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Abstract. Non-intrusive measures of mental workload signals are desirable, 
because they minimize artificially introduced noise, and can be more accurate.  
A new approach for non-intrusive personalized mental workload evaluation is 
presented. Our research results show that human mental workload is unique to 
each person, non-stationary, and not zero-state.   
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1   Introduction 

Prediction of a user’s level of mental workload can help detect the physical and 
psychological status of the human users [1-6]. It is important to perform these 
measurements without producing further stress, workload, or interference with the 
user’s normal function in the job [7-11]. In this paper, we propose a biometric-based 
eye-movement mental workload evaluation system that can automatically identify a 
user, set system parameters based on the specific user’s needs and previous usage, and 
detect when a user’s expected workload exceeds some threshold for optimal 
performance.   

Biometrics is the process by which one can automatically and uniquely identify 
humans using their intrinsic qualities, traits, or identifying features. Some examples of 
biometric identification systems include iris, face, fingerprint, voice, vein, keystroke, 
and gait recognition systems or algorithms [12-14]. In particular, iris recognition is an 
ideal biometric recognition technology for accurate, non-intrusive recognition of large 
numbers of users. Iris recognition is the most accurate biometric recognition technology, 
with reported results of false match rates of 1 in 200 billion [15]. Additionally, images 
that are adequate for iris recognition can be acquired at a distance of up to 10 feet from 
the user, using near-infrared illumination that is unobtrusive. These features make iris 
recognition an ideal biometric system to identify users of the workload evaluation 
system, and then tailor the system to their needs and past requests. 

Eye-tracking and eye movement based mental workload evaluation is a solution, 
from a system design standpoint, because the information, images of the eye, can be 
acquired rapidly (in excess of 30 frames per second), could be processed in real-time, 
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and are highly correlated with a user’s mental workload [1, 7, 8, 16-18]. The 
information can also be acquired without requiring any special training by the user 
and without interfering with their normal activity. 

It has been a focus of workload researchers to produce an average personal model 
of human mental workload and fatigue [1-4, 11, 19-23]. However, we believe our 
research shows that mental workload is, instead, a more individual quality of each 
person. That is, a human being is an inherently non-stationary and non-zero-state 
system—even in a constrained experimental set-up, it is impossible to replicate the 
exact same mental and physical state of a person at multiple times. Therefore, since 
one cannot guarantee an exact, or perhaps even similar, initial state for a workload 
experiment, it is not appropriate to attempt to apply a single workload or exhaustion 
model to all people.  Instead, we believe that mental workload and fatigue should be 
modeled on an individual basis, and that while detection is possible, prediction of a 
user’s workload or fatigue is inherently a flawed approach. 

2   Method 

2.1   System Setup 

For our experiment, we acquired videos of user’s eyes using an internally developed 
helmet mounted cMOS camera.  The camera captures 30 frames per second at 640 by 
480 pixels. For each user, there were 3 videos taken—5 minutes while driving a 
 

   

Fig. 1. The head–mounted camera system (right, front, left) 

 

 
Fig. 2. Example frames from the acquired videos 
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motorized cart prior to any physical activity, 10-20 minutes while on a stationary 
bike, and 5 minutes while driving a motorized cart after the stationary bike exercise.  
Each video is between 7,000 and 30,000 frames. Figure 1 shows the camera system, 
and Figure 2 shows frames acquired by the camera system. 

2.2   Video-Based Pupil Detection and Classification 

The videos were processed using internally developed pupil segmentation and 
measurement software running in Matlab (Fig. 3-4) [24].  The system takes advantage 
of the motion information in the video to quickly detect the region of interest of the 
pupil; detects and measures the pupil location, radius, and other eye parameters; and 
uses a pattern-recognition based system to classify the frame as blink, non-blink, or 
questionable.   

Video-based rough 
pupil detection

Greedy angular pupil 
detection

Pattern recognition 
blink/non-blink 
classification

Nth Video Frame Edge Detected 
Image

N-1 Video Frame

Detected Pupil  

Fig. 3. Proposed Processing Method 

2.3   Data Processing 

Using the measured data from the videos, the overall workload/blink pattern was 
extracted from the sequence. Normally, it is easier to detect and classify non-blink 
frames.  Therefore, the analysis was primarily based on the non-blink results. Figure 5 
shows several images that are difficult to be conclusively classified as either blink or 
non-blink. 

The sequence of frame states and measurements was averaged over the length of 
the video in 30 second increments.  The Cart 1 video was used as a baseline for the 
other videos, because it was taken of the user prior to physical exercise and, thus, 
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Fig. 4. Final Frame Classification Process 

 

Fig. 5. Frames that cannot be conclusively classified as blink or non-blink 

 

should be indicative of the user’s level at normal workload and exhaustion.  Using the 
parameters from this video, the ratio of non-blink to blink frames was calculated  
(Fig 7). In this plot, lower values indicate a period in which the user was blinking 
more often. Additionally, plots of the detected pupil radius were generated.   

To increase the accuracy of the results, the detected pupil was first measured in the 
down sampled image used in most processing.  However, if a long series of pupils 
were detected with the same measured radius, the measurement was repeated on the 
originally sized image for more discerning results. It is important to note that the 
original-sized pupil radius was only determined when it was expected the down 
sampled measurement might not have been accurate, and therefore is not necessarily 
determined over all time intervals.  Additionally, a periodic measure of the outer iris 
boundary was determined for normalization purposes.  Since all the pupil and eye 
parameters are measured in pixels and the distance from the eye to the camera is not 
necessarily the same from person to person or video to video, we use the iris 
boundary radius to normalize the pupil radius measurements to be invariant to image 
acquisition differences from video to video. 
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2.4   Biometrics-Based Data Processing 

For each user, prior to beginning the workload evaluation, the system would identify 
the user using iris recognition. If the user had not ever used the system before, they 
would be enrolled in the system for future use and identification.  After identifying 
the user, the system could use their previously recorded data to set appropriate 
thresholds for their workload level, set up the system to their ergonomic needs, or 
provide specialized instructions for the current situation based on past evaluations. 

Some good quality images acquired have noticeable iris pattern (Fig. 6)—the 
resolution and image quality is adequate for iris recognition. However, the 
segmentation of the pupil and iris areas can be quite difficult—many images have 
significant occlusion from the eyelids and eyelashes, eye gaze can be non-frontal, and 
the illumination can change throughout the video.   

 

 

Fig. 6. Example images with adequate quality for iris recognition 

3   Experimental Results 

Our results showed that there is significant variability in physiological changes from 
person to person. Some individuals blinked less over the course of their exercise, 
while others blinked more, and others ratio changed periodically.  Some individual’s 
pupil radius increased during the exercise, others stayed constant, and still others 
decreased. Additionally, for some individuals, their radius and ratio’s were similar 
from the initial video, cart 1, to the video acquired during exercise, bike. However, for 
other users, the ‘initial’ state from the cart 1 video were significantly different 
compared to the results from the bike video, both above and below depending on the 
user. Figure 7-(a-d) shows the results for 4 representative users—for each user the 
first plot is the normalized pupil radius and the second is the blink to non-blink ratio.  
Higher values in the pupil radius plot are indicative of larger pupils, after having been 
normalized by the measured iris radius.  Higher values in the blink to non-blink ratio 
plot indicate that there were more frames classified as non-blink compared to blink 
during that time period. 

On the basis of these results, we believe that attempting to similarly model all 
people’s physiological reaction to a workload change is inadequate.  Instead, it shows 
that each user’s physiological reactions should be used to develop an individualized 
workload model, which can then be used and adapted in future evaluations.   
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Fig. 7-a. Subject A 

 

 

Fig. 7-b. Subject B 

 

Fig. 7-c. Subject C 

 

 

Fig. 7-d. Subject D 
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4   Conclusion 

We have developed a system for personalized mental workload evaluation using non-
intrusively acquired eye information.  The research results show that human mental 
workload is unique to each person, non-stationary, and not zero-state.  Because of 
this, each user’s mental workload should be modeled individually and adaptively.   
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