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2. APPROXIMATE 4-2 COMPRESSORS 
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3. APPROXIMATE MULTIPLIER DESIGN  

Multipliers are essential elements in digital signal processing systems, responsible for efficiently 
computing the product of two operands. In this section, we delve into the architecture of the 
proposed multipliers, focusing on their design principles, area utilization, propagation delay, and 
essential performance metrics like Peak signal-to-noise ratio (PSNR). Utilizing the Wallace tree 
multiplier method enables efficient computation of partial products and subsequent accumulation of 
results within the proposed architecture. The Wallace tree multiplier reduces the overall computation 
time while minimizing hardware resources by decomposing the multiplication operation into smaller 
segments and employing parallel processing. The hierarchical structure of the tree enables scalable 
implementation, making it suitable for a wide range of multiplication scenarios. The integration of 
custom compressors enhances the performance of the Wallace tree multiplier by optimizing area 
utilization and reducing delay. The proposed multipliers leverage a Wallace Tree architecture, a well-
established method for reducing partial products and aggregating them to obtain the final product 
efficiently. The architecture shown in Figure 3.1 employs custom-designed compressors and full and 
half adders to optimize area utilization and minimize propagation delay. Each multiplier variant 
(PM1, PM2, PM3, PM4) employs a different compressor (C1, C2, C3, C4) to suit various application 
requirements. 
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4. PERFORMANCE EVALUATION 
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5. IMAGE BLENDING APPLICATION 

This work presents a novel image-blending technique implemented within the MATLAB environment. It 
leverages area-efficient approximate multipliers (M1, M2, M3, M4) to achieve finer control over the 
blending process compared to traditional methods. These custom multipliers prioritize specific image 
features or regions (e.g., edges in the cameraman image, textures in the Saturn image) during blending, offering 
a more nuanced approach while maintaining computational efficiency. The technique involves generating 
weight maps that define the contribution of each pixel from the source images (provided in TIF format, such as 
the classic cameraman and Saturn images) to the final blended output. The custom approximate multipliers then 
manipulate these weight maps to achieve the desired visual effect, such as the seamless blending of high-
frequency details from the cameraman's image with the low-frequency textures of the Saturn image shown in fig 

metrics like Peak signal-to-noise ratio (PSNR). The blended images are shown in Fig 7. These metrics offer 

source images. Future research directions could involve exploring advanced, area-efficient multiplier designs 
that further optimize computational efficiency. Additionally, the integration of machine learning techniques 
holds promise for creating adaptive multipliers that can automatically adjust based on the specific content of the 
input images. Finally, developing a framework suitable for real-time image blending applications could expand 
the practical applications of this technique. 
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The performance of each multiplier variant is evaluated based on several key metrics, including area 
utilization, propagation delay, and PSNR for image blending applications. 

 
Table 4 PSNR Comparison 

 

Multiplier PSNR 
PM1 21 

PM2 19 
PM3 33 
PM4 19 

 
 

6. CONCLUSION 

In this manuscript, we introduced a novel design for an approximate multiplier focusing on optimizing area 
utilization. We leverage compact compressors, half adders, and full adders to achieve this goal. The practical 
utility of our multiplier is demonstrated in an image blending application, under-scoring its relevance in real-
world scenarios. Our thorough experimentation yields promising outcomes, with the highest peak signal-to-
noise ratio (PSNR) reaching 33 for images of the cameraman and Saturn. Furthermore, we quantify the mean 
squared error (MSE) at 27, indicating the efficacy of our multiplier in maintaining image quality while 
reducing computational complexity. Our exhaustive evaluation under-scores the effectiveness of our 
approach in striking a balance between area efficiency and performance, rendering it suitable for deployment 
in resource-constrained settings like field-programmable gate arrays (FPGAs). The successful realization of 
our design underscores its potential across various domains requiring efficient arithmetic operations, thus 
advancing digital circuit design methodologies. Future research directions may explore further optimizations 
and extensions to address additional performance metrics and application domains. 
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