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Abstract. The security and integrity verification of the data has been becoming supreme
importance and concerning, especially, almost data communications are performed through
the Internet. In this paper, we propose the reversible data hiding scheme based on generalized
pixel value ordering in order to solve authentication the digital integrity images. In the
proposed scheme, each selected sub block first is sorted in ascending order then embedding
k bits of data without changing order. The criteria for selecting smooth blocks is also
proposed in this paper. Embedding in those smooth blocks make image quality better.
Experimental results show that the proposed reversible data hiding scheme gains not only
high embedding capacity but also good imperceptibility.
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Tom tat. Viéc xac minh ban quyén ciing nhu tinh toan ven cua dit liéu s6 da va dang 1a mdi
quan tdm hang dau, nhat Ia hién nay viéc truyén tai dit liéu duoc thuc hién thdng qua mang
Internet. Trong bai bao nay, chung t6i dé xuat luge dd giau tin thuan nghich dua trén tha ty
diém anh caa mot khdi anh nham xac thuc anh 50 nay co bi bién di trai phép trén duong
truyen hay khong. Trong lugc d6 duogc dé xuat, mdi khéi con dugc chon trude tién duoc sap
xép theo thir ty ting dan sau d6 nhung kbit dit liéu ma khong thay doi th ty. Tiéu chi dé lya
chon céc khdi phang ciing duge dé xuat trong bai bao nay. Viéc nhing vao cac khdi phang
d6 1am cho chat lugng anh chua tin t6t hon. Két qua thuc nghiém cho thay luge do giau tin
thuan nghich dé xuat c6 kha ning nhtng cao va chat luong anh tét so véi cac luge do ¢6 cing
phuong phép.

Tir khéa: giau tin thuan nghich, thir tu gia tri diém anh PVO, thir tu gia tri diém anh tong
quat GePVOK

© 2021 Truong Dai hoc Giao thdng vdn tai

1. PAT VAN DE

Viéc bao mat théng tin ciing nhu kiém tra tinh toan ven dix liéu khi truyén tai trén mang
ngay cang tré thanh van dé cap bach, dac biét trong thoi dai Internet ciing nhu ¢6 nhirng phan
mém chinh stra dix liéu sé rét tinh vi ma ching ta kho c6 thé phat hién bang mét thuong. Mot
trong nhitng cdng cu hiru hiéu duoc biét dén dé giai quyét van nan trén 1a gidu tin néi chung,
gidu tin thuan nghich néi riéng.
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Giéu tin 1a ky thuat nhing thong tin bi mat vao dit liéu da phwong tién nhu anh s, am
thanh hay video... Thong tin bi mat sau nay c6 thé duoc khéi phuc lam co s dé chitng minh
ban quyén hoic xac thuc tinh toan ven cua dit liéu da phwong tién. Loai gidu tin ma cho phép
khdi phuc nguyén ven dir liéu da phuong tién gdc bén canh viéc khoi phuc thdng tin bi mat thi
duogc goi 1a gidu tin thuan nghich [1]. Giau tin thuan nghich 1a co s¢ dé xay dung mé hinh thay
thuan nghich tng dung cho bai toan xac dinh tinh toan ven cua dit liéu s6. Cac phuong phap
giau tin thuan nghich c6 thé liét ké theo trinh ty thoi gian d& xuat nhu sau: phuong phap nén
béo toan [2], mé rong higu [3,4], bién doi nguyen [5,6], dich chuyén histogram [7,8], mé rong
sai s6 du béo [9, 10] sap xép gia tri dlem anh [11,12,13,14,15]. Trong cac phuong phap noi trén
thi phuong phap glau tin duya trén su xép gié tri diém anh 1a mot huong méi nhat hién nay cho
chat luong anh t6t ma kha nang nhing cao. Bai bao nay nghién ctru glau tin thuén nghich trén
anh s dua trén su sap xép gia tri diém anh nham tim hiéu va mé rong dé phat hién lugc d6 giau
tin thuan nghich hiéu qua. Giau tin thuan nghich dua trén sy sip xép cac diém anh (pixel value
orderring- PVO) nay duoc Li va cac cong su dé xuat dau tién vao ndm 2013 [11]. Phuong phap
nay nhidng 2 bit vao trong mdi khéi con néu sai sé du béo 16n nhét (hozc nhé nhét) bang 1 (hoic
-1) sao cho tht ty sap xép cua mot day diém anh khong ddi dé viec khdi phuc thong tin duoc
thuc hién. Luoc do [11] bo qua céc khbi ma c6 sai s6 dy béo 1a 0, trong khi cac khdi ¢ tinh
chat nhu vay twong ddi nhiéu nhat 1 cac anh ty nhién. Lugc do [12] cai tién [11] bang viéc sir
dung ca nhitng khdi c6 sai s6 1a 0 & nang cao kha nang nhung. Tuy nhién, & luoc d6 [12], néu
khdi c6 nhiéu diém anh cd gia trji 16n nhat va nhiéu diém anh c6 gia tri 16n nhi thi bi bé qua.
Luogc d6 [13] dd md rong [12] & diém trén va duoc goi la phuong phap PVOK. Tuy nhién, [13]
chi nhung dugc 1 bit trong khéi c6 K gié tri 16n nhit d6 va phai bién d6i K diém anh. Biéu nay
lam gia ting khong may kha ning nhiing nhung chat lwong anh lai giam di dang ké. [14] tiép
tuc phét trién luoc d6 [13], duoc goi 1a luge dd6 GePVOK nham nhing dugc K bit trong K gia
tri diém anh Ion nhat (nho nhat). Két qua 1a kha nang nhung ciing nhu chét lugng anh duoc cai
thién hon [13]. Piém yéu cta [14] 1a sir dung 2 bit dé luu trir ban db trong khi ban dd ciing 1a
mot théng tin can dugc nhing vao trong anh. Kich thudc ban d6 cang I6n thi khdng gian dung
dé Iuu trir thdng tin bi mat cang bi thu hep. [15] da khac phuc nhuoc diém diém dong thoi sir
dung thém ca khdi c6 gia tri diém anh 13 0, 1,254,255 nh¢ d6 ma kha ndng nhung cua luge do
ndy cao hon so v6i [14]. Tuy nhién trong 1 s6 trudng hop, dé nhung dugc dit liéu [15] phai bién
d6i 2 don vi trong khi [14] chi thay d6i 1 gié tri. Diéu nay lam glam chat lugng anh cua luoc
d6 [15] so véi [14]. Bai bao nay s& khic phuc nhuge diém trén bang cach dua ra tiéu chuan
chon khéi dé nhung tin, thong tin chi duoc nhiing & trong céc khéi thoa man diéu kién cho
truéc. Noi dung tiép theo cua bai bao 1a nhitng cong trinh lién quan duoc trinh bay ¢ Muc 2.
Muc 3 s& dé xuét lugc dd nhing tin thuan nghich dé v& khoa cong khai trén anh. Viéc so séanh
kha ning nhing tin va chét lugng anh gitra lugc dd dé xuat véi cac phuong phap lién quan duoc
trinh bay & Muc 4. Muc 5 1a mot s6 két luan caa bai béo.

2. CAC CONG TRINH LIEN QUAN

2.1. Lwge d6 PVO

PVO duoc Li va cong su dé xuat dau tién nam 2013 va duoc danh gia 1a phwong phap c6
kha nang nhung cao ma chat lwogng anh tét, do do da va dang c6 nhiéu nghién ctru mo rong dua
theo phuong phap nay [11]. Theo PVO, anh gbc duoc chia thanh thanh cac khol khéng giao
nhau. V&i mdi khéi cho trude ¢6 n diém anh (xq, x5, ... x, ) tiép theo duoc sap xép theo thir t
tang dan dé duoc day (Xs5(1)r X5(2)1+1 X5(n)), VO © {1,..., }—{1,...,n} 1a mot &nh xa mot - mot
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13 Xg(1) SXg(2) < - < Xo(n- Sau do, sai s6 du bao 16n nhat dmax va nhd nhét dmin duoc tinh theo
cong thire dudi day:
Amax = Xg(n) — Xo(n-1) V& dmin = Xo(1) — Xo(2)
Tiép theo, thdng tin bi mat b dugc nhiing theo cong thic sau:

Amax, N€Uudyg =0
A ax =3 Amax + bnéud,g, =1
d max + 1L,néud,,,, >1

dmin , néu dmin =0
dlmin ={dmin — b, néu dmin = —1
dmin - 1,néu dmin < -1
Cubi ciing, diém anh chta tin duoc tinh bang cdng thic dudi day twong Gng Véi trudng
hop nhing tai dmax va dmin:
x' = Xg(-1) T d'max
x' = Xo(2) + d’min

2.2. Lwge 46 GePVOK

Lugc d6 PVO [13] bo qua tat ca cac khéi ma sai s6 bang 0 ma chi sir dung céc dau hiéu
Omax = 1 VA dmin = —1 dé nhiing tin. Piéu nay 1a khong tbi wu dac biét cac anh tu nhién thi khoi
anh c6 sai s6 1a 0 twong dbi nhiéu, nghia 12 kha nang nhung s& tot hon néu st dung ca dau hiéu
sai s6 1a 0 dé nhing tin. GePVOK 1a mot phuong phap cai tién cua phuong phap PVO giai
quyét nhugc diém trén, hon nita GePVOK  cho phép nhing K bit trong mot khéi ¢ K phan tir
I6n nhat. Cung nhu phuong phap PVO, dau tién anh gdc ciing dugc chia thanh cac khdi khong
giao nhau rol Sap xép cac diém anh cua khéi theo thu ty tang dan. Gia st cac diém anh caa mot
khéi sau sip xép la:

Xo(1) =+ = Xo(ky) < Xo(ky+1) SRS Xo(n-K) < xo(n—K+1)) =Xo(n-K+1) = -+ = Xg(n)

Vi K 1256 cac gid tri 16n nhat va ky 12 s6 cac gia tri nho nhat. GePVOK  str dung hai bit dé déanh
dau khdi thanh ba trudng hop: 2 cho khéi chua 0, 1, 254, 255; 1 cho khdi phang (moi diém anh
trong khéi bang nhau), 0 cho cac khdi con lai. Trong truong hop ban db dinh vi 1a 2 thi b qua
khi nay tic 1a khong xir ly. Trong truong hop ban db dinh vi cia khoi 1a 1 thi n-1 bit dir liéu
dugc nhang theo cong thie dudi day:

, _ X5 (i) néui = 1
o(®) xo(i) +bi—1+1' néUl = 2,3,...,7’1

Trong trudng hop ban d6 dinh vi 12 0, sai s6 16n nhat cua khdi anh nhung tin dwgc tinh toan
nhu sau:
Amnax = Xom) — Xo(n-K) (1)

Truong hop 1: néu dy., > 1: khong cé dit lieu duoc nhing, moi phan tir 16n nhat duoc
tang 1én 1.

Truong hop 2: Néu dpay = 1: K bit di liéu dugc nhing vao cac phan tir lon nhat, nghia l1a
moi phan tir 16n nhat va I6n tha nhi dugc tang 1, sau d6 nhung dit liéu va K phan tir 16n nhat:
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Xo(ip Néui = 1<o(i)<n—K-S
X'oy =% t1 néun—-K-S+1<n-K<n
Xoiy Thi+t1neun—-K<i<n

trong d6 S 1a s6 diém anh c6 gia tri lon th hai.

Sau khi nhing vao cac phan tir 16n nhét, céc tac gia nhing dir liéu va cac phan tir nhod nhat
theo cach tuong tu.

Ban do nén s& duoc nhiing vao anh géc kém theo thong tin bi mat dé phuc vu cho qua trinh
khoi phuc. V&i moi mot anh thi kha nang nhung 1a hitu han, néu dung luong danh cho viéc
nhing ban do nhi€u thi dong nghia véi viéc khong gian s dung dé nhling thong tin bi mat s&
bi thu hep. Lugc do GePVOK sir dung 2 bit luu tri ban d6 trong khi PVO chi dung 1 bit. Yeu
diém cta GePVOK lam giam khd ndng nhung. Lugc do [15] cai tiecn GePVOK & diém nay,
thém vao do cac khoi chura {0,1,254,25} cling dugc sir dung dé nhung tin. Nho vay ma [15] da
nang cao duoc kha nang nhang so v6i GePVOK. Tuy nhién, chat lugng anh cua [15] khong
duoc tot bang GePVOK dp bién d6i 2 don vi trong khi GePVOK chi thay doi 1don vi. Bai bao
nay s€ dua ra giai phap dé nang cao chat lugng anh ciing nhu tan dung cac loi thé ma [15] co.

3. LUQC PO PE XUAT

Lugc do [15] khic phuc nhuoc diém cua luge do GePVOK la sir cac khbi phang c6 chira
giatri 0,1, 254, 255 ciing nhu chi st dung 1 bit dé luu trit ban d6 thay vi sir dung 2 bit nén 1am
tang kha ning nhiing tin. Bai bao sir dung Ky thuat xay dyng ban db va nhang tin cua [15] b
sung thém tiéu chuan dé danh gia do phang caa khéi va chi nhing tin trén nhitng khéi co do
phang cao. Dudi day sé trinh bay chi tiét tiéu chuan chon khdi va luge db nhing tin.

3.1 Tiéu chuin chon khéi anh

[11] da chi ra rang viéc nhdng tin vao cac khdi ¢ tinh phang cang cao thi chat lwong anh
cua luoc d6 cang tét. [11] tinh d6 phang dya vao hai gié tri chinh 1a hiéu cua gia tri 16n va gia
tri nho thir hai trong khéi. Tinh twong quan ctia mot khdi ¢6 nhiéu diém anh hon sé& tét hon nén
ching toi sir dung mot hang va mot cot 1an can cua khéi kich thuéc m x n dé danh gia do phang
thay vi ding 2 gié tri nhu [11]. Dudi day 1a minh hoa cho tiéu chi chon khéi:

[ a @ | &

[l I O

- . .
- o -
| el | ed | 4

Hinh 1. M6 ta tiéu chuan chon khdi.

Trong d6, vling mau xanh 1a khéi hién tai can xem xét tinh phing, viing mau vang la céc
diém l&n can duogc dung dé 1ap cong thirc danh gia do phang nhu sau:

T(l) =7 [Tha(ei = 5)? )

, 1 N aA 3Rl 2 | 2 2r croan 2 . A N
Trong d6, s = i t_,ci, L 1asb diém anh dung dé dénh gia do phang. Trong vi du trén thi
I=6 twong ung véi cac diém anh c6 mau vang.
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Vé6i mdi anh va lugng thong tin cho trude, ta can lip dé xac dinh didu kién dé khdi nao
duoc chon cho viéc nhing tin. Gia sir qua trinh l3p dirng & gid tri a, nghia 1 T(l)<=a thi khéi
li s& duoc sir dung dé nhing tin.

3.2 Thuit toan nhiing tin trén mdt khéi anh

Cho trudc khdi anh Iiva a da duge xac dinh & muc 3.1, qué trinh nhing dit liéu trén mot
khi anh c6 thé mé ta nhu hinh dudi déy:

Dau T, -
vao | <«

+

! I
— + Amax = 13d;
Xo(i) = Xg(a) + by

Sép Xép Ii " dmax

J(g(i) = x;(i}+2

d;nax =2

Xo(i) = Xa(iy*1

' d, =2 3d;
Xg(t) = Xg(;) T by max 2

Hinh 2. Qua trinh nhing tin trén mot khdi anh.

Néu T(I;) = a (T duoc tinh theo cong thirc 2) thi khdi nay giit nguyén (bo qua) nguoc lai
thi xem xét cac trurong hop sau:

Truong hop 1: néu khdi I; hoan toan phang ki hiéu boi I;smth, nghia 1a tit ca cac gia tri
diém anh cua khéi bang nhau thi nhing m x n-1 bit theo céng thuc:

Néu x,(1) = 255 thi Xg(i) = Xo(1) — by nguoc lai x;;y = Xg(1) + by, V6 i = 2,--m X n
Trudng hop 2: néu khdi I; khdng hoan toan phing thi thyuc hién cac budc sau:

Budc 1: Sap xép I; theo thir tu ting dan ki hiéu Ié(xa(l), Xg(2) ™ xa(mxn)). Gia st day
c6 K gié tri 16n nhat.

Buéc 2: Tinh sai s du bao 16n nhat d,y,q,theo cong thic diay = Xoanxn) — Xo@mxn—K)

198



Vi.

)

)

]

Transport and Communications Science Journal, Vol 72, Issue 2 (02/2021), 193-203

Trudng hop 2-1: néu d,y,e,>1, dit liéu khong dwoc nhiing va cac diém anh ting 1én 2 don

Xoiy = Xo@y T 2,i=mXn—K+1,-mxn
Trudng hop 2-2: néu dpg,=1

Trudng hop 2-2-1: néu b; = 1,i = 1--- K thi x(',(i) =Xep)t2i=mXxXn—K+

--m X n Truong hop 2-2-2: néu b; = 0,i = 1---K thi Xoiy = Xg@ tLi=mxn—K+
1,---m X n Truong hop 2-2-3: néu b; = 0|1,i = 1---K thi Xg(iy = Xo(i) thpi=mXn—K+
1,-mXn

3.3 Thuit toan khdi phuc tin trén mgt khéi dnh

Hinh 3 dudi day mo ta qué trinh khoi phuc dit liéu va mot khdi con caa anh gdc.

— — —
i bi = xg() =1
. -_—
l xa(h: X J(E\.’_bi;|=2,3...
Sipxépl |, ’ + :
pXxep dmaxl ———h Xa(l—fxg(i) -2 ;7/ Paura l; /
A
b=1
’ —
X ariy=X oy -2
b;=0
——
Xgriy=X cr(i\"l

bl:o/l X G'(E) =X c'(i

:_br_ I

)

Hinh 3. Qué trinh khéi phuc thong tin trén mot khéi anh.

Pau tién, anh chua tin dugc chia thanh cac khéi khong giao nhau kich thudc m x n. Dudi

cac phan tir cua khdi thanh mot day ki hisu 12 1" = (x1', x5", -+, Xmxn). Néu T(I;") = a thi
khi nay giit nguyén (b qua), nguoc lai thi sip xép cac phan tir cua dy theo thir tu ting dan
dé nhan duoc day (Xo(1), Xo2)s > Xomxny)» T(I;") duoc tinh theo cdng thic (1). Tiép theo

tinh;

r__ 1
dmaxl = X g(mxn—-R+1) — X g(mxn—R)
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dmale = x’a(mxn—R—s+1) - x,a(mxn—R—S)
Véi R va S lan luot 12 s6 gia tri diém anh 16n nhit va sé diém anh I6n tha nhi caa day
(X61) Xo(2)s s Xo(mxm)') VOi R+S=K.
Xét cac truong hop sau:

Truong hop 1: dge’ = 4 ching to khdi ndy khong chira tin, cac diém anh can khoi
phuc theo céng thuc:

Xo(i) = Xg(i) = 2

Trudng hop 2: dpaxr = 3 dit liéu va anh duoc khoi phuc theo cong thire dudi day
(twong ung véi truong hop 2.1 cua qua trinh nhang):

b; =1, x50 =x(',(i)—2,i=m><n—K+1,--~m><n

Truong hop 3: dpaxr = 2 dit liéu va anh duoc khoi phuc theo cong thire sau twong tng
véi treong hop 2.2 caa qua trinh nhing):

b; EO,x(',(i) =Xgpy—2i=mxn—K+1,-mxn
Truong hop 4:d,g1 = 1

Néu khong ton tai d,, g, (twong tmg trudng hop 1 cua qué trinh nhang) thi dit lidu va anh
dugc khoi phuc theo cong thuc:

bi = xtl)'(l') - xa(l)',x;(i) = xcr(i) - bi,i =2,-mXn

NéU d,pqxz’ = 1 (twong tmg trudng hop 2.2.3 ciia qua trinh nhang) thi dir liéu va anh duoc
khoi phuc theo cong thuc:

) thi bj = an(i) = Xl, -1

Néu x' 5y = {xé(mxn
°® X (mxn—k) tA1 bj = 0, X1y = Xg(py

Trongdoi=1,-mxn,j=1,---K

Bing viéc khoi phuc tirng phan thong tin bi mat va anh gdc trén mdi khéi ta s& phuc hdi
dugc nguyén ven thong tin bi mat da giau cling nhu anh ban dau.

4. THU NGHIEM

Chung tdi sir dung cac anh xam chuan c6 kich thudc 512x512 nhu hinh 4 dudi ddy lam thir
nghiém trén moi truong matlab 2016. Thyc nghiém duoc tién hanh dé so sanh vé kha ning
nhang va chét lugng anh cua luoc d6 dé xuit véi cac luoc dd [11] goi 14 luge dd PVO, luge dd
[13] goi 1a PVOK va luoc d6 [14] ki hiéu 1a luoc d6 GePVOK.
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Hinh 4. Céc anh dung trong thtr nghiém.

Két qua thir nghiém duoc thé hién & cc bang dudi day. Bang 1 va 2 thé hién két qua so
sanh vé kha nang nhung, bang 3, 4 la két qua cua viéc danh gia chat lugng anh.

Bang 1. So séanh vé kha nang nhiing véi khéi con kich thuge 2x2.

Anh PVO | PVOK | Gepvok | Lugedo
deé xuat
(@) 27440 | 27440 28903 31361
(b) 33995 | 33995 34400 42669
(c) 13939 | 13939 14489 14822
(d) 32739 | 32739 33293 39549
(e) 40305 | 40305 43105 47728
(f) 32376 | 32376 34798 36455
Trung binh 30132 | 30132 31498 35430

Bang 2. So séanh vé kha nang nhing vé&i khéi con kich thuge 3x3.

Anh PVO | PVOK | GePVOK g:‘;ﬁ 5‘3
(@) 12325 16202 21214 21573
(b) 15540 22380 32035 32881
(c) 7507 8564 9741 9741
(d) 13461 18881 26943 27540
() 16910 23702 32744 33033
) 14978 19450 25001 25046
Trung binh 13453 18196 24613 24969
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Bang 1 va 2 cho thy luge d6 dé xuit c6 kha niang nhung cao hon luge dd6 GePVOK, vuot
troi hon han so véi luge do PVO va PVOK.
Phén tiép theo, ching t6i thir nghiém dé so sanh chat lwgng anh cia phuong phép dé xuat
V6i cac phuong phap lién quan. Qua trinh thir nghiém duoc tien hanh véi khoi con o kich thusce
2x2 va lugng thdng tin nhung vao lan luot 1a 10000 va 20000 bit. Két qua dugc Iuu trir & Bang 3 va 4
duéi day.
Bang 3. So sanh vé& chit lwong anh khi nhiing 10000 bit khéi con 2x2.

Lugc do
dé xuat

() | 55.79658 | 54.8107 | 55.52489 | 53.2038 | 56.45985
(b) | 5556853 | 54.1111 | 54.71527 | 51.2332 | 54.59705
(c) | 51.66858 | 50.7637 | 52.21383 | 50.89232 | 52.1688
(d) | 58.68093 | 56.8370 | 57.03986 | 53.04577 | 57.33961
(6) | 57.43661 | 55.9442 | 56.59269 | 53.84745 | 57.14938
() | 55.99933 | 54.0728 | 56.40851 | 53.34709 | 56.48519

;rr‘:r?g 55.85843 | 54.2325 | 55.41584 | 52.59494 | 55.69998

Anh PVO PVOK | GePVOK [15]

Bang 4. So sanh vé& chit luong anh khi nhiing 20000 bit khéi con 2x2.

Anh PVO PVOK | GePVOK |  [15] Luoc do
dé xuat

@) 52.65009 | 5.162.403 | 52.21272 | 50.30416 | 53.27155
(b) 53.37087 | 5.217.375 | 52.63704 | 48.99972 | 53.16301
) 53.10048 | 5.407.311 | 53.05997 | 49.75953 | 54.14975
©) 57.54353 | 5.680.805 | 57.5566 | 53.8409 | 57.18767
6 56.45041 | 5.414.128 | 56.25524 | 53.09395 | 56.11154
Trung binh | 54.11808 | 5.311.900 | 53.74351 | 50.88478 | 54.12259

Tir c4c Bang 3 va 4 cho thay, lugc d6 dé xuat ¢d chat lwong anh tuong duong véi phuong
phap PVO, GePVOK va tét hon phuong phap PVOK ciing nhu luge do [15]-mé rong caa
GePVOK. Nhu vay luoc dd d& xuat 1a mot cai tién cia GePVOK cho chét lwong anh tét ma
kha ning nhung cao hon luoc dd cac luge d6 co cung phuong phap nhu PVO, PVOK va
GePVOK.

5. KET LUAN

Giéu tin néi chung ciing nhu gidu tin thuan nghich noi riéng da dang va s& con chi dé duoc
nghién ciru boi kha ning tmg dung ciia nd trong hau hét cac linh vuc ciia cudc sdng. Bai bao
nay di mé rong giau tin thuén nghich dua theo k¥ thuat méi nhat hién nay trong linh vuc gidu
tin thuan nghich dya trén su sép xép gia tri diém anh PVO. Viéc lua chon khdi thoéa man tinh
phang theo bai bao dé xuét dé nhung tin di nang cao duoc chat lugng ciia anh chira tin. Thyc
nghiém cho thy luoc d6 dé xuat c6 hidu qua tot dic biét cai thién dang ké vé chat luong anh
s0 v6i cac luge d6 lién quan. Két qua nay 1a tién dé tot dé xdy dung umg dung cho viéc thuc
tinh toan ven cta anh sb.
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