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Abstract— In this paper we see how the module structure of 

Algebra plays a vital role in Homomorphic Signal 

Processing in branch of Engineering mainly in Information 

Technology, Electronics and Telecommunication 

Engineering, Computer Science etc. Here I generalize this 

concept for module theory in algebra and I introduce the 

concept module logic. I give some results on module logic 

and also give conclusion that why the module logic is useful 

in Signal Processing.  
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I. INTRODUCTION 

If we are given a signal that is the sum of two component 

signals. Logic theory deals essentially with the transmission 

of Signal through a medium such that whatever errors the 

medium may introduce, could be detected and if possible 

corrected, in an efficient manner, at the receiver’s end. The 

following diagram represents the various aspect of 

transmission of  information: 

Original Signal Xn           Yn 

 Where H  means the system transformation. The 

Signal to be send in Homomorphic System transformation 

into a logic using  an  function.  The signal to be send in 

transformation system into a logic using an logical  rule. 

Then the logical version is transmitted over a filter. The 

physical medium through which the signals are transmitted 

is called a filter  e.g. a telephone line, a wireless channel 

used for mobile communications, a satellite link etc. When 

the logic passes through the channel, errors may occur due 

to weather interference, electrical problems and so on and it 

becomes distorted.   

II. PRELIMINARY 

A. Signal  

The basic unit of information, called a Signal  in a finite 

sequence.  

B. Logic  

Logic is a collection of signal that are to be used to represent 

distinct Signals. 

Through-out  this  paper the signal     ( +) denotes 

Input component  as addition and o(+) denotes the Output 

component. 

We assume that the signal  is the logical  signals 

{0, 1} There are 2
n  

logical  signals of length n. For n (any 

integers) ≥ 1 , let 

T={x1(n) , x2(n)} where x1(n) and x2(n) be components of signal 

Define a homomorphic  mapping  H on T  

H: T  T1 such that T1= H(T) here T is set of input signal 

and T1 is set of output signal.T1 ={H[x1(n)] , H[x2(n)] } 

Above operation is commutative and associative. 

H{[x1(n)] + [x2(n)]}= H{[x2(n)] +[x1(n)]} 

H{[x1(n)]}+H{[x2(n)]+[x3(n)]}= H{[x1(n)] + [x2(n)]}+H[x3(n)] 

H is homomorphic then  

H{[x1(n)] + [x2(n)]}= H[x1(n)] +H [x2(n)] 

H[C*x1(n)] = C*H[x1(n)] where C is any scalar 

C. Definition of left R-module [2] 

Let R be a ring, M an additive abelian group and (r , m)   r 

m , a mapping of R x M into M such that 

(1) r (m1 + m2) = rm1 + rm2 

(2) (r1 + r2) m = r1m + r2m 

(3) (r1 r2) m = r1 ( r2 m) 

for all r, r1, r2   R and m , m1 , m2   M. Then M is called 

left R Module. 

D. Definition of R-submodule [2]  

A non empty subset N of an R-module M is called an R-sub 

module ( or simply submodule ) of M if 

(1) a + b N for all a , b N ( or N is an additive 

subgroup of M ) 

(2) ra N for all a N , r R  

E. Main Results 

Here I give the definition of module logic : 

Let H : T ↦ T1 be an Signal  function. The logic C = H (T) 

is called a module logic if C is a submodule of  T. From the 

definition of sub module, C the subset of  T consisting of all 

logic is a sub module of  T if 

(1) If x, y C then x + y C (or C is additive 

subgroup of  T) 

(2) ra C for all a C , r T 

Now using above definition I give the following results: 

Results 1: T is a left T-module under the composition 

component wise addition where T = { 0, 1} 

Proof:  Here T = {0,1} and T  is a ring 

(obvious) 

First of all we have to show that T is an additive abelian 

group. For this we see: 

(G1) Closure Property: It holds closure property. 

(G2) Associative Property: It holds Associative Property. 

 (G3) Existence of identity element: there exist 0 T such 

that 0 + a = a for all a T. 

(G4) Existence of inverse element: It is obvious here every 

element in T is its own inverse. 

(G5) Commutative Property: It holds commutative property. 

Now we see it holds all the three conditions under the 
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component wise addition  

 

(1) r [x1(n) + x2(n)] = r[x1(n)] + r[x2(n)] 

(2) (r1 + r2) x1(n) = r1x1(n)+ r2x2(n) 

(3) (r1 r2) x1(n) = r1 ( r2 x1(n)) 

Therefore (T, + ) is left T-module where T={0,1} 

Similarly we can prove T is a right T-module 

Result 2: The {0,1} Homomorphic signal processing is 

defined by  

x1(n) = { 0,1,0,1} x2(n) ={ 0,0,1,1} 

x1(n)+x2(n) = { 0,1,1,1} 

H[x1(n)]={0,1,0,1}, H[x2(n)]={0,0,1,1} 

H[x1(n)+x2(n)]={0,1,1,1} 

H[x1(n)]+H[x2(n)] = {0,1,1,1} 

Thus   

H{[x1(n)] + [x2(n)]}= H[x1(n)] +H [x2(n)] 

Similarly H[C*x1(n)] = C*H[x1(n)] where C is any scalar 

III. SOME THEOREMS ON HOMOMORPHIC SIGNAL 

PROCESSING 

A. Lemma 1.1. 

Let µ be the T Module  of signals. Then a map π : µ---

µ is ( Hom, R ) if and only if π is ( Hom, µ ) 

Theorem 1. Let T be a commutative ring of signal 

with unit, X1(i), x2(i) Tn as above, then there exists a 

commutative ring T1 containing T and  let A  T1 is 

invertible signal such that X1(i)A = AX2(i) for all 1  i  n. 

Theorem 2. Let T, T1, and T2 be rings(set of input 

and output signals), and let H : T → T1 and G : T1 → T2 be 

ring homomorphism. Then the composite 

G · H : T → T2 is a ring homomorphism. 

Proof. Let x1(n), x2(n)   T. Then 

(G · H)[x1(n) + x2(n)] = G(H[(x1(n) + x2(n)])  

  = G(H[(x1(n)] + H[x2(n)])  

  = G(H[x1(n)] + G(H[x2(n)]) 

  = (G · H)[ x1(n)] + (G · H)[ x2(n)]. 

(G · H)[ x1(n) · x2(n)] = G(H[x1(n)· x2(n)])  

 = G(H[x1(n)] · H[x2(n)])  

= G(H[x1(n)] · G(H[x2(n) ])   

= (G · H)[ x1(n)] · (G · H)[ x2(n)]. 

If, in addition, T, T1 and T2 are rings with identity, then 

(G·H)[1] =G(H[1]) = G[1] = 1 , (G.H)[0] = G(H[0]) = 

G[0]=0 

Scalar Multiplication : 

(G.H)[C* x1(n)] = G.( H.[C* x1(n)] ) 

   = G.( C*H[x1(n)] ) 

   = C*(G.H)[ x1(n)] 

1) Definition 

The kernel of a ( Hom,T) H : T → T1 is Ker(H) = {x   T | 

H(x) = 0}. Where T is left or right module. 

Theorem 3. Suppose that T and T1 be rings H : T→T1 is 

surjective homomorphism let K=Ker(H) then there is a 

homomorphism φ : T/K →T1  

Defined by φ( [x1(n)]+K)=H[x1(n)] for all (x1(n)]   T 

Signal Processing as Functorials : By Homology mapping  

between two sets Let f : T→T1 is homomorphism from set 

of input signals to the set of output signals then H(f) : 

H(T)→H(T1) indicates how f transform cycles of T over to 

cycles of T1 

IV. CONCLUSION  

When the component signal are passed through the channel 

then only compute the logic of {0,1}  in more general 

structured form due to scalar multiplication property which 

is inbuilt in these feathers which save our time and the 

original signal  will be less distorted. 
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