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Abstract

The aim of the article was to develop a model for assessing the quality of service in the area of baggage claim
at the airport. The aim was achieved by building an evaluation model based on fuzzy logic. Three criteria were
taken into account. The first one concerns the time of baggage collection. The second criterion was related to
baggage damage. The third criterion results from the space in the baggage claim area. This model is a
response to the problem of modelling the baggage claim area and problems related to mishandled bags. There
were currently no assessment models available that would present the passenger's point of view. This model
offers many advantages that allow the airport manager to check whether the system is working properly at the
airport or whether corrective actions need to be implemented.
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1. INTRODUCTION

Nowadays, transport systems have to meet many requirements [1]. We refer here to a few works of scientific
literature, which emphasize the importance of all issues. Transport systems should be: efficient [2-5], safe
[6-10], reliable [11-17] and environmentally friendly [18-20].

It should also be borne in mind that well-designed systems are robust against various types of disturbances
[21]. Therefore, the scientific work has to meet very important requirements. It is often the case that scientific
studies are carried out a multi-criteria assessment [22,23].

It is important not only to ensure adequate performance, security, etc., but also to look at the systems from the
point of view of their user [24]. It is therefore important to consider the level of service as an output indicator
[25]. Therefore, this work will focus on this assessment of one of the airport's handling processes.

In this work, an issue of great importance for air transport passengers will be addressed. This passenger
requires the handling system to ensure that the baggage is delivered on the same flight, is undamaged and
can be picked up quickly.

We present a model in which the phenomenon of mishandled bag is assessed from the point of view of the
passenger. On this basis, the airport will know whether its system is working properly. In chapters 1.1. and 1.2.
we show that it has not been developed yet and that it is a very serious issue to be solved.

1.1. Statistical data

Over the last ten years, the baggage transport system in air transport has been significantly improved (see
Figure 1). The total number of mishandled bags decreased by as much as 51.5 % and the number of
mishandled bags per 1,000 passengers decreased by 70.5 % [26].

Given the high dynamics of the number of passengers handled over the period (64 % increase from 2.48 to
4.08 billion passengers handled), the rate of incorrectly handled baggage per 1000 passengers reflects to a
greater extent the scale of the improvements made [26].
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The most dynamic rate of improvement can be seen between 2007 and 2014. The number of incorrectly
checked baggage per 1,000 passengers decreased by as much as 61.3 %. In the last reported year, the
number of incorrectly handled baggage per 1,000 passengers decreased by only 3 % (5.73 to 5.57).

According to [27], mishandled bag is lost, delayed or damaged bag. The current [26] report on baggage
handling issues in air transport indicates that in 2017 as many as 22.7 million baggage was incorrectly handled.
New tools should therefore be developed to significantly reduce the number of errors that occur during
baggage handling in air transport.

2007 Trends 2017

Total
passengers
(billions)

Total bags
mishandled

(millions) ‘

46.9

Mishandled

bags per 1,000

passengers
18.88 5.57

Figure 1 Long term trends for mishandled bags [26]

1.2. State of the art

The Airport Development Reference Manual [28] presents recommendations for airports in terms of passenger
level of service. These assumptions allow the airport to be classified into one of six service quality categories.
It takes into account the space in the terminal as well as the time of passenger service in the queuing systems.
IATA users benefit from this evaluation method. However, it does not allow the direct opinion of passengers
to be known. However, it is estimated that up to 12 minutes is best to wait for baggage and up to 18 minutes
is still acceptable.

Scientific works can be divided into two main categories. The first one allows to get to know the direct opinion
of passengers on the level of service through a survey [29-31]. The authors focus on different evaluation
criteria. Other parts of the infrastructure and its systems are also assessed.

The second group consists of scientific papers which allow for forecasting assessments for service systems.
Linear regression methods, correlation coefficient, multiple regression, simulation methods or fuzzy logic are
used [32-36].

Very different aspects were raised: waiting time to the station, service time, kindness of staff, availability of
baggage carts, waiting time for security check, reliability of controls, being safe, thermal comfort, acoustic
comfort, cleanliness of the terminal, availability of toilets, prices of services on the terminal. However, these
methods were not focused in detail on the subsequent service subsystems. In this article there will be a specific
consideration of the baggage collection process only, which allows a precise assessment of this subsystem.

There is a lot of scientific work on the Baggage Handling System (BHS) at the airport. However, they are more
or less focused on the proper functioning of the system in terms of efficiency and safety.
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For example, [37] in microscopic terms carried out the investigation into the design and control of merging
bottlenecks of conveyor-based baggage handling systems, encompassing the merging control algorithm and
the impact of the merge’s physical layout. In turn [38] shows how to model and design the entire BHS at the
airport. In these two works, computer simulation methods were used.

In addition, issues related to the operation and maintenance of BHS [39] show that in terms of the design and
maintenance of the BHS system there is a great deal of knowledge. There are also works that suggest how to
schedule tasks for the BHS [40].

It should also be noted here that one of the main objectives of BHS systems is to ensure safety. This area has
already been well explored [41].

The statistics on mishandled bags presented in chapter 1.1. made the whole process of baggage travel
interesting. Implementation Guide to Resolution 753/A4A Resolution 30.53 [27] have led to the development
of effective methods for tracking baggage. This allows to identify where the baggage was lost or delayed. In
this aspect, solutions related to baggage tracking via RFID are proposed [42].

The scientific work lacks consideration of whether the designed and operated baggage handling systems meet
the requirements from the point of view of passengers. This article deals with this issue.

2, MODEL FOR THE ASSESSMENT OF THE CHECKED BAGGAGE CLAIM PROCESS AT THE
AIRPORT

On the basis of the conducted research, three key criteria for assessing the baggage collection system at the
airport were distinguished:

° waiting time for baggage collection,
° degree of damage to baggage,
° space per passenger in the baggage claim area.

The waiting time criteria and the space per passenger in the baggage claim (BC) area are natural criteria in
the process of evaluating the hold baggage claim system. It is quite surprising that passengers qualify for the
assessment of the baggage claim system for the degree of damage to baggage. Indeed, damage to baggage
may occur at the airport of departure or in the ground handling process at intermediate airports. However, the
research showed that the passenger blames the destination airport for the situation.

Thus, the following linguistic input variables for the system evaluation were adopted:
Xt - waiting time for baggage claim,

Xudam - degree of damage to baggage,

Xspa - the space in the baggage claim area per passenger.

As the linguistic output variable, the BC - Y. system evaluation was adopted. The general concept of the
model is shown in Figure 2.

o baggage claim area evaluation

h £7 inputs fuzzy implication . Yoe

~— . . output defuzzificat | ———»
fuzzificatio [ operator [ method B a orepation | ion

Xspa X n application application gefes

Figure 2 The concept of the model of evaluation of a baggage claim area
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Membership functions were adopted for input data and are presented in Figure 3. It was assumed that each
of the variables can be at a low or a high level. The waiting time for baggage claim is described as the time
from the moment the passenger arrives at the baggage claim area to the moment the baggage is collected
(measured in minutes). The degree of damage to the baggage is described as the percentage of damage to
the baggage. As part of the survey, the acceptable level of damage to baggage (including scratches on the
suitcase) was estimated. Similarly, the survey estimated the level of space per passenger. A membership
function of output linguistic variable was represented by a low, average or high rate (Figure 4.).
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Figure 3 Membership functions of the input linguistic variables:
(a) waiting time for baggage claim, (b) degree of damage to baggage, (c) the space in the baggage claim
area per passenger

----low

average

Figure 4 Membership functions of the output linguistic variable of evaluation of the baggage claim area

Fuzzy operators are used to define the method of carrying out of a logical operation. Operators AND or OR
can be used. In case of a logical product of A AND B, the most frequently function used is min (A, B) which
determinates the minimum value of the A and B membership function. The situation is similar in case of the
OR operator, where max (A, B) is determined, that is the highest value of the A and B membership function.

Implication method application is done in two steps. In the first step, rules are developed. Weight can be

assigned to each rule. It will decide about the rules significance. In the example shown, the weight is the same
for all rules.
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A set of rules can be as follows:
R1: If (Xwt is high) and (Xspa is low) and (Xgam is low), then (Yjc is low)
R2: If
R3: If

(

(Xwt is low) and (Xspa is high) and (Xuam is high), then (Ysc is high)

(
R4: If (Xt is high) and (Xspa is high), then (Yj. is average)

(

(

Xt is low) and (Xspa is low), then (Y is average)

R5: If (Xwt is high) and (Xqam is high), then (Ysc is average)

R6: If (Xt is low) and (X4am is low), then (Y is average)

R7: If (Xspa is low) and (Xqam is high), then (Ysc is average)
R8: If (Xspa is high) and (Xuam is low), then (Y) is average)

On the basis of the rules adopted together with input membership functions, an output membership function is
determined for each rule uRL,(2), uR2,(2), ..., u28,(2). In case of the method developed, the minimum function
was proposed to be applied in case of the output membership function. It has been applied in the majority of
research papers. Aggregation of all outputs means an algebraic combination of all output membership
functions. In order to do it, the maximum function for all output membership functions has to be calculated (1).
Hout (2) = max{ufic (2), ugir (2), ..., ugur (2)} (1)
The last step is the defuzzification process. It is usually based on determination of a centroid of output
membership functions on the basis of the following formula (2)

¥ out(2)-zdz
_ [hour@ 2)

Z = | tout(2)dz

By using the MATLAB software, it is possible to determine two-dimensional variables of the dependency of the
space and waiting time on the evaluation of a baggage claim area (Figure 5.).

EVALUATION OF CLAIM AREA

WAITING TIME SPACE IN CLAIM AREA

Figure 5 Dependency of LOS and capacity on the evaluation of a baggage claim area

It should be noted that if the rather regressive requirements for passenger handling in the baggage claim area
are met: a waiting time of less than 2 minutes and a passenger space of more than 2 m?2 per passenger can
be given a maximum performance rating for this area. Waiting for baggage above 13 minutes results in the
lowest rating for this system as well as for the space per passenger below 1 m2,
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3.

CONCLUSION

The developed model enables the assessment of the system of baggage claim in the airport. For the purpose
of developing input variables, research was conducted on the basis of the real system. The developed model
is a universal model that can be applied at any airport. One of the conditions of application of the model is to
develop the function of belonging depending on the preferences of passengers.
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