dang [7]:

G(X,y,ﬁ,f) exp{_l(y ;—HJ}COS(Zﬂ'ﬁCg) (5)
y
Trong d6 6 la huong cua bd loc Gabor, [xo, Yol 1a toa
dd cua [x, y] sau khi quay theo chicu kim dong ho cua truc
descartes mot goc [90° - 0], 14 tan so ctia song mat phang
sin, oyva J,, 1a hang s6 khong gian Gaussian theo truc toa
doxvay.

Anh sau khi loc cho béi cong thirc sau:

0 if mask (i, j)=0

E(i,j): i i G(u,v,O(i,j),f)N(ifu’j7‘}) if mask(i,j)zl

2.1.6. Loc trong mién tan s6

Phuong phap nay dugc dé xuét boi Watson, Candela,
Grother (1994), thay vi tinh toan hudng va tan s6 dudng
van, ta tdng cudng anh trong mién tan so bang bién doi
Fourier, thyc hién bang cach nhan bién doi Fourier ciia khoi
v6i pho bién 6 mi £ [1], [6].

Thuat toan dugc thuc hién theo cac budc sau:

1. Chia anh N thanh cac khéi c6 kich thudec WxW va
thyuc hién bién doi Fourier 2 chiu theo cong thurc:
wW-1w-1

Fu,v)=3 3 /(. y)xexp{ szrx(“ — j}

x=0 y=0
2.bé tang cuong theo tan s troi, ta nhan FET cua khéi
v6i bién d6 mii £ cua khoi. Khoi sau khi ting cuong:
L, (x,») = FFT™ {F, v)[F, v | 6)
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2.2. Trich chon dac trung
2.2.1. Nhi phan hoa

Bai bao nay str dung phuong phép két hop bo loc Gabor
va FFT dé nang cao chat luong anh van tay, dong thoi nhi
phéan hoéa anh van tay phuc vu cho viéc trich céac diém dac
trung minutiae [6].

V(’ri,2 anh van tay sau khi thuc hién b¢ loc Gabor va
FFT, tiﬁn hanh cdng cac gia tri mic xam lai vdi nhau. So
sanh dé phan ngudng gia tri cho anh nhi phan.

1 if I(x,y)>255
I(x, ) =
0 if I(x,y) <255
2.2.2. Lam manh dnh

V6i anh nhj phén, thut todn lam manh cac duong van
ve d6 rong 1 pixel dé thuan tién cho viéc trich dac trung.
Cac di€u kién dugc dua ra bdi L.Lam [13].

Diéu kién CI:
r. 4
Xy (p)=W6ix, (p)=3>b,
1

1
b=
b

Diéu ki¢n C2:
2<min{n,(p),n,(p)} <3 voi:

if Xy, :Oand(le. =lorx,,, :1)

otherwise

4 4
n(p)= Zl:xﬂc—l V Xy, my(p) = lexyc V Xoks1
Diéukién C3:(x, vV X,V x)AX, =0
Diéukign C3':(X, v X, VX, )AX; =0
Viéc lam manh duoc tién hanh theo thuat toan sau:
Phan chia hinh anh thanh 2 truong con riéng biét:
e 0 trudong con thu 1, x6a pixel p néu thoa man ca 3
diéu kién C1, C2, C3.
. ® O truong con thir 2, x6a pixel p néu théa mén ca 3
dieéu kién C1, C2, C3".
2.2.3. Trich cdc diém ddc trung Minutiae

Céc diém dic trung s€ dugc trich dya trén danh da duogc
1am manh 14 cic diém két thic va diém ré nhanh. Thuat
toan st dung trong bai bao nay dé tim diém minutiae 1a
Crossing Number [1]. Gia sir (x,y) 1a mot diém trén dudng
vén di dugc 1am manh va py, py, ..., p7 1a 8 diém xung quanh
no thi:

en(p)= %i}\wﬂ (Pineas) vl (.. Q)

en(p)=1, (x,y) 1a diém két thuc.

en(p)=2, (x,y) 1a diém nam trén duong van.

en(p)=3, (x,y) 1a diém r& nhanh.
2.3. Hudn luyén mang no-ron dé nhin dang vin tay

Mang no-ron nhén tao 1a mot hé thong gdm nhiéu phan
tr xtr ly don gian (hay con goi 1a no-ron) hoat dong song
song va dugc noi véi ,nhau bai cac lién két co trong so dé
kich thich hodc trc ché gitra cac no-ron. C6 nhicu kién trac
mang no-ron khac nhau nhu mang héi quy (feed-back),
mang truyén thang (feed-forward), mang ty t6 chuc (self-

organizing) [12], [14].

Hidden
Layer

Output
Layer

Input
Layer
Hinh 2. Mang no-ron hai I6p truyén thing
2.3.1. Hudn luyén mang no-ron

a. Phuong phap hoc

Pac trung co ban cua mang 1a c6 khad nang hoc, kha
nang tai tao cac hinh anh va dir liéu khi da hoc. Trong trang
thai hoc, thong tin dugc lan truyén theo hai chiéu nhicu lan
deé hoc cac trong s0. Co6 3 ki€u hoc chinh 1a hoc c6 giam
sat, hoc khong giam sat va hoc tang cuong [14].

b. Thuét todn huén luyén mang

Bai bao sir dung mang truyén thang da 16p va thuat toan
lan truyén nguoc cac sai soO (Back-Propagation) dé huan
luyén mang [12].

Qué trinh huén luyén mang chinh 1& quéa trinh huén
luyén cac mau hoc X={x,,xs,...,X,} d€ gia tri ra cudi cung
T={tsts,...,t,} nhu ta mong muodn.

e Qué trinh truyén thing:

Gi4 trj dAu ra tai no-ron thir j cua mot 16p bét ki:

—a VOlnet; = Z WX i ®)
+e i=0

out, =

Trong d6 wj, x;; tuong tng 1a trong s6 lién két va gia tri
dau vao tur dau vao thur i dén no-ron tht j, m 1a so phan tu
cua 1op trude do.

e Qua trinh lan truyén nguoc cac sai sd:

Tai mdi no-ron ddu ra £, ta tinh 15i gié tri,

5, =0, (1-0,)(t,—0,) ©

v6i t; 14 gia tri du ra mong mudn thi .

Déi v6i mdi no-ron trong 16p an,

5,=0,(1-0,) > w,5,

ke outputs
voi outputs 1a tdp hop cac no-ron & 16p ra, wi 1a trong so
lién két tir k£ no-ron 16p ra dén no-ron thitr j cta 16p an.

(10)

Qué trinh cdp nhat lai trong sb:
(1
Néu goi 77 12 h¢ s6 hoc thi Aw , =7d,0,. Sau khi cip

W, =W, +Aw

nhat nhiing trong $6 nay, cac mau trong tap X lai tiép tuc
dua vao mang, qua trinh nay s& dién ra cho t&i khi gia tri
161 E; < & cho trudc:

E, :%Z(tk—ok)z (12)
k
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voi # 1a gia tri ra mong muon cda no-ron k cho mau huan
luyén d, o 1a gia tri ra thyc ctia no-ron £.

2.3.2. Cdu hinh mang

Theo danh gia thuc nghiém, sé no-ron trong 16p 4n cang
nhiéu thi kha ning nhan dang cang chinh xac. Tuy nhién
khi s6 no-ron trong 16p an dat dén ngudng thi ti 1& nhan
dang s& giam. Dong thoi, khi dit liéu dau vao khong doi, sb
no-ron trong 16p an qua nhiéu ciing gy ra kho khin cho
viéc huén luyén cua mang lam cho hi¢u sudt nhan dang
the“ip. Do d6, dé t6i uu ta khoi tao mang no-ron ban dau voi
cac théng s6 nhur sau: Dau vao mang la céc vector dic trung
chira cac diém minutiae duoc trich rut tir giai doan Trich
chon dic trung, 100 no-ron trong 16p 4n, 50 no-ron & 16p
dau ra tuong ung v6i 50 ddi twong dwoc dwa vao huén
luyén, sir dung ham truyén log-sig & cac no-ron cia ca hai
16p mang, chon hé $6 hoc #=0.01, dung phuong phap do
dbe gradient dé tinh 161, chon gia tri 16i MSE=0.001. Ngoai
ra, cic trong s6 vahé sb phén cuc dugc khdi tao ngau nhién
trude khi huan luyén mang.

3. Két qua thuc nghiém va danh gia
3.1. Co so dir liéu

Co s6 dir liéu cho bai toan nhan dang dAu van tay dugc
phan thanh tap huén luyén va tap kiém tra dya trén cac tip
co so dit liéu cua FVC, bao gom FVC2000, FVC2002,
FVC2004. Bé danh gi4 hé thong, ta xay dung co so dit liéu
gdm 3 tap dir liéu v6i 3 didu kién khac nhau dya trén DB2A
cua FVC2000 [9], DB2A cua FVC2002 [10] va DB2A cua
FVC2004 [11] nhu trong Bang 1. Céu tric ciia mdi tap dir
liéu hun luyén va kiém tra dugc mé ta & Bang 2.

Bdng 1. Dac diém cua co s¢ dir lieu FVC duoc sir dung

Co sé dir ..z |Kich thuéc| S6 lwong | P phan
on Cam bién . X
li¢u anh anh giai
FVC2000 | Low-cost
DB2A Capacitive | 256x364 100x8 500 dpi
(loai 1) Sensor
FVC2002 Optical
DB2A Sensor 296x560 100x8 569 dpi
(loai 2) FX2000
FVC2004 | Capacitive
DB2A Sensor 328x364 100x8 500 dpi
(loai 3) | URU 4000
Bing 2. Cdu triic cia tdp di liéu hudn luyén va kiém tra
Tap . P . Anh diu vao
dit liu Anh huan luyén dé danh gi
A 50 nguoi x 3 anh = 150 anh |50 anh loai 1; 25 anh
Tap 1 . .
loai 1 loai 2
A 50 nguoi x 3 anh = 150 anh |50 anh loai 2; 25 anh
Tap 2 . .
loai 2 loai 3
15 nguoi x 3 anh =45 anh
Tap3 |10 1545 anhloai 2; 40 anh loai 1; 40 4nh
P2 120 nguoi x 3 dnh = 60 anh  [loai 2; 70 anh loai 3
loai 3

e Recall: dai lugng nay duoc st dung khi mét phén
cua co s¢ dir liéu dugc dung cho viéc huén luyén, phﬁn con
lai dugc dung cho viéc kiém tra. Téap anh kiém tra s& khong
co su xuét hién cua nhiing ngudi la.

S6 1an nhan dang ding

Recall =

(13)

e FEER: Véisu xuét hién cua nguoi la, hé théng S€ sur
dung mot chi sb goi 1a ngudng (threshold) dé quyét dinh
ngudi d6 ¢6 duogce chap nhan hay khong. Bang 3 1 ma tran
phén loai cho hai loai d6i twgng véi P dai dién cho nguoi c6
thdm quyén va N dal dién cho nguoi khong c6 tham quyén.
Dua vao Bang 3, s 1an ngudi khong ¢ tham quyén duoc hé
théng cho qua la FN. Tuong tu, ta rit ra dinh nghia cua TN,
TP va FP. Ti 1& chip nhan sai (FAR — False Acceptance
Rate) 1a ti 16 mot ngudi khong c6 thdm quyén bi chip nhan
sai boi hé théng. Ti 18 tir chdi sai (FRR — False Rejection
Rate) 14 ti 16 mot ngudi o tham quyén bi tir chdi boi hé
théng. FAR va FRR dugc tinh theo cong thirc:

FAR=—'Y _ FRR=_1F _ (14)
TN +FN TP+ FP

Vi cac ngudng khac nhau, FAR va FRR s€ cho cac gia
tri twong tng. EER dugc dinh nghia 1 giao diém cua hai
duong FAR va FRR.

Bdng 3. Ma trdn phdn logi cho hai logi dsi tuwong

Téng s6 1an nhin dang

Trang thai
Chophép  Tir chbi
Loai ddi C6 thdm quyén (P) True (T) False (F)
tuong  Khéng thdm quyén (N)  False (F)  True (T)

e ACC: ACClatilé mahé théng nhén dang dung cac

doi tuong. N6 dugc tinh theo cong thirc:
ACC— TP+TN (15)
TP+FP+TN +FN

3.3. Két qud phan tich
3.3.1. Hiéu sudt hé théng

Mire d6 higu qua ctia céc h¢ thong duge xem xét 1 nhn
dang ding nhimg doi tuong c6 trong co s¢ dir liéu (khong
c6 su tan cong cua nguoi la). Bang 4 trinh bay ti 1¢ nhan
dang ding khi hé thong duoc thir nghiém trén ba tap co s6
dir liéu co dicu kién khac nhau véi cac phuong phap Doi
sanh, RBF SVM va mang no-ron.

Bing 4. Két qua nhdn dang

3.2. Tiéu chi danh gia

Dé danh gia sy hiéu qua cia hé thdng, ba dai luong
dugc st dung d6 la: Recall, Equal Error Rate (EER) va
Accuracy (ACC).

. Hé¢ théng
Co so dir liu =
boisanh | RBF SVM | Mang no-ron
Tap 1 88% 90% 92%
Tap 2 92% 96% 94%
Tép 3 86% 88% 90%
Bing 5. Két qua dé tin cdy
. EER ACC (%)
qol.s > | Péi | RBF Mang |.z. RBF |Mang no-
da icu sanh | SVM |no-ron Boi sinh SVM “ron
Tap1 | 0.2 0.06 | 0.05 | 85.33 88 90.67
Tap2 | 0.12 | 0.03 | 0.04 88 94.67 92
Tap3 | 0.27 | 0.22 | 0.12 | 82.67 | 83.33 88

Tu Bang 4, ta théy hiéu suét cua mang no-ron tdt hon
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hén so v&i phuong phap ddi sanh trong cung tap co s& dit
liéu. Khi dit liéu ddu vao thay ddi thi hiéu sudt nhan dang
mang no-ron ciing on dinh hon nhiéu so v&i phuong phép
d6i sanh. Trong khi d6, dbi véi tap co s dit liéu don gian
nhat thi RBF SVM cho két qua nhén dang t5t hon mang
no-ron va gan tuong duong. Ddi véi tap co so dit liéu phic
tap nhét (tap 3), khi c6 sy thay doi 1on vé chat lugng anh
cling nhu d6 phirc tap, mang no-ron cho hiéu suit nhan
dang tot hon so véi RBF SVM. Két qua kiém tra ctia mang
no-ron voi tap 3 1a cao hon két qua ciia RBF SVM.

3.3.2. B¢ tin cdy hé thong

Muc @6 hiéu qua ma hé théng c6 thé mang lai dugc xem
x¢ét khi c6 sy hién dién ctiia nhitng ddi tuong la khong co
trong co s& dit liéu. EER va ACC duoc ding dé danh gia
do tin cdy cua cac hé thdng.

H¢ théng st dung mang no-ron hoat dong kha tdt v6i
cac tap co s dit liéu, hé thong cho két qua EER thép va do
chinh x4c cao hon hin so v&i phuong phép ddi sanh. Véi
co so dit liéu nho va don gian nhét, hé thong sir dung RBF
SVM c6 két qua EER thép hon va hiéu suét nhén dang cao
hon mang no-ron. Véi co so dit 1i€u 16n c6 d9 phure tap cao
hon nhu tap 3, RBF SVM t6 ra khong dang tin cdy. Két qua
trong Bang 5 mot lan nira cho thiy phuong phap RBF SVM
chi nén dugc sir dung cho cdc tap dir liéu khong co sy thay
d6i 16n. Nguoc lai, hé théng sir dung mang no-ron thi 6n
dinh va dang tin cay.

4. Két luan

Véi 3 tap co so dir liéu duoc 1dy mau trong cac diéu
kién khac nhau cting nhu phuong phép danh gid dugc néu
ra trong bai bao, hé théng st dung mang no-ron da dat dugc
hiéu suét trén 90% cung v6i d6 tin cay t6t hon hai phuong
phap dbi sanh va RBF SVM trong héu hét cac trudng hop.
Véi nhitng co sé dit liéu don gian thi RBF dugc uu tién
hon so véi mang no-ron. Ngugc lai, vai co so dir li¢u thay
do6i phtrc tap thi mang no-ron t6t hon RBF SVM. Tuy
nhién, dé thu dugc két qua nhan dang voi hiéu suét cao hon
can t6i ru cdu trac va cac thong s6 _mang no-ron, diéu nay
doi hoi thoi gian thir nghiém va huén luyén mang 1au hon.

Tuy nhién, két qua nhan dang trong bai bio niy thu
duoc nam trong nhitng diéu kién cu thé. Viéc ing dyng hé
thdng vao thuc té s& gap nhirng van dé thach thirc hién nay
nhu céc thong s6 ciia moi trudng, chat lugng anh thu duoc,
hiéu suat va d9 tin cdy cua h¢ thong giam xudng dang ké
do s& xuat hién nhiéu diém gia trong qua trinh lam manh
duong van, lam thay d6i d¢ sang anh huong toi qua trinh
phan ving. Dé khic phuc cac han ché nay c6 thé dung rat

trich dac trung trén anh xam, phan viung dua vao hudng
duong van. Ngoai ra, cdn xem xét sit dung mot md hinh
khéac nhu K-nearest Neighbor (KNN) hodc Support Vector
Machine (SVM) v6i ham nhin méi dé nhan dang trong
tuong lai.
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