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I. Introduction 
For the detailed study on Ulam problem and its recent developments now called generalized Hyers-

Ulam-Rassias stability, one can refer [1], [3], [4], [8], [9], [10] and [11]. The definitions related to our main 

theorem related to modular space can be referred in [5]. 

Authors in [7] in 2017, obtained refined stability results and investigate modular stability for functional 

equations by direct method. 

 
 

II. General solution 
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III. ULAM Stabilities of (1.1) 
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IV. Functional Equations Based Spatial Image Crypto Technique 
The term remote sensing takes on a specific implication dealing with space-borne imaging systems 

used to remotely sense the surface. Remote sensing is defined as data collected from a distance without visiting 

or interacting directly. When the distance between the object and viewer is large, or rather small, remote sensing 

approach suggests the use of spatial image. In modern days, the image based cryptographic techniques have 

advocated new and efficient ways to develop secure spatial image encryption techniques, see [2], [6]. In this 

research work, functional equations are used to improve the level of security in spatial image encryption. We 

apply functional equation (1.1) in digital spatial image crypto techniques system using MATLAB. An 

elementary idea is to encrypt the digital spatial image by applying the left hand side of (1.1). As the result, the 

intricate cypher image is obtained. See figures 1 and 2. 

 

 
Figure 1. Encryption 
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Figure 2. Image Encryption 

 

When cypher image reaches the receiver, he must use right hand side of (1.1) as a key. On entering the 

accurate key, the MATLAB code decrypts the entire image and provides original image to the receiver. See 

figures 3 and 4. 

 

 
Figure 3. Decryption 

 

 
Figure 4. Image Decryption 
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4.1. Security Analysis. The distinctive approach in applying functional equations on spatial image crypto 

technique is, we use two different keys with same solutions that are LHS of functional equations for encrypting 

and RHS of functional equations for decrypting, whereas, traditional systems like DES, Triple- DES, RSA and 

IDEA use single key for both encryption and decryption. This uniqueness of functional equation progresses the 

security level of transmitting spatial image and overwhelmed traditional techniques limitations. A statistical 

analysis shows that the tactic for image crypto technique provides an effective and secure way for real time 

spatial image encryption and transmission from the cryptographic viewpoint. 

 

V. Conclusion 
We introduced a generalized additive functional equation, obtained its general solution and stabilities 

in modular space by using fixed point theory. Also, we applied (1.1) in digital spatial image crypto techniques 

system using MATLAB. 
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