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Fig. 3(a-b): Mutual information I as a function of (a) Multiplicative noise intensity M (fixed A = 1) and (b) Additive noise
intensity A (fixed M = 1) with various N when U = 31

Fig. 4: Mutual information I as a function of multiplicative
and additive noise intensities M, A

on A = 0. Incidentally, Fig. 4 indicates that for almost any
fixed additive noise intensity, SR will appear by adding
multiplicative noise and that for some multiplicative noise
intensity, SR won’t occur by adding additive noise. These
indicate the effectiveness of multiplicative noise.

Since, the combination of optimal noises is located in
the  curve  A = 0. In Eq. 12, let A = 0 and the optimal M
can be given by computer: M  = 20.17. With (M  = 20.17,0    0

A  = 0), I reaches the maximum, I  = 1.2354 bits. And the0       max

system in Fig.1 is at its best, where noise (multiplicative
noise in fact) enhances information transmission to the
utmost. Another way to get the optimal intensity is to

search step by step in the global region for a maximal
value of I. And this method gives the same result. So, it is
available to quantify the noise to get the best effect.
However, because of the complexity of systems and
unknown of signals, we aren’t aware of the exact quantity
usually in fact, though it may well exists. And it is
necessary to do further investigations.

CONCLUSION

In this study, we study the phenomenon of SR in a
multi-threshold system. Input signals are discrete and so
are output ones. When U, the interval between
thresholds, is small, SR doesn’t exist. And mutual
information as a function of noise intensity decreases
monotonously. Enlarging U, the curve of I becomes
convex and there is a peak value denoting the optimal
state of the system. Besides, increasing the number of
threshold devices can improve the efficacy of SR. And
thes maximal mutual information goes upwards which
means information transmission is enhanced. What’s
more, it is easier for mutual information to increase to the
maximum by adding additive noise than multiplicative
noise. Finally, we give optimal combination of noise
intensity to enhance information transmission most
greatly.
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