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Abstract

The use of questionnaires to determine the fatigue level of persons is generally in adequate due to the inherent
inaccuracies in self-reports, asking someone how tired they are, is not reliable and therefore self-reports would
also clearly be an inefficient system for detecting fatigue. There is need of an automated system to detect how
fatigued someone truly is. This research proposes a model plan to perform facial expression experiments with a
number of rested and fatigue individuals so as to obtain a very good threshold values for detecting eye fatigue,
frequency of eye blinking, frequency of yawning, head nodding and rotation in order to ascertain the actual
fatigue of an individual. By identifying fatigue and taking proactive measures before it becomes an issue, you
can ensure a safe, healthy, and productive work environment for your entire employees.
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I.  Introduction

Fatigue at work is a usual daily experience, however, in the case of severe fatigue it may affect the
person’s performance in the occupational as well as the home setting. Furthermore, severe long term fatigue
may lead to sick leave and work disability.However, the use of questionnaires to determine the fatigue level of
persons is generally in adequate due to the inherent inaccuracies in self-reports [1], asking someone how tired
they are, is not reliable and therefore self-reports would also clearly be an inefficient system for detecting
fatigue. We need an automated system to detect how fatigued someone truly is [2].

Fatigue is a term used to describe an overall feeling of tiredness/weakness or lack of energy [3-5].
When you're fatigued, you have no motivation and no energy. While Fatigue Detection is a system that uses
Facial Expressions to recognize the presence of fatigue [6]. The common workplace issues that can cause
fatigue include:

Shift work: the human body is designed to sleep during the night. This pattern is set by a small part of
the brain known as the circadian clock. A shift worker confuses their circadian clock by working when their
body is programmed to be asleep. The other ones are poor workplace practices, workplace
stress, unemployment etc.

Facial expression is among the most important type of human information, since the face contains rich
information and therefore by just looking and analyzing them, much useful information can be learnt for
communication with people[7]. In face-to-face human communication for example, only 7% of the
communicative message is due to linguistic language, while 93% of communication is nonverbal (without the
use of word) in nature out of which 38% is due to paralanguage (pitch, volume & Intonations) while 55% of it is
transferred by facial expressions [8]. Facial expression recognition has been one of the fast developing areas due
to its wide range of applications in the areas of human-computer interaction, security, health, emotion analysis
and so on. In the design of human computer interaction, the robots can interact with humans by interpreting
human gestures and facial expressions in more natural manner, so that it can respond more appropriately during
tasks where the two must work together [9].

Il.  Review of Related literature

Fatigue detection is one of the many commercial applications of facial expression recognition
technology [26, 27]. In order to detect fatigue probability, we must extract the facial expression parameters first.
As fatigue level can be properly characterized by eye and mouth movements, a vision sensor is needed to
recognize and track the eyes and the mouth. We can use a normal video-camera as a vision sensor on the
premise that the environment is bright enough. The Gabor wavelet-based method is used to identify each feature
in the tracking initialization. Linear and nonlinear filters have been used for eye detection: oriented Gabor
wavelets form an approximation of the eye gray-level images; nonlinear filters are applied to color images.
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The uses of robots in security, entertainment, health care and household increase the need in researches

in the area of digital processing and pattern recognition [28, 29]. In the design of human computer interaction
[30], the robots can interact with humans by interpreting human gestures and facial expressions in more natural
manner [31], so that it can respond more suitably during tasks where the two must work together. In education
for instance, a robot teaches a lesson and ask some questions to the audience afterwards. Knowing human
emotion and fatigue level, the quality and success of these lessons will be achieved as the robot will be aware
whether to progress with the lesson when the humans are ready or to go for a break when they are tired. Robot
can detect deceit during interrogation of criminals in security areas, using micro expressions [32]. Also the
safety of the driver and that of the passengers [33] can be ensured by detection of the drowsiness or fatigue of a
driver from his gestures and facial expressions, so that a warning system can automatically triggers to prevent
accidents. In health-care [34], the improvement in patient can be monitored from their facial expressions.
The significant facial features are extracted by using relative positions and sizes of the components of face. The
important directions of the edges or region of images containing important components are detected, and then
the feature vectors are built from these edges and directions. Filters such as canny filter are used to detect eyes
or mouth region of face image, the other methods are based on the grayscales difference of important
components and less significance components, by using feature blocks i.e. set of Haar like feature block in
Adaboost method [35] to change the grayscales distribution into the feature.

Ekman [36] established prominent facial expression representation and coding system, called facial
action coding system. The aim was to describe all facial muscle movements using 46 actions units (AUSs), each
AU correspond to the physical behavior of a specific facial muscle, giving an appearance-based description of
faces. Hence, a facial expression relates to the combination of a set of AUs, which humans utilize to
communicate their emotions [37]. From a physiological point of view, a particular facial feature deformation
give rise to facial expression, as a result of muscle contraction and relaxation in a face.

I11.  Relevance of the research to the oil and gas industries

(i) Employees of industries that requires 247 operations of which oil and gas facilities are among are impacted
by fatigue as a result of shift work and therefore performance and safety are also affected [10]. This fatigue can
damage their health, affect work performance, and increase the frequency of costly errors and accident as a
result of poor decision and lack of concentration. According American College of Occupational and
Environmental Medicine, lost productivity due to fatigue costs employers a total of $136.4 billion every year in
US and lower efficiency asa rework hours’ increase, output and performance decrease[11].The Exxon Valdez
accident in 1989 was due to fatigue, caused by reduced sleep and extended work hours [12]. In the gas plant of
southern Sweden, a study shows that errors in meter readings over a period of 20 years in a gas works had a
pronounced peak on the night shift due to fatigue [13]. Findings from other researchers show dominance of
accident during night shift as a result of fatigue [14, 15].By identifying fatigue and taking proactive measures
before it becomes an issue, you can ensure a safe, healthy, and productive work environment for your entire
team. The research can equally be used to access the actual fatigue level of the attendant personnel so as to come
up with best work schedule in line with the best practice.

(i) Nowadays, about 80% of refined petroleum products in Nigeria are transported by road [16] and many
road accidents including tankers that transport petroleum products occur due to driver fatigue. Road transport
is the area where the link between safety and night work sleepiness is most pronounced. Studies have shown that
single vehicle truck/ oil tanker accidents have, by far, the greatest probability of occurring at night due to fatigue
[17-19]. Single vehicle automobile highway accidents are also greatest at night[20-22]. Furthermore, the
USNational Transportation Safety Board (NTSB) found that 30-40% of all US truck accidents are fatigue
related.

In Nigeria, according to Federal Road Safety Corp (FRSC)Corps Marshal, BoboyeOyeyemi, Nigeria loses
billionsto trailer/tanker crashes and many lives were lost and several others wounded because of fatigue on the
part of the truck drivers who are always on long journeys, driving for several hours without stopping and resting
[23-25].

Driver fatigue detection based on facial expression is one of the most hopeful applications that can minimize
the frequency of these accidents. A web camera as a vision sensor is installed on the dashboard of the tanker
to acquire video-images of the driver. Three typical characteristics of driver fatigue are involved, pupil shape,
eye blinking frequency, and yawn frequency.

(iii) It can equally be incorporated with the CCTV within the oil and gas facility to keep drowsy personnel
awake and active by sounding an alarm whenever drowsiness is detected as a result of fatigue.
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IV.  Organization of the Research Model
The proposed model in this research uses a camera as a fatigue detection system. The camera captures images of
the person, and then sends the images for image processing which is then pass to the micro expression
algorithms for face detection, eye and mouth detections.

Input Frame (Camera, Pre-processing .| Face Detection Mouth/Eve Detection

¥
Alarm/waming Fatigue Judgment Feature Extraction

Figure 1: Block diagram of the Proposed Model

The fatigue detection algorithms will be carried out inthe following steps:
The input is a still image or an image from a video frame.

(if) Image preprocessing to reduce the image sizes, make the images have uniform sizes and change them to grey.
(iii) The second step is face detection: Detection of the face in an image or video frame which defines if any face

exists in a given image and estimates the location and size of that face. A face is located using Haar-like feature
detectors(AdaBoost).

(iv) Eyedetectionthe upper half of the detected face is the Region of Interest (ROIl)within which eye is detected

v)

using Principle Component Analysis (PCA) or AdaBoost algorithm. The eye will be detected by tracking the
darkest pixels in the predicted region.

Mouth detectionone third of the detected face will be the mouth ROlwhile the mouth is detected by mouth
contour techniques using Viola Jones algorithm.

Feature extraction involves extraction of salient feature elements of the detected eye/mouth that contribute
most to the fatigue analysis using Gabor Wavelet Transform and PCA.

(vi) Blink detection by estimating the changes in black pixels within the eye regions. An open eye will have a larger

visible pupil than a blinking eye. The pupil is often darker than the color of the rest of the eye. Thus, an open

eye should have more black pixels. In the detected eye region, the eye image is converted to a binary image

using image thresholding. Then, the ratio of black pixels in the binary image of the eye is calculated. The ratio

of black pixels is used as the criterion for eye blinks.

(vii)Fatigue judgment: To determine the state of person fatigue, three criteria are used:

v’ The frequency of yawning

v' PERCLOS (Percent Eye Closed). A drowsy person may exhibit frequent head nods and eye blinks. An eye
is treated as closed if the height of the visible pupil is smaller than 30% of its maximum opening.

This proposed method which is based on image processing will be fast and precise to detect drivers’ drowsiness.
Fatigue and drowsiness lead to some apparent signs on driver’s face.

V.  Conclusions
The research model has presented a plan to perform analysis with a number of rested and fatigue individuals so
as to obtain a very good threshold values for detecting eye fatigue, frequency of eye blinking, frequency of
yawning, in order to ascertain the actual fatigue. By identifying fatigue and taking proactive measures before it
becomes an issue, you can ensure a safe, healthy, and productive work environment for your entire team.

VI.  Recommendation
It is recommended that this proposed Model of Fatigue Detection Using Facial Expression Applications
in Oil and Gas Companies be implemented with a view to improving the work performance/efficiency and
decrease the frequency of costly errors and accident as a result of poor decision and lack of concentration by a
fatigued employee.
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