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Motivation

ÅEye gaze is interesting and important for facial expression



Our Goal

Automatically capture 3D eye gaze, head poses and facial 

expression deformation using a single web camera. 



Applications

Game: L.A. Noire Movie: Avatar

AR/VR Marketing and Consumer Study Assist the disabled



Our System

ÅAutomatic, realtimeand low cost 

ÅWork with arbitrary users

ÅNo markers & depth cameras



Related Work: Facial Capture

ÅFacial performance capture techniques

ïMarker based method

ïStructured light based method

ïMultiview camera based method

ïRGBD camera based method

ïRGB camera based method



Related Work: Facial Capture

Facial performance capture using a single RGBD camera

[Li et al. 2015]

[Weise et al. 2010] [Li et al. 2013]

[Hsieh et al. 2015]



Related Work: Facial Capture

Facial performance capture using a single RGB camera

[Cao et al. 2013,2014,2015]

[Shi et al. 2014][Garrido et al. 2013]
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Related Work: Facial Capture

ÅFacial performance capture techniques

ïMarker based

ïStructured light based

ïMultiview camera based

ïRGBD camera based

ïRGB camera based

ÅExisting facial capture system lacks 3D eye gaze

ÅOur system captures the coordinated movement of 3D eye 

gaze, head posesand facial expression deformation 

simultaneously



Related Work: Gaze Tracking

ÅActive IR based eye gaze tracking

ÅImage based eye gaze tracking

ïTemplate image matching based method

ïAppearance based method



Related Work: Gaze Tracking

ÅActive IR based eye gaze tracking

Commercial tracker: TobiiTechnology 2016 Commercial tracker: LcTechnology 2016

- intrusive

- not flexible enough



Related Work: Gaze Tracking

ÅImage based eye gaze tracking

ïTemplate image matching based method ([Chau and Betke2005])

ïAppearance based method ([Sugano et al. 2014],[Zhang et-

al.2015])

- lack of robustness

[Zhang et al. 2015][Chau and Betke 2005]



Eye Gaze Tracking Challenge ʆ

ÅComplex eyeball movements:  fixation, saccadeand 

smooth pursuit



Eye Gaze Tracking Challenge ʇ

ÅComplex eyeball movements:  fixation, saccadeand 

smooth pursuit

ÅFrequent occlusion by eyelids



Our Solution

ÅKey components

ïEye gaze representation

ïHybrid model: pixel-based classification +model-based tracking

ïFailure detection & handling



Our Solution

ÅComplement a realtime3D facial performance capture 

system with a robust and efficient 3D eye gaze tracker 



Representation

ÅEye gaze state ὠ

╥ ╟ȟ▼ȟꜚȟⱣ
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Representation

ÅEye gaze state ὠ
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Per individual Per frame



Our Pipeline

2D Facial Feature 
Tracking and 3D 

Facial Reconstruction

Input video frame
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2D Feature Detection & 3D Facial 

Reconstruction
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Pixel-based Iris and Pupil Classification

ÅUse randomized forest [Breiman2001] to train the iris and 

pupil pixel classifier

W300 images [Huang et al.2007]

RF Training

RF Testing

RF Testing


