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Abstract

Original visual cryptography is a secret sharing method that encrypts a secret
image into n shares, and decrypts the image by overlaying k or more shares over each
other without any computation. However, by inspecting less than k shares, one cannot
gain any information on the secret image. The original visual cryptography have two
weaknesses which are pixel expansion and noise-like shares.

A lecture review has showed that encrypts a secret image into input images and
decrypts the image by applying simple arithmetic operations, which is difference from
original visual cryptography. Although, it cannot decrypt by human visual system, it has
improved pixel expansion and noise-like shares.

In this study. An image hiding technique based on secret sharing scheme has been
proposed. The proposed method divides a gray value of the secret image into two
separated parts: unit, hundreds and tens. After the gray value separated, one of the n
input images was selected for unit encryption and the other input images for hundreds
and tens. The experimental result has showed that all shared images similar to the origin
input images with high PSNR. The gray value change of the share image if hardly
identify by human visual system. Additionally, the decryption of secret image require
only simply arithmetic operations to each share.

Keywords : visual cryptography, secret sharing scheme, secret image, share image,
image hiding
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23111 0 Syl,1) 5 80

P_Y Z(1,1)=( 25+50+70+21 )+80 mod 26 = 12 -
WRP_Y_ZL)E T X YD) A F L BehL i 7R
o “TmET w7 A4c3 Y Z(Q1) ¢ ck=1-2-4-5>

H 15 e AN G 2354868 2 20 - i 1 Si(1,1) eifk m A
w5 2348168 2 220

6. #d1S(1,1) > k=1,..5

WO H B P A e RITAR B F P M S FIE R A

o > N

3. fRBIEE

Yo 3.1.8 443 A B ]2 A PR SR R IR R AT AR B YT 0 R R
BT A 2 I R A R T_Z(i, ) & vt A 3 8 R
TXY(,j)~ B migenT 2(,j) 2 TXY(0,j) > 2 BRB o

1.1

1.2

PP @ NEAS G F LR AT A - Bt B (0,0)Ht
Hmod2> Fid% 5 1 T i 7343 BGAKT Z(,j) $17 %1
A BB LT X Y (N, j) -

BT 2 §) o § B Al 2 2RISR T Z(i, ) -

T Z(i, j)=S(i, j)mod 10, (3.1.5)

2 Ff)r 2K (3L6)H A X @I N EA S P B
T_X_Y(i,j) - v*%“%i—uﬂuﬁﬂh(om L or T X Y(0,0)27 £ 7 Jo o 55

PP A EE R A 2 58(3.1.6) o H i E BER R 258 (3LT)E )
T X Y(i,j) -
n-1
T_X_Y(0,0)=>_5s«(0,0)mod 10, (3.1.6)
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T_X_Y(i,j)=>.S_Y_Z mod 26, (3.1.7)
k=1
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I 2 74(3.1.5)
=0T Z(i, )

FI#* 235(3.1.6)5 0

T_X_Y(0,0)

1 # 2(3.0.7)8
T X Y(, j)

|l 255@.1.8)ER R

T(i j)

Bl 3.1.8 f4% & 3 1542 A FE R E R BT B RS n A2

13 F#5@T X Y0, )2 T 200, j) > 582 8@R.18)F o Tv B R
% AT ) -
T, j)=T_X_Y(i, j)x10+T_Z(i, j), (3.1.8)
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ol 7 BB xrwﬂw(l 1)m4>:s;5. 12\83(1 1) ok ®Es 80 B x
WHESAZ B 2XGLEENTLY) 2 iEs: 00 A Edhmipd s
0 & %8 hTL1)#504p £ 42 -

B e BHERER S e BHBOFEC 0 APT LT R By
FT X Y(i, j) & 2T Z(0, ) s 3 i £ & S BFlizie- 584 3§ i yom
HAE R RLR I R R GEnT R TR AFE RS TR REE ) kAR
LA F T TE B R B AT R ART R RS RBAT( ) A A
Flend 2 LS

-

=4

17



4-1 FoH A F )2 A PF B ERBITY 1F

LORBESZ RN 33 AP DEV CHiE T #rd 12 2 5 iF
dvk o i erd F e PR B R RS B 4.1.1 e “Lena”  (128x128 pixels) - i
HuRRGEOTEE APERLLET P OAIE > B G IEER R T o
A kPR rz.bﬁ%l » B gt ;14@?1 R B 2 R IERIER L - AREY s
PR R AR BB MRS R B~ BT g H AR s

B 4.1.1 A rs %R 4 “Lena”

g3 BE AP BRI IS PR EZ N ARMFREE R B SL
B T e Foois giieat (Peak Signal to Noise Ratios, PSNR) i® 5 &
3 ST 1 o PSNR 02 402 14 (4.1.1) 77 o

2
PSNR =10xlog 255 , (4.1.1)
MSE

MSE ( Mean Square Error) 35> % > MSE & a3t 5 2 84r 254 (4.1.2) ¢
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FrameSize
2 (In=Prf
MSE=—"— (4.1.2)
FrameSize
b &dp Rk n B ik @ PoRdp AJZE ¥ 0 B DR E 0 PSNR
32 dBe - 4a 3 § 582 5 PSNR &+ >+ 30 dB pF » 4 e 2 5
R GE R GnL B 1o
® btz ArdE o R
G sk- ¢ o A B ALL S “Lena” 4 r 3 B 412 015 5 4 1
i (128x128 pixels) o K4 ¥ &R &K= ¢ o Mm@ T AR~ B iR
P W HRW AT kg AP IT G ok KA S W ienleR 0 i

RETIFER PP o
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mandrill

R - MH4LL “Lena” T X V(i )4t » 3 B 4.1.2 5014 5 % 1 i ~
515 (128x128 pixels) » T_Z(i,j) &>+ B 4.1.2 =~ “mandrill” # -
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(c)#4 » # 3 “Woman_darkhair” (@) » 7114 "Cat”
B 414 §%- 2 7!-}\,}:?%7 Bt

%= B 414@) - (b)~ (C)F“Lena”=T_X_Y(i,j) » B 4.1.4(d)&"Lena”
T Z(i,j) -
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o d)A 3 85 4
(C)A}_’{%_-E; 15\3 ( )
Bl 4.15 Fo=- 2~ 3 Fik

e B AT (5 > W P 456 A % B 1 (128128 pixels) > 4o B 4.1.5 #¢
.SSL T = i A <
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%411 5 ia‘;'ﬁ%J/\ Bolfin — BEY A FF RGP > BB A A e B 1S Ay
G 3 218 PSNR & o

P10

% A1 - BEP AR R 0RF % 5 % 2 PSNR &

F % 5 5L e i~ R i PR R PSNR [dB] T 35 PSNR [dB]

Barbara 51.47 dB
Woman_darkhair 51.46 dB
Bird 51.35dB
Cat 51.50 dB
Cameraman 51.30 dB
Clock 51.50 dB
Flower 51.35dB

P - Fruit Lena 51.53 dB 50.39 dB
Hacker 51.47 dB
House 51.54 dB
F-16 51.51 dB
Boat 51.36 dB
Lake 51.27 dB
Livingroom 51.33dB
Mandrill 35.88 dB
Barbara 40.03 dB

¥ %= Bird Lena 39.96 dB 38.94 dB
Woman_darkhair 39.93dB
Cat 35.85dB

ded 411 405 0 B ARFITE DA 3 B do RT XY j)os 3
fH TI5PSNR @ 7 &2 30dB 1 b - H 3 @ ¥ 15 5k A b~ i
#EIHPSNR B { 7 & i 50.64dB - iz~ Je A m o A AT D i § B~ B
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oo FM o BB Ao REBE L QI +4~45 24 HRM A F e PSNR
494 358dB %+
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o 247 2 * Adobe Photoshop CS v8.0 s #8 "8 M A 57 3 4718 * eip|38 8 i
b MTE S QN R TRRIGEL WHE AR BT e i o R BRR
552220+t (Peak Signal to Noise Ratios, PSNR) 1% 4 4 3 # & fFam®iRZ 1 & o
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) 1w ,u»}; U RN 8 Rp S I A R Al -Oh s ok S & U= L
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mandrill
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(a)ﬁi;?] ~ 221 1 “Barbara” (b)ﬁi%l ~ 21k 2 “Bird”
(c)x?i%l » 82 1% 3 “Woman_darkhair” (d)ﬁg?] ~ B ik 4 “Cat”

Fl4.1.8 &= 2 BH Ard gy~ F i

FH=  F418() - (b) - ©F“Lena”sF ~ + e (T_X_Y(i,j)) M
4.1.8(d)#“Lena”sh i =8 (T _Z(i,j)) -
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' b) 4 % ¥ i 2
(a)~ 3 B 1 )
/ d)A 3 44
Q4 3 ¥ 4.3 @

Bl 419 Fo=- 2~ 3 ik

e B AT (5 > W P 456 A % B 1 (128x128 pixels) > 4o B 4.1.9 #F
.SSL T = i¥ A <
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% 4.1.2 ’i’l‘a“ﬁa?] >R R Bk %% 2. PSNR &

PR MEDE AR | AR PSNR [dB] T 35 PSNR [dB]

Barbara 51.45 dB
Woman_darkhair 51.45 dB
Bird 51.28 dB
Cat 51.39 dB
Cameraman 51.42 dB
Clock 51.26 dB
Flower 51.36 dB

F % - Fruit Lena 51.36 dB 50.35 dB
Hacker 51.41 dB
House 51.62 dB
F-16 51.36 dB
Boat 51.34 dB
Lake 51.36 dB
Livingroom 51.23dB
Mandrill 35.93dB
Barbara 39.79 dB

F o= Bird Lena 39.61 dB 38.80 dB
Woman_darkhair 39.90 dB
Cat 35.90 dB
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FEREIA G POAL 5 bl 5o

OIF,\l%a( )F‘éﬁi jz"%'
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o 247 2 * Adobe Photoshop CS v8.0 e #8134 4 257 3 #1718 * eip|38 8 i
o MRS QO F TTRIGEL B H AR e i o AR PR
5 ezt (Peak Signal to Noise Ratios, PSNR) iF 5 » % & & Fan®im 1 & o

EF sk ¢ o Airdde B 411 50 “Lena” o~ 3 4.1.10 0 15 5% H
P ’?xr”‘*ﬁ%]%ﬁéfzg(128x128 pixels)e @ Bk = ¥ » #-F & 43R B H AP ﬁa?]
N PR ENT R SRR B B AR A
t&#]%"u’ﬁ* T RS RPN > T EFLS T RS o TR
A D e
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=
B 4111 F3k- 2. 1534 3 B if
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(a)#5 » # i 1 “Barbara”

(C)# » # i 3 “Woman_darkhair” ()i » # 4 “Cat”
B14.112 7 5= 2 B v Ak~ B i

2% F41.120) -~ (b) - (©)F“Lena”:F ~ e (T X Y(i,j)) W
4.1.12(d)#“Lena”en i = (T_Z(i,j)) -
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()~ % ¥ % 3 (dy~ % 22 1% 4
B 4113 9% = 2.4 3% B i

A EIES 0 VLR 4 A % Bk (128x128 pixels) b 4B 4.1.13
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% 413 3 Hv ’i’l‘g“*ﬁ%] B R k% 5% 2. PSNR &

T BEAREE B | AR PSNR [dB] T 32 PSNR [dB]

Barbara 51.23dB
Woman_darkhair 51.32dB
Bird 51.15dB
Cat 50.99 dB
Cameraman 51.34 dB
Clock 50.89 dB
Flower 50.94 dB

P - Fruit Lena 51.75dB 50.06 dB
Hacker 51.49 dB
House 52.46 dB
F-16 51.37 dB
Boat 50.58 dB
Lake 51.19dB
Livingroom 51.01 dB
Mandrill 33.20dB
Barbara 38.62 dB

¥ %= Bird Lena 39.09 dB 37.42 dB
Woman_darkhair 38.72dB
Cat 33.26 dB

R RS R L TSRS S SR SR RIEL RS O
% L ek BRI 99— Y_Z(i, ) 2 85— b Y_Z(i, )3+ B # R~ WG
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O 1% 09, £ 00+1 15484 0 #r1u ¥ & 358k & »> 200 » if 41
#* au—‘ﬁm‘g FA-S - g ¢ * 55 T R BRI R B K 3T &Y 200 0 A E_jé #
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NFEB G > A R BT PSNR & 0 dod 413 917 o F UM A 413
#1PSNR 1 % 4.1.1 #8457 5 PSNR &4 A # % Mm% o e 8 5% < i
RAED 4 o A w0 MBFID G FIE B B B R B
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CEET Z)% 2 H A S A
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'@415(a) B 4.1.5(b))F% > B B B i % 4o ) 4.2.1(c)
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J
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o
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T
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fmﬁwm tw i 7 &7 ABFIOT 2R RIS -

*%T R PRRIE AT LR IPEG BT RGO RIS A

JPEG &1 R 451 i
$#4 3 B fae = JPEG

o421 54%
58 JPEG & F R 4515 A

3 R~ :R R Bz PSNR - A 3 ¢ * Photolmpact 10
R e AP ST ARG MALE 2 4RSS

3/33“‘ JPEG 5§ R 515 2 Average PSNR & o % 4.2.2 % f&_
3 P ot B~ 17 chis % 9 2 Average PSNR & o
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% 421 5 JPEG &R ‘Fﬁfé 4 % B2 12 Average PSNR &

JPEG Compression | Average PSNR
Quality Factor [%] [dB]
100 38.89 dB
95 38.25dB
90 37.71 dB

# 422 p JPEG & F & 5 {8 A % BB~ 17 e % B2 2 Average PSNR &

JPEG Compression | Average PSNR
Quality Factor [%] [dB]
100 22.44 dB
95 9.77 dB
90 8.54 dB

(a) 100% Quality Factor (b) 95% Quality Factor

W 422 § JPEG & /R hd 3 BB @ i % B fi(cont.)
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(c) 90% Quality Factor
B422 i JPEG & F R A515 a3 B B 7 el % B e

MEFTA L 28 R GT KR L e JPEG SRS 0 A 3 B RS
95%:#1JPEG & FR M » 8 #7P- iR R B A Sy 4 S - LB R R T A
P 4o 422 () 5w Lo A 3 F T8 90%0 IPEG & TR SELE 0 IR A
TIREBE 2 EF R R GG BT doRl 422 (0) 0 2 AT AEH AL R
P RS B iR BRE R i 2 b R e g
Biedic? o f 58 PEG & RAL 0 A R ient el B BT Pl
B Fla ERERFGEEL D

4-3Kim ¥ FF 2L AL RH/BHIR &

18 Kim 2F 2 AR RBBFAR O AP RY DEV CHig 5 4
Kim %8 F s f Tk o 30 2@ P hk R niE T pt g Flot gt 3 &
APt B 411 “Lena” (128x128pixels) 5 A e @il o Fik¥ >
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® - P2 PR B

tE TS R I 1 S PR FRREER
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(€)= % # 4.3 (d)4 3 8 4 4
B 432 §5%= 2 4% Fik

&f%“%uﬂ$431ﬂ’$*$ 15ﬂ\*m%£kx&§?u
BA S R R s Rgeq 1 B BRI
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% 431 - S A

l«

B 0 B % 2 PSNR i

P B Aty iy~ F TrE R PSNR [dB] T 35 PSNR [dB]

Barbara 34.26 dB
Woman_darkhair 34.26 dB
Bird 34.26 dB
Cat 34.30dB
Cameraman 34.26 dB
Clock 34.27 dB
Flower 34.30 dB

F - Fruit Lena 34.37 dB 34.28 dB
Hacker 34.30dB
House 34.25dB
F-16 34.26 dB
Boat 34.26 dB
Lake 34.27 dB
Livingroom 34.26 dB
Mandrill 34.26 dB
Barbara 22.81dB

F % = Bird Lena 22.71dB 22.80 dB
Woman_darkhair 22.76 dB
Cat 22.93dB

oL 2 mgﬁgj >Rt

A -@ 4.1.1 &0 “Lend” E}';%% I B 4.1.6 0 15 5k M et J‘l’}"gtﬁ?])\ﬁifj»\
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RV = A ¥ ag\mﬂa%’? CEPIF MR AP che HE %2 5% i

% B 433
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Wl AR A B 15 R ED R Kim 28 e 2
TRk A R TR o 32T RS RRIGE LB H AR R Y (T
B o
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A e a-F 411 0 “Lena” 4~ 1 W 4.1.10 5115 % F H g~ B
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# 432 % $ A rE ~ B R %4 % 2 PSNR i@

T BEAREE B | AR PSNR [dB] T 32 PSNR [dB]
Barbara 33.47 dB
Woman_darkhair 33.66 dB
Bird 33.50 dB
Cat 33.21dB
Cameraman 33.50dB
Clock 33.10dB
Flower 33.11dB

P - Fruit Lena 33.69 dB 33.51dB

Hacker 33.88dB
House 35.06 dB
F-16 33.92dB
Boat 32.89dB
Lake 33.50dB
Livingroom 33.32dB
Mandrill 32.92 dB

d YR 434 2 3 B iR RE O REG o FE AP )75 SRR
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o BB RN ERE ﬁvﬁgjxgz@, § Hx Kim 28 FRE5AH
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