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Fig. 1. Generalized memristor realized by a memris-
tive circuit: (a) Memristive diode bridge with parallel

RC filter; (b) generalized memristor.
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Fig. 2. (color online) Pinched hysteresis loop of the

generalized memristor driven by periodic input volt-

ages with different frequencies.
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Fig. 3. Block diagram of digital-analog hybrid system

based on a generalized memristor.
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Fig. 4. Simplified circuit of the generalized memristor:
(a) Case A; (b) case B.
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Table 1. Specific analysis of the generalized memristor.
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Fig. 5. (color online) Logistic map realized in digital system: (a) Bifurcation diagram; (b) sequence diagram.
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Fig. 6. (color online) Logistic map realized in hybrid system: (a) Phase portrait; (b) bifurcation diagram;

(c) sequence diagram; (d) phase portrait after the change of parameters.
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Fig. 7. (color online) Two-way coupled saw tooth map lattice: (a) Bifurcation diagram of original system

(b) bifurcation diagram of hybrid system; (c) phase portrait; (d) sequence diagram.
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Table 2. NIST test results of hybrid system PN se-

quence.

IR T H P-value MINLLBI ML 5
Frequency 0.224821 98/100 i
Block frequency 0.719747 100/100 @it
Cumulative sums 0.215387 97/100 @it
Cumulative sums 0.971699 98/100 Et
Runs 0.494392 99/100 @it
Longest run 0.466882 99/100 &L
Rank 0.554420 98/100  iEid

FFT 0.946308 99/100 @i

Non-overlapping template 0.554420 98/100 biibu
Overlapping template ~ 0.911413 99/100 Et
Universal 0.474986 98/100 @It
Approximate entropy ~ 0.494392 100/100 @it
Random excursions 0.242986  40/42 biiBuS
Random excursions variant 0.739918 41/42 biibus
Serial 0.304126 100/100 &t

Serial 0.190936 99/100 biiBuS

Linear complexity 0.867692 98/100 bibu
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Abstract

Random number generator (RNG) plays an important role in many areas including image encryption, secure com-
munication, radar waveform generation, etc. However, existing analog methods for random number (RN) cannot satisfy
the demand of bit rate. In the even worse case, system parameters from analog devices are easily distorted by surround-
ings, leading to a weak system robustness. As a result, researchers start to turn to digital implementation which is stabler
and more efficient than analog counterpart to produce RN. However, digital methods suffer dynamical degradation due to
the limited word length effect. Though some remedies, such as increasing computing precision, cascading multiple chaotic
systems, pseudo-randomly perturbing the chaotic system, switching multiple chaotic systems, and error compensation
method, are proposed, the limitations are even inevitable. Recently, some continuous-time chaotic oscillators combined
with digital devices were used to realize RNG, and a novel approach was proposed to solve the dynamical degradation of
digital chaotic system by coupling the given digital chaotic map with an analog chaotic system, where the analog chaotic
system is used to anti-control the given digital chaotic map. But this method requires a whole continuous-time system
realized with analog devices which restrict the performance of the integral system.

In this paper, a novel digital-analog hybrid chaotic system with only one analog device is constructed for the pro-
duction of RN. The chosen analog device is a generalized memristor consisting of a diode bridge and a parallel RC filter.

Memristor is the fourth fundamental electronic component which has provoked extensive researches since the suc-
cessful realization by Stan Williams’s group at HP Labs in 2008.

The paper is arranged as follows. Firstly, a generalized memristor realized by a memristive circuit is introduced and
its basic properties are given. Then the block diagram of the digital-analog hybrid system based on a single memristor
feedback is depicted, and the mathematical model of the system is derived from the block diagram. Thirdly, the simple
Logistic map is applied to the hybrid model and its dynamic behaviors are simulated and compared with those from
the ideal Logistic before a more complex two-way coupled saw tooth map is applied to the same simulation, verifying
the effectiveness of the proposed hybrid system. Finally, the complex coupled map is applied to the practical circuit
producing RN which passes the NIST test suite smoothly.

The hybrid system has the following advantages: firstly, the introduction of the analog memristor is able to over-
come the dynamical degradation in a digital system, avoiding the limited word length effect essentially. Secondly, the
least analog device alleviates the sensibility to parameters and the restriction on bit rate in analog systems, ensuring
that the hybrid system is robust. Thirdly, the system structure can be easily integrated into a relevant system. By
designing the circuits of the system, the field programmable logic gate array of digital part can be used to realize chaotic
map while the single memristor acts as a feedback to the digital part.

The experimental results show that the novel hybrid system is insensitive to the variations of circuit parameters
and the produced RN is of great randomness, satisfying the practical applications.

Keywords: random number generator, limited word length, digital-analog hybrid, memristor

PACS: 05.45.—a, 05.45.Gg, 05.45.Pq, 05.45.Ra DOI: 10.7498/aps.64.240503

* Project supported by the National Natural Science Foundation of China (Grant No. 61401204), the Science and Technology
Plan Support Project of Jiangsu Province, China (Prospective Joint Research Project) (Grant No. BY2015004-03), and
the Postdoctoral Foundation Project of Jiangsu Province, China (Grant No. 1501104C).

1 Corresponding author. E-mail: liht@njust.edu.cn

240503-10


http://wulixb.iphy.ac.cn
http://wulixb.iphy.ac.cn
http://dx.doi.org/10.7498/aps.64.240503

	1引 言
	2基于忆阻器的数模混合混沌系统
	2.1 一阶广义忆阻器模型
	Fig 1
	Fig 2

	2.2 数模混合系统动力学模型的构建
	Fig 3
	Fig 4
	Table 1

	2.3 基于Logistic映射的混合系统分析
	Fig 5
	Fig 6


	3混沌随机数发生器
	Fig 7

	4电路实现与结果分析
	Fig 8
	Fig 9
	Table 2


	5结 论
	References
	Abstract

