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Our fatigue monitoring system non-intrusively and in real time monitors eye movement, head movement, and facial expressions.  Eyelid movement is one of the visual behaviors that reflect a person's level of fatigue.  We developed an algorithm to track eyes robustly as shown in the video.  The primary purpose of eye tracking is to monitor eyelid movements. Two parameters related with eyelid movements are going to be computed.

The first parameter is called PERCLOS, which is the Percentage of Eye Closure Over Time.  PERCLOS has been validated and found to be the most valid ocular parameter for monitoring fatigue.  If the eyes are closed for a while, the curve of PERCLOS will increase as shown in the video.   As soon as the person opens his eyes, the curve will start to decrease gradually.   The second parameter is called AECS, which is the Average Eye Closure Speed.   The eye closing and opening speed is a good indicator of fatigue.  Our previous study indicates that the eye closure speed of a drowsy person is distinctively slower than that of an alert person.  When the eyes are closed slowly, we can see that the curve of AECS is going to increase gradually as shown in the video.  If the person is doing normal blinking, the curve of AECS will decrease gradually.  Also, eye gaze is estimated from the eyes being observed.  The gaze is displayed by the pink dot as shown in the video. 
Another fatigue parameter is called PERSAC.   It is the percentage of saccade eye movement over time, which is used to indicate a person's level of vigilance.   If the person moves his eyes around instead of gazing at one place as shown in the video,  we can see that the curve of PERSAC is going to increase gradually.    When the person is gazing at one place for a long time, we can see the curve of PERSAC starts to decrease gradually.
Another potential visual cue that characterizes a person’s level of alertness is the head movement.   For this, we track face orientation.   The estimated face orientation is represented by the direction of a red line on the person’s nose as shown in the video. 

Three face orientation angles, pan, tilt, swing, are plotted as in real time in the right window.

When the person turns his head from left to right or from right to left as shown in the video, we can see that the plotted curve for the estimated Pan angle will oscillate accordingly, visually consistent with the head movements.

The head tilts can be detected easily as the down-and-up oscillations, which are shown in the plotted curve of tilt angle in the video.

Another important visual cue for fatigue is facial expression.  A feature based facial analysis algorithm is developed.  22 fiducial facial features are tracked accurately in real time as shown in the video.  From these feature points and their spatial relations, we can recognize various facial expressions. For now, we focus on monitoring mouth movement to detect yawning.   The openness of mouth is plotted as a curve in the right window.   A yawing can be detected easily as the up-and-down oscillations, which are shown in the plotted curves.

Our fatigue monitoring system consists of two cameras: one wide-angle camera focusing on the face and another narrow-angle camera focusing on the eyes.  The wide-angle camera monitors head movements and facial expressions, while the narrow angle camera monitors eyelid and gaze movements as shown in the video.  Various visual cues discussed previously, which typically characterize the level of fatigue of a person, are extracted from eyelid movement, gaze movement, face orientation and facial expression in real time as shown in the video.  To effectively monitor fatigue, a Bayesian Network decision model is constructed. 

The target node is fatigue and the nodes above the target node represent various major factors that could lead to one’s fatigue. They are collectively referred to as contextual information. The nodes below the target node represent the visual cues extracted from our computer vision system. These nodes are collectively referred to as observations nodes.  

The Bayesian Network model will integrate these visual cues and relevant contextual information into one representative format to produce a robust and consistent fatigue index will be produced.  An interface program is built to interface with the vision system with the fatigue model to display the fatigue index in real time.  The fatigue index curve is displayed in the bottom window of the screen (block the curve).  The fatigue index curve will go up or down, depending on the changes in visual cues.  For example,

When the visual cues such as slow eye closure speed, long eye closure, head tilts are detected persistently as shown in the video, the composite fatigue index will increase as displayed in the curves. 

