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Abstract- A new technique of forward error correction in a wireless sensor network using block encoding with modular 
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I. INTRODUCTION 
 
Forward Error Correction (FEC) in data 
communication eliminates the retransmission of the 
same data.   Consider the situation where the energy 
constrained sensor nodes transmit their data to the 
sink node having abundant energy and more powerful 
resources. Here, eliminating or reducing the 
retransmission of data from the sensor nodes to the 
sink reduces the energy consumption by the sensors. 
This in turn increases the life of sensors. In the 
proposed scheme, encoding the data at the sensors is 
less complex than decoding at the sink. This 
imbalance is alright because the sink is powerful and 
has suitable resources for complex calculations. 
 
II. TERMS, DEFINITIONS AND 

ASSUMPTIONS 
 
Consider the data transmission from a senor node to 
the sink as shown in Fig.1.  
  

 
The source data is represented by the column vector 
X as,  
                  X = [x(1)  x(2)   … x(m)]T 

 
The super script T stands for transpose. The size of 
vector X is (m x 1). The source data is encoded using 
the transformation matrix A to get A*X. The size of  
A is (n x m) where n > m. The size of A*X is (n x m) 
x (m x 1) = (n x 1). Error E occurs during the 
transmission. The additive error E is modelled as a 
vector of size (n x 1). The received data at the sink is 
represented by vector Y of size (n x 1).  Y is given by, 

Y = A*X + E                          (1) 
Here Y has n elements as, 

Y= [ y(1)   y(2) …  y(n) ] 
 
All the elements of the above matrices are integers in 
the range 0 to p–1, that is every element of the 
matrices belong to Zp where p is a suitable prime 
number. The multiplications and additions of Eq. (1) 
are evaluated over integer modulo p. Thus the 
arithmetic operations are carried out in the Galois 
field GF(p).                       
 
III.  BASIC OPERATIONS  
 
Let the transmitted frame under consideration be A. 
Let the corresponding received frame be denoted by 
B1. Let there be a single bit error in B1. It is detected 
by the receiver and an ARQ NAK frame is sent by 
the receiver to the source. We assume that the NAK 
frame is effectively error free. The source in turn 
retransmits A and the corresponding received frame 
is denoted by B2. If B2 is error free then there is no 
need for any correction and we can go to receive the 
next fresh frame. However, when B2 is erroneous 
along with B1, we propose a new technique to correct 
the error as follows. 
 
A. Error correction scheme 
Let the error vector be E1 in the case of received 
frame B1. Then B1 is given by, 

B1 = A ⊕ E1                                         (6) 
In the case of the retransmission of A, we assume that 
the error vector is E2. Then B2 is given by, 

B2 = A ⊕ E2                                         (7) 
 
Here, E1 and E2 are random unit binary vectors in the 
sense that the location of 1 in vectors E1 and E2 are 
random and unknown. Our objective is to determine 
the location of 1 in E1 and E2. Let the location of 1 in 
E1 be represented by the variable u and that of 1 in 
E2 be by variable v. That is, E1 can be written as, 

E1 = [ e1(1)  e1(2)    … e1(N) ]                  (8) 
With the condition that, 
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The range of u is, 1≤ u ≤ N. 
Similarly, E2 can be written as, 

E2 = [ e2(1)  e2(2)    … e2(N) ]                         (10) 
 
With the condition that, 

 
 
The range of v is, 1≤ v ≤ N. Our objective is to 
determine u and v at the destination using the two 
received frames B1 and B2. Once u and v are known, 
the error location can be calculated. 
 
B. Determination of u and v 
The two possibilities for u and v are, u ≠ v and u=v. 
1)   case 1: u ≠ v. In this case the single bit error 
locations in frame B1and B2 are different. Consider 
the bitwise xor operation, 

C = B1⊕B2                                            (12) 
 
Substituting for B1 and B2 from Eqs. (6) and (7), we 
get , 

C = (A⊕E1) ⊕ (A⊕E2)                                 (13) 
 
On simplifying the RHS, A gets cancelled and Eq. 
(130 becomes, 

C = E1⊕E2                                          (14) 
 
On expanding vectors C, E1 and E2, in terms of the 
location index I, Eq. (14) can be expressed as, 

c(i)  = e1(i) ⊕e2(i)                                  (15) 
for i = 1, 2, …, N. 
 
Here, c(i) is the i th element of C. similarly, e1(i) and 
e2(i) are the elements of vector E1 and E2 
respectively at index location i. Consider the case 
when  

i ≠ u  and i ≠ v                                         (16) 
From Eqs. (9), (11) and (16), 

e1(i) = e2(i) = 0                                        (17)  
From Eqs. (17) and (15), 

c(i) = 0 when i ≠ u  and i ≠ v                     (18) 
 
When i = u, i is not equal to v, because u and v are 
different. Therefore, when i = u, i ≠ v. Under this 
condition, from Eqs. (9) and (11), 

e1(i) =1 and e2(i) = 0                                (19) 
 
Therefore, from Eqs. (19) and (15), 

c(i) = 1 when i = u and i ≠ v                       (20) 
 
Similarly, when i ≠ u and i = v,  e1(i) = 0 and e(2) =1. 
This leads to, 

c(i) = 1 when i ≠ u and i = v                         (21) 
From Eqs. (15), (18), (20) and (21), 

 
Note that, here, u ≠ v.  
 
From Eq. (22), we see that C is a binary vector 
having two 1’s at index locations u and v.  From Eqs. 
(15)  and  (22), we see that,  when i = u, 

 
c(u) =  e1(u) ⊕e2(u) = 1                                  (23) 

and when i = v,     
c(v) = e1(v) ⊕e2(v) = 1                                   (24) 

 
At the receiver, vector C has two 1’s and (N-2) 0’s. 
Let J and K be the two distinct index locations of 
vector C where the elements of C are 1’s. That is, 

c(J) =  1                                                          (25) 
c(K) = 1                                                         (26) 

 
J and K are obtained by examining the vector C as 
given by Eq. (12).       
 
Now, from Eqs. (25) and (23), we see that u = J.                                   
Under this condition  u = J, from Eqs. (24) and (26), v 
has to be K. Even though Eqs. (24) and (25) suggest v 
= J, here, v cannot be J, because if so both u and v 
will be equal to J and it is against the assumption that 
u ≠ v.  Therefore one feasible solution for the 
simultaneous equations (23), (24), (25) and (26) 
would be, 

u = J  and v =K                                            (27) 
 
By similar argument, another feasible solution would 
be,  

u = K  and   v = J                                         (28) 
 
Out of two possibilities given by Eqs. (27) and (28) 
only one correct solution is determined as follows.  
 
First, we test the validity Eq. (27).  From Eqs. (27) 
and (9), e1(J) = 1   and   e1(i) =0 for i ≠ J. From this, 
we reconstruct the error vector E1 which is 
represented by in Eq. (8)  as, e1(i) =1  for i = J and e(i) 
= 0 for i ≠ J. for i = 1, 2,...,N. After reconstructing E1, 
we also estimate the transmitted frame A, using  Eq. 
(6) as, 

A = B1⊕ E1                                      (29) 
 
Now, we check frame A for an Error. If no error is 
found, then u = J is the correct solution and the 
corrected frame is given by A = A.  
 
If A  is erroneous, it means u =J is not the correct 
answer. The correct answer has to be the other 
solution given by Eq. (28). That is u = K. With this u, 
E1 is reconstructed anew and the correct A is 
calculated as, 

A = B1⊕ E1                                            (30) 
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C.  Algorithm to get the correct A at the receiver   
The process of determining u, v and the consequent 
correct value of A is described in Algorithm 1. 
Algorithm 1.  
It is assumed that the two consecutive received 
frames B1 and B2 due to A, have a single error each. 
The error locations in B1 and B2 are designated as u 
and v respectively with the condition u ≠ v.. The error 
vectors corresponding to B1 and B2 are E1 and E2 
respectively as given by Eqs. (6) an (7). The size of 
all the vectors are N bits. 
    
1. Get the binary vector C as C = B1⊕B2. 
2. Get J and K, the locations of 1’s in vector C. 
3. Construct vector E1 represented by Eq. (8) as, 
     e1(i) = 1 for i = J and e1(i) = 0 for i ≠ J  
     for i =1, 2, …, N. 
4. Get A as,  A = B1⊕ E1. 
5. Check for any error in A. 
6.  If there is no error, the correct answer is A = A. 
      Exit.                                        
     Else,  //Error found 
7.  Reconstruct vector E1 represented by Eq. (8) as, 
     e1(i) = 1 for i = K and e1(i) = 0 for i ≠ K  
     for i =1, 2, …, N. 
8.  Correct answer is A = B1⊕ E1. Exit. 
          
D.  When u = v with single error consecutive frames 
Let us consider the case when u = v. That is the error 
location in B2 is same as that in B1. Here the two 
error locations in E1 and E2 are same. Therefore, 
from Eq. (14), 

C = E1⊕E2= 0 = all zero vector          (31) 
 
Hence C does not yield in information regarding the 
location of the error. One solution is to go for the next 
retransmission. But, we propose an alternative 
solution where the size of the next transmission is 
very much lower than that in the conventional 
retransmission.   
 
E.  Basic Operations when u = v 
The receiver on finding that C = 0, transmits the 
erroneous single error frame B2 back to the source 

along with NAK. We assume that this transmission is 
error free or is made error free. For example, in a 
Wireless Sensor Network, downstream traffic is 
almost error free compared to the upstream traffic. At 
the source, the received B2 is xored with A as, 

D = A⊕ B2                                               (32) 
Substituting for B2 from Eq. (7) in Eq. (32), we get, 

D = A⊕ A⊕ E2 = E2                                    (33) 
 
Here, D is a unit binary vector as given by Eq. (11). 
The index location of 1 in D is v and the source now 
knows the value of v where 1 ≤ v ≤ N. Therefore the 
maximum size of v in bits is, 

Size(v) = M =⌈ log2N ⌉                          (34) 
 
Thus the size of v is relatively much smaller than N 
which is the normal size of data. The source transmits 
this v using some form of Forward Error Correction 
(FEC) coding. The destination receives this correctly 
and decodes v. Then E2 is obtained as in Eq. (11). 
Then the correct frame is obtained as, A = B2⊕E2. is 
transmitted by the source to the receiver. 
 
CONCLUSIONS 
 
A new method of estimating the Gaussian PSF is 
presented. The method determines the size and σ of 
the Gaussian PSF accurately.  
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