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Introduction: This article gives the designing of increased distance modified linear block 

code (MLBC). Designing of this MLBC is initially obtained from the basis vectors an Upper 

Triangular Matrix (UTM).  Considered UTM is of 9th order. Using the basis vectors of a 9th 

order UTM, MLBC is established which has less minimum distance (dmin) between the 

codewords. A new approach is developed to increase this dmin with the help of distance 

increasing mapping (DIM). The developed code here for 9th order UTM is (18, 9, dmin = 5) code. 

A decoding algorithm is designed to decode the errors in the transmission with the help of 

syndrome polynomials. The developed algorithm avoids the limitation of multiple solutions 

and Maximum Likelihood decoding associated with Linear Block Codes. Performance of this 

code has been established through simulation. Examples are explored here to decode the 

various bit positional errors if occurred during the transmission process with the help of 

developed decoding algorithm through simulation. These designed codes can be used in high-

frequency radio environments for transmission and reception of signals. 

Keywords: Encoding, Decoding, Code rate, Modulation, Demodulation, Parity Check Matrix  

 

1. INTRODUCTION 

One of the challenging problems, in coding theory is to construct the code with the best possible error correction 

capability. There are several linear codes existing in the literature having the fixed error correction capability. That 

is, there are single error correcting, double error correcting, and multiple error correcting codes existing in the 

literature. But they are having fixed length that is the (n, k) parameters value for such codes is fixed.  

The two main algorithmic tasks associated with the design of efficient Error-correcting codes are the 

implementation the encoding function E and the decoding function D. When an encoded information is transmitted 

over a channel at the receiver it is observed that information gets accompanied with the noise. It becomes very 

difficult to recover the transmitted information at the receiver end. So, Coding theory is associated with the two 

challenges. One is to design the effective and efficient and simple codes and the foremost important to design the 

efficient, effective and simple decoding techniques at the receiver end for the designed codes. The limitation of 

decoding algorithms is the search for the transmitted codeword in the vicinity of the received codeword and the 

decision based on the maximum likelihood principle. This approach involves considerable computational 

complexity and does not give a definite solution.  

Most of the work in coding theory treats codes in a graph theoretical way [1-4]. We have approached the coding 

problem using system theoretic properties of the codes.  

This correspondence gives designing of (18, 9): (n, k) modified linear block code from the basis vectors of an upper 

triangular matrix, where “n” is the length of the codeword and “k” represent the total number of message bits. It is 

observed that the minimum distance established for such a developed code is 2. In order to make this code a code 

with good error correction capability, a distance increasing mapping methodology is proposed here which leads to 

transform this (18,9,dmin =2) code to  (18,9,dmin =5). [5-6] discusses about increasing the minimum distance of 

codes by twisting. This is a two bit error correcting code. This article also proposes a decoding algorithm for the 

developed (18.9, dmin =5) with the help of syndrome polynomials. [7-15] gives various decoding techniques.     
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The paper is organised as follows: Section 2 discusses the designing of the modified linear block code from UTM 

along with the construction of distance increasing mapping technique and a decoding algorithm for the designed 

MLBC. In section 3, results are presented. Paper is concluded in section 4. 

2. RESEARCH METHOD: DSIGNING OF THE MODIFIED LINEAR BLOCK CODE FROM AN 

UPPER TRIANGULAR 

Consider a 9th order UTM as given below: 

 

 

 

In [16-18], generation of UTM from completely controllable discrete time system is discussed. If we consider the 

rows of this matrix as basis vectors and obtain the generator matrix G= [I: P], where P is above considered UTM 

and I is an identity matrix. 
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Designing of such generator matrix is discussed in [19-24]. In the process of establishing this generator matrix, an 

identity matrix of size equivalent to that of matrix P is merged to P. The simulation result in MATLAB on this 

matrix gives that the established code is (18, 9) modified linear block code, where n =18 and k =9.  

The minimum distance between the codewords the 2 from simulation results. As well it can also be theoretically 

notified from the generator matrix of the designed code that lowest weight codeword in it is with weight 2, so dmin = 

2. According to [25], for a linear code, the minimum distance d, which satisfies, d = min {w(c)} = w, where the 

minimum is overall codewords except the all-zero codeword, w(c) = weight of the codeword.  

It is well known that error correction capacity of a linear block code is associated with its minimum distance 

property. [Costello] gives t ={(dmin -1)/2}, where t = possible number of error correction in the received codeword. 

In the next section of this paper, we develop the methodology to increase the distance of this (18, 9, dmin =2) code. 

2.1.  Distance Increasing Mapping for the designed MLBC: 

Mapping algorithm “A” proposed here, is the technique to increase the minimum distance between the codewords 

of a above designed MLBC. The devised MLBC with this technique is termed as increased distance MLBC. 
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Consider the nineth order of upper triangular matrix: 

Construction: Mapping Algorithm “A”: 
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According to above construction, the first row of the generator matrix for designing of increased distance MLBC 

from developed (18, 9) MLBC can be obtained by addition of all the rows of 9th order UTM except the last and the 

sixth row of this UTM. Other rows of the generator matrix of increased distance MLBC can be obtained through 

rotation as suggested in the above construction.  

The transformed generator matrix is as given below: 

1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1
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MATLAB simulation performed on this new generator matrix gives the minimum distance between the codewords 

as 5. Thus, the proposed mapping algorithm is a DIM and the designed code is now transformed to (18, 9,dmin = 5) 

MLBC.  

2.2. Designing decoding algorithm for (18, 9, dmin= 5) MLBC  

In this section of this article, we discuss the designing of decoding algorithm for an increased distance MLBC 

developed in the above section with the help of syndrome polynomials.  

The developed increased distance MLBC is a systematic code and therefore message part and the parity part of the 

codeword can be separated out very easily. 

It is observed from the analysis of syndrome polynomials for the received codeword that the errors in the message 

part of the codeword and errors in the parity part of the codeword can be decoded separately for the above 

constructed increased distance MLBC. 

Syndrome polynomial (S) can be calculated using S =r*HT, where r = received codeword, H = Parity check matrix 

and HT is the transpose of H. H can be obtained as [PT: I].  
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             There will be always (n–k) syndromes. For this constructed increased distance (18, 9) MLBC, (n, k) code, 

there will be 9 syndromes and these are represented here as generalised syndrome polynomials (GSP). Consider the 

received codeword as (r1, r2, r3, ……………….r18) and then compute the GSP for designed increased distance MLBC. 

GSPs for designed increased distance (18,9) MLBC are as follows:  

S0 = r1 + r2 + r4 + r6 + r7 + r9 + r10 ………………….(5) 

S1 = r1 + r2 + r3 + r5 + r7 + r8 + r11 ……………….....(6) 

S2 =r2 + r3 + r4 + r6 + r8 + r9 + r12 …………………..(7)  

S3 = r1 + r3 + r4 + r5 + r7 + r9 + r13 ………………….(8) 

S4 = r1 + r2 + r4 + r5 + r6 + r8 + r14 ………………….(9)  

S5 = r2 + r3 + r5 + r6 + r7 + r9 + r15 …………………(10) 

S6 = r1 + r3 + r4 + r6 + r7 + r8 + r16 …………………(11) 

 S7 = r2 + r4 + r5 + r7 + r8 + r9 + r17…………………(12)  

S8 = r1 + r3 + r5 + r6 + r8 + r9 + r18 ………………....(13) 

It can be noted that there are (n – k) that is in this case     (18 - 9) = 9 generalized syndrome polynomials from S0 to 

S8. Depending upon the actual calculated syndrome polynomial for the received codeword, we propose the 

following decoding algorithm for the designed increased distance (18,9) modified linear block code.  
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Decoding Algorithm 
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2.3. Check on the performance of Decoding Algorithm for MLBC with examples 

Example 1: For error in parity part  

Consider the actual transmitted codeword as follows: 

Actual codeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1 

Received codeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 0 

It can be observed that there is an error in r18 bit of the received code. Calculated syndrome is   

S = 0     0     0     0     0     0     0     0     1 

It can be noticed that one of calculated syndrome is  

S8= 1 

From the earlier calculated generalised syndome polynomial as shown in equation (13), as per the designed 

decoding algorithm, the last bit in the syndrome polynomial S8, is r18 which is in error. So, flipping this detected 

bit in error in the received codeword gives the corrected codeword as rc = 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1 

Example 2: For error in r17 bit of parity part of the codeword 

(Actual codeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1) 

(Receivedcodeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 1) 

It can be observed that there is an error in r17 bit of the received code. Calculated syndrome is   

S = 0     0     0     0     0     0     0     1     0 

It can be noticed that one of calculated syndrome is  

S7= 1 

From the earlier calculated generalised syndome polynomial as shown in equation (12), as per the designed 

decoding algorithm, the last bit in the syndrome polynomial S7, is r17 which is in error. So, flipping this detected bit 

in error in the received codeword gives the corrected codeword as rc = 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1 

Example 3: For two bit error in parity part r17 and r18 

(Actual codeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1) 

(Receivedcodeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 1 0) 

It can be observed that there is an error in r17 and r18 bit of the received code. Calculated syndrome is   

S = 0     0     0     0     0     0     0     1    1 

It can be noticed that two bits in calculated syndrome are non-zero that is S7= 1 snd S8= 1 

From the earlier calculated generalized syndrome polynomial as shown in equation (12) and equation (13) that is in 

GSP S7 and S8 as per the designed decoding algorithm, the last bit in these syndrome polynomial that is r17 and r18 

are in error. So, flipping these detected bits in error in the received codeword gives the corrected codeword as rc = 1 

0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1 

As this designed increased distance (18, 9) MLBC has dmin = 5, it is a two bit an error correcting code. Thus, any two 

bit error can be decoded in the received codeword. 

Example 4: For error in message  part r2 

(Actual codeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1) 

(Receivedcodeword: 1 1 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1) 

It can be observed that there is an error in r2 bit of the received code. Calculated syndrome is   

S =   1     1     1     0     1     1     0     1     0 
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S0=1, S1=1,S2=1,S4=1,S5=1,S7=1. 

Here it can be observed that more than three calculated syndrome polynomial are non-zero syndrome polynomial.  

From the developed decoding algorithm, common bit in the corresponding GSP of these calculated non-zero 

syndrome bits, is the bit in error. From equation 5, 6, 7, 9, 10 and 12 the common bit is r2. So, r2 is in error. So, 

flipping these detected bits in error in the received codeword gives the corrected codeword as rc = 1 0 0 0 0 0 0 0 0 1 

1 0 1 1 0 1 0 1 

Example 5: For Error in message  part r1 

(Actual codeword: 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1) 

(Received codeword: 0 0 0 0 0 0 0 0 0 1 1 0 1 1 0 1 0 1) 

It can be observed that there is an error in r1 bit of the received code. Calculated syndrome is   

1     1     0     1     1     0     1     0     1 

S0=1,S1=1,S3=1,S4=1,S6=1,S8=1 

Here it can be observed that more than three calculated syndrome polynomial are non-zero syndrome polynomial.  

From the developed decoding algorithm, common bit in the corresponding GSP of these calculated non-zero 

syndrome bits, is the bit in error. From equation 5, 6, 8, 9, 11 and 13, common bit is r1. So, r1 is in error. So, flipping 

these detected bits in error in the received codeword gives the corrected codeword as rc = 1 0 0 0 0 0 0 0 0 1 1 0 1 1 0 

1 0 1. 

3. RESULTS AND DISCUSSION 

Designed (18,9) increased distance modified linear block code (IDMLBC)  is simulated in MATLAB. Figure 1 gives 

BER performance of the designed code. Figure 2 gives the comparison of the designed (18,9) IDMLBC and (7,4) 

Hamming Code. In Figure 3, the simulation result on the designed higher order (28,24) IDMLBC is shown which is 

having minimum distance between the code words as 6. 

 

Figure 1: Eb/No verses BER 

 

Figure 2: Eb/No verses BER 
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Figure 3: Eb/No verses BER 

Decoding algorithms based on syndrome polynomials play a crucial role in error detection and correction within 

various communication systems. These algorithms are essential for maintaining data integrity when transmitting 

information across noisy channels. Space communication systems often experience high levels of noise and signal 

distortion. Syndrome polynomial-based decoding ensures the accuracy of transmitted data between satellites and 

ground stations, where retransmission is expensive or impossible. Deep space missions use error-correcting codes 

that rely on syndrome decoding to interpret signals from distant spacecraft. In cryptographic systems, decoding 

algorithms can be used to enhance data security by detecting and correcting intentional errors introduced by 

potential attackers. Syndrome decoding ensures that encrypted messages are correctly interpreted by authorized 

recipients. Algorithm developed in this research work can be used in the applications such as deep space missions, 

cryptographic systems etc. 

4. RESULTS AND DISCUSSION 

A modified linear block code is developed from the generator matrix established through an UTM. An increased 

distance modified linear block code is designed by using distance increasing mapping. The designed increased 

distance MLBC is (18, 9, dmin = 5) code. A decoding algorithm is designed for this increased distance MLBC using 

syndrome polynomials. The limitation of multiple solutions in syndrome decoding technique exist in literature is 

eliminated in the proposed decoding algorithm. The developed decoding algorithm is simple  and based on the bit 

positions in the syndrome polynomial. We believe that this technique of designing increased distance MLBC can be 

further extended for higher order UTM. Such increased distance MLBC will have good error correction capability. 
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