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Abstract

As a new solution to estimate OD-M of transport tmdesign tailored bus routes, the project B_osnfoercial
name of the project FitYourBus, funded by the EeapCommision H2020 programme frontierCities) ps@so
a new way of collecting and treating mobility pattedata in order to reduce about 36% the cost ¢ da
acquisition and 41% the cost of exploiting datigwihg the deployment of user-driven transport g@&s. The
proposed methodology includes the following stadgsPlatform. Deployment of a back-end service #ad
administration interfaces. The data collection igetis based on a client-server architecture ustigEJand
Docker technologies; 2) Data collection. Users mevheir basic commuting data —origin, destingtisork
hours, etc— using our cross-platform smartphone ajch communicates with the back-end serviceDa&)a
treatment. The collected data stored in a datalsasenverted into a proper OD-M through an alganitthat
combines Dijkstra's and A*algorithms, running aslapReduce job on a Big Data Apache Hadoop engine.
Single citizen objective optimization algorithm lidnces the development of the multi-objective rogation
branches in the problem (maximizing the overalltisavings for the participants at the same timmasmizes
the number of passengers per bus).

To test the methodology and validate the correglémentation of the algorithm, a pilot project halsen place
in coordination with EMT, the main bus public compan the city of Madrid (Spain). The trial consigtin

deploying employees’ bus routes to reach to argbtirom one of their operation centres (involvirgpat 1,300
workers, including drivers, mechanical techniciaars] other workers). Mobility patterns data of 30.8f them
were obtained. After running the algorithm, theutesvas a set of vectors (one from each user), whias

exported to a GIS platform to plot the first “draforridors” surrounding the routes that go throdigd most
repeated nodes. These corridors were particulafethe conditions of circulation of the buses autording
to the schedules of the daytime and night-timehefriest of employees’ routes of EMT and the curpeitlic

transport services in the metropolitan area. Ressliow that operation times of the two current eyms’

routes have been reduced between 1.2% (but imggepatial coverage and frequencies) and 44.1% \klaie
been increased the fleet utilization ratio becdheeservice passes to be used by workers who pgyidid not
use it (with a majority change from the car to lis).

Keywords: Origin Destination Matrix; Smartphone appransportation demand; Transportation planning;
Multi-objective optimization.
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1. Introduction

B_us is an innovative system to generate or adagssroutes tailored to the user’s needs: Troughppy users
are surveyed to obtain their commuting needs (origgstination, number and times of travel, etbese data is
then processed through our algorithm in order tmiabcost-effective buses routes that can be imefged in

the ground by the client. This new methodology iemhaving the essential data for a fraction ofdbst and

overcomes most of the major problems of current &&irResponsive Transport (DRT) systems.

Furthermore, engagement and reputation improveganbe reached: Thus, by using the B_us app arigsana
it is possible to generate a virtuous cycle, whbeetransport authorities and operators developséipe image
on fulfilling their responsibilities towards the palation and at the same time empowers the usesewase of
information.

The main objective of this paper is to bring tchtig¢ new solution to the School Bus Routing Prob{&BRP)
applied to the deployment of special regular buvises. The proposed methodology implies the use of
smartphone app and Mixed Algorithm, combining Dijas with A*, parallelized thanks to Hadoop teclogy.

This paper starts with a brief historical reviewtbé development of DRT systems. This summary esatd
identify the main problems of the old systems whith proposal overcomes. Then, the B_us methodakmgy
described in detail. To test the capability of thiethodology, a case study is presented. It shtvas the
services derived from the obtained results aresbéiian those of the current transport servicasally, these
results are discussed and the main conclusionsofdsearch are presented.

2. Bus Routing Problem: a brief overview

B_us aims to reduce the cost of mobility data ctiben and analysis with the development of a sniene/web
app able to gather information from users and, whtis, minimize their trip disutility and maximizthe
efficiency of the vehicles deployment. It is beatise inputs provided through this app are latecgssed to
create an OD-M used to calculate the bus routehibstt fits the needs for the whole of users, butimiaing the
bus occupation. This approach to public transpioriatould be conceived as integrated into the DRT.

2.1. The School Bus Routing Problem and the fishd of DRT systems

DRT is not any new, it comes from the SBRP thatosimonly considered first formulated in 1969 by Kaw
and Thomas (Park and King, 2009). Starting in g different authors saw the potential of thisbpea when
applied to public transportation, especially inghareas where traditional systems were unableavde a
complete service (Ellis and McCollom, 2009): rusakas, sprawl areas, isolated areas of a cityjcesrin
evenings or weekends; or by integrating new usarsh(as accessibility to disables or co-worker catens).

There was then a first round of implementationg, ttae to the lack of technology, used call cenasghe
necessary link between users and transportatioresaddievertheless, these projects failed becausenaer of

reasons mostly related with the lack of coordimatémd cooperation between DRT and traditional trarts
systems and bad marketing, poor identification e@fmend, financial issues and technology limitati¢heal,

1994). Since large scale, complex network DRT sgsteequired high tech equipment to operate efftien
three sustainable market niches where commerciatgrs can target for DRT services were specifigtbch

et al., 2006):

1. Low tech, small scale simple systems in areas whes¥s are willing to use any form of public
transport but are only able to pay low fares. Eaool bus in rural areas shared with other retiden
who need it to commute to work since there is motler form of public transportation available.

2. Small scale simple to operate systems for users agpreciate luxury and are prepared to pay a
premium for a service that is as far away from a @ua minicab as possible. E.g. airport shuttles.

3. Maodifying the current systems providing savinggiofe or increasing the number of user by offering a
service that allows tackling an area, need or tis&r has not been previously considered, to be cost
effective.
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Traditional DRT services have often been criticisedause of their relatively high cost of operatiteir lack
of flexibility in route planning and their inab#ito manage high demand.

2.2. Innovations and advanced techniques in systiémsecond round of DRT systems

The potential for overcoming these limitations waslised through the introduction of new technaagi
(Mageean and Nelson, 2003). Thus, due to the @walinn programming able to solve the SBRP and cardbo
geo-positioning systems, the costly technology ibarmight had been overpassed, making feasible more
complex and ambitious systems, able to move away ftall centres, allowing DRT cease to be a snualles
system and back to its initial conception as a s&hable to provide service to areas and groupople that
had been left out by tradition modes of transpumbat

The programing methods of the first years of thet Z&ntury enabled to formulate a multi-objectippraach
that has been used to study different transportatitated issue: trade-offs between operator faebemption
cost and passengers travel time in railways (Ghicsteal., 2004); headway optimization (Chianjidak, 2008);
trade-offs between users and operator interesfsublic transport systems (Mauttone and Urquhar920
minimization of passengers and operator cost (Raal.e 2009); effect of real-time optimization ofilgic

transport systems in the users waiting time (Coetésl., 2010); public door-to-door service trarrsgigon

systems (e.g.: dial-a-ride with time-window) optaation (Chevrier et al., 2010); bi-modal (privathicle and
bus) urban road network optimization, (Miandoalettal., 2011); etc.

In order to solve the multi-objective approach rhetaistic algorithms are being widely used. The tnpopular

are Genetic Algorithms as, unlikely traditional mads (Cevallos and Zhao, 2006). However, as theetBen
Algorithms are computationally intensive optimipatitechniques, its application to large and compieblems

is limited and further optimizations are needed rgdepl and Mathew, 2004). Some of these improvements
include: 1) Ant Colony Optimization which helps fiad the best path through graphs. This methodbeen
used, for example, by Kuan et al. (2006) to sohesfeeder bus network design able to connect reQukastops
with the rail network; or by Euchi and Mraihi (201tb solve the SBRP in urban areas applied to tn@sian
case. 2) Tabu Searh that allows doing local neigtiimod searches of a potential solution. Two reieze
applying this algorithm are, for example: Fan andchemehim (2008), when authors optimize the public
transport network with variable demand; and Bruniak (2014), to design robust routes for DRT syste

3) Parallelization (division of the problem into alher ones that can be computed simultaneouslgj,itas been
uses by Yu et al., 2011, in bus route headway dpdition.

As a consequence, as stated Davison et al. (20l#)e UK, since the early 2000s the number of Bfg3tems

is been increasing steadily. It is mainly becatgetéchnological improvement and spread of inteeqeipped
smartphones, which allow more quickly deploymemtst it is also due to the social trend of rapidesng
population and higher levels of unemployment, whitlakes the development for non-private transport
increasingly important in order to avoid social lesgn; and to cuts in public transport subsidy drtd This
trend seems to be comparable to what might be mépgeén the rest of Europe and North America, whare
second attempt to apply DRT systems has been gmaldxamples of these new systems can be seen in
Helsinki, Washington DC and New York.

In this second round of DRT systems, technologysdu# seem to be the restrictive factor; this tareund, the
coordination and goals alignment (or lack of théra)ween involved agents and a cultural barrier thakes
many users to approach the system with skepticimw shat, in order for these systems to succeetiaage of
mind-set is needed. This is evident in Davisonle{Zz912) who argue that a deep cultural shiftequired to
improve the public perception of DRT as a viabBngport option. In this sense, DRT systems musg¢rcthe
passenger needs (Jokinen et al., 2011). Howeveralée found some barriers that might lead current
implementation example to failure, highlighting tttade-off between the need of a critical mass &kernthe
system viable and the low usability when the sysb@eomes too complex for some users. This proldeafso
described by Ronald et al (2013): many-to-one euirservices usually suffer from underutilizationt blso that
demand consisting of shorter trips leads to lowsanimg times and vehicle kilometre per vehicle, ahhifrom
the user’s point of view means that increased dénteshto higher excess travel for each individimkgddition
the waiting time is affected by the amount of dethahe size of the service area, and the averagjeedetrip
length.
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2.3. B_us as a starting point for a third roundRT systems

A further improvement that might contribute towartle® successful implementation of DRT systems & th
introduction of the discretionary concept into tegquation. The need of a critical mass to guarantee
sustainability, defended by Jokinen et al. and Rbeé& al., goes against the usability of the systdmece, as
more users demand the system, the individualtsireduced. As said in Ronald et al (2013), & tbtal mass

is divided into homogeneous groups with common seéid demand can be increased maintaining thty diaf
individual users, helping to transform the attitunfepeople towards this system, motivating thenuse it
instead of the private car. Also, this contributeseduce the issue of rivalry with traditional foof public
transportation, since the system is conceived asmplement to public transport in areas that thieithal
system is unable to cover: connection betweenasteplublic stop and the workplace. Other improvdréthe
B_us system is to place the user at the core aghtimvation process, engaging them into the desfdhe routes
they are going to use. According to De Moor eR8l1Q), a way to reach success in innovative prejisdo able
users to integrate their knowledge into them. Iis ttase, we encourage them through a communication
campaign (easier with homogeneous groups with camnezds) inviting them to participate by providing
with their commuting data (they must provide th@igin, destination and shift, in the B_us app)eThore data

we obtain the more usable and accurate the roatebe&. At the moment it has not been possible atuate the
deployment of the routes but the idea is go beyoncely asking users for feedback after the pilophgse and
correct the routes with these opinions.

3. Methodology
The B_us methodology can be summarized as follows:
STAGE 1: Base platform setup

This stage involved the configuration and deploymeha back-end service, including its administrati
interfaces. The main function of this service isviding the APIs over the Internet so data sentclgnt
applications can be collected by the server. Thekdead technologies used for the implementatiorthas
service were: J2EE, Spring Boot, MongoDB and DocHRére service runs on a Docker container which is
deployed on a VPS on the cloud.

STAGE 2: Data collection

In this stage, the client mobile applications wenade available to users through the standard lligion
mechanisms (i.e. publishing the apps on Google, Plagle AppStore, etc). The apps store that praVidizta on

the back-end service mentioned above via JSON miegsaver HTTPS. The mobile applications used cross
platform technologies such as lonic Framework, Aagls, PhoneGap/Cordova. They also integrate push
notifications via APNs and GCM/Firebase.

STAGE 3: Algorithm development

B_us uses a Mixed Algorithm, combining Dijkstra’sttwA*, designed as a MapReduce job to be run on an
Apache Hadoop big data cluster. With it, singleizeit objective optimization algorithm influenceseth
development of the multi-objective optimization iches in the problem.

Dijkstra’s is an algorithm able to find the shottpath from one node to all others in a networkhds been
employed, for example, to process and give a remptmthe queries that a traffic information systexeives
from a railroad networks (Schulz et al. 1999) amdltain the shortest distance from every pick-aiptpn the
SBRP (Li and Fu, 2002). We used it to reduce tisetdity of individual users by minimizing accesstdnce
and travel time (calculating it as the Euclidiarstdhce between each pair of nodes divided by thenme
operating speed of a bus). It involves minimizihg metric (Equation 1):

nUlEoute ij = Zrll(a "t ii’ B+ nt iihY" nt i’,j) (Eq 1)

where:
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20U ute j represents the disutility of each route for adi tisers taking only travel time into account,

n is de number of users,

ntiyis the walking time to access from the origin te trst bus stop and from the last bus stop to the
destination,

nty i is the in-vehicle time from the first to the l&sts stop,

nt ;IS the waiting time since user arrives to the tiop sintil bus comes,

ntii, nty; and ty ;o are weighted by, f andy to take into account time perceptions:

(12 .ty <10 ) (1L ptpg <5 ) 1; oty <20
1310 < 4ty <15 ) 125< gty <10 11,20 < 4ty < 40
“T V115 < ot i <20 k= 1.3;10 < ptyp <15 Y=Y1.2:40 < ntir; < 60
l o20< nti ) l w15< nti i L ;60 < ,ty; J

When search has too many possibilities, and bémgfffom the advantages of parallelization, thdofeing
condition is established to make the solution cogeat a higher speed without implying a pooreiituaf the
solution (since there are two later phases, omestximize occupation and one of human expert argtysi

0xi]-

t
_n-<a€> +3-[@0x)" = 0% < 0 [la-1Tboueers| (Ea2)
being

Kk k

1 - — 2 Ot de(p) )
e(p) = 2 ) Z(” nUlEoute i,j” - ”n—lU;oute 11”) ) K = Z? (Xij are ptyj, nd ij» nlVO i,j)
i=1 ij i=1 ij

and whem, ¢ are the coefficients that vary to convBguation 4 in a square system of equations (that means it
is determinate and compatible) and to make truéndrgualitygiving p the value of 0.01.

On the other hand, A* is best-first searclalgorithm, meaning that it solves problems by daiagamong all
possible paths to the solution for the one thatiim¢he smallest operational costs. This algoritlo@s not come
from the field of transportation —its main and mostent contributions are on the area of path ptenfor
robot’s mobility, as can be seen in Yao et al. Q0dnd Ducha et al. (2014)—, but is very useful to refine the
draft paths defined with the Dijkstra’s algorithis can be deduced from the text above, when workiithy
discretionary transport, increasing in-vehicle gtion does not have a dramatic effect on increasie
marginal disutility of each user. From the discretenber of the best options obtained through thksba's
results, A* runs correcting them to include notyotiie paths with the shortest travel time but dlsmse with
less distance travelled and most in-vehicle ocdopatestablishing a maximum of 90 passengers/bars),
finding the optimal path among all options reducthg number of buses needed, which implies themabti
operational costs. The optimization condition is&tisfyEquation 3 for each pair of nodes:

R fulfilling [min( 4t ;) A max( pivo ;;)] A [min( ,d;;) A max( zivo ;)] (Eq3)
where:

R. represents the solutions to be assessed takingatgount travel time, distance travelled and inicle
occupation,
ntij is the travel time for each user,

nd; is the distance travelled by each user,
nivo ; is the in-vehicle occupation.

STAGE 4: Data processing
The collected user data stored in the back-endbdatais converted into a proper OD-M in severgsstEirstly

the data was converted into the proper format¢hatbe consumed by the route optimization algorittmthis
process context information was added, such asutrent bus stop geo-position, codes (for latentifieation)
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and the trip time between bus stops. This input gakparation was made though custom NodeJS scripts
running on the data processing back-end. Thenalarithm ran. During the process, the routing athm
aimed at maximizing the overall time savings fa ttsers, using as inputs a node graph (composttehysers
origin and destinations plus the bus stop nodesgral adjustable factors such as waiting timewalfing time
to the closest bus stop and fulfilling the conditaf Equation 3. The algorithm took the data stare@SV files
in Hadoop Distributed File System (HDFS) and pralthe route calculations also in CSV files in Cosim
HDFS. The output data generated by the algoritmtdktual format) was exported to geographical ysisl
software to display them on a map, allowing humeadable routes that represented the envelope cafthe
routes that takes the set of users. Once all raresepresented, a heat map simulating the ervelofves of
the routes that takes the set of users was pertbriéh the heat map curves and representing iragsgale the
number of times each node is crossed, it is passibtiraw the preliminary possible routes. To thesges are
applied three operational corrections: 1) the epelcurve is forced to go through the most repeatets and
those in which a greater number of users stattrifts 2) the route is corrected according to theections of
movement of the streets; 3) the route is correatmrding to the traffic conditions and to theatiaries of night
buses in Madrid. This point requires the agreemsttit the responsible for the operation in the comypa

4. Case of study: how to deploy commuter bus routder the Madrid’'s bus company employees

Usually software testing is considered as one pba#ige software developments life cycle. In théase, B_us,
as innovative software based project, is not argken. In addition to the small tests performedafy each
step, the complete methodology was tested witlalcase.

4.1. Framework

To test the methodology and validate the correpiémentation of the algorithm, a pilot project alsen place
in coordination with Empresa Municipal de Transpsrtle Madrid (EMT), the main bus public companthia
city of Madrid (Spain). Transport of workers takieéo account an homogeneous group of users and the
company's internal communications allows to reaskgaificant number of workers and this to invothem in
the design of the new routes (as the workers ame lvamefit from the improvements of these routespeéans
more obtained data). EMT has four Operation Centrédadrid, but among them, the test was focusdy on
the Entrevias Operation Centre (EOC). The mainore&s select this centre is related to its locatimext to the
railway lines in the periphery of the city, in area without urban continuity that causes a lack eblid offer of
public transport. It is a problem for the more tHaB00 workers who start or finish their workdaytle EOC,
especially for bus drivers who have to start andfi the regular buses services early in the mgraid later in
the night and can’t afford their commuting by palilansport.

EMT operates an only for workers bus line devotedptovide an access to their works to the EOC.
Nevertheless, the schedule and route of this laent changed in the last decades, and the Uni@med to
adapt these routes to the current demand. UsinB the app, we surveyed the personnel of the EOCe M@n
30,8% of the workers that commute to or from EO@igipated in the test, providing the essentiabdaittheir
daily commuting needs. We treated this data as baem shown in Section 3 in order to provide EMThwi
alternative routes to improve their current sergitethis centre.

4.2. Results and discussion

After running the algorithm, the result was a sevextors (one from each user), which was expotted GIS
platform to plot the first “draft corridors” surrading the routes that go through the most repeatelés. These
corridors were particularized for the conditionscotulation of the buses and according to the dales of the
daytime and night-time of the rest of employeesites of EMT (those that the new routes are notgydin
replace) and the regular public transport servieghe metropolitan area. The obtained routes @aodmpared
to the current employees’ routes. Comparison batviee current services and the pilot project resisgtshown
in Table 1 and Figure 1. The current and future mential speed (measured as average speed, inclodffey
times and trip time) is considered the same foheacate and shift. The results of bus service petida (in
vehicle-Km) and capacity (in passengers per how)campared for each line. Regarding user by uber,
proposal operation times of the new employees’eamueduce between 1.2% (but improving spatial ameer
and frequencies) and 44.1% and the new routesaserthe fleet utilization ratio
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Table 1. Comparison between the current sesvand the pilot project results.

Route Buffer Trip Loop Average Number Number Interval
Route name Origin Destination length (min) time time speed of Schedule* of (min) Veh-Km Pax/h
(km) (min) (min) (Km/h)  vehicles services
West route
Current Oriai P-19 v2-3 Villaverde 30.0 — — 60 29.95 1 4:00 to 6:00 2 60 59.91 80
rigin
B us morning R1 Principe Pio FOC 34.7 3 77 80 27.00 2 1:3036 7 3 40 104.10 120
— P : : : (+74%)  (+50%)
Current Origin P-20 v4-29 Legazpi 10.7 — — 40 16.08 1 6:30 to 13:50 12 40 128.68 120
. EOC 280.80 160
afternoon 4 . :
B_us R1 San Cristébal 234 5 85 90 16.50 3 7:3(Bt80 12 30 (+118%) (+33%)
Current Destinati P-20 v4-29 Legazpi 10.7 — — 35 18.38 1 14:15 to 20:00 9 35 96.51 137
estination EOC 259,20 102
mornin inti . . .
B_us g R1 Plaza Eliptica 21.6 3 72 75 18.00 3 13:30t0 19:30 12 25 (+169%) (+44%)
Current L P-20 v30-31 Atocha 15.7 — — 30 31.47 1 23:30a1:30 2 60 31.47 80
Destination
Bus  night R1 Foc Plaza Eliptica 19:30 to 1:30 30 9600 = 160
— P : : (+205%) (+100%)
East route
Current - P-21v1-3 Vallecas 45 57.02 107
Origin
Bus morning R2 Las Suertes  C 22.8 5 55 60 25.00 2 13@BB7: 5 30 11400 160
- ) ) ' ) (+100%) (+50%)
Current  Origin There is no service for this route and schedule
B_us afternoon R2 San Cristébal EOC 23.4 5 85 90 16.50 3 ©33:30 4 30 93.60 160
Current pestination There is no service for this route and schedule
B_us morning R2 EOC Plaza Eliptica 21.6 3 72 75 18.00 3 13:30t0 19:30 3 25 64.80 192
Current Destinai P-21v13-14 Vallecas 16.8 — — 50 20.19 1 00:00 a 1:40 2 50 33.65 96
estination
Bus  night R2 Foc Valdecarros  23.9 3 57 60 25.00 2 19:30301 3 3 (tro 160
- ' ) ) (+113%) (+67%)

— Unavailable data
* Comparison between EMT and B_us routes is domgduring coincident time slots
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Fig. 1. Bus routes schemes comparing current swidth the B_us proposal. Red and orange rougetharcurrent ones. Blue and purples
routes are the proposal. Small grey circles aggroor destinations of the users. Big green cirofggesent the public transport hubs and the

big blue circle represents EOC.

As shown in Table 1, the schedule of the currentices only serves the beginning and the end ofdtiheers
shifts. However, there are shifts of other staffriimg at EOC (cleaning, mechanics, administratiyehat
require a bus service all day long. For this reafiom pilot project routes include a substantigbiovement in

the frequency and schedule of service.

Current services are divided into two lines to aosespectively west and east districts of the Cltge B_us
routes proposal maintains east and west linesjtinetraries are adapted according to the needfefusers
(mainly their origin, destination and shift). Asnche seen in Figure 1, the current lines run thioting city
centre. Despite this zone dispose of a huge offepublic transport, has lost their residential fio.
Furthermore, the last urban development alongdiiéhsand east areas (where live many EOC workack) of
public transport services. It means that EOC warkaust go to the city centre to use the currerd. lib
increases the length of the workers commuting tcCEADd reduces its utility. The proposal overcontés t
problem; increasing the space coverage in thosgespa@ere the users live and improving the followisgyes:

- West route at “destination morning”: current P-ir®elruns by the centre without workers. A higher

demand can be reached connecting to the publisgoah hubs of Principe Pio, Plaza Eliptica and
Méndez Alvaro. The new route incorporates thesatpailong fast roads, reducing the interval from 60
to 40 minutes.

West route at “Destination morning” and “origin exftoon”: replacing P-20 shuttle, the new service
covers the destinations of the south, improvingierval.

West route at “Destination night”: the new route&s more area with higher demand and runs through
some public transport hubs, doubling the curresqudency from 60 to 30 minutes.

East route at all shifts: the current P-21 lineezavthe districts of Vallecas. This line does maich the
Ensanche de Vallecas, a new urban development slomitp-east of the city. Proposed lines cover all
this new area where live an important amount o8 workers.

East route at “destination morning” and “origineaiftoon”: the proposal includes new services fos¢he
shifts that have not been deployed before.
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- East route at “origin morning” and “destination Imig the interval of the east route is also imprbve
from 50-45 to 30 minutes.

For the set of lines considered (2 routes, 4 shifts route) the following changes and improvemearts
observed: 1) Territorial coverage of the lines g by B_us is closer to the locations answerdlgeirsurveys,
whether residences or stations of public trans@)rin order to achieve intervals of 25-40 minutest fit most
of shifts, it is necessary to increase the allocatif 1 to 2-3 cars per line, increasing the cagaicordingly. 3)
The lines proposed by B_us avoid areas with fregtraffic jams (historic centre) reflecting a demayghic
change where the working population has moved bourban areas. 4) In addition to the compared littese
are a few long haul services with 1 or 2 expedgiper day. These services, due to their length kb5er
loop), are not very effective in terms of cost passenger. The connection of the B_us lines withs haf
nocturnal public transport is an alternative thatezs more zones and schedules than those services.

5. Conclusions and limitations

B_us is an innovative project aimed at overcomhegrnain problems faced by current DRT systemsnpies
provinding a demand responsive collective transpentice in which the growth of the number of usiss not
suppose a worse service for each single user. ldaachieve this objective? It is easy: selectingises for a
homogeneous group of users with common needs (athenpresented case of study, with only one
origin/destination) and trying to involve them hetservice they want to use.

Through the use of an EMT oriented version of the€Bmethodology, we achieved a reduction of 36%thef
data acquisition costs and 41%f¥ the exploiting data costs (compared to a desigh exclusively human
analysis) while increasing the engagement of usts feel they are part of the project and are ntikegdy to
use the new service. Due to the starting conditifimsthe pilot project, it was demanded to incredise
frequency and the capacity of transport serviceth whe new routes. Results show an increase oflyear
production of 166% (measured as vehicles-Km) irnmdoutes and shifts unattended before. But tisis is
justified by a capacity increase of a 110% in teafhpassengers per hour, and a reduction by halfarnterval

of the most routes. Furthermore, a better matchittly the staff schedules has been reached.

However, the methodology needs some improvemente siuman analysis are still necessary to deterihane
bus is circulating in the direction of street ti@affto analyse the turning radiuses and other patens that are
necessary to verify to evaluate the operationdliliig of the routes, etc. This means that costitidns may be
even higher in the future when automatization ekthroutines will be carried out. Another limitatioelated to
the previous one, is the impossibility of providiagervice in real time, since it is necessarygars to provide
their data in sufficient time to treat them befdhe service is deployed. However, the Spanish atguy
framework requires the previous authorization ef ¢circulation of the service, so it is a condittbat would be
inherent to the service even if the analysis wpeeded up. The only exception in which this auttatidn is not
necessary is when a discretionary service formisgbar regular itinerary (e.g.: last-mile transploefore or after
a long journey). In this sense, the limitation d@n overcome by collecting the user's origin-desitnadata
while is buying the ticket of the main trip.

Finally, future cases in which the B_us methodolegly be applicable are last-mile of long-distartcavels (in
the case of Spain, through Renfe railway operatdrthe main intercity bus operators), companiesroatimng,
discretionary transportation of public events (slade of the service can be a complement to theerbtickets,
sports games, etc.) or for private events (sucheaklings).
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