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ABSTRACT: Facial expressions play a crucial role in human communication, conveying emotions and intentions non-
verbally. This review explores the process of analysing human facial expression changes using image processing
techniques and face landmark detection replacement methods. The study delves into key approaches such as feature
extraction, facial landmark tracking, and deep learning-based models for expression recognition. Special attention is
given to the role of landmark replacement techniques in enhancing the accuracy of expression analysis by mitigating
occlusions, misalignment, and variations in facial structure. The paper also discusses the challenges associated with
real-time expression analysis, including lighting conditions, pose variations, and dataset biases. Additionally,
applications in emotion recognition, human-computer interaction, and psychological research are examined. The review
aims to provide insights into the advancements in image-based facial expression analysis and highlight future research
directions for improving robustness and real-world applicability in facial emotion recognition systems.

L. INTRODUCTION

Facial landmark detection plays a crucial role in both facial expression detection and modification. By accurately
identifying key points on the face, such as the eyes, nose, and mouth, landmark detection provides a foundation for
analysing and altering facial expressions. Facial landmarks improve the localization of salient facial patches, which are
critical for effective expression recognition. This approach allows for the extraction of discriminative features that
enhance classification accuracy for various expressions [4][5][6]. Landmark detection is particularly useful for
recognizing subtle facial micro-expressions. By transforming landmark data into two-dimensional feature maps,
systems can achieve higher accuracy in detecting these nuanced expressions, independent of expression intensity [2].
Landmark detection is integrated with deep learning models, such as Convolutional Neural Networks (CNNs), to focus
on sensitive facial areas, improving the accuracy of expression recognition significantly [5][7].

For facial expression modification landmark-guided Generative Adversarial Networks (GANG5) utilize facial landmarks
to translate one expression into another. This method allows for high-level semantic understanding and manipulation of
facial expressions using a single image [1]. By plotting landmarks and extracting features using methods like Euclidean
distance and local transform features, systems can modify expressions by altering the detected landmarks, thus
changing the perceived emotion [6][7]. Facial landmark detection is integral to both detecting and modifying facial
expressions. It enhances the accuracy of expression recognition by focusing on key facial features and enables
expression modification through advanced techniques like GANs. These capabilities are crucial for applications in Al,
social robotics, and computer vision, where understanding and manipulating human emotions are essential. This
research paper describes the study on how facial expression detection and dynamically changing works and what the
points of consideration are there.

II. BACKGROUND

Facial expressions are one of the most important non-verbal communication methods that humans use to convey
emotions. The ability to accurately analyze, modify, and generate facial expressions using image processing techniques
has numerous applications in areas such as animation, emotion recognition, virtual reality, and human-computer
interaction. Among these techniques, facial landmark detection and modification play a crucial role in altering facial
expressions while maintaining realism. This article explores how facial landmark detection and modification techniques
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are applied to change facial expressions, the technology behind these processes, and the algorithms that facilitate such
transformations.

Facial landmark detection involves identifying key points on the face that define facial features such as the eyes,
eyebrows, nose, mouth, and jawline. These landmarks serve as reference points that help analyze facial expressions,
track movements, and manipulate facial structures. Typically, landmark detection involves detecting between 68 to 468
key points on the face. Several image processing and deep learning-based techniques are commonly used for facial
landmark detection. Some of the most notable methods include Active Shape Models (ASM), which rely on statistical
models of shape variations to detect landmarks by aligning a pre-trained shape model to facial features. Active
Appearance Models (AAM) extend ASM by modeling both shape and texture variations in the face for better accuracy.
Traditional machine learning approaches include Histogram of Oriented Gradients (HOG) with Support Vector
Machines (SVM), often used in facial detection and alignment. Deep learning-based methods such as Convolutional
Neural Networks (CNNs), Multi-task Cascaded Convolutional Networks (MTCNN), and Google's MediaPipe Face
Mesh provide high accuracy in detecting and tracking facial landmarks in real time. Once facial landmarks are detected,
they can be modified to alter facial expressions. The process of changing expressions typically involves geometric
transformations, morphing, and deep learning-based synthesis. Geometric warping techniques use facial landmarks as
control points to manipulate facial features. Affine transformations are used to shift, scale, and rotate specific facial
regions while maintaining proportions. Thin Plate Spline (TPS) warping smoothly deforms a face based on specific
landmark modifications, making subtle expression changes such as a slight smile or eyebrow raise. Delaunay
Triangulation splits the face into triangular regions based on landmark points, allowing adjustments to simulate
expression changes such as widening the mouth or furrowing the eyebrows. For instance, creating a smile from a
neutral expression using geometric transformations involves shifting the mouth’s corner landmarks upward to simulate
a smile, slightly lifting the cheek region, and raising the outer eyebrow landmarks to reflect joy or surprise. This
method ensures that changes remain natural without distorting the entire face.

Deep learning has revolutionized facial expression modification by providing more realistic transformations.
Generative Adversarial Networks (GANs), Autoencoders, and 3D Morphable Models (3DMMs) are commonly used.
GAN:Ss, particularly Expression GAN (ExprGAN), can take an input face and generate different expressions such as
happiness, sadness, anger, and surprise. A GAN modifies expressions by inputting a neutral face into a generator
network, applying modifications based on learned expression variations, and using a discriminator network to ensure
realism before producing the final modified face. For example, converting a neutral face to a sad face using GANs
involves lowering the lip corners, slightly closing the eyes to reflect sadness, and adding forehead wrinkles to show
emotional distress. This method provides a much more natural and dynamic expression transformation than traditional
geometric warping. For applications like video conferencing, virtual avatars, and augmented reality (AR), real-time
facial expression modification is crucial. MediaPipe Face Mesh and DeepFaceLive are two popular technologies used
for real-time facial tracking and expression modification. MediaPipe Face Mesh detects 468 facial landmarks in real
time, allowing for subtle modifications such as smile enhancement, frowning, or eyebrow lifting. DeepFaceLive
utilizes deep learning to apply real-time face modifications in video streams, often used for virtual avatars or deepfake-
based applications. An example of expression modification in augmented reality (AR) can be seen in Snapchat or
Instagram filters that enhance a smile. Using real-time face tracking, the app detects facial landmarks, slightly elevates
the mouth corners using affine transformations, adjusts the cheekbones to emphasize happiness, and overlays additional
effects such as blush to enhance the expression. This seamless modification ensures that facial expressions remain
realistic even when the user moves or talks.

The ability to modify facial expressions using image processing has several practical applications. Emotion recognition
and analysis are widely used in psychological studies, market research, and Al-driven customer sentiment analysis.
Animated avatars and virtual assistants benefit from these technologies by enhancing human-like interactions in Al-
based virtual assistants such as Apple's Siri or Amazon's Alexa. In the medical field, facial expression analysis helps in
diagnosing neurological disorders such as Parkinson’s disease by analyzing facial muscle movements. In entertainment
and gaming, these techniques contribute to video game development and CGI movies for realistic character animations.
Augmented and Virtual Reality (AR/VR) applications use real-time expression modification to enhance immersive
experiences in the metaverse by allowing users to interact with virtual environments using realistic facial expressions.
Despite the advancements in facial expression modification using landmark detection, some challenges persist.
Occlusion issues arise when accessories such as glasses or facial hair interfere with landmark detection. Lighting
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variations can reduce the accuracy of facial landmark detection, making real-time applications difficult in uncontrolled
environments. Cross-cultural expression variations also pose a challenge, as expressions may differ slightly across
different ethnic groups, affecting model performance. Real-time processing limitations remain a concern due to the
high computational costs associated with real-time facial landmark tracking and expression modification, making it
challenging to implement on low-end devices.

Facial expression modification using image processing and facial landmark detection has significantly evolved due to
advances in geometric transformations, deep learning, and real-time tracking. While traditional methods such as
geometric warping offer basic modifications, deep learning approaches such as GANs provide highly realistic
expression changes. With applications ranging from Al-driven emotion recognition to augmented reality and medical
diagnostics, facial expression modification is a rapidly growing field. However, challenges such as occlusion handling
and real-time performance optimization need further research. Future developments in deep learning and real-time
image processing will continue to enhance the accuracy and applicability of facial expression transformation
technologies.

III. LETRATURE REVIEW

Facial expression recognition (FER) has gained significant attention in computer vision and human-computer
interaction. The use of facial landmark detection and modification techniques plays a vital role in enhancing the
accuracy and realism of facial expression transformations. Recent advancements in deep learning, feature extraction,
and landmark-guided transformations have contributed to more robust and efficient FER systems. This literature review
explores recent studies that focus on facial landmark detection, its impact on expression recognition, and various
techniques used to improve the accuracy of facial expression modification.

Tang and Sebe (2022) proposed a facial expression translation framework using Landmark Guided Generative
Adversarial Networks (GANs) to synthesize different facial expressions. Their study demonstrated that using facial
landmarks to guide GANs improves the authenticity of generated expressions by ensuring that facial deformations
follow natural anatomical structures. Their work highlighted the importance of geometric consistency and shape
transformation in realistic expression synthesis. The model achieved improved results in emotion translation,
particularly in subtle facial expressions, compared to conventional GAN-based methods.

Choi and Song (2020) introduced a novel method for recognizing facial micro-expressions using two-dimensional
landmark feature maps. The authors converted facial landmark points into spatial feature maps to enhance expression
classification performance. Their study addressed the challenge of recognizing subtle expressions that occur over short
durations. By using landmark feature maps, their approach improved micro-expression detection, which is crucial for
applications in lie detection and psychological assessment. The results demonstrated that leveraging geometric
landmarks in a structured representation enhances feature extraction for micro-expression analysis.

Belmonte et al. (2019) investigated the impact of facial landmark localization on facial expression recognition. They
analyzed how variations in landmark positioning affect the overall accuracy of expression recognition systems. Their
study found that minor inaccuracies in landmark localization can significantly degrade recognition performance. To
address this, they proposed an enhanced landmark detection method that improves precision in identifying key facial
points. Their research emphasized that high-quality landmark localization is critical for accurate FER and suggested
combining landmark tracking with deep learning models to improve robustness in real-world applications.

Happy and Routray (2015) presented a method for automatic facial expression recognition by extracting features from
salient facial patches. Their research focused on identifying key regions of the face that contribute most to expression
recognition, such as the eyes, eyebrows, and mouth. The approach used a feature-based analysis method combined with
landmark detection to enhance expression classification. Their results demonstrated that selecting specific facial
patches improves the model's ability to distinguish between similar expressions, reducing misclassification rates.

Girdhar et al. (2021) explored facial expression recognition using landmark detection in deep learning models. They
developed a neural network-based approach that integrates facial landmark information with deep learning architectures
for emotion classification. Their study highlighted the effectiveness of combining geometric and appearance-based
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features to improve recognition accuracy. By incorporating landmark-based feature extraction, their model was able to
capture both static and dynamic expression variations, making it more adaptable to real-time applications.

Rizwan, Jalal, and Kim (2020) proposed a facial expression detection model that utilizes multi-landmark selection and
local transform features. Their method focuses on selecting the most informative landmark points to enhance the
robustness of expression classification. The study emphasized that not all facial landmarks contribute equally to
expression recognition; therefore, selecting a subset of critical landmarks improves efficiency and accuracy. Their
approach achieved superior results in challenging conditions, such as occlusions and variations in facial orientation.

Khan (2018) explored facial expression recognition using facial landmark detection and feature extraction via neural
networks. His research introduced a framework that applies deep learning techniques to extract meaningful features
from detected landmarks. By using convolutional neural networks (CNNs) to process landmark-based features, the
study demonstrated significant improvements in recognizing complex facial expressions. The approach also
incorporated temporal analysis to capture subtle expression changes over time, making it suitable for applications that
require real-time facial emotion tracking.

Zhang, Hu, and Feng (2020) developed a robust facial landmark detection method using heatmap-offset regression.
Their study aimed to improve the accuracy of facial landmark localization by reducing prediction errors caused by
variations in pose, lighting, and occlusions. By integrating heatmap-based detection with offset regression, their model
achieved state-of-the-art performance in landmark localization. Their findings suggest that accurate landmark detection
directly enhances the reliability of facial expression recognition models, reinforcing the need for precise feature
extraction in facial analysis.

Yun and Guan (2013) proposed an automatic landmark point detection and tracking system for human facial
expressions. Their approach combined image processing techniques with machine learning algorithms to detect and
track facial landmarks dynamically. The study demonstrated that real-time tracking of facial landmarks enables more
effective expression recognition in interactive systems. Their model was particularly useful for applications in human-
computer interaction, where real-time feedback and adaptability are essential.

Overall, the reviewed studies highlight the critical role of facial landmark detection in improving facial expression
recognition. Methods that integrate landmark-based feature extraction with deep learning models show significant
improvements in accuracy and robustness. The use of advanced GANs, multi-landmark selection, and heatmap-based
regression techniques has further enhanced the ability to generate and modify facial expressions realistically. However,
challenges such as occlusions, landmark misalignment, and real-time processing constraints remain areas for future
research. As technology continues to advance, further exploration of hybrid approaches combining geometric and
appearance-based features will likely lead to even more accurate and efficient facial expression recognition systems.

Comparative Analysis Table

Reference Method Used Key Contribution Strengths Limitations
Tang & Sebe Landmark Guided Enhanced expression High realism in Computationally
(2022) GANs synthesis with expression expensive
geometric consistency | transformation
Choi & Song 2D Landmark Improved micro- Effective for Limited to
(2020) Feature Maps expression recognition | subtle micro- controlled datasets
expressions
Belmonte et al. | Landmark Analyzed effect of Highlighted Sensitive to
(2019) Localization Impact | landmark accuracy on importance of localization errors
Analysis FER accurate
landmarks
Happy & Salient Facial Patch | Identified key facial Reduced May miss holistic
Routray (2015) | Feature Extraction | regions for better misclassification facial movements
classification with selective
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patch analysis
Girdhar et al. Deep Learning with | Combined geometric & | Improved real- Requires high
(2021) Landmark appearance-based time emotion computational
Detection features for better tracking power
accuracy
Rizwan, Jalal & | Multi-Landmark Optimized landmark Robust to Dependent on
Kim (2020) Selection and Local | selection for robust occlusions and landmark selection
Transform Features | recognition variations quality
Khan (2018) Neural Network- Used CNNs for Better feature Limited
based Feature enhanced expression extraction from generalization to
Extraction detection landmarks unseen data
Zhang, Hu & Heatmap-Offset State-of-the-art Accurate and Susceptible to
Feng (2020) Regression landmark detection efficient landmark | extreme lighting
accuracy detection and pose variations
Yun & Guan Automatic Real-time landmark Useful for real- Limited
(2013) Landmark tracking for interactive | time applications | adaptability to
Detection & applications facial occlusions
Tracking
Comparative Accuracy of Facial Expression Recognition Methods
Landmark-Guided GANs (Tang & Sebe, 2022) 92.5%
Landmark Feature Maps (Choi & Song, 2020) 88.7%
Landmark Localization (Belmonte et al., 2019) 85.4% ] T
§ Salient Facial Patches (Happy & Routray, 2015) ’ Bl.é% ] |
£ - i
% Landmark Detection in Deep Learning (Girdhar et al., 2021) 90.1% ]
g Multi-Landmark Selection (Rizwan et al., 2020) ‘ 87.3% =
Landmark Feature Extraction (Khan, 2018) 89.5% }
Heatmap-Offset Regression {Zhang et al., 2020) 93.2%
Automatic Landmark Tracking (Yun & Guan, 2013) 79.6%
15 B‘U 5‘5 9‘0 95 160

Accuracy (%)

IV. PROPOSED SOLUTION

The proposed method begins with facial landmark detection, where a pre-trained deep learning model such as
MediaPipe Face Mesh or a Multi-task Cascaded Convolutional Network (MTCNN) detects and maps key facial points.
These landmarks are categorized into regions representing the eyes, eyebrows, nose, mouth, and jawline. The landmark
rearrangement module modifies these points based on predefined expression templates or real-time user input. For
example, a neutral face can be converted into a smiling face by lifting the mouth corners, raising the cheeks, and
adjusting the curvature of the eyebrows.

To ensure smooth and natural transitions, geometric transformation techniques such as Delaunay triangulation and Thin
Plate Spline (TPS) warping are applied. These methods allow controlled deformation of the facial structure while
maintaining facial symmetry. The modified landmarks are then blended with the original image using interpolation
techniques, ensuring that texture and lighting consistency is maintained. Deep learning-based generative models, such
as Landmark-Guided Generative Adversarial Networks (GANs), can further refine the output by enhancing details and
eliminating artifacts. A real-time tracking module is integrated to ensure that expression changes are consistently
applied as the face moves. This module continuously detects facial landmarks, applies transformations, and updates the
rendered image, enabling dynamic expression changes in interactive applications. The proposed system is evaluated
using benchmark datasets such as AffectNet and CK+ to assess the accuracy and realism of the modified expressions.
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A qualitative and quantitative analysis is performed, comparing the proposed method with existing expression
transformation techniques.

Algorithm Stages for Facial Expression Modification Using Landmark Rearrangement
1. Facial Landmark Detection
o Capture input face image or video stream.
o Detect facial landmarks using a pre-trained deep learning model (e.g., MediaPipe Face Mesh, MTCNN, or
Heatmap-Offset Regression).
o Extract key facial features such as eyes, eyebrows, nose, mouth, and jawline.
1. Landmark Rearrangement for Expression Modification
o Identify the target expression (e.g., smile, anger, sadness).
o Adjust specific landmark positions based on predefined templates or real-time user input.
o Apply geometric transformations such as affine warping, TPS warping, or Delaunay triangulation for
smooth modifications.
2. Facial Texture and Image Blending
o Interpolate and blend the modified facial regions with the original face.
o Use deep learning-based refinement techniques (e.g., Landmark-Guided GANs) to enhance natural
appearance.
3. Real-Time Expression Tracking (Optional for Live Applications)
o Continuously detect and update facial landmarks as the face moves.
o  Apply expression modifications dynamically while maintaining realism.
4. Evaluation and Optimization
o Assess modified expressions using qualitative and quantitative metrics.
o Compare results with existing expression transformation techniques for validation.
o  Optimize the model for real-time performance and computational efficiency.
This methodology provides a robust framework for modifying facial expressions using landmark rearrangement,
ensuring realistic and dynamic transformations suitable for various applications.

V. CONCLUSION

The proposed solution leverages landmark detection, geometric transformations, and deep learning-based
refinement to modify facial expressions dynamically. Using techniques like Delaunay triangulation, Thin Plate Spline
warping, and real-time tracking, the system ensures smooth expression alterations. A five-stage algorithm was
introduced, covering landmark detection, rearrangement, blending, real-time tracking, and evaluation, providing a
structured approach to implementing facial expression transformation. The methodology integrates deep learning-based
refinement to enhance natural appearance and ensure computational efficiency, making it suitable for both real-time
applications and static image processing. Despite advancements, challenges such as occlusion handling, lighting
variations, and real-time processing constraints remain areas for improvement. Future research should focus on hybrid
approaches that combine geometric and deep learning models to enhance robustness and efficiency. The continuous
development of facial expression analysis technologies will lead to more accurate, adaptive, and interactive systems
that can revolutionize fields like psychological assessment, entertainment, virtual reality, and Al-driven human
interaction. This research contributes to the ongoing efforts in improving facial expression transformation and provides
a foundation for future advancements in this domain.
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