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Abstract—This work describes the creation and application of
an NVIDIA Jetson Nano platform-based deep learning bridge
fault detection system. Bridges constitute crucial pieces of in-
frastructure, and maintaining safety and averting catastrophic
failures depend on quick detection of flaws like corrosion, cracks,
or structural damage. Conventional inspection techniques can be
time-consuming, labor-intensive, and prone to mistakes. Here, we
offer a computer vision-based methodology that uses deep learn-
ing techniques to automatically identify and categorize bridge
structure faults from photos collected with fixed cameras or by
drones. Real-time defect detection uses the NVIDIA Jetson Nano
as an edge computing device because of its great computational
capacity and low power consumption. The three primary phases
of the suggested system include preprocessing images, employing
convolutional neural networks (CNNs) for fault identification,
and post-processing for analysis and visualization.

Using the Jetson Nano’s GPU acceleration for quick inference,
we gathered a dataset of bridge photos with different kinds of
flaws and carried out comprehensive tests to assess the system’s
performance. The suggested method shows efficient covering
defects with an accuracy of 96%, while preserving the Jetson
Nano platform’s real-time processing capabilities.

Index Terms—Support vector machines (SVM), Convolutional
neural networks (CNN), Feature engineering, Crack detection,
Corrosion detection, Image segmentation

I. INTRODUCTION

The existence of cracks is a vital safety indicator. A crack
is essentially an interruption in a solid body that can occur
on various surfaces, such as roads, buildings, bridges, glass,
railroad tracks, pavements, cars, metals, airplanes, and tunnels.
A variety of surface fractures, the crack formation can be
influenced by several factors, including internal stresses inside
structures, fatigue stresses, and cyclic loads. Determining the
source of the crack is essential for evaluating the extent of
the damage and averting prospective damage. To ensure ac-
curate crack detection, two methods are commonly employed:
A) Manual Inspection method and B) Automated Inspection
method. Manual crack detection has limitations. This method
is time-consuming and lacks traditionally regular manual
inspection, which knowledgeable individuals conduct. The
use of surveying tools and visual assessment has drawbacks.
Inspectors find it difficult to access inaccessible surfaces such
as tunnels, structures, and dams with this method since it
is inconsistent, time-consuming, and labor-intensive. Thus, a

trustworthy automated crack detection technique with excel-
lent accuracy is required. Techniques in image processing pro-
vide a workable answer to this issue. Photographs are taken for
fracture surface analysis using high-resolution cameras; greater
camera resolutions improve the accuracy of the photographs.
A generic architecture for an image processing technique to
identify cracks consists of 1) a camera to capture the image, 2)
pre-processing the image by segmenting, and scaling, which
are the fundamental steps 3) different techniques to separate
essential details 4) feature extraction to extract the shape of
the crack. Kaan et al. [1], and Yun et al. [2] argue that
using morphological and thresholding procedures with estab-
lished criteria produces better results; however, fine-tuning the
thresholding value is required for exact results. Acknowledg-
ing the need for a uniform thresholding technique, efforts
are focused on improving it. Furthermore, edge extraction
is a method that researchers favor due to its effectiveness.
As a result, an algorithm for thresholding automatically is
developed, which allows for smooth operation with similar
sample types. Bridge photos may be used to extract important
information by using image processing techniques, such as
locating structural abnormalities including corrosion, cracks,
and deformations. These methods could include pre-processing
stages that aid in identifying and examining areas of interest
within the photos, like feature extraction, segmentation, and
image enhancement. There are various stages based on the
input given. By identifying patterns and characteristics typical
of many kinds of bridge faults, machine learning methods
are essential to automate the defect identification process.
Convolutional neural networks (CNNs) and support vector
machines (SVMs) are two supervised learning techniques that
may trained on labeled datasets that include examples of
both good and bad bridge photographs. The algorithms can
accurately classify and locate problems through this approach.

A. Related Work

Sergio Ruggieri et al. [3] presented a study about defect
detection on structural elements of existing bridges through a
machine learning approach. The proposed methodology aims
to explore the possibility of automatically recognizing defects
and damages on bridges by employing a training of existing
convolutional neural networks on a set of photos.
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Abstract — The growing demand for facial recognition 

systems necessitates efficient processing of images, particularly 

in resource-constrained environments. Compressed images 

offer a significant advantage in terms of storage and 

transmission bandwidth, but traditional face recognition 

algorithms struggle with the information loss inherent in 

compression techniques like JPEG. This paper explores the 

feasibility of using a VGG-16 based approach for real-time face 

recognition directly in the compressed domain. 

We leverage transfer learning by fine-tuning a pre-trained 

VGG-16 model on a dataset of compressed facial images. This 

approach capitalizes on the powerful feature extraction 

capabilities of VGG-16 while adapting it to the challenges of 

compressed images, such as artifacts and information loss. Our 

evaluation demonstrates that the trained model achieves 

accurate face recognition using compressed images, paving the 

way for real-world applications with bandwidth and storage 

limitations. Future work could involve exploring the impact of 

different compression techniques on recognition accuracy and 

potentially improving robustness against compression artifacts. 

This work acknowledges the inherent trade-off between the 

compression ratio of images and the achievable recognition 

accuracy. In this thesis, we are investigating this relationship to 

identify the optimal balance between storage efficiency and 

recognition performance for real-world deployments. 

Keywords — Deep learning, VGG-16, Compressed images, 

facial recognition, transfer learning 

I. INTRODUCTION 

The burgeoning demand for real-time face recognition 

systems in various domains, including security, access 

control, and human-computer interaction, underscores the 

necessity for robust and efficient solutions. However, this 

need is compounded when faced with the challenge of 

operating in environments where image data is compressed to 

conserve storage and bandwidth. Compression algorithms, 

while beneficial for reducing data size, often introduce 

artifacts that can compromise the fidelity of facial features 

crucial for accurate recognition. Traditional feature extraction 

methods, ill-equipped to handle these distortions, struggle to 

maintain recognition accuracy in such scenarios. 

In response to this pressing challenge, this research 

embarks on an exploration of utilizing the VGG-16 deep 

learning model for real-time face recognition in compressed 

domains. VGG-16, a pre-trained convolutional neural network 

(CNN) renowned for its success in image classification tasks, 

emerges as a promising candidate for adapting to the 

intricacies of compressed image data. Our investigation 

focuses on achieving two primary objectives: 

A. Superior Recognition Accuracy:

Deep learning models, exemplified by VGG-16, possess

the capability to learn intricate, hierarchical feature 

representations from images. This innate capacity enables 

them to achieve markedly higher recognition accuracy 

compared to conventional methods, even when operating on 

compressed images replete with artifacts. 

B. Real-Time Processing Speeds:

While deep learning offers unparalleled accuracy,

ensuring real-time performance presents a formidable 

challenge. This research delves into techniques aimed at 

optimizing the VGG-16 model for expedited processing 

without compromising recognition accuracy. Such 

optimization is imperative for real-world applications 

necessitating swift face recognition within constrained 

timeframes. 

By leveraging the strengths of deep learning with the VGG-

16 architecture, this research aims to pioneer a solution that 

marries high accuracy with real-time suitability for practical 

face recognition scenarios involving compressed images. This 

research heralds a departure from traditional methods, 

foregrounding deep learning with VGG-16 as a paradigm shift 

poised to deliver superior performance in real-time settings. 

II. LITERATURE REVIEW

Face recognition, a pivotal aspect of biometric 

identification, has garnered considerable attention in recent 

years owing to its wide-ranging applications across diverse 

domains. This literature review endeavors to provide a 

comprehensive overview of existing research endeavors, 

focusing on methodologies, techniques, and advancements 

pertinent to face recognition using compressed images. 

C. Ranjeeth Kumar et al. [1] proposed face recognition

utilizing convolutional neural networks (CNNs) and Siamese 

networks, showcasing notable success in face recognition 

tasks and laying the groundwork for further exploration into 

sophisticated deep learning techniques for image analysis. In 

a similar vein, Anwarul et al. [2] present a novel hybrid 

ensemble convolutional neural network for face recognition 

by optimizing hyperparameters, demonstrating advancements 

in model optimization techniques. 
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Edge Computing in 5G and IoT Enhancing Data 

Processing Real-Time Analytics and Reducing 

Latency for Critical Applications 

Dr. Raj Kumar Goswami, Professor, Department of Electronics and Communication Engineering, 
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Abstract 

The integration of 5G networks, edge computing, and Internet of Things (IoT) was transforming 

the landscape of modern digital systems, enabling more efficient, scalable, and responsive applications 

across various sectors. This chapter explores the synergies between these technologies, focusing on 

their role in enhancing real-time data processing, reducing latency, and optimizing bandwidth for 

critical applications. The convergence of 5G and edge computing plays a pivotal role in addressing the 

limitations of traditional cloud-based systems by enabling localized data processing, which was crucial 

for applications in smart cities, healthcare, precision agriculture, and autonomous systems. By enabling 

ultra-low latency communication and supporting massive device connectivity, these technologies 

ensure seamless interaction between edge devices and IoT networks, paving the way for advanced 

real-time analytics and decision-making. However, challenges related to infrastructure deployment, 

security, and scalability remain key areas of ongoing research. This chapter also outlines future 

directions for the continued evolution of these technologies, highlighting their potential in emerging 

fields such as augmented reality (AR), virtual reality (VR), and smart manufacturing. The insights 

provided are crucial for understanding the transformative impact of 5G and edge computing on critical 

applications in a data-driven world. 

Keywords:  

5G Networks, Edge Computing, Internet of Things (IoT), Real-Time Data Processing, Latency, 

Real-Time Analytics 

Introduction 

The convergence of 5G networks, edge computing, and the IoT represents a significant leap forward 

in the capabilities of modern digital ecosystems [1,2]. As industries strive for greater connectivity and 

intelligence, the demand for faster, more scalable, and responsive systems has become paramount [3]. 

The combination of 5G’s high-speed connectivity, edge computing’s localized processing, and IoT’s 

ability to interconnect devices creates a powerful infrastructure that can support the next generation of 

critical applications across various sectors [4]. This chapter examines the intersection of these 
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Abstract—The primary objective of this paper is to detect 

and locate alterations in digital images to ensure their tamper-

proofing. To achieve this, a fragile watermarking technique has 

been employed and the obtained watermark has been encrypted 

using the Vigenère Cipher/Playfair. This versatile technique can 

be applied to both grayscale and colour images, focusing on 

spatial domain watermarking. In the proposed approach, 

replace the Least Significant Bits (LSBs) of the host image's 

pixels have been replaced with the encrypted watermark data. 

Authentication involves extracting the watermark from the 

watermarked image and comparing it with the original 

watermark. This Python-based implementation of 

Fragile Watermarking is subjected to various typical attacks on 

watermarked images to assess its performance. Experimental 

results demonstrate that the watermarked images show PSNR 

over 55 dB, and SSIM over 0.99 for a standard set of images, 

indicating the method's effectiveness in detecting image 

integrity in the presence of these attacks.  

Keywords—Spatial domain watermarking, Tamper detection, 

localization, Vigenère cipher, Fragile watermarking 

I. INTRODUCTION  

It's crucial to ensure that digital images remain unaltered 
and tamper-proof, especially in fields like journalism, law 
enforcement, and evidence authentication. Detecting and 
pinpointing unauthorized modifications within images is 
essential for maintaining trust and credibility in the digital 
world. 

This paper focuses on tamper detection and localization in 
digital images by using an innovative approach known as 
Fragile Watermarking. Fragile Watermarking is a specialized 
form of digital watermarking that is highly sensitive to even 
the smallest changes made to the host image. This heightened 
sensitivity is achieved by encrypting a watermark using 
methods like the Vigenère Cipher/Playfair cipher and with the 
dimensions of the host image. Importantly aligning it 
precisely, this technique is versatile and can be applied to both 
grayscale and colour images, making it adaptable to a wide 
range of applications. 

The core methodology involves replacing the Least 
Significant Bits (LSBs) of the host image's pixels with the 
encrypted watermark data. By subsequently extracting and 
comparing this watermark with the original, tampered regions 
within the image can be reliably detected and located. 

Through Python-based implementation, the performance 
of this Fragile Watermarking technique has been assessed 

under various typical attacks on watermarked images. The 
outcomes of this paper not only contribute to the field of image 
integrity and security but also provide a practical tool for 
safeguarding digital images against unauthorized alterations. 

II. LITERATURE REVIEW 

In the realm of digital image forensics, various 
watermarking techniques have been developed to address the 
challenge of detecting and localizing tampered regions. These 
techniques aim to ensure the integrity and authenticity of 
visual content, especially in the face of evolving tampering 
methods and emerging threats.  

Neena Raj and Shreelekshmi [1] proposed a fragile 
watermarking scheme utilizing Singular Value 
Decomposition (SVD) and logistic map for tamper 
localization. Their scheme achieves precise tamper 
localization under various attacks such as copy-paste and 
content removal, showcasing competitiveness against state-
of-the-art algorithms. Despite its effectiveness, concerns arise 
regarding its vulnerability to cryptographic attacks. Ahmad 
and Khursheed [2] presented a tamper detection and 
localization model utilizing various features and optimized 
CNN. While achieving enhanced tamper detection accuracy, 
its computational complexity remains a concern. Zhang et al. 
introduced EditGuard [3], a proactive framework integrating 
copyright protection with tamper-agnostic localization. 
EditGuard balances tamper localization accuracy, copyright 
recovery precision, and generalizability to AIGC-based 
tampering methods. However, its scalability and performance 
under evolving threats warrant further exploration. 

Lin et al. proposed a fragile watermarking scheme [4] 
utilizing AMBTC and VQ for tamper localization and self-
recovery. Their approach demonstrates robustness against 
cutting and copy-paste attacks while maintaining high tamper 
localization accuracy. However, the reliance on compression 
methods may introduce artifacts affecting watermark 
robustness. Bhalerao et al. [5] presented a secure and efficient 
fragile image watermarking technique based on spatial 
domain, block-based embedding using the Secure Hashing 
Algorithm (SHA-1). Their approach aims to detect image 
tampering and localize tampered regions with high accuracy, 
albeit with concerns regarding SHA-1 hashing vulnerability. 
Ahmadi et al. [6] presented a blind dual watermarking scheme 
for color images, achieving high robustness and tamper 
localization accuracy. However, its computational complexity 
and potential impact on image quality require further 
investigation. Other novel approaches to fragile watermarking 
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Abstract 

This exploration into "Navigation Autonomy" begins with a comprehensive 
overview of the evolutionary trajectory of autonomous vehicles, 
emphasizing the pivotal role of communication in enabling navigation 
autonomy. This chapter addresses challenges and security considerations 
within communication networks, providing a foundation for understanding 
the technological infrastructure supporting navigation autonomy. Moving 
forward, the exploration continues with a focus on the integration of lidar, 
radar, and camera-based sensor systems, accompanied by discussions on 
sensor fusion algorithms and the role of edge computing in decentralized 
processing for navigation autonomy. The final stretch of the exploration 
shifts attention to "Cybersecurity and Future Trends," addressing threats and 
vulnerabilities within autonomous vehicle communication systems. It details 
security measures and encryption protocols, concluding with anticipation of 
advances in autonomous vehicle communication technology and insights 
into future trends that will shape the landscape of navigation autonomy. 
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Abstract 

 

There is an enormous growth in the 

way we have lived over the past 75 years. 

Furthermore, work was transformed by two 

miniature discoveries. One is  that using 

semiconductor transistor and the other one  

miniaturisation of  VLSI  microchip have 

revolutionized modern inventions extremely 

since their development. In the 1939s, they 

have been getting smaller and smaller. In this 

paper introduces contemporary trends  in 

nanotechnology then its applications besides  

future scope as well as addresses the progress 

of our country in this emerging field. 
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Abstract—Integrating renewable energy sources and the 

demand for environmentally friendly energy solutions has led 

to the development of DC microgrids. These microgrids offer 

improved efficiency, reduced transmission losses, and 

increased reliability. However, the intermittent nature of 

renewable energy generation and unpredictable demands 

require power electronic converters like DC-DC converters in 

DC microgrids. Multiple-input multiple-output (MIMO) DC-

DC converters are a potential solution to address these 

challenges. This paper provides the study of MIMO DC-DC 

Converters; the study utilized the Scopus database for 

bibliometric analysis and retrieval of publication documents 

related to the selected MIMO keyword. The Scientometric 

analysis was conducted using the VOSviewer software. Also, 

this paper provides a comprehensive overview of the latest 

advancements in MIMO DC-DC converters for DC microgrid 

applications, covering various converter topologies and 

performance evaluation methods. 

Keywords—MIMO DC-DC Converters, DC Microgrids, 

Renewable Energy Integration. 

I. INTRODUCTION 

In the past few years, the development of microgrids has 
attracted much attention and momentum due to numerous 
key components and reasons that have contributed to this 
trend. A microgrid provides electricity to a specific 
geographical region or community by operating 
independently or coordinating with the main grid. Using 
renewable energy sources like solar, wind, biomass and 
battery storage, microgrids create a reliable and sustainable 
energy supply[1]. Reduce emissions and promote energy 
security and resilience by using microgrids. In generally DC 
microgrids are more efficient than AC microgrids and also it 
offers increased reliability and resiliency, operating 
independently from the main power grid. They provide 
uninterrupted power supply even during grid failures or 
blackouts. DC microgrids are highly efficient, eliminating 
the need for energy conversion from DC to AC, resulting in 
reduced energy losses[2]. These benefits make DC 
microgrids suitable for isolated or off-grid areas, 
additionally, essential infrastructure needs reliable and 
uninterrupted power.  

The main challenge of a DC Microgrid is to balance the 
supply and demand of electricity in a localized area. It 
operates on a smaller scale and uses renewable energy 
sources, unlike traditional power grids [3] The challenges of 
managing fluctuations in energy production from renewable 
sources like solar panels and wind turbines while meeting 
electricity demand without overloading the system are 
discussed. Integrating energy storage systems is essential for 
maintaining a stable and reliable power supply while storing 
excess energy for use during periods of low production. 

Implementing MIMO DC-DC converters is one approach 
that can be used to address and overcome these issues.  Fig.1 
shows the basic block diagram for MIMO DC-DC 
Converter. MIMO converters help manage fluctuations in 
energy production by dynamically allocating power from 
different sources based on demand. This improves the 
stability and reliability of the power supply by efficiently 
storing and using excess energy during times of low 
production [4]. 

Fig. 1. Basic Block Diagram for MIMO DC-DC Converter source [5] 

II. BIBLIOMETRIC ANALYSIS

Bibliometric analysis is a key part of literature review, 
which is a quantitative look at academic works like journals, 
articles, conference papers, books, and other research 
outputs. Bibliometric analysis illuminates the intellectual 
landscape, research impact, and study relationships by 
analysing publishing trends and citation data. The study 
utilized the Scopus database for bibliometric analysis and 
retrieval of publication documents related to the selected 
MIMO keyword, the Scientometric analysis was conducted 
using the VOSviewer software[6]. 

The top 118 articles have been listed from the last three 
years and split into this keyword from the top 10 journals 
with relevant MIMO keywords. Articles by the country 
results are shown in Fig.2. It is observed that India has 
published the most research articles from the last year, 
approximately 33 out of 118 articles, and the Documents by 
subject area are in the journals in Fig. 3. 
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Fig.  2.  Articles by the country results or territory 118 Article results 

 

Fig.3. Documents by subject area 

 

Fig.4 Network Visualization in MIMO systems key word 

 

Fig. 5 Cluster Visualization in MIMO systems key word 

 

Fig. 6. Overly Visualization in MIMO systems key word 

The network mapping visualization in Fig. 4 shows the 
occurrence weight of keywords, with MIMO being the most 
powerful keyword. It has 312 links and 15714 total link 
strength. Research studies have shown that cluster 
visualization effectively represents keywords, with the 
number of links and total link strength representing the link 
between keywords. The MIMO System's cluster 
visualization in Fig. 5 shows a total keyword divided into 4 
clusters. MIMO system visualization, highlighting its 
potential for various applications. The lightest colour and 
long link distances indicate recent research and development 
opportunities shown in Fig. 6.  

Scientometric analysis helps identify recent and future 
trends in MIMO System converter development, providing 
clear direction for related research. Overlay visualization 
helps bridge research gaps between keywords, while link 
distance and circle colour analysis helps determine future 
trends in related topics. 

III. MIMO DC-DC CONVERTERS 

Multiple-Input and Multiple-Output (MIMO) DC-DC 
converters, are a class of power electronic devices used to 
efficiently regulate and convert electrical energy between 
multiple input and output sources. This converter's capacity 
to handle power from numerous sources and distribute it to 
multiple loads while maximizing efficiency and performance 
has made it popular in many applications.  

A. Classifications of MIMO MIMO DC-DC converters 

MIMO DC-DC Converters can be based on various 
factors shown in Fig.7. 

a) Converter Topology: MIMO DC-DC converters are 

classified based on their component arrangement, including 

forward, flyback, half-bridge, full-bridge, and cascaded 

converters. Each topology has advantages and disadvantages, 

making it suitable for applications and power conversion 

requirements. The choice depends on voltage levels, power 

ratings, efficiency, and cost. 

b) Control Strategy: Control strategy-based 

classification of MIMO DC-DC Converters involves using 

control strategies like pulse-width modulation and phase-

shift modulation to regulate the output voltage and current. 

These converters can achieve high efficiency and accurate 



regulation by adjusting the switching frequency and duty 

cycle. 

 

Fig.7. Classification of MIMO DC-DC Converters 

c) Control Strategy: Control strategy-based 

classification of MIMO DC-DC Converters involves using 

control strategies like pulse-width modulation and phase-

shift modulation to regulate the output voltage and current. 

These converters can achieve high efficiency and accurate 

regulation by adjusting the switching frequency and duty 

cycle. 

d) Applications: MIMO DC-DC converters can be 

classified based on their specific applications, such as 

renewable energy systems, where they interface various 

energy sources like solar panels, wind turbines, and energy 

storage systems to the grid or loads. Like Electric Vehicles 

and data centres, in electric vehicles, MIMO DC-DC 

converters can manage power flows between multiple 

sources, such as batteries, fuel cells, and regenerative braking 

systems. In Data Centers, MIMO converters are employed 

for efficient power distribution and management in data 

center environments. converters can improve power 

distribution and management in aircraft and spacecraft. 

e) Isolation between Input and Output: Isolation 

means there is no direct electrical connection between the 

input and output circuits, based on classify Isolated and Non-

Isolated DC-DC Converters. Isolated MIMO converters have 

galvanic isolation between their input and output ports. 

Classification of Isolation b/w Input and Output DC-DC 

Converters shown in Fig.8. Insolation Provides several 

benefits, including: Enhanced safety, Noise reduction, 

Voltage step-up/step-down, Ground potential difference, 

Isolation transformer. In Non-isolated MIMO converters do 

not have galvanic isolation between their input and output 

ports. Instead, they directly transfer power between the input 

and output circuits. Non-isolated MIMO converters are 

typically smaller, lighter, and more cost-effective compared 

to isolated versions. However, they lack the benefits of 

isolation includes No isolation transformer, Simplicity and 

cost-effectiveness, Potential for ground loops. 

f) Number of Inputs/Outputs: General representation 

for a converter with N inputs and M outputs (NxM MIMO 

Converter) Suppose the number of inputs and outputs is 

increased. In that case, automatically, the network elements 

will also be increased, and at the same time, the remaining 

parameters like efficiency, voltage gain, and capacity are 

also taken into account. 

 

Fig. 8. Classification of Isolation b/w Input and Output DC-DC Converters 

B. Analysis of MIMO DC-DC converters 

Edpuganti etc all [7] proposed various MIMO converter 

topologies, as illustrated in Fig. 9. One such converter design 

is for CubeSat EPS, integrating PV panels, batteries, and 

loads using a single inductor to reduce the converter's size. 

The outputs are linked in series and connected to loads and 

the battery through a single inductor. PV panels are 

connected in parallel to a capacitor and a half-bridge (HB) 

module, while a full-bridge (FB) module interfaces with the 

battery. The HB modules regulate voltages for the loads, 

with outputs from the load-side HB and FB modules 

connected in series. Power transfer from sources to loads 

occurs through inductor current. Both the HB and FB 

modules contain switches that operate in a complementary 

manner when turned on. 

.  

Fig.9 Topology for MIMO converters in CubeSat EPS [7] 



 

Fig.10. Proposed MIMO converter topology of B-MIMO-C topology [8] 

A novel high-step-up bidirectional DC-DC converter 
with many inputs and outputs is proposed by Mohammad 
Maalandish etc all [8] shown in Fig.10. The battery 
represents one of the five inputs of a topology that also 
features two outputs. Since the transformer is bidirectional, it 
can bypass, charge, and discharge the battery. Continuous 
input current, independent input control, and decreased 
semiconductor normalised voltage stress are advantages. The 
proposed topology is suitable for electric vehicle applications 
and has been tested in laboratory for an 870W prototype, 
confirming theoretical calculations. 

 

Fig.11. High step-up A non-isolated MIMO DC–DC converter [9] 

Saeed Azmoon Asmarood etc all [9] proposed a new 
High step-up A non-isolated MIMO DC–DC converter 
shown in Fig.11. It has double-input and double-output ports. 
The converter is ideal for high step-up clean energy 
applications, with one output voltage being negative and the 
other positive. The proposed converter offers several 
advantages, including higher voltage growth compared to 
similar converters, lower manufacturing costs, lower 
conduction and switching losses, and a simpler control 
method.

 
Fig.12 Current-source-mode Single Inductor MIMO converter [10] 

Zheng Dong etc all [10] proposed the current-source-mode 
Single inductor MIMO converter shown in Fig. 12. which 
avoids cross-regulation and simplifies control strategies. The 
CSM configuration shares common ground for inputs and 
outputs, making expansion easier. the development of CSM 
single-inductor dual-input dual-output (SIDIDO) dc-dc 

converters has led to a reduction in the number of main 
circuit components. These converters are capable of working 
independently even when input sources are disconnected. 

 

Fig. 13A non-isolated high-gain DC-DC converter topology [11] 

 Farha Khan etc all [11] Presents better-quality high gain 
non-isolated quadratic step-up architecture shown in Fig.13. 
for distribution generation, generating high voltage gain with 
condensed duty cycles. The proposed topology uses fewer 
components, reducing the number of inductors and diodes 
needed. The continuous input current suggestively increases 
Photovoltaic panel lifespan. Both theoretical and practical 
results from the converter validate the achievable voltage 
gain, which has an efficiency of 93.4%. Efficiency can be 
increased by reducing parasitic resistances and switching loss 
using more efficient power switches. 

 

Fig. 14. Proposed interleaved Boost-Zeta converter a monopolar load [12]  

 Vaishali Chapparya etc all [12] proposed non-isolated 
Single Input Double Output dc-dc converter, combining 
Boost and Zeta converter cells with series-connected outputs 
shown in Fig.14. It can serve as an interface between a 
renewable energy source and a 48 V BPDC microgrid.  The 
converter has reliable operation, a constant output current, a 
zero shoot-through possibility, a low current stress, a small 
number of active components, and a continuous input 
current. It is efficient and cost-effective. The converter's 
steady-state and dynamic characteristics were verified 
through simulation and experimental results. This converter 
illustrated a 95.61% peak efficiency and a 94.42% average 
efficiency. Ullah, Q etc all [13] proposed   sliding mode 
control (SMC) based DC–DC Converters for DC Microgrid 
Applications, shown in Fig. 15, to a step-up the PV system 
converter, and later extended to include the non-inverting 
four-switch buck-boost (FSBB) converter network topology 
for battery and load systems. Parallel to the battery system, 
the PV system may supply up to 35 V. A FSBB converter 
allows the DC bus voltage to be adjusted from its current 48 
V all the way up to 75 V or all the way down to 5 V. The 
MATLAB Simulink results demonstrated the robustness and 
quick dynamic response of the SMC-based FSBB converter 
during mode shifting, resulting in stable and smooth output 
waveforms. 



Table-1 Work analysis of Non-Isolated and Isolated DC-DC Converters 

Ref. 
Type of 

converter  

No. of.  

C and L 

No. of. D 

and S 

No. of 

Windings 
Capacity  

Effiency 

(%) 

[16] Non-Isolated 1C,1L 2D,4S N. A 152W 96.8 

[17] Non-Isolated 1C,2L 2D,4S N. A 1000W 97 

[18] Non-Isolated 2C,3L 2D,4S N. A 200W 93.6 

[19] Non-Isolated 3C,2L 0D,4S N. A 150W 94.11 

[20] Non-Isolated 2C,2L 4D,3S N. A 300W 96 

[21] Isolated 16C,5L 8D,8S 3 150W 93 

[22] Isolated 2C,1L 8D,4S 3 1000W 91.5 

[23] Isolated 5C,4L 2D,2S 3 500W 94.8 

[24] Isolated 4C,3L 3D,3S 3 250W 95 

Capacitors (C), Inductors (L), Diodes (D) and Switches (S); N.A: Not Applicable 

 

Bharadwaj S. etc all [14] proposed A photovoltaic based 
Double input double-output (DIDO) DC-DC converter 
shown in Fig.16. It achieves a conversion efficiency of 
around 90% in battery charging and discharging modes. This 
converter improves reliability by utilizing renewable energy 
sources and reducing control circuit size and complexity. Its 
on-board battery charging is useful for electric vehicles. By 
adding input and output ports, the converter topology may 
support renewable power sources like fuel cells. 

 

Fig. 15. DC-DC Converters Based on sliding mode control (SMC)  

Technology (a) during which S is accessible. (b) Timing of the closure of S 

[13]  

 

Fig. 16. Proposed double-input doble-output DC-DC converter [14] 

 

Fig. 17. Proposed MIMO converter with series outputs [15] 

 

Hamid Behjati etc all [15] MIMO DC-DC converters are 
proposed shown in Fig. 17. This system accommodates 
multiple input DC sources and passive loads, operates in 
CCM and DCM, and allows individual regulation of input 
powers. It uses a single inductor, simplifying current sensing 
and reducing complexity and cost. It can determine input and 
output currents without additional circuitry, and output 
voltages can be higher or lower than the maximum input 
voltage.  

Work analysis was observed for the isolated and non-
isolated DC- dc converters shown in Table 1 and also 
observe the  MIMO performance comparison [25,26,27] 
based on the Controller shown in Fig.18.  

 

Fig.18. MIMO performance comparison based on the Controller 

IV. CONCLUSIONS  

Multiple-Input and Multiple-Output DC-DC converters 
are a promising solution for addressing power distribution 
and management challenges in DC microgrid systems. They 
offer improved efficiency and reliability by efficiently 
redistributing power among multiple input sources and 
output loads. These converters also enable better integration 
of renewable energy sources and energy storage devices. The 
study discussed in the paper provides a comprehensive 
analysis of MIMO DC-DC converters, focusing on 
performance metrics, efficiency, and control strategies. The 
findings contribute to the development of efficient and 
reliable MIMO DC/DC converters for microgrid (DC) 
applications. 
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   Abstract - This paper proposes a dual output series resonant 

converter suitable for LED lighting applications, 

accommodating wide input voltage variations. It utilizes a five-

switch converter configuration integrated with boost converter 

for powering two light emitting diode (LED) lamps. An 

asymmetric voltage cancellation (AVC) is used for independent 

current control integrating dimming feature. The paper 

presents detailed circuit operation, and steady state analysis 

with simulation results validating performance of dual 36W 

LED loads (i.e. total output power of 72 W). Comparative study 

highlights advantages over existing LED driver designs.  

Keywords— Boost integrated series loaded resonant 

converter, dual-output, soft-switching, asymmetrical voltage 

control, wide input variation, LED driver.  

I.INTRODUCTION 

     LED lighting has revolutionized global lighting systems 

such as indoor and outdoor lighting, automotive lighting, and 

advertising [1-2] with its improved efficiency and easy 

dimming capabilities, significantly enhancing lighting 

quality while reducing energy consumption and maintenance 

costs. Precise current control is essential due to the 

exponential V-I characteristic of LEDs, necessitating to the 

use of switched-mode power converter [3-4]. AC-DC 

converters are employed to power LEDs from AC sources, 

often incorporating power factor correction while minimizing 

or eliminating electrolytic capacitors due to their short 

lifespan [5-8]. Multi-output converters with fewer 

components are preferred for applications with multiple 

loads, offering high power density and improved efficiency. 

Resonant converter topologies like series, parallel, series-

parallel, etc are integrated to achieve zero voltage switching 

(ZVS) or zero current switching (ZCS). In automotive 

lighting applications, LED drivers must accommodate wide 

variations in battery voltage during transient conditions like 

starting, acceleration, and braking. Multiple outputs are 

required for various lighting functions such as main head 

lamps, tail lamps, brake lamps, and side lamps, each with 

equal or different voltage and wattage requirements. 

Configurations are proposed to address these challenges and 

ensure effective LED current control under varying 

conditions. 

     In [9], full-bridge configuration efficiently handles 

multiple-loads with fewer components and reduced 

conduction losses but lacks independent dimming control. 

Multiple output LED drivers presented in [10-11] employs 

asymmetric duty cycle control with soft switching but has 

limited voltage gain. In [12], a full-bridge configuration 

achieves high efficiency with soft switching but not ideal for 

automotive applications due to significant source variations. 

In [13-14], half and full-bridge configurations integrate buck-

boost operation. They feature a reconfigurable design to 

manage wide input variations efficiently. However, they 

utilize variable frequency control for the buck-boost 

configuration.  

    This paper introduces an LED driver configuration for 

automobile applications featuring two LED loads. Utilizing a 

five-switch setup with a series LC circuit as the power 

processing unit, it enables independent control of both loads.  

II. CIRCUIT DESCRIPTION 

    A five-switch configuration is proposed to power two LED 

loads with independent control as shown in Fig.1. It provides 

independent control of both loads. It uses series resonant 

circuit to achieve zero voltage switching (ZVS) of the 

converter devices. This configuration is used for applications 

with wide input voltage variations such as automobile 

lighting, etc. The first leg of the converter consists of switches 

S1 and S2, each operated with 50% duty cycle. The second leg 

incorporates switches S3, S4 and S5, with controllable gating 

pulses of S3 and S5. The gate pulse of S4 is derived from the 

gating signals of S3 and S5. The tank voltages VAB and VAC, 

are independently controlled using asymmetrical voltage 

cancellation (AVC) technique to drive current through the 

corresponding resonant circuits. Diode bridge rectifiers (D11-

D14) and (D21-D24), are utilized to rectify resonant currents (ir1 

and ir2) and filtered by capacitors (Co1 and Co2), and thus flow. 

through LED load. Dimming control for the LED loads is 

facilitated by switches SD1 and SD2. To address wide input 

voltage variations, a boost circuit is integrated with the five-

switch configuration. Switches S1 and S2 also serve as part of 

boost configuration, operating with a 50% duty cycle. 

Consequently, the DC bus voltage across CBoost, is double that 

of battery voltage ranging from 40 V to 64 V to accommodate 

input voltage variations from 20 V to 32 V.  

A. Principle of Operation 

     The proposed configuration independently powers two 

LED loads, achieving current regulation is achieved through 

AVC control of VAB and VAC as shown in Fig.2. Soft-

switching is enabled by a series resonant circuit, with a ratio 

of switching frequency(ωs) to resonant frequency (ωr), set as 

ωs / ωr = 1.1 to achieve ZVS operation. Gate pulses for all the 

devices (Vg1 – Vg5), tank input voltages VAB and VAC, and 

tank currents ir1 and ir2 are illustrated Fig. 2. Dimming of LED 

lamps, is accomplished by switches SD1 and SD2 connected in 

series with their respective resonant tank circuits. Turning off 

the dimming switches results in the lamps being off, while 
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turning them on controls LED current to remain constant, 

allowing for varying levels of illumination by adjusting the 

duty cycle of dimming switches. 

     Fig.1 depicts the closed loop operation of the proposed 

converter used for the generation of gating pulses. Gating 

pulses, Vg1 and Vg2 operate at 50% duty ratio. Two control 

voltages, Vc1 and Vc2 are compared with the sawtooth 

waveform, with frequency twice that of operating frequency. 

This yields control pulses Vc1 and Vc2 as shown in Fig.2. 

These control pulses are ANDed with Vg1 and Vg2 

respectively. Incorporating dead-time, td and OR-ing these 

signals results in Vg4. Additionally, the complementary 

signals of [Vc1 AND Vg1] and [Vc2 AND Vg2] yield Vg3 and 

Vg5, respectively. Different voltage levels of VAB and VAC 

such as +VDC, zero and -VDC are generated as follows.  

The voltages, VAB and VAC will have voltage level of - 

(i)+VDC when S1, S4 and S5 are ON, 

(ii)-VDC when S2, S3 and S4 are ON, and  

(iii)zero when both S1 and S3 are ON or S2 and S5 are ON 

respectively. 

Tank voltages, VAB and VAC drive sinusoidal currents ir1 and 

ir2, in the resonant tank. These currents are rectified and 

filtered by output capacitors Co1 and Co2. LED load currents 

are kept constant despite supply voltage variations through 

AVC control of VAB and VAC. Integration of the boost 

configuration with switches S1 and S2 aids in regulating load 

current against wide battery voltage fluctuations. The 

converter’s performance is evaluated through MATLAB 

simulations.  

B. Modes of operation 

Mode-I (t0-t1): In this mode, at t = t0, S2 and S3 are turned-

OFF, while S5 remain ON. When S2 is switched off, the boost 

inductor current, iLB reaches its peak and remains constant 

from t0 to t1. During this interval, tank currents ir1 and ir2 are 

negative. In this mode, tank current (ir1/2), charges Cs3 and 

discharges Cs4, while the current (ir1+ir2+iLB)/2, charges Cs2 

and discharges Cs1. Additionally, VAB changes from – VDC to 

+VDC, VAC changes from zero to +VDC as shown in Fig.3 (a). 

 

��� = ��� = ��� = ��� = 0  
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 (���)
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Fig. 1 Circuit diagram of proposed converter 

 
Fig.2 Operational waveforms of the converter 

 

Mode-2 (t1-t2): At t = t1, S1 and S4 are triggered for ZVS turn-

ON while S5 remain ON as shown in Fig.3 (b). Boost inductor 

current, iLB decreases linearly transferring energy to boost 

capacitor, CBoost. In this mode, the tank currents ir1 and ir2 

remain negative with VAB and VAC at +VDC. By t = t2, ir1 and 

ir2 reach zero, the voltages across Cs2 and Cs3 becomes +VDC 

and Cs1 and Cs4 become zero.  

��� = − (��� + ��� +  ���)  
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��� =  ��� = 0 
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Mode-3 (t2 – t3): During this mode, switches S1, S4 and S5 

remain ON as shown in Fig. 3 (c). Tank voltages VAB and VAC 

are at +VDC. Tank currents ir1 and ir2 start increasing from zero 

to positive. Boost inductor current, iLB linearly decreases, 

transferring energy from LBoost to CBoost. At t=t3, ir1 reaches its 

peak while ir2 continues to rise beyond t3 as VAC has higher 

duty cycle than VAB.  
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Mode-4 (t3-t4): At t=t3, S4 switches OFF with ZVS, while S1 

and S5 remain ON and S2 and S3 remain OFF. Tank currents, 

ir1 and ir2 become positive as shown in Fig.3 (d). Inductor 

current, iLB linearly decreases. During this mode, VAB 

transitions from    +VDC to zero, while VAC stays at +VDC.  Half 

of ir1 discharges the snubber capacitors Cs3 from + VDC to 

zero, and the other half charges Cs4 zero to VDC. ir2 flows from 

the source through S1, load-2, S5 and back to the source. At t 

= t4, S3 turns ON with ZVS. 
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Mode-5 (t4-t5): At t=t4, S3 switches ON with ZVS. During 

this interval, S1, S3 and S5 are ON and S2 and S4 are OFF as 

depicted in Fig. 3 (e). Hence, VAB = 0 and VAC = + VDC. Tank 

currents, ir1 and ir2 are positive. 
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Mode-6 (t5-t6): At t=t5, S1 and S5 are turned-OFF. In this 

mode, boost inductor current, iLB reaches its minimum and 

remain constant. The tank currents ir1 and ir2 are positive, half 

of ir2 flowing through S5, charges CS5 and discharges Cs4 as 

shown in Fig.3 (f). Similarly, the current (ir1+ir2-iLB)/2, 

charges Cs1 and discharges Cs2.  VAB transitions from zero to 

-VDC, and VAC shifts from +VDC to -VDC. At t=t6, Cs1 and Cs5 

charge to VDC and Cs2 and Cs4 discharge to zero, resulting in 

VAB and VAC becomes equal to -VDC. 
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Mode-7 (t6-t7): At t = t6, in Fig. 3 (g), S2 and S4 turn- ON with 

ZVS, while S3 remains ON. During this interval, boost 

inductor current, iLB increases linearly. Tank currents ir1 and 

ir2 are positive and reach zero at t = t7. In this mode, VAB = 

VAC = -VDC. 
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Mode-8 (t7-t8): During this mode, depicted in Fig. 3 (h), 

switches S2, S3 and S4 remain ON. Tank voltages VAB and 

VAC are equal to -VDC, with negative tank currents ir1 and ir2.  

Boost inductor current, iLB increases linearly. At t=t8, ir2 

reaches its peak while ir1 continues rising due to VAB having 

higher duty cycle than VAC.  
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Mode-9 (t8-t9): At t=t8, S4 turns OFF with ZVS, while S2 and 

S3 remain ON and S1 and S5 remain OFF. Tank currents ir1 and 

ir2 are negative. Boost inductor current, iLB continues to 

increase linearly. During this mode, VAB stay at -VDC while 

VAC changes from -VDC to zero. Half of ir2 discharges Cs5 from 

VDC to zero, and the other half charges Cs4 from zero to VDC 

as shown in Fig. 3 (i). At t = t9, S5 is turned ON with ZVS. 
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Mode-10 (t9-t10): At t=t9, S5 turns ON with ZVS. During this 

interval, S2, S3 and S5 are ON while S1 and S4 are OFF as is 

shown in Fig. 3 (j). Thus, VAB = - VDC and VAC = 0. Tank 

currents, ir1 and ir2 are negative. 
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Fig.3 (a)-(j) Modes of operation  

     

III.RESULTS AND DISCUSSIONS 

A. Simulation Results and Discussions 

   The specifications of the converters used in simulation is 

shown in Table I and the respective results depict the 

operation of the proposed converter for a battery voltage of 

24V, showcasing various waveforms in Fig. 4 (a) and (b) 

These figures, illustrate battery voltage (Vin), DC link 

Voltage (VDC), boost inductor voltage and current (VLB, iLB), 

resonant tank voltages and currents (VAB and ir1) and (VAC 

and ir2), load Voltages (Vo1, Vo2), load currents (Io1, Io2), 

switch voltages and currents (vsw1, isw1) to (vsw5, isw5) for 40% 

dimming of load-1 and 20% dimming of load-2. Load 

currents are regulated to 1 A under closed-loop operation.  

   It can be observed that when dimming occurs by opening 

the series switches of the resonant tanks, the power transfer  
 

 
Table I. Design parameters of the proposed converter 

Parameter Description 

Input Voltage 20V – 32V 

Boost inductance, (LBoostt) 100µH 

Boost Capacitor, (CBoostt) 20 µF 

Resonant tanks inductor (Lr1, Lr2), Resonant 
tank capacitors (Cr1, Cr2)  

51.6 μH, 
60.6 nF 

Output Voltage of load -1 and load-2 36V (equal) 

Output Current of load -1 and load-2 1 A 

Switching frequency (fs) 100kHz 

No. of strings, No. of LEDs per string 2, 11 

Forward drop of each LED 2.3 V 

Forward resistance of each LED 1.9 ohms 

Dimming Frequency 100 Hz 

LED Current per string of both loads 500mA 

PI Controller Parameters, Kp and Ki 0.2, 1000 

 

 
(a) 

 
(b) 

Fig. 4 (a) – (b) Simulation waveforms of the converter. 

 

to output is stopped causing output voltages (Vo1 and Vo2) to 

decrease and LED currents (Io1 and Io2) to drop to zero.  Upon 

turning on, LED currents resume to their normal value 

without overshoot, with corresponding tank currents also 

becoming zero during these intervals. As depicted in Fig.4 (a) 

for input voltage of 24 V. Additionally, boost inductor 

waveforms, and also resonant tanks and devices voltage and 

current waveforms are depicted to indicate their ZVS/ZCS 

operation are shown in Fig. 4 (b). 
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Fig. 5 Step response and its output waveforms  
 

 
Fig. 6 Independent control of both loads. 

 

         
Fig. 7 Dynamic response of load current. 

 

The step response of the proposed converter in closed-loop 

performed and its output responses (i.e. Vo1, Vo2, Io1, Io2, 

Po1 and Po2) under dimming conditions, are shown in Fig. 5. 

It can be seen that output voltages and LED currents are 

regulated to be constant under variations of the input/battery 

voltage. Hence, it can be observed that output voltages and 

LED currents are regulated independently. Independent 

control operation of the two loads is demonstrated in Fig. 6 

for the input voltage of 24V. Here, the reference signal of 

load-1 is to be constant at 1 A and by changing that of load-2 

from 0.5 A to 1 A and then to1.5 A. It can be observed that 

load-1 current remains constant but only that of load-2 

current, voltage, and power are changed. The dynamic 

response of load-2 w.r.t step change in Iref2 is shown in Fig.7 

while load-1is operated under dimming condition. The step 

response is close to first order system. 

B. Comparative Analysis 

    The comparative analysis of existing multiple output dual 

output is discussed in Table- II.  The topologies in [9] and 

[10] offer independent current control for multiple LED 

loads, having a higher component count than the proposed 

LED driver. Conversely, the converter in [11] has fewer 

components and enables independent operation, but its half-

bridge configuration limits voltage gain and results in 

reduced efficiency due to non-uniform diode-conduction 

losses. The efficiency of the proposed converter is similar to 

the existing works. Notably, the converters discussed in [9], 

[12], [14] and [15] lack independent load regulation operation
 

Table II Comparison of proposed configuration with existing non-isolated topologies 

 Features [9] [10] [11] [12] [13] [14] [15] Proposed 

No. of switches 2+N 2(1+N) 1+N N+2 1+2N 2(2N) 2N 2N+1 

No. of inductors 3N/2 1+N N N+2 1+N N+1 N N+1 

No. of capacitors 1 2N 2(N+1) N/3 1+2N 2N+1 N+1 2N+1 

No. of diodes 1 4N 4N 2N/3 4N 4N 0 4N 

No. of loads (N) 4 2 2 3 2 1 4 2 

Components 

count per load 

low moderate low moderate high low moderate low 

Input Voltage (V) 48 48  48 40-60 48  18-120  8-18 20-32 

Output Voltage 

(V) 

33 

(equal) 

42.25, 19.5 16.25, 13 13.68,20.52, 

20.52 

22.5, 39.6 22.5  3-50 36 

(equal) 

Peak efficiency 

(%) 

94.96 92.45 91.5 96.1 92.3 94  92.1 93.1 

ZVS turn-on yes yes yes yes yes yes  yes yes 

Non-isolated 
structure 

yes yes yes yes yes yes yes yes 

Control 

complexity 

simple moderate simple simple complex simple moderate simple 
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to accommodate wide input variations.  In [13], 

frequency control is utilized to maintain a steady 

output voltage despite variations in the input 

voltage.  

IV.CONCLUSION 

An LED driver with wide input variation is 

presented for two LED lamps suitable for 

automobile application. Power conversion with 

series resonant converter is implemented. A boost 

converter is integrated on source side along with 

five-switch series resonant converter configuration 

with wide input variations. For the given battery 

voltage, boost converter steps up the input voltage 

and, five-switch resonant converter steps down the 

output voltage to desired values so that LED load 

current can be controlled to be constant.  

ZVS operation of the devices results in negligible 

switching losses with improved efficiency. 

Independent control of each load and dimming are 

achieved. This configuration is also suitable for 

handling larger powers. Results are presented for 20 

V to 32 V input voltage and 36 V, 1 A current for 

each load with 36 W of individual load power. 
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ABSTRACT 

This paper presents the comprehensive design and optimization of a 50W Light Emitting Diode (LED) lamp, 
aimed at achieving superior performance in terms of energy efficiency, luminous efficacy, and thermal management. 
The growing demand for energy-efficient lighting solutions has fuelled the need for innovative designs in LED lamps, 
with a focus on maximizing brightness while minimizing power consumption. LED drivers play a critical role in 
providing the required electrical power to LEDs while addressing various challenges such as power factor correction, 
thermal management, and flicker reduction. The design process begins with a thorough analysis of the electrical 
characteristics of the LEDs, considering factors such as forward voltage, forward current, and temperature 
dependencies. The driver circuit is then tailored to deliver a stable and regulated current, ensuring optimal power 
utilization and longevity of the LED components. To enhance energy efficiency, power factor correction (PFC) 
techniques are incorporated, minimizing reactive power and aligning current and voltage waveforms. The designed 
driver undergoes rigorous testing to evaluate its performance under different operating conditions, including 
assessments of power factor, total harmonic distortion, and thermal stability. Results demonstrate the effectiveness of 
the driver in providing a reliable and efficient power supply to the 50W LED lamp. The optimized driver presented in 
this study not only ensures the reliable operation of a 50W LED lamp but also serves as a scalable model for driving 
LEDs in various lighting applications, paving the way for advancements in energy-efficient and sustainable lighting 
technologies. The designed driver simulated using MATLAB and the results are analysed for further improvement of 
performance. 

Keyword: - LED, LED Driver, Power factor, PFC and MATLAB. 
 
 1       INTRODUCTION 

 

With the ever-increasing demand for energy-efficient and environmentally sustainable lighting solutions, Light 
Emitting Diode (LED) technology has emerged as a frontrunner in the illumination industry (Uddin et al., 2011). LED 
lamps offer numerous advantages, including long lifespans, low energy consumption, and superior light quality. 
However, the efficient operation of LED systems relies heavily on the accompanying driver circuits, which play a 
pivotal role in regulating the electrical power supplied to the LEDs (Wang et al., 2017). The challenges in designing a 
driver for a 50W LED lamp are multifaceted. Efficient power management, power factor correction, thermal 
considerations, and compatibility with smart lighting controls are among the key aspects that demand careful 
attention (Ali et al.,2016). As the global transition towards energy-efficient lighting intensifies, there is a growing need 
for advanced driver technologies that not only provide a stable power supply but also offer intelligent features to 
enhance user experience and adaptability. The basic structures of LED drivers available in the literature are shown in 
Figure 1 as reported by Wang et al., 2017. 

 
Figure 1: Structure of LED drivers (a) Single stage (b) Two stage (c) Integrated stage 
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LED drivers serve as the backbone of LED lighting systems, converting incoming electrical power to a form 

suitable for the LEDs, addressing power quality issues, and ensuring optimal performance (Wang et al., 2017). The 
design of an effective LED driver is paramount in achieving energy efficiency, longevity of LED components, and 
compliance with stringent lighting standards. As the available source at the distribution system is AC, there is a need 
for AC-DC converter (Kim et al., 2017) and DC-DC converter. Various topologies and control schemes of DC-DC 
converters are available in the literature (P and Potnuru, 2023; Luz et al.,2015;  P.Krishna, 2023). The basic DC-DC 
converters are reviewed and reported by P and Potnuru, 2023 and Wang et al., 2017 and are shown in Figure 2. 

 

 
 

Figure 2: DC-DC converter topologies (a) Buck (b) Boost (c) Buck-Boost (d) Cuk (e) SEPIC (f) Zeta 
 

The topology can be chosen based on the source and operational requirements of LED driver. This paper 
aims to contribute to the evolving landscape of LED driver design by presenting a comprehensive study on the 
development and implementation of a specialized driver for a 50W LED lamp. By addressing the intricacies of 
efficient power regulation, thermal management, and intelligent control features, this research endeavours to provide 
insights that extend beyond the specific application, laying the groundwork for advancements in LED driver 
technology applicable across diverse lighting scenarios. As the quest for sustainable and technologically advanced 
lighting solutions persists, the optimized LED driver discussed herein holds the potential to influence the trajectory of 
LED lighting towards greater energy efficiency, reliability, and adaptability. The dame design can be extended for 
Electric Vehicle and microgrid applications with some changes (Bharothu et al., 2022). 

2    DESIGN SPECIFICATIONS 

The available source in India at the distribution level is 230V, single phase, 50Hz, AC supply. A bridge rectifier 
is needed to convert the AC signal to unidirectional signal and the average voltage is approximately 207V. The LED 
lamp operates at a voltage lower than the rectified output. This has to be stepped down to another voltage suitable for 
LED which makes the necessity of a DC-DC buck converter as shown in Figure 1 (Mrabet et al., 2022; P and 
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Potnuru, 2023; Rahman et al., 2020; Liu et al., 2018; U.K.Kalla, 2016).  The specifications of LED street light 
considered for the simulation are shown in Table 1. 

Table 1 LED Specifications 

Parameter  Value  

Power  50 W 

Voltage  30 V 

Current  1.67A 

 
The rectifier output is not a pure DC, so a capacitor to be used to smooth the waveform. Another capacitor 

and inductor are connected at the load side (LED lamp) to improve the output voltage waveform. The LED lamp is 
simulated using a resistor. The details of inductor and capacitor used are shown in Table 2. 

Table 2 Specification of elements  

Element  Value  

Capacitance (Rectifier) 15.685uF 

Inductor (load side) 5mH 

Capacitor (load side) 10.98mF 

Resistor (LED) 18 Ω 

3     CONTROL SCHEME 

The LED needs a constant voltage for better performance. The buck converter is to be controlled for achieving 
constant voltage. The Pulse width Modulation (PWM) technique is used to control the converter. To further improve 
the control action and to get good output voltage, a PID controller is also used. The block diagram of the proposed 
driver is shown in Figure 3. The topology used for the simulation is single stage DC-DC buck converter. 

 

 
 

Figure 3: Block diagram of proposed driver 
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4      SIMULATIONS RESULTS 

 
 

Figure 4: Output voltage 

 

 
 

Figure 5: Output current 

 

 
 

Figure 6: Input voltage and current 
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From the Figure 6, it is observed that the current wave is not a pure sine wave (distorted waveform), the total 

harmonic distortion (THD) is high. The THD refers to the alteration or deformation of an electrical waveform from its 
original pure sine shape. In the MATLAB the THD is found using Fast Fourier transform (FFT) analysis. 

5      CONCLUSION 

The proposed driver is able to provide a voltage 30V required for the 50W LED lamp. From the results it is 
found that there is very small ripple in the output voltage and the same can be reduced further by properly choosing 
gains of PID controller and also the inductor and capacitor. From the input voltage and current waveforms, it is 
observed that the current waveform is not a pure sinewave (Total Harmonic Distortion (THD) is 252.28%) and the 
current is not exactly in phase with voltage (phase angle is 9

0
 and power factor =0.9877). The performance of the 

proposed driver can further be improved by reducing THD and increasing power factor. The same driver can be 
extended to other LEDs but with modifications in the control scheme. 
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