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Abstract: By analyzing the basic characteristics of a four-wing hyperchaotic system with three positive Lyapunov

exponents, we find out the influences of three adjustable parameters to the dynamics of system, and determine the best

perturbed parameter for generating a new hyperchaotic system by parameter perturbation. A new circuit noise sample

circuitry is constructed by using a floating AD input in an embedded system. After amplitude-scale transformation, and the

circuit noise data is added to the hyperchaotic system as a parameter perturbation, the output signal of this system will be a

true random signal rather than the pseudo one.
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2 (Design of

the hyperchaotic system with parameter per-

turbation )
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Lyapunov
[15] :⎧⎪⎪⎪⎪⎪⎪⎪⎨

⎪⎪⎪⎪⎪⎪⎪⎩

ẋ = 10(y − x) + u,

ẏ = 28x − y − xw2 − v,

ẇ = k1wxy − k2w + k3x,

u̇ = −xw2 + 2u,

v̇ = 8y.

(1)

: k1, k2, k3 . k1 = 1, k2 =
4, k3 = 1.2 1 Lyap-

unov .

1

Fig. 1 Phase portraits of four-wing hyperchaotic attractor

k1, k2 k3 ,

,

, k1, k2 k3

. Lyapunov

Jacobian ,

(x, y, w, u, v) Jacobian

:

J =

⎛
⎜⎜⎜⎜⎜⎝

−10 10 0 1 0
28−w2 − 1 2xw 0 − 1

k3+k1wy k1wx − k2+k1xy 0 0
−w2 0 − 2xw 2 0

0 8 0 0 0

⎞
⎟⎟⎟⎟⎟⎠

. (2)

k3 = 0 , S0(0, 0, 0, 0, 0)
. k3 �= 0 , S0 ,

. S0 ,

S0 Jacobian

.

S0(0, 0, 0, 0, 0) Jacobian

J0 =

⎛
⎜⎜⎜⎜⎜⎝

−10 10 0 1 0
28 − 1 0 0 − 1
k3 0 − k2 0 0
0 0 0 2 0
0 8 0 0 0

⎞
⎟⎟⎟⎟⎟⎠

. (3)

:

f(λ) = (λ − 2)[8(λ + 10)(λ + k2) +

λ(λ + 10)(λ + 1)(λ + k2) −
280λ(λ + k2)] = 0, (4)
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k1 k3,

k1 k3, k1 k3

.

(a) k3 = 0

(b) k1 = 1, k2 = 4

2 Lyapunov

Fig. 2 Spectrum of Lyapunov exponents

k1 = 1 2, Lyap-

unov k2 ( k3 = 0), 2(a)

. 2(a) k1 = 1 Lyapunov ,

k1 = 2 Lyapunov , 3

, k1

Lyapunov , k2

Lyapunov . k1 = 1, k2 =
4 Lyapunov k3 ,

2(b) . k3 , Lyapunov

. k1 k3

.

k2

, . [6]

k3

, k3

.

, k1 ,

:

⎧⎪⎪⎪⎪⎪⎪⎪⎨
⎪⎪⎪⎪⎪⎪⎪⎩

ẋ = 10(y − x) + u,

ẏ = 28x − y − xw2 − v,

ẇ = (k1 + p)wxy − k2w + k3x,

u̇ = −xw2 + 2u,

v̇ = 8y.

(5)
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3 (Circuit noise detecting

circuitry)
,
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AD ,

.

AD , STC12C5412AD ,

3(a) .

3

Fig. 3 Circuit noise sample circuitry and noise data series
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4 (Results of circuit implemen-

tation)
AD STC12C5412AD

, AD

, AD AdVal 0 ∼
1023 . p = (AdVal − 512)/
512∗0.01, ,

4 . 4 ,
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Fig. 4 Phase portraits of four-wing hyperchaotic attractor

with parameter perturbation

5

Fig. 5 True random data series with same initial value

5 (Randomness

analysis of true random sequences)
[4] (5)

,

, ,

Logistic .

5.1 (The frequency test)
0 1

, 0 1

. :

E =
|N1 − N0|

N
, (6)

: N0 N1 0 1 , N

. E , . 1

, (5)

Logistic . (5)

, ,

1 2, .

1 0,1

Table 1 The balance degree comparison of 0

and 1 in binary sequences

N 500 1000 2000

Logistic 0.058 0.050 0.054

(5) 1 0.030 0.012 0.009

(5) 2 0.028 0.014 0.005

5.2 (The runs test)
.

, . i

2−i. 2 2000 Logistic

(5) .

2

Table 2 The average value of runs distribution

proportion

1- 2- 3- 4-

Logistic 0.560 0.240 0.080 0.050

(5) 1 0.490 0.249 0.124 0.068

(5) 2 0.488 0.247 0.127 0.061

0.500 0.250 0.125 0.0625

2 , (5)

Logistic

.

5.3 ((The approximate entropy test)
(ApEn)

,

,

. , :

p r, p = 2, r = 0.1 − 0.25
SD(SD xi(i = 1, 2, · · · , N) ).

p, K

0 � lim
0→∞

ApEn(p, r, N) � lnK, (7)

, ApEn 2.079.

Logistic (5) ApEn , 3.

3 ApEn

Table 3 ApEn of octal chaotic sequence

p 1 2 3 4

Logistic 0.694 0.692 0.691 0.691

(5) 1 1.985 1.854 1.602 1.320

(5) 2 1.973 1.798 1.531 1.270
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ApEn Logistic ApEn ,
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6 (Conclusion)
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