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Abstract- In this study, a fuzzy-based expert system called Accident Prone Workstations Prediction Expert
System (APWAPES) was developed to forecast unsafe level of work stations. APWAPES used fuzzy set
theory to make decisions based on the “Total-hours-worked” and “Injury-Count” as inputs and “Workstation-
unsafe-ratings” as the output. Data collected from subjects in 20 workstations were run with APWAPES. The
results were compared with an Existing Mathematical Model (EME). The validation result showed that there
was a strong positive relationship between the EME and the developed APWAPES with a correlation
coefficient of 0.710. The t-test result for mean difference showed that EME had a statistically significantly
higher level of rating (0.60 + 0.30, SEM=0.004) compared to APWAPES (0.50 + 0.02, SEM= 0.007), t(38) =
1.613, p = 0.115. With a significance level of 0.001 at 95% confidence, the APWAPES and the EME
predicted values were not significantly different. The study developed an expert system, APWAPES, which
can find its applications in any work place where hazards occur and capable of helping managers of
industries, to measure work places and/or activities disposed to accidents.

Indexed Terms- Injury, Unsafe, Occupation, Fuzzy, Workplace

I.  INTRODUCTION

Work station is an appointed position for an employee to implement his or her job, and which is
furnished with all the required tools and facilities. Design of work stations has lots of influences on
job performance and/or comfort level of worker using them. Many studies were reported by other
authors on analysing and improving ergonomics of workstation. The major focus of all the
researches were to improve operator’s performance and comfort on the assigned tasks [1-3].
Washington State Department of Labor and Industries [4] suggested that while employees in micro
sized work places are allowed to set up their own workstation to suit the way they work, managers
in those of small-to-medium sized company should evaluate all of their office jobs stations to
comprehensively ensure implementation of ergonomics program to reduce accident.

According to Peden [5], accident is defined as unintended and unavoidable event which
interrupts the sequence of an activity. According to the International Labor Organization [6] there
are 270 million occupational accidents causing 2 million deaths. In the United States the cost of
occupational injuries was estimated at $177.2 billion, and 35 million working days were lost
annually [7]. Industrial accident fatality rates were however reported higher in the developing
countries than those of the industrial countries [8]. However, accident can lead to an injury. It
generates pain and suffering, negative consequences to the victim’s family, a possible reduction in
physical capacity, and economic loss [9]. Workers are an essential part of every industry progress
and critical to delivering quality products and services. It has been estimated that two-thirds of the
workers of the world still work in conditions that do not meet the minimum standards set by
International Labour Organization (ILO) [10]. It is costly when an employee becomes injured given
both the direct costs and the loss of the valuable services provided by the employee. Development
and the use of ergonomics tool is a measure by which managers in any industry can use to help
prevent all categories of injuries and helps employees work more effectively, efficiently, and
productively at their jobs. Occupational injuries are, in principle, preventable [11]. Among the
approaches to preventing these include, developing awareness of occupational health and safety
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hazards among workers and employers, assessing the nature and extent of hazards, and introducing
and maintaining effective control and evaluation measures [12].

Worksite analysis is the first step in developing solutions to potential causes of workplace
injuries. This include: task analysis (looks at what each employees does on the job on a daily
basis), workstation analysis (looks at the physical components of the work places), environmental
analysis (examines the area surrounding the individual workstations) and organizational analysis
(deals with issue such as work schedules) [4], these help to determine risk context [13]. There are
however many qualitative and quantitative methods to analyze accident risk. Many mathematical
models have been developed by other authors to assess workers safety and/or injuries, few of which
include Krause [14], Mallet et., [15], Murray [16] and Tara-Louise [17]. Methods of fuzzy logic
have also being widely used to provide a convenient way to conduct risk analyses [18]. Fuzzy
Logic explains systems in terms of aggregate of numeric and linguistics. This has benefits over
pure mathematical (numerical) ways because very often system knowledge is accessible in such a
combination. Problems for which an exact mathematically accurate definition is deficient can often
be handled by fuzzy logic. According to DeReus [19], the use of fuzzy logic clearly enables a
human being to interface easier with an automated system than with mathematical models. Benefits
may therefore result in all cases where human beings are involved with systems most especially for
users and unlike mathematical model, a more natural system interface can be obtained in fuzzy
systems where the system can directly communicate with the user via natural language terms.

Fuzzy Logic is in the form of logic used in some expert systems and other artificial
intelligence applications in which variables can have degrees of truthfulness or falsehood
represented by a range of values between 1 (true) and 0 (false) [20]. Fuzzy process is a combination
of four sub processes: fuzzification (the membership functions defined on the severities of
investigated hazards are applied to their actual values, to determine the degree of truth for each rule
premise), inference (the truth-value for the premise of each rule is computed and applied to the
conclusion part of each rule), composition (all of the fuzzy subsets assigned to each output variable
are combined together to form a single fuzzy subset for each output variable and defuzzification
(converts fuzzy value to a single number-a crisp value) [21].

Fuzzy logic has been widely used for risk assessment. To further contribute in this direction,
this study attempted to develop a fuzzy logic based expert system to forecast unsafe level of work
station using injuries frequency measurement criterion. The objectives are to compare the
predictions outcome of the developed expert system with the outcome of using an Existing
Mathematical Expression (EME) and also compare the linguistic interpretations of the two media.

II. MATERIALS AND METHODS

2.1 Fuzzy logic

This study used Fuzzy logic theory because it borrows the approach of human’s legitimate thinking
to establish its judgment. Trapezoidal membership function was used to convert the two input sets
used into fuzzy set. Trapezoidal has greater applicability in modelling linear uncertainty problems
[22]. Membership function in fuzzy logic is of different types. The most common ones are:
Triangular, Trapezoidal, Gaussian, Generalized bell, =n-Shaped, S-Shaped. The simplest
membership functions are formed using straight lines [23]. According to MathWorks [24], the
trapezoidal curve (Figure 1) is a function of a vector, x which depends on four scalar parameters, a,
b, ¢, and d, as given by the following:

F(x:a,b,c,d) = max(min(g,;_;:),O) (Eq. 1)
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Membership Function (p)

a b Interval

Figure 1: Typical continuous fuzzy set membership function trapezoidal

The parameters a and d locate the “feet” of the trapezoid and the parameters b and ¢ locate the
“shoulders”

2.2 Development of Accident Prone Work stations Prediction Expert System (APWAPES)
The development of the fuzzy based APWAPES, implemented on MATLAB, comprised three
steps: fuzzification of input variables and output risk value, determination of the application rules
and inference method, and defuzzification of the unsafe-rating values [25].

2.2.1. Fuzzification of input variables

Two variables, namely “Count of injury” and “Total time worked” were selected as input variables
for the system. The two variables were reported as suitable for measurement of workplace hazards
rating this was expressed in the Existing Mathematical Expression (EME) [26] as:

Total Number of Accidents /Injuries
Total Hours Worked

Frequency Rate (Unsafe Rating) = (Eq.2)

From the mathematical expression (Eqg. 2), accident frequency was defined as the total number of
accidents per million (1000000) Man-Hours Worked. If a man-hour task in one day is 8 hours, in
three working days, total Hours worked will be 24 hours. In three days, a man is not expected to
sustain injury more than one time under a safe working station. Hence the highest number of
expected injuries during these stretches is 1. This may change within range 0-1 at a decline level of
0.25.

The level of safety of any work exercises, once the assessment of frequency Rate is decided can be
categorized and determined using the model shown in Table 1.

Table 1 : Prediction Model for Work activities based on Frequency rate

S/N Frequency Rate Safety Level of Work Activities
1 x<0.01 Very Safe
2 0.01 <x<0.02 Moderately Safe
3 0.02 <x<0.03 Less Safe (critical)
4 0.03 <x<0.04 Unsafe (Highly critical)
5 x> 0.04 Highly Unsafe

Source: Yusuf et al., [26]

APWAPES was developed from the authors’ knowledge who detailed four (4) linguistic values for
each of the input variables and the output variable as detailed in Table 2, 3 and 4.

For instance from Table 2, using figure 2, the first interval value for the linguistic 1-day working
Hour, consist of two ‘0. The first zero is the feet of the trapezoid. The second 0 and third value
(24) are the ranges of time (0-24 or 0 am to 12am) described in Figure 1 as d-c. The range has a
membership function of 1.0, that is, 100% certainty- an international standard for 24 hours. The
shoulder of the interval 24, 32 has uncertain membership function of which the range can vary
from 99% to 0%. This scenario can occur if a worker extends his working hour beyond 24 hours
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but the extension not recognized but counted as 24 hours by an employer.

Table 2: Output variable “Total Hours Worked”

Interval Linguistic value
0,0,24,32 1-day Working Hour (WH;)
24,32, 56,64 7-days Working Hour (WH>)
56, 64,112,120 14-days Working Hour (WH14)
112,120,168,176 21-days Working Hour (WH21)

Modified from Yusuf et al. [26]

Table 3: Input variable “Count of injury”

Interval Linguistic value
0,0,1,2 Minimal Event (ME)
12,45 Increased Event (IE)
45,78 High Event (HE)
7,8,10,10 Extremely High Event (EHE)

Modified from Yusuf et al.[26]

Table 4: Output variable “Unsafe-Rating”

Interval Linguistic value
0, 0,0.01,0.02 Very Low
0.01, 0.02, 0,03, 0.04 Low
0.03, 0.04, 0.05, 0.06 High
0.05, 0.06, 0.1, 0.1 Very High

Modified from Yusuf et al. [26]

2.2.2 IF-THEN Rules and Inference Method

Fuzzy rule and fuzzy reasoning are considered the backbone of fuzzy inference systems [27]. With
the two inputs and each with four linguistic values, there are 16 (42). If-Then rules (all possible
combinations of the premise linguistic values) fired into the Mamdani’s inference engine of
APWARPES system. Some of the rules are as follows:

If (Total-Hours-Worked is WH-1) and (Injury_Count is ME) then (Workplace-Unsafe Rating is
Very-Low)

If (Total-Hours-Worked is WH-7) and (Injury Count is ME) then (Workplace-Unsafe Rating is
Very-Low)

If (Total-Hours-Worked is WH-14) and (Injury_Count is IE) then (Workplace-Unsafe Rating is
Low)

If (Total-Hours-Worked is WH-14) and (Injury Count is EHE) then (Workplace-Unsafe Rating is
Very High)

If (Total-Hours-Worked is WH-21) and (Injury Count is HE) then (Workplace-Unsafe Rating is
High)

2.2.3  Defuzzification of unsafe rating/value

The ‘unsafe rating’- the consequence of the expert system, was determined by inference of the
fuzzy rule set using Mamdani’s inference and centroid defuzzification of the fuzzy output.
Mamdani's method is the most commonly employed fuzzy methodology and well suited to human
input [28]. There are more defuzzification methods available but the centroid and maximum
methods are more common [29], The centroid defuzzification method has been proved to be
extremely accurate [30].
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2.3 APWAPES Validation

2.3.1 Data

Twenty (20) samples including the ‘total man-hour worked’ and ‘injury-count’ obtained from the
investigated accident/injuries cases of some industries as reported by Yusuf et al. (2015) was used
to validate the developed expert system. The two sets of input variables were run in APWAPES.
The EME as stated in (2) was also used to compute for accident frequency rating for each using the
same variables and data from the 20 samples. The outcomes using the two media (APWAPES and
EME) were interpreted based on the expert’s rating highlighted in Table 4 and were compared.

2.3.2  Statistical Analysis

The predictions of APWAPES and the computed values using EME were compared using
Spearman’s rho correlation. The strength of correlation was determined as either weak (0 < |t
<0.3), moderate (0.3 < |r] < 0.7), or strong (|r| > 0.7). Independent sample t-test statistics tool was
used for further confirmation. The t-test evaluated the difference between the computed means of
the two independent groups, APWAPES and EME.

III. RESULTS AND DISCUSSION
As shown in Figure 2, the model used two inputs of total number of hours worked and the

frequency of injury recorded within the working time, fired by Mamdani’s inference engine to
produce output, the “Workplace Unsafe Ratings’

TOTA=HOURWORKED Harmful Level of Occupational Work Stationfis

(mamdani)

INJURY _ATE

FREQUENCY _INJURY

Figure 2: Fuzzy Inference System variables for APWAPES

Figures 2-6 are the membership function graphs as displayed on the user face platform of
MATLAB. The graphs show all of the MFs related to the inputs and the output variables for the
model. In figure 2, the trapezoidal MF has four variables. The intervals and all linguistic
interpretation are as mentioned in Table 3. In like manner, Figure 3 and 4 display the intervals and
all linguistic interpretations of the second input and that of the output variables respectively.

E E L] L4 BE WH-7 W14 Wi-21

input varable “TOTA=HOUR-WORKED"

Figure 3: Membership function for the input Figure 4: Membership function for the input
variable “Injury-Count” variable “Working Hours”

113



H. O. Adeyemi, et al.,/International Journal of Engineering Technology and Sciences 5 : 1 (2018) 109 — 119
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Figure 5: Membership function for the output variable “Unsafe Ratings”

Considering a sequence of event in a workplace for an employee with a Total-Worked-Hours of 58
hours and Frequency-of-Injury of 4.8.

From Figure 2, the input membership function (IMF) for the variable “Total-Worked-Hours” is 0.8
(WH-7) (WWH-7(Total-Worked-Hour)=0.8) and 0.2 (WH-14) (WWH-14(Total-Worked-Hour)=0.2).
From Figure 3, the IMF for the variable “Frequency-of-Injury” is 0.7 (HE) (WHE(Frequency-of-
Injury)=0.7) and 0.3 (IE) (LIE(Frequency-of-Injury)=0.3).

Combining these, the following four logical inference reports are suitable:

If (Total-Hours-Worked is WH-7) and (Injury Frequency is HE) then (Workplace-Unsafe Rating is

Very_High)

If (Total-Hours-Worked is WH-7) and (Injury Frequency is IE) then (Workplace-Unsafe Rating is
High)

If (Total-Hours-Worked is WH-14) and (Injury Frequency is HE) then (Workplace-Unsafe Rating
is High)

If (Total-Hours-Worked is WH-14) and (Injury Frequency is IE) then (Workplace-Unsafe Rating
is Low)

Each of the rules was first determined with fuzzy logic to perform inference by assessing the
connotation of the premises of the rules. To ascertain the suitability of each rule (matching), the
inference mechanism distinguish which rules are ON (i.e., if its premises MF) u-premise [Total-
Worked-Hour, Frequency-of-Injury] > 0. The inference engine combined the recommendations of
all the rules to come up with a single conclusion. The final stage was defuzzification, which
operated on the implied fuzzy set (output fuzzy set) produced by the inference mechanism and
connected the effects to produce the “most certain” Unsafe ratings of the workplace. As shown in
the rule viewer (Figure 5), the final output rating for a worker with ‘Total-Worked-Hours of 58 and
sustained Injury in 4.8 times is 0.0679. The “unsafe level” of the work station is interpreted using
Table 3 as “Very High’ .

The rule viewer shown in figure 6 demonstrates an illustration of the complete fuzzy
inference system. Each rule is a row of plots, and each column is a variable. When a user specifies
the two input values in the space provided at the interface of APWAPES, a new calculation is
performed as soon as the variables are posted, and the user can see the complete fuzzy inference
process performed. The rule viewer allows the user to interpret the entire fuzzy inference process at
once.

3.1 Quality verification test for APWAPES

Table 5 presents data on 20 selected work stations involving 20 employees. Each of the subjects
had more than 2 years of working experience on their current job. Total hours worked and the
numbers of injury sustained during the hours as reported by each subject are stated. Column 4 and
5 are the accidents rating and meanings respectively for each of the workplaces derived by using
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EME aforementioned in equation (1). Column 6 and 7 reported the accident rating predictions of
the developed expert system and the interpretations of the output using Table 3 respectively.

TOTA=HOUR-WORKED = 58 FREQUENCY _INJURY = 4.8 Work Stafion-Unssfe-Ratng = 0.0679
WVOTK- - =0
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Figure 6: Rule viewer of the whole fuzzy inference process

The values generated using EME ranged between 0.01 and 0.1 while APWAPES system predicted
in the range of 0.01 and 0.08. In fourteen (14) cases, the EME predicted either High’ or ‘Very high’
rating and in a similar trend, APWAPES system equally predicted either ‘Very high’ or ‘High’
rating’ in all the 14 cases representing 100% likeness of the two media. In cases 5, 9, 11, 14 and 17
the EME suggested ‘Low’ rating while APWAPES also predicted ‘Low’ ratings in 9, 11 and 14 but
‘High’ for cases 5 and 17. This also represents 60% conformity. On the average, the EME value
was 0.06+0.03 and that of APWAPES system was 0.05+0.02 both of which is interpreted as ‘very
high’. In the case of sample 20, the interpretation of the APWAPES as ‘Very Low’ agreed with the
view of Yusuf et al., [26] that in three days, a man is not expected to sustain injury more than one
time. The total hour worked was 15 and this is still within the stated limit.
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Table 5: Variables measured, EME computation results, APWAPES predicted values and linguistic
interpretations for 20 evaluated workers and workplaces

Subjects/ Total

Work Hours A(gs:::letlslt iﬁfg Meaning AI;{‘Z,;?:;S Meaning
Stations Worked
1 24 2 0.08 Very High 0.05 Very High
2 130 5 0.04 High 0.05 High
3 45 2 0.04 High 0.05 High
4 80 7 0.09 Very High 0.05 High
5 160 5 0.03 Low 0.05 High
6 32 3 0.09 Very High 0.05 High
7 54 5 0.09 Very High 0.08 Very High
8 128 5 0.04 High 0.05 High
9 75 2 0.03 Low 0.03 Low
10 104 6 0.06 Very High 0.05 High
11 66 2 0.03 Low 0.03 Low
12 48 5 0.10 Very High 0.08 Very High
13 72 7 0.10 Very High 0.05 High
14 96 2 0.02 Low 0.03 Low
15 112 1 0.01 Very Low 0.01 Very Low
16 10 1 0.10 Very High 0.08 Very High
17 165 5 0.03 Low 0.05 High
18 52 4 0.08 Very High 0.05 High
19 65 5 0.08 Very High 0.05 High
20 15 1 0.07 Very High 0.01 Very Low
Mean & Standard Deviation 0.06:-0.03 0.05+0.02

3.1.1. Correlation test between EME and APWAPES outputs

After comparing the result of values generated by EME with that of the APWAPES for correlation
strength using Spearman’s rho, a significant correlation was found as r = 0.710, p<.01. The
coefficient of determination of 0.710 suggested 71% variability.

3.1.2. Independent samples t-test between EME and APWAPES

The t-test to determine the mean difference between the EME and APWAPES found that EME
showed a statistically significantly higher level of ratings (0.60 = 0.30, SEM=0.004) compared to
APWAPES (0.50 = 0.02, SEM= 0.007) t(38) = 1.613, p = 0.115. However, the groups’ means were
not significantly different, because the value of "Sig. (2-tailed)" was greater than 0.05.

Zadeh-Fard et al. [31] reported that efforts to reduce occupational hazards are yet to
satisfactorily improve on occupational health and safety among workers in many industries.
Serious injuries and death are still on the increase yearly. Roy [32] reported five most common
workplaces’ office hazards common in many industries: slips, trips and falls; ergonomic injuries
(other injuries related to posture and repetitive movement), eye strain; fire safety; indoor air quality.
In furtherance to efforts at improving occupational health and safety, APWAPES was proposed in
this study to predict the unsafe level of work stations using injury-counts and total-hours-worked.
APWAPES was tested with scenarios from different work stations. Comparisons between the EME
and APWAPES showed that the groups’ means predicted values of the two media were not
significantly different and the linguistic interpretations were also similar. Determining the level of
safety is vital to ascertain the level of indifference of many workplaces to the safety standards
and/or negligence of ergonomics implementations existing in many work places. It also helps to
identify unsafe work environment [26].
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APWAPES was proposed in this study to help determine the level of safety of any work station
where man interacts with machines and/or where manual material handling occurs.

If the prediction of the system indicates that accident rates are on the increase, the task
method and/or workstations can be redesigned by implementing necessary ergonomics design
capable of reducing the continual exposure of workers to one or more risk factors for accidents.
World Health Organization [11] stated that industrial ergonomists recognize that engineering, work
practice and administrative controls are the primary means of reducing employee exposures to
occupational hazards. Hence workstations and work methods are to be designed according to
human capabilities and limitations in line with applications of ergonomics principles. The costs of
ignoring these basic principles may include: injuries and occupational diseases, increased
absenteeism, higher medical and insurance costs, increased probability of accidents and errors,
higher turnover of workers, less production output, lawsuits, low-quality work, less spare capacity
to deal with emergencies [33].

The results obtained from using APWAPES and the comparison with EMEs were

satisfactory. The few weaknesses recorded for APWAPES may be due to the limited inputs
variables and issues in the dataset, which tends to reduce the accuracy of the predictions, especially
in cases 5 and 17 where APWAPES prediction was higher than that predicted by the EME.
There are uncertainties in the occurrence of work stations’ injuries depending on the individual
worker, works environment and many other factors. This uncertainty in the data and in the
evaluation process can be handled by the proposed fuzzy based expert system approach, as stated
by Zadeh [20]. Considering the classification of injury frequency of 4, this value fits into
“Increased Events (IE)” with a membership degree of 1.0. The fuzzy approach considered the
inherent uncertainties of the classification process, such as in the case of injury frequency of 4.1,
which simultaneously fit into “Increased Event” and “High Event” with 1.0 and 0.2 membership
degrees respectively.

APWAPES can find applications in any work place where hazards occur among all
categories of employees most especially where there are man-machine interactions and manual
material handling. The ergonomics device is recommended as capable of helping to create
awareness for the need to put measures in place at reducing accidents’ rate in any work activities.
However, in the future efforts, the inclusion of more variables like accidents’ severity and fatality
can be considered for improvement of the model.

IV. CONCLUSION
This study developed an expert system named Accident Prone Work Stations Prediction Expert
System (APWAPES) to forecast unsafe level of occupational work station using “injuries count”
and “total hours worked” as inputs variables. The expert system was developed using fuzzy logic
technique. The Spearman’s rho correlation coefficient between the existing mathematical models
and APWAPES was found to be strong with the means of predicted values of the two methods not
significantly different. The linguistic interpretations of the two devices were also similar.
APWAPES can find applications in any work place where hazards occur among all categories of
employees most especially where there is man-machine interaction and/or where there is manual
material handling. The ergonomic device is capable of helping managers, in any industry, to
measure work activities prone to accidents. This will assist in putting ergonomics measures in place
at improving occupational health and safety among workers.
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