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ABSTRACT 

Signal processing methods that are reliable and efficient are essential in the field of wireless 

communication. Current Wireless Local Area Network (WLAN) communication systems are based on 

traditional signal processing methods, which are frequently unreliable and unstable in different 

channel environments. The demands of contemporary WLAN applications may be too much for 

these systems to handle, particularly in situations where high data rates and resilience against 

channel defects are necessary. The current solutions suffer from high computational overhead, poor 

performance in dynamic channel conditions, and restricted flexibility to handle a wide range of signal 

properties. This paper presents a new method for performing the Discrete Wavelet Packet Transform 

(DWPT) that makes use of Very Large-Scale Integration (VLSI). Through the use of VLSI technology, 

the suggested approach seeks to address the inherent difficulties in WLAN communication. The 

system gains improved signal processing capabilities, which are essential for WLAN systems, by 

utilizing DWPT. It makes WLAN signal processing more effective, which leads to better performance 

in situations with dynamic channel conditions. Because of its small hardware footprint and low 

power consumption, the VLSI implementation makes it appropriate for incorporation into small-

form-factor WLAN devices. Additionally, DWPT's versatility makes it possible to handle a variety of 

signal characteristics effectively, which improves WLAN communication systems' overall robustness 

and reliability. 
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1. INTRODUCTION  

Wavelet transformation in communication 

involves analysing signals with wavelets to 

capture both frequency and time-domain 

information. It offers advantages like localized 

signal analysis and efficient data compression. 

In communication, wavelets are used for tasks 

such as signal demonising, modulation 

recognition and efficient coding, enhancing 

the understanding and transmission of 

information. The ability to represent signals at 

different scales makes wavelet transformation 

valuable in diverse communication 

applications, including image and audio 

processing. Wavelet transformations play a 

significant role in communication systems, 

offering advantages in signal processing, 

compression, and analysis. Wavelets provide a 

multi-resolution analysis, allowing the 

decomposition of a signal into different 

frequency components at various resolutions. 

This is particularly useful in communication 

systems where signals often have diverse 

frequency components. Wavelet 

transformations can be applied to compress 

signals efficiently. By representing a signal in 

the wavelet domain, it becomes possible to 

focus on the most relevant information, 

reducing redundancy and achieving better 

compression ratios. This is crucial in 

communication for efficient data transmission 

and storage. 
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Unlike traditional fourier transformations, 

wavelet transformations offer an adaptive 

representation of signals. This adaptability is 

valuable in communication scenarios where 

the characteristics of the signal may change 

over time or under varying conditions. 

Wavelets have excellent time and frequency 

localization properties. This is advantageous in 

communication systems for analysing signals 

in both the time and frequency domains 

simultaneously, allowing for precise 

identification of events and features. Wavelet 

transformations can be employed for 

demonising signals. In communication, this is 

crucial to enhance the quality of received 

signals by removing unwanted noise or 

interference. Wavelet transformations can be 

used in modulation and demodulation 

processes. They provide a flexible framework 

for analysing and manipulating signals during 

the modulation/demodulation stages, 

contributing to improved efficiency and 

reliability in communication. 

2. LITERATURE SURVEY   

Pritiranjan, et al. [1] implemented the 

complex harmonic wavelet (CHW) was being 

used to directly compute frequency content 

with respect to time by employing discrete 

Fourier transform (DFT) and inverse DFT 

(IDFT). PranoseJ.Edavoor, et al. [2] was 

proposed this article presents a novel 

generalized approach to obtain rational 

(dyadic and integer) bi-orthogonal wavelet 

filter coefficients based on two conditions, 

namely maximally flatness and near-perfect 

reconstruction (PR) in half-band polynomial 

(HBP).Morgana MA Rosa, et al. [3] this work 

discovered an ultra-low-energy ECG data 

compression with VLSI DHWT-based (discrete 

Haar wavelet transform) architecture to 

enable storage and transmission in resource-

constrained environments. We present 

original, pruned, and approximate DHWT 

(ODHWT, PDHWT. Marimuthu Mohanapriya, 

et al. [4] introduced continuous improvements 

in VLSI technology and design software have 

significantly broadened the scope of digital 

signal processing (DSP) applications. The use 

of application-specific integrated circuits 

(ASICs) and programmable digital signal 

processors for many DSP applications have 

changed. K.R. Venugopal, et al. [5] discovered 

the detection of Salient objects in image and 

video sequences were very interesting and 

rewarding task which was the crux of many 

applications that deal with computer vision. 

Salient objects were segmented from the 

objects of interest and were correlated with 

objects in its neighborhood which was like the 

cognitive property of human visual system. 

Mannepalli Vishnu, et al. [6]implemented 

many conventional signal processing methods 

have been applied in the image fusion field to 

extract image features, such as discrete 

wavelet transform (DWT), contourlet 

transform, shift invariantshearlet transform 

and quaternion wavelet transform 

etc.MeenaliJanveja, et al. [7] developed Atrial 

fibrillation (AF) which was a recurrent and life-

threatening disease leading to rapid growth in 

the mortality rate due to cardiac 

abnormalities. It was challenging to manually. 

Chinmayi, et al. [8]  identified the mortality 

rate due to cardiovascular disease was 

increasing day by day. Therefore, the need for 

the development of efficient and reliable 

healthcare wearable devices was very much 

essential. In this literature, we present an 

efficient VLSI implementation for ECG signal 

denoising and Feature extraction using an 

integer Haar wavelet Transform and Empirical 

mode decomposition (EMD) algorithm in 

terms of area and power. 

Danish, et al. [9] researched patients in distant 

places and those who have just had surgery 

may benefit significantly from long-term heart 

monitoring and evaluation made possible by 

advances in wireless technology. A few 

variables extracted from a wavelet framework 

might be used as a rough approximation of 

the Electrocardiogram (ECG) 

signals.SlamaHammia, et al.[10] the Internet 

of Things (IoT) was developed in the medical 

and biomedical field proposes new and 

efficient hardware for healthcare services. 

Thanks to machine-machine interaction and 

real-time solutions, the problems of 

accessibility and reliability were resolved. 

Kunta Ruchitha, et al. [11] was introduced the 

literature presented a novel hardware-

oriented image compression algorithm and its 

very large-scale integration (VLSI) 
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implementation for wireless sensor networks. 

M. Kamaraju, et al. [12]  identified that the 

image quality was degraded during 

transmission and reception of images due to 

the impulse noise. Existing median filters were 

not compatible and may not give satisfactory 

results at high impulse noise densities for real-

time image impulse de-noising applications. 

Amit Kumar Pandey, et al. [13] was 

implemented the most important thing for 

every one of us was to live a healthy life. 

We clearly realized the relevance of this 

during the COVID-19 pandemic, and they 

began to take our health as a priority and 

learned ways to plan and maintain our good 

health in everyday life. Leo Patriia da Costa, 

et al. [14] referred the work proposed an 

energy-efficient and accurate VLSI 

architecture of the pre-processing Pan-

Tompkins algorithm (PTA) for filtering 

electrocardiogram (ECG) signals. The PTA is 

among the most straightforward algorithms to 

detect the QRS complex in ECG signals.He-

Sheng Chou, et al. [15] discovered that had 

always been a major issue for a hospital to 

acquire real-time information about a patient 

in emergency situations. Because of this, this 

research presents a novel high-compression-

ratio and real-time-process image 

compression VLSI design for image sensors in 

the Internet of Things (IoT). 

3. PROPOSED METHODOLOGY 

Figure 1 illustrates the architecture or design 

of a hardware-based system that performs the 

DWPT operation.The Discrete Wavelet Packet 

Transform is a mathematical operation used in 

signal processing and data compression. It 

decomposes a signal into a hierarchy of 

wavelet coefficients, which can capture both 

frequency and temporal information at 

different scales. This decomposition is 

achieved through a series of filtering and 

downsampling operations.VLSI technology 

refers to the fabrication of integrated circuits 

(ICs) that contain thousands to millions of 

transistors on a single chip. By implementing 

the DWPT in VLSI, it becomes possible to 

create dedicated hardware accelerators or 

processors that can perform the transform 

efficiently and in real-time, making it suitable 

for applications where speed and low latency 

are critical.The figure shows the architectural 

layout of the VLSI-based DWPT system, 

including the arrangement of processing 

elements, memory components, and 

interconnects. It may also depict the specific 

algorithms or computations performed at 

each stage of the DWPT operation, such as 

filtering, downsampling, and coefficient 

calculation. 

 
Figure 1. Proposed block diagram. 

These units perform the mathematical 

operations involved in the DWPT, such 

as convolution with wavelet filters, 

downsampling, and coefficient 

calculation. They may be implemented 

using dedicated arithmetic logic units 

(ALUs) or digital signal processors 

(DSPs). Memory components are used 

to store intermediate results, input 

signals, and coefficients. This may 

include on-chip memory such as 

registers and caches, as well as off-chip 

memory interfaces. Interconnects 

facilitate communication and data 

transfer between different components 

of the system. They may include buses, 
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data paths, and control signals. Control 

logic manages the operation of the 

system, coordinating the activities of 

processing units, memory access, and 

data flow. It may involve finite state 

machines (FSMs) or other control 

structures. These interfaces allow the 

system to receive input signals, transmit 

output signals, and communicate with 

external devices or systems. 

Step 1: Consider Input Data: At the onset of 

the filteringprocess lies the consideration of 

input data. This data serves as the raw 

material for the filtering operation, 

encapsulating the information that needs to 

be processed and refined. It could originate 

from diverse sources such as sensor readings, 

audio recordings, or any other form of digital 

signal. Understanding the characteristics and 

nuances of the input data is crucial as it forms 

the foundation for subsequent processing 

steps. 

Step 2: Generate Level Output: Following the 

consideration of input data, the next step 

involves generating the level output through a 

bypassed wavelet filter. This process entails 

applying wavelet decomposition to the input 

signal to extract different frequency 

components at various levels. Each level 

output represents a different scale or 

resolution of the original signal, thereby 

capturing both low-frequency and high-

frequency details. This multi-level 

decomposition enables the filter to analyse 

the input signal across different frequency 

bands, providing insights into its spectral 

characteristics. 

Step 3: Repeat the Operation for Multiple 

Levels and Generate the Outcome: The 

filtering process described above is repeated 

iteratively for multiple levels of wavelet 

decomposition. At each level, the input signal 

undergoes wavelet decomposition, down-

sampling, multiplexing, and temporary 

storage, culminating in the generation of level 

output for that level. By repeating the 

operation for multiple levels, the filter dissects 

the input signal across different frequency 

bands, capturing both low-frequency and 

high-frequency details. The outcome of this 

iterative process is a multi-level 

representation of the input signal, providing 

insights into its spectral characteristics and 

temporal dynamics. 

4. RESULTS AND DISCUSSION  

Figure 2 represents the simulation outcome of 

proposed DWPT systems. Figure 3 probably 

provides a design summary of the DWPT 

systems. Figure 4 appears to present a power 

summary, showcasing the power consumption 

metrics of proposed DWPT systems. This could 

include static power (power consumed when 

the circuit is idle) and dynamic power (power 

consumed during operation), providing 

insights into the energy efficiency of the 

systems. 

 
Figure 2. Simulation outcome. 

Figure 5 depicts a time summary, detailing the time-related metrics of the DWPT systems. Table 1 

provides a comprehensive comparison between the existing and proposed DWPT systems across 

various metrics. These metrics include hardware resource utilization (such as LUTs, FFs, IO ports), 

power consumption (static and dynamic), and setup/hold total delay (including logic and net delay). 

The comparison highlights the differences between the two systems, with the proposed method 

generally showing improvements in resource utilization, power efficiency, and delay characteristics 

compared to the existing method. 
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Figure 3. Design summary 

 
Figure 4. Power summary 

 
Figure 5. Time summary 

Table 1. Comparison Table 

Metric Existing Method Proposed Method 

LUT 75 9 

FF 40 32 

IO 26 26 

BUFG 1 1 

Static Power 0.153W 0.131W 

Dynamic Power 13.838W 6.443W 

Setup Total Delay 

Logic Delay 

Net Delay 

7.459 

3.980 

3.497 

0.557 

0.379 

0.178 

Hold Total Delay 

Logic Delay 

Net Delay 

5.755 

3.576 

2.175 

0.450 

0.193 

0.257 

 

5. CONCLUSION  
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In conclusion, the integration of DWPT into 

WLAN applications through VLSI technology 

offers a host of advantages that significantly 

enhance the efficiency, reliability, and 

performance of wireless communication 

systems. By focusing on optimizing hardware 

resources, minimizing power consumption, 

and meeting stringent performance 

requirements such as throughput and latency, 

VLSI-based DWPT implementations pave the 

way for seamless integration directly into 

WLAN transceivers. This not only simplifies 

system architecture but also reduces costs and 

form factors, making them particularly well-

suited for integration into portable devices 

like smartphones and tablets. Moreover, 

DWPT with VLSI provides numerous benefits 

for WLAN systems, including efficient 

bandwidth utilization, enhanced signal 

integrity, and real-time processing capabilities, 

all while maintaining compatibility with 

existing standards like IEEE 802.11. By 

selectively transmitting relevant frequency 

components and mitigating the effects of 

channel impairments and interference, DWPT 

significantly improves the reliability and 

robustness of wireless communication. With 

the ability to facilitate faster data transmission 

and overall system performance 

enhancements, VLSI-based DWPT 

implementations are poised to play a pivotal 

role in the continued evolution of wireless 

technologies across a broad spectrum of 

WLAN applications. 
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