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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–n0.5+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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 x p = ;n–n0.5+1? = 

n+1–An0.5B  n0.5  x + 0.5  x + 
1  (x + 0.5)2 8 n 8 (x + 1)2

 n  x2 + x + 1  x2 + 2x + 1 
n0.5  x + 1

 p = An–n0.5+1B = n+1–;n0.5?  
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     n  p 
= n–n0.5+1  1 

 CL0 
 3 

 

     Microsoft Windows 
7  Java (JDK 1.6.21)

 
CPU Intel Core(tm) i7-920 2.67GHz  RAM 
24GB  256×256 

 BMP 
 Tai-chi  Indians

 Mena  Lena  2.(a) ~  
2.(d)  
     Tai-chi 

 (3, 7)-  3 
 

3 
 (p ) 

 (  3.(a1) – (e1))

 (  
3.(a2) – (e2))

 
(a) (b) 

 
(c) (d) 

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



150

 3.(a3) ~  3.(e3)  p = 
n–n0.5+1 = 5 �3

5 = 
8.89%  (  3. 
(d3))  7  5 

 1  CL0 
 3 

 (3, n)-

 41.67%
 3.(a7) ~  3.(e7)  

 
 p = 2 p = 3 p = 4 p = 5 p = 6 

q = 1 

  
(a1) �1

2 = 0 (b1) �1
3 = 0 (c1) �1

4 = 0 (d1) �1
5 = 0 (e1) �1

6 = 0 

q = 2 

  
(a2) �2

2 = 0 (b2) �2
3 = 0 (c2) �2

4 = 0 (d2) �2
5 = 0 (e2) �2

6 = 0 

q = 3 

  
(a3) �3

2 = 0.028 (b3) �3
3 = 0.053 (c3) �3

4 = 0.075 (d3) �3
5 = 0.089 (e3) �3

6 = 0.083

q = 4 

  
(a4) �4

2 = 0.083 (b4) �4
3 = 0.147 (c4) �4

4 = 0.188 (d4) �4
5 = 0.200 (e4) �4

6 = 0.167

q = 5 

  
(a5) �5

2 = 0.167 (b5) �5
3 = 0.267 (c5) �5

4 = 0.313 (d5) �5
5 = 0.311 (e5) �5

6 = 0.250
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q = 6 

  
(a6) �6

2 = 0.278 (b6) �6
3 = 0.400 (c6) �6

4 = 0.438 (d6) �6
5 = 0.422 (e6) �6

6 = 0.333

q = 7 

  
(a7) �7

2 = 0.417 (b7) �7
3 = 0.533 (c7) �7

4 = 0.563 (d7) �7
3 = 0.533 (e7) �7

6 = 0.417

3. (3, 7)-  Tai-chi  

     4  Indians 
 (3, 5)-

 p = n–n0.5+1 = 4 
�3

4 = 12.5% 

 (  4. (c3))  5 
 4  1 

 CL0  3 
 

 
 p = 2 p = 3 p = 4 

q = 1 

 
(a1) �1

2 = 0 (b1) �1
3 = 0 (c1) �1
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(a2) �2

2 = 0 (b2) �2
3 = 0 (c2) �2

4 = 0 

q = 3 

 
(a3) �3

2 = 0.063 (b3) �3
3 = 0.111 (c3) �3

4 = 0.125 

q = 4 

 
(a4) �4

2 = 0.188% (b4) �4
3 = 0.167 (c4) �4

4 = 0.250 
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q = 5 

 
(a5) �5

2 = 0.375 (b5) �5
3 = 0.444 (c5) �5

4 = 0.375 

4. (3, 5)-  Indians  

    
 (3) 

 p = 5  
p = 4

 �3
5 = 8.89% (  3.(d3))  �3

4 
= 12.50% (  4.(c3))

�7
5 = 53.33% (  3.(d7))  �5

4 = 37.50% 
(  4.(c5))

 
    

 
Mena  Lena  (3, 
4)-  5 

 p = n–n0.5+1 = 3 
�3

3 = 16.7% p = 2 
 (  5. (a3) ~  5.(d3))

 
 

 
 p = 2 p = 3 p = 2 p = 3 

q = 1 

  
(a1) �1

2 = 0 (b1) �1
3 = 0 (c1) �1

2 = 0 (d1) �1
3 = 0 

q = 2 

  
(a2) �2

2 = 0 (b2) �2
3 = 0 (c2) �2

2 = 0 (d2) �2
3 = 0 

q = 3 

  
(a3) �3

2 = 0.111 (b3) �3
3 = 0.167 (c3) �3

2 = 0.111 (d3) �3
3 = 0.167 
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q = 4 

 
(a4) �4

2 = 0.333 (b4) �4
3 = 0.333 (c4) �4

2 = 0.333 (d4) �4
3 = 0.333 

5. (3, 4)- Mena  Lena  

     3 
 n 

 4 ~ 6  n0.5 
 2 (2< n0.5<2.5)

 p = ;n–n0.5+1? = n–1  n 
 7 ~ 9  n0.5 

 3 (2.5< n0.5<3)
 p = An–n0.5+1B = n–2 

p = n–n0.5+1 

 n 
 p  1 

 CL0  3 

 
 

3.  

 p = 2 p = 3 p = 4 p = 5 p = 6 p = 7 p = 8 

n = 4 11.11% 16.67%      

n = 5 6.25% 11.11% 12.50%     

n = 6 4.00% 7.50% 10.00% 10.00%    

n = 7 2.78% 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% 
 
    

 
4 �3 �n  3  n 

m 
 

     n 

 Blundo and De Santis [2]  Chen and 
Tsao [6]  n 

�3 6n  0
 

Hofmeister [3] Blundo et al. [4]  Lin and 
Chung [8] �3 6n 

n = 8 �3 = 5/63 ( 7.94%) 
 6n = 5/9 ( 55.56%)  n 

6n  1
 (3, n)-

 
    Naor and 
Shamir [1] Blundo and De Santis [2]
Hofmeister [3]  Blundo et al. [4] 

 (n ) 
 n m 

Chen and Tsao [6] 
Yang et al. [7] Lin and 

Chung [8] 

 (m = 1)
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4.  (3, n)-  

 n 3 4 5 6 7 8

Naor and Shamir [1] 

�3
 1/4 1/6 1/8 1/10 1/12 1/14 

�n 1/4 1/3 3/8 2/5 5/12 3/7 

m 4 6 8 10 12 14 

Blundo and De Santis [2] 

�3
 1/4 1/9 1/16 1/25 1/36 1/49 

�n 1/4 1/9 1/16 1/25 1/36 1/49 

m 4 9 16 25 36 49 

Hofmeister et al. [3] 

�3
 1/4 1/6 1/8 1/10 1/10 2/21 

�n 1/4 1/3 3/8 2/5 3/10 1/3 

m 4 6 8 10 30 42 

Blundo et al. [4] 

�3
 1/4 1/6 1/8 1/10 1/10 2/21 

�n 1/4 1/3 3/8 2/5 3/10 1/3 

m 4 6 8 10 30 42 

Chen and Tsao [6] 

�3
 1/4 1/8 1/16 1/32 1/64 1/128 

�n 1/4 1/8 1/16 1/32 1/64 1/128 

m 1 1 1 1 1 1 

Yang et al. [7] 

�3
 1/4 1/6 1/8 1/10 1/12 1/14 

�n 1/4 1/3 3/8 2/5 5/12 3/7 

m 1 1 1 1 1 1 

Lin and Chung [8] 

�3
 1/16 1/16 1/16 1/16 1/16 1/16 

�n 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 

�3 1/4 1/6 1/8 1/10 4/45 5/63 

�n 1/4 1/3 3/8 2/5 8/15 5/9 

m 1 1 1 1 1 1 
 

    

 n 
 n 
 k (k 8 n) 

 
1 ~ k�1 

 (k, n)-
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 (3, n)-
 

 
1.  
2.  n  p = n–n0.5+1 

 1 CL0

 3 

 (3, n)-
 

3.
 

4.  
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