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Introduction 

 
    The accelerated development of modern data 
transactions applications such as telecommunications 
requires encoding techniques with higher standards of 
security. Classically, these encoding sequences are 
obtained using Pseudo Random Number Generators 
(PRNG). As an efficient alternative, the chaotic-based 
generators are used to achieve even higher demanding 
encryption standards. The advantage to use chaotic 
systems lies in their extreme sensitivity to small 
parameter and initial conditions variations: in this 
way, as many different chaotic carriers as wanted can 
be generated.  
 
    However, the appropriate selection of a chaotic 
map that satisfies cryptographic applications 
requirements is a huge problem. Ideally, for 
cryptographic applications and higher security, an 
everywhere dense chaotic attractor is required, so all 
chaotic signal samples shall appear with the same 
probability. To evaluate the random properties of 
these generators the National Institute of Standards 
and Technology has developed a set of statistical-
based test known as NIST tests. A first coupled 
chaotic map confined to the 2D torus has already been 
proposed as a PRNG in [1], which random 
characteristics have been validated using the NIST 
tests. Nevertheless, since the state variables were not 
equidistributed, the chaotic attractor exhibited holes 
delimited by the discontinuity lines and their forward 
iterates. Therefore, there have been values which the 
signal never took, and that impact deteriorates the 
randomness.  
 
System Definition 
 
    To improve the latter results, in this paper we deal 
with the new Lozi system with alternate coupled 
maps, confined to the p-dimensional torus 

[ ]1,1−= ppT by the map TTM pp
p ⇒:    
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where the parameters ( )1 1−= +i
ki . A previous model 

with non alternate coefficients has been proposed in 

[1], with 1=ki .  

The state variables are contained on the torus: 
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|xn| denotes the absolute value of xn. 
 
    The alternate sign modification eliminates the holes 
from the previous model (with only positive signs), 
and therefore the resulting basin of attraction is 
everywhere dense, which is very satisfactory for the 
RNG applications, see fig. 1. (The transient of 10.000 
points has been cut off). 
 

 
              Figure 1.  Map M 2 (1) on the torus [ ]1,1 22 −=T  

 
Results and Discussion 
 
    The random properties validation of a 4-
dimensional system has been carried out. 
Additionally, the chaotic carrier output needs to be 
quantised and binarised (0 and 1) in order to be 
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validated as being random using NIST tests. 
Therefore, different methods of binarisation 
(converting real signals to binary ones) have been 
implemented and compared.  
 
    A first 1-bit binarisation has been applied to the 
system (1) output:  
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    The results for the 4-dimentional system showed to 
be highly sensitive to the type of binarisation. 
Therefore, after testing several different methods, a 
32-bit binarisation has been chosen as being the most 
suitable solution. Because the system is confined to 

the p-dimensional torus [ ]1,1−= ppT , 31 bits are 

assigned to represent the decimal part, and 1 bit to the 
sign.  
 
    To illustrate the results, the NIST test for the four 
dimensional Lozi system M 4 (1) with parameters 

[ ] [ ] 1,,1, 4231 −== kkkk  are shown in Table 1. The 

same conditions as in [1] have been chosen:  
 
Length of the original sequence: 10^8 bits 
Length of bit string: 1M 
Quantity of bit strings: 100 
 
The output of the system has been arbitrary chosen as 
being: 4xy = . 
 
    Furthermore, as the results show their 
independence from the initial conditions, every bit 
string in this first test is the resulting sequence of a 
different randomly chosen initial condition.  
 
 

 
Table 1. 

 
 

    The criterion for a successful test is that the p-value 
has to be superior to the significance level (0.01 for 
this case). For the present model (1), all tests were 
successful thus the sequence can be accepted as being 

random.  Thus, the results demonstrate that the new 
system has better statistical performances than the 
initial system without alternate coefficients presented 
in [1]. 
 
    Finally, to improve the random properties of the 
signal, two possible strategies are suggested: under-
sampling of the output signal, or increasing the 
system order.  
 
    Different under-sampling have been tested from 
which the “1 out of 10” showed to be particularly 
successful. The “1 out of 10” under-sampling strategy 
results are shown in [1].   
 
    For the second method, the random properties 
validation of a 10-dimensional system has been 
carried out and the results are shown in Table. 2. The 
conditions for the NIST test are the same from the 
NIST test for the 4-dimentional Lozi system. In 
addition, the initial condition has been randomly 
chosen: 
 
x0 = [-0.3365, 0.9501, 0.8913, -0.7764, 0.0185, 0.4447, 

0.7919, -0.9218, -0.9355, 0.0579]  
 
The output of the system has been arbitrary chosen as 
being: 10xy = . 
 

 
Table 2. 

 
    Random improvement of both strategies has been 
corroborated by the experimental results. 
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