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ABSTRACT

In this study, we propose a novel design for (3, n)-threshold visual cryptography by using the
theory of the combinatorics to achieve an excellent contrast (visual effects) in the stacked image.
Compared to the related works, this study has the following advantages: (1) the design concept is
simple and easy to implement; (2) the stacked image’s contrast is optimal when we choose n—n’"+1
positions to fill 1 in the columns of the dispatching matrices that are needed in applying the theorem of
visual cryptography and the restored image’s contrast is better than other researches in the field of (3,
n)-threshold visual cryptography; (3) our method is suitable for any types of images; (4) the size of the
transparencies are the same as the secret image.
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TUERBRBGOEEEEE o FHE
28 (n f8) ¥ mmABRBR > REE n
AR B 55 KBF 0 o) &A1
mEEBER GGG LA EEENLMLE (3, n)-
P X AR EHZENEMAR -

(n=2)!(mp—p—-n+1)

(n—p-D!

(n=-D!p(n—p+1)

(1/1—2)!(;1[7—[)—n+1)+ (n—n)!
o = (n—p-D! (n—p-nm! _
b (n=D!p(n—p+1)
(n=p)!

(n—p)!

(n=2)!(n=1)(p-1)

__ (a=p=D! _(=pp-D) _mp-p’-n+p _,  n )
(n=D!'p(n—p+1)  p(n-p+1) p(n—p+1) p(n—p+1)
(n—p)!

B b do RBZAFIATBIZEL 0 5| FAEE p
= nn"+1 AR EREAN | A & FEHET)
wah X o REFyFEERY CL) 9%
AARFARBAO FHEARTALEES 3 7k
DEXRBRF REEULNZARRE AKX
2 a2 LRERRPEELEBENRE
3 &

R RRHH R

=
e
=i
o
£33

(c)
2. (a) Tai-chi - (b) Indians * (c) Mena > (d) Lena -

(d)
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KNE B R A AE ¥ A % Microsoft Windows
7 89335 TF > LL Java (JDK 1.6.21)#2 &, i
HHEBRE BREXHABAZLAEE
CPU Intel Core(tm) i7-920 2.67GHz #v RAM
24GB- TR B 1% 2wk KN 2B 256x256 B &
WBF EFERILL e BMP X B 252 L
a#% Tai-chi~ ¥ & F i@ %1% Indians ~ KM%
#1% Menafo) &%51% Lena ko [E 2.(a) ~
2.(d)Ff o o

AR B RBZBREZGHRE B1E Tai-chi
RELE G, D-FIEXEBLEA > mE 3 £
RRISHMEAETHOREANBERLER RIEE
3MERERTUEDR EARAEAE,» L0
28 (p 15) AT EpFH&EH Loy —1E
BEEERZIEOREE R ARG L HEEE
o B E A BEALY RibE—Thy Z8E
R AT DR A AR (B 3.(al)-(el)) -

FHE
TEEEERNER;IRBDR G BRKREDE

X 77

BB EEENRAF 2824 LG —E%E
BRERLEZHNRELRE RLAEELEY
B LB EHBERERDRLOINET (B
3.a2) - (2) > EIEBER RN ERBA

BN BRERLEG TR EARIBOBRRERE

25 >
v o
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s
EF R A2

Y )

G,n)- PHENARY REE

RAEFLREEHT MR EEEETRALE

BB IEREET) BB EZEIRoH iﬁ,,..‘,.ﬂ
éﬁﬁ%ﬁﬁ%ﬁ%%%&‘é ey BT ERBE

%Tuéiﬂméééﬁﬂﬁﬂr~a:

9% 0Bl ) B 3e3) F e pe
pl =5 B BEREYREAEEM o -

8.890% # BN EbiBREHER (B 3.

BAEA | 0 F Xk CLo BN A -

TRAERS 3 Ry ERFAFFIRENE
Z ¥ E3 (3, n)—Fﬁ#%ﬁ#ﬁﬁiﬁ‘ﬁ%ﬁié@%
K -HEERERY S FHRBROHB 0 £

‘87 =
/\E'f?ié’],mé ééﬂ'ﬁ‘ IR EERAA
TEERBRE BRFE

LR B G 6 E AN
E7 41.67% o HEATHE H AT F b A

(d3): Z7#A T T EMLE FIEE S B BRAAER wB 3.a7)~ B 3.(e7) Fiw
p=2
qg=1
q=2
q=3
(d3) a’s=0.089 | (e3) a’s=0.083
qg=4
(a4) a*, =0.083 =0.188
q=>5
(@5) a5, =0.167 | (b5)a’5=0.267 | (c5)a’s=0.313 | (d5) o’s=0.311 | (e5)a’s=10.250
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(a6) a®,=0.278 | (b6) a’5 = 0.400 (€6) a®s = 0.333

(@7)a’,=0.417 | (b7)a’35=0.533 | (¢7)a’s=0.563 | (d7)a’3=0.533 | (e7)a’s=0.417

3@, D-PIEAEBERAHRFRRLER » LB G P% Tai-chi Af -

4 RERYEFEYH Indians RE FHERTHER (B 4.(3) &A7&A £ S
B G 5)-FEXAERLRUHTRER - K  EMEPEE 4 BEEREAN 1 A T X
BROERTUREE p=nn""+1=4 8> & K83t CLo WNE HETUERS 3 &y
BYGEOEEM = 125% FEENEE FRYAFHIREHEEHL -

p=2 p=4
qg=1
qg=2
(@2) a* =0 (b2) o*5=0 (€2) d*4=0
q=3
(a3) a’, =0.063 (b3) a’5=0.111 (c3) a’4=0.125
q=4
(a4) a*, = 0.188% (b4) a*y=0.167 (c4) o*4=0.250
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(a5) a’, =0.375

(b5) o’y = 0.444

(c5) a’s=0.375

4.3,5)-MEmXEBRLEUNKRERRER - AP EX4 Indians B -

HIFE LA RETRGERTAEIRT 7
FEHF - REEFXL Q) RRETREIE
%o B RETRATERGLENFE p=5 F
p=4 BERERZESFIRVRBOBLVGL
Zaeils os=8.89% (B 3.d3) Fu o,
=12.50% (B 4.(c3)) * #FaEn Lt BnE
&R B ARR PG E A AR TR
2 o's = 53.33% (B 3.(d7) # o’y = 37.50%
(B 4.(c3)) > 1454 E B INAH Fuibig AR
REAGHPE - B BRRERGOARE
BT R E A F/T R KRR g8
WERGARE > RN G REFERGR

BRI 6 o F A b B N b i X AL R F
HE R -

seSh 0 B T ERE AR RLATIR 6 5 F AR
HRBE W EHEBR AL RAORER G E
18 BF R AR A RMAKRIE R
Mena #of) & %1% Lena A% % » REAF G,
4)-FIE X EHPEHEAY - RIEE S5 9FRER
TR ERBEE =R FZRIGBETRE

Rl

WEEN MBE p=nn"+t1=3 85 £k
BREOEEM o = 167% BeENp =2

R (B 5. (a3)~ B 5.d3)) - Bk > Tk
Wk RO A AR 6 BB S8 A AR AT A

BB MEMERNSFRZRHRHAE Y M E 1%
o BERGHEEEAHTORLS Btk
p=3
qg=1
(a)a',=0
qg=2
(@2) a*,=0 (b2) a*5=0 (€2) a*=0 (d2) o’ =0
q=3
@3)a’,=0.111 | (b3)a’3=0.167 | (c3)a’»=0.111 | (d3) a’5=0.167
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(ad) a*, = 0.333

(b4) o'y =0.333

(c4) a*,=0.333 | (d4) a*;=0.333

58,4 FEXESELHEUGRERRLER  UKRMEHHE Mena fof & %1% Lena A -

% 3 RARASHMEEH E2EEZkK
TEBRBRBVEGEEZERILB KR T n
BAR 4~ 6 M &N 0" EHEREE
P VT AR 2 (2< n™<2.5) 0 F &K ATE
B op=In-n"+1l=n1 % BEHRZ2E: % n
B T ~9 M b 0" BB RR
BB VT E B 3 (2.5< n™P<3) > E L &kATE
B’ p=Llnn"t1l=n2 rAHTHREH - RE

*)3. ER=RHFS

P S MEEE R TUER L p=n-n"t]
B ERBGNEa e A TEN SRk
&R BRAMEAREY T n A
BPiEE p EREREAN | E 09 F R R%
3 CLy YN B FEFTTULRLS 3 Ry ZEL
BRE RERPLNEOERERRENZ
B&E -

THRMEaBEEER

p=2 p=3 p=4 pP=5 p=6 p=7 p=8
n=4 | 11.11% | 16.67% - - - - -
n=51| 625% 11.11% | 12.50% - - - -
n=6| 4.00% 7.50% 10.00% | 10.00% - - -
n=71 278% 5.33% 7.50% 8.89% 8.33% - -
n=8 | 2.04% 3.97% 5.71% 7.14% 7.94% 7.14% -
n=9 | 1.56% 3.06% 4.46% 5.71% 6.70% 7.14% 6.25%

Wik BT ERERT Ry TR A
e FE B A AR S AR B A R LL B I R R
4 b dd yHRREESR 3R n K
TERBANERYHEGEELE m AIRAK
Ry FHEAGHRESEE -

EREOEEHILET @ § n ERHG
ARG ERBPHEVL O EERETORTE -
# Blundo and De Santis [2] #v Chen and
Tsao [6] &Y T ERERT R > & n AZRH
$REF o~ REBAERN 0 I
FEMBERARAHFR - B L
Hofmeister [3] ~ Blundo et al. [4] #= Lin and
Chung [8] B9 ERA ¥ » o’ ~ o' HE & EHIL
g —EEEE RLEEPG LR EL S
R/ ANBIRG BB & £ £ R RATIRE
B ERA d s En=88 o =5/63 (=7.94%)
Fo o' =5/9 (=55.56%) > B E n AN

BIRAE > o HEZHABERN 1 mEfER
REGHEaeEZENEME 3, n)-FIEXR
BEHZGEMAR -

ErERA B IEEAER & > Naor and
Shamir [1] ~ Blundo and De Santis [2] -~
Hofmeister [3] #v Blundo et al. [4] #f & B
BEBRRREGSERD R B ERRGEER
MEL0E (n 8) 93 wmARBKR > &%
& on EABENEE KT om AL GEHAE
748 35 K ° Chen and Tsao [6] & 1% F i #4 484&
Rz FAHAA > Yang et al. [7] ~ Lin and
Chung [8] Fv kw8t 5 A1 A% A 4 & 0 ik R
o EHEA R ERER OB REE S RE
G KRR RE (m= 1) B FHRD
ROy RAE G EMRE SR -
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A2 Gon)- FHESMRERBE

&4 Frgsab Gon)-FHEXRARESRERBZ LB L

n| 3 4 5 6 7 8
o | 14 | 1/6 1/8 1/10 1/12 1/14
Naor and Shamir [1] o | 14 | 173 3/8 2/5 5/12 3/7
m| 4 6 8 10 12 14
o | 14 | 19 | 1/16 1/25 1/36 1/49
Blundo and De Santis [2] | " | 1/4 1/9 1/16 1/25 1/36 1/49
m| 4 9 16 25 36 49
o | 14 | 1/6 1/8 1/10 1/10 2/21
Hofmeister et al. [3] o | 14 | 173 3/8 2/5 3/10 1/3
m| 4 6 8 10 30 42
o | 14 | 1/6 1/8 1/10 1/10 2/21
Blundo et al. [4] o | 14 | 173 3/8 2/5 3/10 13
m| 4 6 8 10 30 42
o | 14 | 18 1/16 1/32 1/64 1/128
Chen and Tsao [6] o | 14 |18 1/16 1/32 1/64 1/128
m| 1 1 1 1 1 1
o | 14 | 1/6 1/8 1/10 1/12 1/14
Yang et al. [7] o | 1/4 1/3 3/8 2/5 5/12 3/7
m| 1 1 1 1 1 1
o | 116 | 1/16 | 1/16 1/16 1/16 1/16
Lin and Chung [8] o | 1/16 | 1/8 | 45/256 | 55/256 | 1001/4096 | 273/1024
m| 1 1 1 1 1 1
p | 2 3 4 5 5 6
o | 14 | 1/6 1/8 1/10 4/45 5/63
ARG EIRER
o | 14 | 173 3/8 2/5 8/15 5/9
m| 1 1 1 1 1 1
K —RMEBEIBAR n REEROSFHK
A~ &% BhoEaRsE n BRERE 5 RBITHR

R E BB ARE » FABRT 69— 18
WMPRR O RXEROBFEADERBRE DML
B R % BT A KB T RATARE > MR

HBRERMASFRYVARNTURR 2 01k

ITHE RETRAERZLEMEBRTAK
FHRERNRIE -REFHZYEBER
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