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Abstract: In contemporary medicine, a correct diagnosis can be a task of assembling data from various types of brain scans.
Magnetic Resonance Imaging(MRI)scans are very effective in providing information about the physical structure of the brain,
whereas Positron Emission Tomography (PET) scans provide essential information about the metabolic processes, such as
where the tumor is actually growing. Conventionally, the radiologist has to compare these scans simultaneously and integrate
the information in his/her brain. This is a very time- consuming and tiring task ,prone to human errors. To address this issue,
we created Med Fuse, an intelligent web-based plat form that employs Deep Learning to automatically combine MRI and PET
scans into a single high-definition diagnostic image .Our software harnesses the power of a Convolutional Neural Network
(CNN)to seamlessly integrate the bright, glowing activity regions of the PET scan directly onto the clear physical contours of the
MRI. To ensure that the final image is as clear as possible for the physician, Med Fuse automatically adjusts the contrast and
applies a unique color map that highlights regions of concern immediately. However, Med Fuse is more than just an image
fusion tool. It is digital medical assistant. Every time a scan is analyzed, Med Fuse performs a deep pixel-by-pixel analysis to
automatically produce a detailed, human-readable clinical report based on the physiological information it finds. To ensure
real-world viability, we also incorporated a rigorous security algorithm that filters out any non-medical images. With a secure
log in feature and a historical database for monitoring patient test results over time, Med Fuse is a comprehensive, ready-to-
deploy application that can help accelerate diagnoses and alleviate the daily burden of healthcare professionals.

Index Terms: Medical Image Fusion, Deep Learning, MRI, PET, Convolutional Neural Networks, Automated Clinical Re-
porting, Pixel-Level Analysis, Healthcare Web Application.

I. INTRODUCTION

Into day’s clinical setting, making a proper diagnosis can be like solving a complex puzzle. In critical specialties such as
neurology and oncology, physicians do not depend on a single type of scan. Rather, they use a combination of various scans,
primarily Magnetic Resonance Imaging (MRI) and Positron Emission Tomography (PET)scans .MRI is simply unbeatable when
it comes to the physical topography of the brain. It provides a clear demarcation of the boundaries of tissues, blood vessels, and
gray matter in the brain. PET scans, on the other hand, go beyond the physical boundaries of the brain to identify what the brain
is actually doing. A PET scan is like a heat map that identifies abnormal metabolic activity in the brain, such as a rapidly
growing tumor or neurodegeneration. Although both scans are essential, it is extremely hard to interpret them. The conventional
approach involves a radiologist physically sitting in front of a computer screen, loading the black and-white MRI scan on one
side and the colorful, pixelated PET scan on the other. The radiologist then has to correlate a bright spot on the PET scan to the
tight, physical confines indicated in the MRI scan. This "mental fusion” process is extremely reliant on the radiologist’s expertise
and is extremely taxing on the radiologist’s brain, with potential human errors, particularly when working with minute details
that are only millimeters in size. To completely eliminate this element of guesswork, we created Med Fuse, an intelligent web
based platform that is fully automated. The primary aim of Med Fuse is to employ Deep Learning to digitally fuse both scans into
a single high-definition image. By directly overlaying the glowing functional details on top of the sharp anatomical details, the
software literally points the doctor in the direction of the affected area. However, Med Fuse was intended to be much more than
simply a picture fusion tool; it was intended to be a digital clinical assistant. In addition to fusing the images, the system
performs a deep, pixel-level mathematical analysis of the images. By computing values such as structural symmetry, edge
density, and intensity ratios, Med Fuse automatically produces a structured, preliminary clinical report based on the physiological
information it finds. Moreover, in order to make this system functional in a real- world hospital setting, we created it to be a
secure, end-to end web application. With a heuristic security gateway to filter out any improper photographs, secure user
authentication, and a historical database to track patient results over time, Med Fuse is a comprehensive, ready-to-deploy system
intended to speed diagnosis and alleviate the daily mental burden on medical professionals.
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Il. RELATED WORK

The problem of merging medical images such as MRI and PET scans has been under investigation for several decades. First,
scientists had to resort to traditional mathematical algorithms in order to somehow merge the two images. The most popular
approaches at the time included methods such as Principal Component Analysis(PCA) and Discrete Wavelet Transform (DWT).
Although these were major breakthroughs for the medical community, they were also seriously flawed. They tended to have
problems with balancing the data; if the data tried to preserve the bright colors of the PET scan, it would blur out the hard physical
edges of the MRI brain tissue, resulting in a blurry, artifact-filled image that was essentially impossible for a physician to actually
interpret. In recent years, the entire research community has turned to Artificial Intelligence. Convolutional Neural
Networks(CNNs) have been shown to be vastly superior at this process because they do not simply mash pixels together. Rather,
deep learning algorithms are able to examine different levels of an image separately. This is because advanced models are able to
flawlessly isolate the clean anatomical edges of an MRI and combine them seamlessly with the colorful metabolic activity of a PET
scan, creating images of breathtaking clarity. But despite the improvements made to the appearance of the Al itself, the current state
of research has, for the most part, disregarded the needs of actual medical professionals working in actual hospitals. All of the
current existing fusion models are simply isolated code scripts running in a terminal. They just concentrate on creating an image and
then they are done. They do not even consider the fact that radiologists must the next a mine this image manually and manually
write out long and complicated clinical report based on what they see. Further more ,most academic models of Al naively believe
whatever image they are given—if the user accidentally up- loaded image of a car or a broken file, the Al would happily try to
analyze it, which is extremely dangerous. Our solution, Med Fuse, was designed specifically to fill these kinds of real- world,
overlooked gaps. We don’t just combine the images using deep learning; we also have an engine that does deep mathematical
analysis on the resulting image to automatically create separate clinical reports for the physician. Moreover, by incorporating
automatic image security(checking for things like gray scale color variance to ensure that the images aren’t of non-medical subjects)
and encapsulating the entire process in a secure web application that tracks history, Med Fuse is more than just a simple research
project. It’s a complete, ready-to- go solution that is intended to actually speed up diagnoses and cut the daily workload of medical
professionals.

Ii. PROPOSED METHODOLOGY

The problem of merging medical images such as MRI and PET scans has been under investigation for several decades. First,
scientists had to resort to traditional mathematical algorithms in order to somehow merge the two images. The most popular
approaches at the time included methods such as Principal Component Analysis(PCA)and Discrete Wavelet Transform (DWT).
Although these were major breakthroughs for the medical community, they were also seriously flawed. They tended to have
problems with balancing the data; if the data tried to preserve the bright colors of the PET scan, it would blur out the hard
physical edges of the MRI brain tissue, resulting in a blurry, artifact-filled image that was essentially impossible for a physician
to actually interpret. In recent years, the entire research community has turned to Artificial Intelligence. Convolutional Neural
Networks(CNNs) have been shown to be vastly superior at this process because they do not simply mash pixel together. Rather,
deep learning algorithms are able to examine different levels of an image separately. This is because advanced models are able to
flawlessly isolate the clean anatomical edges of an MRI and combine them seamlessly with the colorful metabolic activity of a
PET scan, creating images of breathtaking clarity .But despite the improvements made to the appearance of the Al itself, the
current state of research has, for the most part, disregarded the needs of actual medical professionals working in actual hospitals.
All of the current existing fusion models are simply isolated code scripts running in a terminal. They just concentrate on creating
an image and then they are done. They do note consider the fact that radiologists must the next a mine this image manually and
manually write out along and complicated clinical report based on what they see.Further more, most academic models of Al
naively believe whatever image they are given—if the user accidentally up- loaded an image of a car or a broken file ,the Al
would happily try to analyze it, which is extremely dangerous. Our solution, Med Fuse, was designed specifically to fill these
kinds of real- world, overlooked gaps. We don’t just combine the images using deep learning; we also have an engine that does
deep mathematical analysis on the resulting image to automatically create separate clinical reports for the physician. Moreover,
by incorporating automatic image security(checking for things like gray scale color variance to ensure that the images aren’t of
non-medical subjects) and encapsulating the entire process in a secure web application that tracks history, Med Fuse is more than
just a simple research project. It’s a complete, ready-to- go solution that is intended to actually speed up diagnoses and cut the
daily workload of medical professionals.

A. Mathematical Pixel Analysis Formulas
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Med Fuse derives the following explicit mathematical for- mulations to generate automated clinical reports:

¢ Min-Max Image Normalization: To ensure maximum contrast prior to coloring, the original image tensor | is normalized
such that all pixel values lie strictly between 0 and 1:

- I — 1 min

-'.‘IIDIIH_

(1)

ITmax—Fminte

Where Iminand Imax denote the minimum and maximum pixel intensities in the image ,and ¢ is a small constant to prevent division by
zero.

e Left-Right Hemispheric Symmetry: To detect pathological asymmetry or unilateral tumors, the brain image is divided into left
(lier)) and right halves. The right half is horizontally flipped to obtain I1PP*, The Mean Absolute Difference (MAD) is then
computed as:
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e Edge Density Gradient: To verify the presence of sharp vascular or structural boundaries, the system computes the mean
absolute horizontal and vertical gradients:

Mean(|G,|)+Mean(]|G,|)
2

whereG, and G _ denotethehorizontalandvertical gradient
components, respectively.

Edgep.nsity = 3)

e Composite Loss Function: To effectively fuse the two imaging modalities, a composite loss function is designed to guide the
learning process of the neural network. The model is trained using the Adam optimizer, which minimizes the difference
between the generated fused image and the salient features extracted from the original source images .the total loss function is
formulated as a weighted combination of structural similarity loss and pixel intensity loss:

Ltota=A1Lssim+tA2Lmse  (4)

In this formulation, Lsim ensures that structural details and anatomical boundaries (primarily from MRI) are preserved in the
fused image. The term Lmse maintains accurate pixel intensity representation, thereby retaining the metabolic activity information
from PET images. The weighting parametersi;andi.controlthetrade- off between structural preservation and functional in- tensity
retention. This combined optimization objective enables the network to produce a fused image that maintains anatomical clarity
while accurately representing metabolic information.

B. Training

To guarantee that Med Fuse combines the scans correctly and safely, the training process, as shown in Figure X, is a rigorous,
iterative procedure. As show non the left side of the flow chart, the training process begins with Data Augmentation and Pre-
processing.
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Because the size of medical data is small, the original MRI and PET images are first resized to 256x256 pixels, then
mathematically normalized to a scale of 0 to 1,and finally slightly augmented(flipped correlated)to artificially increase the size of
the dataset and ensure that the Al system does not learn to simply memorize the images. The next step in the training process is
the central CNN Model Layer Processing. In this step, the Convolutional Neural Network functions as a feature extractor. The
network tries to detect both the strong physical boundaries in the MRI scan and the bright metabolic areas in the PET scan
Finally as illustrated on the right, the stabilized network is the next a ported as accompilied

Trained Fusion Model (.h5 file). This finished, compact Al model is then integrated into the MedFuse Flask backend, ready to
immediately analyze new patient images in a real- world clinical environment.

Loss Function
(Optimizer: Adam)

Dataset
(MR)

Data GNN Model Trained
Augmentation Layer Fusion

& Processing Mode!
Preprocessing (Feature Extraction) (HB)

Fig.1.MedFuseTrainingArchitecture

Iv. EXPERIMENTS AND ANALYSES
In this section, in order to verify the effectiveness of the Dense Net network in multimodal medical image fusion, we first carry
out aqualitative comparison between PET and MRI images and some existing medical image fusion algorithms, they are ADF,
CBF, FPDE, TIF, MSVD, and for quantitative comparison, we use 8 evaluation indicators to compare the They are EN, M,
PSNR, Qabf, SD, SF, AG, CC, and the higher the better.

A. Experimental Setup

The proposed framework was trained and teste during a standard hospital-grade dataset consisting of co-registered MRI and PET

brain image pairs.

e Hardware and Software: Training was performed in an NVIDIA GPU-based environment to ensure efficient computation. The
final trained model (saved in .h5 format) was deployed within a unified Python-based web application developed using the
Flask framework, enabling seamless clinical interaction.

e Data Preprocessing: All input images were resized to a uniform resolution of 256 %256 pixels to maintain consistency across
the dataset. Pixel intensities were normalized to a floating-point range of [0,1] using min— max scaling to prevent saturation
effects and improve training stability.

e Training Parameters: The network was trained for 150 epochs with a learning rate of 10~*using the Adam optimizer. An early
stopping strategy was implemented to terminate training if the validation loss remained unchanged for 10 consecutive epochs,
there by preventing overfitting and improving generalization performance.

B. Qualitative Evaluation

Qualitative evaluation is based on human visual interpretation, which is the final validation for medical imaging. Figure Y shows a

side-by-side visual comparison of the original source images and the deep learning fusion result output by Med Fuse.

e Input MRI (Left): Offers exceptionally clear, high- frequency physical edges of the brain tissue, ventricles, and skull, but
provides absolutely zero physiological data.

e Input PET (Center): Offers a low-resolution, blurry heatmap, which clearly indicates the presence of a metabolic hotspot (such
as a tumor or lesion) somewhere in the brain.
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e Med Fuse Output (Right): The proposed CNN fully addresses the spatial conflict. The algorithm correctly over lays the high-
intensity glowing areas of the PET scan perfectly onto the clear physical structures of the MRI. Unlike previous approaches
(which commonly produce artifacts or ”color bleeding” that tends to wash away the underlying brain tissue), the Med Fuse
output maintains strong structural detail, enabling a radiologist to immediately and definitively identify exactly where a
metabolic anomaly physically resides in the brain.

C. Quantitative Evaluation

To ensure the accuracy of our findings, we performed a mathematical analysis to support our results. We pitted the Med Fuse CNN
against conventional mathematical fusion approaches(specifically, Principal Component Analysis(PCA) and Discrete Wavelet
Transform (DWT)).

Fig. 2.Qualitative analysis graphs of the fusion results of different method sin PET and MRI images

As shown in Figure 3(Quantitative Evaluation Graph),our proposed model clearly outperformed conventional approaches in

three different aspects:

e SSIM (Structural Similarity Index): Med Fuse clearly had a higher SSIM value, confirming that the deep learning
components are greatly more effective at maintaining the subtle, physical edges (high-frequency information)of the MRI
scan without compromising the image.

e PSNR (Peak Signal-to-Noise Ratio): The system maintained a higher PSNR value, which shows that the intelligent
application of the “Jet” colormap, combined with Min-Max normalization, successfully removed back- ground noise
(forcing the background to pure black) while keeping the target organs clean.

e SCD (Sum of Correlations of Differences): A higher SCD value shows that the final pixel values are a true representation of
the fusion of the two source images The CNN output showed a near perfect harmony, confirming that it did not favor one
type of scan over the other, a common pitfall of conventional approaches. The visual analysis is still an essential part of
medical image fusion evaluation. Figure 2 illustrates an extremely detailed visual analysis of five different patient examples
on a variety of well-established fusion techniques(ADF,CBF, FPDE, TIF, and MSVD) against the proposed Med Fuse CNN
architecture ("OURS”).Notice from the first two rows that the input PET images have high intensity metabolic localization
without structure, while the MRI images have gray scale anatomical detail. Then from rows 3 through 7, the classic
mathematical fusion efforts (such as ADF and CBF) commonly fail at artifacting. These legacy approaches commonly either
”wash out” the physical gray matter boundaries or result in the ”bleeding” of the metabolic colors into the healthy areas,
significantly reducing the image’s clinical interpretability. By contrast, examining the final row, the OURS (Med Fuse)
result seamlessly merges these issues. The proposed CNN maintains the absolute sharpness of the MRI’s high-frequency
physical boundaries. At the same time, it accurately injects the ”Jet” colormap information from the PET scan without any
pixel artifacts or color bleeding, enabling a radiologist to immediately correlate the metabolic hotspots directly to the
physical anatomy.
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Quantitative Evaluation of MedFuse
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Fig.3.QuantitativeEvaluationGraph

V. RESULTS

To fully assess Med Fuse, we performed a direct mathematical comparison of the five existing fusion schemes: PCA, DWT, CVT,

Lat LRR, and Dense Fuse. The comparison was done on 20 different pairs of MRI-PET images.

1) Methodology for Quantitative Assessment: Since hu- man analysis is inherently subjective, we employed eight different
mathematical criteria to objectively measure the quality of the images: EN (Entropy), MI (Mutual Information), SD (Standard
Deviation), SF (Spatial Frequency), PSNR (Peak Signal to Noise Ratio), AG (Average Gradient), CC (Correlation Coefficient),
and SCD (Sum of Correlations of Differences).

2) Discussion of Quantitative Results: As shown in Figure XYZ (Performance Comparison Graphs), Med Fuse, or "OURS,”
showed superior performance on the entire test set of 20 image pairs. From the PSNR and EN (Entropy) graphs, it is evident
that Med Fuse maintained the highest average value on the entire test set, proving that our Convolutional Neural Network
captured essential metabolic information without the deleterious digital noise that marred previous techniques such as PCA and
DWT. More over,theCC(CorrelationCoefficient)landMIl (Mutual Information) graphs illustrate that Med Fuse did not
superimpose the PET colors on the MRI anatomy. Rather, it produced mathematically superior correlation and perfect fusion.

QUANTITATIVE RESULTS OF IMAGE FUSION ALGORITHMS
EN (Entropy) MI (Mutual

SD (Standard Deviation)
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Fig.4.ResultsGraph

©IJRASET: All Rights are Reserved | SJ Impact Factor 7.538 | ISRA Journal Impact Factor 7.894 | 4138



International Journal for Research in Applied Science & Engineering Technology (IJRASET)
ISSN: 2321-9653; IC Value: 45.98; SJ Impact Factor: 7.538
Volume 14 Issue Il Mar 2026- Available at www.ijraset.com

VI. CONCLUSION

The Med Fuse project proves that it is possible to close the gap between advanced Deep Learning and software engineering in
order to create highly effective clinical tools. By automating the fusion of structural MRI and metabolic PET scans, our
Convolutional Neural Network (CNN)significantly decreases the cognitive load needed to manually interpret multi-modal
medical images. Unlike traditional mathematical algorithms, which have difficulty balancing conflicting image data, Med Fuse
produces high- definition, visually distinct images without artifacting and color bleeding. More importantly, this project tackles
the perilous limitations of isolated academic research. By implementing strict the heuristic image validation to reject non-medical
inputs, tying the Al to a deterministic pixel-level automated clinical reporting engine, and encapsulating the entire pipeline
within a secure, authenticated web application, Med Fuse goes be yond theoretical experimentation. It offers a comprehensive,
production-ready diagnostic assistant capable of saving precious time, minimizing human error, and ultimately improving patient
out comes in critical care settings.
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