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ABSTRACT 
In this paper wavelet based transient simulation and 
transmission line method (TLM) are proposed for 
modeling and solving power networks. The wavelet 
domain equivalents of electrical circuit components 
are defined for solving the network to find currents 
and voltages of the nodes. During the computer 
simulations, a number of simulations are performed to 
get the best level of wavelet decomposition. The 
modeling algorithm is then compared to another 
method so called TLM to see the ability of solving 
integro-differential equations. MATLAB ™ is used for 
modeling and required computer calculations.  

I. INTRODUCTION 
Computer aided simulation for solving power electronic 
circuits takes a very important role and helps the user to 
get the best performance from the circuit. There are a lot 
of methods for analyzing those circuits. Some of them can 
be listed such as Laplace Transform Approximation [1], 
Fourier Series Approximation [2], State Variable Analysis 
[3], Analysis by Neglecting Harmonics [4], Analysis 
using Boolean Algebra [5], Averaging Approximation [6], 
Complex Variable Analysis [7], Parc vector analysis [8], 
Switching Function Analysis [9]. 
Wavelet based simulation, using steady state equations, 
was developed by Gandelli [10] and Lui [11]. On the 
other hand, Liu [12] and Zheng [13] had remarkable 
contributions at power system transient analysis. All these 
methods have been approved in the solution of power 
electronics circuits since for a long time. 
However, the known methods summarized above use 
steady state equations of the circuit and hence, numerical 
solution of integral and derivative equations takes time for 
the convergence.  
It is possible that a coefficient matrix can be used in 
wavelet domain instead of numerical integral and 
derivative processes. As it is proposed in this work, 

circuit equations are turned to their basic algebraic forms 
by replacing integral and derivative matrices.  
The transform coefficient matrices and circuit component 
models have got sparse matrix characteristic. Therefore, 
the proposed algorithm is as fast as the conventional 
methods. Haar wavelets are used for wavelet based 
modeling and computer simulation since they have 
orthogonal property and their inverse transform matrices 
can easily be obtained. 
The TLM method was first developed in early 1970s for 
modeling two-dimensional field problems. Since then it 
has been extended to cover three dimensional problems 
and circuit simulations. For circuit simulation, the TLM 
method can be used to develop a discrete circuit model 
directly from the system without setting up any integro-
differential equations. The TLM model algorithm is 
discrete in nature and ideally suited for implementation on 
computers [14], [15]. 
In this paper, the two proposed algorithms are compared 
according to their computational efficiency. It is seen that 
both techniques are similar to each other by defining 
circuit components according to based on modeling 
aspect. 

II. MODELING TECHNIQUES  
2.1 Wavelet Based Linear Resistor Model 
The V-I characteristic of a resistor, R, is described as 

)(*)( tiRtv = in continuous time domain. Let WV and WI 
be the DWT coefficient vectors of the voltage V and the 
current I, set the coarsest resolution level as zero, it has  
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and WV is calculated by using Eq. (2). 

WIURWV **=             (2) 

Where U is an identity matrix ci and cv are the DC 
components of voltage and current waveforms, WIs and 
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WVs represent the wavelets coefficients. The equivalent 
circuit of resistor in wavelet domain is shown in Fig. 1. 

 

 

 

WIURWV **=  

Figure 1. Resistor model in wavelet domain [12], [13] 

 
Resistor, R, is modeled as constant variable in TLM and 
its value is added into the system impedance such as 

)( ZcZLZLRZ swsystem +++= . 

 

2.2 Wavelet Based Linear Inductor Model 

The V-I characteristic of an inductor, L, is described in 

continuous time domain is 
dt
diLtvL =)( . Let us suppose 

that the minimum time interval in the finest resolution 
level is the sampling cycle, T∆ . For the transient study in 
the discrete time interval (0 - ?T), the following equation 
(3) is written. 
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Where i(0) is the initial value of the circuit current, and 
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Let 0LWV be the DWT coefficients vector of 0Lv , then in 
wavelet domain following equation is obtained. 
 

0*)0(*** LT WViLWIWDLWV −=                   (6) 

where WDT is called the transient differential operator. 
L*WDT represents the wavelet domain impedance of an 
inductor.  
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Figure 2. Transient model of inductor in wavelet domain 

[12], [13] 

Equivalent circuit of inductor in wavelet domain is shown 
in Fig. 2.  As it is shown in Fig. 2, equivalent circuit is 
formed by a wavelet domain impedance and a voltage 
source which is determined by the initial value of current 
through the inductor. 
TLM based modeling is similar to the wavelet based one 
summarized above. The basic TLM technique models 
linear reactive components as transmission line segments 
(called stubs). The stub model representing the inductor is 
terminated by a short circuit because, to emphasize 
inductive behavior, current and, hence, storage in the 
magnetic field must be maximized. The TLM model for a 
capacitor is a stub with its far end and open circuit. It 
emphasizes voltage differences, storage in the electric 
field and, hence, mainly capacitive behavior. 
To model an inductor using a transmission line stub is 
given in Fig. 3. The stub model representing the inductor 
is terminated by a short circuit to emphasize inductive 
behavior and current. The variables i and t are treated as 
inductor current and time. dtLdi /  is then equal to the 

voltage LV  across the inductor. 

 
Figure 3. a) inductance, b) stub model of  inductance, c) 

TLM equivalent circuit 
 
Any differential terms in the form of dtLdi /  can be 

replaced by the discrete transform i
LL ViZ .2. + , where 

t
L

ZL ∆
=

.2
, t∆  is the time step and i

LV   is the incident 

pulse. It is assumed that it takes one time step t∆  for the 

)(*)( tiRtv =  



pulse to make a round-trip to travel to one end and be 
reflected back as the incident pulse in the next time step.  
In summary, 

dt
di

LtVL .)( =                      (7) 

  
According to the TLM theory, the voltage across the port 
of the transmission is also equal to the sum of the incident 
pulse iV  and reflected pulse rV . Thus, at any time step, 
 

i
LnnLLn ViZV .2. +=                   (8a) 
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i
Ln VV +=                    (8b) 

where the subscript n donates the nth time step. 
 
For a short-circuited transmission line, the pulse is 
reflected and inverted when it encounters the short-
circuited end. Therefore, the reflection coefficient is -1 as 
the reflected pulse becomes the incident pulse in the next 
time step, from Eq. (8b) 

r
Ln

i
Ln

r
Ln

i
Ln

VV

VV

−=

=−+

         
1            (9) 

It is clearly seen from Eq. (6) and Eq. (8a and 8b) that the 

component of WIWDL T **  in wavelet domain is similar 

to 
t
L

iZi L ∆
=

.2
**  in TLM domain while the component 

of  0*)0(* LWViL  is similar to r
LnLn

i
Ln VVV −= , 

successively.   

2.3 Wavelet Based Capacitor Model  
The V-I characteristic of a capacitor, C, in continuous 
time domain is represented by the following equation. 

∫+=
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For a finite length signal, it yields to Eq. (11) 
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where VC0=[1……..1]T .                 
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INT is called the transient differential operator. Thus, in 

wavelet domain Eq. (11) is expressed as, 

WIWIN
C

WVCvWV T *
1

0*)0( +=                  (13) 

where WINT  is wavelet domain representation of INT, 

and 

T
jC kWV ]0 ... 0   0   0   [0 =                                                (14) 

kj=2-j/2 is a constant that is determined by the finest 
resolution level J. Moreover, WINT/C forms the transient 
impedance of capacitor in wavelet domain. 
 
 

 
Figure 4. Transient model of a capacitance in wavelet 

domain [12], [13]. 

Fig. 4 shows the equivalent circuit of a capacitor in 
wavelet domain. In transient analysis, the capacitor is 
modeled as transient impedance and a voltage source that 
is calculated from the initial value of the capacitor 
voltage.  
In a similar manner capacitance can be simulated in TLM. 
Fig. 5 shows a capacitance in time domain, its TLM 
representation, and also its Thevenin equivalent.  
 

 
Figure 5. A capacitance, a) in time domain, b) its TLM 

representation, and c) its Thevenin equivalent. 
 
 
The characteristic impedance, CZ , is calculated as 

C
t

Zc 2
∆

=  where t∆  is the sampling interval. 

Capacitor voltage is then calculated as 
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i

CkCk ZIVV .2 +=                                (15) 
 
This also equals to the sum of incident and reflected 

voltages, r
Ck

i
CkCk VVV += , by definition. At the next 

simulation time step, incident voltage is updated by using 
Eq. (16). 
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Figure 6. The proposed simulation algorithm 

 
It is clearly seen from Eq. (13) and Eq. (15 and 16) that 

the component of 
WIWINC T **

1  in wavelet domain is 

similar to 
C
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The proposed computer simulation algorithm is described 

as follows. 

1. The netlist is composed according to node numbers of 

the model circuit.  

2. Wavelet transform matrix is built (no required for 

TLM).  

3. Circuit component model in wavelet domain is formed 

(system matrix calculated for TLM).  

4. The circuit is solved. Since the circuit components are 

modeled in the form of impedance or admittance, the 

circuit can be solved by impedance or admittance matrix 

method (TLM currents and voltages calculated).  

5. The desired outcomes are obtained. 

 

The proposed procedure is shown in Fig. 6. 



III. APPLICATION 
At this case a turn to turn fault is modeled by TLM. Let us 
suppose that 1/10 portion of the primary winding (of a 
single phase transformer) has a turn to turn fault. The 
Thevenin equivalent of the TLM system is shown in Fig.  
7. Resistance of primary winding is the summation of 

332211 RRR ++  and inductance of the primary winding is 

the summation of 332211 LLL ++ . As in section C, before 
the fault, the system equation is as the same with (8a, in 
matrix form) but the only difference is that load is 
modeled as a series R and L circuit. However during the 
fault, the following equations are derived and modeled.  

 
Figure 7.  A Turn to turn fault at primary side (a TLM 

example). 
 
Fig. 8 shows primary current of the transformer in 
wavelet based solution whereas Fig. 9 shows the current 
in TLM based solution. 

 
Figure 8. Primary current of the transformer during 

internal short circuit in wavelet based modeling 

 
Figure 9. Primary current of the transformer during 

internal short circuit in TLM based modeling 
 

IV CONCLUSION 
In this study, the use of wavelets for the transient analysis 
of power electronic circuits and similarities with the TLM 
method are presented. First, circuit models are extracted 
by using Haar wavelet function at the desired order.  
These models have two common types, transient and 
steady state. One of the main advantages of the proposed 
techniques, wavelets and TLM, is discrete in nature and 
can be adopted in nonlinear components easily. Results 
are compared with the MATLAB solutions and observed 
that the outcomes are consistent with each other at the 
level of 5 or above. Higher level analysis takes long time 
to converge. In this study, optimum decomposition level 
is set 9. It has been observed that TLM based solution of 
modeling is faster than wavelet based modeling due to 
requiring less comp utational manipulation.  
For a future work, a hysteresis model of transformer can 
be used to get more accurate simulations both in TLM and 
wavelet based modeling. Besides different mother 
wavelet families can be tried for computer simulations. 
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