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THE REGULARITY OF INFLUENCE OF TRAFFIC PARAMETERS ON THE
PROBABILITY OF REALISATION OF PLANNED PASSENGER TRANSFER AT
TRANSFER NODES

G. Samchuk, P.G., Kharkov National Automobile and Highway University

Abstract. The article deals with the definition of traffic parameters that ensure the minimum value of
the transfer waiting time for passengers. On the basis of experimental studies results, a regression
equation to determine the probability of realisation of the planned transfer between a pair of vehicles
was proposed. Using the identified regression equation, the transfer waiting time can be assessed for
any headway exceeding 7,5 min.
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Introduction work of urban public transport (UPT). Along
with the fact, the necessity to change a mode of
Interchange nodes (transfer nodes) are the basis transport or to transfer to another vehicle is neg-

and necessary component for an effective net- atively perceived by the population. Indeed, an
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interchange process is accompanied by the need
to re-fare, if integrated ticketing has not been
implemented for UPT, transfer between stops
and additional waiting time. The realisation of
complex of technological measures for connec-
tion of several transport modes and improving
the efficiency of the transfer process will reduce
the value of the total travel time, making it more
competitive. The priority measure to reduce the
waiting time for passengers at a transfer node is
the schedule synchronisation of UPT vehicles.

Analysis of publications

Modelling the waiting time of passengers at
stops is presented in numerous scientific
publications. In [1] a simulation experiment for
the determination of the distribution of the
passenger waiting time and their parameters was
conducted. A simulation model of the
passengers waiting time was developed in paper
[2], the input parameter of which is a random
value of a headway. The schedules coordination
of vehicles arriving at stops, and their impact on
waiting time are not considered within the
research. A schedule coordination of vehicles
operating on different lines of UPT at joint areas
is presented in [3]. The schedule development
aimed at the passenger waiting time reduction at
stops is proposed to realise by adjusting head-
ways on lines and shifting the arrival time of
vehicles at stops [4]. The research results
presented in these publications do not provide
recommendations for reducing the passengers
waiting time carrying out transfers.

Models and optimisation methods for the
synchronisation are presented in many articles
of foreign authors [5-10]. Although the authors
consider some characteristics of subprocesses as
random variables [8-10], a functional
dependence of the impact of their parameters on
the waiting time is not studied. An investigation
of the influence of random variables of vehicles
arrival and departure time on the passenger
transfer waiting time at a transfer node requires
a special research for the designing
synchronised schedules of UPT with minimal
waiting time.

The aim and problem statement

The study aims at determining characteristic
conditions of a movement of vehicles at a trans-
fer node, which ensure the minimum value of
the passengers waiting time. The object of the

study is waiting time at the transfer node, and
the subject is the influence of traffic parameters
on the probability of the planned transfer realisa-
tion and passengers waiting time. To achieve the
aim it is necessary to develop a mathematical
model of the passengers waiting time, conduct
the experimental study of determining the prob-
ability of realisation of the planned transfer and
passengers waiting time, processed results using
regression analysis.

Experimental studies on the passengers
waiting time at transfer nodes

A transfer node, in which two UPT lines inter-
act: i, j — indexes of lines from and on which the
transfer is conducted, respectively.
b — an index of a bus, operating on the i-th

lineb = I,_Bl.; d — index of a bus, operating on the

J-hline, d =1,D; is considered.

Each vehicle is idle a certain period of time at
the transfer node, during which technological
operations are performed, which can be defined
as a service time. It consists of time spent on
manoeuvring, opening/closing doors, dwell
time, etc. In order to consider this part, the wait-
ing time for transferring passengers is deter-
mined as the difference between the departure
time of the bus of j line and arrival time of the
bus of i line, taking into account the walking
time between stops of these lines. The passenger
transfer waiting time is defined according to the
following mathematical expression

D (M a® 1=
ty =Md;"" —(Ma;” +tw;), b=1,d =1,(1)

where 'fl.j is the transfer waiting time for one pas-

g.d) is the departure time of d vehicle

senger; Mdl
of j route from the transfer node; Ma'” is the
arrival time of b vehicle of j line at the transfer
node; tw;; is walking time between the stops be-

longing to lines i and j at the transfer node.

A negative value indicates that the transfer be-
tween a specified pair of buses cannot be real-
ised, and passengers have to wait for the next
bus of j line, i.e d +1.

S (A a7y ()

my =Md;" —(Ma;” +1twy).  (2)

g
Assuming equal headways [, =1, it is suffi-

cient to coordinate the departure of the first pair
of vehicles, b=d =1.
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The UPT vehicles travel time has a stochastic
nature as it is influenced by various environmen-
tal factors. In scientific studies, researchers use
normal, log-normal, gamma and exponential
distribution to describe both the travel time and
the arrival time at a stop, being random variables
[10].

Since the arrival and departure time of vehicles
are random variables, the transfer between a
specified pair of buses can occur with a proba-
bility p and the transfer waiting time is calculat-
ed by the formula (1), or does not occur with
probability 1-p, then the calculation is per-
formed using the formula (2).

Considering the probabilistic nature of the trans-
fer process, the objective function of the passen-
ger transfer waiting time is presented as follows

p(; 20)-EQ, [, 2 0)+ 3)
+(1= p(#; 2 0))-E(Z;) — min,

where E is the expected value.

The study is conducted under the following as-
sumptions:

— arrival and departure time are normally dis-
tributed;

— walking time between stops of lines i and j at
the transfer node is deterministic value and
equal for all groups of passengers;

— equal headways for lines that interact

H =H,.

Thus, it is necessary to find the difference be-
tween expected values AE of the departure time

Linej

E(i4d )

E(Md;d)) and arrival time of buses at the trans-
fer node taking into account the walking time
between stops of line i and j E(Ma'” +wy;),

which ensures the minimization of the objective
function (3)

AE = E(Md\") - E(Ma” + twy).  (4)

A graphic representation of the shift value of the
arrival/departure time of buses in order to find
AE, which provides the minimum passenger
transfer time, is presented in Fig. 1.

In order to determine the difference between the
expectations (4), which provides a minimum
value of the passenger waiting time at the trans-
fer node it is necessary to carry out a simulation
experiment. Parameters of random variables of
vehicles arrival and departure time, being nor-
mally distributed, i.e standard deviation
(oi, oj) and the difference of expectation AE

were chosen as input factors. For urban trans-
portation permissible deviation of schedule is 2
minutes [11]. According to this, the lower limit
of standard deviation is established; values ex-
ceeding 1,25 are not considered in the study.
Thus, the limits of variation of a standard devia-
tion are 0,5-1,25, with the increment of 0,25 for
lines 7 and j. The variation bounds of AE is es-
tablished in accordance with the assumptions
and chosen range of standard deviation. Accord-
ing to with the three-sigma rule, with 0,997
probability of the maximum deviation of vehi-
cles arrival and departure time is £3,75 min at
the standard deviation 1,25. That is when
AE =4 min, the probability of transfer between
the pair of buses is close to 1.

E(Md ")

Time

Line; ./

E(H,)

Time

E(Ma® +1w )

Fig. 1. A calculation scheme of shifting the arrival time of buses at the transfer node taking
into account the walking time between stops and departure time

Thus, the designed simulation experiment
(table. 1) contains 80 scenarios of experiments

and each consists of 100 experiments. A genera-
tion of random variables of arrival and departure
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time of vehicles and calculations were conduct-
ed using MS Excel. Experimental studies were
carried out for an interval of 10 minutes.

The probability of the planned transfer realisa-
tion was determined for vehicles to be synchro-
nised for each scenario of experiments and the
expected transfer waiting time was also calcu-
lated. On the basis of the obtained results of ex-
perimental studies, was built a graph of the wait-
ing time changing at the same standard deviation
for i-th and j-th lines (Fig. 2).

The graph shows that the least passengers trans-
fer waiting time was recorded at AE=2 min.
Moreover, the effect of synchronisation decreas-
es with the increase of standard deviation of ar-
rival (departure) time. The obtained results of

the simulation experiment were statistically pro-
cessed through regression analysis carried out
using the function analysis package MS Excel.
Two hypotheses on the form of functional de-
pendence of the transfer probability on the input
factors were verified (table 2), was built.

All factors are statistically significant; the stand-
ard deviation has the reverse effect on the prob-
ability of the planned transfer realisation. Ac-
cording to the coefficient of determination, the
second model was chosen (R’=0,94). It should
be noted that the resulting formula for determin-
ing the probability of realisation of the planned
transfer is valid for specified intervals of ex-
planatory variables.

Table 1 A factors variation by the experiment scenarios

The level of factors variation
ot : The difference between expected
Number of | Standard deviation of arrival L -
scenario time for vehicles of i-th Standard deviation of depgrture values of ar.rlval and departure
line. O time for j-th line, 0/ time, AE
1 0,5 0,5 0
2 0,5 0,75 0
80 1,25 1,25 4

Transferwaiting g

time, min

*eeee i) 5 0j=0.5

— =075, 0)=0.75

gi=1, gj=1

- =25 =125

2 MY R I R

0 1

4 .
3 AE, mmin

Fig. 2. Changing of the passenger waiting time by varying AE

Table 2 The results of hypothesis testing on the form of regression model

Hypothesis Regression parameters The coefficient of

a, a, Ay | a,; | determination, R®
Hy: p=ay+a,-cit+a, -oj+a,-AE 0,75 | —0,06 | 0,06 | 0,09 0,71
Hy: p=agtag Noi+ag-Joj +ay VAE | 0,77 | 0,13 | 0,13 | 0,26 0,94

When a numerical value of the probability is
greater than one, 1 is taken. The model can be
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used for headways greater than 7,5 minutes, ac-
cording to adopted limitations on standard devi-
ation, which is 1,25.

Conclusions

Simulation models allow to adequately describe
the process of serving passenger at transfer
nodes, taking into account the probabilistic na-
ture of processes. Inputs of the developed model
of the passengers waiting time are the standard
deviation of traffic parameters and the differ-
ence between the expectations of their arrival
and departure time.

On the basis of experimental studies, the func-
tional dependence of the probability of the
planned transfer realisation on input parameters
was identified.

The obtained regression equation considers ex-
pected values of arrival time at the stops, taking
into account the walking time between stops and
departure time, as well as standard deviation,
being the sum of square roots of factors. Using
the identified regression equation, the transfer
waiting time can be assessed for any headway of
UPT exceeding 7,5 min. The results of experi-
mental studies have shown that the least waiting
time for transferring passengers achieved at AE
= 2 min for the given conditions.
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