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Abstract 

The main goal of this article is to implement a new method to reduce transfer times, by increasing the 

real-time co-ordination between vehicles, minimising the impacts that these operations may have in other 

users’ journeys. This will be achieved by developing a new approach method of co-ordination 

implemented in an Agent-Based formulation. In the first place, a model is going to be built to portrait the 

bus operation at the present. This implicates a procedure to generate services and demand, both in real 

time. Afterwards, a co-ordination method is introduced in the previous simulation to study its potential at a 

city scale. A final analysis is formulated to evaluate the demand increase with a co-ordinate system on 

the users’ attractiveness. 
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1 Introduction 

In Europe there is now an almost universal acceptance 

that better public transport is a key element to improve 

the quality of life in urban areas (Siemens 2007). 

Transfer between transport services is necessary to 

have an efficient intermodal transport network. There are 

different modes that offer different features such as 

speed, capacity, investment, costs, comfort and the level 

of penetration in dense urban areas.  

Oftentimes, transfers are the bottlenecks of a trip from a 

specific origin to a specific destination. The main cause 

is the additional waiting and walking time. This is 

identified in the literature as a major problem. Yet, little 

research has been conducted to include this fact in the 

urban mobility system. The European Union White 

Paper (2011) and Green Paper (2007) identify this as a 

main concern for the near future. 

However, the typical large-city transport system has 

more barriers than just additional travel time. These 

include lack of information about the services available, 

weak signage at transfer interfaces, little concern about 

the way of information reaches customers, lack of safety 

and less than desirable conditions for waiting and 

walking (Terzis and Last 2000). 

Even a small collective transport network has a very 

large number of locations where it is possible to transfer 

between services. Every time bus lines overlap, 

encounter or feed a subway or a rail line, we may have a 

potential place for transfer operations. The importance of 
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each interchange can be measured by the volume of 

passengers that transfer at that network point (Yu et al. 

2011). 

The propensity to interchange is different from city to 

city. Statistics refer that in some cities, like Munich and 

London, around fifty per cent of passengers’ trips involve 

at least one transfer. In others, like Manchester and 

Newcastle, this percentage is less than ten per cent 

(Terzis and Last 2000). 

Furthermore, transfers should be measured as penalties, 

as suggested in Guo and Wilson (2004) and not as only 

the waiting and walking time caused by the transfer. 

Other negative aspects should be also taken into 

account as the initial waiting time, in-vehicle time, the 

walking time between transfers, the number of transfers, 

transfer waiting time and the fare type. Moreover, the 

relationship between number of transfers and time 

penalty also is not linear (Guo and Wilson 2007). 

Against this background, it is clear why the improvement 

of co-ordination in urban transport networks is needed. 

This article intends to develop a real-time model that will 

identify the most important transfer points of the network, 

check if a co-ordination between services is feasible and 

then apply and monitor it. This tool should reduce 

transfer times without penalising too much the people 

on-board, improving the quality of connections that 

involve many transfers. It also intends to improve the 

quality of connections where the frequency of service is 

low, leading to large waiting times. 

2 Methodology approach 

The article began with an acknowledgement of the gap 

in the literature concerning the transport co-ordination in 

real time evaluation on a medium sized city network. 

This gap will be fulfilled by applying a new method in the 

city of Lisbon as a bed test. Data from bus operation 

(vehicles location and ticketing records) was aggregated, 

matched and treated in order to build a transfer flow 

matrix. This enabled the generation of an origin-

destination matrix between real bus stops that served as 

inputs of the simulation model. 

The developed procedure starts by generating services 

and demand in real time, over which the co-ordination of 

services, both in space and time, was assessed. The 

evaluation process was based on an objective function 

that defines whether the system will gain, or not, with the 

co-ordination process, guaranteeing a minimum level of 

service. In case of a positive outcome the process was 

activated, accelerating and decelerating the affected 

services. The final chapter presents the conclusions of 

this work and which would be feasible future 

developments to deepen what has been tested here. 

3 Case study 

Lisbon is the capital city of Portugal and is the largest 

city of the country with approximately 545 thousand 

inhabitants (INE 2011) and an area of 84.8 km
2
. Since 

1981, population in Lisbon has decreased 32% driven by 

effects of sprawl. The city is located in the estuary of the 

Tagus River closed to the coast of the Atlantic Ocean. It 

is the centre of the Lisbon Metropolitan Area (LMA), 

which has approximately 2.8 million inhabitants, 

representing roughly 25 per cent of Portugal’s 

population, with an area of 2,962.6 km2 (3 per cent of 

country), formed by 18 municipalities.  

This city is a medium-sized European city that has a 

multi-modal transport network. Its network is composed 

essentially by a large bus and tram network and a 

subway network.  

The capacity for the subway is four times larger than the 

average use during the day and five times larger for bus 

and trams. These values are common in some European 

countries like Germany (average bus occupancy rate of 

23%, source: Eurostat). The bus operator has been 

losing passengers since 1987. 
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4 Bus demand profile and transfer flow 
generation 

This procedure consisted in finding a way to match the 

raw files of ticketing and bus location of the bus 

operator. This raw data was obtained through a protocol 

signed with the MIT-Portugal Program, aiming to feed 

with real time data the CityMotion project. The data was 

divided in two log files: the GPS location of buses and 

the ticketing information from December 2009, as well as 

January, April and May of 2010. 

The GPS location was already processed by David 

Alves for the development of his MSc thesis (Alves 

2011), research on which this article intends to build on. 

Data from ticketing had 12 million records that, after the 

cleaning process, turned into 11.9 million.(99.4% of the 

initial records). After an imputation method built over a 

rule-based algorithm, the total number of boarding 

moments at stops was estimated in around 4.3 million, 

which results in an average value of 2.8 passengers by 

boarding. 

Afterwards, the link between the two files was found to 

be incoherent, since the vehicle codes were not the 

same in both datasets. A complex match procedure has 

been developed based on the time of ticket validation, 

the bus line and the bus arrived at stop times verified. 

This process was only performed for weekdays, which 

was the focus of this study. This procedure matched 

about 72.5% of the records, leading to an imputation of 

the bus stop code for 3.12 million of the registered 

boarding moments.  

After the creation of a dataset with a spatial reference to 

a boarding stop for each passenger at each bus line 

developed in the previous procedure, an OD matrix of 

boarding flows by time period was estimated. This 

boarding matrix aimed at estimating the demand 

generation rates at each stop of a bus line towards each 

zone of the study area (118 zones). 

After the creation of a dataset with a spatial reference to 

a boarding stop for each passenger at each bus line 

developed in the previous procedure, an OD matrix of 

boarding flows by time period was estimated. This 

boarding matrix aimed at estimating the demand 

generation rates at each stop of a bus line towards each 

zone of the study area (118 zones). 

In order to estimate the alighting stop or area of each 

passenger to generate the OD matrix, an additional 

dataset was used to compute the aggregate bus OD 

matrix for the city of Lisbon by day period. This reference 

OD matrix was obtained from the Lisbon Mobility Plan 

survey |(Câmara Municipal de Lisboa, 2005). 

Furthermore, additional data about the perception of bus 

passenger over the waiting times and transfer penalty 

was collected from a recent survey undertaken under the 

SCUSSE project (Santos et al., 2011). 

The methodology used for this procedure that gathers 

data from three data sources is presented in Figure 4.1.

 

Figure 4.1 Matrix Building Procedure 
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The information about bus entrances along the day will 

be divided into the five periods of the day: morning peak 

(from 7am to 10 am), between peaks (from 10am to 16 

pm), afternoon peak (from 16pm to 20pm), post-working 

(from 20pm to 11pm) and night period (from 11pm to 

7am). 

The first step of this methodology has been to change 

the Edge IDs boarding data to the vertical border of a 

new OD matrix as represented in Error! Reference 

source not found.. Being  were the 

set of possible zones and   the set of 

the possible Edge IDs, each element of an array 

representing the boardings per zone of entrance ( ) 

could be written as: 

 (4.1) 

where  is a binary variable, checking if the 

correspondent zone of the Edge ID  was  and 

 is the total flow entered at the Edge ID  to all 

the exit zones. The goal at the end of this chapter is to 

estimate the flow between each Edge ID and each exit 

zone ( ). 

The available OD matrix from 2004 was then updated 

using the same probabilities from each cell multiplied by 

the boardings registered at the Carris database. The 

resulting matrix is given by: 

 (4.2) 

where  is conditional probability of exiting a specific 

zone , knowing that it entered in zone  and 

estimated as the quotient between the probability of the 

interception of the two events occur and the probability 

of occurrence of boarding the zone .  

The transition from the Zone-to-Zone to and Edge ID-to-

Zone matrix was formulated as a conditional probability 

result from the variation in travel time and the number of 

transfers from the base zone centroid to the destination 

zone and the path, given that the passenger is already 

riding the bus line. 

The mathematical formulation of this procedure is 

represented on equation (4.3, where  is the flow 

from each Edge ID  to each zone out   is the 

flow from zone in  to zone out ; and  is the 

probability of each Edge ID  be the chosen to embark 

to get to a certain zone of destination .  

 (4.3) 

To estimate the value of  of each Edge ID – Exit 

Zone pair, a disturbance was imposed conditioned by 

the time difference between the beginning of the trip in 

each Edge ID and also an additional penalty in presence 

of additional transfers. The resulting equation is: 

 (4.4) 

where  is the substitution rate of that probability with a 

certain time variation;  is the substitution rate of that 

probability with the variation with a number of transfers; 

 is the average of the distribution of accessibility times 

for each zone of entrance;  is the time verified for that 

Edge ID;  is the average of the distribution of 

number of transfers for each zone of entrance;  is the 

number of transfers verified for that Edge ID .  

The estimation of the travel time and number of 

transfers from each bus stop to the zones centroids was 

performed using GIS software (Geomedia Professional) 

over a public transport modelled network. Using a 

shortest path algorithm presented on the transportation 

module embedded on GIS software (Geomedia 

Transportation Manager), it was possible to create a 

macro which records the time and number of transfers 

of each OD pair (zone-to-zone). Here was also includes 

cases where a part of the path could be made by 
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subway and not only by bus. These cases are going to 

be treated later. 

The Edge ID to zone pairs time duration and number of 

transfers’ estimation had only a small difference. The 

intention in these pairs was to find the shortest path 

considering that a person was already inside the bus on 

that edge ID. And so, in order to do that, the origin of the 

paths was the value of the coordinated of the Edge ID 

plus a tiny distance in the path, turning impossible to get 

off the vehicle unless it gets the next stop of the service. 

With this information it was possible to calculate a time 

difference between each Edge ID within a zone and the 

path chosen by the algorithm to the zone centroid. 

Therefore, the same procedure has been done on the 

number of transfers. Hence, the terms  and 

 are already been found for each Edge ID – 

zone pair. 

In order to standardize the transfer penalty with the 

travel time estimates under a single unit, the substitution 

rates of the probability in terms of the time and the 

number of transfers was estimated.  

First, an initial acknowledge intends explain the data 

source. These rates are obtained based on a discrete 

choice model with a Multinomial Logit formulation 

calibrated with a survey of declared and revealed 

preferences. This model was developed in an extent of 

the SCUSSE project to evaluate the impact of new 

modal alternatives for the city of Lisbon, obtaining the 

utility function of each mode. 

With this model calibrated it was possible to run two 

iterations of the model only with the available modes 

with a minute time difference on bus mode. In this 

formulation, each mode has a specific utility function 

with a different configuration of the parameters (  ). The 

time difference between the utilities is, approximately, 

the substitution rate of the utility with time, . The 

equation of the substitution rate is: 

 
(4.5) 

where  is the utility function of the bus mode taking  

minutes,  is the utility function of bus mode taking  

minutes,  is the set of possible variables given by the 

inquiry,  are the calibrated parameters of the model 

for the bus mode,  are the values of the variables 

given by each inquiry and  are the same values 

except for the time which is  instead of . 

The probability function of bus mode is the ratio 

between the value of the utility function obtained and the 

total utility of all the existing modes. The probability 

difference between the two iterations is the first degree 

approximation of the substitution rate of the probability 

with time. 

 

(4.6) 

where  is the probability function of bus mode, 

taking  minutes,  is the probability function of bus 

mode, taking  minutes,  is the set of different modes 

and  are the calibrated parameters for each  mode. 

These calculations were made for each survey, resulting 

in different values of probability differences with a time 

unit variation. The value considered was the average 

value of substitution rate of probability and has the value 

of -1.90 % per minute which means for every extra 

minute on the travel time the probability of a people 

choose that mode decreases almost two percent. 

The substitution rate of the number of transfers could 

not follow the same procedure due to the fact that the 

number of transfers is a positive integer variable and so, 
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a trade-off between the number of transfers and the time 

was considered and this trade-off times the substitution 

rate of probability with time gives a good approximation 

of this substitution rate as explained by the equation: 

 (4.7) 

where  is the trade-off between time and the number 

of transfers for the bus mode. Based on the work 

developed by Martinez and Eiró in 2012, a discrete 

choice model was developed to measure key aggregate 

indicators for policy making. Their work was applied to 

Lisbon Metropolitan Area and, for light PT, the trade-off 

value obtained was 10.22 minutes per transfer. The final 

value of the trade-off between time and the number of 

transfers for the bus mode was -19.41 % per transfer. 

With the previous two sub-sections and the matrix zone 

to zone it is possible to calculate the probability of 

entering in a certain Edge ID and exiting a certain zone. 

But this new probability is not parameterised. So, a final 

parameterisation has to be made like it is explicit in the 

equation below. 

 (4.8) 

With this value, a matrix of probabilities of exiting at 

each zone, knowing that people entered a specific Edge 

ID is built. With the information about the number of 

passengers, by hour, that entered each Edge ID it is 

possible to have the matrix, per hour, of the people that 

enters at Edge ID and exits each one of the 118 zones. 

As it was previously considered for the model input five 

periods of day, a rate of people per minute per pair 

Edge ID-zone per period was obtained. 

5 Simulation model development 

A model to portrait the actual operation of Carris is built. 

This model intends to analyse the performance of the 

network and to serve as a base to apply the co-

ordination method. 

The model intends to simulate as well as possible the 

reality of the operation of the bus network of the city of 

Lisbon. Brain agent takes no action during this 

simulation. With the supply and the demand inputs from 

data prepared above it was possible to create a complex 

agent-based model that tries to portray what happened 

in Carris operation during a week. In model two main 

types of agents are required: the sections and the 

services.  

The first set of agents represents three infrastructure 

elements: the group of the origins stops, the road arcs 

crossed by at least one bus line and the group of stops 

at the end of the arc. Each section predicts travel times 

of buses traversing it.  

The services represent the buses and trams moving on 

the network and operate the established routes 

receiving the travel conditions, set by the sections.  

An additional agent is needed for the co-ordination 

method implementation – the Brain. This agent is not 

replicated like the others and intends to evaluate the 

potential of co-ordination of each pair of services which 

are operating every 15 minutes. It also calculates the 

trade-offs between the people which are impaired and 

the ones which had increased their trip quality. It also 

takes an action of co-ordination in the adequate 

situations and monitors each coordinate procedure. 

This model is composed by three main blocks: the 

supply side defining the spatial and operational features, 

the demand side setting the users’ demand profiles and 

the co-ordination agents that try to serve the demand as 

good as possible. Figure 5.1 presents a general scheme 

of the model. The model supply is set by Zones, Stops 

and Edges ID. Zones (40) were designed to aggregate 

historical speed records for each section and to estimate 

the travel speed for each section and they are the same 

used in the Lisbon Mobility Plan in 2004. Zones 281 
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(118) are used as a destination to flows of demand and 

is a parcelling in three (except for the airport zone which 

has not been split) developed for the SCUSSE project. 

Stops (2513) represent the physical infrastructure of 

each bus stop and Group (1739) is a simple 

agglomerative hierarchical clustering of the stops 

spaced by less than 30 meters. It is Group coordinates 

which are considered to estimate the sections speeds.  

 

Figure 5.1 General scheme of the model 

Edges ID (4802) are every set of two consecutives stops 

and the arc between them which is performed by each 

bus line with the same direction. They are linked to the 

services which are on the move and it is there (on the 

start stop) that demand is injected minute by minute with 

a certain arrival rate. Sections give information to each 

Service that traverses them about the travel conditions. 

These travel conditions are estimated by a prediction 

algorithm that analyse the historical data from that 

segment of road, from the neighbours segments within 

that zone and the actual travelling speed of the service. 

All of these calculations are made in the section agent. 

Common sections emerge with the need to consider the 

speed on some parts of the sections which are common 

with other sections. In this case, a procedure 

guarantees that in that part of the segment of the road 

services traversing it do not exceed others.  

The model demand is divided into two main elements: 

the probabilistic demand and the system evaluators of 

performance. 

The probabilistic part generates the real historic demand 

estimated in the previous chapter and includes the 

needed structure to allow this type of demand to flow in 

the model until it gets its destination. This demand is 

consider as the probability of the flow in each moment in 

each service. 

The evaluators work as probes which record all their 

movements and the waiting, walking and on-board times 

in order to get an overall idea of what is happening in 

the model in each moment.  

In order to inform the services about the path to perform 

by each array of demand, a path profile class is also 

loaded into the model. This path is unique for each pair 

and, to allow probabilistic demand and probes to get in 

into others Edge ID with the same origin and destination 

stop, the Equivalent Edge ID’s class is needed. 

The connection between the demand and supply is 

granted by two co-ordination agents: services and the 

brain. 

Services grant the operation and try to serve the 

demand requirements. Their operation is based on the 

real timetables established by the bus operator and the 

spatial network (the sections) gives the travelling 

conditions for each one of them. Each Edge ID transfers 
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the probabilistic demand and the probes which were 

generated there to each appropriate service. This type 

of co-ordination is what the system has already and only 

focuses an operational approach. 

The Brain is created in the model with two main 

purposes: to measure the potential of co-ordination 

between each pair of services in a certain period and to 

monitor the pairs that seems possible and attractive to 

co-ordinate. 

6 Model Evaluation 

Table 6.1 presents the distribution of the probes by 

number of transfer and split into waiting times, walking 

times and on-board times. 

The fact that 44.2% of people are not doing any 

transfers shows that Carris network serves directly 

many origin-destination pairs. Walking times are small 

(1.29 minutes) in the percentile 75. This is explained by 

their network features: proximity and capillarity. 

The number of transfers is a main element on board 

time variance in the probe distribution. Probes that make 

no transfers have time difference between percentile 25 

and 75 of 7.68 minutes and with one, two and three 

transfers the values are 13.71, 16.13 and 18.81 

minutes, respectively. Carris network is not very suitable 

for the people making transfers and these values shows 

that trend. 

Around 40% of the probes duration is waiting time which 

focuses the need of reduce this parcel. The value of 

waiting time is higher than the value of the on-board 

time which enforces the importance of this parcel. 

 

 

 

Table 6.1 Probes distributions (in minutes) 

 Percentile 
Waiting 

Time 
Walking 

Time 
On-board 

Time 
Trip 

Duration 
Number of 

Probes 

Total 

25 3.95 0.00 3.20 9.41 
112,789 
(100.0%) 

50 7.93 0.00 9.17 21.14 

75 12.81 1.29 18.26 36.10 

No 
Transfers 

25 1.93 0.00 0.18 4.17 
49,832 
(44.2%) 

50 4.32 0.00 2.86 8.48 

75 7.45 0.00 7.86 14.40 

1 
Transfer 

25 6.95 0.00 8.13 22.16 
53,702 
(47.6%) 

50 10.76 0.50 13.79 30.94 

75 15.10 7.17 21.84 43.63 

2 
Transfers 

25 12.04 0.00 14.93 36.14 
8,917 
(7.9%) 

50 16.84 0.86 22.43 45.77 

75 22.33 6.05 31.06 57.58 

3 
Transfers 

25 17.40 0.00 21.87 48.88 
337 

(0.3%) 
50 24.37 0.00 29.79 58.99 

75 30.86 2.12 40.68 67.92 
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7 Co-ordination method evaluation 

The introduction of the coordination method produced the following performance indicators presented in Error! 

Reference source not found.. The results suggest a reduction of 11% is the median result in the trip duration 

when compared with the base scenario. These have impacts on the induced demand estimation. With a α of 0.2 the 

algorithm considers the gains from the services acceleration and that is the reason why the gains from on-board 

times are higher. 

Most of the percentiles have gains on the waiting times and on the on-board times. This is explained by the effects of 

the co-ordination on the system. The effects would be always beneficial because the Brain only proceeds to a co-

ordination when the objective function is negative. 

The gains in waiting times, in absolute terms, are higher in the higher percentiles (total waiting time of percentile 75 

has a decrease of 0.64 minutes and percentile 25 ha only 0.36 minutes). 

Percentile 75 of the people performing three transfers has gains of around 1.55 minutes and this value is not evenly 

distributed for each one of the transfers which means the perception impact for the users could be high in the 

coordinated transfer. Nevertheless, these gains are reflected as a penalty on the on-board time. So, for persons that 

make three transfers the gains are not obvious. These cases are a small percentage of Carris clients and for the size 

of Lisbon, three transfers are punctual cases. 

Table 7.1 Probes distributions (in minutes) 

 Percentile Waiting Time 
Walking 

Time 

On-board 

Time 
Trip Duration Number of 

Probes 

Total 

25 3.61 (-9%) 0.00 2.74 (-14%) 8.43 (-10%) 

112,789 
(100.0%) 

50 7.41 (-7%) 0.00 8.31 (-9%) 18.77 (-11%) 

75 12.18 (-5%) 0.47 (-64%) 16.61 (-9%) 32.59 (-10%) 

No 

Transfers 

25 1.88 (-2%) - 0.18 (-2%) 4.12 (-1%) 

49,832 
(44.2%) 

50 4.22 (-2%) - 2.86 (0%) 8.39 (-1%) 

75 7.36 (-1%) - 7.74 (-1%) 14.29 (-1%) 

1 

Transfer 

25 6.78 (-2%) 0.00 7.87 (-3%) 21.10 (-5%) 

53,702 
(47.6%) 

50 10.54 (-2%) 0.25 (-51%) 13.15 (-5%) 29.31 (-5%) 

75 14.94 (-1%) 6.32 (-12%) 20.34 (-7%) 40.76 (-7%) 

2 

Transfers 

25 11.75 (-2%) 0.00 14.39 (-4%) 34.55 (-4%) 

8,917 
(7.9%) 

50 16.37 (-3%) 0.66 (-24%) 21.69 (-3%) 44.91 (-2%) 

75 21.81 (-2%) 5.39 (-11%) 30.25 (-3%) 56.09 (-3%) 

3 

Transfers 

25 17.46 (0%) 0.00 23.60 (8%) 52.41 (7%) 

337 
(0.3%) 

50 23.68 (-3%) 0.38 (0%) 36.66 (23%) 61.05 (3%) 

75 29.42 (-5%) 1.80 (-15%) 45.90 (13%) 69.30 (2%) 

 



 Francisco Cruz/ A Bus Real Time Co-ordination Model: An application to the City of Lisbon  

 

8 Inducted demand estimation 

One of the research questions this article intends to answer is the impact of the implementation of a co-

ordination method in a medium sized city. With the probes distribution information is possible to estimate 

a percentage of gains for each parcel of the trip (waiting, walking and on-board times). 

The increase of attractiveness is obtained based on a discrete choice model with a Multinomial Logit 

formulation calibrated with a survey of declared and revealed preferences. This model was developed in 

an extent of the SCUSSE project to evaluate the impact of new modal alternatives for the city of Lisbon, 

obtaining the probability function of choosing each mode. 

After running the discrete choice model, an increase in the probability to choose this mode increased in of 

3.4%. This new value has an implication on the choice of the other users. 11,636 new passengers are 

estimated to change to bus mode with the introduction of a bus coordination module. 

9 Conclusions 

The results had demonstrated the main goal and answered the three research questions numbered on 

the first place. A method of co-ordination has been modelled upon a regular operation bus operation for 

the city of Lisbon and the final computational time is viable if this system was implemented in a real city 

(around 6 hours per day of operation with a computer with a i5-2300 CPU@2.8GHz and 6 GB of RAM). 

The results show that the distribution of the trip duration has decreased around 10% of the trip duration 

which transpose an increase of the attractiveness of the bus mode relatively to the others of 3.4% and an 

induced demand of 11,636 passengers (more 5.7% of the total). 

The evaluation of the performance of the regular bus operation day model shows a good adjustment 

compared to the data from the initial files of ticketing and bus location. 

It is possible and viable to implement a system which reduces the waiting times and promotes the 

“seamless journey”, encouraging the co-ordination between the services. Literature shows that if the 

network was prepared to increase the potential of acceleration of the services with measures like TSP 

and IBL, additional gains on time could be achieved. 

From the initial spatial possibilities, 34.14% is temporal compatible and from those just 1.29% has a 

negative objective function (meaning profitable to co-ordinate). This shows that the network, regarding its 

capillarity and the good results of the successful co-ordinations, is not prepared to have users with 

multiple transfers. The problem identified is at the tactical level of action: unsuitable design of the 

network. It is proposed for a future development the approach of this problem. 
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This research has been a very challenging work to develop and it should be faced as a primary work on 

developing an adequate method of co-ordination in a medium-sized city.  


