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Evaluation and improvement of human reliability in the use of short and
medium range radar system using CREAM fuzzy method
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Abstract: Today, studies indicate that one of the main and most important
causes of accidents is human factors, which play a role in more than 82% of
accidents [1] and is considered one of the major problems of today's societies.
According to the estimates of the International Labor Organization Every year,
310 million accidents with various injuries happen in the world.[2] On the other
hand, due to the essential role of humans in the reliability of systems, it is
practically impossible to eliminate human errors [3]. The purpose of this research
is to develop a fuzzy logic in order to evaluate human reliability in short and
medium range radar systems. The results of the studies show that the fuzzy logic
is effective in improving it. To sum up, using the cream method has more
practical results. Radar systems consist of 2 main parts: radio wave transmitter
and receiver antenna and processing and display part. Radar systems often use
high-frequency radio waves, which are also known as microwave waves, for
environment detection and navigation, and it is necessary to mention that the task
of detecting and receiving the radar signal is performed by the detection receiver
[4]. To collect all the basic information needed for the research, a team of twelve
experts has been used. After collecting intelligence from the questionnaires and
consulting and asking for opinions from experts, job spectrum analysis was done
using the HTA hierarchical Task Analysis method. Hierarchical analysis process
of HTA starts with the analysis of executive activities, for which the HTA
method is used. The structure of the hierarchical analysis is such that the job in
guestion is detailed and in order to do it Activity breaks down. In fact, the work
of analysis begins in such a way that the final goal is considered and in order to
achieve that goal, the task is divided into smaller components. Then the table of
working conditions affecting the performance of the CPC operator was drawn,
determining the effect of the working conditions affecting the errors (CPC on
human performance is not an easy task and faces many uncertainties. After
analyzing the job duties, the general characteristics of each job and The working
conditions affecting the user's performance are presented using the CPCs table for
9 factors affecting human performance, and the conditions that improve, reduce,
or have no effect on performance are determined and their total number is
calculated for each task. Expected effect it is shown on the ability of human
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performance with words such as "reduction”, "ineffective” and "improvement".
For example, the factor “organization empowerment” in the radar system is
expressed with the titles "very efficient, efficient, ineffective”. And the selection
of each of these descriptions will have a different effect on the functional ability.
In the next step, the fuzzy AHP method is examined using the hierarchical
analysis process (Chang's method).

Keywords: fuzzy logic, human reliability, Hierarchical Task Analysis, working
conditions affecting (CPC).

Considering that some indicators have a fuzzy nature, the Fuzzy Analytical
Hierarchy Process is a framework suitable for solving this problem [5].
Accordingly, fuzzy sets are used as beneficial tools for modeling very complex
processes and qualitative, imprecise and uncertain data. It provides quantity and
combination. Fuzzy Analytical Hierarchy Process in a decision-making process
includes 3 phases: 1. Hierarchical construction, 2. Paired Comparison Matrix , 3.
Calculation of weights, 4. System compatibility [7].

Paired Comparison Matrix and calculation of column vector of relative weight:
1 ag, - as,

~Sa
Z _ az, 1 e az,

Gy Gny o 1
Calculation of normalized pairwise comparison matrix:
5 4;

Ni=oi=.,i=1,2,..,n
i=1Ai

Calculation of the sum of the weighted vector:

The sum of the weighted vector is obtained from the product of the matrix of
pairwise comparisons in the relative weight vector and the result is a 9 by 1
matrix.

Calculation of compatibility vector and compatibility index and compatibility ratio:

A=n
i=1
In the case that the matrix is consistent, the calculations of the coefficients of the
importance of the factors reach stability in the same initial stage. But in practice,
it rarely happens that a matrix is consistent. In general, it can be said that the
acceptable level of inconsistency is also very important, this rate should be less
than 0.1 [8].

Compatibility index:

Anax — 1

Cl =
n—1
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Compatibility ratio:

R;

After calculating the matrices of pairwise comparisons, control styles are
determined. At the end of the work, the error-causing factors along with the level
of human reliability and the probability of error in each factor are determined [9].
To calculate the control level index, B is obtained by subtracting the number of
activities that reduce performance (XR) from the total number of activities that
improve performance (ZI) with the formula p = XR - XI. Then the probability of
general cognitive error is calculated according to the following formula:

CFPT=0.0056*10%%

The results of the calculation of the control levels of the 3 table and the overall
error probability of CFPT are mentioned in the Table 1. And includes duties, X1
and XR, control level index.

Table 1- control levels of the B table and the overall error probability of CFPT

duty Task code Job Title I XR B CFPt C;)tr;tlreol
1-1 Unlocking locks 4 2 2-421:- 0.0017 tactical
Preparation of mechanical 1-2 Leveling the bases 5 3 -2 0.0017 tactical
parts 1-3 Activate hydraulic pan pumps 6 2 -4 0.00056 Strategic
1-4 Activate hydraulic tiltpumps 5 4 -1 0.0031 tactical
1-5 Opening of the antennae 6 2 -4 0.00056 Strategic
2  Powertiansmissiontothe 5, 3 000099 tactical
transmitter
Preparation of power and 2-2 Power transfer to TRM 4 1 -3 0.00099 tactical
TRM section 2.3 Sending power from TRM 3 1 2 00017 tactical
(Transmission)
2-4 Signal reception by antennas 5 2 -3 0.00099 tactical
31 Actlyatlon of level sensors 6 2 4 000056 Strategic
and jacks
Activation of server 3-2 Activation of pump sensors 4 5 1 0.00995 tactical
section 33 Activation of electrical panel 3 1 2 00017 tactical
Sensors
3-4 Activation of TRM sensors 3 1 -2 0.0017 tactical
4-1 Turn on the generator section 5 2 -3 0.00099 tactical
Activation of the nutrition 4-2 Actlv_atmg and turning on 6 4 -2 0.0017 tactical
electrical panels
department Activating and turning on
43 g g 7 2 -5 000031 Strategic

DIMUX

After obtaining the probabilities, the factors are ranked based on the available
weights. In this way, the importance of each factor can be determined.
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Table 2 -Ranking of invoices

Row Factor prioritize
1 Working time (circadian rhythm) 0.3535
2 Doing two or more things at the same time 0.2187
3 How to cooperate and interact between colleagues 0.1187
4 Quality of available education and work experience 0.1076
5 work conditions 0.0854
6  Suitability of man-machine systems and effective operational support 0.0429
7  Time available to do the work 0.0371
8 Empowerment of the organization 0.0249
9  Ability to access methods and programs 0.0219

According to table (2), the factor "time to do work (circadian rhythm)" with a
rank of 0.3535 is in the first priority, which indicates a high error in the circadian
rhythm. This is while the factor "empowerment of the organization" and
"accessibility" "Methods and programs" have the lowest probability of error.

In this research, 13 effective factors in human reliability have been used to
evaluate human reliability using the fuzzy technique, and due to the large number
of factors, only the factors that have the greatest effect on performance are
mentioned. Among the job duties, the "preparation of mechanical parts" factor
has the highest probability of error with a probability of 0.416, and it is necessary
to focus more on this factor. On the other hand, by examining the possibilities of
the table of working conditions affecting performance, the factor "working time
or circadian rhythm" with a value of 0.3535 has a high probability of error and
the factor "accessibility to methods and programs” with a probability of 0.0219
has the lowest The rate of error in the radar system.

Here is a sample of suggestions related to this research:

- Presentation of integrated model of Bayesian network and CREAM
method

- The possibility of using the opinions of other employees and allowing
more time to consult and ask for opinions from employees.

-on the other hand, the most important CPCs related to the reduction of
performance reliability have been reported under the headings of
"empowering the organization" and "doing two or more tasks at the same
time", which is more than the individual's ability. Therefore, performing a
task in a certain time frame and employing People with high background
and experience will be very useful for empowering the organization.
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