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Abstract: In recent years, Generative Artificial Intelligence has shown remarkable progress in creating realistic multimedia content. One
interesting application of this technology is talking face generation, where a still image of a person can be animated according to a given speech
signal. The main challenge in such systems is to ensure that the lip movements correctly match the spoken words. If synchronization is noi
accurate, the generated video appears unnatural. In this work, we present a lip synchronization system based on Generative Adversariai
Networks (GANs). The proposed model takes a static facial image and a speech audio file as inputs and produces a talking video in which the
lip movements are aligned with the audio. The adversarial learning strategy helps improve both synchronization accuracy and visual quality of
the generated frames.
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I. INTRODUCTION

Artificial Intelligence has transformed the way multimedia content is created and consumed. Instead of manually design
ing animations or editing videos frame by frame, modern deep learning models can now generate realistic outputs automati cally.
One such area is talking face generation, where a static image of a person is animated so that it appears to speak naturally. A key
requirement in talking face systems is proper lip synchronization. The movement of the lips must correspond exactly to the speech
audio. Even a small mismatch between audio and visual components can reduce realism. Earlier methods relied on mapping speech
sounds to predefined lip shapes. While these approaches work to some extent, they often require manual adjustments and do not
generalize well across different faces and languages.

Deep learning models, particularly Generative Adversarial Networks, provide a more flexible solution. GANs allow the
system to learn complex relationships between audio signals and visual lip movements directly from data. This results in smoother,
more realistic animations without the need for manual rule design.

II. RELATED WORK

Lip synchronization and talking face generation have been widely studied in the fields of computer vision and multimedia
processing. Early approaches mainly relied on rule-based techniques that mapped phonemes (speech sounds) to visemes (visual
lip shapes). Although these methods provided basic synchronization, they required manual design and were not flexible enough to
handle variations in speakers, languages, and facial structures

. With the development of deep learning, data-driven methods replaced traditional rule-based systems. Convolutional
Neural Networks (CNNs) were introduced to learn the relationship between speech signals and corresponding lip movements
directly from data. These models improved synchronization accuracy compared to earlier techniques. However, CNN based
approaches often struggled to maintain temporal con sistency and sometimes produced blurry or less realistic facial animations.

The introduction of Generative Adversarial Networks (GANs) significantly improved visual quality in image and video
generation tasks. GANs consist of two networks: a generator that creates synthetic outputs and a discriminator that evaluates their
realism. This adversarial training process enables the generator to produce sharper and more realistic im ages. In the domain of
speech-driven facial animation, GAN based models have shown better performance in capturing fine grained lip movements and
facial details.

One notable contribution in this area is Wav2Lip, which focuses specifically on improving lip synchronization accu
racy using a dedicated lip-sync discriminator. This approach demonstrated strong performance even in unconstrained real world
conditions. Other research works have incorporated temporal modeling techniques to improve frame continuity and reduce
flickering effects in generated videos.
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Despite these advancements, many existing systems focus primarily on video-to-video translation rather than
generating talking videos from a single static image. Generating realistic lip movements from a single image remains challenging
due to the limited visual information available. The proposed work builds upon these advancements by utilizing a GAN based
framework to achieve accurate lip synchronization while preserving facial identity and realism.
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III. PROPOSED METHODOLOGY
The overall system is divided into multiple stages to ensure proper processing of both visual and audio inputs.
A. Input Stage
The user provides two inputs:
* A clear static image of a face
* A speech audio file.
The image serves as the base frame, while the audio determines the lip motion pattern

B. Preprocessing

Before feeding the inputs to the model, certain preprocess ing steps are applied. The face is detected and aligned to maintain
consistency in orientation and scale. Facial landmarks are identified, especially around the mouth region. The speech audio is
converted into a Mel-spectrogram representation. This format captures frequency and timing information in a way that is suitable
for neural network learning. Both image and audio features are normalized to improve training stability.

GAN Architecture
The core of the proposed system is based on a Generative Adversarial Network (GAN). The GAN consists of two main
components:
Generator (G)
The Generator is responsible for producing lip-synchronized video frames.
« It takes the static facial image and extracted audio features as inputs.
*The audio features guide the lip movement generation.
« It generates modified facial frames where the lip region changes according to the speech signal.
* The generator ensures temporal smoothness between consecutive frames.
The generator learns complex audio-visual relationships to produce realistic talking face sequences.

2) Discriminator (D)

The Discriminator evaluates the authenticity of generated frames.

« It distinguishes between real talking face frames and generated frames.

« It checks whether the lip movements match the speech input.

« It ensures visual realism and synchronization consistency.

The discriminator improves the generator performance through adversarial training.

IV. RESULTS
The proposed system was evaluated using different facial images and speech recordings. The generated videos showed
convincing lip synchronization and maintained the identity of the original face. The system demonstrated: * Accurate alignment
between speech and lip motion * Natural facial appearance * Smooth transitions between frames The outputs were visually stable
and free from major distortions.
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V.DISCUSSION
Compared to traditional CNN-based approaches, the GAN based model produced more refined and realistic results. The
adversarial training helped reduce blurriness and improved detail in the lip region. However, slight performance variations were
observed when the input image had poor lighting or extreme head angles. Further improvements can focus on han dling such edge
cases and optimizing real-time performance.

VI.CONCLUSION
This paper presented a GAN-based lip synchronization system capable of converting a static image and speech audio into
a realistic talking video. The proposed approach improves synchronization accuracy and visual quality through adversarial
learning. Future work can focus on real-time im plementation, multilingual support, and improved robustness under challenging
conditions.
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