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Abstract V

In this paper, we present Discrete Hopfield neural networks (DHNN) for@ on service
0

quality of public transit. First, we proposed an ideal service quality e ion)index system
of public transit. Then, the survey conducted as a supp the stu%?; realized in the
winter of 2012 from Oct 8 to Oct 15 in the city of Nan | validity of the proposed
methodology has been confirmed by the experm‘

are m

f s routes chosen at

random. The results show that it is essential to iled information about

service quality of public transit from passenger ptions NN.
Keywords: Discrete Hopfield neural n%\n@ service qé: Ity; public transit

N

1. Introduction

During the past decade, pub&nsn |s,9u rin the competitive pressure from the private
traveling tools in worldwideIhe pers nal'f‘ om offered by the car, which has enhanced
the rise in car ownership, & has in couraged even greater car use because access is

not as easily avallabl ic trangi ]. So, a major concern in public transit today is to
continue to |mprov erwce ep%ty and improve the attractiveness to people. Service
quality is a comp of exp s with performance that is focused both in academic

research and impublic and pri
a challenging research th

te service. The measurement of service quality continues to be
d one of great practical importance to service providers and
regulatory agencies [3}: cifically in public transport, “service quality” is an even more
complex concept th t reflect a transit user’s perspective and must measure how a transit
route, service, fa ;or system is operating under various demand, supply, and control
conditions [ he ‘preferences for transit service quality are of great importance to transit
service F?ﬁ and socio-economic and so on [5, 6, 7, 8]. However, we know relatively

little abo quantitative criteria of the service quality of public transit [9].

reasons, plenty of efforts have been made by various researchers for measuring
servi uality and on the purpose of enhancing the service quality of public transit. Laura
Eboli et al. develop a Stated Preference (SP) experiment that provides a way to measure
service quality in public transport [10]. Mairead Cantwell et al. use a multinomial logit model
to examine the factors that impact public transit [11]. Snezana Filipovi¢ et al. give a
comparative analysis of the basic features of the expected and perceived quality of mass
passenger public transport service in Belgrade [12]. Laura Eboli and Gabriella Mazzulla
propose an index based on customer perspective for evaluating transit service quality [13].
David A. Hensher et al. investigates the role that enhanced service quality introduced into a
deregulated market has in improving the experience of bus travel by a sample of passengers
in the Tyne and Wear area of England [14]. Luigi dell’Olio et al. evaluates how bus users
perceive the quality of their public transport service. In particular it looks at how perception
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of quality varies according to the available information [15]. In order to capture the
passengers’ point of view on a transit service, Laura Eboli and Gabriella Mazzulia introduce
some discrete choice logit models to calculate the probability of choice of some alternative
transit services and to determine the importance of each service aspect [16]. Francois Des
Rosiers et al. suggest that increasing regular bus frequencies results, by and large, in lower
house values for properties located in the vicinity of regular routes; and the reverse is true for
Express lines, which exert a substantial, positive influence on prices. Thus, by offering a more
direct and efficient (fewer stops) as well as more comfortable mode than both the regular and
Metrobus services, the Express actually proves to be a convenient substitute to the private car
for suburban homeowners with a regular working schedule[17]. Cinzia C| eal.
investigate the heterogeneity of transit users in perceiving service quality thr h ixed
logit model with a non-parametric distribution of the coefficients [18]. Jia ou and
Lisa Schweitzer examines employees’ participation in a free and dls% try-transit
program called “Dump the Pump” (DtP) in Los Angeles, a&%ﬂ public transit

would be attractive to employees or employee drivers on ual concerns are
well addressed and when riding public transit provig with c able overall utilities
to driving [19]. Wentai Lai and Chingfu Chen inve @' publj it passengers’ behaviors
by constructing a comprehensive model value, Satisfaction, a haV|0raI intentions [20].
Laura Eboli and Gabriella Mazzulla propos ‘&ethodol for evaluating transit service
quality based on the passenger perceptlon's ranS|t ag erformance [21]. Nir Sharaby
and YoramShiftan evaluate the impac re i ton on transit ridership and travel
behavior [22]. Marta Rojo et al. pr analyzmg the relationship between

service quality and modal choice af elers m inter-urban journeys [23]. Juan de Ofia
et al. present a classification tr proach 1%3 entify key factors of transit service quality

[24]. Two non-parametric tr ased (C dels were proposed to study which variables
played a more |mportant the p&on of SQ by PT passengers in the Metropolitan
Area of Granada. T out that pa¥sengers’ perceived quality of service is practically
limited to frequenc and.p I|ty in the preliminary evaluation.

The measu service -"b ity of public transit has been, and will continue to be, an
important stu CUS amo ompeting transit agencies. Although a lot of effort is being
spent on improving the sepvice”quality of public transit, the efficient and effective method that
could evaluate the servj ality of different bus lines has yet to be developed.

In this paper, w, ent Discrete Hopfield neural networks (DHNN) for evaluation of
service quality o lic transit. For this purpose, Section 2 proposes the requirement
assumptions ‘ﬂ_;'he applications of Discrete Hopfield neural networks. Section 3 presents the
solution ap for evaluating service quality of public transit. In Section 4, we analyze and
dlscuss t@ lected data from the questionnaire survey and present an application of our

evaluation of service quality for public transit in Nanjing, China. Conclusions

and lems that remain to be solved are given in Section 5. The acknowledgments are
located in the final section.

2. Discrete Hopfield neural networks (DHNN)

DHNN is a form of recurrent artificial neural network invented by John Hopfield [25].
DHNN serve as content-addressable memory systems with binary threshold nodes. They are
guaranteed to converge to a local minimum, but convergence to a false pattern (wrong local
minimum) rather than the stored pattern (expected local minimum) can occur. Some related
definitions of DHNN adapted from [26, 27, 28, 29]are presented as follows.
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2.1. Network structure

The units in DHNN are binary threshold units. That is to say, the units only take on two
different values for their states. The value is determined only by whether or not the units'
input exceeds their threshold. In this paper, we assumption the values of the units is 1 or -1.
The network structure could be described in Figure 1.

.

() .
Z\ v (k+1) y(k+l) : x)
¥, '\A% @

Z_ |
Figure 1. Structure O DHNIN

In Figure 1, the actions of DHNN could‘& strated as\%

| é:@., %&«) e )

n is the number of mpu@urons \

x; is input neuronxq\ is paprﬁtr:v alueis 1 or -1;

w; is the \ﬁ%ﬂ weig een units x and x;, in this paper we assume
w; =w;and wj ;

6, is an externally aﬁ@i.ed threshold of unitx, ;

k is the discret

w()is t function, that is to say, in this paper the units use a bipolar output
function the states of the units is 1 or 0. We assume:

@ V(o) = {1, 7>0; @

-1,7<0;
“is the unit delay, means y; (k +1) =y[v,(k +1)] ,where,
v, (k) =V, (kT,)

v (k+D) = 2 %, (K) -6, @)

T.is the sampling period, in general, the sample period is normalized to unity, means
T, =1;

S

Copyright © 2014 SERSC 333



International Journal of Multimedia and Ubiquitous Engineering
Vol.9, No.2 (2014)

2.2. Network updating

Updating one unit (node in the graph simulating the artificial neuron) in DHNN is
performed using the following rule:

Ruler 1: The network is updated asynchronously, in this condition, only one neuron

x; is selected at timek +1. This unit could be chosen at random, or a predefined order

can be imposed from the very beginning. The updating rule could be described as:

Lv; 20
X, (k+1) =y [v,(t)]= v, <0 @
Ruler 2: The network is updated synchronously, that is to say, there are m<n)
neurons are selected at time k +1 . The updating rule could be describe@
% () =w [, ], r%.?m) ©

network synchronization. So, Ruler 2 is less rea , sin
biological or physical systems that keeps track.of time.

Network update will be ongoing until etwork@hes a steady state. And the
steady state of DHNN could be describﬁ :

%ﬁ X (@g K)),i=12,..,n (6)
2.3. Stability of the network 4 .
The stability of DHNI@uId be %%ated by an energy function as:

.\\Q Hﬁ‘t_%iiwﬂxixj +iznl‘49ixi @

In this condition, a central clock is required @ g
C

stem Wer to maintain the
(ﬁ@ ack a global clock in

i=1 j=1

It could o%o ssed in Mri form as:
t@ Epmn :—%xwa +X'0 ®)

The units x (i@(pn) of DHNN only take on two different values for their states;
itis1or-1. @ is‘he threshold of uniti, and w; is the connection weight between units

xand x; 6 L’Ewo variables are bounded value.

S I@nergy function is a bounded function. That is to say, the energy function can
lead\he)final state into a stable state, if the network updating can satisfy the condition:

NE=E({t+1)-E(t)<0 9)

The energy of the network will decline by iteration, and the network can converge to
a minimum from any initial state. In this condition, we can get the output of the
network.
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3. Solution Spproach

The proposed framework for evaluation of service quality of public transit includes
three steps.

Step 1: To develop an ideal service quality evaluation index system of public
transit. Moreover, design a questionnaire for collecting data for measuring service
quality of public transit.

Step2: To evaluate the service quality of public transit with DHNN.
Step3: Evaluation and analysis of the calculation results. V-

3.1. Service quality evaluation index

Service quality of public transit is characterized by many aspects, and.therefpre a number
of attributes should be considered in order to capture pasgﬁperce out the quality
level of supplied services. Some previous studies sho t le intefviewed can have
some difficulties in making a choice among subje fere e optigns [16]. In the case,

the value of the level for a certain attribute is natura ber 0 to 100. Thus, based
on the earlier pilot study [3, 4, 11, 13, 15] and thedata needs of t HNN, we concluded that
11 attributes describe the major dimensigns ice cm%kz?from a traveler’s perspective.
Moreover, the classificatory attrlbutes | e level sel@eted as the references are shown
in Table 1.

The attributes analyzed in Tab d be d as follows: ‘Availability’ represents
how easily passengers can acc,@ se publlc sit service from bus stop. It determines
whether or not the public transit could be ted as a potential traffic mode. ‘Frequency’

determines the number of pyBlic transi passengers could choose. Service frequency
also measures the conve&g of pu b%émsn service to choice passengers. ‘Reliability’
means how often pu sit serviée is prowded to passengers when promised. ‘Efficiency’
illustrates the tim umpti ﬁubllc transit than other travel mode. ‘Accessibility’
measures the ease of ssengers to travel among various origins and destinations
with public traRsit/ ‘Cro represents the space occupancy of the public transit vehicle.
‘Cleanliness’ illustrates amount of litter; exterior dirt conditions; floor and seat
cleanliness; graffiti; @/mdow condition and so on. ‘Security’ covers both the real and
perceived chance 9&\9 the victim of a crime while using public transit. The testing results
reflect the probability of being the victim of a crime while taking public transit. ‘Fare’ is the
required payﬁo%uor a passenger using public transit vehicle. ‘Information’ is the availability
of service i ation (maps, timetable, delays, weather, etc.) could afford to passengers by
phoqiv@mt, and variable information boards and so on.

Table 1. Service quality evaluation index

No. Attributes Level 1 Level 2 Level 3 Level 4 Level 5
1 Availability 80-100 60-80 40-60 20-40 0-20
2 Frequency 80-100 60-80 40-60 20-40 0-20
3 Reliability 80-100 60-80 40-60 20-40 0-20
4 Efficiency 80-100 60-80 40-60 20-40 0-20
5 Accessibility 80-100 60-80 40-60 20-40 0-20
6 Crowding 80-100 60-80 40-60 20-40 0-20
7 Cleanliness 80-100 60-80 40-60 20-40 0-20
8 Driver’s attitude 80-100 60-80 40-60 20-40 0-20
9 Security 80-100 60-80 40-60 20-40 0-20

10 Fare 80-100 60-80 40-60 20-40 0-20
11 Information 80-100 60-80 40-60 20-40 0-20
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3.2. Questionnaire Design

The questionnaire listed below was adopted in order to collect the reasonable statistic
results on the basis of the service quality calculation model. The gquestionnaires were
distributed among customers on board from 8 Oct to 15 Oct 2012.

Questionnaire on Public Transit Service Quality

1. Your age?
10-20 1| 20-40 40-60 Above 60

2. The extent of your education?

3. Nature of your employment? l 6
According to your feeling when takmg \’akﬂ‘ @

I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
I
: please give each index of service g atmn scor
| with the range of 0 to 100. Tktmk your co @
I
|
I
I
I
I
I
I
I
I
I
I
|
I
I
I
I
I
I
L ]

l

|

|

:

4. Availability of public transit § i
5. Average frequency of u@a t A 52 i
6. Reliability ol'p N A :g ) i
u:le:z l transn i

8. Acces! ufpubhc tra i
|

[

|

|

[

1

|

|

|

[

l

|

|

[

[

|

|

ing of puh@sr—
L9

pi ansit

A Q’eanlmcss of -
Q\ 11. Driver ﬂldc of publictransit______
Q 12. Secu&public fransit_____

I
I
I
: b of public transit
I
:@ . Information of public transit
Figdge)2. Questionnaire on public transit service quality

4. Model @%:ation

4, llection

The’Survey, as a support to the study, was conducted in the winter of 2012 from Oct 8 to
Oct 15 in the city of Nanjing. The questionnaires were filled out by face to face interviews
among the customers on board. The sample for this study consists of 680 customers from 5
bus routes chosen at random. The public transit in this city is composed of 6000 buses and
400 transit lines which provide services to 30% of its residents every day. Descriptive
statistics of the survey data are illustrated in Table 2.
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Table 2. Descriptive statistics of the survey data

Bus Route 1 Bus Route 2 Bus Route 3 Bus Route 4 Bus Route 5

No Attributes
Mean Var Mean Var Mean Var Mean Var Mean Var
1 Availability 73 7.17 46 8.72 38 9.77 26 5.09 58 9.93
2 Frequency 88 5.63 72 4.20 47 7.21 32 5.61 47 7.03
3 Reliability 66 7.04 63 7.59 42 3.74 25 3.49 51 9.33
4 Efficiency 72 6.12 67 9.83 53 4.69 27 5.04 25 4.97
5 Accessibility 62 6.30 74 7.75 65 6.06 35 5.32 62 4.19
6 Crowding 37 8.42 49 3.37 54 5.33 89 3.26 4 8.80
7 Cleanliness 53 4.81 34 8.12 38 7.08 76 4.62 M 4.43
8 Driver’s attitude 47 4.01 37 7.29 65 8.28 84 4 Y& 3.31
9 Security 75 7.74 69 3.50 44 984 76 84 4.37
10 Fare 68 924 71 412 44 47% Y 56 439
11 Information 32 2.20 41 2.47 3 . ,@5 \ 37 2.81

7

4.2. Evaluation results »XS)
N

The evaluation result of 5 bus routes choseb r dom.frq% njing with DHNN is shown

in Figure 3. \ \
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&gure 3. Evaluation result of 5 bus routes

Accordin'\éhe results of the evaluation in Figure 3, the service quality of Nanjing public
transit coul expected to exceed the average level on the whole. But different bus route
reall the significant differentiation. In general, the travel demand of passengers in
'@@ emains in a fundamental state, that is, they would put forward higher requirements
for fretfuency, reliability and accessibility of public transit and be more patient with several
comfort indexes, such as crowing, cleanliness and so on. In addition, the recognition of these
passengers on public transport information is still at a very low level.

5. Conclusion

The main purpose of this paper is to provide us with a more efficient and effective method
that could conduct a full assessment of service quality among different bus lines. Service
quality of public transit is characterized by many aspects. So, considering the particularity
and complexity of those evaluation indexes, in this paper, Discrete Hopfield Neural Networks
(DHNN) is selected to analyze service quality of public transit.
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The validity of the proposed methodology has been confirmed by the experimental results
of 5 bus routes chosen at random in Nanjing. Through setting up systematic model and data
test, the paper points out that it is essential to command over more detailed information and
knowledge about service quality of public transit from passenger perceptions with DHNN.

Last but not least, the methodology we supposed in this paper will contribute a lot to
practical application of DHNN. In fact, when standing in passenger’s place, the model will be
identified as a valuable tool for planners and transit operators if they have to measure service
quality and evaluate the importance of the various service quality aspects.
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