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Tém tat: Phuong phap Chen va cong su [1] d& xuit mot so dd RDH méi dua trén khai thac bién ddi theo huéng (EMD)
v6i hinh dnh kép. Nhd khai thac céc dic tinh clia ma trin EMD, mdt bit vA mot chit s6 cd sb 5 c6 thé dudc gidu trong
mot anh gbc d€ tao ra mot cip di€ém anh chia thong diép. Dit liéu sé dugc nhing trén 1 trong 4 huéng, trong dé cic tic

gia nhing thém dugdc 1 bit ngoai viéc nhiing 1 hé co sb 5, nén ty 1é nhiing 1°g225+1 = 1.66 bpp. D€ ting kha ning nhiing,
ching t6i dé xuit mot phuong phap nhing dua trén cd sé sd 13. Vi vay, ty 1& nhing c6 thé gin bing: @ = 1.8502

bpp. Ngoai ra, s6 luong anh bién ddi trong phuong phép giai quyét vin dé xuét ra nhd hon, nén chit luong anh tét hon
phuong phdp ctiia Chen va cdng su.

T khéa: gidu tin thudn nghich, dnh kép, hé tinh todn co sé 13, PSNR, ER.

Title: A Reversible Steganography with High Embedding Capacity using Dual Image Technique and Base 13
Calculation System
Abstract:  Chen et al. [1] proposed a new RDH scheme based on the extraction of directional transformations (EMD) with dual
images. By exploiting the properties of the EMD matrix, a bit of the password and a base 5 number can be hidden in
an original image to generate a pair of pixels containing relaxation. The data will be embedded in 1 of 4 instructions, in
which the authors embed 1 more aromatic in addition to embedding 1 base 5, so the embedding ratio is % =1.66
bpp. To increase the embedding caPacigy, we propose an embedding method based on base 13. Therefore, the embedding
ratio can be developed by using: %1* = 1.8502 bpp. In addition, the number of image transformations in the output
problem solving method is smaller, so the image quality is better than the method of Chen et al.
Keywords:  reversible data hidding, dual-image, base 13 number system, PSNR, ER.

I. GIOI THIEU thong tin mat dudc gidu vao cdc tép anh; sau d6 dnh chiia
tin dudc chuyén di va ngudi nhan hop phdp c6 thé 1iy thong
Viéc truyén thong tin qua Internet va luu trif trén “ddm  tin tif anh dugc gdi cho ho. Vi 4nh ban diu va 4nh gti di
may” ngay cang dudc 4p dung rong rai. Thé nhung, Internet  khong thé phan biét dudc, nén sé dé dang qua mit tin tic.
va “ddm mAay” dé bi tin tic xAm pham, nén viéc bdo vé
thong tin mat 12 mot yéu cau quan trong. Ma héa dit liéu Céc thuat toan gidu tin khong thuan nghich, nhu [3-6],
va gidu tin trén cic tép da phuong tién la hai gidi phdp chi c6 thé 1iy di liéu da gidu ma khong thé tdi tao dugc
bdo mat quan trong. Trong ma héa, dif liéu gbc (bdn r6)  anh ban dau. Vi viy, pham vi dng dung ciia ching bi han
bi bién d6i thanh mot day ky tu la (ban ma), khién tin tic ché trong nhiéu trudng hop can tdi tao anh gbc. Do do,
khong thé biét y nghia ctia ching. Tuy nhién, tin tic dé cdc ky thuat gidu tin c6 kha ning phuc hoi (reversible)
dang nhan ra bén trong cic ky tu la c6 thé chda dif lieu  hoidc khong méit dif lidu (lossless), thudng dugc goi chung
quan trong, khién ching ¢ ging tham ma. Pay la nhudgc la RDH (Reversible Data Hiding), da ra doi va ngay cang
diém ctia phuong phdp mat ma [2]. Theo huéng gidu tin, dugc hoan thién.

11



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

Trong giai doan dau, cic phuong phap RDH chi yéu dua
trén viéc nén khong t&n hao cic bit ¢6 trong sd thip trong
4nh. Céc ky thuat nay c6 kha ning nhing thip vi hiéu qua
nén céc bit thip khong cao. M& rong hidu s6, viét tat 1a
DE (Difference Expansion) cua Tian [7], la ky thudt dang
chi y dau tién. Trong d6, hiéu cia mot cip hai diém lan
can dugc dich chuyén sang trdi d€ mot bit dudc chén vao
bén phai. Tuy DE c6 thé nhiing dudc nhiéu bit, nhung cic
diém 4nh bi bién ddi nhiéu, nén anh chifa tin c6 chit luong
thip. Phuong phdp DE dudc nhidu ngudi cii tién v md
rong nham nang cao dd trung thuc hinh dnh dong thdi ting
dung lugng nhing dir liéu nhu [8-10].

Sau d6, ky thuat dich chuyén histogram cta Ni va
cong su [11], goi 1a HS (Histogram Shifting), c6 thé xem
nhu phuong phdp dang chu y thd hai sau DE. Trong
HS, histogram cta anh dugc xiy dung. Hai gid tri dinh
histogram c6 tan suAt xuét hién cao nhit dudc xdc dinh
lan luot 1a PeakL (gia tri nhd hon) va PeakR (gid tri 16n
hon). Céc pixel trong anh dudc dich chuyén vé phia tréi
ctia PeakL va vé phia phai cia PeakR nhim tao ra céc
ving tréng tai hai vi tri dinh nay; ching sé dudc dung dé
chita dit liéu. Trong HS, mdi phan ti anh chi bi bién ddi
mot don vi nén chét luong anh sau khi nhiing tin khé cao.
S6 bit c6 thé nhiing trong HS bing tdng s6 lan xuét hién
tai PeakL va PeakR; tong nay noi chung khong 16n, vi da
s6 4nh tu nhién c6 histogram khong nhon nén cic gia tri
PeakL va PeakR thuong nhé. Ky thuit md rong hiéu sb va
dich chuyén biéu db tan suét, véi nhiing dic tinh uu viét,
thudng dugc ting dung 1am nén ting d€ phat trién nhiéu
thuét toan RDH khac nhau [12-20].

Yéu diém ctia cac ky thuat RDH 1a dung lugng nhiing
khong cao. Xuit phat tif nhu cau thuc té d6, nhiéu gidi phap
RDH st dung anh kép da ra doi va khong ngting dudc hoan
thién. Cdc ky thuét nay tao hai ban sao tir anh gbc; ca hai
déu dudc dung d€ chia dit liéu, nén kha ning nhiing cia
ching vugt trdi so vdi cac phuong phap RDH thong thuong.
Do trung thuc hinh anh ctia cic phuong phap niy ciing rat
cao vi do bién d6i clia cic ban sao thudng khong nhiéu.
Ngoai ra, d an toan ctia chiing ciing rit cao vi phai biét ca
hai ban sao anh chita tin thi mdi ¢ thé trich xuat di liéu.
Cic phuong phiap RDH anh kép c6 thé chia thanh mot sb
ki€u sau:

Kiéu thd nhit ding cich gip & gilta (center folding
strategy). Quy trinh nhing gia tri d, (d > 0) vao diém 4nh
x dugc thuc hién bang céach tach d thanh hai thanh phan:
u=|%| vav=[%] Sau d6, hai diém ding d& nhing d
dudc tinh nhu sau: x” = x +u va x” = x —v. R rang, x c6
thé dugc khoi phuc bing cong thic: x = [£5X7].

Kiéu thi hai [21, 22]: cip diém 4nh ban diu dugc két
hop va biéu dién dudi dang mot diém P trén hé toa do. Mot
hinh vuéng mdi chiéu 3 don vi, ¢ tim 1a diém P, dudc
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tao ra. Céc cip diém giiu tin dugc chon tif hai pixel lién ké
trong hinh vudng. Véi 25 t6 hgp kha thi, cic phuong phap
nay c6 khd ning nhiing hon 4 bit trén mdi cip pixel, tuong
duong ty 1€ nhung trung binh 16n hon 1 bit/pixel (bpp). Do
cdc cip pixel dung dé€ gifu tin déu nim k& cip pixel gbc
P, mdi gi4 tri diém anh chi bi bién d6i t6i da mot don vi,
nhS d6 ddm bao chit lugng hinh anh sau khi nhing luén &
muc cao.

Kiéu thi ba st dung ham khai thac bién d&i huéng (EMD
— Exploiting Modification Direction) dé xdy dung mot ma
tran ham véi kich thude 256 x 256, tuong tng véi khong
gian diém &nh 256 x 256. Mdi cip hai diém 4nh dudc xem
nhu mot di€ém (phin &) trén ma trin ham. Hai cip diém
4nh nhiing tin dudc xdc dinh nhu nhitng diém trén ma tran
ham. Méc du cho dung lugng nhing 16n, cac ky thuat RDH
dva trén ham EMD cho hai 4nh [1, 23-25] thudng dan dén
suy giam chét lugng hinh anh déng ké.

Gan day, Chen va cong su trinh bay mdt phuong phap
nhing tin thuin nghich trén hai 4nh bang cich két hop
EMD va viéc chon mdt trong bén huéng (trai, phai, trén,
dudi), dat duge kha nang nhing cao (ER = 1.66), nhung do
bién ddi t6i da cdia mot anh 16n (khoang 5 don vi). Phuong
phdp nay dugc xem nhu mdt trong cac phuong phdp anh
kép c6 kha ning nhing cao nht.

Phuong phap dé xuét ctia ching toi st dung 13 t6 hop
nhing dit liéu trén mot di€ém anh, nén ER c6 thé dat x4p xi
bing (log, 13)/2 = 1.8502, tic la cao hon so véi phuong
phép ctia Chen. Ngoai ra, d6 bién d6i toi da cia mdi anh
1a 3 don vi, nén chit lugng anh cao hon phuong phap cla
Chen.

Bai bdo dudc t6 chic nhu sau. Muc II trinh bay phucng
phép ctia Chen va cong su [1]. Phuong phap d& xuit dudc
gidi thiéu ¢ muc III. Muc IV trinh bay két qua thit nghiém
trén 12 anh d€ so sanh khd niing nhiing va chit lugng dnh
cia phuong phdp dé xuit v6i phuong phdp ctia Chen va
cong su [1]. Két luan dugc dua ra ¢ muc IV.

II. PHUONG PHAP CHEN VA CONG SU

Chen va cong su [1] da dé xudt mot so dd gidu tin thuan
nghich trén hai anh st dung bién ddi theo huéng (EMD)
va cho kha ning nhing cao. Pau tién, tic gia xdy dung
mot ma tran tham chiéu EMD c6 kich thudc 256 x 256 nhu
Hinh 1; ma trn nay dudc xdy dung theo Cong thic (1) nhu
sau:

f(xi,xj) = (x; + 2x;) mod 5 (1)

Phuong phdp nay nhing trén cdp di€ém anh (x;,x;), véi
diéu kién 5 < x;,x; < 251. Trong phudng phédp nay, mdi
doan trong Hinh 1 ¢6 do dai 1a 5. Viéc nhung di liéu dudc
thuc hién theo mot trong bdn hudng; nhd c6 bude lua chon
nay, tic gia nhung thém dudc 1 bit ngoai viéc nhing theo



Xj

sslof1]2]2]afof1]2]3]a

alzfafofs]z[3Yafo]1]2]
glil2]3]alol2]2]3]a]o] ]2
7lalol1]2{3 afol2]2]3 ] ]a
sl23lafol1flalalo]r] ]2
skalz (2 |3 (DGt |23 [ad |0
alalafolt|2/3(afofz]2]-]3
alil2]3]alola2]3]alo] ]2
2lalofa]2]3 afo]2]2]3]]a
1l2(3fafof1 2|3 ]a]o]1] |2
ofol1]2]3]alol1]2]a]a]]o
0123456789 — 255 X

Hinh 1. Ma tran tham chiéu EMD E

mot hé co s6 5. Cac phuong phép khac thudng chi nhing
di liéu dya trén ma tran nay.

1. Thuét toan nhiing tin trén mot cap diém anh

Pau vao: Anh X c¢6 kich thuéc M x N, diy bit dit liéu
B= (b1, -, by

Piu ra: Anh X', X"

Phuong phap:

Bl: Xay dung ma trin tham chiéu EMD E nhu Hinh
1. Tao mot day bit nhi phan ngiu nhién ry,7s,- -+ ,rg v6i
(K =M XN).

B2: Chia cic thong diép bi mat B thanh 2 thanh phan:

* Mot thanh phan chuyén sang hé co sb 5 ki hiéu 1a
di, dy,--- ,dg (di =0—4).

* Chon 1 bit bi mét b; va mot chii s hé cd sb 5 d; tao
thanh 1 cdp (d;, b;).

+ Nhan xét rang nhitng di€ém anh x; tf anh X, ma
x; € [0, 4] hodc x; € [252, 255] thi x; khong nhing va
gia tri dugc gitt nguyén vao X’, X" & cung 1 vi tri.
<

« Liét k& tht cd cdc cdp anh lién tiép (x;,x;),5
xi, xj <251

* Xét néu s6 ngau nhién r; = 0, thi ldy theo chiéu ngang:

- Néu bit nhi phan b; = 0 liy vé phia bén tréi.

- Néu bit nhi phan b; = 1 liy vé phia bén phi.

* Néu s6 ngiu nhién r; = 1, thi lay theo chiéu doc:

- Néu bit nhi phan b; = 0 liy vé phia bén duéi.

- Néu bit nhi phan b; = 1 liy vé phia bén trén.

* Vi du xét 1 bit du tién b:

- Néu r; =0 va by = 0 thi nhiing vao doan bén tréi.

- Néu r; =0 va by = 1 thi nhiing vao doan bén phai.

-Néur; =1 vab; =0 thi nhiing vao doan bén dudi.

-Néur;=1vab; =1 th nhiing vao doan bén trén.
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* Vidu:  Cho x = (5, 5), bit bi mat 0100 va r = 0:

-7 =0 va by = 0 nén lay doan bén tréi.

- d =100, = 4.

Dua vao Hinh 1 véi d = 4, x = (5,5) ta c6 x’
x"" =5.
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2. Thuét toan trich tin va khéi phuc anh

Dau vao: Anh X’, X", mot day bit nhi phan ngiu nhién
ry, ra, - ,rg, (K =M X N).

Pau ra: Anh X, ddy bit di liéu B.

Phuong phap:

* TAt ca cdc cip di€ém anh déu lam gidéng nhau nén &
day xét dai dién 1 cdp di€ém anh (x/, x).

* VGi r; xét gibng nhu thuat todn nhing tin.

» Néu x',. < x}’ lay doan bén tréi ta dudc b; va tra theo

Hinh 1 dugc d;.

* Néu Xzl lay doan bén phai ta dudc b; va tra theo
Hinh 1 dugc d;.

* Néu x} = x/ va thudc doan [0, 4] hodc doan [252, 255]

"
7.
* Nhén xét trong x hodc x}’ phéi c6 1 cdi bang x;.

- Néu 5 < x/ <251 thi x; = x].

thi x; =x] = x

- Ngudc lai x; = x;’.
* Vi du nhu trén:
Pacox'=4,x"=5var=0

- Xét thay x’ <x” var =0 nén by = 0.

- Dya vao Hinh 1 v6i by = 0, x’ = 4,x” = 5 ta dugc
d =49 = 100,.

- Tu day thu dugc day bit bi mat la: 0100

- Thiy x’ <5 nénsuy rax =x" =5. Vay x = (5,5)

+ Nhan xét rang theo phuong phap ctia Chen va cong su
[1] thi kha nidng nhing la: log, 5+ 1 = 3.32 bit va ty 1&
nhing ER = %% % = 1.66 bpp.

III. PHUONG PHAP DE XUAT

1. Nhing mét chix s6 hé co s6 13 trén mét diém anh
* Vi co ché nhiing 4p dung tuong tu cho tiing diém anh,

ching toi chi cin md ta thuat toan cho mot diém anh dai

dién. O day, ching toi sé nhing vao 1 diém anh goi la x

dé dudc 2 diém 4nh chia tin goi 1a x* va x”.

* Ching t6i dé xuét cong thic nhing nhu sau:
@

X =x+a,x" =x+b

Véi diéu kién nhu sau:
- Piéu kién 1: -3 <a,b <3.
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i Bang I . )

QUY TAC NHUNG CUA THUAT TOAN DE XUAT

d a b x’ x" x' = x"
0 -3 3 Xx-3 X+ 3 -6
1 3 2 X -3 X+ 2 -5
2 2 2 X -2 X +2 -4
3 -2 1 X -2 X+ 1 -3
4 -1 1 x -1 x+ 1 -2
5 1 0 x-1 X -1
6 0 0 X X 0
7 0 -1 X X -1 1
8 1 -1 X+ 1 x-1 2
9 1 -2 x+ 1 X -2 3
10 2 2 X+ 2 X-2 4
11 2 3 X+ 2 X -3 5
12 3 -3 x+3 x-3 6

- biéu kién 2: {#] = 0. Tur day, chung toi s€ xdy dung
dugc Bang I nhu sau:
% Vi du: Cho x = 125 va d = 10.
Tra theo Bang I ta dugc:
X' =125+2=127
x” =125-2=123
Tir Bang I, ta c6 thé khai quat hod cong thiic tdng quat
cho quy tdc nhing nhu sau:
+ Diéu kién co ban:
- Gi4 tri diém anh gbc: x
- Gid tri diém 4nh sau khi nhing: x’ va x”.
- Chit sb hé co s6 13 can nhing: d €0, 1, 2, ---,12.
- Po dich chuyén a va b thda min diéu kién 1 va 2 clia
cong thic 2.
% Cong thuc xac dinh a va b:
Ta c6 thé bi€u dién a va b dua trén gia tri d nhu sau:
-3 néude{0,1},

~2 néude {23},
~1 néude{4,5},

a=30 néude{6,7},
1 néu d € {8,9},
2 néude{10,11},
3 néud-=12,

vab=d-a

- Cong thifc téng quat cho x’ va x”’ nhu cdng thic 2.

2. Xdc dinh day bit cho mét lan nhiing

Budc 1: Goi k sb pixel cho mdt 1an nhiing. Nhu vay mdi
1 1an nhing chiing ta sé& nhiing dugc k chit sb hé 13.

Budc 2: Goi d 1a gia tri cuc dai clia co s6 hé 13 véi do
dai k, suy ra d = 135 - 1.

Budc 3: Chuyén d thanh hé co s6 2 suy ra ta dudc mot
gid tri nhi phan goi 1a bd va c6 d6 dai la Id (day chinh la
s6 bit dit liéu c6 thé nhing).

Budc 4: S6 nhi phan 16n nhit c¢6 do dai [d la:
bax =2'4 -1

Budc 5: S6 nhi phin nhé nhit c6 do dai Id la:

- Ly ra Id bit ctia dif liéu bi mat. Sau d6 chuyén day
bit nay sang hé co sb 10 goi 1a bV

- Néu b,in < bV < d thi nhing dude Id bit dit lidu.

- Néu 0 < bV < by hodc d < bV < by thi nhing
dudc Id - 1 bit dit liéu.

3. Thuit toan nhing tin

Dau vao: Anh X, day bit dit liu B = (by,-- - , by,

PAu ra: Anh X', X"’

Cac bude chinh:

Bué6c 1: Liét ké lién tiép tit ca cac diém anh x vé6i 3 <
x <252, ta dudc k diém anh cho 1 lan nhiing.

Buéc 2: Nhing Id bit hoic [d — 1 bit ctia B vao k diém
4nh theo thuit todn phan II1.2

Budc 3: Néu tit ca cic bit di dudc nhing hoic tit ci
céc diém anh da dugc xét thi ding thuét todn. Ngugc lai
chuyén 1én budc 1 thi nhiing tiép.

4. Bai toan tran so

- Néu 1 diém anh x ¢ [3, 252] thi viéc nhing 1 chit s6
hé 13 vao x theo phan IIL.1 c6 thé din dén x’, x”" < 0 hoic
x',x"" > 252, tdc 1a ra ngodi diém 4nh goi 12 tran trén/ tran
dudi.

- b€ khic phuc diém nay thi x’ = x”" = x

5. Phan tich kha nang nhiing ER

DE cho phuong phap c6 kha ning nhiing nhiéu nhét thi
ta s€ tim gid tri k (k = 1 — 20) sao cho ty 1& nhing dat
gid tri 16n nhat. .

ER=713 3)



trong d6, L 1a sb bit trung binh (capacity):

L:axld+ﬁx(ld—l) @)
a+p

véi

{a = (d = byin + 1)
B = (bmax - d)

Sau khi tinh toan, phudng phdp cho kha ndng nhing
nhiéu nhit véi gia tri k = 10 nhu Béang II sau:

) Bang 11
KET QUA TY LE NHUNG THEO k
k S6 bit trung binh nhing dugc ER
1 3.3125 1,6563
2 7.1602 1,7900
3 11.0364 1,8394
4 14.3716 1,7965
5 18.2082 1,8208
6 22.0754 1,8396
7 25.4350 1,8168
8 29.2597 1,8287
9 33.1173 1,8398
10 37.0015 1,8501
11 40.3150 1,8325
12 44.1622 1,8401
13 48.0380 1,8476
14 51.3743 1,8348
15 55.2103 1,8403
16 59.0772 1,8462
17 62.4379 1,8364
18 66.2620 1,8406
19 70.1191 1,8452
20 74.0031 1,8501

6. Pd do PSNR

D6 do PSNR (Peak Signal to Noise Ratio) dung d€ dédnh
gia chét lugng anh gita 4nh A va B cung kich thuéc dugc
tinh toan nhu sau:

PSNR(A, B) = 1010 255° (5)
2= 00810 | MSE(A, B)
trong do:
1 M N
_ o h. )2
MSE(A,B) = oo > D (i =bi)*  (©

1 j=1

Tip 2025, S6 1, Thing 6

6 day, a; j, b; ; 1a gié tri di€ém anh gbc, anh gidu tin. M
1a sb hang va N 1a s cot cta anh.

Nhu vdy, gia tri PSNR (A, B) cang 16n thi hai danh A va
B cang giéng nhau.

7. Trich théng tin va khéi phuc anh gbc
Piu vao: Anh X', X"
DPéu ra: Anh X, dit liéu bi mat B
Céc budc chinh:
B1. Khoi phuc diém é&nh x:
% Khoi phuc x theo cong thic (7)
x +x”
2

X =

N

* Ching minh cong thic (7)

x' +x”}

2 2
(2x+a+b
2

a+b

_x+a+x+b}

Vi x 1a s6 nguyén va | 42| = 0 (theo diéu kién 2 cong
thuc 2 )
B2: Trich dit liéu.
Tinh gia tri x’ —x”’. Theo Bang I, ta dugc gia tri cia
a va b, sau d6 tim hang tuong ung, ta dugc gia tri d, suy
ra gia tri da nhung.

8. Vi du vé thuét toan nhing tin

Vi du 1:
Cho khéi anh X:
12 8 10 20
X=(6 9 5 55
10 12 7 85

Véi k = 10 va dit liéu bi mat B = [0010 0001 0111 1010
0001 0111 1010 0001 O111 10].

Can nhing day bit B vao X dé c6 X’ va X'":

Buée 1: Tinh d = 13'0 — 1 = 137858491848

Budc 2: Ddi d ra nhi phan ta dudc gia tri nhi phan c6
do dai I/d = 38 bit.

Budc 3: S6 nhi phan 16n nhit c6 do dai 38 bit la:
Bmax = 2% — 1 = 274877906943.

15



Cdc cong trinh nghién cifu, phat trién va ing dung CNTT va Truyén théng

Bude 4: S6 nhi phan nhd nhit c6 do dai 38 bit la:
bmin = 237 = 137438953472.
Budc 5:

Liy 38 bit trong B la: “0010 0001 0111 1010
0001 0111 1010 0001 0111 10”. Chuyén sang hé 10
dugc bV 35945572446 (10). Thdy bV < by, nén
theo thuat toan IIL2 ta sé ldy 37 bit trong B Ila:
“0100001011110100001011110100001011110”. Ddi day
bit nay sang hé 13 ta dugc 3 50 11 0 11 5 3 12 4(y3).
va nhiing tuan ty vao 10 diém 4nh [12, 8, 10, 20, 6, 9, 5,
55, 10, 12] theo Bang 1.

Ap dung thuit toan theo Bang I ta dugc két qua theo
Bang III nhu sau:

_ Bang III
KET QUA NHUNG
X 12 ] 8 10 | 20 | 6 9 5155 10 | 12
d 3 5 0 11 [ 0 | 11 5 3 12 4
X/ 10 | 7 7 22 | 3 11 | 4 | 53 13 11
X1 13 | 8 13 17 | 9 6 5|57 7 13
T do suy ra:
10 7 7 22]
X' =3 11 4 53
13 11 7 85]
13 8 13 17
X"=19 6 5 57
7 13 7 85
Tinh ER: Theo cong thic (3-4), dudc:
L =37,0015
_ 37.0015 _
ER = #555> = 1,8501 bpp

Qua day thdy ty 1& nhiing ctia phuong phap dé xuét la
hon hén v6i ER = 1,66 bpp ciia phucng phiap Chen va
cong sy [1].

Tinh PSNR:

- Sai s6 binh phuong ctia X’ va X" bang:

SE(X’, X)=4+1+9+4+9+4+14+4+9+1 = 46,

SE(X”, X)=1+ 9+ 9+ 9+ 9+ 449 +1 = 51.

- Sai s6 binh phuong trung binh bang:

MSE(X’, X) = SE(X’, X)/ (3*4) = 46/12 = 3,83

MSE(X”, X )= SE(X”, X)/(3*4) = 51/12 = 4,25

Cudi cling:

PSNR (X, X) = 10log,, (%) = 42,299

1 _ 2552\ _
PSNR (X", X) = 10log,, (m) — 41,847
Céc gid tri nay 16n hon gia tri PSNR ctia Chen va cong
Sul.

Vi du 2: Cho khéi 4nh X nhu vi du 1 véi k =10.
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- Chon 10 diém anh lién tiép to X ta dugc: X = [12, 8,
10, 20, 6, 9, 5, 55,10, 12]

- Nhiing dit liéu: Gia st dif liéu can nhing 1a bit "0" (ting
v6i d = 0 trong hé co sd 13). Theo Bang I trong phuong
phip dé xudt véid = 0tacé: X' =x—3, X” =x+3. Ap
dung cho 10 diém é&nh:

xp=12 = 3=9, x/=12+3=15
x§=8—3=5, xé’— 8+3=11
=10 - 3=7, x§f =10+3=13
xp=20-3=17, x;/ =20+3=23
xg=6 -3 =3, x/=6+3=9

xé=9—3=6,xé’=9+3=12

x§=5—3=2, x’7’=5+3=8

xg=55 - 3=52, x{ =55+3=58
xg=10 = 3 =7, x{ =10+3 =13
Xjp=12 =3 =9, x|, =12+3=15

Vay anh sau khi nhiing la:

9 5 7
2
9 7

17
52
85

11 13 23
12 8 58
15 7 85

- Khoi phuc 4nh gbc: St dung cong thiic 7 dé khoi phuc.
V6i pixel ddu tién ta c6: X = [2313] = 12. (Khoi phuc
chinh x4c vé6i anh gbce).

- Trich xuét bit "0"

Tinh hiéu X’ — X" = -6 . Do d¢6 trong Bang I
thi d = 0 (Gng véi bit 0).
Két quéa: Dit liéu trich xut 1a bit "0".
- Pédnh gid thay déi:
o Po bién d6i pixel:
Mbi pixel bi thay d6i téi da +3 don vi (vi du:
12 — 9 va 15). Do dé, ddm bao chét lugng anh (PSNR
cao).
o Khd nang nhing:
Mbi pixel nhing dudc 1 chit s6 hé co sd 13
(trong vi du nay 1a d = 0).
Téng ty 1& nhiing (ER) dat ~ 1.8501 bpp (cao
hon phuong phap Chen).

+ Vi du 3: Cho khéi anh X nhu vi du 1 véi k =10.

- Chon 10 diém anh lién tiép tu X ta dugc: x = [12, 8,
10, 20, 6, 9, 5, 55, 10, 12]

- Nhing dit liéu:

o Gia st dif liéu can nhiing 1a bit "1" (ing v6i d =
1 trong hé co so 13).



o Theo Bang I trong phucng phap dé xuét véi d =
ltach:x" =x-3vax" =x+2
Ap dung cho 10 diém anh:
=12 - 3=9, x/=12+2=14
=8 - 3=5, x§’=8+2=10
=10 - 3=7, Y =10+2=12
=20-3=17, x;/ =20+2=22

7
X
7
2
7
3
7
4
1=6 -3 =3 x/=6+2=8
7
6
7’
4
7
8
7
9

X

=

X

=

=

=9 -3 =6 x/=9+2=11
=5-3=2 x/=5+2=7
=55 - 3=52, x{ =55+2=57
=10 -3 =7, xy =10+2=12
=12 -3 =9, x[;=12+2=14
Vay anh sau khi nhing la:

=

X

=

’
10

9 5 7 17
X'=[3 6 2 52
7 9 7 8
14 10 12 22
X"=|8 11 7 57
12 14 7 85

- Khéi phuc 4nh gbc:
St dung cong thic 7 d€ khoi phuc.
Vi du véi pixel dau tién:
X = [22414] = 12 (khoi phuc chinh xdc véi anh
gdc)
- Trich xuét bit "1"
o Tinh hiéu X’ — X"’
d =1 (Gng véi bit 1)
o Két qua: D liéu trich xuét 1a bit "1".

-5 => Trong Bang I thi

- Pénh gid thay déi:
o Do bién ddi pixel:
Mbi pixel bi thay ddi t6i da - 3 hodc + 2 don
vi (vi du:12 — 9 va 14). Do d6, ddm bao chit lugng anh
(PSNR cao).
o Kha ndng nhing:
Moi pixel nhing dugc 1 chit s6 hé co sd 13
(trong vi du nay la d = 1).
Téng ty 1& nhing (ER) dat ~ 1,8501 bpp (cao
hon phuong phap Chen).

IV. KET QUA
1. So sanh hai phuong phap vé mit Iy thuyét

Nhin vao Bang IV ta c¢6 nhan xét:
- Phuong phdp dé& xuit vugt troi vé ER (1,8501 bpp so
v6i 1,66 bpp) va chit lugng anh (PSNR cao hon) nho tan
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Bang IV
SO SANH KHI NHUNG BIT O VA BIT 1
Pic diém Nhung bit 0 (d =0) | Nhing bit 1 (d =1)
Cong thiic x'=x-3 x'=x-3
nhiing x"=x+3 x"=x+2
Hiéu x" — x” -6 -5
Do bién ddi anh +3 - 3 hoiic + 2

dung hé co sb 13 va gi6i han bién ddi di€ém 4nh t6i da 3
don vi.

- Phuong phap ctia Chen ¢6 uu di€ém don gian nhung bi
han ché bdi hé co s6 5 va do bién ddi diém anh 16n.

- Ca hai phuong phap déu dim béo tinh thuan nghich
(RDH), nhung phuong phép dé xuit phit hgp hon cho tng
dung yéu cau dung lugng nhiing cao va chét lugng anh tt.

(d) Phone

(e) Forest

A4

(g) Milkdrop

(h) Cabeza

i

(k) Things

() Car (1) Tiffany

Hinh 2. Hinh 4nh chuin héa dung d€ ki€m tra kha ning nhiing
thong tin.

2. So sanh hai phuong phap vé thuc nghiém

Trong nghién cifu nay, phuong phap dé xuit dudc danh
gia thong qua 12 anh xdm chudn (512x512), véi céc chi
tiéu so sanh gdm: (1) kha niing nhiing di liéu va (2) chét
lugng 4nh sau nhiing, dbi chiéu vé6i két qua tit phuong phap
Chen va cong su (2).
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Bang V

SO SANH GIUA PHUGNG PHAP PE XUAT
VA PHUONG PHAP CHEN VA CONG SU.

Tiéu chi

Phuong phap Chen
va cong su [1]

Phuong phap
dé xuat

S6 t6 hop nhiing

5 t6 hop (hé co sb 5)

13 3 hop (hé co
s6 13)

Kha nang nhiing
(Cap)

Dung lugng nhuing
thip hon do gi6i han
hé co so 5.

Ty 1& nhing ER = [log25+1 ER - lngéls ~
(ER) 1,66 bpp 1,8501 bpp
Dung lugng

nhing cao hon
nho hé co s 13,
t6i uu héa sb 8
hgp.

Do bién doi
diém 4nh

Téi da 5 don vi

Téi da 3 don vi

Chét lugng anh
(PSNR)

PSNR trung binh
~ 40,72 dB

PSNR trung binh
~ 42,55 dB

Do phic tap tinh
todn

St dung ma tran
EMD va 4 hudng
nhing, phuc tap hon
so v6i phuong phap
dé xuét.

St dung Bang
tra cdu 13 8
hgp, don gidn
hon do giam s6
huéng bién ddi.

Pham vi ap dung

Phuc hdi 4nh gbc
chinh xdc nhung do
bién déi 16n.

Phuc hdi anh
gbc chinh xic
v6i do bién d6i
nho hon, chit
lugng anh t6t
hon.

Kha nang phuc
hoi

Phuc hdi dnh gbc
chinh xac nhung do
bién ddi 16n.

Phuc hoi anh
gbc chinh xic
véi do bién ddi
nhd hon, chit
lugng anh t6t
hon.

- Két hgp EMD va 4
huéng nhing

- Ting s6 & hop
nhing 1én 13
- Cii thién ER

Nhudc diém
chinh

- Do bién déi diém
anh 16n, danh hudng
chét lugng.

Uu diém chinh s va PSNR
- DBon gian trong A 1A 1
trién khai - DO bien doi
: diém anh thip
hon.
Yéu cau xit ly
- ER thip hon Bang tra ciu 13

t& hop c6 thé
tang do phuc tap
5o vdi hé co sb
5.

Phuong phap dé xuit cla chiing t6i hudng t6i muc tiéu
khé ning nhiing dudc nhiéu hon nhung chét lugng anh van
cao hon so véi phuong phap Chen va cong su [1]. Khi tht
nghiém nhung ching t6i s€ tinh kha nang nhing Cap, gia
tri ER , gid tri PSNR1 cla 4nh chda tin thd nhét, gid tri
PSNR?2 cta anh chda tin thd hai (cong thic 5-6). va gia
tri PSTB la trung binh cong ciia PSNR1 va PSNR2. Két
qua thit nghiém trinh bay trén Bang VI cho théy, ca ER va
PSNR ciia phuong phap dé xuéit déu 16n hon ding ké so
vGi phuong phap ctiia Chen va cdng su.

V. KET LUAN

Phuong phdp Chen va cong su [1] st dung mot s6 hé
cd s6 5 va ma tran tham chiéu EMD nhim ting thém
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Bang VI
SO SANH TY LE NHUNG GIUA CAC PHUONG PHAP

Anh  |Phuong |LocSize| Cap ER |PSNRI |PSNR2 | PSTB
phdp

Lena |[1] 0 [869250|1,6580|40,7280(40,7109|40,7195

D& xudt | 0  [969961|1,8501|42,5533|42,5574(42,5554

Boat |[1] 1356 |867894(1,6554|40,7183|40,7231(40,7207

D& xudt | 844 |969117|1,8484(42,5533|42,5574(42,5554

Airplane|[1] 0 [869250(1,6580(40,7327(40,7091 40,7209

Dé xudt | 0 |969961|1,8501|42,5533|42,5574(42,5554

Phone |[1] 17166 (852084 1,6252(40,7302|40,7369|40,7336

D& xudt | 7773 |962188|1,8352(42,5533|42,5574(42,5554

Forest |[1] 0 [869250(1,6580(40,7403|40,7261 |40,7332

Dé xudt | 0 [969961|1,8501|42,5533|42,5574(42,5554

Barbara ([1] 57 |869193|1,6579|40,7378|40,7142|40,7260

Dé xult | 39 |969922|1,8500(42,5533|42,5574|42,5554

Blob |[1] 0 [869250|1,6580(40,7229(40,7146|40,7188

Déxuit | 0 |969961|1,8501(42,5533|42,5574|42,5554

Cabeza [[1] 180 |869070|1,6576|40,7445|40,7403 40,7424

D& xult | 120 |969841|1,8498(42,5533|42,5574|42,5554

Camera |[1] 6164 |863086|1,6462(40,7272|40,7176|40,7224

man |Dé xudt | 3510 |966451|1,8434(42,5533|42,5574(42,5554

Car |[[1] 0 |869250|1,6580(40,7396|40,7225|40,7311

Déxuit | 0 |969961|1,8501[42,5533|42,5574|42,5554

Things |[1] 7369 [861881|1,6439|40,7240(40,7421|40,7331

Dé xuit | 4976 |964985|1,8406(42,5533|42,5574(42,5554

Tiffany [[1] 19521 |8497291,6207|40,7194[40,7332|40,7263

Dé xuét | 17347 |952614|1,8170(42,5533|42,5574 42,5554

Average |[1] 1,649 40,7273

Dé xuit 1,8446 42,5554




kha niang nhung. Trong bai bdo nay, chung t6i dua ra mot
phuong phép dé xuét 1a st dung 13 t3 hop nhing trén mot
diém anh (hé co s6 13). Nho d6, phuong phap cho kha
ning nhiing di liéu 16n hon nhung vin dam bao chit lugng
4nh chda tin tot hon so v6i phuong phap Chen va cong su.
Két qua thuc nghiém cho thiy, kha ning nhiing dif liéu cia
phuong phdp dé xuit 16n hon so véi phuong phap hién c6,
dong thai van duy tri dudc chit lugng anh nhing tin cao.
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