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Abstract 

This document describes a method for detecting the onset of eye 
fatigue and how it could be implemented in an existing live 
framework. The proposed method, which uses fixation data, does 
not rely as heavily on the sampling rate of the eye tracker as do 
methods which use saccade data, making it more suitable for lower 
cost eye trackers such as mobile and wearable devices. By being 
able to detect eye fatigue with such eye trackers, it becomes 
possible to react to the development of fatigue in virtually any 
environment, such as by alerting drivers that they appear fatigued 
and may want to pull over. It could also be used to aid in developing 
interfaces that are more user-friendly by noting at which point a 
user becomes fatigued while navigating the interface. 
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1   Introduction 

Detecting eye fatigue through eye movements is not a new concept; 
in fact, methods already exist for determining whether a user is 
fatigued by examining the saccadic information of his/her eye 
movements [Bahill and Stark 1975; Megaw and Sen 1983; Stasi et 
al. 2013]. However, these methods require an eye tracker with a 
high sampling rate of at least 250 Hz to accurately measure the 
quick movements of saccades [Abdulin and Komogortsev 2015] 
and so are not currently feasible for mobile and wearable devices. 

To address this concern, we have created a method that determines 

if and when a user is fatigued by examining the fixation information 

of his/her eye movements [Abdulin and Komogortsev 2015]. 

Comparisons of our method to existing, saccade-based methods are 

detailed in their own paper, cited above; but this document focuses 

on the application of our method in a live framework. 

The live framework we are using is part of a larger biometric 

framework that was designed to work with most regular eye 

trackers [Holland and Komogortsev 2014], making it appropriate 

for use in mobile and wearable devices. In this paper, we describe 

the implementation of our method for detecting the onset of eye 

fatigue using this live framework, but details are not framework-

specific. 

2   Method Implementation 

Our fixation-based method has three main components: 

determining the fatigue threshold, calculating the user’s initial 

fixation qualitative score (FQlS), and comparing subsequent FQlS 

values to that baseline to see if the difference exceeds the threshold, 

indicating fatigue. For testing, users performed 100 horizontal 

saccadic jumps with 1 second between jumps at ±15° from the 

center of the screen for a total saccade amplitude of 30°, because 

80 30-degree saccades are enough to create symptoms of eye 

fatigue [Bahill and Stark 1975]. 

2.1   Determining the Fatigue Threshold 

The fatigue threshold, 𝑇𝐹, is calculated using an empirical formula

that depends on the average spatial accuracy in degrees, 𝜃𝑎𝑣𝑔_𝑎𝑐𝑐,

of the eye tracker so that the threshold can scale with noisier 

signals. There are two constant numbers: 𝐴  represents the 

difference in FQlS between the first fatigued group of data and the 

initial FQlS (from the first group of data), while 𝜇 represents the 

mean spatial accuracy of the data that led to finding 𝐴 . These 

constants were found to be 𝐴 = 0.15°  and 𝜇 = 0.88°  from the 

results of the initial tests of the method in [Abdulin and 

Komogortsev 2015]: 

𝑇𝐹 =  𝐴 ×  
𝜃𝑎𝑣𝑔_𝑎𝑐𝑐

𝜇

The average spatial accuracy is calculated during calibration by 

finding the mean gaze point, 𝐺̅𝑖, for each calibration point, 𝑃𝑖, and

then calculating the average distance in degrees, 𝜃𝑖 , between each

calibration point and its resulting gaze point (xy-coordinates are in 

degrees from the top left of the display): 

𝜃𝑎𝑣𝑔_𝑎𝑐𝑐 =  
1

𝑛
 ∑ |𝑃𝑖 − 𝐺̅𝑖|

𝑛

𝑖=1

2.2   Calculating the Initial FQlS 

FQlS, or the fixation qualitative score, is a standardized metric that 

represents the distance between the fixation components of the eye 

movement signal and the stimulus [Komogortsev et al. 2010]. 

𝐹𝑄𝑙𝑆 =  
1

𝑛
 ∑ |𝑠𝑖 − 𝑔𝑖|

𝑛

𝑖=1

To calculate FQlS, the signal must first be classified. Once the 

signal is classified, its FQlS is calculated by averaging the distances 

between the stimuli, 𝑠𝑖 , and the gaze points, 𝑔𝑖 , as seen in the

equation above. The classification method we chose was a 

simplified version of that found in [Nystrӧm and Holmqvist 2010]. 

First, the velocity peaks above a threshold of 150°/s were found to 

detect saccades. Then, the onsets and offsets of saccades were 

found as local minima to the left and to the right from the peak, 

accordingly. 
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𝑉𝑒𝑙𝑜𝑐𝑖𝑡𝑦 =
√(𝑥2 − 𝑥1)2 + (𝑦2 − 𝑦1)2

𝑡2 − 𝑡1

Saccades with an amplitude below 0.5° were merged with the 

surrounding fixation, and fixations with a duration below 100ms 

were merged with the surrounding saccade. Any invalid samples 

were simply removed from the signal. We chose this method for its 

accuracy relative to speed, which is desirable for a live framework 

that will be used on mobile and wearable devices. For the initial 

FQlS calculation, the first 10 seconds of data are taken into account. 

2.3   Checking for Fatigue 

To check for eye fatigue, every subsequent 10-second signal is 

classified and its FQlS calculated. Then, the difference between its 

FQlS and the initial FQlS is compared to the fatigue threshold; if 

the difference is larger than the fatigue threshold, the user is 

probably experiencing eye fatigue. This is because it would have 

become increasingly difficult for the user to: 1) perform the 

stimulus jumps as quickly as before, causing some of the recorded 

gaze points to be further away from the stimulus, leading to a higher 

FQlS, and 2) keep the eyes as precisely and accurately on the 

stimulus as before, causing the gaze points to be further away from 

the stimulus on average, leading to a higher FQlS. The flowchart 

below summarizes the process of detecting fatigue: 

3   Conclusion 

Our approach has some limitations. For example, it assumes the 

user is not fatigued initially. This can be problematic if the user is, 

in fact, fatigued at the beginning, because it is unlikely the fatigue 

threshold will be crossed. One way to address this may be to 

incorporate a saccade-based method, such as average saccade 

duration, on top of our fixation-based approach to determine 

whether the user is initially fatigued. Another possible way is 

analyzing glissades which sometimes occur after saccades as a 

lower velocity peak instead of FQlS, because there is evidence that 

glissadic behavior is affected by a person’s fatigue level [Bahill and 

Stark 1975] 

That said, our method is functional even in its current, early state, 

and the idea behind it has potential. With more work and further 

testing, the accuracy of our method would improve, making it 

reliable in real-world scenarios. 
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