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Abstract. The synthesis of the nonlinear circuits using the wavelet do-
main techniques has been accomplished in this study. When the time-
frequency domain specifications have been given as the wavelet ridges,
the wavelet network circuit producing this signal is implemented.

1 Introduction

In this study, a circuit design procedure for the nonlinear circuits with desired
time-frequency domain behavior using wavelet domain methods has been pro-
posed [1]. The system includes four main blocks: signals synthesis, system mod-
elling, circuit synthesis and verification. The signal synthesis block synthesizes
the signal with desired time-frequency domain properties using wavelet ridges
method [2]. The proposed method can also be used in the reconstruction of the
chaotic attractors from the noisy time-series [3]. The system modelling block de-
termines the parameters of the dynamical wavelet network using the time-series
synthesized by the first block. In the circuit synthesis block, the wavelet network
circuit has been realized with the wavelon circuit proposed in [4] and [5], [6]. In
the verification phase, the wavelet ridges of the output of the wavelet network
have been calculated by singular value decomposition based ridge determination
method proposed in [7].

2 Signal Synthesis

The time-frequency domain specifications have been given as the ridges of the
wavelet transforms. The multi-component signal with the instantaneous ampli-
tudes Al(t) and the instantaneous phases φl(t) can be described by

s(t) =
L∑

l=1

Al(t) ejφl(t) (1)

where L is the number of the components[8], [9]. Therefore, if the Fourier trans-
form of the mother wavelet “Ψ̂(ω)” is localized near a certain frequency ω = ω0,



the scalogram is localized around L curves

al = al(b) =
ω0

φ′

l(b)
, l = 1, ..., L (2)

which are called ridges of the wavelet transform.
The real part of the signal s(t) can be constructed from the skeleton of the

transform approximately as

sr(b) = 2Re{

L∑

l=1

Ws(a
l(b), b;Ψ)} (3)

where L is the number of the ridges [9]. In order to synthesize a signal from the
given ridges a code in MATLAB has been written.

3 System Modelling

In order to approximate arbitrary nonlinear functions the wavelet network which
combines feedforward neural networks and wavelet decompositions has been pro-
posed in [10]. The wavelet networks have also been used in the identification of
the dynamical systems or in the prediction of the future outputs of the systems.
Assume that a dynamical system is defined as

y(k) = F (x(k)) + εk, F (·) : R
d → R. (4)

According to the Taken’s time-delay embedding theorem [11], the multidimen-
sional dynamical structure of the system can be retrieved from single scalar
variable observed from the system. The purpose is to represent the system with
the suitable wavelet network. The past values are used as inputs and the present
values are used as output for the wavelet network to approximate the function
F (·). The output of the wavelet network Fw is

y(k) = Fw(xs(k)) =

N�
i=1

wi Ψd (Di xs(k) − bi) + c
T

x + f (5)

4 Circuit Synthesis

The Mexican Hat mother wavelet is defined as

Ψ(x) = (d − ‖x‖2) exp (−
‖x‖2

2
) Ψ(·) : R

d → R. (6)

where ‖x‖2 = xT x. The circuit implementation of the Mexican Hat mother
wavelet has been accomplished using antilog amplifier, operational amplifiers
and passive circuit components [5]. The dynamics given in Eq.(5)has been im-
plemented by the dynamical wavelet network circuit given in [6].



5 Verification

In order to verify the results, the wavelet ridges of the output signal has been
determined using the method proposed in [7]. In this method the singular value
decomposition of the scalogram matrix of the related signal has been obtained
andthe effect of the noise is reduced by truncating the lower singular values.

6 Application

The proposed design method has been applied for an aperiodic multi-component
signal. The time-frequency domain specifications of the desired signal is as fol-
lowing

E(t, f) =

��
�

0.2 0.2 ≤ t < 0.8 sec and f = 4Hz 0.3 0.2 ≤ t < 0.5 sec and f = 7Hz

0.2 0.4 ≤ t < 0.7 sec and f = 8Hz 0.1 0.3 ≤ t < 0.6 sec and f = 11Hz

0.2 0.5 ≤ t < 0.8 sec and f = 13Hz 1 0.2 ≤ t < 0.8 sec and f = 15Hz

(7)

and the desired signal, target time-frequency plane, the synthesized signal and
the wavelet transform of the synthesized signal are shown in Figure 1.In order to
train the wavelet network the embedding delay has been chosen as T = τs where
the sampling period is τs = 0.002sec for embedding dimension of de = 3. Seven
wavelons have been used and the network has been trained for 1000 epochs. The
obtained mean squared error is mse = 0.000375857. The output of the wavelet
network in the phase space and in the time domain are shown in Figure 1. The
wavelet network circuit has been simulated in PSpice and then the wavelet ridges
of the output signal have been obtained by the SVD-based ridge determination
algorithm. The results are shown in Figure 2.
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Fig. 1. The specifications and the synthesized multicomponent aperiodic signal, the
output of the wavelet network in time domain and in phase space.

7 Conclusions

A nonlinear circuit synthesis method in wavelet domain has been proposed in
this paper. When the desired time-frequency domain specifications are given, the
values of the parameters of the dynamical wavelet circuit have been determined.
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Fig. 2. The output of the circuit for multicomponent aperiodic signal and its wavelet
transform
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