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ABSTRACT 
K.Kuhapatnakul in [10], introduced companion matrix of the Fibonacci λ-numbers. In this paper showed the relation 
between companion matrices and Fibonacci matrices. We established the relations among the code matrix elements 
error detection and correction for this coding theory. Correction ability of this method is 93.33% for λ=1 and for λ=2 
the correction ability is 99.8, In general correction ability of this method increases as λ increases. 
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1. INTRODUCTION 
 
In the last decades the theory of Fibonacci numbers was complemented by the theory of the so-called Fibonacci Q-
matrix [2]. This 2×2 square matrix is defined   as Q=�1 1

1 0�.The 𝑘th power of the Q-matrix can be defined as 

Q𝑘=�𝐹𝑘+1 𝐹𝑘
𝐹𝑘 𝐹𝑘−1

� and det Q𝑘  =𝐹𝑘+1𝐹𝑘−1 −  𝐹𝑘2=(−1)𝑘 where  𝑘 = 0, ±1, ±2, · · ·, and𝐹𝑘 is  𝑘th Fibonacci number and 

recurrence relation 𝐹𝑘+1=𝐹𝑘 + 𝐹𝑘−1 is called “Cassini formula” with terms the initial 𝐹1 = 𝐹2= 1. 
 
The Fibonacci λ-numbers can be defined as given integer λ=0, 1, 2, 3, 4….. And consider the following recurrence 
relation can be defined as 𝐹λ(𝑘)= 𝐹λ(𝑘 − 1)+ 𝐹λ(𝑘 − λ − 1) with 𝑘 > λ+1 with terms the initial 𝐹λ(1) = 𝐹λ(2) =
𝐹λ(λ) = 𝐹λ(λ+ 1) = 1.It generates an infinite number of recurrent sequences. In particular for λ = 0 then  recurrence 
relation 𝐹0(𝑘)= 𝐹0(𝑘 − 1)+ 𝐹0(𝑘 − 1) with n>1 with term the initial 𝐹0(1) = 1.the recurrence relation generates the 
binary numbers:1,2,4,8,16,….2𝑘−1.., particular for λ = 1 then  recurrence relation 𝐹1(𝑘)= 𝐹1(𝑘 − 1)+ 𝐹1(𝑘 − 2) with 
n>2with term the initial 𝐹1(1) = 𝐹1(2) = 1. This recurrence relation “generates” the classical Fibonacci numbers: 
0,1,1,2,3,5,8,13,21,34 ...  
 
1.1. Some properties of Fibonacci λ-numbers:  
1.𝐹λ(0) = 𝐹λ(−1) = 𝐹λ(−2) = ⋯ = 𝐹λ(−λ+ 1) = 𝐹λ(−λ− 1) = 𝐹λ(−λ − 2) = ⋯ = 𝐹λ(−2λ+ 1) = 0  
2.𝐹λ(−λ) = 1 and 𝐹λ(−𝑘) = (−1)−𝑘+1𝐹λ(𝑘) with λ > 𝑘 
 

Table-1: The “expanded” Fibonacci λ-numbers 
𝑘 5 4 3 2 1 0 -1 -2 -3 -4 -5 

𝐹1(𝑘) 5 3 2 1 1 0 1 -1 2 -3 5 
𝐹2(𝑘) 3 2 1 1 1 0 0 1 0 -1 1 
𝐹3(𝑘) 2 1 1 1 1 0 0 0 1 0 0 
𝐹4(𝑘) 1 1 1 1 1 0 0 0 0 1 0 
𝐹5(𝑘) 1 1 1 1 1 0 0 0 0 0 1 

 
The following property for Fibonacci - λ numbers is proved in [3] 

𝐹λ(1) + 𝐹λ(2) +⋯⋯⋯+ 𝐹λ(𝑘) = 𝐹p(𝑘 + λ + 1) − 1                                (1) 
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In case λ =0 in (1) reduces to the following well-known formula for the binary numbers 

20 + 21 + 22 +⋯⋯⋯+ 2𝑘−1 = 2𝑘 − 1 
Fn  is known as classical Fibonacci numbers, Therefore the identity (1)  becomes the following formula 

𝐹1 + 𝐹1 +⋯⋯⋯+ 𝐹k = 𝐹k+2 − 1  
𝑖s well known from the Fibonacci number theory[1] 
 
Lemma: Let n≥ 1, 𝑎𝑛𝑑  𝑘 ≥ 2 𝑏𝑒 𝑡𝑤𝑜 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 𝑡ℎ𝑒𝑛  𝐹λ(𝑛λ+ 𝑘)− 𝐹λ(𝑛λ+ 1) = ∑ 𝐹λ(𝑛λ − λ + 1)𝑘−1

𝑖=1  
In [10] it was proved  
 
2. THE GENERALIZED FIBONACCI 𝑄λ −MATRICES 
 
In [4], the generalized Fibonacci matrices can be defined as 

 𝑄λ =

⎝

⎜⎜
⎜
⎛

1 1
0 0

0 0
1 0

⋯ 0 0
⋯ 0 0

0 0
⋮
0

⋮
0

0 1
⋮
0

⋮
0

⋯ 0 0
⋮
⋯

⋮
1

⋮
0

0 0
1 0

0 0
0 0

⋯ 0 1
⋯ 0 0⎠

⎟⎟
⎟
⎞

                                                  (2) 

Where Det 𝑄λ=(−1)λ , for given λ = 0,1,2,3, … .. and 𝑄λ − matrices of order λ+ 1 
𝑄λ − Matrices have following forms for λ = 0,1,2,3, ….: 𝑄0=(1),  

𝑄1=�1 1
1 0�, 𝑄2=�

1 1 0
0 0 1
1 0 0

�  𝑄3 = �
1 1 0 0
0
0
1

0
0
0

1
0
0

0
1
0
�                                               (3) 

 
3. THE GENERALIZED FIBONACCI 𝑄λ𝒌 −MATRICES 
 
In [4], the generalized Fibonacci matrices can be defined as follows 

𝑄λ𝒌 =

⎝

⎜
⎛

𝐹λ(𝑘 + 1) 𝐹λ(𝑘)
𝐹λ(𝑘 − λ + 1) 𝐹λ(𝑘 − λ)

⋯ 𝐹λ(𝑘 − λ + 2) 𝐹λ(𝑘 − λ+ 1)
⋯ 𝐹λ(𝑘 − 2λ+ 2) 𝐹λ(𝑘 − 2λ + 1)

⋮ ⋮
𝐹λ(𝑘 − 1) 𝐹λ(𝑘 − 2)
𝐹λ(𝑘) 𝐹λ(𝑘 − 1)

⋮ ⋮ ⋮
⋯ 𝐹λ(𝑘 − λ) 𝐹λ(𝑘 − λ − 1)
⋯ 𝐹λ(𝑘 − λ+ 1) 𝐹λ(𝑘 − λ) ⎠

⎟
⎞

                                              (4) 

Where 𝐹λ(k) is  Fibonacci λ-number, 𝑘 = 0,±1,±2,±3, ±4… and for given λ = 0,1,2,3  and 
Det 𝑄λ𝒌  = (Det 𝑄λ)𝑘    = (−1)λk    from the matrix theory [1, 8]                                                                    (5) 

 
Properties of generalized Fibonacci𝑄λ𝒌 − matrices are 𝑄λ𝒌 × 𝑄λ𝒍 = 𝑄λ𝒍 × 𝑄λ𝒌 = 𝑄λ𝒌+𝒍  and 𝑄λ𝒌 = 𝑄λ𝒌−𝟏 + 𝑄λ𝒌−λ−1 
for 𝑘 = 0,±1,±2,±3, ±4… and for given λ = 0,1,2,3 … .. 
 
4. THE GENERALIZED “CASSINI FORMULA” 
 
For a given integers λ =0, 1, 2, 3 then the generalized “Cassini formula” [1] can be defined as 

𝑄λ𝒌 = 𝑄λ𝒌−𝟏 + 𝑄λ𝒌−λ−1                                                  (6) 
 
For λ = 1 then “Cassini formula” can be represent as a recurrence relation 

𝐹1(𝑘)= 𝐹1(𝑘 − 1)+ 𝐹1(𝑘 − 2) with n>2with term the initial 𝐹1(1) = 𝐹1(2) = 1                                            (7) 
 
The Fibonacci 𝑄1𝑘 −matrix can be represent as 

𝑄1𝑘=�𝐹1(𝑘 + 1) 𝐹1(𝑘)
𝐹1(𝑘) 𝐹1(𝑘 − 1)� where 𝑘 = 0, ±1,±2,±3, ±4…                                              (8) 

Det 𝑄1𝒌  = (Det 𝑄1)𝑘    = (−1)k                                                                         (9) 
 

Table-2: Represents the “direct matrices𝑄1𝑘” and their “inverse matrices𝑄1−𝑘  ” 
𝑘 0 1 2 3 4 

𝑄1𝑘 �1 0
0 1� �1 1

1 0� �2 1
1 1� �3 2

2 1� �5 3
3 2� 

𝑄1−𝑘 �1 0
0 1� �0    1

1 −1� �   1 −1
−1    2� �−1    2

   2 −3� �   2 −3
−3     5� 
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5. THE COMPANION MATRIX FOR THE FIBONACCI  𝛌 − 𝐧𝐮𝐦𝐛𝐞𝐫𝐬 
 
In [10] it was introduced Fibonacci λ − numbersdesingned as 𝐻λ −matrix as companion matrix  λ = 0,1,2,3  ….   

𝐻λ =

⎝

⎜⎜
⎜
⎛

1 1
1 0

1 1
0 0

⋯ 1 1
⋯ 0 0

1 1
⋮
1

⋮
1

0 0
⋱
1

⋱
1

⋯ 0 0
⋮
⋯

⋮
0

⋮
0

1 1
1 1

1 1
1 1

⋯ 0 0
⋯ 1 0⎠

⎟⎟
⎟
⎞

                                 (10) 

 
Theorem 1: For 𝑔𝑖𝑣𝑒𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 λ = 0,1,2,3  …then Det (𝐻λ)= (−1)λ2                                                                      (11) 
 
Proof: We have  𝐻λ = (𝑄λ)λ  
Since Det 𝑄λ=(−1)λ 
          Det (𝐻λ)= (Det 𝑄λ )λ = (−1)λ2 
 
Theorem 2: For 𝑔𝑖𝑣𝑒𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 λ = 0,1,2,3  …we have 

𝐻λ
𝒏 =

⎝

⎜
⎛

𝐹λ(𝑛λ+ 1) 𝐹λ(𝑛λ)
𝐹λ(𝑛λ − λ + 1) 𝐹λ(𝑛λ − λ)

⋯ 𝐹λ(nλ − λ + 2) 𝐹λ(nλ − λ+ 1)
⋯ 𝐹λ(𝑛λ − 2λ + 2) 𝐹λ(𝑛λ − 2λ+ 1)

⋮ ⋮
𝐹λ(𝑛λ − 1) 𝐹λ(𝑛λ − 2)
𝐹λ(𝑛λ) 𝐹λ(𝑛λ − 1)

⋮ ⋮ ⋮
⋯ 𝐹λ(𝑛λ − λ) 𝐹λ(𝑛λ − λ − 1)
⋯ 𝐹λ(𝑛λ − λ + 1) 𝐹λ(𝑛λ − λ) ⎠

⎟
⎞

                                    (12) 

where  𝐹λ(𝑛λ+ 𝑘) = 𝐹λ(𝑛λ + 1) +∑ 𝐹λ(𝑛λ − λ + 1)𝑘−1
𝑖=1  , n=±1, ±2, ±3, ±4 …. 

k = 2, 3, 4,…. and It was proved in [10] 
 
Theorem 3: For 𝑔𝑖𝑣𝑒𝑛 𝑖𝑛𝑡𝑒𝑔𝑒𝑟 λ = 0,1,2,3 ….and n=±1, ±2, ±3, ±4 …. 

then 𝐻λ𝒏 = 𝑄λnλ and Det 𝐻λ𝒏 = (−1)𝑛λ2                                (13) 

Case (i): if λ = 1 then 𝐻1𝒏 = 𝑄1n=�𝐹1(𝑛 + 1) 𝐹1(𝑛)
𝐹1(𝑛) 𝐹1(𝑛 − 1)� =�1 1

1 0�
𝑛

 

Det 𝐻1𝒏 =Det 𝑄1𝒏  = (Det 𝑄1)𝑛    = (−1)n where n=±2, ±3, ±4 ….    
 

Case (ii): if λ = 2 then 𝐻2𝒏 = 𝑄22n = �
𝐹2(2𝑛 + 1) 𝐹2(2𝑛) 𝐹2(2𝑛 − 1)
𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2) 𝐹2(2𝑛 − 3)
𝐹2(2𝑛) 𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2)

� 

                                                          = �
1 1 1
1 0 0
1 1 0

�
𝑛

 

Det 𝐻2𝒏 =Det 𝑄2𝟐𝒏  = (Det 𝑄2)2𝑛    = 1 where n=±2, ±3, ±4 ….                                           (14)
  

Continue this process we can generate matrices 𝐻λ𝒏  for λ =3, 4, 5, 6… and n=0, ±1, ±2, ±3, ±4 .... 
 
6. PROPERTIES 
 

1. 𝐻λ𝒏𝐻λ𝒎 = 𝐻λ𝒎𝐻λ
𝒏 = 𝐻λ

𝒏+𝒎
                                 (15) 

𝑠𝑖𝑛𝑐𝑒 𝐻λ
𝒏 = 𝑄λ

nλ,𝐻λ𝒎 = 𝑄λmλ 
𝐻λ𝒏𝐻λ𝒎 = 𝑄λnλ𝑄λmλ = 𝑄λ(n+m)λ=𝐻λ𝒏+𝒎 

2. 𝐻λ𝒏 = 𝐻λ𝒏−𝟏 +𝐻λ𝒏−𝒑−𝟏                                  (16) 
𝐻λ

𝒏−𝟏 +𝐻λ𝒏−𝒑−𝟏 = 𝑄λ(n−1)λ + 𝑄λ(n−λ−1)λ = 𝑄λnλ=𝐻λ𝒏 
3. Det (𝐻λ𝒏)= (𝐷𝑒𝑡 𝐻𝜆) 𝑛 =(−1)nλ2                                  (17) 

Det (𝐻λ
𝒏) = Det (𝑄λ𝒏λ) = 𝐷𝑒𝑡 (𝑄𝜆𝒏)λ = (−1)nλ2 

Det (𝐻λ𝒏) = (−1)nλ2 = ((−1)λ2)𝑛 = (𝐷𝑒𝑡 𝐻λ)𝑛 
 
7. The Fibonacci𝐜𝐨𝐝𝐢𝐧𝐠 𝐚𝐧𝐝 𝐝𝐞𝐜𝐨𝐝𝐢𝐧𝐠 𝐦𝐞𝐭𝐡𝐨𝐝 
 
7.1. Determinant of the code matrix E: 
The code matrix E is defined by the following formula E=M×(𝐻λ𝒏) 
According to the matrix theory [5].  
 
We have Det E=Det M× Det (𝐻λ𝒏)= Det M× (−1)nλ2                                                                                                        (18) 
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7.2. Relations among the code matrix elements for λ = 1 
We can write the code matrix E and the initial message matrix M as following 

𝐸 = M × (𝐻1
𝒏) = �

𝑚1 𝑚2
𝑚3 𝑚4

� �𝐹1(𝑛 + 1) 𝐹1(𝑛)
𝐹1(𝑛) 𝐹1(𝑛 − 1)� = �

𝑒1 𝑒2
𝑒3 𝑒4� 

and        M = E × (𝐻1
−𝒏) = �

𝑒1 𝑒2
𝑒3 𝑒4� �

−𝐹1(𝑛 − 1) 𝐹1(𝑛)
𝐹1(𝑛) −𝐹1(𝑛 + 1)� = �

𝑚1 𝑚2
𝑚3 𝑚4

� 

 
Since 𝑚1,𝑚2,𝑚3,𝑚4 𝑎𝑟𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 

𝑚1 = −𝑒1𝐹1(𝑛 − 1) + 𝑒2𝐹1(𝑛) > 0                                                                             (19) 
𝑚2 = 𝑒1𝐹1(𝑛)− 𝑒2𝐹1(𝑛 + 1) > 0                                                            (20) 
𝑚3 = −𝑒3𝐹1(𝑛 − 1) + 𝑒4𝐹1(𝑛) > 0                                             (21) 
𝑚4 = 𝑒3𝐹1(𝑛)− 𝑒4𝐹1(𝑛 + 1) > 0                                      (22) 

 
From (19) & (20), we get 

𝐹1(𝑛+1)
𝐹1(𝑛)

< 𝑒1
𝑒2

<  𝐹1(𝑛)
𝐹1(𝑛−1)

                     (23) 
 
From (21) & (22) ,we get 

𝐹1(𝑛+1
𝐹1(𝑛)

< 𝑒3
𝑒4

<  𝐹1(𝑛)
𝐹1(𝑛−1)

                     (24)
   

From the inequalities (23) and (24), we obtain 
𝑒1
𝑒2
≈ 𝜏, 𝑒3

𝑒4
≈  𝜏, Where 𝜏 = 1+√5

2
                                 (25)

  
For n=2k we obtain the similar relations given (25) 
 
7.3. Relations among the code matrix elements for λ = 2 
In this paper, we have developed relations among the code matrix elements for λ = 2 
 
We can write the code matrix E and initial message M as following  

𝐸 = M × (𝐻2𝒏) = �
𝑚1 𝑚2 𝑚3
𝑚4 𝑚5 𝑚6
𝑚7 𝑚8 𝑚9

��
𝐹2(2𝑛 + 1) 𝐹2(2𝑛) 𝐹2(2𝑛 − 1)
𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2) 𝐹2(2𝑛 − 3)
𝐹2(2𝑛) 𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2)

�   = �
𝑒1 𝑒2 𝑒3
𝑒4 𝑒5 𝑒6
𝑒7 𝑒8 𝑒9

� 

and        M = 𝐸 × (𝐻2−𝒏) = �
𝑒1 𝑒2 𝑒3
𝑒4 𝑒5 𝑒6
𝑒7 𝑒8 𝑒9

��
𝐹2(2𝑛 + 1) 𝐹2(2𝑛) 𝐹2(2𝑛 − 1)
𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2) 𝐹2(2𝑛 − 3)
𝐹2(2𝑛) 𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2)

�

−1

 

                                          =  �
𝑚1 𝑚2 𝑚3
𝑚4 𝑚5 𝑚6
𝑚7 𝑚8 𝑚9

� 

M=�
𝑒1 𝑒2 𝑒3
𝑒4 𝑒5 𝑒6
𝑒7 𝑒8 𝑒9

� × 

�
𝐅𝟐𝟐(𝟐𝐧 − 𝟐) − 𝐅𝟐(𝟐𝐧 − 𝟏)𝐅𝟐(𝟐𝐧 − 𝟑) 𝐅𝟐𝟐(𝟐𝐧 − 𝟏) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟐) 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑) − 𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧− 𝟏)

𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑) − 𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧− 𝟏) 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟏) 𝐅𝟐𝟐(𝟐𝐧 − 𝟏) − 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟑)
𝐅𝟐𝟐(𝟐𝐧 − 𝟏) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟐) 𝐅𝟐𝟐(𝟐𝐧) − 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧− 𝟏) 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟏)

� 

 
Since 𝑚1,𝑚2,𝑚3,𝑚4,𝑚5,𝑚6,𝑚7,𝑚8,𝑚9 𝑎𝑟𝑒 𝑝𝑜𝑠𝑖𝑡𝑖𝑣𝑒 𝑖𝑛𝑡𝑒𝑔𝑒𝑟𝑠 

m1 = e1�𝐅𝟐𝟐(𝟐𝐧− 𝟐)− 𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧− 𝟑)� + e2[𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑)− 𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧 − 𝟏)] 
           + e3�𝐅𝟐𝟐(𝟐𝐧− 𝟏) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟐)� > 0                                             (26) 
 
m2 = e1�𝐅𝟐𝟐(𝟐𝐧− 𝟏)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟐)� + e2[𝐅𝟐(𝟐𝐧+ 𝟏)𝐅𝟐(𝟐𝐧− 𝟐)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟏)] 
          + e3�𝐅𝟐𝟐(𝟐𝐧)− 𝐅𝟐(𝟐𝐧+ 𝟏)𝐅𝟐(𝟐𝐧 − 𝟏)�  > 0                                   (27) 
 
m3 = e1[𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑)− 𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐)] + e2𝐅𝟐𝟐(𝟐𝐧 − 𝟏)− 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧− 𝟑)] 
           + e3[𝐅𝟐(𝟐𝐧+ 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟏)] > 0                 (28) 
 
m4 = e4�𝐅𝟐𝟐(𝟐𝐧− 𝟐)− 𝐅𝟐(𝟐𝐧 − 𝟏)𝐅𝟐(𝟐𝐧− 𝟑)� + e5[𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑)− 𝐅𝟐(𝟐𝐧 − 𝟏)𝐅𝟐(𝟐𝐧− 𝟏)] 
          + e6�𝐅𝟐𝟐(𝟐𝐧 − 𝟏) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟐)�  > 0                               (29) 
 
m5 = e4�𝐅𝟐𝟐(𝟐𝐧− 𝟏)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟐)� + e5[[𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟏)] 
          + e6�𝐅𝟐𝟐(𝟐𝐧)− 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧− 𝟏)� > 0                  (30) 
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m6 = e4[𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑)− 𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐)] + e5𝐅𝟐

𝟐(𝟐𝐧 − 𝟏)− 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧− 𝟑)] 
         +e6[𝐅𝟐(𝟐𝐧+ 𝟏)𝐅𝟐(𝟐𝐧− 𝟐)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟏)] > 0                              (31) 
 
m7 = e7�𝑭𝟐

𝟐(𝟐𝒏 − 𝟐) −𝑭𝟐(𝟐𝒏 − 𝟏)𝑭𝟐(𝟐𝒏 − 𝟑)� + e8[𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏 − 𝟑) −𝑭𝟐(𝟐𝒏 − 𝟏)𝑭𝟐(𝟐𝒏 − 𝟏)] 
         + 𝑒9�𝑭𝟐

𝟐(𝟐𝒏 − 𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏 − 𝟐)� > 0                               (32) 
 
m8 = e7�𝐅𝟐

𝟐(𝟐𝐧− 𝟏)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟐)� + e8[𝐅𝟐(𝟐𝐧+ 𝟏)𝐅𝟐(𝟐𝐧− 𝟐)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟏)] 
         + e9�𝐅𝟐

𝟐(𝟐𝐧)− 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟏)� > 0                               (33)
  
m9 = e7[F2(2n)F2(2n− 3) − F2(2n− 1)F2(2n− 2)] + e8 [F2

2(2n− 1) − F2(2n + 1)F2(2n− 3)] 
         + e9[F2(2n + 1)F2(2n− 2) − F2(2n)F2(2n− 1)] > 0                 (34) 

 
From (26) 

𝐞𝟏�𝐅𝟐
𝟐(𝟐𝐧 − 𝟐)� + 𝐞𝟐[𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑)] + 𝐞𝟑�𝐅𝟐

𝟐(𝟐𝐧 − 𝟏)� > 
𝐞𝟏[𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧− 𝟑)] + 𝐞𝟐[𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧 − 𝟏)] + 𝐞𝟑[ 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟐)]                           (35)   

 
From (27) 

  𝐞𝟏�𝐅𝟐
𝟐(𝟐𝐧− 𝟏)� + 𝐞𝟐[𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐)] + 𝐞𝟑�𝐅𝟐

𝟐(𝟐𝐧)� > 
𝐞𝟏𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟐)]+𝐞𝟐𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟏)]+𝐞𝟑 𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧− 𝟏)                                          (36)    

 
From (28) 

𝐞𝟏[𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟑)] + 𝐞𝟐𝐅𝟐
𝟐(𝟐𝐧− 𝟏)] + 𝐞𝟑[𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐)]  > 

𝐞𝟏𝐅𝟐(𝟐𝐧 − 𝟏)𝐅𝟐(𝟐𝐧 − 𝟏) + 𝐞𝟐𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟑) + 𝐞𝟑𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟏)                            (37) 
 
Dividing both sides by 𝑒1[𝐹2(2𝑛)𝐹2(2𝑛 − 3)] 𝑜𝑓 (35), 𝑒1𝐹2(2𝑛)𝐹2(2𝑛 − 2) 𝑜𝑓 (36), 

 𝑒1𝐹2(2𝑛 − 1)𝐹2(2𝑛 − 2) 𝑜𝑓 (37) 
Therefore we get 

𝐞𝟑
𝐞𝟏
�𝐅𝟐𝟐(𝟐𝐧 − 𝟏) − 𝐅𝟐(𝟐𝐧 − 𝟐)𝐅𝟐(𝟐𝐧)� > 𝐞𝟐

𝐞𝟏
[𝐅𝟐(𝟐𝐧− 𝟐)𝐅𝟐(𝟐𝐧 − 𝟏)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟑)] 

+�𝐅𝟐(𝟐𝐧 − 𝟏)𝐅𝟐(𝟐𝐧 − 𝟑) − 𝐅𝟐𝟐(𝟐𝐧 − 𝟐)�                                             (38) 
 

𝐞𝟑
𝐞𝟏
�𝐅𝟐(𝟐𝐧− 𝟏)𝐅𝟐(𝟐𝐧 + 𝟏) − 𝐅𝟐𝟐(𝟐𝐧)� <𝐞𝟐

𝐞𝟏
[𝐅𝟐(𝟐𝐧 − 𝟐)𝐅𝟐(𝟐𝐧 + 𝟏)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟏)] 

 +�𝐅𝟐𝟐(𝟐𝐧− 𝟏)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟐)�                                                                                      (39) 
 

𝐞𝟑
𝐞𝟏

[𝐅𝟐(𝟐𝐧+ 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐)− 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧− 𝟏)] >𝐞𝟐
𝐞𝟏
�𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟑) − 𝐅𝟐𝟐(𝟐𝐧 − 𝟏)� 

 +[𝐅𝟐(𝟐𝐧 + 𝟏)𝐅𝟐(𝟐𝐧 − 𝟐) − 𝐅𝟐(𝟐𝐧)𝐅𝟐(𝟐𝐧 − 𝟑)]                                                      (40) 
 
Let A=𝑭𝟐𝟐(𝟐𝒏 − 𝟏) −𝑭𝟐(𝟐𝒏 − 𝟐)𝑭𝟐(𝟐𝒏),  
 
Let B = 𝑭𝟐(𝟐𝒏 − 𝟏)𝑭𝟐(𝟐𝒏+ 𝟏)− 𝑭𝟐𝟐(𝟐𝒏), 
 
Let 𝑪 = 𝑭𝟐(𝟐𝒏 + 𝟏)𝑭𝟐(𝟐𝒏 − 𝟐)− 𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏 − 𝟏) 
 
Case (1): If A > 0, B > 0, C > 0 then  𝑒3

𝑒1
> 𝑈  since from (38) 

where U=𝑒2
𝑒1
�𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟑)

𝑭𝟐𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏)
�+�𝑭𝟐(𝟐𝒏−𝟏)𝑭𝟐(𝟐𝒏−𝟑)−𝑭𝟐𝟐(𝟐𝒏−𝟐)

𝑭𝟐𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏)
�                                                                 (41) 

Since from (39) 𝑒3
𝑒1

< 𝑉, Where  V=𝑒2
𝑒1
�𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟏)

𝑭𝟐(𝟐𝒏−𝟏)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐𝟐(𝟐𝒏)
�+�𝑭𝟐

𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟐)

𝑭𝟐(𝟐𝒏−𝟏)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐𝟐(𝟐𝒏)
�                            (42) 

 
From (41) and (42) 

𝑒1
𝑒2

> 𝑭𝟐(𝟐𝒏)
𝑭𝟐(𝟐𝒏−𝟏)                        (43) 

 
From (25)  𝑒3

𝑒1
< 𝑊,  

Where 𝑊 = 𝑒2
𝑒1
� 𝑭𝟐(𝟐𝒏−𝟑)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐𝟐(𝟐𝒏−𝟏)
𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟏)

�+�𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏−𝟐)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟑)
𝑭𝟐(𝟐𝒏+𝟏)𝑭𝟐(𝟐𝒏−𝟐)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟏)

�                            (44) 
 
From (40) and (42)  
𝑒1
𝑒2

<
𝐹2(2𝑛 + 1)
𝐹2(2𝑛)  
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Therefore 𝑭𝟐(𝟐𝒏)

𝑭𝟐(𝟐𝒏−𝟏) < 𝑒1
𝑒2

< 𝑭𝟐(𝟐𝒏+𝟏)
𝑭𝟐(𝟐𝒏)                                   (45) 

 
Similar fashion, we get 𝑭𝟐(𝟐𝒏)

𝑭𝟐(𝟐𝒏−𝟏) < 𝑒2
𝑒3

< 𝑭𝟐(𝟐𝒏+𝟏)
𝑭𝟐(𝟐𝒏) , 𝑭𝟐(𝟐𝒏)

𝑭𝟐(𝟐𝒏−𝟏) < 𝑒1
𝑒3

< 𝑭𝟐(𝟐𝒏+𝟏)
𝑭𝟐(𝟐𝒏)                              (46) 

Case (2): If A=0,B>0,C>0 
𝑒1
𝑒2

> 𝑭𝟐(𝟐𝒏)
𝑭𝟐(𝟐𝒏−𝟏) Using A=0                     (47) 

 
From (37) and (38)  

𝑒1
𝑒2

< 𝑭𝟐(𝟐𝒏+𝟏)
𝑭𝟐(𝟐𝒏)  Using A=0                     (48) 

 
From (44) and (45)  
Therefore 𝑭𝟐(𝟐𝒏)

𝑭𝟐(𝟐𝒏−𝟏) < 𝑒1
𝑒2

< 𝑭𝟐(𝟐𝒏+𝟏)
𝑭𝟐(𝟐𝒏)                                   (49) 

Case (3): If A<0,B<0,C<0 then  𝑒3
𝑒1

< 𝑈,  

where U=𝑒2
𝑒1
�𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟑)

𝑭𝟐𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏)
�+�𝑭𝟐(𝟐𝒏−𝟏)𝑭𝟐(𝟐𝒏−𝟑)−𝑭𝟐𝟐(𝟐𝒏−𝟐)

𝑭𝟐𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏)
�                                                 (50) 

𝑒3
𝑒1

> 𝑉, Where V=𝑒2
𝑒1
�𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟏)

𝑭𝟐(𝟐𝒏−𝟏)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐𝟐(𝟐𝒏)
�+�𝑭𝟐

𝟐(𝟐𝒏−𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟐)

𝑭𝟐(𝟐𝒏−𝟏)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐𝟐(𝟐𝒏)
�                            (51) 

 
From (48) and (49) 
We get         𝑒1

𝑒2
< 𝑭𝟐(𝟐𝒏)

𝑭𝟐(𝟐𝒏−𝟏)                                  (52) 
 
From (38)   𝑒3

𝑒1
< 𝑊,  

Where 𝑊 =𝑒2
𝑒1
� 𝑭𝟐(𝟐𝒏−𝟑)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐𝟐(𝟐𝒏−𝟏)
𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏+𝟏)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟏)

�+�𝑭𝟐(𝟐𝒏−𝟐)𝑭𝟐(𝟐𝒏−𝟐)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟑)
𝑭𝟐(𝟐𝒏+𝟏)𝑭𝟐(𝟐𝒏−𝟐)−𝑭𝟐(𝟐𝒏)𝑭𝟐(𝟐𝒏−𝟏)

�                            (53) 
 
From (39) and (40)  

𝑒1
𝑒2

> 𝐹2(2𝑛+1)
𝐹2(2𝑛)                                    (54) 

Therefore 𝑭𝟐(𝟐𝒏+𝟏)
𝑭𝟐(𝟐𝒏) < 𝑒1

𝑒2
< 𝑭𝟐(𝟐𝒏)

𝑭𝟐(𝟐𝒏−𝟏)                                  (55) 
 
Similar fashion, we get 𝑭𝟐(𝟐𝒏+𝟏)

𝑭𝟐(𝟐𝒏) < 𝑒2
𝑒3

< 𝑭𝟐(𝟐𝒏)
𝑭𝟐(𝟐𝒏−𝟏) , 𝑭𝟐(𝟐𝒏+𝟏)

𝑭𝟐(𝟐𝒏) < 𝑒1
𝑒3

< 𝑭𝟐(𝟐𝒏)
𝑭𝟐(𝟐𝒏−𝟏)                             (56) 

 
Similar fashion, it can be proved for remaining cases 

𝐹2(2𝑛)
𝐹2(2𝑛−1) ≶

𝑒1
𝑒2
≶ 𝐹2(2𝑛+1)

𝐹2(2𝑛)                      (57) 
𝐹2(2𝑛)

𝐹2(2𝑛−1) ≶
𝑒2
𝑒3
≶ 𝐹2(2𝑛+1)

𝐹2(2𝑛)                      (58) 
𝐹2(2𝑛)

𝐹2(2𝑛−1) ≶
𝑒1
𝑒3
≶ 𝐹2(2𝑛+1)

𝐹2(2𝑛)                      (59) 
Therefore, for large value of n 

𝑒1
𝑒2

= 𝜇, 𝑒2  
𝑒3

= 𝜇,   𝑒1
𝑒2

= 𝜇2, where 𝜇 = 1.465                   (60) 
𝑒1
𝑒2

= 𝜇, 𝑒2  
𝑒3

= 𝜇, 𝑒1 
𝑒2

= 𝜇2                     (61) 
𝑒1
𝑒2

= 𝜇, 𝑒2  
𝑒3

= 𝜇, 𝑒1
𝑒2

 = 𝜇2                     (62) 
 
The generalized relation among the code elements where  

E=( 𝑒𝑖𝑗)(𝛌+1)×(𝛌+1),   
𝑭𝛌(𝟐𝒏)

𝑭𝛌(𝟐𝒏−𝒌) ≶
𝑒𝑖𝑗
𝑒𝑖𝑗+𝑘

≶ 𝑭𝛌(𝟐𝒏+𝟏)
𝑭𝛌(𝟐𝒏−𝒌+𝟏), for i, j=1,2,3,4………..(𝛌 +1); k=1,2,3,….. 𝛌                           (63)

  
8. ERROR DETECTION /CORRECTION 
 
Because of the reasons arising in the channel, some errors may be occur in the code matrix E. So we try to determine 
and correct these errors using the properties of determinant in this process. 
 
Case i: Let 𝛌 = 1 and the message matrix M be as follows 

M =�
𝑚1 𝑚2
𝑚3 𝑚4

� 
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The new method of the error detection is an application of the 𝐻λ matrix. The basic idea of this method depends on 
calculating the determinants of M and E. Comparing the determinants obtained from the channel, the receiver can 
decide whether the code message E is true or not. Actually, we cannot determine which element of the code message is 
damaged. In order to find damaged element, we suppose different cases such as single error, two errors etc. Now, we 
consider the first case with a single error in the code matrix E. We can easily obtain that there are four places where 
single error. Since the elements of message matrix M are positive integers, we should find integer solutions of the 
equations from If there are not integer solutions of these equations, we find that our cases related to a single error is 
incorrect or an error can be occurred in the checking element “Det(M)”. If Det(M) is incorrect, we use the relations 
given in (25) to check a correctness of the code matrix E. 
 
Similarly, we can check the cases with double errors in the code matrix E. Let us consider the following case with 
double error in E 
(i) �

𝑥1 𝑒2
𝑒3 𝑒4�                 (𝑖𝑖)     �

𝑒1 𝑥2
𝑒3 𝑒4�          (𝑖𝑖𝑖)     �

𝑒1 𝑒2
𝑥3 𝑒4�             (𝑖𝑣)  �

𝑒1 𝑒2
𝑒3 𝑥4�                                                  (64) 

 
We can use following equations 

𝑥1𝑒4 − 𝑒2𝑒3 = (−1)𝑛𝐷𝑒𝑡 𝑀                    (65) 
𝑒1𝑒4 − 𝑥2𝑒3 = (−1)𝑛𝐷𝑒𝑡 𝑀                    (66) 
𝑒1𝑒4 − 𝑥3𝑒2 = (−1)𝑛𝐷𝑒𝑡 𝑀                    (67) 
𝑒1𝑥4 − 𝑒3𝑒2 = (−1)𝑛𝐷𝑒𝑡 𝑀                    (68) 

 
By using above equations, we have to write following way 

𝑥1 = (−1)𝑛𝐷𝑒𝑡 𝑀+𝑒2𝑒3
𝑒4

                       (69) 

𝑥2 = −(−1)𝑛𝐷𝑒𝑡 𝑀+𝑒1𝑒4
𝑒3

                     (70) 

𝑥3 = −(−1)𝑛𝐷𝑒𝑡 𝑀+𝑒1𝑒4
𝑒4

                     (71) 

𝑥4 = (−1)𝑛𝐷𝑒𝑡 𝑀+𝑒2𝑒3
𝑒1

                     (72) 
Since the elements of message matrix M are positive integers, we should find integer solutions of the equations from 
(68) to (71). If there are not integer solutions of these equations, we find that our cases related to a single error is 
incorrect or an error can be occurred in the checking element “Det(M)”. If Det(M) is incorrect, we use the relations 
given in (25) to check a correctness of the code matrix E. Similarly, we can check the cases with double errors in the 
code matrix E. 
 
Let us consider the following case with double error in E  

�
𝑥1 𝑥2
𝑒3 𝑒4�                      (73) 

where 𝑥1, 𝑥2 are the damaged elements of E. Using the relation 
𝐷𝑒𝑡 E=(−1)𝑛𝐷𝑒𝑡 𝑀                     (74) 

 
We can write following equation for the matrix 𝐷𝑒𝑡 E=𝑥1𝑒4 − 𝑥2𝑒3 

𝑥1𝑒4 − 𝑥2𝑒3 = (−1)𝑛𝐷𝑒𝑡 𝑀                    (75) 
 
Also, we know the following relation between 𝑥1 𝑎𝑛𝑑 𝑥2 

𝑥1
𝑥2
≈ 𝜏                                                   (76) 

It is clear that the equation (73) is a Diophantine equation. Because there are many solutions of Diophantine equations, 
we should choose the solutions 𝑥1, 𝑥2 satisfying the above checking relation (74). Using the similar approach, we can 
correct the triple errors in the code matrix E such that 

�
𝑥1 𝑥2
𝑥3 𝑒4�                      (77) 

Where 𝑥1, 𝑥2 and 𝑥3 are damaged elements of E. 
 
Consequently, our method depends on confirmation of various cases about damaged elements of E using the checking 
element Det(M) and checking relation 𝑥1, 𝑥2. Our correctness method permits us to correct 14 cases among the 15 
cases, because our method is inadequate for the case with four errors. So we can say that correction ability of our 
method is 14

15
 = 0.9333≡93.33% 

 
Case ii: Let 𝛌 = 2 and the message matrix M be as follows 

𝑀 = �
𝑚1 𝑚2 𝑚3
𝑚4 𝑚5 𝑚6
𝑚7 𝑚8 𝑚9

� 
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𝐸 = M × (𝐻2
𝒏) = �

𝑚1 𝑚2 𝑚3
𝑚4 𝑚5 𝑚6
𝑚7 𝑚8 𝑚9

��
𝐹2(2𝑛 + 1) 𝐹2(2𝑛) 𝐹2(2𝑛 − 1)
𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2) 𝐹2(2𝑛 − 3)
𝐹2(2𝑛) 𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2)

�   = �
𝑒1 𝑒2 𝑒3
𝑒4 𝑒5 𝑒6
𝑒7 𝑒8 𝑒9

� 

M = 𝐸 × (𝐻2
−𝒏) = �

𝑒1 𝑒2 𝑒3
𝑒4 𝑒5 𝑒6
𝑒7 𝑒8 𝑒9

��
𝐹2(2𝑛 + 1) 𝐹2(2𝑛) 𝐹2(2𝑛 − 1)
𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2) 𝐹2(2𝑛 − 3)
𝐹2(2𝑛) 𝐹2(2𝑛 − 1) 𝐹2(2𝑛 − 2)

�

−1

 

                                           = �
𝑚1 𝑚2 𝑚3
𝑚4 𝑚5 𝑚6
𝑚7 𝑚8 𝑚9

� 

The code matrix E may contain single, double, . . ., nine fold error similar to [1]. Thus, there are9𝐶1 + 9𝐶2+9𝐶3 + 9𝐶4 +
9𝐶5 + 9𝐶6 + 9𝐶7 + 9𝐶8 + 9𝐶9 = 242 − 1 = 511 
codes of errors in the code matrix E. We can use hypotheses for single error, double error, . . ., nine fold error as [1]. 
The nine fold error of the code matrix is not correctable so the possibility to correct eight cases of the method is          
510
511

 = 0:9980 ≡99:80%: 
 
In general, for 𝛌 = t and n > 𝛌 + 1 = t + 1 the correct possibility of the method is 

2(𝑡+1)2 − 2
2(𝑡+1)2 − 1

 

 
Therefore, for large value of 𝛌 = 𝐭, the correct possibility of the method is 

2(𝑡+1)2 − 2
2(𝑡+1)2 − 1

≈ 1 = 100% 

 
CONCLUSION 
 
The Fibonacci coding/decoding method is the main application of the Fibonacci 𝐻λ matrices. There lies a difference 
between the classical algebraic codes and companion matrix with Fibonacci coding method.  

(1) The relation between companion matrices and Fibonacci matrices with Fibonacci λ − numbers. 
(2) The correct ability of the method for the case 𝛌 = 1 is 93.33% which exceeds essentially all well-known 

correcting codes. 
(3) The correct ability of the method for the case 𝛌 = 2 is 99.80% which corrects up to eightfold of errors among 

nine folds. 
(4) The correct ability of the method increases as 𝛌  increases. 

 
REFERENCES 
 

1. A. P. Stakhov, Fibonacci matrices, a generalization of the Cassini formula and a new coding theory, Solitions 
and Fractals, 30 (2006), 56-66.  

2. Gould HW. A history of the Fibonacci Q-matrix and a higher-dimensional problem. The Fibonacci Quart 
1981(19):250–7.  

3. Stakhov A, Massingue V, Sluchenkova A. Introduction into Fibonacci coding and cryptography. Kharkov: 
Osnova; 1999. 

4. Stakhov AP. A generalization of the Fibonacci Q-matrix. Rep Natl Acad Sci Ukr 1999(9):46–9. 
5. S. Halıcı, T. Batu - On the Fibonacci Q-matrices of the order m ACTA UNIVERSITATIS APULENSIS,2009 
6. A. P. Stakhov, The golden matrices and a new kind of cryptography, Chaos, Solitions and Fractals 32(2007), 

1138-1146.  
7. Hoggat VE. Fibonacci and Lucas numbers. Palo Alto, CA: Houghton-Mifflin; 1969. 
8. Hohn FE. Elementary matrix algebra. New York: Macmillan Company; 1973. 
9. M. Basu, B. Prasad  The generalized relations among the code elements for Fibonacci coding theory,Chaos, 

Solitons and Fractals 41 (2009) 2517–2525. 
10. Kuhapatanakul,The Fibonacci p-numbers and Pascal’s triangle, Cogent Mathematics (2016), 3: 1264176 

 
Source of support: Nil, Conflict of interest: None Declared. 

[Copy right © 2018. This is an Open Access article distributed under the terms of the International Journal 
of Mathematical Archive (IJMA), which permits unrestricted use, distribution, and reproduction in any 
medium, provided the original work is properly cited.] 
 


