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Abstract 
This research aims to explore the role of optical physics in remote sensing, image processing, and 

medical imaging, focusing on techniques to enhance the quality of satellite and medical images using 

optical physics principles. The impact of radiometric correction, frequency filtering, and spectral 

analysis on image accuracy was analyzed, alongside the application of artificial intelligence techniques 

to improve medical imaging, such as magnetic resonance imaging (MRI) and ultrasound imaging. The 

results showed that utilizing optical physics in image processing significantly contributes to improving 

analysis accuracy, whether in environmental and geographical applications or medical diagnostics, 

thereby opening new avenues for developing image processing technologies. Radiometric correction 

enhanced the spectrum precision of satellite imagery. Digital noise filtering techniques enhanced the 

quality of both medical and satellite photos by 30%. Contrast enhancement methods enabled the early 

detection of tumors by MRI. The implementation of AI enhanced diagnostic accuracy by 40% relative 

to traditional methods. Employ the median filter to maintain edges while eliminating noise. Utilize the 

Gaussian filter to eliminate smooth noise while preserving details. And can meticulously calibrate 

Wiener filter settings to address intricate noise. 
 

Keywords: Optical physics, remote sensing, image processing, satellite image analysis, medical 

imaging, radiometric correction, digital filtering, spectral analysis, AI in image analysis 

 

Introduction 
Current developments in medical image analysis and improvement methods are mostly being 

driven by deep learning and artificial intelligence. By increasing the precision of medical 

picture segmentation, classification, and visualization, these technologies have completely 

transformed the sector. Important advancements in this field are outlined in the sections that 

follow. U-Net and its variants are deep learning architectures. Noise Reduction Techniques: 

To improve segmentation accuracy, new architectures have been created to suppress noise in 

ultrasonic pictures, such as 3D convolutional networks [2]. Improved Visualization Methods: 

The use of augmented and virtual reality by platforms such as Next Med enhances the 

usefulness of medical imaging for physicians by enabling 3D visualization of segmented 

anatomical structures [3]. Recent years have witnessed substantial advancements in neural 

networks [3]. Compared to conventional technology for 3D representation of medical 

imaging, augmented reality (AR) and virtual reality (VR) offer a more realistic 3D 

visualization system, enabling physicians to engage effectively with the created 3D model 

and enhancing pre-surgical analysis [4, 5]. Artificial intelligence research aims to develop 

algorithms capable of segmentation that avoid the potential faults associated with manually 

coded computer vision algorithms [6]. Conditional generative adversarial networks and 

medical transformers have advanced as a result of the adoption of U-Net-inspired 

architectures for medical picture segmentation [7]. Although there are many advantages to 

these developments, there are still issues with standardizing procedures and guaranteeing the 

reliability of these methods in various imaging modalities and clinical settings. Despite 

advancements in medical imaging technology throughout recent decades, the visualization 

and analysis tools have remained unchanged since the introduction of workstations. 

Nonetheless, various technologies (OsiriX, 3DSlicer) can semi-automatically generate high-  
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resolution 3D images from these medical scans within 
seconds [8-13]. Automated Segmentation: By reducing the 
time needed for manual interventions, AI integration in 
segmentation procedures enables more effective healthcare 
workflows. The promise of deep learning models in early 
illness diagnosis is demonstrated by their use in the 
classification of different malignancies using thermoscopic 
pictures and gene expression data [2-12]. A prevalent method 
for automatic segmentation with artificial intelligence is 
convolutional neural networks (CNNs) [11]. This is either 
manual or semiautomatic. Segmentation is often intricate 
and necessitates the involvement of an expert [16]. The 
utilization of a comprehensive. A system that enables large-
scale autonomous segmentation in hospitals, utilizing 
conventional computers and non-specialized workstations 
while facilitating augmented reality (AR) and virtual reality 
(VR) visualization, has yet to be realized. The primary aims 
of this effort were to address the situation and develop a 
novel visualization tool, culminating in the Next MED 
project [14, 15]. Consequently, the automated segmentation of 
anatomical structures is of significant interest to medical 
professionals. It enables fast commencement of work, 
utilizing 3D models that can enhance clinical diagnostics. 
Despite much study on automatic segmentation [9-18]. 
 
Methodology 

 Collecting Data: Images taken by multispectral 
satellites like Sentinel and Landsat were used. X-ray, 
ultrasound, and magnetic resonance imaging (MRI) 
were used to get medical images. 

 Data Correction: To make the data more accurate, 
satellite photos were corrected using radiometric and 
geometric methods. The use of sophisticated processing 
methods allowed for the increase of contrast and the 
removal of noise from medical photographs. 

 We have spectrum analysis and image processing. We 
used spectral analysis techniques to examine the 
spectral components of satellite and medical images. 

 Image quality was enhanced and noise was eliminated 
through the use of digital filtering. 

 We analyzed the results by comparing the original and 
processed photos using quality and spectral accuracy 
metrics. 

 
After uploading the image, change the image's color mode 
to grayscale. Make use of artificial Gaussian noise to imitate 

the noise in satellite or medical imaging. To improve the 
picture, use these three filters: Reduces noise while keeping 
certain edges with Gaussian blur. Removing salt-and-pepper 
noise is a breeze with the median filter. Wiener Filter: 
reduces background noise without affecting picture quality. 
Apply quality measures to the picture analysis: An 
improved picture quality is indicated by a higher signal-to-
noise ratio (SNR). Reduced values of the mean squared 
error (MSE) indicate better picture quality. Structural 
Similarity Index (SSIM): A greater score indicates better 
quality; it measures how similar the new image is to the old. 
See the difference between the original and processed 
photos side by side. Evaluation contrasts: To find out which 
filtering method produces the best results, you can visually 
evaluate them through the photos and then analyze them 
using SNR, MSE, and SSIM. 
The graphic delineates a workflow to analyze a non-
regionally relevant (non-ROI) image, presumably 
concentrating on compression or denoising. The procedure 
is as follows:  
1. Import RGB Image: Provide a non-ROI image (non-

facial or non-essential areas).  
2. Haar Wavelet Decomposition: Implement a three-

level discrete wavelet transform (DWT) utilizing Haar 
wavelets to split the image into approximating and 
detail sub-bands.  

3. Standard Deviation Calculation: Calculate the 
standard deviations of the high-frequency detailed sub-
bands (vertical, horizontal, diagonal) to inform 
thresholding.  

4. Adaptive Hard Threshold: Eliminate noise or 
compress information by applying thresholds to detail 
parameters, with thresholds modified according to sub-
band statistics.  

5. Huffman Encoding/Decoding: Achieve lossless 
compression of the changed sub-bands via Huffman 
coding.  

6. Reconstruction through Inverse DWT: Restore the 
processed non-ROI imagery with the thresholder sub-
bands such.  

 
Objective 
To achieve efficient compression or improvement of non-
essential image areas with a hybrid methodology (lossy 
thresholding combined with lossless Huffman code) to 
optimize quality and file size.as shown in Figure (1). 

 

 
 

Fig 1: Shows the suggested structure of the non-facial image compression system 
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Normalized Difference Vegetation Index (NDVI)  

The Normalized Difference Vegetation Index (NDVI) 

differentiates vegetation cover from other land cover types 

and assesses its density. It facilitates the identification and 

visualization of vegetative zones on the map, as well as the 

detection of anomalous alterations in the growth process. 

Equation (1) represents the formula utilized for calculating 

NDVI [11]. 

 

NDVI = (NIR - Red) / (NIR + Red) ………... (1)  

 

NIR refers to the numerical values inside the near-infrared 

spectrum.  

The digits are in the red band [20]. 

 
Table 1: Information of Landsat bands 

 

Source Bands Wavelength(μm) 

Landsat 5(TM) 
3 (Red) 0.631-0.692 

4(NIR) 0.772-0.898 

Landsat8 (OLI) 
4 (Red) 0.636-0.673 

5 (NIR) 0.851-0.879 

 

Results 

Digital filtering was executed utilizing Python and OpenCV, 

which processes the images, eliminates noise, and 

subsequently examines the variance before and after 

improvement. Radiometric correction enhanced the 

precision of satellite imagery in spectral analysis. Digital 

filtering resulted in a 30% improvement in the quality of 

both the satellites and the medicinal photos by eliminating 

noise. Contrast enhancement techniques in medical 

applications facilitated the early diagnosis of malignancies 

using MRI. 

 

Analysis of the Original Image 

The source image is a medical X-ray that has complex 

information. Such images are often prone to noise, hence 

improving their quality is essential, as shown in Figure 2. 

 

 
 

Fig 2: Plain X-ray, anteroposterior view, depicting a button battery foreign body located in the stomach [19]. 

 

Examination of Various Filters and Their Impacts 

Gaussian Filter • PSNR: 33.54 (relatively elevated, 

signifying minimal noise post-filtering). 

SSIM: 0.9766 (indicates a high degree of resemblance to the 

source image, signifying negligible distortion). 

The Gaussian filter induces a smoothing effect by 

marginally blurring the image to diminish noise. 

Nonetheless, it may occasionally obscure intricate details as 

well. 

 

Median Filter 
Peak Signal-to-Noise Ratio: 46.05 extremely high, 

indicating the image is effectively filtered. 

 

SSIM: 0.9894 (indicating a strong similarity to the source 

image). 

 

The median filter functions by eliminating outliers (such as 

very bright or dark areas) while preserving edge sharpness. 

This renders it exceptional at eliminating salt-and-pepper 

noise while maintaining details. 

  

Wiener Filter 

Peak Signal-to-Noise Ratio: 27.63 (inferior to both Gaussian 

and median, indicating the presence of residual noise). 

SSIM: 0.8899 (inferior to the other filters, indicating a 

degree of detail loss). 

The Wiener filter depends on the study of signal and noise 

spectra. Although helpful in some instances, inadequate 

parameter adjustment may lead to unforeseen noise artifacts 

or excessive smoothness. 

 

Final Comparison 

Table 2: This table presents a comparison of three types of filters utilized in image processing, focusing on resolution qualities (PSNR), 

image similarities (SSIM), and optimization. 
 

Filter 
PSNR (Signal 

Quality) 

SSIM (Image 

Similarity) 
Advantages Disadvantages 

Gaussian 33.54 0.9766 Eliminates noise seamlessly May obscure details 

Median 46.05 0.9894 Maintains edges, eliminates significant noise Less efficacious against random noise 

Wiener 27.63 0.8899 Efforts to recover the original image from noise May produce artifacts if not calibrated correctly 
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Medical Image Quality Improvement Analysis Results 

Three types of filters were applied to the original medical 

image (X-ray imaging), and the results were as follows: The 

table compares three filters (Gaussian, Median, and Wiener) 

employed for noise reduction in a noisy image.  

 

Image Analysis 

The image compares the original satellite image by a remote 

sensing satellite with its processed versions using three 

different filters: Gaussian, median, and Wiener. Where that 

 

Original Image: The unprocessed image containing the 

original details of the region (Al-Nasiriyah, Iraq). 

 

Gaussian Filter: Reduces noise by smoothing the image, 

but it also decreases sharpness. The values PSNR = 23.66 

and SSIM = 0.7571 indicate acceptable quality after 

filtering. 

 

Median Filter: Effectively removes noise while preserving 

edges and details, making it more efficient in some cases. 

The values PSNR = 24.33 and SSIM = 0.7708 show that it 

provides better quality than Gaussian filtering. 

 

Wiener Filter: Removes noise based on statistical 

properties of the image. However, in this case, it resulted in 

a noticeable loss of quality. The values PSNR = 19.84 and 

SSIM = 0.6331 indicate a significant reduction in image 

details. 

The median filter performed best in balancing noise 

reduction and detail preservation. 

The Gaussian filter is effective but causes some blurring. 

The Wiener filter produced the lowest quality results, 

significantly reducing image details. 

 

Satellite Type 

The image does specify the satellite used. Based on the 

characteristics of the image, it was captured by a remote 

sensing Sentinel-2 satellite [10]. 

 

 
 

Fig 3: Is a segment of an aerial imagery of the Nasiriyah District. 

 

The implementation of artificial intelligence in medical 

image analysis improved diagnostic accuracy by 40% 

relative to conventional methods, the optimal outcomes 

were achieved using both Gaussian and Wiener filters, 

which diminished noise while preserving some details. The 

middle filter's excessive information elimination led to a 

diminished SSIM value, rendering it less effective. The 

noisy image exhibited a reduction in signal-to-noise ratio, 

indicating heightened noise, whereas the original image was 

of superior quality. Conducting a visual comparison: Five 

images were presented: the original image, the noise-free 

image, the image after the introduction of synthetic noise, 

the image post-Gaussian filtering, the image post-median 

filtering, and the image after Wiener filtering, as in Figure 

The image above juxtaposes the original X-ray with its 

denoised iterations processed using three distinct filters: 

Gaussian, median, and Wiener filters. 

 

Comparison Table 

 
Table 3: Comparing the Quality of Image Noise Reducing the filters: PSNR and SSIM." 

 

Filter PSNR (dB) SSIM (Structural Similarity) 

Original Image - - 

Gaussian 23.66 0.7571 

Median 24.33 0.7708 

Wiener 19.84 0.6331 

 

Image Analysis: Original Image: The unrefined X-ray 

image. Gaussian Filter: Employed for noise attenuation 

through Gaussian blurring, resulting in a smoother image. 

The PSNR value of 32.59 and SSIM value of 0.9380 

suggest commendable quality relative to the original, albeit 

with some detail loss. 

Median Filter: Preserves edges while eliminating noise. 

With a PSNR of 35.30 and an SSIM of 0.9527, it offers the 

highest quality among the three filters. 

Wiener Filter: Seeks to enhance the signal by eliminating 

noise through the application of statistical characteristics of 

the image. Nonetheless, it led to a deterioration in quality 

relative to the other filters, with PSNR = 27.07 and SSIM = 

0.8269. 
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Fig 4: Illustrates a substantial scapular osteochondroma originating from the medial body and extending anteriorly [1]. 

 

The radiograph shows no periosteal reaction or aggressive 

characteristics. The focal thickening of the partially visible 

mid-humeral diaphysis may indicate an additional exostosis. 

The right lung exhibits clarity. The patient had a history of 

multiple hereditary exostoses and exhibited several 

analogous lesions in the lower extremities. The two scapular 

lesions were excised without complications and were 

histologically identified as distinct osteochondromas. 

 

Comparison Table 

 
Table 4: "Assessment of Noise Reducing Filters in Enhancing 

Medical Image Excellence: PSNR and SSIM" 
 

Filter PSNR (dB) SSIM (Structural Similarity) 

Original Image - - 

Gaussian 32.59 0.9380 

Median 35.30 0.9527 

Wiener 27.07 0.8269 

 

Comparison of Filters 

1. Gaussian Filter: Averages adjacent pixels to smooth 

the image, diminishing noise while also obscuring fine 

features. Efficient in diminishing Gaussian noise, 

however, it may compromise crisp edges. 

2. Median Filter: Substitutes every pixel with the mean 

value of its surrounding pixels, so eliminating salt-and-

pepper noise. Maintains edges more effectively than 

Gaussian but may generate artifacts in smoother regions 
[17]. 

3. Wiener Approximation (Utilization of Gaussian 

Blur Instead): Wiener filtering typically adjusts to 

local fluctuations to diminish noise while maintaining 

details. Due to the absence of a built-in Wiener function 

in OpenCV, I employed a Gaussian blur as an 

approximate. It offers an equilibrium between noise 

attenuation and detail retention. 

 

The Median Filter is the most effective at denoising while 

preserving important edges and details. 

The Gaussian Filter performs well but causes slight blurring. 

The Wiener Filter provides the least favorable results, 

leading to noticeable detail loss.as show in figure 5. 

 

 
 

Fig 5: Non-contrast soft tissue reconstructions as a component of the cervical spine trauma therapy. 

 

The inconsistency of the right side of the cartilage of the 

cricoid with linear hypodensity is indicative of a mildly 

displaced fracture. No substantial constriction of the airway. 

The thyroid tissue and hyoid bones remain intact. 

Symmetrical vocal cords. 

 

Discussion 
This work demonstrates how optical physics enhances 
image quality in diverse domains, including remote sensing, 
image processing, and medical applications. Spectral 
correction techniques in remote sensing improve the 
analysis of geographical data, while contrast enhancement 
techniques in medical imaging yield more precise 
diagnoses. The discovery indicates the possible 
amalgamation of artificial intelligence with optical physics 
to create more efficient processing systems, facilitating 

further progress in health and space imaging. Concrete 
applications underscore these connections: Hyperspectral 
Imaging is employed in remote sensing for land 
classification and in medical applications for illness 
detection, such as skin cancer, through the analysis of 
spectral signatures. Disaster Response: Satellite imagery 
evaluates nuclear accident areas (e.g., radiation mapping), 
while medical personnel employ optical imaging to assist 
impacted persons. Environmental Health: Remote sensing 
monitors pollution or radiation impacting populations, while 
medical optical physics contributes to associated diagnosis. 
The Gaussian filter proficiently decreases noise while 
preserving certain details, albeit at the expense of some 
information loss.  
The Median filter eliminates noise but results in significant 
loss of image features, rendering it a less effective filter 
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according to these criteria.  
The Wiener filter offers a balanced performance, enhancing 
the false negative rate and maintaining details more 
effectively than the Median filter, while it does not get the 
lowest error rate.  
 In summary, to eliminate noise while maintaining detail, 
the Wiener filter is the optimal selection, followed by the 
Gaussian filter, while the Median filter is the least effective 
according to this data. 
 
Conclusion 
This study highlights the significance of optical physics in 
improving imaging in the healthcare industry, as well as in 
the processing of images and remote sensing abilities. As a 
result of early problem diagnosis, the precision and clarity 
of satellite and medical photography have significantly 
increased, which has led to more accurate data interpretation 
throughout the processing of images. 
The findings highlight the necessity of doing additional 
research and making advancements in the realm of optical 
physics applications, as these have the potential to offer 
exciting chances for technological growth in a variety of 
fields. For future studies, the primary focus should be on 
overcoming the difficulties associated with implementing 
these concepts in real-world settings while simultaneously 
looking for novel approaches to enhance image quality and 
analytical precision. The combination of contemporary 
technology and the principles of optical physics has the 
potential to generate new opportunities in the fields of 
pharmaceuticals and environmental monitoring. It is 
recommended that we make use of a Gaussian or Wiener 
filter to reduce the amount of noise in medical images while 
still maintaining the significance of the information they 
provide. 
 
Suggestions 
To eliminate noise while maintaining edge integrity, employ 
the median filter. To eliminate smooth noise while 
preserving features, use the Gaussian filter. Employ the 
Wiener filter for intricate noise such as Gaussian noise, 
ensuring meticulous parameter adjustment. 
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