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In the modern busy digital world, the word “cryptography” is well known to
many of us. Every day, knowingly or unknowingly, in many places we do use
different techniques of cryptography. Starting from the log-in into PC, sending
e-mails, withdrawal of money from ATM using PIN code, operating the locker
at the bank with the help of a designated person from the bank, sending
message using mobile phone, buying things through internet using credit card,
transferring money digitally from one account to another over internet,
everywhere we are applying cryptography.
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1 Introduction

In this paper we put forward an efficient construction, based on linear algebraic
technique, of a t-(k,n)*-Visual Cryptographic Scheme (VCS) for monochrome images in
which t participants are essential in a (k,n)-VCS. The scheme is efficient in the sense that
it only requires solving a system of linear equations to construct the required initial basis
matrices. To make the scheme more efficient, we apply the technique of deletion of
common columns from the initial basis matrices to obtain the reduced basis matrices.
However finding exact number of common columns in the initial basis matrices is a
challenging problem. In this paper we deal with this problem. We first provide a
construction and analysis of t-(k,n)*-VCS. We completely characterize the case of
t-(n-1,n)*-VCS by finding a closed form of the exact number of common columns in the
initial basis matrices and thereby deleting the common columns to get the exact value of
the reduced pixel expansion and relative contrast of the efficient and simple scheme. Our
proposed closed form for reduced pixel expansion of (n-1,n)-VCS matches with the
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numerical values of the optimal pixel expansions for every possible values of n that exist
in the literature. We further deal with the (n-2,n)-VCS and resolve an open issue by
providing an efficient algorithm for grouping the system of linear equations and thereby
show that our proposed algorithm works better than the existing scheme based on the
linear algebraic technique. Finally we provide a bound for reduced pixel expansion

2 Conclusion and Open issues

In this paper we have put forward a construction and analysis, based on linear algebraic
technique, of a t-(k,n)*-VCS for monochrome images in which t participants are essential
in a (k,n)-VCS. We grouped the minimal qualified sets, taken two at a time, to form
systems of linear equations solving which we constructed the initial basis matrices. We
then, applied the technique of deleting the common columns occurring in the initial basis
matrices to reduce the pixel expansion. We completely characterize the case of
t-(n-1,n)*-VCS by deriving a closed form of the reduced pixel expansion and hence a
closed form for the relative contrast too. We further investigated the case of an
(n-2,n)-VCS and provided an algorithm to collect at least three minimal qualified sets at a
time for grouping in such a way that the resulting

basis matrices, in their reduced forms, have almost optimal pixel expansions.

An interesting open issue would be to compute exact values of the reduced pixel
expansions of any t-(n-2,n)*-VCS and more generally of any t-(k,n)*-VCS and derive a
closed form for it.
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