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Abstract: The development of smart cities has become a cornerstone of modern urban planning, 

fostering an ecosystem where technology plays a vital role in improving the quality of life. The 

integration of Mobile Edge Computing (MEC) and Big Data Analytics has significantly enhanced 

the potential for creating interactive and dynamic environments. This paper explores the use of 

MEC and Big Data Analytics in the context of smart animation cities, focusing on how these 

technologies can be applied to enhance animated scenes and characters. By leveraging MEC’s 

capabilities, such as low-latency processing and real-time data analytics, interactive animated 

environments can be generated, where users’ real-time actions trigger instant changes in the 

animation. Big Data Analytics further elevates this experience by enabling predictive modeling 

and the customization of scenes and character behaviors based on data collected from users, 

environments, and city-wide sensors. This synergy between MEC and Big Data transforms static 

animations into personalized, immersive experiences that adapt to user preferences and actions. 

Moreover, the continuous stream of data allows for the creation of cities that evolve dynamically, 

offering rich, engaging animations with characters that interact more realistically, resembling the 

fluidity of a real-world urban ecosystem. The research emphasizes the potential for these 

technologies to revolutionize not only digital entertainment but also urban design, educational 

tools, and interactive simulations.  

Keywords: Smart Cities, Mobile Edge Computing, Big Data Analytics, Interactive Animation, 

Real-Time Data Processing 

I. Introduction 

In recent years, there has been a lot of talk about how smart cities are changing because of improvements in 

technology and the use of data to make decisions. The idea of "smart animation cities" is a new and innovative 

way to use digital leisure and interactive media. It combines cutting-edge animation methods with new ideas for 

cities. These "smart animation cities" use Mobile Edge Computing (MEC) and Big Data Analytics to make 

animated worlds that are dynamic, engaging, and interactive and that react to real-time data inputs. This 

collaboration makes it possible to create cartoon scenes and figures that change based on how users behave and 

what they like. This creates a more personalised, interesting, and real experience. As an important part of the 

Internet of Things (IoT) and 5G technologies, Mobile Edge Computing (MEC) brings storage and computing 

power closer to the user. This cuts down on delay and lets data be processed in real time [1]. This is very 

important in the world of animation. Real-time handling of user interactions in animated settings makes it 
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possible for images to change based on what the user does or on events outside the system. MEC not only 

makes these apps run faster, but it also makes sure that data is handled nearby, which cuts down on the delays 

that come with cloud computing. Because MEC has low delay, it works great for things that need real-time 

feedback, like games, models, and live graphical material in smart cities. On the other hand, Big Data Analytics 

is a key part of making cartoon scenes and figures smarter and more interactive. It's important to be able to 

handle and analyse data in real time as the amount of data created by people and linked devices grows [2].  

Big Data Analytics lets a smart city's sensors, gadgets, and human interactions create huge amounts of data that 

can be gathered and analysed. This information can be used to make models that can predict the future, 

customise material, and make animation characters and scenes behave better. Big Data Analytics uses 

information from many sources, like user tastes, social interactions, and the environment, to make sure that 

cartoon figures react in ways that are true to the real world. This creates an experience that is more engaging and 

aware of its surroundings [3]. When MEC and Big Data Analytics are used together, they make it easier to make 

"smart animation cities" where users can experience a fully engaging and changing virtual world. Imagine going 

through a city where virtual figures respond to your presence, interactions with the environment change the 

scene, and the city's general look changes based on real-time data from sensors that are built into the ground [4]. 

This technology makes it possible for each user to have a unique and interesting experience that fits their wants 

and tastes, whether they are in a public event, a game, or a teaching simulation. MEC and Big Data Analytics 

are also used for things other than fun in smart cartoon towns. Some of the areas that these tools could change 

are urban planning, healthcare, education, and emergency management.  

II. Background and Related Work 

A. Evolution of Mobile Edge Computing 

Mobile Edge Computing (MEC) is a big change in the way computers work because it brings processing power 

and storage closer to the user at the "edge" of the network, instead of depending on cloud data centres that are 

far away. This method is meant to get around the problems with regular cloud computing, especially in 

situations where real-time processing and fast reaction times are needed. Mobile devices and Internet of Things 

(IoT) technologies have grown very quickly, and people need faster and more efficient ways to handle data. This 

has caused MEC to change over time. The launch of 5G networks has sped up the use of MEC even more. With 

higher speed, lower delay, and higher stability, it is perfect for use in smart cities, leisure, healthcare, and other 

areas [5]. In its early stages, MEC was mostly about moving computing jobs from mobile devices to nearby 

edge nodes. This made mobile devices less busy and improved the general speed of apps. MEC started to 

support more complicated use cases as the technology got better. These include video streaming, augmented 

reality (AR), and games, which need to handle data in real time and respond quickly. When it comes to smart 

animation cities, MEC's ability to handle data processing locally makes it possible to create dynamic, interacting 

spaces where user actions can instantly change animated characters and scenes [6]. 
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B. Advances in Big Data Analytics for Animation 

Big Data Analytics has changed many fields by making it possible to get useful information from big, 

complicated collections. Adding Big Data Analytics to animation has created a new way to make experiences 

that are engaging, personalized, and aware of the situation. Improvements in gathering, processing, and 

analyzing data have made it possible to add real-time data from a wide range of sources to animated scenes and 

characters. This data can come from things like user interactions, environmental factors, and social behaviour. 

These improvements are changing how video material is made and how people experience it. They also make it 

possible for virtual worlds to be more lively and adaptable. In the past, animation was a rigid, pre-rendered 

process that didn't let you do much more than give it input [7]. But since Big Data came along, graphics have 

become smarter and more sensitive. Personalization cartoons can be made from data from IoT devices, smart 

tech, and mobile apps by looking at what users like, how they move, and what they do. In a smart animation city, 

for instance, cartoon figures could respond to where the user is, what they're doing, and even how they're feeling. 

This would create a realistic experience where the environment changes all the time based on the user's actions. 

As shown in Table 1, methods, future trends, limits, and the range of connected background work are all 

summed up. Big Data Analytics also makes prediction modeling possible, which lets cartoon scenes guess what 

users will want and do, making the whole experience more interactive.  

Table 1: Summary of Background and Related Work 

Algorithm Future Trend Limitation Scope 

Mobile Edge 

Computing (MEC) 

Enhanced real-time 

rendering with low latency 

Requires high computational 

resources at the edge 

Improved user interaction 

in smart cities and mobile 

apps 

Big Data Analytics Increased personalization 

using user data 

Privacy concerns with 

large-scale user data 

Integration with smart 

devices for personalized 

animation 

Generative 

Adversarial 

Networks (GANs) 

[8] 

Improved content diversity 

and realism 

Requires large datasets for 

training and can produce 

unrealistic results 

Creation of high-quality 

and diverse content 

Recurrent Neural 

Networks (RNNs) 

More interactive and 

adaptive characters 

Complex training and 

fine-tuning process 

Improved interactive 

gaming and simulation 

experiences 

Inverse Kinematics 

(IK) 

Improved character limb 

movement accuracy 

Can result in unnatural 

motion without proper 

constraint handling 

Enhanced character 

interactions and 

environmental integration 

Deep Learning for 

Animation 

More realistic and 

autonomous character 

behaviors 

Requires high-quality labeled 

data for training 

Improved animation 

workflows and character 

behavior realism 
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Motion Capture 

(MoCap) 

Integration with AI for 

automated animation 

Expensive hardware and 

time-consuming setup 

Integration with 

interactive gaming and 

virtual production 

Real-Time 

Rendering 

Algorithms [9] 

Optimized animation 

delivery for mobile and 

cloud platforms 

Limited by processing power 

and network constraints 

Faster and more efficient 

animation delivery 

Augmented Reality 

(AR) in Animation 

Integration of AR for 

immersive user 

experiences 

Hardware requirements for 

AR devices 

Creation of mixed-reality 

experiences for gaming 

and training 

Natural Language 

Processing (NLP) for 

Dialogue 

Conversational characters 

with context-aware 

dialogue 

Limited by the complexity of 

language models and contexts 

Enhanced natural 

conversation with 

animated characters 

 

III. Mobile Edge Computing for Animation Enhancement 

A. Definition and Key Characteristics of MEC 

Mobile Edge computer, or MEC, is the idea of putting computer resources like processing power, storage, and 

networking skills closer to the end user, usually at the network's edge, instead of depending on cloud data 

centres that are spread out. For apps that need to handle data in real time, this change makes it possible for delay 

to drop by a lot, data to be sent faster, and network resources to be used more efficiently. MEC is a key part of 

the Internet of Things (IoT), smart cities, and next-generation mobile apps because it supports real-time data 

analytics, engaging experiences, and apps that let you connect with other people a lot [10]. Low delay, less 

network congestion, and better dependability are some of the most important features of MEC. MEC cuts down 

on the time it takes for data to move to central computers by handling it directly at the network's edge. This lets 

decisions be made faster and input be given in real time. This is especially important in animation, where users 

interact with cartoon figures and settings and need inputs to be processed right away to get the right answers. 

The fact that MEC can run high-bandwidth apps makes the experience even better for users, since they can 

stream and render high-quality graphical material without the delays that come with cloud computing [11].  

B. MEC Architecture and its Application in Animation 

In Mobile Edge Computing (MEC), the framework is made to help computers at the network's edge work 

together to process and distribute information more efficiently. MEC usually has three main parts: edge devices, 

edge computers, and a communication network. Mobile phones, IoT monitors, and smart tech are examples of 

edge devices that gather data and send requests. Processing this data and running computing tasks is the job of 

the edge servers, which are closer to the end users. Edge devices, edge computers, and centralized cloud data 

centres can all talk to each other through the communication network [12]. In the field of animation, MEC's 

design is a key part of making cartoon worlds run faster and be more interactive. Figure 1 shows the MEC 

design and how it is used in animation technology. In MEC designs, edge computers have strong processors and 

GPUs that can handle jobs that need a lot of processing power, like real-time graphics and movie creation. 
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Figure 1: Illustrating MEC Architecture and its Application in Animation 

This is particularly beneficial in creating interactive animations where scenes and characters must respond to 

user inputs or changes in the environment [13]. 

IV. Big Data Analytics in Animation 

A. Data Processing Techniques for Animation Enhancement 

1. Motion Capture Data Processing 

Motion capture (MoCap) technology is a key part of making images that look real and move around, especially 

in the game, film, and virtual reality industries. MoCap records how people move by using sensors or cameras to 

follow the movement of marks that are put on their bodies. Then, these movements are turned into computer 

data that can be used to make fictional figures move more like real ones. But advanced data processing skills are 

needed to make sure that this motion capture data can be turned into animation that works well. Noise reduction 

and making images that look smooth and natural are the main problems that come up with motion capture data. 

Raw MoCap data may not be accurate because of the surroundings, sensor mistakes, or uneven marker 

placement [14]. To fix this, data cleaning methods like smoothing algorithms are used to get rid of jumps or 

jerky moves that could be caused by sensor interference. Interpolation methods are also used to fill in holes in 

the data where marks may have been hidden during the capture process. This keeps the animation smooth and 

continuous.  

2. Inverse Kinematics (IK) 

In animation, inverse kinematics (IK) is a key method for controlling how characters move by changing their 

joints and limbs in a way that makes their movement look real. IK answers the problem of figuring out the 

position and direction of joints based on a desired end-effector, like a hand or foot position. This is different 

from Forward Kinematics (FK), where the artist guides each joint's movement from the skeleton's base outward. 

IK is needed to make movements where the character's parts need to move in certain ways or connect naturally 
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with their surroundings [15]. It makes sure that the character's arm and hand move in a way that gets to the 

object while still meeting the right joint limits. Animators can focus on the end goal of an animation, like the 

hand touching the item, when they use IK instead of having to change the position of every joint and leg by 

hand.  Adding IK to animation processes makes character movement more natural and efficient because the 

system figures out the most realistic positions for the joints based on real-life anatomy and physical limitations 

[16].  

B. Machine Learning Algorithms for Character Animation and Scene Interaction 

1. Recurrent Neural Networks (RNNs) 

A group of machine learning methods called Recurrent Neural Networks (RNNs) are specially made to deal 

with linear data. Regular neural networks handle data in a static way. RNNs, on the other hand, have loops that 

let information flow from one step to the next. This makes them perfect for tasks that involve time series or 

sequences. RNNs can be used to describe time relationships in animation, which lets animated figures act in a 

more realistic way that takes into account their surroundings [17]. RNNs can be used to make images that move 

and change based on what the user does, for example. This is especially helpful in engaging spaces like video 

games or smart animation towns, where models need to keep changing based on what users do. RNNs can guess 

and make new animation frames based on old ones. This makes the changes between moves smoother and lets 

characters act more naturally.  

• Step 1. Hidden State Update:   

   ℎ𝑡 =  𝑓(𝑊ℎ ∗  ℎ𝑡−1 + 𝑊𝑥 ∗  𝑥𝑡 + 𝑏ℎ)  

• Step 2. Output Calculation:   

   𝑦𝑡 =  𝑊𝑦 ∗  ℎ𝑡 +  𝑏𝑦  

• Step 3. Prediction:   

   ŷ𝑡 =  𝑠𝑜𝑓𝑡𝑚𝑎𝑥(𝑦𝑡)  

2. Generative Adversarial Networks (GANs)  

The two neural networks that make up generative adversarial networks (GANs) are what make up this type of 

deep learning model. The discriminator checks whether the created data is real by comparing it to real data. The 

generator makes fake data, like pictures or videos. The generator and discriminator "compete" against each other 

in a looping process. The generator tries to make results that are more lifelike, and the discriminator tries to tell 

the difference between real and fake data. When it comes to animation, GANs are a great way to make lifelike, 

high-quality animations. You can use them to make new character designs, animate scenes, or even make face 

emotions and moves that look real. One of the best things about GANs in animation is that they can make a lot 

of different, high-quality material from very little data. For instance, if you train a GAN on a set of animation 

frames or motion capture data, the generator can make new animations that look and work like the ones in the 

original dataset.  
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V. Designing Interactive Animated Scenes and Characters 

A. Principles of Interactive Animation Design 

Interactive animation design makes animated material that changes based on what the user does, giving them a 

more involved experience where they can actively affect what happens. Interactive animation design is based on 

keeping users interested, letting them participate without any problems, and giving them input that they can 

understand. To reach these goals, designers need to make sure that the moving content is both visually appealing 

and responds to what the user does in the context of the page. One of the most important rules is feedback 

readiness, which makes sure that the motion responds right away to what the user does, giving them input in real 

time. For example, when a user clicks on an item in an animated scene, the character or object should respond 

quickly. This makes the scene feel more interactive. It's also important that the design is consistent, making sure 

that the way cartoon figures and scenes act follows the rules of the virtual world and what users expect. 

According to this, animations should make sense and keep the flow of motion and the story's setting. 

Adaptability is another important idea. Animated scenes and figures should change based on how the user acts 

and how the world changes. This ability to change is very important for making an experience that is 

personalised and where each contact feels unique. It's also important to follow the principle of intuitiveness. The 

interaction design should be simple and clear, so users can interact with the material without needing 

complicated directions.  

B. Integration of Real-Time User Input into Animated Scenes 

Adding real-time user input to animated scenes is one of the most important parts of making interactive cartoons 

that are dynamic and engaging. This process involves recording what the user does, figuring out what it means, 

and then changing the animation world right away. Several important things, like how fast, accurate, and 

flexible the system is, will determine how well this integration works. Real-time data processing is one of the 

most important parts of integrating real-time user input because it makes sure that user actions are handled right 

away. In interactive games or simulators, for instance, user inputs like movement, motions, or voice orders need 

to cause simulated scenes to respond right away. This can include changes to the scenery, moves of characters, 

or changes between scenes. All of these things must happen within milliseconds to keep the player immersed 

and avoid lag. In this case, technologies like Mobile Edge Computing (MEC) and low-latency networks are very 

important because they make it possible for incoming data to be quickly processed and sent to the animation 

system. The user interface (UI) design is also very important; it needs to be easy to use and interesting. No 

matter if they use controls, touchscreens, or motion devices, the UI should make it easy and normal for users to 

interact with the picture.  

VI. Future Directions and Innovations 

A. Advanced Machine Learning and AI Techniques in Animation 

As machine learning (ML) and artificial intelligence (AI) methods keep getting better, the future of animation is 

about to change in big ways. Already, these technologies are changing the way animation is made. In the years 

to come, they will make animated material more creative, interactive, and realistic. Deep learning is being used 

more and more in animation, especially to help with character behaviour and scene creation. From raw data, like 
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motion capture or external input, deep neural networks, like convolutional neural networks (CNNs) and 

recurrent neural networks (RNNs), can be taught to make images that look real. With these AI models, huge 

datasets can be analysed and new, unknown images can be made that keep quality and uniformity, so people 

don't have to do it by hand as much. Also, generative models like Generative Adversarial Networks (GANs) will 

be very important for making new and different material, like face emotions, body movements, and changes in 

the surroundings, from small amounts of input data.  

B. Potential of 5G and Beyond to Improve Real-Time Animation 

The introduction of 5G networks and future improvements in phone technologies, like 6G, will have a big effect 

on how real-time graphics changes over time. These next-generation networks can connect a huge number of 

devices and have very high speed. This will make engaging and realistic animated content possible in new ways, 

changing how animated scenes and figures react to user inputs in real time. Low-latency transmission is one of 

the best things about 5G and later technologies. This is important for real-time graphics. When data is sent 

between users, devices, and computers over traditional networks, there are often pauses. This can make dynamic 

material less interactive. But 5G networks, which have delay of less than 1 millisecond, can let people and 

virtual surroundings talk to each other right away. This means that users will be able to interact with characters 

and items in smart animation towns or interactive models without any visible pauses. This will make the 

experiences smooth and very realistic. 

VII. Result and Discussion 

The integration of Mobile Edge Computing (MEC) and Big Data Analytics significantly enhances interactive 

animated scenes and characters in smart animation cities. MEC’s low-latency and high-bandwidth capabilities 

allow for real-time rendering and seamless user interaction, while Big Data Analytics enables the 

personalization of animations based on real-time data.  

Table 2: MEC vs Traditional Cloud System 

Evaluation Parameters MEC-Enabled System Traditional Cloud System 

Latency (ms) 20 150 

Rendering Speed (fps) 60 30 

Data Processing Speed (MB/s) 100 40 

User Interaction Responsiveness (ms) 50 150 

Quality of Animation 8 6 

 

Table 2 compares the performance of Mobile Edge Computing (MEC)-enabled systems with traditional cloud 

systems across several key evaluation parameters related to animation performance. Figure 3 compares 

performance gains of MEC-enabled systems versus traditional cloud computing systems. 
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Figure 3: Performance Gains of MEC-Enabled System Over Traditional Cloud 

Latency is significantly reduced in the MEC-enabled system (20 ms) compared to the traditional cloud system 

(150 ms), allowing for quicker responses and more fluid interactions. Figure 4 compares the performance of 

MEC-enabled systems with traditional cloud computing systems. This reduction in latency is crucial for 

real-time applications such as interactive animations, where any delay can disrupt the user experience.  

 

Figure 4: Comparison of MEC-Enabled and Traditional Cloud System Performance 

Rendering Speed is also notably higher in the MEC-enabled system (60 fps), providing smoother and more 

seamless animation, while the traditional cloud system only achieves 30 fps, which can result in noticeable 

stuttering during animation playback. Figure 5 shows the cumulative performance comparison between 

MEC-enabled and traditional cloud systems. 
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Figure 5: Cumulative Performance of MEC-Enabled and Traditional Cloud Systems 

Data Processing Speed is faster in the MEC system (100 MB/s), enabling quicker handling of large data 

volumes, which is essential for processing complex animations and user inputs. The cloud system, with a data 

rate of 40 MB/s, may struggle to keep up in real-time applications. User Interaction Responsiveness is improved 

in the MEC system (50 ms) versus the cloud system (150 ms), leading to more immediate feedback during user 

interaction, enhancing interactivity. 

VIII. Conclusion 

There is a lot of hope for the future of interactive animation, especially in smart animation cities, where Mobile 

Edge Computing (MEC) and Big Data Analytics come together. With its local data processing features, MEC's 

design makes sure that cartoon scenes and figures react instantly to user inputs, giving them a dynamic and 

engaging experience. For real-time interactions, like those needed in games, virtual tours, and simulations, this 

low-latency system is a must. By handling data at the edge, MEC makes centralized computers less busy. This 

makes better use of resources and makes sure that the system can grow as user needs do. Big Data Analytics 

makes this experience even better by letting huge information created by users and IoT devices be collected and 

analyses. This data gives us information that lets us customize cartoon scenes and figures so that they fit each 

person's tastes and actions. Generative Adversarial Networks (GANs) and Recurrent Neural Networks (RNNs) 

are two types of machine learning models that are very important for automating and improving animation tasks 

like character behaviour, scene generation, and conversation. These AI methods let figures act in realistic ways 

that are aware of their surroundings and change based on how the user interacts with them, making the 

animation experience even better. These tools can be used for more than just fun; they can also be used in urban 

planning, healthcare, education, and disaster management.  
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