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Abstract​​—Real-time applications of Discrete Wavelet Transform necessitate fast computation of DWT. In this paper, a novel VLSI architecture that performs Discrete Wavelet Transform with increased speed of computation and reduced complexity that can be implemented on FPGA is discussed. To improve its computation performance, the proposed method starts with the software simulation of wavelet transform in order to formulate the mathematical model. This is followed by synthesis and timing analysis for the validation of the given circuit. Then, the designated portfolio can be programmed into FPGA chip through the downloaded cable and the complete prototype is being tested for fault location and frequency computation on a group of DC drives. The proposed architecture utilizes single multiplier and an adder for DWT computation. Simulation results have established that the proposed fast implementation scheme can support the practical applications. The performance of the proposed architecture will be verified by the successful implementation on a Xilinx chip.

I. INRODUCTION

The discrete wavelet transform provide a new method for signal processing. It decomposes data into the components of different frequencies, such that we can have a good time resolution at high frequencies and good frequency resolution at low frequencies. The wavelet transforms are well suited for analyzing physical situation where signal contains discontinuities and sharp spikes. Recent developments have led the DWT into many applications such as audio and image compression, image recognition system, transient and power system disturbances detection, computer graphics and so on.


For real time and high speed applications, a dedicated hardware device is needed and several VLSI architectures have been proposed [2].Knowles [1] first proposed the VLSI architecture  for the I-D DWT.Later,Parhi and Nishitani [2] proposed a folded and a digit serial architectures for the I-DWT.In addition,Vishwanath et al.[3] proposed three routing network based systolic architectures for the I-DWT.


In this paper, we present a novel architecture, which can compute data on a fly, i.e. the input data can be processed at the rate of one samples per clock cycle. Mallat’s pyramid algorithm is considered the most important algorithm to calculate DWT coefficients and it plays a single important role in wavelet transform as FFT has been in Fourier transform. We found some embedded redundancy in the mirror filtering and down-sampling process. Based on some important observations, we derived a VLSI architecture with reduced computational and storage complexity compared to original algorithm. It utilizes single MAC (Multiplier Accumulator) unit. The prototype is being implemented on a xilinx chip.

II.DISCRETE WAVELET TRANSFORM


A wavelet can be explained as a short time duration wave. The basic concept of wavelet analysis is the use of a wavelet as a kernel function in integral transforms and in series expansion much like the sinusoid is used in a Fourier analysis. Unlike Fourier analysis, which uses one basis function, Wavelet analysis relies on wavelets on a rather wide functional form. The basis wavelet is termed as a mother wavelet.


The discrete wavelet transform of a signal x(t) is given by:

W (b,a) = 1/(a (x(t)*(h(t-b)/a).

Where b is the time factor, a is the scale factor h(t) is the wavelet basis function. Properties of wavelet transforms are heavily dependent on their basis wavelet functions. A 1-octave filter bank tree for the I-D DWT is shown in Figure-1. The DWT can also be viewed as a kind of multi-resolution decomposition of a sequence. 

By exploring the sub-band scheme recursively, a  fast DWT can be constructed.
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FigFigFig.1. A single octave filter bank tree for the I-D DWT.


From the figure 1, h (n) implies the high pass function (also known as wavelet function) and g (n) implies the low pass function (also known as scaling function) and   by 2 represents sub sampled by 2.by dropping one every two samples. Assume an input sequence x(n) contains N samples, then the output sequence length should also be N.The first octave computes N/2 samples, the second octave computes N/4 samples ,….and so on.

III
VLSI DWT ARCHITECTURE


Let N be the number of samples taken for consideration. The input signal x (n) can be separated into even and odd samples of size N/2.

For an 8-sample input, the odd samples are transformed as follows:

Fig.2 Level-1 odd transformation:































































The even samples are transformed as given in Figure 3

Fig.3.Level-1 even transformation:




































        the transformed output can be found from the following expression as

Case 1:

When Scaling Function is used:

                 A (n) = S (n) + S (n+1)


Case 2:

When Wavelet function is used:


D (n) = S (n) + S (n+1).

Otherwise, the whole set equations can be defined into a single MAC (Multiplier-Add-Accumulator) as

    A = ((x (n) * Scaling Coefficient) + D (n)

After one time delay. (For calculating first detail coefficient). This reduces complexity in designing a chip and also increases speed of computation.


The prototype of this architecture is tested using the input data from the group drives. The software program is tested for any fault location such as failure of any drive, any sudden load changes etc., Based on the input data, the frequency at which the system operates can be found from off-line analysis. The experimental setup is explained as followed in the next section.

IV
SIMULATION RESULTS

Fig.4 Input Signal from the group drive:
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The input signal from the group drive is shown in the Figure-4.The prototype model consists of two D C drives rated at 12 V sharing a common load. From the figure, it is to be analyzed that the input voltage remains constant for a certain period of time and thereafter one motor is disconnected and another motor is allowed to share the load. This shows a drop in voltage 
and this condition is allowed for certain period and again the normal condition is restored. The wavelet transform is applied to this signal and the corresponding faulty conditions are detected through the given architecture. The results are shown in the figure-5.

Fig.5 Detection of faults through Haar wavelet: 
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From the simulation results, it can be seen that there is a sharp spike in two places where there is a sudden change in the input characteristics. This illustrates the presence of fault.

V
CONCLUSION


The proposed architecture was tested for the fault location in a group of DC drives. Several scenarios of various interruption levels were examined for the evaluation of the proposed method in this case. Simulated results were plotted in which the occurrence of disturbance is discernible. For all the simulated scenarios, none of them were imperceptible.

 
The one-dimensional signal was first read in MATLAB and each sample value was converted into string. The VHDL test-bench fed the values to the memory blocks. Next, the data was processed and stored in memory .Now, the data is being matched with the MATLAB results.
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