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Generalization of Hadamard Matrices

Hadamard’s matrices are used widely at the forward links of 
communication channels to mix the information on connecting to 
and at the backward links of these channels to sift through this 
information is transmitted to reach the receivers this information 
in correct form, specially in the pilot channels, the Sync chan-
nels, the traffic channel and so much applications in the fields; 
Modern communication and telecommunication systems, signal 
processing, optical multiplexing, error correction coding, and de-
sign and analysis of statistics.
This research is useful to generate new sets of orthogonal ma-
trices by generalization Hadamard matrices,with getting bigger 
lengths and bigger minimum distance by using binary repre-
sentation of the matrices that assists to increase secrecy of 
these information, increase the possibility of correcting mistakes 
resulting in the channels of communication, giving idea to con-
struct new coders and decoders by mod p with more complexity 
for using these matrices and derivation new orthogonal codes or 
sequences. 

Keyword: Hadamard matrix, Binary vector, Coefficient of Cor-
relation, Walsh’s Sequences, Orthogonal sequences, Kronecker 
product, Code
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Introduction 

Hadamard matrices seem such simple matrix 

structures: they are square, have entries +1 or 

−1 and have orthogonal row vectors and 

orthogonal column vectors. 

A Hadamard matrix is invented by Sylvester 

(1867), 26 years before Hadamard (1893) 

considered them. The nn Hadamard matrix nH  

must have  2/)1( nn  of “-1.s” and 2/)1( nn  of 

”1.s”. 

A Hadamard matrix of order n is a solution 

to Hadamard's maximum determinant problem, 

i.e., has the maximum possible determinant (in 

absolute value) of any nn complex matrix with 

elements 1ija (Brenner and Cummings 1972), 

namely  2/n
n  . An equivalent definition of the 

Hadamard matrices is given by n
T
nn nIHH  , 

where nI  is the nn identity matrix. 

Indeed, using the matrix of order 1, Sylvester 

(1867) proved ” there is an Hadamard matrix of 

order t
2   for all non-negative t . 

 

The matrices of order t
2 constructed using 

Sylvester’s construction are usually referred to 

as Sylvester-Hadamard matrices. The 

Sylvester-Hadamard matrices are associated 

with discrete orthogonal functions called Walsh 

functions. Hadamard (1893) gave examples for 

a few small orders. 

Hadamard (1893) remarked that 

a necessary condition for a Hadamard matrix to 

exist is that n =1, 2, or a positive multiple of 4 

(Brenner and Cummings 1972). Paley’s 

theorem guarantees that there always exists a 

Hadamard matrix nH when n is divisible by 4 

and of the form  )1(2 
me p for some positive 

integer m, nonnegative integer e,  and p an odd 

prime . In such cases, the matrices can be 

constructed using a Paley construction.                                                                                                    

Yet they have been actively studied for over 

138 years and still have more secrets to be 

discovered.  

 

Research method and Material 

Definition 1. The complement of the binary 

vector }1,0{),,...,,( 221 FxxxxX in  is the vector 

),...,,( 21 nxxxX  , where:    










10

01

i

i
i

xif

xif
x .                         [1,2] 

Definition 2. Suppose ),...,,( 110  nxxxx

and ),...,,( 110  nyyyy are binary vectors of 

length n on GF(2)={0,1}. The coefficient of 

correlations function of x and y, denoted by Rx,y, 

is:        

)1()1(
1

0
, 








n

i

yx
yx

iiR  

Where xi + yi is computed mod 2. It is equal to 

the number of agreements components minus  

the number of disagreements corresponding to 

components or if }1,1{, ii yx (usually, 

replacing in binary vectors x and y each “1” by 

“-1” and each “0” by “1”) then  







1

0
,

n

i
iiyx yxR , [1,2],[13-18]              (2) 

Definition 3. Suppose ),...,,( 110  nxxxx

and ),...,,( 110  nyyyy are binary vectors of  

length n on GF(2)={0,1}, or components belong 

to {1, -1}, is said strictly orthogonal or briefly 

orthogonal if 0, yxR , (Usually, said orthogonal 

if }1.0,1{, yxR  ). [1,2],[13-18] 

Definition 4. Suppose G is a set of binary 

vectors of length n:  

 1,...,1,0},1,0{),,...,,(; 2110   niFxxxxXXG in

 

Let’s 1*= -1 and 0* =1, The set G is said to be 

orthogonal if the following two conditions are 

Satisfied: 

 

.0,0,.1 0,

1

0

 





x

n

i
i RorxGX

      (3)
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

yx

n

i

ii RoryxYXGYX

     

 

http://mathworld.wolfram.com/HadamardsMaximumDeterminantProblem.html
http://mathworld.wolfram.com/Determinant.html
http://mathworld.wolfram.com/ComplexMatrix.html
http://mathworld.wolfram.com/IdentityMatrix.html
http://mathworld.wolfram.com/Necessary.html
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That is, the absolute value of "the number of 

agreements minus the number of 

disagreements " is equal to zero. [1,2], [13-18] 

  

Definition 5.  The matrix ][ jiaA   is called 

Hadamard matrix if it is a square matrix and 

each entry is equals 1 or ”-“ (where - denotes  

1) with the property that if the size of A is h then 

h
TT IhAAAA  , in the decimal counting 

system, and the distinct rows vectors are 

mutually orthogonal. [20-27] 

 

Definition 6.  If all entries of the first row and 

the first column in the Hadamard matrix are 

equal to one then the matrix is called standard 

Hadamard matrix. The smallest examples are: 

  ,

11

11

11

1111

,
1

11
,1 210

222
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
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

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Such matrices were first invented by Sylvester 

(1867) who observed that if H is an Hadamard 

matrix, then: 

)5(











HH

HH
H

                     
 

 Is also an Hadamard matrix. [3-12] 

 

Lema 1. (Sylvester (1867)): There is an 

Hadamard matrix of order t2 for all nonnegative 

t. 

The matrices of order t2 constructed using 

Sylvester’s construction are usually Referred to 

as Sylvester-Hadamard matrices. [3-10] 

Hadamard (1983) gave examples for a few 

small orders. An example of order 12 is as 

follows: 
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Some basic properties of Hadamard matrices are given by following theorem: 

 

Theorem 2: Let hH be an Hadamard matrix of 

order h then: 

1. 
  h

t
hh hIHH  , where hI is the identity 

matrix of order h; 

2. 
   

h

hH 2

1

det  ; 

3. h
t
h

t
hh HHHH  ; 

4.   Hadamard matrices may be changed into 

other Hadamard matrices by permuting 
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rows and columns and by multiplying rows 

and columns by −1. 

     Matrices which can be obtained from one 

another by these methods are referred to as  

    H-equivalent (not all Hadamard matrices of 

the same order are H-equivalent). 

5.  Every Hadamard matrix is H-equivalent 

to an Hadamard matrix which has every 

element of its   first row and column equal +1 

– matrices of this latter form are called 

normalized. 

6.  If nH 4 is a normalized Hadamard matrix 

of order 4n, then every row (column), except 

the      

 first, has 2n minus ones and 2n plus ones in 

each row (column). 

7.  The order of an Hadamad matrix is 1, 2, 

4n, where n is a positive integer. 

     (Sylvester) Let 1H and 2H be two Hadamard 

matrices of orders 1h and 2h , then the  

     Kronecker product of 1H and 2H  is an 

Hadamard matrix of order 21hh . 

8. Standard Hadamard matrix hH  have 

orthogonal rows (columns) vectors and each 

row     (column) except the first row and first 

column contains h/2 of “1.s” and h/2 of “-1” 

and h/2 of  

   disagreements and h/2 of agreements h/4 of 

agreements are “1.s” and h/4 of  agreements 

are  

   “-1”. 

The first unsolved case is order 668. The 

previous smallest unsolved case, 428, was 

found in  

2004 by Kharaghani and Tayfeh-Rezaie 

Kharaghani and Tayfeh-Rezaie (2004).[3-12] 

 

Results and Discussion 

 Suppose p is a prime number larger than 2 and the matrices:

 

i. ]1[02
Z , then: ]1[02

tZ , ]1[. 00 22
tZZ and 102

Z , ]1[1

20 Z  

ii. 











11

11
12 p

Z , then:   

    












00

00

1

22

22

2
*

ZZ

ZZ
Z , where “ 00 22

)1( ZpZ  & 1)1( 2 p ” or is the same 02
Z  after     

        replacing, in it, each “1”  by “(p-1)” and, in the same time, each “(p-1)”   

        by “1”. 12
Z Symmetric and 11 22

ZZ t  . 

 

      
































)2(

0

10

01
2

)2(2

2
. 1

22 11

ppp

p

ppp

p
ZZ t   

    = 






















)2(22

20

10

01
2

1111

11
1

ppp

p
 

















)2(22

20
2..*

1111

11

2

1

2222
11111

ppp

p
IZZZZ tt

 

12

2

1

1 )2(*  pZ , 


































11

1)1(

)2(

1

11

11

2

1

12

1

2 11

p

p

p

p
Z
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     






















00

00

11

22

22

12

1

2
.1.1

.1

)2(

1

HH

HH

P
Z  

  Where the 02
H is the same 02

H after replacing the entry in the first row and first column by 

  “- (p-1)” . 

iii. 

























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1111
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1111

* 22

pp
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pp
Z , then:  

    












11

11

2

22

22

2
*

ZZ

ZZ
Z , where “ 11 22

)1( ZpZ  & 1)1( 2 p ” or is the same 12
Z

 
after  

      replacing, in it, each “1”  by “(p-1)” and, in the same time, each “(p-1)”   by “1”. 

 

22 22
* ZZ t 

,

























)2(242

)2(242

)2(242

2224

.
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22
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ppppp

ppppp

ppppp

ppp

ZZ t

 
 

22 22
* ZZ t  , 














































)2(22

)2(22

)2(22

2220
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0100

0010

0001

2.
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22
2
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ppppp

ppppp

ppppp

ppp

ZZ t

 

22 22
* ZZ t  , 


























)2(22

)2(22

)2(22

2220

2.
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2

2
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ppppp

ppppp

ppppp
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








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4

2
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
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


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

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





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

22222222
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





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






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2

2
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ppp
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2

22
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
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
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
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1
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p
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
















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
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
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2
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2

2

2

2
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1
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)2(2

1
*
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p
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Where 12

2)2( Hp   is the same 12

2)2( HP   after replacing the entry in the first row and first 

column by “  223 )2).(12()2(2  pp . 

 

In other words we find 2

22

2

22222 )2(2' HpB   , replacing the entry in first row and first column 

by  “  2221232 222

)2).(12()2(2   pp ” we get the matrix B , after multiplying 

 by 
1232 22

)2(2

1

  p
we get B

p
Z

1232

1

2 222

)2(2

1






 .  
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











11111111

11111111

11111111

11111111

11111111

11111111
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




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3
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2
*
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       replacing, in it, each “1” by “(p-1)” and, in the same time, each “(p-1)”  by “1”. 

33 22
* ZZ t  , 
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
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

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



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


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


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
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Where the 22

63 )2(2 Hp  or is the same 22

63 )2(2 Hp  after replacing the entry in the  

first row and first column by “  6375 )2(2).7()2(2  pp . 

In other words we find 3

33

2

22232 )2(2' HpB    ,  replacing the entry in first row and first  
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column by  “  
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2 33 ZZ  after replacing the entry in 

the first row and first column by     

          141041513 )2(2)12()2(2  pp . 

In other words we find 
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entry in first row and first  

column by  “  

2224242232 4444
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we get the matrix B after   
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vi. Some properties of mZ
                       

 

    The useful some properties of standard 

mZ , where  1,42,2  nnmornm n , 

except   

    1Z and 2Z  (or corresponding with 

Hadamard matrix) are following: 
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Z , where “

11 22
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         12 nZ
 
after replacing in it each “-1” by 

“(p-1)” . 

b. Any different two rows (columns) in mZ  are 

orthogonal by mod p.
 
 

c. mZ is symmetric that is 
t
mm ZZ   

d. Each row (column) of mZ contains m entries. 

e. All entries in the first row (column) of mZ are 

equals “1”. 
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f. Each row (column) of mZ except first row 

(column) contains 
2

m
of “1.s” and 

2

m
of  

“(p-1).s”. 

g. The distribution of “(p-1)” in mZ  is the same 

distribution of “-1” in mH . 

h. Any two different two rows (columns) except 

the first row(first column) contains 
2

m
 of 

disagreements and 
2

m
 of agreements, 

4

m
 of 

agreements are “1.s” and 
4

m
 of agreements 

are “(p-1).s”. 

i. For  ji  then the thi row from mZ and  thj

column from mH  (except the first row in mZ  

and first column in mH  ) are orthogonal 

because for two different rows ji AA , from 

mH  and ji  we have the distributions of “1” 

and “-1” : 
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⏞          
𝑚/4.

−1 − 1 … − 1
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and (p-1) in the row jB  from mZ ” or 
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        Is very clear that ji BA , are orthogonal 

and ji AB , also orthogonal. 
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Theorem 3: If mZ is generalized Hadamard 

matrix in standard form of order m and m 

is power of  
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    Theorem 4: If nZ in the standard form then: 

               

1232

2
)2(2.1  







nn

n pZ   

          

and
ZZ

ZZ

p

Z
nnnn

nn

nnn

2222

2

"

2

1232

1

2
11

11

)2(2

1
.2




































       

          

11

1

22
2222222222222222

2222222222222222

2222222222222222

2222222222222222

2

)2(2)2(2)2(2)2(2

)2(2)2(2)2(2)2(2

)2(2)2(2)2(2)2(2

)2(2)2(2)2(2)2(2

*
















































nn

nnnnnnnn

nnnnnnnn

nnnnnnnn

nnnnnnnn

n

pppp

pppp

pppp

pppp

Z

nnnn

nnnn

nnnn

nnnn











 Where the signals + or – of the entries in

'

2 1nZ corresponding to the signals of entries 

in  Hadamard matrix of the same size, and 

"

2 1nZ  is the same '

2 1nZ after replacing the 
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entry in   the first row and first column in 

'

2 1nZ   by: 22221232 )2(2)12()2(2  
nnnn

pp nn .  

In other words we find the matrix: 

n

nn

n HpB n

2

2222'

2
)2(2   and after 

replacing the entry in first row  and first 

column in it by:  

 

22221232 )2(2)12()2(2  
nnnn

pp nn
 

we get the matrix B then multiplying B by 

1232 )2(2

1

 






nn

p

and we get  

B

p

Z
nnn

1232

1

2
)2(2

1












  . 

First: For nm 2 , 





















mA

A

A

AZ n


2

1

2
and the matrix  ''

2
'
12

2222 ,,,')2(2 m
n BBBBHp n

nn

 

 

   
after replacing the entry in the first row and first column in n

nn

Hpn

2

2222 )2(2   by       

       





 




  22221232 )2(21222

nnnn

pp nn
 we get  mBBBB ,,, 21  and 

 
mmijcCBA


. then we have: 

* 1111 .BAc  =       222222221232 )2(212)2(21222  





 






nnnnnn

ppp nnnn
 

    1232
11 22

 






nn

pc
 

    From the property i.
 

• mjbpc
m

i
ij

nn
j

n

,...,3,1,0)2(2
1

222
1 








 





  

nici ,...,3,2,01    

• mippBAc
nn

n nn
ii ,...,3,2,)1(1)2(2.

11 22

222
22 








 





  

mippc
nnn

n nn
ii ,...,3,2,1)2(1)2(2

111 222

222 







 





 

  mippc nnn
ii

n

,...,3,2,)2(2)2(2
1222




 

mipc n
ii

n

,...,3,2,)2(2
132




 

• 1,...,3,2,;,0.  mjijiBAc jiij this is from property h.  

Thus: 

                                           
 

nnnn
IBZ

p
221232 22

1










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Or:  

 
)8(

22

1

1232

1

2

B

p

Z
nnn 










  

First finding n

nn

HpB n

2

2222' )2(2  

, after replacing the entry in first row and first 

column in n

nn

Hpn

2

2222 )2(2   by 

   





 




  22221232 )2(21222

nnnn

pp nn  then we  

get B and after we find 1

2



n
Z .

 mH , mZ Note 

that mH , mZ
 
are written in the standard form.  

 

And; 

 

* 

     131232 22

1

22

1
 










mm pp
nn

 

*  n

n
n

n

nn

HpHp
n

n

2

22
22

2

2222 )2(
2

2
)2(2 


 

 

                m
m

m
n Hp

m
Hp n

nn 2
2

2

2222 )2(
2

)2(2 


 
   

• 
        
































 


 2

2
1322221232 )2(

2
122)2(21222 m

m
mmnn p

m
mppp

nnnn

 

And : 

                                                      

  
B

p
Z

mmm 13
1

22

1







 
 

First we find m
m

m

Hp
m

B 2
2

)2(
2

' 




 
after 

replacing the entry in the first row and first 

column in  

m
m

m

Hp
m

B 2
2

)2(
2

' 


 by 

    













 


 2

2
13 )2(

2
122 m

m
mm p

m
mp and we get 

B and after we find 
1

mZ .  

 

Example 1: For the following Hadamard  𝐻12
′  







































































1111111

1111111

1111111

1111111

1111111

1111111

1111111

1111111

1111111

111111111

111111111

111111111

'
12H
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Rewriting '
12H  in the standard Hadamard form 12H : 





































































111111

111111

111111

111111

111111

111111

111111

111111

111111

111111

111111

111111111111

12H
 

 

Corresponding to standard 12Z :  

1212

12

)1()1(1)1(1)1(1)1(1)1(11

)1()1(11)1()1()1(111)1(1

11)1()1()1()1(111)1()1(1

1)1(1)1()1(1)1(1)1()1(11

)1(11)1()1(11)1()1(1)1(1

11111)1()1()1()1()1()1(1

)1(1)1(1)1(1)1()1(1)1(11

1)1()1()1(11)1()1(11)1(1

)1()1()1(11111)1()1()1(1

)1(1)1()1(1)1()1(1)1(111

1)1()1(1)1()1(1)1()1(111

111111111111






































































pppppp

pppppp

pppppp

pppppp

pppppp

pppppp

pppppp

pppppp

pppppp

pppppp

pppppp

Z

 

 

For 12H we have (m/2) = 6 and (m/4) = 3 and: 

 

1212
222

222

2222

222

222

121212

)1(63336

333

33)1(6336

33)1(636

333)1(66

66660

12.








































pppppp

ppp

ppppppp

pppppp

pppppp

pppp

IZZ t















 

 

And; 

 

 

  
B

p
Z

mmm 13
1

22

1





  

First finding: 
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

































































 


111111

111111

111111

111111

111111

111111

111111

111111

111111

111111

111111

111111111111

)2(
12

2
)2(

2
' 10

10

12
2

2

PHp
m

B m
m

 

 

 

After replacing the entry in the first row and first column in B’ by 












 10

10
119 )2(

12

2
)11()2()2(  pp

 

Thus: 

 

  

1212

10
10

10
10

10
10

10
10

10
10

10
10

10
10

10
10

10
10

119

119

1
12

)2(
12

2
)2(

12

2
)2(

12

2

)2(
12

2
)2(

12

2
)2(

12

2

)2(
12

2
)2(

12

2
)2(

12

2
)11()2()2(

22

1








































ppp

ppp

pppp

p
Z









 

      

                                                                                                           

Where the distribution of + and  –  in the 

matrix is the same distribution in H12  and  

We can check that 12
1

1212. IZZ  . 

vii.  Compose two generalized Hadamard 

matrices: let’s nZ and mZ two generalized 

Hadamard matrices of orders n, m 

respectively and mZ is mZ after replacing 

each “1” in   mZ by (p-1) and each (p-1) in mZ

by “1’ or mZ =(p-1) mZ and after replacing 

each 2
)1( p  by”1’ then compose nZ with mZ

or )( mn ZZ is a generalized Hadamard 

matrices of order  

        mn . 

 

 

Example 2: Find )( 222 ZZ  

 


























1)1()1(1

)1()1(11

)1(1)1(1

1111

2
2

pp

pp

pp
Z , 

























1)1(

)1()1(
,

)1(1

11
22

p

pp
Z

P
Z  
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32
222

)1(1

11

1)1(

)1()1(

1)1(

)1()1(

)1(1

11

1)1(

)1()1(

1)1(

)1()1(

)1(1

11

)1(1

11

1)1(

)1()1(

)1(1

11

1)1(

)1()1(

)1(1

11

)1(1

11

)1(1

11

)1(1

11

)1(1

11

)( Z

Pp

pp

p

pp

P

p

pp

p

pp

PP

p

pp

Pp

pp

P

PPPP

ZZ 

































































 
 

        By the same way 48124 )( ZZZ 

viii. Binary Representation of Standard 

mZ :  Suppose mZ is a standard generalized 

Hadamard matrix, replacing each “1” by “0” 

and in the same time each “(p-1)’ by “1” then 

we have the binary representation of mZ . 

The rows (columns) in binary representation of 

standard generalized Hadamard matrix mZ form 

an additive group where the addition is done by 

mod 2. 

Example 3: the binary representation of 22
Z is: 














































0110

1100

1010

0000

1)1()1(1

)1()1(11

)1(1)1(1

1111

22

pp

pp

pp
Z  

Conclusion 

1.  Generalized Hadamard matrix mZ  of 

order m based on the Hadamard matrix mH

of the same      

 order after replacing each “-1” in mH by “(p-

1)” and m is 1,2 or 4n where n is positive 

integer. 

2.  mZ is symmetric and each two different 

rows (columns) are orthogonal by mod p. 

3.  All the entries in the first row(column) in 

the standard Generalized Hadamard matrix 

mZ are  “1.s” and each other row (column) 

contains m/2 of “1.s” and m/2 of “(p-1). 

4.  Any two different rows (columns) of mZ

except the first row(column) contain m/2 of 

disagreements and m/2 of agreements and, 

m/4 of agreements are “1.s” and the same 

number of agreements are “(p-1).s” and from 

this m is 1,2 or 4n . 

5.  Any two different rows iZ and jZ (and 

any two different row iZ and column jZ that is 

ji  ) from mZ except the first row and first 

column are orthogonal by mod p. 

6.  If mZ is generalized Hadamard matrix 

then 









mm

mm
m

ZZ

ZZ
Z2  

    is also generalized Hadamard matrix 

where mZ is mZp )1(  after replacing each (p-

1)2 by “1”. 

7.  If mZ is generalized Hadamard matrix in 

standard form of order m and m is power of 

2 0r 

8. not     

 then:    



































)1()2/()4/()4/()4/()2/(

)4/(

)4/()4/()1()2/()4/()2/(

)4/()4/()1()2/()2/(

)2/()2/()2/(0

222

2

222

22

ppmpmpmpmpm

pm

pmpmppmpmpm

pmpmppmpm

pmpmpm

mIZZ m
t
mm













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9.  If mZ is generalized Hadamard matrix in 

standard form of order m and m is power of 

2 0r not     

  then:
     

  
B

p
Z

mmm 13
1

22

1







 

 First we find m
m

m

Hp
m

B 2
2

)2(
2

' 




 
after 

replacing the entry in the first row and first in 

m
m

m

Hp
m

B 2
2

)2(
2

' 


 by 

    













 


 2

2
13 )2(

2
122 m

m
mm p

m
mp and we get    B 

and after we find 
1

mZ .  

10.  If mn ZZ , are two standard generalized 

Hadamard matrices then the compose 

)( mn ZZ and )( mm ZZ are generalized 

Hadamard matrices of order mn . 

11. The binary representation of standard 

Hadmard matrix mZ forms an additive group 

where the addition is done by mode 2. 

 

Acknowledgment 

The author express their gratitude to Prof. 

Abdulla Y Al Hawaj, President of Ahlia 

University for all the Support. 

 

References 
[1] Al Cheikha, A. H. (2014), Composed Short 

Walsh’s Sequences, American International Journal   

for Contemporary  Scientific Research, 1(2), 81-88. 

[2] Al Cheikha, A. H. (2005), Generation of sets of 

sequences isomorphic to Walsh sequences. Qatar  

University Science Journal, 25, 16-30. 

[3] Brouwer, A. E.; Cohen, A. M.; and Neumaier, 

A.(1989), "Hadamard Matrices" §1.8 in Distance 

Regular Graphs. New York: Springer-Verlag, pp. 19-

20,. 

[4] Djoković, D. Z. (2009),"Hadamard Matrices of 

Small Order and Yang Conjecture"      

http://arxiv.org/abs/0912.5091. 

[5] Evangelaras, H.; Koukouvinos C.; Seberry 

J.(2003), applications of Hadamard matrices,        

Journal of telecommunication and information 

technology. Pp. 3-10 

[6] Fraleigh, J. B. (1971), A First course In Abstract 

Algebra. Fourth printing, USA: Addison-Wesley       

publishing company. 

[7] Geramita,A.V., Seberry, J.(1979), Orthogonal 

designs, quadratic forms and Hadamard Matrices,  

Lecture Notes in Pure and Applied Mathematics, 

vol.43, Marcel Dekker, NewYork and Basel. 

[8] Geramita, A.V., Seberry, J.(1979), Orthogonal 

Designs: Quadratic Forms and  Hadamard Matrices, 

New York-Basel: Marcel Dekker. 

[9] Hedayat, A.S., Sloane, N.J.A., Stufken, J.(1999), 

Orthogonal arrays theory and Applications, Springer-

Verlag, New York.   

[10] Hedayat, A., Wallis, W.D.(1978), Hadamard 

matrices and their applications. Ann. Stat. 6, 1184–

1238 

[11] Kitis, L. "Paley's Construction of Hadamard.  

[12] Koukouvinos, C.; Kounias, S.(1998), An infinite 

class of Hadamard matrices. J Austral  Math SocA 46, 

384–394 18 Seberry et al. 

[13] Lee, J. S., Miller. L. E. (1998 ), CDMA Systems 

Engineering Handbook. Boston, London: Artech         

House.  

[14] Lidl, R., Niederreiter, H. (1986), Introduction to 

Finite Fields and Their Application. USA:       

Cambridge University. 

[15] Mac Williams, F. J.; Sloane, N. J. A. (1978), The 

theory of Error- correcting Codes, Amsterdam: North- 

Holland Publishing Company 

[16] Seberry, J. (2004), Library of hadamard matrices, 

http//www.uow.edu.au/ jennie/  hadamard.html. 

[17] Seberry, J., Yamada, M.,(1992), Hadamard 

matrices, sequences, and block designs, In:        

Dinitz JH, Stinson DR (eds) Contemporary design 

theory: a collection of surveys, JohnWiley & Sons, 

Inc., Pp 431–437. 

[18] Seberry, J.; Wysocki, B.J.; Wysocki, T.A.,(2003) 

Williamson-Hadamard spreading equences for 

DSCDMA applications. J.Wireless Commun. Mobile 

Comput, 3(5),  597–607 .  

[19] Seberry, J.; JWysocki, B. ; AWysocki, T., On 

some applications of Hadamard matrices. 

[20] Seberry, J.; Wysocki, B.J.; Wysocki, T.A.; Tran, 

L.C.; Wang, Y.; Xia, T.; Zhao, Y., (2004), Complex 

orthogonal sequences from amicable Hadamard 

matrices, IEEE VTC’ Spring, Milan, Italy, 17-19 May 

2004 - CD ROM, 2004 

[21] Seberry J., Yamada M.,(1992), Hadamard 

matrices, sequences and designs, in Contemporary 

Design Theory – a Collection of Surveys, D. J. 

Stinson and J. Dinitz, Eds.  Wiley, Pp. 431–560. 

[22] Seberry J.; Wallis, (1972),Part IV of 

combinatorics: Room squares, sum free sets and 

http://www.amazon.com/exec/obidos/ASIN/0387506195/ref=nosim/ericstreasuretro
http://www.amazon.com/exec/obidos/ASIN/0387506195/ref=nosim/ericstreasuretro
http://arxiv.org/abs/0912.5091


Ahmad Hamza Al Cheikha, AJCSA, 2017; 1:9 

Http://escipub.com/american-journal-of-computer-sciences-and-applications/        0018

 

Hadamard matrices, Lecture Notes in Mathematics, 

W. D. Wallis, A. Pen fold Street, and J. Seberry 

Wallis, Eds. Berlin- Heidelberg-New York: Springer, 

vol. 292. 

[23] Sloane, N.J.A.(2004), A library of Hadamard 

matrices, http//www.research.att.com/ 

najs/hadamard/. 

[24]   Wolfram Notebook, Hadamard Matrix. 

[25] Wysocki, B.J.; Wysocki, T.A., (2002),  Modified 

Walsh-Hadamard sequences for DS  CDMA wireless 

systems. Int. J. Adapt. Control Signal Process., 16 

589–602. 

[26] Yang; Samuel C., (1998), CDMA RF Engineering. 

Artech House, Boston London.  

[27] Yarlagadda, R.K.; Hershey, J.E.:(1997), 

Hadamard matrix analysis and synthesis with 

applications to communications and signal/image 

processing. Kluwer. 

 

 

 

 


