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ABSTRACT 

 

Image colorization is the process of populating color to the grayscale images. It has the potential to enhance the 

visual representation of medical images and improve their interpretability. Medical imaging plays a crucial role 

in modern healthcare by providing clinicians with non-invasive means to visualize and assess the internal 

structures of the human body.  Traditional medical imaging modalities such as X-ray, computed tomography 

(CT), magnetic resonance imaging (MRI), typically produce grayscale images which may lack the visual 

information necessary for accurate interpretation by clinicians. By leveraging our image colorization technique. 

we can enhance the visual representation of medical images and improve their interpretability  
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INTRODUCTION 

 

Image colorization has been an active area of research in computer vision and graphics for several decades. Traditional 

methods for image colorization typically rely on handcrafted features, heuristics, and optimization algorithms to 

propagate color information from a small set of annotated images to grayscale inputs. While these methods have 

demonstrated some success in certain applications, they often suffer from limited generalization to diverse image 

content and lack the ability to capture complex spatial relationships. 

 

In this paper we have proposed an algorithm which uses generative adversarial network (GAN) and medical imaging 

dataset to colorize the image, with a focus on their applications in the field of medical. We have also discussed the 

challenges associated with traditional methods, and the potential of deep learning-based approaches to address these 

challenges. Through a detailed examination of existing literature and experimental results, we highlight the strengths 

and limitations of current techniques, as well as opportunities for future research and development. Medical imaging is 

a critical component of modern healthcare, providing valuable insights into the human body's internal structures and 

aiding in the diagnosis and treatment of various medical conditions. 

 

Motivation 

The motivation behind this research paper stems from the increasing importance of medical imaging in clinical practice 

and the growing need for advanced image analysis techniques to improve diagnostic accuracy and treatment planning. 

While traditional medical imaging modalities have revolutionized healthcare, the grayscale nature of their outputs 

poses challenges in visual interpretation and analysis. Image colorization offers a promising solution to this problem by 

enhancing the visual representation of medical images and providing clinicians with additional information for accurate 

diagnosis and treatment decision-making. Furthermore, recent advancements in deep learning techniques have shown 

great potential in automating the colorization process and generating realistic colorized medical images. By leveraging 

large-scale medical image datasets and advanced neural network architectures, researchers have demonstrated 

significant improvements in image colorization quality and efficiency. This research paper aims to explore & 

implement these advancements and provide insights into their potential applications in clinical practice. Through a 

comprehensive review of existing literature and experimental analysis, we seek to contribute to the ongoing efforts in 

advancing medical image analysis and improving patient care outcomes. 

 

LITERATURE REVIEW 

 

Various methodologies have been proposed for image colorization, each offering distinct approaches and grappling 

with specific challenges. [1] Levin et al. introduced a colorization technique relying on user-provided scribbles for 

guiding the process. Their method utilizes least-square optimization to propagate color information from the scribbles 
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to the rest of the grayscale target image. However, this approach demands significant user effort in providing accurate 

scribbles and may suffer from color bleeding artifacts. 

 

[2] Huang et al. presented an innovative approach leveraging adaptive edge detection to mitigate color bleeding around 

region boundaries during colorization. While effective, especially with high-resolution images, their method struggles 

with subtle intensity changes, potentially limiting its applicability in certain scenarios. 

 

 [3] Hertzmann et al. proposed Image Analogies, a technique that draws inspiration from both source and target images 

to guide the colorization process. By aligning filtered source images with original targets, their method aims to generate 

visually coherent colorized outputs. However, challenges persist in adapting this approach to diverse artistic styles and 

textures, particularly in automated settings. 

 

 

 [4] Irony et al. introduced Colorization by Example, a method that combines user-guided colorization with texture-

based classifiers. By analyzing features within the image, their approach seeks to automate color assignment while 

maintaining consistency with user-provided examples. Nonetheless, the quality of colorization heavily relies on the 

availability and suitability of reference images, posing a potential limitation. 

 

[5] Yatziv and Sapiro proposed a rapid colorization method, Fast Image and Video Colorization Using Chrominance 

Blending, which utilizes chrominance blending to expedite the process. While efficient, especially for image and video 

processing tasks, this approach may face challenges when dealing with a large number of scribbles with varying 

chrominances, potentially impacting performance and memory usage. 

 

[6] Welsh et al. devised a method for Transferring Color to Grayscale Images by analyzing pixel intensities and 

neighborhood statistics. While effective in general scenarios, their approach struggles with accurately distinguishing 

facial features such as skin tones and lips, as well as discerning between different elements like clothes and hair, 

particularly in images with complex content. 

 

Limitations of Existing System 

1. Methods based on scribbles require significant efforts and are susceptible to color bleeding artifacts. 

2. Challenges in adapting to diverse artistic styles and textures automatically. 

3. Performance issues with numerous scribbles of varying chrominances, especially in memory-intensive 

applications. 

4. Struggles with facial features like skin tones and lips, as well as distinguishing between different elements like 

clothes and hair, particularly in images with complex content. 

 

RESEARCH METHODOLOGY 

 

The approach revolves around training a deep learning model for image colorization using a Generative Adversarial 

Network (GAN). GANs consist of two main components: a generator and a discriminator. The generator tries to 

produce realistic colorized images from grayscale inputs, while the discriminator aims to distinguish between real color 

images and fake colorized images generated by the generator. This adversarial training process helps improve the 

quality of generated images over time. 

 

 
 

Data Preparation: The dataset consists of grayscale images paired with their corresponding color images. Grayscale 

images are used as inputs to the generator, while color images serve as ground truth for training and evaluation. 

 

Model Architecture: The generator network takes grayscale images as input and generates colorized images as output. 

The discriminator network receives either real color images or fake colorized images and aims to classify them 

correctly. Both networks are designed using convolutional neural network (CNN) architectures to capture spatial 

dependencies in images effectively. 

 

Training Process: The training process involves an adversarial game between the generator and discriminator. The 

generator aims to fool the discriminator by generating realistic colorized images from grayscale inputs. The 
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discriminator learns to distinguish between real and fake color images. Both networks are trained simultaneously, with 

the generator aiming to minimize the discriminator's ability to differentiate between real and generated images. 

 

Loss Functions: The generator is optimized using a mean squared error (MSE) loss function, measuring the difference 

between generated colorized images and ground truth color images. The discriminator is optimized using a binary 

cross-entropy loss function, penalizing incorrect classifications of real and fake images. 

 

Optimization: Adam optimizer is used to update the weights of both the generator and discriminator networks. The 

learning rate is set to 0.0005 to ensure stable training and convergence. 

 

Evaluation: After training, the performance of the model is evaluated using peak signal-to-noise ratio (PSNR) and 

structural similarity index (SSIM) metrics. These metrics quantify the similarity between generated colorized images 

and ground truth color images, providing insights into the quality of the colorization process. 

 

CONCLUSION 

 

Based on our results, GAN architecture generates colorized images that closely mimic natural color distributions and is 

able to learn far better than compared to existing systems. The use of convolutional neural networks (CNNs) within the 

GAN structure improves the ability to capture and replicate complex color patterns and textures Traditional 

colorization techniques rely on simpler models or manual color mapping, often resulting in less accurate and less 

realistic colorization. Even other automated systems might not fully capture the subtlety of natural colors as effectively 

as a well-trained GAN. Limitations: Based on our findings, in order to get good model accuracy, the model must be 

trained on a large number of images. Difficult to prototype quickly on commodity hardware. 
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