Ky yéu Héi nghi Quéc gia lan thir VIII vé Nghién ciru co ban va iing dung Cong nghé thong tin (FAIR); Ha Néi, ngay 9-10/7/2015
DOI: 10.15625/vap.2015.000180

MOT PHUONG PHAP THUY VAN THUAN NGHICH MO
DUA TREN DICH CHUYEN HISTOGRAM
Nguyén Kim Sao !, L& Quang Hoa’, Pham Vin At'
" Pai hoc Giao thong Van tai Ha Noi
“Pai hoc Bach khoa Ha Noi
nksao@utc.edu.vn, hoa.lequangl@hust.edu.vn, phamvanat83@vnn.vn

TOM TAT - Bai bdo dé xudt mét phiwong phdp thiy van thudn nghich méi diea trén dich chuyen histogram (DCH). Trong
khi hdu hét cac phwong phdp thiy van dia trén DCH khong co kha nang dong goi moi thong tin can thiét vé danh goc vao dnh thiy
van, nén o giai doan khoi phuc chiing phai sir dung mot so thong tin phu vé anh goc thi phwong phap dé xudt da khdc phuc dugc
nhwege diém trén va khéng can sie dung bdt ky théng tin phu ndo vé danh goc dé khéi phuc ddu thiyy van ciing nhi danh goc. Céc
phiwong phap thiy van nhur vdy goi la ¢6 tinh déng goi hodc djc ldp thong tin phu. Gidi phdp dong goi duoc sir dung ¢ ddy la két
hop ky thudt chén bit thap va dich chuyén histogram. Anh goc dugc chia thanh hai mién: mién dau gom mot s6 it diém anh duwoc sir
dung dé nhing thong tin phu bang k¥ thudt chén bit thap, mién thir hai gom phdn con lai ciia dnh, diing dé nhimg déu thiy van theo
phwong phap DCH. So sanh voi cac phirong phdp dgc ldp thong tin phu khdc, phwong phap dé xudt cé kha nang nhing cao hon va
do phirc tap tinh toan thap hon. Uu diém ciia giai phdp déng géi dé xudt la don gidn, hiéu qud va c6 thé dé dang dp dung doi véi
hau hét cac phwong phap thiy vin DCH khdc.

Tir khéa - gidu tin, thity van thudn nghich, dich chuyén histogram, chén bit thap.

I. GIOI THIEU

Thiy van (watermarking) 1 k thut nhang mot day bit (thudng goi la dau thiy van) vao anh s nhim xac thyc
va bdo v¢ ban quyén san pham anh.

Thily van truyén thong chi c6 thé trich dwoc déu thily van ma khong cho phép khoi phuc anh gdc, tuy nhién dbi
v6i nhiéu truong hop, viée sir dung anh gbe 13 diéu bat bude nhu cac img dung trong quén su, gido duc, y té. Chinh vi
vay, hudng nghién ctru thity van thuan nghich ngay cang dwoc quan tdm. Thiy van thuan nghich 1a k¥ thuat thiy van
ma ngoai viéc trich chon dau thily van con khéi phuc duge anh goc ban dau.

_ Cac hudng nghiér} ctru chinh ctua thﬁy vén thuén nghich cho dén nay bao gdm: nén bao toan, md rong hiéu, dich
chuyén histogram (viét tat 1a DCH), phép bi€n d6i nguyén, st dung déc trung JPEG, cong modulo, du bao.

Thuy van thuén nghich dya trénvnén bao tqén [3], thyc hién nén day bit thép cta cac diém anh dé tao khong gian
du thura, sau d6 dung khong gian nay dé luu trit dau thuy van.

Nhom phuong phap st dung cac phep bién d6i nguyén nhu tuong phan [2], wavelet nguyén [13] Gng dung cac
phép bién dbi nguyén kha nghich dé bién d6i khong gian anh, dit liéu dugc nhing trén mién bién d6i, anh gdc dugc
khéi phuc bang phép bién ddi nguoc.

Phuong phap mé rong hiéu [11] 1a phuong phap hiéu qua va duge cac nha khoa hoc rit quan tam. Hiéu hai diém
anh lién ti€p s€ dugc md rong sang trai va thuc hién nhing moét bit thuy van vao vi tri bén phai.

Trong phuong phap sur dung céc dac trung JPEG [1,6,12], cac khéi DCT luong tir thudng chira nhimg phan tir 0
va duoc st dung d€ nhung cac bit thuy van.

O giai phap cong Modulo 256 [15], thity van dugc tao ra bang cach cong modulo 256 giita anh gdc va dau thiy van.
Gan déy, xuat hién cdc phuong phap thiy van dya trén cac ma tran sai s6 du bao so v6i anh gde ban dau [10].

~ Theo [7], tiéu chi quan trong dé so sanh, danh gia cac phuong phéap thuy van thuén nghich la kha nang nhing,
chat luong anh va d6 phtre tap tinh toan. Néu nhu phuong phap mo rong hi€u [11] c6 kha ndng nhing tin cao thi trai lai
thiy véan dua trén DCH [4,5,8,9] c6 chat lugng anh tot hon.

Cac phuong phap thuy véan thuén nghich dva trén DCH thuong thyc hién nhu sau: Pau tién bang cach DCH dé
tao ra mot cap hai diém anh lién tiép a va b sao cho h(a) 16n va h(b) bang 0 (h(x) 1a histogram cua anh tai diém x).
Sau d6 nhiing mot day bit thuy van c6 do dai h(a) trén cac diém anh c6 gié tri bang a.

Céc phuong phap nay cho chit lwong anh tét, vi cdc diém anh chi thay d6i tdi da mot don vi. Tuy nhién dé khoi
phuc thiry van va anh gdc can biét a, ma gia tri nay rt kho tich hop (d6ng goi) trong anh thay véan. Giita nguoi giri va
ngudi nhén anh thiy van phai trao d6i mot thong tin phu (gia tri a). Ngoai ra, viéc khong dong goi dugc moi thong tin
can thiét vao anh thity van con dan dén cac han ché khac nhu khong cho phép 4p dung thily van nhiéu mic ciing nhu
khong thé str dung lugce d6 khoa cong khai.

Gan day da c6 mot s6 phuong phap nham khac phuc nhugc diém néu trén: Hwang va cac cong sur [5] (sau day
goi 1a phuong phéap Hwang) da xay dung cac cdp a, b dic biét dé sau khi nhing thily van, gia tri ciia chiing van khong
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thay d6i. Do d6 a c6 thé dugc xac dinh tir anh thuy van. Masaaki Fujiyoshi [4] (sau ddy goi 1a phuong phap MF) su
dung phuong phap DHC nhu ctia Ni va cong su [9] dé xac dinh a, b va dwa ra mot quan hé giira histogram ctia anh gdc
va anh thuy van tai cac diém a, b. Gia tri a dugc xac dinh bang céch do tim cac diém anh thoa man quan h¢ trén.

Ca hai phuong phap nay déu c6 nhugc diém 1a tén nhiéu thoi gian cho viée tim a va kha nang nhung khéng cao.

Trong bai bao nay, chung t6i dua ra mot phuong phap tich hgp a vao anh bang cach chia anh thanh mién 8 diém
anh (mién nho) va mién con lai (mién 16m). Cac gia tri a, b duoc x4c dinh bang k¥ thuat DCH trén mién 16n (chir khong
phai trén toan anh). Gia tri a (gom 8 bit) dwoc nhing vao mién nho theo ky thut chen bit thép. Béng cach nay, viéc
xac dinh a tir anh thuy van rit don gian va nhanh chéng. Giai phép nay c6 thé d& dang tmg dung dé cai tién hau hét cac
phuong phap thity van DCH di biét v6i muc dich dong goi san pham.

Céc phuong phap ma viéc khoi phuc dau thiy van va dnh gbc khong can sir dung thong tin phu di kém, trong
[4] goi 1a ddc 1ap thong tin phu (free from side information), & day chung t6i goi la tich hgp hay dong goi.

~ Bing cd phan tich 1y thuyét va thuc nghiém da chimg to phuong phép dé xuét c6 toc do thuc hién nhanh hon
(khoi lugng tinh todn it hon), kha ndng nhing cao hon so véi cac phuong phap Hwang va MF.

Ciing can nhan xét rf?mg, cac phuong phap thuy véan thuén nghich n6i chung va cac phuong phap thuy van thuan
nghich dua trén dich chuyén histogram noi riéng thudc loai dé v& nén céc bai bao lién quan déu khong xét tinh bén
vitng cua cac phuong phap nay.

Noi dung tiép theo ciia bai bao dugc t6 chirc nhu sau: muyc II trinh bay nhimg kién thirc co so vé phurong phap
thuy vén thuén nghich dya trén DCH. Muc III gidi thiu cac cong trinh lién quan gém hai phuong phap Hwang va MF.
Muc IV trinh bay phuong phap dé xuit. Muc V danh gia so sanh phuong phap dé xuét véi cac phuong phéap lién quan
bang phan tich 1y thuyét va thir nghiém trén may tinh, cudi cing 1a két luan & muc VI.

IL NHUNG KIEN THU'C CO SO

Bai bao nay chi xét cac anh da cip xam c6 gia tri diém anh trong mién D:

D = {x nguyén |0 < x < 255}

Mot anh da cép xam I kich ¢ M X N c6 thé xem nhu mot ma tran cAp M X N (M hang, N cot) gdm céc phan tir
1(i, ) thudc D. Nhiéu khi chi can xét mot mién con J nao d6 cua I, va ky hiéu P(J) 1a tap cap chi so (i, j) thudc J. Khi dé:

PO ={GHN1<i<M1<j<N}LP(J)<cP()
Dudi déy sé trinh bay khai niém histogram, cap histogram va phuong phép thity van dya trén DCH ddi véi anh 1.

A. Histogram va cdp histogram

Histogram ctia anh I (hodc ciia mién con J) tai diém x € D, ky hiéu h(x), 1a s6 diém anh ctia I (hodc cua J) co
gia tri bang x.

Theo [14] hai gia tri a, b lién tiép (b=a+1hoaca—1)trén mién D dugc goi 1a mdt cap histogram néu:
h(a) > 0,h(b) =0
Duéi day a va h(a) dwoc goi 1a dinh va chiéu cao cta cip (a, b).

Mbi diém anh (i, j) € P(I) c6 gia tri I(i, ) = a c6 thé nhing duge mot bit w theo cong thirc:

s o _ fanéuw =20
I(l'])_{bné'uwzl

Khi do, thuat toan khoi phuc w va I(i, j) tir I'(i, j) don gian nhu sau:
I1(i,j) =a
ifI’'(i,j) =athfhw =0 AsEw = 1.

Nhdn xét 2.1: Bing viéc st dung cap histogram (a, b) ¢6 thé nhang thuan nghich mot diy h(a) bit trén cac
diém anh (i, j) c6 gia tri I(i, ) = a. Doi khi dé cho gon ta n6i nhung h(a) bit trén cip histogram (a, b).

Nhdn xét 2.2: Sau khi nhung, s6 diém anh c6 gia tri bang a giam khoang mot nira (gia dinh sd bit 0 va 1 trong
day thuy van xap xi bang nhau), nén h(a) gidam mot nira. Hay noi cach khac:

1
K'(a) ~ 5 h(a)

trong d6 h’ 1a histogram cuia anh thiy van I’
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B. Dich chuyén histogram

Giéw sir diém anh a c6 h(a) > 0. Dé tao cap histogram (a,a — 1) c6 thé sir dung k¥ thuat DCH nhu sau: Pau
tién tim diém z < a ¢ h(z) = 0, sau d6 DCH trén doan [z + 1, a — 1] sang trai theo thudt toan

for (i,j) € P(I) and I(i,j) € [z+ 1,a — 1]
reap=16j)-1
End
Tuong tu dé tao cip histogram (a,a + 1) c¢6 thé lam nhu sau: Dau tién tim diém z > a ¢6 h(z) = 0, sau d6
DCH trén doan [a + 1,z — 1] sang phai theo thuat toan:
for (i,j) € P(I) and I(i,j) € [a+ 1,z — 1]
I'@, ) =10 +1
End
Nhdn xét 2.3: Anh sau khi DCH sang trai c6 thé dé dang khoéi phuc bang phép dich chuyén sang phai va nguoc lai.

C. Cdc phwong phdp thiiy van thudn nghich duwa trén dich chuyén histogram

Céc phuong phap nay dua trén ky thuat DCH dé tao ra cac cdp histogram, sau d6 nhing thiy véan trén cac cip
histogram nhan duogc.

Dé tao ra mot cdp histogram, theo nhu muc ILB, can ¢6 mot diém z véi h(z) = 0. Néu khong ton tai diém z
nhu vy, co thé chon z < a (hodc z > a) ¢6 h(z) nho nhét, thuong ky hiéu la minL (hodc minR). Khi do, mudn khoi
phuc anh, can bd sung gié tri minL (hodc minR) va vi tri cac diém anh I(i, j) c6 gia tri bang minL (hodc minR) vao
trugc dau thily van dé tao thanh mot day bit can nhing. Day bit thuc nhung, ky hién B, s& gom tap thong tin bo trg H
va dau thiy van W:

B =How

Céc phuong phap dua trén DCH khac nhau chii yéu & cach tao ra cac cip histogram c¢6 chiéu cao 16n dé ting
kha ning nhing tin. Nhém cac phwong phap nay c6 wu diém 1a chat luong anh thay van tét vi gid tri cac diém anh chi
phai thay dbi tdi da mot don vi. Bé khoi phuc day bit dd nhung B va anh gbc can phai biét dinh cia cac cip histogram.
Thong tin nay khé co thé dua vao H dé tich hop trong anh thiy van nén thuong phai trao d6i bén ngoai. Nhur véy, néu
chi biét anh thuy vén thi vin chua thé thyc hién duoc viéc khoi phuc can thiét. Hau hét cac phuong phéap thuy van déu
mic phai nhuoc diém nay.

Gan day, c6 mot sd cong trinh nghién ciru ‘khéc phuc duge nhuge diém néu trén nhu cac phuong phap Hwang
va MF. Tuy nhién cac phuong phap nay van con ton tai mot so han ché vé kha nang nhing tin va d phrc tap tinh toan
nhu s& trinh bay dudi day.

III. NHUNG CONG TRINH LIEN QUAN

A. Phwong phdap Hwang
Hwang va cac cong sy, trudce tién tim diém peak dat cyc dai histogram:
h(peak) = max{h(x)|x € D}

(néu ton tai nhiéu diém cuc dai thi chon diém déau tién). Sau d6 DCH sang trai va sang phai dé tao thanh céc cip
histogram (peak — 1, peak — 2) va (peak + 1, peak + 2), cudi cling str dung cac cip trén dé nhing diy bit thay van.
Béng cach tao ra hai cap histogram dic biét nhu trén, gia tri peak khong thay doi sau khi thuy van. Do d6, c¢6 thé tinh
duoc peak tir anh thuy van I’ theo cong thirc:

h'(peak) = max{h'(x)|x € D} 3.1

_Tur d6 xac dinh céc dinh peak — 1, peak + 1 cua céc c@p histogram va khdi phuc duoc dau thity van ciing nhu
anh goc ban dau.

Nhdn xét 3.1: Kha nang nhiing (s bit) ciia phuong phap Hwang trén anh I, ky hiéu Cj,, theo nhan xét 2.1 bang:
Cy, = h(peak — 1) + h(peak + 1)
Nhdn xét 3.2: Theo nhan xét 2.2, néu tiép tuc nhung trén I’ (nhing mirc 2) thi kha ning nhing C;, chi bing

khoang mét ntra C:

C 1C
h 50



454 MOT PHUGNG PHAP THUY VAN THUAN NGHICH MGI DUA TREN DICH CHUYEN HISTOGRAM

B. Phwong phap MF

Phuong phap MF tim diém cyc dai histogram peak nhu budc dau ciia phuong phap Hwang. Sau d6 DCH trai
dé duoc cap histogram (peak, peak — 1) va thyc hién nhung tin trén cip histogram tim dugc. Dé tim gia tri peak tir
anh thuy van, M. Fujiyoshi dua trén tinh chat sau cta peak:

h'(peak — 1) + h'(peak) = h(peak) (3.2)

Gia tri h(peak) duoc dua vao 16 bit ddu cua tap H. Noi cach khac, h(peak) dugc bién dbi thanh mot diy 16
bit nhi phan va dugc nhing vao 16 diém anh dau cta I cé gia tri bang peak theo thuat toan trong muc ILA.

Viéc xéac dinh peak dugc thuc hién bang cach duyét timg gia tri x trén mién D, ing v6i mdi x, trich 16 bit dau
tién tr cac diém anh I "(i,)) co gia tri bﬁng x hoac x — 1 theo thuét toan trong myc II.A. Goi g(x) la gia tri trich duoc,
néu h'(x — 1) + h'(x) = g(x) thi x thoa man diéu kién (3.2), nén co thé xem do 1a peak. Tir dinh peak tim duoc, dé
dang khéi phuc dugc du thity van va anh gdc.

Phuong phap MF ¢6 kha niang nhang khong cao do chi sir dung mot cip histogram, viéc xac dinh peak bang
cach do tung budc nhu trén ton kha nhi€u thoi gian. Ngoai ra, do c6 thé con ¢6 cdc gia tri khac peak ciing thoa man
diéu kién (3.2), nén khong thé khang dinh chac chan gia tri nhan dugc theo cach trén ding 1a peak can tim.

Nhdn xét 3.3: Kha nang nhiing cia MF trén I, ky hi¢u C,,r va khd nang nhing trén I, ky hi¢u Cp,, dugc tinh
theo cac cong thurc

Crmy = maxth(x)|x € D}
Cmy = max{h’'(x)|x € D}

Vi chiéu cao cuc dai ciia b’ x4p xi bang h, nén C;, mf gin bing Cong-

IV. PHUONG PHAP DE XUAT
Y tuéng phwong phap dé xuit 1a chia anh I thanh 2 mién: I, gdm 8 diém anh va I, 1 phan con lai. Sau d6 xay
dung histogram h(x) trén I,. Viéc nhing tin dugc thyc hién bang phuong phap DCH trén I, (chir khong phai trén 1),
con gia tri peak dugc dugc luu trit trén cac bit thap cua [;. Chi tiét thuat toan nhu sau:
A. Thudt toan nhung thiiy vin

Bude 1: Chia anh thanh 2 mién I, va I,. O day I, gdbm 8 diém anh dau coa I, I, 1a pk}ﬁn con lai. Tuy nhién, vé
nguyén tac, I; gom 8 diém anh bat ky. Ciing c6 thé dung mot khda ngau nhién dé chon cac di€m anh cho I;.

Budc 2: Xay dung histogram h(x) trén I, va xac dinh cac gia tri peak, minL va minR theo cac cong thirc:
h(peak) + h(peak + 1) = max{h(x) + h(x + 1)|x € D/{255}}
h(minL) = min{h(x)|x € [0, peak],x € D}
h(minR) = min{h(x)|x € [peak, 255],x € D}
Bude 3: Xéc dinh tap thong tin b trg H:

Tham s6 Y nghia D6 dai bit huu trit
v 8 bit thap ciia mién I, 8
minl Diém cyc tiéu bén trai 8
c, S6 diém cyc tiéu bén trai 8
M, Vi tri cac diém 4nh c6 gi4 tri bing minL I9xX2x%C,
minR Diém cyc tiéu bén phai 8
Cr S6 diém cyc tiéu bén phai 8
Mg Vi tri cac diém anh c6 gi4 tri bing minR 9% 2 X Cg
Budc 4: Xac dinh day bit thuc nhung:
B =Hew

O day, W la day bit thay van c6 do dai: size(W) = h(peak) + h(peak + 1) — size(H)
Budc 5: Nhing gié tri peak bang cach chén vao cac bit thip ciia mién I;. Két qua duoc mién I/

Budc 6: Tao cac cap histogram (peak, peak — 1) va (peak + 1, peak + 2) biang cach dich chuyén histogram
nhu sau:
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for (i,j) € P(I,) and I(i,j) € [minL + 1,peak — 1]
rap=1@,)-1
End
va
for (i,j) € P(I,) and I(i, j) € [peak + 2, minR — 1]
I'a,jpH=1@j,)+1
Eind

Budce 7: Nhing day bit B = byb, ...b, (L = size(B)) trén cac diém anh c6 gi4 tri bing peak hodc peak + 1
nhu sau:

k=0,
for (i,j) € P(I,) and I(i, j) € [peak, peak + 1]
k=k+1
if b, = 0 thZn
I'G,j) = I1(,))
Els@if I(i,j) = peak thin
rep=1@,)-1
Elsk@
I'a,pH=1@0,)+1
Phd
Pind
find

Sau khi thuc hién bude 7 dugc I5. Anh thiy van I'gdm 2 mién I va Ij.

Nhdn xét 4.1: Sau khi nhung thily van, cac diém anh bi bién d6i gdm: Cac diém trong I; va cac diém trong I, c6
gia tri thudc khoang [minL, minR].
B. Thudt todn khéi phuc thiiy vin va dnh goc

Dau thity van W va anh gbc I duge khoi phuc tir anh thily van I’ theo cac budc:

Budc 1: Chia anh I’ thanh hai mién I; va I} nhu trong thudt toan nhung.

Budc 2: Trich 8 bit thép ctia mién I} dé dugc peak

Budc 3: Dua vao peak dé trich diy bit B dugc nhung trong mién I, nhu sau:

k=0,
for (i,j) € P(I,) and I(i, j) € [peak — 1,peak + 2]
k=k+1
if I'(i, j) € [peak, peak + 1] thPn
b, =0
lsE
b,=1
Pnd
Pnd

Buéc 4: Tach B dé nhan duge tap thong tin bd tro H va dau thuy van W
Budc 5: Sir dung H dé khoéi phuc anh gdc

5.1: Khoéi phuc I;: Chén gia tri V vao céc bit thdp ctia mién I
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5.2: Khoi phuc cac diém trong I, c¢6 gia tri thugc khoang [minL, minR].
for (i,j) € P(I3) and I'(i,j) € [minL + 1,minR — 1]
if I'(i,j) < peak
I, =I0(j)H+1
BlsBif I'(i, j) > peak + 1 thBn I(i,j) = I'(i,j) — 1
Pnd
Pnd
5.3: Khoi phuc cac diém trong I, c6 gia tri bang minL, minR
for (i,j) € P(I3) and I'(i, j) € {minL, minR}
if (i,j) € M U M, thEn
1G,) =1'(0)
aAsaif I' (i, j) = minL then
1GH=rGH+1
AsAI(i,j) =1'(i,j) — 1 Bnd
Pnd
Pnd
C. Vidu

Dé hiéu rd hon vé phuong phap d& xuét, chung t6i trinh bay mét vi du trong d6 I cho trong hinh 1 va W 1a mot
day 8 bit: 00001111

va dich chuyén histogram trén 12
(cac s0 nghiéng la so bi bién doi)

Bude 1: I; gdm 8 diém anh dau cua I (8 6 mau xam), I, 1 phan con lai.

Budc 2: Histogram h(x) trén I, va cac dai lugng li€n quan:

6|5(5|8|7 |55 [5]|1]6 6|44 |8|6[5|4 [5|1|6||6[4|4|8|6|5|4 |5|1|7
56 |5|5(5|6|5 |6]|5]7 516 515(6[5 |6|5|8]|(4|7 51416 6|58
516 (6|7 |4|5]|5 [5]|]2|4 51616 | 83|55 [5]|1]|3 516|168 |3|5|5 [4]1]3
6|5(9(|5|16[6]9 [6]5]5 6|5(10|5|6|6|10[6]|5]|5 6|5|11005|6|6|10]6]|5]|4
6|5(6(|5|13]6|8 (2|67 6|56 |5|2]|6|9 |1]|6|8||6]5]6|5]2|6|9 |I|6]|38
5/|5(5|5|5]6|11]6]|6]|6 50515 |5|5]6|11|6]|6]|6 5/!5|14|5|5|6|11]6]6]7
506|16|6[6|5|6 |6]6]8 566 |[6[6]|5|6 |[6|6[9]||5]6|7|6|6|5|6 |7|6]|9
6|5|5|5]6|5|5 |6]|5]|6 6|55 |5|6[5|5 [6|5]|6||T7|5|5|5]6]5 61516
6|6 |0|5|6[3|5 [6]6]5 6|60 |5|6[2|5 |[6|6]5 6/6|0|5]6|2(4 [(T7T|7]|4
Hinh 1. Anh gbc Hinh 2. Anh sau khi chén peak vao 11 Hinh 3. Anh thily van

(céc so dam 1a céc so co bien doi)

x 0|1 |2]|3]4]|S5 6 718 10 | 11 | 12 255
h(x) | 1 [ 1 | 2|2 |2]|32|34 3 |2]|2]|0 1 0 0
peak = 5 (biéu din nhi phan 1a 00000101); minL = 1; minR = 10.
Bude 3: Tap thong tin bd trg H:
Tham sb %4 minL=1 C,=1 M;={(1,9)} minR=10 Cr=0 | Mg rong
Nhiphan | 11110100 00000001 | 00000001 | 000000001000001001| 00001010| 00000000

Budc 4: Day bit thyc nhing (c6 d6 dai bang h(5) + h(6) = 66):
B = HOW=111101000000000100000001000000001000001001000010100000000000001111
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Budc 5: Nhing gia tri peak (00000101) bang cach chén vao cac bit thap ctiia mién ;. Két qua dugc mién I

ofalafsfo]s]a]s]

Budc 6: Tao cac cip histogram (5,4) va (6,7) bang cach DCH, két qua dwoc ma tran ¢ hinh 2.
Budc 7: Nhung déy bit B trén cac diém anh c6 gia tri bang 5 hodc 6 dugc anh thuy van nhu hinh 3.

V. SO SANH PHUONG PHAP DPE XUAT VOI CAC PHUONG PHAP HWANG VA MF

Muc nay s& so sanh cac phuong phap bang ca phan tich 1y thuyét va thuc nghiém trén may tinh.

A. Phdn tich Iy thuyét
1. Kha ning nhung
Déi voi phuong phap dé xuét, kha nang nhing Cy, trén I va C}, trén I’ dugc tinh theo cac cong thirc:
Cqr = max{h(x) + h(x + 1)|x € D}
Ci = max{h'(x) + h'(x + 1)|x € D}
Tur d6 va cdc nhan xét 3.1, 3.2, 3.3 ¢6 thé rut ra cac két luan sau:
_ a. Kha néng nhang cua phuong phap dé xuét trén anh gdc I (nhiing mirc 1) 16n hon phwong phap Hwang khong
nhiéu va xap xi hai lan phuong phap MF
b. Kha ning nhung cua phuong phap dé xuit trén anh thuy van I’ (nhiing murc 2) 16n hon khoang hai 1an ca hai
phuong phap Hwang va MF
Két luan nay phu hop véi két qua thuc nghiém trong muc V.B.
2. D0 phuec tap tinh todn
~ Ba phuong phap chi khac nhau ¢ viéc xac dinh gia tri peak tir anh thuy van, vi vay chi can tap trung danh gia
khoi lugng tinh toan ctia cong doan tim peak trong cac phuong phap.

- Phwong phap Hwang: Dé xac dinh peak theo cong thirc (3.1), trude tién can st dung M X N phép cong dé
xdy dung histogram h’ cua anh I’ (¢c& M x N). Sau do, thyc hién 256 phép so sanh d¢ xac dinh cuc dai cua h’(x). Nhu
vay, khoi lugng tinh toan dé xac dinh peak ciia Hwang gom: (M X N) phép cong va 256 phép so sanh.

- Phwong phap MF: Trong phuong phap ndy, ciing can st dung M x N phép cong dé xay dung histogram
R’(x). Sau d6, véi mdi x thude D, can kiém tra didu kién:

AMx—1)+h(x)=gx) 4.1

Pé xac dinh 16 bit cua g(x) can duyét trén anh I’ (kich thudc M x N) dé tim ra 16 phan tir c6 gia tri bang x
hodc x — 1 (gap x ldy bit 0, gap x — 1 lay bit 1). Viéc nay cin trung binh (16 + M X N)/2 phép so sanh. Sau d6 cin
15 phép dich chuyén va 15 phép cong dé chuyén 16 bit ra dang thap phan. Vay dé xac dinh g(x) can thyc hién:
(16 + M X N)/2 phep so sanh, 15 phép dich chuyén va 15 phép cong. Sau khi co g(x), can thém mot phép cong va
mdt phép so sanh dé kiém tra diéu kién (4.1). Trung binh can duyét khoang 256/2 gia trj x (mdt nira s6 phan tir ctia D).
Tir d6 suy ra khdi lugng tinh toan dé xac dinh peak ctia MF khoang: (M x N + 128 X 16) phép cong, 128 x 15 phép
dich chuyén va 64 x (18 + M x N) phép so sanh.

- Phuong phépﬂdé xuét: Gia tri peak dugc trich ra tir 8 diém anh cta I, vi vy chi can sir dung: 8 phép trich bit
thap, 7 phép dich chuyén va 7 phép cong.

Tir cc phén tich trén, co thé két luan: khdi lugng tinh toan ciia phuong phap dé xuat it hon nhiéu so véi ca hai
phuong phap Hwang va MF. Diéu nay hoan toan phu hop véi két qua thir nghiém trong phan V.B.

3. Chét luong anh

Do kha nang nhing cua cac phuong phap khac nhau, nén khong thé dung tiéu chuéin PSNR dé so sanh chét
luong anh cua ching. Dé khach quan, ¢ day sir dung hé sO bién ddi anh (sé diém anh can thay d6i dé nhing 1 bit) 1a
tiéu chi so sanh chit lwong anh. Chung ta nhén thiy, anh bi thay ddi 1a do dich chuyen histogram. Ngoai ra, s6 diém
anh can dich chuyén ty 18 thuan véi s6 bit nhung dwogc. Tir d6 suy ra hé sé bién ddi anh cua ca ba phuong phép trén 1a
twong duong.

B. Thir nghi¢m

Dé minh hoa cac két qua phan tich 1y thuyét, ching t0i tién hanh thir nghiém trén bo dnh méu trong [16]. Cac
anh tir hinh 4 dén hinh 8 c6 kich thudc 512x512, hinh 9 ¢ kich thudce 256x256 va hinh 10 c¢6 kich thudc 1024x1024.
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Dau thiy van W 1ay tir anh nhi phan hinh 11. Chuong trinh viét bang ngén ngit MatLab R2012a va chay trén may tinh
Lenovo Ideapad S410p.

’a,
“uspgxr e

N ) . . Hinh 11. Water
Hinh 8.Tiffany Hinh 9.Sight Hinh 10. Airport mark

1. So sanh kha nang nhing tin

Kha ning nhiing tin ciia mdi phuong phap trén timg anh & mirc 1 va muc 2 dugc trinh bay trong hai bang dudi

day.
Bang 1. Kha ning nhung tin trén anh gdc I (muc 1)
STT Anh thiy nghiém S4 bit nhung tdi da cta céc lugc d‘é\ ’
Hwang MF bé xuat

1 Lena 5535 2919 5696
2 Pepper 5263 2712 5854

3 Tiffany 5788 2956 5854
4 Boat 7592 3906 7738
5 Sailboat 7109 3707 7364
6 Sight 2232 1200 2331
7 Airport 44894 22723 45395
Tong 78413 40123 80232

Béang 2. Kha nang nhing tin trén anh thiy van I’ (muc 2)

STT Anh thir nghiém Sb bit nhung t6i da cia cac lwgc d(‘)\ :
Hwang MF beé xuat
1 Lena 2737 2803 5421
2 Pepper 2628 2662 5243
3 Tiffany 2902 2934 5785
4 Boat 3847 3836 7556
5 Sailboat 3543 3657 6739
6 Sight 1096 1165 2298
7 Airport 22639 22673 44385
Téng 39392 39730 77427

Nhdn xét 5.1: Ti cac bang trén co6 thé két luan: kha nang nhung cta phuong phap dé xuat
O muc 1, gap 1.02 14n so véi Hwang va gap 2 so véi MF.

O murc 2, gip 1.97 1an so v6i Hwang va gap 1.95 so v6i MF.
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O ca hai mirc, gap 1.34 1an so véi Hwang va gap 1.97 so voi MF.
2. So sanh thoi gian xac dinh peak tir anh thiy van

Bang dudi day thong ké thoi gian xac dinh peak tir anh thily van ciia mdi phuong phap trén cac anh gdc khac
nhau.

Bang 3. Thoi gian xac dinh peak

STT Anh thir nghiém Thoi gian trich gid tri peak (tinh bing micro gi??y) ,
Hwang MF beé xuat

1 Lena 6700 949500 7.5
2 Pepper 6600 491200 7.4
3 Tiffany 6600 1891400 7.5
4 Boat 6600 579900 7.5
5 Sailboat 6700 635700 7.5
6 Sight 1600 186100 7.5
7 Airport 29100 89700 7.5

Téng 63900 4823500 524

Nhgn xét 5.2: Bang 3 cho ’théy, thoi gian do tim peak cua phuong phap Hwang va MF phu thudc vao kich
thude anh, ciia phuong phap dé xuat doc 1ap vai kich thude anh.

Nhdn xét 5.3: Thoi gian do tim gia tri peak cua phuong phap Hwang gap khoang 1219 lan va cua phuong phap
MF gip 92051 1an so v6i phuong phap dé xuat.

3. So sanh hé s6 bién d6i anh
Bang dudi day thong ké sé phan tir can bién doi dé nhung mot bit cia mdi phuong phép trén cac anh thir
nghiém.

Bang4.  Hé s bién ddi anh

STT Anh thir nghiém 116 50 bicn 4ot anh —
Hwang MF Dé xuat

1 Lena 46.73 65.68 4591
2 Pepper 49.23 34.88 44.69
3 Tiffany 43.10 53.22 44.01
4 Boat 33.71 54.92 33.58
5 Sailboat 36.10 51.61 35.33
6 Sight 28.84 6.93 28.06
7 Airport 44.67 10.05 22.62

Trung binh 40.34 39.61 36.31

Béang 4 cho tl}éy, hé s6 biéq d(x)i” anh gitra cac phuong phap c6 su chénh 1éch khong nhiéu, song & mirc trung
binh, phuong phép deé xuat c6 su bién doi anh thap hon.

VL. KET LUAN

Bai bao dé xuit mot phwong phap thuy van thuan nghich c6 tinh chit doc lap thong tin phu (dong goi anh thuy
van) bang giai phap két hop nhing bit thdp va dich chuyén histogram. Tir anh thiy vén c6 thé trich du thuy vén va
khoi phyc anh goc ma khong can thong tin phy kem theo. Giai phap dé xuat c6 thé d& dang sir dung cho hau hét cac
phuong phap thuy van thuan nghich DCH d3 biét nhim dong goéi anh thiy van.

So véi cac phuong phap ciing c6 tinh chit dong goi hién cé, phuong phap d& xuat c6 kha ning nhung tin cao
hon va thoi gian thyc hién nhanh hon.
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