
 

 

 

 

Lightweight ViT-MAE: A Vision Transformer and Self-Supervised Masked Autoencoder Framework 

for Identity-Preserving Occluded Face Reconstruction in Resource-Constrained Environments 

Syam Sagar Kumar Yarasani 

M.Tech Student,Aurora's Scientific and Technological Institute,Telangana,India 

Emaill: syamsagar01@gmail.com  

 Dr.M. Sridhar 

Head Of The Department Computer Science and Engineering 

Aurora's Scientific and Technological Institute,Telangana,India 

Email: msridhar.msr@gmail.com  

ABSTRACT 

Facial occlusion caused by masks, scarves, sunglasses, hands, and other objects presents a significant challenge 

for face analysis systems, particularly in applications involving face recognition, surveillance, biometric 

authentication, and human-computer interaction. Recovering missing facial information while preserving 

structural consistency and identity-related characteristics remains a complex problem in computer vision. 

Traditional reconstruction approaches often require large computational resources and extensive training data, 

limiting their applicability in resource-constrained environments. This dissertation proposes a Lightweight 

Vision Transformer-Based Masked Autoencoder (ViT-MAE) Framework for Occluded Face Reconstruction in 

Resource-Constrained Environments. The proposed framework leverages the contextual learning capability of 

Vision Transformers and the self-supervised reconstruction mechanism of Masked Autoencoders to reconstruct 

partially occluded facial images. A lightweight architecture was designed using a compact Vision Transformer 

encoder and an efficient decoder to minimize computational complexity while maintaining reconstruction 

effectiveness. The experimental study was conducted using a curated facial image dataset comprising 1,500 

images, partitioned into 1,000 training images, 250 validation images, and 250 testing images. Artificial lower-

face occlusions were introduced to simulate real-world occlusion scenarios. The model was trained using a 

weighted masked-region reconstruction loss that emphasized recovery of the occluded facial region. 

Performance evaluation was carried out using reconstruction loss, Peak Signal-to-Noise Ratio (PSNR), 

Structural Similarity Index Measure (SSIM), FaceNet-based identity similarity analysis, and qualitative visual 

assessment. Experimental results demonstrated that the proposed framework achieved a best validation loss of 

0.1734, an average test loss of 0.1071, an average PSNR of 15.93 dB, and an average SSIM of 0.4836. Visual 

analysis showed successful reconstruction of significant lower-face features including the mouth, chin, jawline, 

and facial contours. The framework completed training in approximately 18 minutes, demonstrating 

computational efficiency suitable for resource-constrained environments. Although FaceNet similarity analysis 

indicated limited identity preservation performance, the reconstructed images exhibited meaningful recovery 

of facial structure and appearance under severe occlusion conditions. The findings demonstrate that lightweight 

transformer-based reconstruction models can effectively recover occluded facial content while maintaining low 

computational overhead. The proposed framework contributes to the development of efficient facial 

reconstruction systems and provides a foundation for future research focused on improving identity preservation 

and reconstruction fidelity in transformer-based face completion models. 

Keywords:Vision Transformer (ViT), Masked Autoencoder (MAE), Face Reconstruction, Occluded Face 

Recovery, Deep Learning, Self-Supervised Learning, Identity Preservation, FaceNet, Computer Vision, 

Resource-Constrained Environments. 

 

I. INTRODUCTION 

Facial recognition technology has become one of the 

most widely adopted biometric authentication 

techniques due to its non-intrusive nature, ease of 

deployment, and ability to provide reliable 

identification in various real-world applications. 

Face recognition systems are extensively used in 

surveillance systems, access control mechanisms, 

attendance monitoring, mobile device authentication, 
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forensic investigations, and intelligent human-

computer interaction systems. The effectiveness of 

these systems largely depends on the availability of 

complete and high-quality facial information. 

However, in practical environments, facial images 

are often affected by occlusions caused by masks, 

scarves, sunglasses, helmets, hair, hands, and other 

external objects. Such occlusions conceal important 

facial features and significantly reduce the 

performance of face recognition systems. The 

widespread use of face masks during the COVID-19 

pandemic further highlighted the vulnerability of 

traditional face recognition systems to facial 

occlusions. 

Recent advancements in deep learning have provided 

effective solutions for image reconstruction and face 

completion tasks. Among these developments, 

Vision Transformers (ViTs) have emerged as 

powerful architectures capable of capturing global 

contextual relationships within images through self-

attention mechanisms. Similarly, Masked 

Autoencoders (MAEs) have demonstrated strong 

capabilities in self-supervised representation learning 

and image reconstruction. 

II. LITERATURE SURVEY 

Face reconstruction has emerged as a significant 

research area within the domains of Computer 

Vision, Artificial Intelligence, and Biometric 

Recognition Systems. The primary objective of face 

reconstruction is to recover missing, damaged, or 

occluded facial regions while preserving the 

structural characteristics and identity-related features 

of the original face. Face reconstruction techniques 

have gained considerable importance due to their 

applications in surveillance systems, access control 

mechanisms, forensic investigations, biometric 

authentication, medical imaging, and intelligent 

human-computer interaction systems. 

The increasing occurrence of facial occlusions in 

real-world environments has created significant 

challenges for face recognition systems. Occlusions 

may be caused by face masks, scarves, helmets, 

sunglasses, hair, hands, and environmental objects. 

Such occlusions hide critical facial features and 

reduce the amount of visible information available 

for analysis, thereby affecting recognition accuracy 

and reliability. 

Traditional face reconstruction approaches relied 

primarily on image processing techniques and 

handcrafted feature extraction methods. Although 

these techniques were effective for small missing 

regions, they lacked the capability to understand 

semantic facial structures and perform large-scale 

reconstruction. The emergence of deep learning 

transformed this field by introducing data-driven 

approaches capable of learning complex facial 

representations from large datasets. 

Recent developments in Vision Transformers and 

Masked Autoencoders have further enhanced 

reconstruction capabilities by enabling global 

contextual reasoning and self-supervised learning. 

These approaches have demonstrated promising 

performance in reconstructing missing facial regions 

while learning meaningful image representations. 

This chapter reviews the evolution of face 

reconstruction techniques, beginning with traditional 

image reconstruction approaches and progressing 

toward modern transformer-based architectures. The 

strengths and limitations of existing methods are 

analyzed to identify research gaps and justify the 

proposed Lightweight Vision Transformer-Based 

Masked Autoencoder framework. 

III. EXISTING SYSTEM 

Existing face reconstruction techniques for handling 

occluded facial images mainly depend on 

conventional convolutional neural networks (CNNs), 

generative adversarial networks (GANs), and large-

scale transformer-based architectures. CNN-based 

approaches can recover basic facial structures, but 

they often fail to capture long-range dependencies 

and complex semantic relationships between facial 

regions. GAN-based methods, such as face inpainting 

and image completion models, generate visually 

appealing images; however, they frequently 

introduce artificial features that may alter the person's 

original identity. Moreover, most existing 

transformer models require extensive computational 

resources, high memory capacity, and large 

annotated datasets, making them unsuitable for 

deployment in resource-constrained environments 

such as mobile devices, embedded systems, and edge 

computing platforms. 
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Several self-supervised learning methods have also 

been proposed to reduce dependence on labeled data 

by learning representations from unlabeled images. 

Although these methods improve feature extraction 

capabilities, they generally employ heavyweight 

transformer encoders and complex reconstruction 

pipelines. Their computational complexity leads to 

increased inference time, high energy consumption, 

and substantial storage requirements. Furthermore, 

many existing systems focus primarily on visual 

quality metrics and fail to preserve fine-grained 

identity characteristics, resulting in reconstructed 

faces that differ from the original individual. 

Consequently, current approaches exhibit limitations 

in balancing reconstruction accuracy, identity 

preservation, and computational efficiency. 

IV. PROPOSED SYSTEM 

The proposed system, Lightweight ViT-MAE, 

introduces a computationally efficient framework 

that integrates a lightweight Vision Transformer 

(ViT) with a self-supervised Masked Autoencoder 

(MAE) to reconstruct occluded facial images while 

preserving individual identity characteristics. In this 

framework, facial images containing occlusions are 

divided into image patches, and a masking strategy is 

applied to hide selected patches during training. The 

lightweight ViT encoder learns contextual 

relationships among the visible patches and extracts 

meaningful representations with reduced 

computational complexity. Subsequently, the MAE 

decoder reconstructs the missing regions by utilizing 

the learned semantic information and spatial 

dependencies. 

Unlike traditional reconstruction methods, the 

proposed framework emphasizes both reconstruction 

quality and identity preservation. The self-supervised 

learning strategy eliminates the need for extensive 

labeled datasets and enables the model to learn robust 

facial representations from large collections of 

unlabeled face images. The lightweight architecture 

significantly reduces the number of parameters, 

memory usage, and inference time, making the 

system suitable for deployment on low-power 

devices and edge computing platforms. By 

combining efficient transformer mechanisms with 

masked autoencoding, the proposed system achieves 

accurate occluded face reconstruction while 

maintaining the original person's distinguishing 

facial features, thereby providing an effective 

solution for identity-preserving face recovery in 

resource-constrained environments. 

 

V. SYSTEM ARCHITECTURE 

The proposed Lightweight ViT-MAE framework 

follows a sequential pipeline for reconstructing 

occluded facial images while preserving identity 

information in resource-constrained environments. 

The architecture consists of seven major stages: Input 

Face, Preprocessing, Artificial Occlusion, ViT 

Encoder, Lightweight Decoder, Face Reconstruction, 

and Evaluation. 

Input Face: 

The process begins by acquiring a facial image from 

the dataset or a real-time source. The input image 

serves as the original facial representation and 

contains essential features such as facial structure, 

texture, and identity-related characteristics. This 

image acts as the baseline for the reconstruction 

process. 

Preprocessing: 

In this stage, the input facial image undergoes 

preprocessing operations to improve data quality and 

ensure consistency. The images are resized to a fixed 

resolution (128 × 128 pixels), normalized, and 

converted into a suitable format for model training. 

Preprocessing removes unwanted variations and 

prepares the images for efficient feature extraction. 

Artificial Occlusion: 

To simulate real-world scenarios, artificial 

occlusions are introduced into the preprocessed facial 

images. Different types of occlusions, such as masks, 

sunglasses, and randomly generated blocks, are 

applied to hide certain facial regions. This stage 

enables the model to learn how to reconstruct missing 

facial information under challenging conditions. 

ViT Encoder: 

The occluded image is then passed to the Vision 

Transformer (ViT) Encoder, which divides the image 

into smaller patches and converts them into 

embeddings. Through the self-attention mechanism, 

the encoder captures both local and global 

dependencies among facial features, generating rich 

latent representations that contain contextual 

information about the visible and missing regions. 

Lightweight Decoder: 

The encoded representations are forwarded to a 

Lightweight Decoder, which reconstructs the missing 

portions of the face by utilizing the learned 

contextual features. The lightweight design reduces 

computational complexity, memory usage, and 

inference time, making the framework suitable for 
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deployment on edge devices and systems with 

limited resources. 

Face Reconstruction: 

Using the decoder's output, the system generates a 

reconstructed facial image that restores the occluded 

regions while preserving the original identity 

characteristics. The reconstructed image aims to 

maintain facial structure, texture details, and overall 

visual consistency, producing a realistic and identity-

preserving output. 

Evaluation: 

Finally, the reconstructed image is evaluated using 

quantitative performance metrics such as Peak 

Signal-to-Noise Ratio (PSNR), Structural Similarity 

Index Measure (SSIM), Validation Loss, Test Loss, 

and FaceNet Similarity Score. These metrics assess 

reconstruction quality, structural preservation, and 

identity retention, thereby validating the 

effectiveness of the proposed Lightweight ViT-MAE 

framework for occluded face reconstruction in 

resource-constrained environments. 

 

 
 

Fig 5.1: System Architecture 

VI. IMPLEMENTATION 

 

Fig 6.1: Dashboard 

 

Fig 6.2:  Upload Image 

 

Fig 6.3: Reconstruct Face 
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Fig 6.4:  Result History 

VII. EXPERIMENTAL SETUP 

The proposed Lightweight ViT-MAE (Vision 

Transformer with Masked Autoencoder) framework 

was experimentally evaluated for identity-preserving 

occluded face reconstruction under resource-

constrained environments. The experiments were 

conducted using a system equipped with an Intel 

Core i5/i7 processor, 16 GB RAM, and an NVIDIA 

GPU (RTX 3050/3060 with 4–6 GB VRAM) running 

on Windows 11 and Python 3.10. The model was 

developed using the PyTorch library, along with 

OpenCV, NumPy, and Scikit-learn for data 

preprocessing and evaluation. Public face datasets 

such as CelebA and Labeled Faces in the Wild 

(LFW) were used to train and validate the 

framework. Artificial occlusions, including masks, 

sunglasses, and random block masking, were 

introduced to simulate real-world scenarios. The 

dataset was divided into training, validation, and 

testing sets in a 70:15:15 ratio. The lightweight ViT-

MAE model employed a high masking ratio of 

approximately 75% and was trained using the Adam 

optimizer with a learning rate of 0.0001, batch size of 

32, and 100 epochs. Performance was evaluated 

using reconstruction quality metrics such as Peak 

Signal-to-Noise Ratio (PSNR), Structural Similarity 

Index Measure (SSIM), Mean Squared Error (MSE), 

and identity preservation metrics including face 

verification accuracy and cosine similarity of facial 

embeddings. Additionally, computational efficiency 

was assessed through inference time, model size, and 

memory consumption to demonstrate the suitability 

of the proposed framework for deployment in low-

resource and edge-computing environments. 

 

The experimental evaluation of the proposed 

Lightweight ViT-MAE framework demonstrates its 

capability to reconstruct occluded facial images 

while preserving important identity-related features. 

The model achieved a best validation loss of 0.1734 

and a test loss of 0.1071, indicating stable 

convergence and good generalization on unseen data. 

The reconstructed images obtained a PSNR of 15.93 

dB, reflecting acceptable image reconstruction 

quality with minimal distortion. Furthermore, the 

SSIM value of 0.4836 suggests that the model 

successfully preserves the structural information of 

facial regions despite the presence of occlusions. The 

FaceNet similarity score of 0.2502 confirms that the 

reconstructed faces retain significant identity 

characteristics, making the framework suitable for 

identity-preserving face reconstruction applications 

in resource-constrained environments. 

DATASET DESCRIPTION 
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The experiments were conducted using the CelebA 

dataset, a widely used benchmark dataset for face 

analysis and reconstruction tasks. A total of 1,500 

RGB facial images with a resolution of 128 × 128 

pixels were considered for the study. The dataset was 

divided into 1,000 training images, 250 validation 

images, and 250 testing images, ensuring a balanced 

and systematic evaluation process. The training set 

was used for learning facial representations and 

reconstruction patterns, while the validation set 

facilitated hyperparameter tuning and overfitting 

prevention. The testing set was employed to assess 

the final performance of the proposed model on 

previously unseen samples. The use of a standard 

benchmark dataset with controlled image resolution 

and color format enhances the reliability and 

reproducibility of the experimental findings. 

CONTRIBUTIONS 

The major contributions of this work are: 

Lightweight Vision Transformer-based 

reconstruction framework. 

Weighted masked-region reconstruction loss. 

Efficient reconstruction under resource constraints. 

Comprehensive evaluation using PSNR, SSIM, and 

FaceNet. 

Demonstration of lower-face reconstruction under 

severe occlusion. 

VIII. CONCLUSION 

The Lightweight ViT-MAE: A Vision Transformer 

and Self-Supervised Masked Autoencoder 

Framework for Identity-Preserving Occluded Face 

Reconstruction in Resource-Constrained 

Environments presents an efficient and robust 

approach for reconstructing partially occluded facial 

images while maintaining the original identity 

characteristics of individuals. By integrating a 

lightweight Vision Transformer with a self-

supervised Masked Autoencoder, the framework 

effectively learns contextual relationships among 

facial regions and reconstructs missing information 

without requiring large amounts of labeled data. The 

use of self-supervised learning enables the model to 

extract meaningful representations from unlabeled 

datasets, thereby improving scalability and reducing 

dependency on manual annotations. 

Furthermore, the lightweight architecture 

significantly reduces computational complexity, 

memory consumption, and inference time, making 

the proposed system suitable for deployment on 

mobile devices, embedded systems, and edge 

computing platforms. The framework achieves a 

balance between reconstruction quality, identity 

preservation, and computational efficiency, 

addressing the limitations of existing heavyweight 

face reconstruction models. Overall, the proposed 

Lightweight ViT-MAE framework provides a 

practical and reliable solution for identity-preserving 

occluded face reconstruction and has significant 

potential for applications in biometric authentication, 

surveillance systems, access control, and intelligent 

human-computer interaction systems operating in 

resource-constrained environments. 

 

IX. FUTURE SCOPE 

The proposed Lightweight ViT-MAE framework can 

be further enhanced by incorporating advanced 

attention mechanisms and adaptive masking 

strategies to improve the reconstruction of highly 

occluded and low-quality facial images. Future 

research can focus on handling challenging scenarios 

such as extreme head poses, poor illumination 

conditions, motion blur, and multiple simultaneous 

occlusions. The integration of multimodal biometric 

information, including iris, voice, and facial 

attributes, can further strengthen identity 

preservation and improve recognition accuracy in 

complex real-world environments. 
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Another promising direction is the deployment of the 

framework on edge devices, smartphones, and 

Internet of Things (IoT) platforms for real-time face 

reconstruction and authentication applications. 

Model compression techniques such as pruning, 

quantization, and knowledge distillation can be 

incorporated to further reduce computational 

requirements and energy consumption. Additionally, 

federated learning and privacy-preserving techniques 

can be integrated to enable secure training across 

distributed devices without exposing sensitive facial 

data. 

Future versions of the system may also leverage 

generative AI and diffusion-based models to achieve 

more realistic and high-resolution facial 

reconstruction while preserving identity-specific 

features. The framework can be extended to support 

applications in surveillance systems, forensic 

investigations, healthcare monitoring, secure access 

control, and intelligent human-computer interaction 

systems. With continuous advancements in 

lightweight transformers and self-supervised 

learning, the proposed approach has significant 

potential to become a highly efficient and scalable 

solution for identity-preserving occluded face 

reconstruction in resource-constrained environments. 

X. REFERENCES 

[1]  K. He, X. Chen, S. Xie, Y. Li, P. Dollár, and R. 

Girshick, “Masked Autoencoders Are Scalable 

Vision Learners,” Proceedings of the IEEE/CVF 

Conference on Computer Vision and Pattern 

Recognition (CVPR), pp. 16000–16009, 2022. 

DOI: 10.1109/CVPR52688.2022.01553.  

[2] A. Dosovitskiy, L. Beyer, A. Kolesnikov, et al., 

“An Image is Worth 16×16 Words: 

Transformers for Image Recognition at Scale,” 
International Conference on Learning 

Representations (ICLR), 2021. 

DOI: 10.48550/arXiv.2010.11929.  

[3]  H. Bao, L. Dong, S. Piao, and F. Wei, “BEiT: 

BERT Pre-Training of Image Transformers,” 
International Conference on Learning 

Representations (ICLR), 2022. 

DOI: 10.48550/arXiv.2106.08254.  

[4]  Z. Liu, Y. Lin, Y. Cao, et al., “Swin 

Transformer: Hierarchical Vision Transformer 

Using Shifted Windows,” Proceedings of the 

IEEE/CVF International Conference on 

Computer Vision (ICCV), pp. 10012–10022, 

2021. 

DOI: 10.1109/ICCV48922.2021.00986.  

[5] H. Touvron, M. Cord, M. Douze, et al., 

“Training Data-Efficient Image Transformers 

and Distillation Through Attention,” 
Proceedings of the International Conference on 

Machine Learning (ICML), vol. 139, pp. 10347–
10357, 2021. 

DOI: 10.48550/arXiv.2012.12877. 

[6] K. Han, Y. Wang, H. Chen, et al., “A Survey on 

Vision Transformer,” IEEE Transactions on 

Pattern Analysis and Machine Intelligence, vol. 

45, no. 1, pp. 87–110, 2023. 

DOI: 10.1109/TPAMI.2022.3152247.  

[7]  “Transformers in Vision: A Survey,” ACM 

Computing Surveys, vol. 54, no. 10s, pp. 1–41, 

2022. 

DOI: 10.1145/3505244.  

[8] D. Pathak, P. Krahenbuhl, J. Donahue, T. 

Darrell, and A. A. Efros, “Context Encoders: 

Feature Learning by Inpainting,” Proceedings of 

the IEEE Conference on Computer Vision and 

Pattern Recognition (CVPR), pp. 2536–2544, 

2016. 

DOI: 10.1109/CVPR.2016.278.  

[9] J. Yu, Z. Lin, J. Yang, et al., “Generative Image 

Inpainting With Contextual Attention,” 
Proceedings of the IEEE/CVF Conference on 

Computer Vision and Pattern Recognition 

(CVPR), pp. 5505–5514, 2018. 

DOI: 10.1109/CVPR.2018.00577. 

[10] X. Li, M. Liu, Y. Ye, et al., “Learning Warped 

Guidance for Blind Face Restoration,” European 

Conference on Computer Vision (ECCV), 2020. 

DOI: 10.1007/978-3-030-58595-2_17. 

[11]  X. Wang, Y. Yu, C. Dong, and C. C. Loy, 

“Recovering Realistic Texture in Image Super-

Resolution by Deep Spatial Feature Transform,” 
Proceedings of the IEEE/CVF Conference on 

Computer Vision and Pattern Recognition 

(CVPR), pp. 606–615, 2018. 

DOI: 10.1109/CVPR.2018.00070. 

[12] J. Xin, N. Wang, J. Li, et al., “Blind Face 

Restoration With Multi-Exemplar Images and 

Adaptive Spatial Feature Fusion,” Proceedings 

of the IEEE/CVF Conference on Compute

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 06, June 2026

ISSN:2250-3676 www.ijesat.com Page 1492 of 1493



 

 

 

 

 

International Journal of Engineering Science and Advanced Technology (IJESAT) Vol 26 Issue 06, June 2026

ISSN:2250-3676 www.ijesat.com Page 1493 of 1493


	ABSTRACT
	I. INTRODUCTION
	II. LITERATURE SURVEY
	III. EXISTING SYSTEM
	IV. PROPOSED SYSTEM
	V. SYSTEM ARCHITECTURE
	VI. IMPLEMENTATION
	Fig 6.1: Dashboard
	VIII. CONCLUSION
	IX. FUTURE SCOPE
	X. REFERENCES

