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Abstract

incurred by transferring passengers in transit systems. A numerical example is also presented to examine the applica-

impacts of different timetabling scenarios on transit systems integration.
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1. Introduction
Parallel to the growing interest in enhancing urban pub-
lic tr

integration is widely known as a key factor enabling 

-

including physical integration, network integration, 
fare integration, information integration and institu-
tional integration. Among these aspects, temporal in-

transfer between different modes and lines. When 
transfers are not managed appropriately, they could 
lead to imposing long waiting times on transferring 

-

timetable syn-
chronisation, mainly consists in minimising the delay 
imposed on the passengers transferring between differ-
ent transit modes and lines. This task is usually carried 

Because of its complexity, timetable synchronisation 

-
ning measures included in network integration strate-

temporal integration of transit systems is the lack of an 
appropriate measure for schedule coordination quality. 
Without a practical and meaningful basis for quantify-
ing the quality of temporal coordination, it is impos-
sible to assess the impacts of different planning strate-
gies and timetabling scenarios on temporal integration 
of transit systems. 
This paper aims to propose a new method for meas-

-
n 

purpose of clarifying the difference between their ob-

SQS -

timetable synchronisation, based on the actual waiting 
time incurred by transferring passengers. A numerical 
example is also presented in this paper to examine the 
applicability of the proposed method in quantifying 

  
2. Schedule Synchronisation Approaches
S
in the literature so far for tackling the schedule syn-
chronisation problem. The difference among these 

-
-
-

ries, namely, timed transfers and transfer optimisation 

from different lines are scheduled to meet at certain 
transfer points at the same time allowing passengers 

of minimising the total transfer waiting time in transit 

transfers between transit lines at all transfer points are 
taken into consideration and timetables are set so as 
to minimise the total transfer waiting time in a transit 

minimise the aggregated transfer waiting time in transit 

dependent on the number of passengers transferring 
between all pairs of transit lines intersecting at transfer 

parts of the data required in this method.
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-

of such data is one of the biggest issues concerned with 
the transfer optimisation methods [Currie and Bromley, 

passenger is almost an impractical task, especially at 
crowded transfer points. This information might be 

-
sengers for the purpose of identifying their origin and 

in the case of dealing with huge transit networks. Such 
a timely and costly task is not likely to be repeated in 

transport schedules.
Transfer-count data can be extracted from electronic 
ticketing systems where transit systems are equipped 

-
-

On the top of these, lack of transfer- count data for new 
transit lines is another issue associated with transfer 

which is independent of transfer-count data has arisen 

The synchronisation quality approach aims to quantify 
the quality of synchronisation in a transit system based 

network rather than the number of passengers transfer-

for the entire of a transit network and it is intended to 

setting transit line timetables. 

3. Synchronisation Quality Indices in the 
Literature

-

chronisation quality approach so far and proposed 

presented a timetable synchronisation method based 
on the length of waiting time for each transfer in tran-
sit networks.

-
scribe a possible connection between two trips at a 

-

transfer point.

QI
measuring the quality of synchronisation for each trip 
meet. The QI of trip meet m -

Where, is the quality index for trip meet m, H is the set 
of all historical meets, is the minimum quality index 

-

factor associated to meet m -
portance,  is the actual waiting time of meet m, is the 
minimum waiting time for meet m, is the maximum 
waiting time for meet m, is the ideal waiting time for 
meet m, and InfeasCost is the cost for historical unfea-
sible meets.
This piecewise linear function shows that QI for a trip 
meet is proportional between  and  corresponding to 
the difference between the actual waiting time of the 

QI is higher when the actual waiting time of 

-
InfeasCost

under existing timetables becomes unfeasible, as the 

1=
 + (  )   ,    [ , ] + (  )   ,  ( , ]0                                                      , [ , ] ,                                     , [ , ] ,    
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consequence of timetable synchronisation. Based on 
the QI SQI

the summation of the QI of all trip meets in a transit 
network. SQI is intended to be used as a measure for 

a transit network.

SQI

SQI
which is calculated by summing the quality indices of 

SQI in 
comparison with a transfer point with fewer but more 

at weekends is considerably lower than the number trip 
meets during weekdays. Therefore, a poor coordina-

SQI, compared to a good coordination 
at weekends. Secondly, SQI is a non-scaled, meaning-

is not clear between two stations with the SQI

SQI, 

SQR

This index is a function of SQI as follows [Currie and 

SQI that can 

all meets are feasible and waiting times are ideal for all 
SQI is normalised 

impacts of the number of trip meets.

4. Synchronisation Quality Score (SQS)
-

tion discloses two basic issues associated with both 

SQI and SQR are dependent 

waiting time.  These three parameters are to be speci-
-

-

on transfer time, rather than transfer waiting time. The 
time spent by passengers on transferring from a transit 

components: walking time and transfer waiting time. 
While transfer waiting time depends on temporal co-

is the consequence of physical integration in public 

physical characteristics of public transport networks, 
such as the distance between stops or platforms, walk-
ing speed for different groups of passengers, the ease 

to exclude walking time from synchronisation quality 
indices in order to make them more useful for time-

these issues, a new synchronisation quality index is 

-
dination in transit systems.

i and j intersecting 
at transfer point c
the passengers transferring from i to j at c

c a c d
and the walking time from i to j wij

Based on this equation, there are two extreme cases 
that the transferring passengers may encounter: no-
wait scenario and just-miss scenario.
The no-wait scenario, which is the ideal situation for 
a passenger transferring from i to j, occurs when the 

to its departure time. Under this situation, no waiting 

 =         
 =  +      
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-

on. This is the worst case that a transferring passen-

from line j
imposed on the transferring passengers in this case is 
equal to the headways of line j

-

-

Z

Where, N is the number of directional lines in a net-
work, M is the number of transfer points and  is the 
number of feasible transfers from i to j at c
intended scheduling period.

world transit systems is something between the no-wait 
Z in any 

Zmin and Zmax

Based on this concept, a new synchronisation quality 
index, which is called Synchronisation Quality Score 
(SQS), is proposed in this study as a global index for 

-

                                                                                            

Where, Z is the total transfer waiting time in the in-
tended transit network. Thus:

and the transfer time is only dependent on the walking 

i and j -
pressed mathematically by the following expression:

Figure 1. Intersection of two directional transit lines at a 
transfer point

The no-wait scenario, which is the ideal situation for 
a passenger transferring from i to j, occurs when the 

to its departure time. Under this situation, no waiting 

the transfer time is only dependent on the walking time 
i and 

j
mathematically by the following expression:

This equation shows that this situation occurs when the 
walking time from i to j is exactly the same as the inter-

scenario happens to all transfers at all transfer points in 

of timetable coordination. Under this situation, the total 
Z

passenger transferring from i to j at c may encounter, 
j departs c -

this situation can be expresses as:

  =  +            

= 0    

 =  +   +      

 =  =1=1=1  

= 1 × 100     
 lim       = 0    ;    lim        0 = 100     
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s, SQS

systems. This index is totally dependent on the waiting 
times incurred by transferring passengers and walking 

section presents a numerical example in order to show 
how SQS can be used for measuring temporal coordina-
tion in public transport systems.

5. A Numerical Example
-
-

h

C. The running tim

are considered unidirectional.

-

Timetable 2 was created, as shown in Table 1. Using 

to the other lines is intended in this example.

is calculated as below:

Table 1. Transfer waiting times under Timetables 1 and 2

Line 1 2 3 4 SQS

Timetable 1
Dispatch time 8:00 8:00 8:00 8:00

78
 (min) - 4 3 4

Timetable 2
Dispatch time 8:02 7:59 8:00 7:59

94
 (min) - 1 1 1

 = 15 + 20 + 15 = 50   
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Z -
-

SQS
-

reduction in the transfer waiting times.

6. Conclusion
-

sessing temporal integration in public transport systems. 
-

Then, the synchronisation quality indices proposed in 
-

ciated with these indices were discussed.  Afterwards, 
SQS -

quality of temporal coordination in public transport 
systems. The application of the proposed method to a 
transit network, as a numerical example, showed the 
applicability of SQS for this purpose. 

-
SQS

dependent on transfer waiting time rather than trans-

-

-
ues of SQS compared to a network with fewer but well-
coordinated transfers. On top of these, SQS

actual waiting time incurred by transferring passengers, 
and does not depend on the parameters that need to be 
set by schedulers.

used by public transport planners and schedulers to as-
-

application of this method to functional transit systems 
for the purpose of testing its applicability under real-
world situations. The SQS index could also be utilised 

-
-

amming model 
for maximising SQS

transit lines timetable.    
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