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Motivation 

● Aggregating information in 3D space is essential for mobile, intelligent 
agents

● Saccade gaze prediction in 2D is insufficient for many applications

● Minimal work has been conducted in 360 videos

● Understanding how humans aggregate visual information while 
navigating a 3D space is largely unsolved!
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Data collection 

User tests

- Users watched 40s 360 videos 
using a HMD embedded with a 
pupil tracker. 

- Users were able to move freely or 
with headset tracking disabled 
(for fix perspective video)

- 40 sets of videos were collected 
along with gaze data and 
headset position and rotation. 



This slide will have frames from each of our 4 videos

Video 1 Video 2 Video 3 Video 4

Methodology 
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Data Cleanup And Analysis

“Turning side to side”
Distribution

● Messy data from hardware flaws and lack of 
synchronization

● Analysis of Central Gaze Tendency in 3D

“Looking up and down”
Distribution

Center Distance
Distribution
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Challenges

● Uncovering the right cocktail of image 
features is very challenging

● Predicting saccade sequences is prone to 
compounding error

● Even with state of the art pupil tracking, 
accuracy is poor

● Integrating sufficient information to allow 
for predictability is challenging

● Complex models are highly prone to 
overfitting on saccade data

● Use a pre-trained CNN to extract features

● Use a dense grid and pair-wise 
probabilistic approach to avoid hard 
decisions

● Utilize majority voting to mitigate risk

● Integrate information from current and 
subsequent frames, head rotation 
information, temporal information, and 
Central Gaze Tendency Information

Design
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Results, Analysis, 
and Further Work

● Clean dataset with 40 videos, and 
state of the art pupil tracking 
measurements

● Allows for immediate comparison 
between static and dynamic 
videos, with stable scenes

● 15% accuracy over 1000 validation 
frames after few epochs on static 
videos

● 10% accuracy on dynamic videos 
after few epochs

● Computationally expensive 
majority voting leads to extremely 
slow training time

● Architecture search become very 
slow

Results

● Models didn't display signs of 
overfitting. More compute power 
and further architecture search 
would allow for great improvement

● Other publications indicated the 
need for ensembling and further 
integration of information

● Extension: Prediction of when head 
rotation will occur

Analysis and Further 
Work
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Previous work

Given current advances in personal Virtual Reality (VR) and 
Augmented reality(AR) hardware and the improvement in 
affordable eye tracking technology, the study of the human vision 
system (HVS) has experienced considerable attention in computer 
and cognitive sciences. 

Although visual attention and Saccade gaze prediction are two of 
the most recurrent topics in vision research, they have not been 
explored deeply when used to study how humans understand and 
visually experience three dimensional space. 

When it comes to gaze prediction in omnidirectional video 
sequences the published research is almost nonexistent.[11] is 
basically the only example of studies exploring gaze prediction 
using convolutional neural networks and LSTMs for predicting 
gaze in future frames

[11] Yanyu Xu, Yanbing Dong, Junru Wu, Zhengzhong Sun, Zhiru Shi, Jingyi Yu, and Shenghua Gao. Gaze prediction in dynamic 360  immersive videos


