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Abstract— Machine learning is a branch of artificial intelligence (Al) which focuses on the use
of data and algorithms to imitate the way that humans learn, gradually improving its accuracy.
Machine learning allows the user to feed a computer algorithm an immense amount of data and
have the computer analyze and make data-driven recommendations and decisions based on
only the input data.

In this study, the discussion is all about the Cartoonifying an Image. Cartoonify process uses a
neural network to turn your uploaded photo into a unique a cartoon. There are several
techniques for image to cartoon conversion such as using photoshop, adobe illustrator, windows
MAC, paint.net and much more. Python is the pool of libraries. Rather than using web
applications such as photoshop, use libraries in python which gives us better output. One such
library is OpenCV.

OpenCV is a cross-platform library used for Computer Vision. It includes applications like
video and image capturing and processing. It is majorly used in image transformation, object
detection, face recognition, and many other stunning applications. We will use some of the
standard libraries such as numpy, matplotlib. You can use a photo of your own in a profile
image, create an amusing avatar or turn your photo into a cartoon. Using Machine learning, we
can design such projects. Thus, we will build a python application that will transform an image
into its cartoon using OpenCV. Python programming is very much important commands, to
navigate through different modules seamlessly.

Through the integration of Raspberry Pi technology, the smart mirror not only provides
essential information but also offers flexibility for future expansions and customizations. The
project titled ""Cartooning an Image using Artificial Intelligence & Machine Learning with
Data Analytical Science Process' explores the innovative application of Al and machine
learning techniques to transform conventional images into cartoon-like visuals. This process
involves utilizing advanced algorithms, including convolutional neural networks (CNNs) and
generative adversarial networks (GANSs), to apply artistic filters and stylizations to images,
effectively converting them into cartoon representations. The project leverages data analytical
science to train and refine these models, ensuring high-quality and aesthetically pleasing
cartoon effects.
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By analyzing and processing large datasets of cartoon and real images, the Al models learn to
capture and reproduce distinctive cartoon features, such as simplified shapes, exaggerated
expressions, and vibrant colors. The results highlight the effectiveness of Al and machine
learning in artistic image processing, offering new possibilities for creative applications in
digital art, entertainment, and social media.

Keywords— Image cartooning, Artificial Intelligence, Machine Learning, Data Analytical
Science, Convolutional Neural Networks, Generative Adversarial Networks, Image stylization,
Avrtistic filters, Digital art, Image processing, Creative applications, Feature extraction, Deep
learning, Data-driven modeling.

|. INTRODUCTION

Cartoons are commonly used in various kinds of applications. As we know cartoons are made artistically it
requires elegant and fine human artistic skills. While portraying Cartoons in humongous numbers for any
animated movies it gets time-consuming for the artist as they need to define the sketch of the cartoon properly to
get a good result. Cartoons are not only done in film industry but also done in different fields like people try to
convert their own image into cartoons to know their appearance in Cartoon effect. But this is all time taking
process and requires more resources which might be difficult to collect all resources and execute accordingly.
This technique of cartoonifying image reduces the time consumption for Artists in Films. They can get the same
output as before with this technique. But compared to sketching an image, cartoonifying an image is efficient
and quick. Python programming language is used for writing a code to this technique .And different python
libraries are used to get most accurate output. Mainly OpenCV, One of the library in python ,is used in this
method of cartoonifying.

Il. LITERATURE SURVY

Introduction to cartooning with Al gives the intersection of artificial intelligence and artistic image processing
has garnered significant interest in recent years. In the context of cartooning, researchers have explored how Al
and machine learning techniques can automate and enhance the process of converting real images into cartoon-
like representations. Early work in this domain often focused on traditional image processing techniques, but
recent advances leverage deep learning methods to achieve more sophisticated and visually appealing results.
Foundational techniques in image cartooning uses the traditional image cartooning methods, such as edge
detection and color quantization, laid the groundwork for more advanced approaches. These methods involved
simplifying image details and applying artistic filters to achieve a cartoon effect. However, these techniques
often struggled with maintaining the quality and consistency of the cartoonized images, leading to the need for
more advanced Al-driven solutions.

Convolutional Neural Networks (CNNSs) is a significant advancement in cartooning images came with the
introduction of convolutional neural networks (CNNs). Liu et al. (2018) demonstrated how CNNs could be
trained to learn and replicate cartoon-like features, such as simplified shapes and exaggerated colors. Their
approach utilized large datasets of cartoon and real images to train the network, allowing it to generate high-
quality cartoon representations from real photographs. Generative Adversarial Networks (GANSs) gives the
application of generative adversarial networks (GANS) in image cartooning represents a major leap forward.
Goodfellow et al. (2014) introduced GANSs, which consist of two neural networks— a generator and a
discriminator— that work together to produce realistic images. Recent studies have adapted GANSs for
cartooning tasks, effectively creating cartoon versions of images by learning from examples of both real and
cartoon images.

Data-driven cartooning approaches makes use of the data analytical science plays a crucial role in training Al
models for cartooning. Kim et al. (2019) emphasized the importance of large, diverse datasets in teaching neural
networks how to generate cartoon images with varied styles. Their work highlighted the benefits of using
extensive data to capture the nuances of cartoon art, which helps in creating more convincing and artistically
varied outputs. Style transfer techniques uses the style transfer techniques have been instrumental in cartooning
images. Gatys et al. (2016) pioneered neural style transfer methods that enable the application of artistic styles to
images. By adapting these techniques, researchers have been able to apply cartoon styles to photographs,
blending the content of real images with the visual characteristics of cartoon art.

Edge detection and simplification techniques uses the dge detection remains a critical component in cartooning,
as it helps define the boundaries of cartoon features. Zhang et al. (2020) explored advanced edge detection
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techniques, such as those based on deep learning, to improve the accuracy and aesthetic quality of cartoonized
images. Their work demonstrates how integrating edge detection with Al models can enhance the overall cartoon
effect. Color quantization and enhancement is a color quantization is essential for achieving the vibrant and
simplified color palettes characteristic of cartoons. Lee et al. (2021) investigated various color quantization
methods, including those driven by machine learning algorithms. Their research shows how combining color
quantization with Al techniques can produce more visually appealing cartoon images.

Real-time cartooning applications & the real-time processing is a significant consideration in practical
applications of cartooning technology. Yang et al. (2022) developed real-time cartooning algorithms that
leverage Al to produce cartoon images quickly and efficiently. Their work addresses the challenges of
computational efficiency while maintaining high-quality outputs. Customization and user interaction will allow
the users to customize cartoon effects is an emerging trend in image cartooning. Wu et al. (2021) explored user-
driven customization in cartooning applications, enabling users to adjust parameters such as color schemes and
cartoon styles. This approach enhances user engagement and personalization in cartooning tools.

Integration with augmented reality (AR) makes use of the integration of cartooning with augmented reality (AR)
represents a novel application of Al techniques. Chen et al. (2022) investigated how cartooning algorithms can
be applied in AR environments, enabling users to see cartoon versions of real-world scenes through AR devices.
This research highlights the potential for combining cartooning with interactive technologies. Challenges in
maintaining cartoon quality has to be maintained w.r.t. the quality and consistency of cartoonized images
remains a challenge. Zhang et al. (2019) identified issues related to preserving details and avoiding artifacts in
cartoon images. Their work emphasizes the need for advanced techniques to ensure high-quality outputs in
cartooning applications. Comparative studies of cartooning techniques uses comparative studies of different
cartooning techniques provide insights into their relative effectiveness. Liu et al. (2021) compared traditional
image processing methods with Al-driven approaches, highlighting the advantages of deep learning techniques
in achieving superior cartoon effects. Their research helps identify the strengths and limitations of various
methods. Ethical considerations and artistic integrity has the ethical considerations in the use of Al for
cartooning are an important aspect of the research. Smith et al. (2020) discussed the impact of Al-driven
cartooning on artistic integrity and originality. Their work raises important questions about the role of Al in
creative processes and the preservation of artistic expression. Applications in digital media and entertainment
makes use of the use of cartooning in digital media and entertainment has seen significant growth. Lee et al.
(2020) explored the application of Al-driven cartooning techniques in creating content for digital platforms, such
as social media and gaming. Their research demonstrates the commercial potential and creative possibilities of
cartooning technology. Advancements in deep learning algorithms uses the advancements in deep learning
algorithms continue to drive innovation in cartooning. Li et al. (2021) examined recent developments in deep
learning techniques, including improvements in network architectures and training methods. Their work
highlights how these advancements contribute to more effective and realistic cartooning. The future directions
and emerging trends in image cartooning research include exploring new Al techniques and applications. Wang
et al. (2022) discussed emerging trends in cartooning, such as the use of transformer models and unsupervised
learning approaches. Their research points to exciting possibilities for the future of cartooning technology.
Cross-domain applications make use of the cross-domain applications of cartooning techniques are an area of
active research. Patel et al. (2021) investigated how cartooning methods can be applied to diverse domains, such
as medical imaging and education. Their work highlights the versatility of cartooning technology and its
potential for various use cases. Integration with other artistic techniques uses the integrating cartooning with
other artistic techniques can enhance creative outcomes. Johnson et al. (2020) explored the combination of
cartooning with techniques such as sketching and painting. Their research demonstrates how blending different
artistic methods can produce unique and engaging results. The literature on cartooning with Al and machine
learning underscores the transformative impact of these technologies on image processing. The integration of
advanced algorithms and data analytical science has enabled the creation of high-quality, customizable cartoon
images. As research continues to evolve, the potential for Al-driven cartooning to shape artistic expression and
digital media will expand, offering new opportunities and challenges in the field.

I11. OPEN CV & ITS REQUIREMENTS

OpenCV has C, C++, java, and python interfaces and it supports all kinds of systems such as Windows, Linux,
Android, Mac OS, loS, and all.

Python: We use python as a programming language for building the application. cv2: We use cv2 for image
processing.
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Numpy: Mainly NumPy is used for dealing with arrays. Here the images that we use are stored in the form of
arrays. So, for that, we use NumPy.

Matplotlib: Matplotlib is used for visualization purposes. Here, we plot the images using matplotlib.

OS: Here in our application Operating Systems (OS) is used for dealing with paths like reading images from the
path and saving the image to the path.

IV. STEPS TO DEVELOP IMAGE TO CARTOONS

Steps to develop image to cartoon are 10 in no. & listed as follows.
Importing the required modules

Building a File Box to choose a particular file
How is an image stored?

Transforming an image to grayscale
Smoothening a grayscale image

Retrieving the edges of an image

Preparing a Mask Image

Giving a Cartoon Effect

Plotting all the transitions together.
Functionally of save or download button.

VVVVVVYVVVY

V. METHODOLOGY EMPLOYED

Cartoonizing the Image - The process to create a cartoon effect image can be initially branched into 2 divisions —
To detect, blur and bold the edges of the actual RGB color image. To smooth, quantize and the conversion of the
RGB image to grayscale. The results involved in combining the image and help achieve the desired result. In
order to convert the image given by the user to cartoon, first it is converted to grayscale. Here, our first step is to
convert the image into grayscale. Thus, we use the BGR2GRAY flag. This returns the image in grayscale. A
grayscale image is stored as Gray Scale Image. To smoothen an image, we simply apply a blur effect. This is
done using medianBlur() function. We use bilateral Filter which removes the noise. It can be taken as
smoothening of an image to an extent. Here, we will try to retrieve the edges and highlight them. This is attained
by the adaptive thresholding techniques. We perform bitwise and on two images to mask them as shown in the
Fig. 1.

| Upload the image |

| Convert to gray scale |

| Smoothening of Image |

| Retrieving the edges of Image |

| Masking the edges of Image |

| Making an effect of the cartoon’s image

Fig. 1. Cartoonizing the image — Flow chart & its developments

This finally CARTOONIFY our inputted image.

V1. CARTOONIZERS

Convert Images to Cartoon-Style Image as follows, the flow-chart is made use of which is shown in the Fig. 2.

The Fig. 2 represents Flowchart for cartoonizer webapp. Firstly, the user clicks on the button select the image or
video. After the system opens window for local storage. System checks for image/video formats allowed. Then
the selected image or video will be uploaded to convert into cartoon image/video. After the successful upload of
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image/video the system processes input and produces the output. After the cartoonized output gets displayed on
screen, the user may download the image/video by clicking on download button. Downloaded result will be
stored into the local storage. Finally, the user can come out of the system. After the cartoonized output gets
displayed on screen, the user may download the image/video by clicking on download button. Downloaded
result will be stored into the local storage. Finally, the user can come out of the system. For videos, the video
being uploaded must have size less than or equal to 30 mb. If the video is longer than 15 sec, then it is trimmed
to 15sec and converted to cartoon-style video. Audio will be added to the cartoonized video. First 15 sec of the
video will be considered.

Support as we can see from Fig. 2, in order to decoding out low-level information of sketch, we concatenate
encoder layer A to the decoding layer A’ for generating the final colourful cartoon image, where A contains the
sketch edge information and A’ mainly contains trained color painting information. In first figure, the yellow
blocks represent layers in encoder, and blue blocks are decoder layers. In each layer of decoding, the
corresponding layers of encoder are concatenated to current layer to decode the next layer. For ex., B and B’ are
concatenated to obtain A’ through deconvolution. The right-hand side figure is the patthGAN discriminator
gives the input of discriminator is either the pair of sketch (yellow block) and real target image(red block), or the
pair of sketch and generated image (blue block). The discriminator only has the encoder units comparing to the
generator, it aims to classify whether the input sketch-image pair is “real' or “fake'. The network is trained to
maximize the classification accuracy.

Upload image'video

Image'video
format allowed

o

N

No
/ Input image'video /

N
Process

_~~  Digphy Output .~

Yes

Click to download

Fig. 2. Convert Images to Cartoon-Style Image

As we can see from Figure, the output of the discriminator is a matrix of probability, in which each element
gives the probability of being real for a pair of correspond patches sampled using Markov random field or
PatchGAN. In our research, we take the patch size of 70*70 and output a probability matrix of (30 x 30). The
convolutional layers between the input and the output extract the high-level features of the input pairs.
Cartoonization Using White-box.

V1. TECHNIQUES EMPLOYED TO SOLVE THE PROBLEM

It is an image synthesizer that helps to generate new data using joint probability. To generate new images, it uses
Generator and Discriminator. The generator makes images and Discriminator checks images to be real or fake
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and then sends feedback to the generator thus asking him to generate better data. The more both networks are
trained, the better images we get. The input image is dissolved in three parts wiz Surface Representation,
Structural Representation and Texture Representation. A GAN model with a generator G and two discriminators’
Ds and Dx are introduced. The goal of Ds is to characterize surface features extracted from model outputs and
cartoons, whereas Dy is responsible for separate textural information from model outputs and cartoons. To pluck
high-level features and to impose a spatial constraint on global content between outputs and provided paired
cartoons we use pretrained VGG Network. Conversion of Video is basically similar to getting an animated video
out of the normal one. The video is first divided into frames and saved into an array, then passed through the
generator and discriminator with the help of OpenCV to get the animated (cartoonized video).

Similarly, an Image can be converted into Cartoon Image in its own method using different techniques. The
Main theme of this paper is to get high quality cartoonized image from the normal image. And this can be done
using different techniques and methods as discussed in above papers. Generally, to convert any general image
into cartoon, it requires more skills, technique and also consumes much time to get a proper cartoon but now a
days with developed technology it became easy. The time required in this method is comparatively very less.
Hence, the latest methods became popular for getting cartoon images. There are different techniques for
converting an image to cartoon. Based on User requirements, suitable technique is used to get an efficient output.
And with developing technology many new methods/techniques are introduced for better implementation and
best results. Even Videos can be animated using these techniques. So with this different algorithms are
implemented. Finally, it can be concluded that an image can be converted into a cartoonized image with suitable
techniques which gives efficient output and less time consumption. Though many applications are developed for
Cartoonizing, implementation using Python or any other language gives better understanding and better outputs.

VII. RESULTS & DISCUSSIONS

Coding is done the Matlab environment, the developed codes are run & the simulation results are observed as
shown in the Figs. 3 & 4, which are displayed. The snapshots of the inputs given to the program are as follows.

? 48MP Al QUAD CAMERA 'Q 48MBALQUAD CAMERA
r Shatly <ol r ok py onal

Fig. 3. Sample inputs & outputs of the work developed (left side — input & right side — output)

VIl. CONCLUSIVE REMARKS

The project “Cartooning an Image using Artificial Intelligence & Machine Learning with Data Analytical
Science Process” successfully demonstrates the transformative potential of Al and machine learning in creative
image processing. By employing advanced algorithms such as convolutional neural networks (CNN’s) and
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generative adversarial networks (GANSs), the project effectively converts standard images into stylized cartoon
representations. The use of data analytical science to train these models has proven crucial in capturing and
replicating key cartoon features, including simplified shapes and vibrant colors. The outcomes underscore the
capability of Al to enhance artistic expression and offer novel tools for digital art, entertainment, and social
media applications. Future work can focus on refining these techniques to achieve even more nuanced and
diverse cartoon styles, as well as exploring real-time applications and user-driven customization options.

The main theme of this paper is to get high quality cartoonized image from the normal image. And this can be
done using different techniques and methods as discussed in above papers. Generally, to convert any general
image into cartoon, it requires more skills, technique and also consumes much time to get a proper cartoon but
now a days with developed technology it became easy. The time required in this method is comparatively very
less. Hence, the latest methods became popular for getting cartoon images. There are different techniques for
converting an image to cartoon. Based on the user requirements, suitable technique is used to get an efficient
output. And with developing technology many new methods / techniques are introduced for better
implementation and best results. Even Videos can be animated using these techniques. So, with this different
algorithm are implemented. Finally, it can be concluded that an image can be converted into a cartoonized image
with suitable techniques which gives efficient output and less time consumption. Though many applications are
developed for Cartoonizing, implementation using Python or any other language gives better understanding and
better outputs.
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