
Volume 9, Issue 12, December – 2024                              International Journal of Innovative Science and Research Technology                                                 

ISSN No:-2456-2165                                                                                                       https://doi.org/ 10.5281/zenodo. 14565215  

 

IJISRT24DEC1383                                                             www.ijisrt.com                                1530 

A Survey on Interpolation Techniques in  

Digital Signal Processing 
 

 
T S Bhagavath Singh1; Abhishek V2; Akhil K3; Hardik Goyal4; Harshavardhana C Joshi5 

1,2,3,4,5 Department of Information Science RNS Institute of Technology, Bengaluru 

 

 

Abstract:- This survey examines ten research articles 

analyzing multiple facets of interpolation techniques, 

highlighting their methodologies, applications, and 

advancements. We categorize these techniques into 

linear, polynomial, spline, non-linear, and hybrid 

approaches, discussing their effectiveness and limitations 

in real-world applications. Thepaper aims to offer an in-

depth analysis of the current interpolation state in DSP, 

identifying challengesand suggesting future research 

directions. 

 

I. INTRODUCTION 

 

Interpolation techniques are vital in reconstructing 

continuous signals from discrete data, playing a significant 

role in image processing, audio enhancement, and data 

compression. Traditional methods like nearest-neighbor, 

bilinear, and bicubic interpolation offer varying trade-offs 

between computational simplicity and quality. For example, 
nearest-neighbor is fast but introduces pixelation, while 

bilinear and bicubic methods create smoother results but 

may blur fine details. 

 

Advanced techniques like Lanczos interpolation and 

deep learning-based models have further pushed the 

boundaries, improving accuracy and maintaining high-

frequency details, especially in applications requiring 

precision, such as medical imaging and satellite data. 

However, these modern methods entail high computational 

costs, making them challenging to implement in real-time 
environments. 

 

This survey consolidates findings from ten research 

papers, providing a comparative analysis of these 

techniques. It highlights how they perform in different 

fields, focusing on their strengths, weaknesses, and 

applicability, aiming to inform future developments in 

image scaling and signal reconstruction. Additionally, 

hybrid approaches that blend traditional and machine-

learning-based methods are explored for balancing 

computational efficiency with high-quality results. 
 

II. LITERATURE SURVEY 

 

The ten research papers analyzed in this survey 

represent diverse perspectives on interpolation methods, 

ranging from traditional mathematical techniques to 

advanced deep learning algorithms. Each paper offers novel 

understanding of the advantages, limitations, and 

computational complexities of different image scaling 

techniques, providing a comprehensive understanding of 

their applicability in various fields. This section aims to 

synthesize these findings, comparing the algorithms 

considering factors like accuracy, speed, and practical use 

cases. The thorough analysis will not only identify gaps in 

current research but also propose future directions to 

improve image scaling methods. 
 

2D image reconstruction using bicubic interpolation: 

This paper presents a framework that generalizes existing 

interpolation algorithms by creating a unified approach. 

Theauthors argue that such a generalization improves 

flexibility and computational efficiency, extending its 
usability to encompass a wider array of applications. 

Their studies provide evidence that this generalized 

framework reduces computation time by up to 30% 
compared totraditional algorithms like cubic and 

nearest- neighbor methods. Additionally, the paper 

emphasizes that the accuracy remains comparable, 

making it useful for real-time applications such as 
video streaming or real-time image scaling where both 

speed andprecision are crucial. 

 
Algorithm for applying interpolation in digital signal 

processing systems: The focus of this paper is a novel 

interpolation method using radial basis functions (RBF) to 

handle multidimensional data, including applications in 

fields like video processing and medical imaging. The 

authors show that their approach outperforms in handling 

high- dimensional datasets by improving interpolation 

accuracy by 40% over traditional methods like bilinear 

interpolation. The paper provides quantitative analysis on 

datasets with three or more dimensions, showing that the 

proposed technique maintains high fidelity in signal 

reconstruction, particularly in cases where preserving the 

integrity of multidimensional features (e.g., in 3D medical 
images) is critical. 

 

A Comparative Analysis of Image Interpolation 

Algorithms: This study focuses on using deep learning, 

specifically convolutional neural networks (CNNs), for 

image interpolation. The authors propose a deep learning-

based framework capable of learning complex mappings 

from low-resolution to high- resolution images. Their 

experiments demonstrate a 50% reduction in interpolation 

error, especially in high-frequency regions such as image 

edges and textures. This makes CNNs particularly effective 
in preserving crucial visual elements that are often lost in 

traditional interpolation methods. The paper also explores 
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how CNNs can be trained for specific domains (e.g., 

medical images or satellite imagery) to enhance results 
further. 

 

Comparison of Commonly Used Image Interpolation 

Methods: This paper emphasizes the need for advanced 

error measurement techniques in evaluating interpolation 

performance. Traditional metrics like Mean Squared Error 

(MSE) often fail to capture perceived image quality, 

especially when fine details are involved. The authors 

propose new metrics, including Peak Signal-to-Noise Ratio 

(PSNR) and Structural Similarity Index (SSIM), to better 

reflect the human visual system's sensitivity. Their studies 
highlight that these metrics provide a more accurate 

evaluation of interpolation quality, particularly when used 

with high-resolution images or video frames. The authors 

suggest adopting these improved metrics in both academic 

research and industrial applications. 

 

Computational Time Complexity of Image 

Interpolation Algorithms: The study investigates filter bank 

methods for interpolation, focusing on wavelet transforms. 

The authors argue that filter bank approaches provide 

flexibility and effectiveness in reconstructing signals, 

particularly in cases of non-stationary data. Results indicate 
that these methods surpass conventional interpolation 

techniques in specific applications, such as audio signal 

enhancement, where retaining temporal characteristics is 

vital. The paper highlights the versatility of these methods 

for applications requiring high fidelity in temporal 

characteristics, such as audio processing and speech 

recognition. 

 

Image Enhancement Using Various Interpolation 

Methods: This paper examines the utilization of 

interpolation methods specifically in image processing tasks 
such as upscaling and image enhancement. The authors 

compare popular algorithms, including bilinear, bicubic, and 

spline interpolation, to determine which yields the most 

effective balance between computational efficiency and 

visual quality. Spline interpolation emerged as the best 

performer, especially in maintaining the visual fidelity of 

upscaled images without introducing significant artifacts 

like blurring or aliasing. The authors also stress the 

importance of choosing an interpolation method based on 

the specific requirements of the application, such as real-

time processing or high-quality rendering. 

 
A Review: Image Interpolation Techniques for Image 

Scaling: In this paper, the authors investigate hybrid 

interpolation techniques that combine linear and spline 

methods to adaptively switch based on the signal 

characteristics. Their proposed framework dynamically 

selects the most appropriate interpolation technique, 

improving accuracy in areas with high variability and 

reducing computational overhead in simpler regions. The 

results indicate that these hybrid methods provide superior 

performance by leveraging the strengths of each technique, 

with a marked improvement in noisy environments where 
standard methods struggle. This makes hybrid approaches 

particularly suitable for noisy image datasets, such as 

satellite or medical images. 

 
Image Interpolation Techniques in Digital Image 

Processing: An Overview: The paper introduces sparse 

representation models for interpolation, where signals are 

represented as a weighted sum of a small number of basis 

functions. This method allows for substantial computational 

efficiency without sacrificing high accuracy. Sparse 

representation excels in processing large datasets, making it 

ideal for applications like image and video compression, 

where reducing storage and processing time is essential. The 

authors provide extensive benchmarks showing that sparse 

models outperform conventional methods, particularly when 
handling high-dimensional data or in applications requiring 

real-time performance, such as mobile computing or web-

based image scaling. 

 

Linear Methods for Image Interpolation: This 

comparative study evaluates several interpolation techniques 

based on criteria such as accuracy, computational 

complexity, and robustness to noise. The paper provides a 

thorough comparison of traditional methods like bilinear and 

bicubic interpolation, as well as advanced approaches such 

as deep learning models. The findings suggest that while no 

single technique dominates in all scenarios, deep learning 
methods generally perform best in applications requiring 

high-quality image scaling. The authors stress the 

importance of selecting methods based on the specific 

constraints of the problem, such as the trade-off between 

speed and precision in real-time applications. 

 

On Single Image Scale-Up Using Sparse- 

Representations: This paper addresses the challenge of 

single-image super-resolution (SISR), proposing a deep 

learning-based algorithm designed to upscale low- 

resolution images. The algorithm outperforms traditional 
methods by preserving fine image details like edges and 

textures that are often lost in conventional upscaling. The 

authors show a significant improvement in image quality 

metrics, such as PSNR and SSIM, when tested on standard 

datasets. The technique's ability to upscale images while 

maintaining high visual fidelity makes it well-suited for uses 

in fields like medical imaging, where detail preservation is 

critical, and video streaming, where bandwidth is limited. 

 

The ten papers surveyed delve into a wide range of 

interpolation techniques, encompassing generalization 

frameworks, multidimensional methods, and advanced deep 
learning-based approaches. These studies investigate 

innovations aimed at improving the accuracy and efficiency 

of image scaling and signal reconstruction. Key 

contributions include the exploration of radial basis 

functions (RBF), convolutional neural networks (CNNs), 

and hybrid methodologies that combine traditional and 

modern approaches for enhanced performance. Significant 

attention is given to error measurement metrics such as Peak 

Signal-to-Noise Ratio (PSNR) and Structural Similarity 

Index (SSIM), which provide quantitative benchmarks for 

evaluating the quality of reconstructed images. Advanced 
filter banks designed for non-stationary data and sparse 

representation models are also examined, offering solutions 
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for computational efficiency without compromising output 

quality. Comparative analyses across various techniques 
shed light on their respective strengths and limitations, 

providing insights into their suitability for different tasks. 

Real-world applications, such as single-image super- 

resolution (SISR), demonstrate the practical implications of 

these methods, highlighting how they address challenges in 

fields like medical imaging, remote sensing, and video 

processing. 

 

III. OBJECTIVES 

 

 To compare the performance of different image scaling 
algorithms with regard to quality, speed, and 

computational efficiency. 

 To evaluate the scalability of multiple algorithms for 

diverse image resolutions, ranging from low- resolution 

to ultra-high-definition (UHD) images. 

 To identify the best algorithm for high-quality image 

scaling in practical applications, such as image 

enhancement, video processing, and medical imaging. 

 To analyze the benefits and drawbacks of traditional 

versus deep learning-based algorithms, focusing on 

visual quality and edge preservation. 

 To propose a hybrid image scaling method that balances 

visual quality while minimizing computational resources 

for real-time applications. 

 

IV. PROPOSED SYSTEM 

 

The proposed system presents a hybrid approach to 

image scaling by combining traditional interpolation 

methods, such as Nearest Neighbor, Bilinear, Bicubic, and 

Lanczos, with advanced machine learning techniques. This 

approach adapts to the image resolution and scaling 

requirements, dynamically selecting the most suitable 
algorithm for each scenario. By analyzing image 

characteristics, the system determines whether to leverage 

traditional methods for faster, resource-efficient processing 

or to use advanced techniques for superior image quality, 

ensuring an optimal balance between speed and 

performance. 

 

Traditional interpolation methods are computationally 

efficient and well-suited for tasks requiring quick 

processing, but they often struggle to preserve fine details in 

high-resolution images. Advanced techniques, such as those 
incorporating machine learning, excel in capturing intricate 

patterns and textures, making them invaluable for 

applications requiring high fidelity, such as medical imaging 

or multimedia. The proposed system capitalizes on the 

strengths of each approach, dynamically switching between 

algorithms to achieve a harmonious trade-off between 

processing speed and image quality. 

 

This framework also emphasizes adaptability and 

scalability, enabling the seamless incorporation of emerging 

algorithms in image scaling, ensuring the system remains 

relevant and capable of leveraging advancements in the 
field. By delivering real-time results and visual feedback, 

the system is tailored to meet diverse user needs, all while 

operating fully on the client side using HTML, CSS, and 

JavaScript. 
 

V. ADVANTAGES OF PROPOSED SYSTEM 

 

 Enhanced Image Quality:  

Preserves intricate details in high-resolution images, 

leveraging advanced scaling techniques for superior 

fidelity in both upscaling and downscaling tasks. 

 Adaptive Scaling: Dynamically adjusts the scaling 

algorithm based on image properties and scaling 

requirements,  ensuring  optimized  performance  for 

diverse use cases. 
 Real-Time Performance Metrics: Displays critical 

metrics such as PSNR, SSIM, and FSIM for 

comprehensive quality analysis, enabling users to assess 

image scaling quality effectively. 

 Resource Efficiency: Fully client-side implementation 

ensures efficient utilization of computational resources, 

with no reliance on external servers, making the system 

suitable for resource-constrained environments. 

 Visualization: Scaled images and evaluation metrics are 

displayed alongside real-time graphs, providing users 

with immediate feedback on performance and quality. 

 Future Scalability: The modular architecture allows for 

the integration of new scaling algorithms, ensuring the 

system remains cutting-edge and adaptable to future 

advancements in image processing. 

 

VI. PROPOSED METHODOLOGY 

 

 Data Collection:  

A diverse set of images covering various categories 

(e.g., nature, urban, and medical imaging) and resolutions 

will be used to thoroughly evaluate scaling methods. 
 

 Algorithm Implementation:  

Four traditional scaling algorithms—Nearest Neighbor, 

Bilinear, Bicubic, and Lanczos—are implemented entirely 

in HTML, CSS, and JavaScript for a seamless client-side 

experience. 

 

 Evaluation Metrics: The scaled images are assessed 

using quality metrics: 

 Peak Signal-to-Noise Ratio (PSNR): Evaluates the 

fidelity of the scaled image compared to the original. 

 Structural Similarity Index (SSIM): Measures the 

perceived quality by comparing luminance, contrast, and 

structure. 

 Feature Similarity Index (FSIM): Captures fine details 

and feature preservation. Additionally, processing time 

for each scaling operation is recorded for performance 

evaluation. 

 

 Experimental Setup:  

A structured testing framework ensures consistent 

conditions for all scaling algorithms, enabling reliable 

comparisons of performance and quality metrics. 
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 Result Analysis:  

 

 The system visually displays scaled images alongside the 

original image for qualitative analysis. 

 Graphs for PSNR, SSIM, FSIM, and time metrics 

provide insights into the strengths and weaknesses of 

each method across different scaling factors. 

 

 Hybrid Approach Development:  

Insights from the analysis inform the development of a 

hybrid system. This system dynamically selects the best-

suited algorithm for upscaling or downscaling based on 

image resolution and quality requirements. 

 

 Validation and Testing:  

A separate dataset is used to rigorously test the hybrid 

approach, ensuring robust performance, reliability, and 

adherence to high-quality standards in real-world 

applications. 

 

VII. CONCLUSION 

 

This survey highlights advancements in interpolation 

methods and their application in image scaling, 

underscoring the trade-offsbetween traditional and advanced 
techniques. Traditional methods provide efficiency but may 

struggle with high-detail images, while advanced techniques 

excel in quality but often demand more resources. 

 

The fully client-side system presented here integrates 

Nearest Neighbor, Bilinear, Bicubic, and Lanczos 

algorithms, offering adaptive scaling solutions for upscaling 

and downscaling. By displaying real-time visual outputs and 

quality metrics such as PSNR, SSIM, and FSIM, the system 

enables users to assess and compare results interactively. 

 
The proposed hybrid framework aims to address the 

limitations of existing methods by combining their 

strengths, ensuring adaptability, resource efficiency, and 

superior image quality. Furthermore, the scalable design 

ensures the system’s relevance in evolving technological 

landscapes, paving the way for the incorporation of future 

advancements in image processing. 
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