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“Sarvendriyaanaam Nayanam Prad hanam” 
which loosely translates into, 

“Of all the sense organs, vision is the most important”.



Pupil Invisible eye tracking glasses: Instant insight into human behavior (youtube.com) 2021

https://www.youtube.com/watch?v=_0zXfxxbeXg


Introduction to Human Vision

https://www.researchgate.net/figure/Components-of-a-typical-eye-gaze-system-adapted-from-22-
38-The-optical-and-the-visual_fig2_332584054



Historical Perspective

Credits: Appearance-based Gaze Estimation with Deep Learning: A Review and Benchmark,
Gaze Direction Estimation · google/mediapipe, Tobii Eyetrackers

Early approaches to gaze estimation
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Historical Perspective

Early approaches to gaze estimation

Building Wearable EyeTrackers 

Modern Approach for Gaze Estimation

Credits: Appearance-based Gaze Estimation with Deep Learning: A Review and Benchmark,
Gaze Direction Estimation · google/mediapipe, Tobii Eyetrackers



Understanding the Perspective

Credits: Gaze Estimation: problem, solutions and practical experiments. | by Olga 
Mindlina | Medium

Orientation of the head in terms of pitch , roll , and yaw 
movements... | Download Scientific Diagram (researchgate.net)

Pupil Detection
Gaze Estimation

https://medium.com/@olga.mindlina/gaze-estimation-problem-solutions-and-practical-experiments-412a7a232673
https://www.researchgate.net/figure/Orientation-of-the-head-in-terms-of-pitch-roll-and-yaw-movements-describing-the-three_fig1_279291928
https://www.researchgate.net/figure/Orientation-of-the-head-in-terms-of-pitch-roll-and-yaw-movements-describing-the-three_fig1_279291928
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Transformers

New approach with Transformers
 Large-Scale Dataset introduced:

EVE
ETH-Xgaze
Gaze360

Attention  based

CNN-Models started to 
adapt the newer attention 

based models for gaze 
estimation

ECCV->CVPR workshop

Leaving traditional

First ever approach to 
building a end-to-end model 
without taking features from 

eyes + face

Introduction
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Types of Gaze Estimation

IR based Tracking

Eye Gaze Estimation and Its Applications (uni-saarland.de)

Webcam based Tracking

Also called the Appearance Based Gaze Estimation

Wearable-eye-tracker-Tobii-Pro-Glasses-2-Source-64.png (850×420) (researchgate.net)

https://cix.cs.uni-saarland.de/wp-content/uploads/2022/05/Zhang2021_Chapter_EyeGazeEstimationAndItsApplica.pdf
https://www.researchgate.net/profile/Eduard-Bairamov/publication/372560398/figure/fig9/AS:11431281176584790@1690204533232/Wearable-eye-tracker-Tobii-Pro-Glasses-2-Source-64.png


Different aspects of eye tracking

• Face tracking

• Face landmark

• Data normalization

• Gaze origin

• Gaze direction

MPIIGaze: Real-World Dataset and Deep Appearance-Based Gaze Estimation | Perceptual User Interfaces

Introduction of MPIIGaze Dataset along with its CNN model

https://perceptualui.org/publications/zhang19_pami/


Application areas

Gaze-based intention estimation: principles, methodologies, and applications in HRI (ANNA BELARDINELLI, Honda Research Institute Europe, Germany)
An End-to-End Review of Gaze Estimation and its Interactive Applications on Handheld Mobile Devices, https://www.mdpi.com/2218-6581/10/2/68/xml
https://flightsafety.org/asw-article/eyeing-the-eyes/  , https://research.adobe.com/publication/vrdoc-gaze-based-interactions-for-vr-reading-experience/

https://www.mdpi.com/2218-6581/10/2/68/xml
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Other Applications?



Live Demo of 
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OpenFace Offline Gaze Estimation Demo
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How to create the Datasets?

CAVE | Database: Columbia Gaze Data Set

Lab setting vs in-the-wild

https://www.cs.columbia.edu/CAVE/databases/columbia_gaze/
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Datasets

An End-to-End Review of Gaze Estimation and its Interactive Applications on Handheld Mobile Devices

Lab setting vs in-the-wild



Gaze Plot of various datasets

How extensively do these gaze angles cover real world in each dataset?



Gaze Plot of various datasets

Eye Gaze Estimation and Its Applications (uni-saarland.de)

Area covered by these models are show the area of the gaze points collected via each dataset

Head Pose

Gaze Capture

https://cix.cs.uni-saarland.de/wp-content/uploads/2022/05/Zhang2021_Chapter_EyeGazeEstimationAndItsApplica.pdf


What are some important aspects of dataset for appearance based gaze estimation?

Credits: Appearance-based Gaze Estimation with Deep Learning: A Review and Benchmark,
Gaze Direction Estimation · google/mediapipe, Tobii Eyetrackers



What are some important aspects of dataset for appearance based gaze estimation?

Credits: Appearance-based Gaze Estimation with Deep Learning: A Review and Benchmark,
Gaze Direction Estimation · google/mediapipe, Tobii Eyetrackers

Synthetic 
Datasets
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Evaluation Metrics of Gaze Estimation

L2 Distance: 

The primary metric used to evaluate the 
accuracy of 2D gaze point estimation

Angular Error: 
The predicted gaze direction vector is produced 
by connecting the head point to the predicted 
gaze point

Other Metrics:

1. Mean Angular Error (MAE) 
2. Mean Square Error (MSE)
3. Average Precision (AP)
4. Classification Accuracy 
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Appearance Based Gaze Estimation

Calibrations Requirement
1. No calibration
2. One point calibration
3. Multiple point calibration

Credits: Appearance-based Gaze Estimation with Deep Learning: A Review and Benchmark,
Gaze Direction Estimation · google/mediapipe, Tobii Eyetrackers

What can Model adapt to?
- Person specific 
-    Person Independent



What are some of the problems in 
Appearance Based Gaze Estimation?

Credits: Appearance-based Gaze Estimation with Deep Learning: A Review and Benchmark,
Gaze Direction Estimation · google/mediapipe, Tobii Eyetrackers



Overview of a simple gaze estimation which consist of eye detection, feature extraction, and gaze 
regression. Challenges of gaze estimation are head pose variance, eye blink, occlusion, blur images 
and individual bias.

Problems in Appearance based 
Gaze Estimation

Credits: Appearance-based Gaze Estimation with Deep Learning: A Review and Benchmark,
Gaze Direction Estimation · google/mediapipe, Tobii Eyetrackers
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EFE: End to end frame to gaze estimation
New approach in Gaze estimation = Forget the old approach completely

[2305.05526] EFE: End-to-end Frame-to-Gaze Estimation - arXiv.org

https://www.bing.com/ck/a?!&&p=b226701c7ff3d2ff85c669e483e4a1ff023d37a2091bf986b88244de90933608JmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=EFE+gaze+estiamtion&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvYWJzLzIzMDUuMDU1MjY&ntb=1


EFE: End to end frame to gaze estimation
New approach in Gaze estimation = Forget the old approach completely

Main Challenges in new approach

Small Eye Region 
Gaze Origin Estimation

Goal of the new approach

directly regresses a 6D gaze ray i.e.
(3D origin and 3D direction)

Use frames of the images without 
preprocessing as the model input How did we get there?

[2305.05526] EFE: End-to-end Frame-to-Gaze Estimation - arXiv.org

https://www.bing.com/ck/a?!&&p=b226701c7ff3d2ff85c669e483e4a1ff023d37a2091bf986b88244de90933608JmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=EFE+gaze+estiamtion&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvYWJzLzIzMDUuMDU1MjY&ntb=1


Looking at the traditional approach using the webcam…..



Main assumptions of the approach:
- Person head pose is co-planar to the screen i.e 

it always faces the screen
- Calculating the 3D head translation estimation 

from a 2D image without any error
- Diverse head pose with corresponding gaze 

points calculated 
- Ground truth of the datasets are perfect

Looking at the traditional approach using the webcam…..



Before we go into the related works….



Prof. Danna asks : 
How do you find the Gaze Direction for each 
person in the image?

[2204.09480] GazeOnce: Real-Time Multi-Person Gaze Estimation
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Prof. Danna asks : 
How do you find the Gaze Direction for each 
person in the image?

I pointed them out like this.

Prof. Danna asks : 
How would you find it doing the current 
approaches in computer vision that was taught 
in the class?

Vision Transformers ? Attention Models ? 
Feature pyramids ?  Larger Datasets ?

Utterly Confused?

[2204.09480] GazeOnce: Real-Time Multi-Person Gaze Estimation

https://www.bing.com/ck/a?!&&p=6eb7affa84d31e084fef2f7986c447a7566542ebf04f83f67d46ce3e112eff7eJmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=gazeonce&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvYWJzLzIyMDQuMDk0ODA&ntb=1


CNN based learning

Appearance-based Gaze Estimation using Attention and Difference Mechanism, CVPR 2021 

How do we extend the CNN’s learning 
capabilities?

Modified version of AlexNet



CNN based learning

1. Learning Eye Independent features

2. Modification of model layers 
- Diluted Convolution
- Global Max Pooling 
- Ensemble model approach

How do we extend the CNN’s learning 
capabilities?

Modified version of AlexNet

Lower is better
[2104.12668] Appearance-based Gaze Estimation With Deep …

https://www.bing.com/ck/a?!&&p=a55f051b6104b5cd683033ebd6e9d9ea2b4741fbf7e9f440a940b15177ef5af4JmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=appearance+based+gaze+estimation+using+attention+and+difference+mechanish&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvYWJzLzIxMDQuMTI2Njg&ntb=1


Few-Shot Adaptive Gaze Estimation

[1905.01941] Few-Shot Adaptive Gaze Estimation - arXiv.org

https://www.bing.com/ck/a?!&&p=37e13944f800c1f26c8f9aa46e5ee98536d32cf6f6c3531a07e7546d2d7cbbe1JmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=FAZE+few+shot+gaze&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvYWJzLzE5MDUuMDE5NDE&ntb=1


Few-Shot Adaptive Gaze Estimation

Model-Agnostic Meta-Learning(MAML)

[1905.01941] Few-Shot Adaptive Gaze Estimation - arXiv.org
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Few-Shot Adaptive Gaze Estimation

Model-Agnostic Meta-Learning(MAML)

Fine-tuning to person-specific

[1905.01941] Few-Shot Adaptive Gaze Estimation - arXiv.org
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Few-Shot Adaptive Gaze Estimation

Model-Agnostic Meta-Learning(MAML)

Fine-tuning to person-specific

Focus on Gaze direction

[1905.01941] Few-Shot Adaptive Gaze Estimation - arXiv.org

https://www.bing.com/ck/a?!&&p=37e13944f800c1f26c8f9aa46e5ee98536d32cf6f6c3531a07e7546d2d7cbbe1JmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=FAZE+few+shot+gaze&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvYWJzLzE5MDUuMDE5NDE&ntb=1


Gaze Once

Frame as Input optimizing face localization and gaze estimation

[2204.09480] GazeOnce: Real-Time Multi-Person Gaze Estimation
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Gaze Once

Frame as Input optimizing face localization and gaze estimation

Focus on 
Gaze 
Direction

[2204.09480] GazeOnce: Real-Time Multi-Person Gaze Estimation
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[2204.09480] GazeOnce: Real-Time Multi-Person Gaze Estimation

https://www.bing.com/ck/a?!&&p=6eb7affa84d31e084fef2f7986c447a7566542ebf04f83f67d46ce3e112eff7eJmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=gazeonce&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvYWJzLzIyMDQuMDk0ODA&ntb=1


Transformers with Gaze Adaptation Module 

Two-stage Transformer-based 
Gaze-feature Fusion 

Merging Multiple Datasets for Improved Appearance-Based Gaze …

https://www.bing.com/ck/a?!&&p=d300aa041be7f4c57839cbe1ff986479715a9e7f2460d23c10bdb8df510b07b0JmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=Merging+Multiple+Datasets+for+Improved+Appearance-Based+Gaze+Estimation+supplementary&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvaHRtbC8yNDA5LjAwOTEy&ntb=1


Transformers with Gaze Adaptation Module 

Two-stage Transformer-based 
Gaze-feature Fusion 

Feature Extraction from multiple datasets

Merging Multiple Datasets for Improved Appearance-Based Gaze …

https://www.bing.com/ck/a?!&&p=d300aa041be7f4c57839cbe1ff986479715a9e7f2460d23c10bdb8df510b07b0JmltdHM9MTcyOTM4MjQwMA&ptn=3&ver=2&hsh=4&fclid=2443ae73-56b2-6ae7-1270-ba6f57606ba9&psq=Merging+Multiple+Datasets+for+Improved+Appearance-Based+Gaze+Estimation+supplementary&u=a1aHR0cHM6Ly9hcnhpdi5vcmcvaHRtbC8yNDA5LjAwOTEy&ntb=1


What are we still missing?



End-to-End Frame-to-Gaze Estimation (EFE)

Learning-based PoG Estimation

EfficientNet-V2 
(UNet)

Leveraging camera 
intrinsic properties 
directly

Leveraging camera intrinsic 
properties directly



Heatmap Prediction:

2D location of gaze origin loss:

Predicting Gaze Origin

Sparse depth map loss:
  

h：The 2D gaze origin heatmap 
d：The Sparse depth map 
g：2D position of gaze origin predicted using h 
z：The gaze depth
  ：The ground truth heatmap generated by 
drawing a 2D Gaussian centered at the gaze origin
    : The ground truth gaze location on the 
cameraframe



Calculating the Origin of 3D Gaze



Predicting Gaze Direction

Gaze Direction loss:

We can obtain the 3D gaze direction (r).



Predicting Gaze Direction

Gaze Direction loss:

We can obtain the 3D gaze direction (r).

Total Loss 



End-to-End Frame-to-Gaze Estimation (EFE)

Learning-based PoG Estimation

EfficientNet-V2 
(UNet)

Leveraging camera 
intrinsic properties 
directly

Leveraging camera intrinsic 
properties directly



Calculating the Point of Gaze(PoG)

Remote Eye Gaze Tracking Research: A Comparative Evaluation on Past and Recent Progress

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mdpi.com%2F2079-9292%2F10%2F24%2F3165&psig=AOvVaw1ZI8ZnLjdxxfuicdxaebsY&ust=1729532245043000&source=images&cd=vfe&opi=89978449&ved=0CBcQjhxqFwoTCIC26uq_nYkDFQAAAAAdAAAAABAI


Calculating the Point of Gaze(PoG)

Remote Eye Gaze Tracking Research: A Comparative Evaluation on Past and Recent Progress

Distance from the screen : λ

Intersection of the line of sight 
with the screen plane

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mdpi.com%2F2079-9292%2F10%2F24%2F3165&psig=AOvVaw1ZI8ZnLjdxxfuicdxaebsY&ust=1729532245043000&source=images&cd=vfe&opi=89978449&ved=0CBcQjhxqFwoTCIC26uq_nYkDFQAAAAAdAAAAABAI


Calculating the Point of Gaze(PoG)

Remote Eye Gaze Tracking Research: A Comparative Evaluation on Past and Recent Progress

Distance from the screen : λ

Intersection of the line of sight 
with the screen plane

PoG estimation

https://www.google.com/url?sa=i&url=https%3A%2F%2Fwww.mdpi.com%2F2079-9292%2F10%2F24%2F3165&psig=AOvVaw1ZI8ZnLjdxxfuicdxaebsY&ust=1729532245043000&source=images&cd=vfe&opi=89978449&ved=0CBcQjhxqFwoTCIC26uq_nYkDFQAAAAAdAAAAABAI


Baseline Models for EFE

How to understand the importance of this complex model?



Baseline Models for EFE

How to understand the importance of this complex model?

We perform ablation study to understand the model.



Baseline Models for EFE

How to understand the importance of this complex model?

We perform ablation study to understand the model.

So, Depth is important feature contributing to PoG estimation



Importance of Heatmaps

Supervises the distance of the person from screen 



Experimentation

Traditional Approach New EFE approach

PoG residual Maps 
on EVE Dataset



What are we going to discuss?

• Types of Gaze Estimation

• Datasets 

• Evaluation Metrics of Gaze Estimation

• Appearance Based Gaze Estimation (AGE)

• End-to-End Frame-to-Gaze Estimation (EFE)

• Real World Case Study of Appearance Based Gaze Estimation



Efficient Interaction with Automotive Heads Up Displays using Appearance-based Gaze Tracking, AUTO UI 2021



User Evaluation

Study Statistics:
- 8 (5 Male; 1 left handed, Avg. Age: 24.75yr ) participants 

(None of the participants had any motor impairment or 
color blindness)

Efficient Interaction with Automotive Heads Up Displays using Appearance-based Gaze Tracking, AUTO UI 2021



NASA-TLX WEB APP: AN ONLINE TOOL TO ANALYSE SUBJECTIVE WORKLOAD

Understanding Subjective Analysis



Conclusion

NASA TLX (task load index) & SUS(system usability study)

Efficient Interaction with Automotive Heads Up Displays using Appearance-based Gaze Tracking, AUTO UI 2021

Applications on Automotive Driving? 



Questions?



Thank you
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