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Abstract

The article presents a comprehensive solution m@gan response to the last mile problem tacklefteight
transport. This specific part of the supply chaguires considerable funding, particularly in urbagas, as well
as organisational solutions specifically matchitg theeds of the given territory. One of the measure
undertaken under of the S-mile project was implaateon of an ICT solution enabling integration afde
transport companies (system clients, in this cas#) carriers along with reduction of negative eowmental
impact of freight transport. Basic modules of thiéeaded S-mileSys system are as follofsnile Market Tool
(supporting contacts between an urban carrier astbmers)S-mile Freighter ToglS-mile Fleet Management
Tool and S-mile Simulation Too(supporting fleet management by means of suchufestas e.g. vehicle
assignment optimisation algorithms, route planmtm),S-mile Transport Planner To@lused for route planning
optimisation) as well a$-mile Visualizer Too(Big Data base addressing local authorities, éngtthem to
generate a concise review of the overall impadteifht transport on the given area, of the emissiistribution
as well as of the freight transport distributioraigt the transport network for spatial plannirig)e article also
provides a description illustrating individual phaf interaction between clients/users and theesys
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1. Introduction

Many of the initiatives undertaken in the spherdrahsport and environment problems pertain tosfeanof
people. One should also note that freight transpequires integrated solutions as well. This problis
particularly evident under conditions of continuodsliveries of goods. The process in question regui
optimisation in numerous stages. What seems crii@ah the carrier's perspective is minimising trpog
related costs and performing transport servicegjuaskly as possible. Hence the importance of apsitgp
distribution of goods between vehicles, combinimgights into supply chains, but also seeking optimu
transport routes. On the other hand, the issuesidmmed significant for the city include the lanseu(and
optimum traffic flow of the transport network), mimsation of the transport infrastructure mainteseicosts
and emission level monitoring in individual areas.

The article presents an innovative integrated aggivdo the implementation of urban freight transpsing ICT
(information and communication technologies). Theni&Sys system has been developed as a part of an
international project implemented under the ERA-NEBnsport 1ll Programme entitled “Smart platform t
integrate different freight transport means, manage foster first and last mile in supply chainsM&E),”
financed by the National Centre for Research andeld@ment. The project is implemented by the follayv
entities: Saitec, Factor CO2 and DeustoTech (Bag&quetry), the Silesian University of Technologyl@hd)
and PlusOneMinusOne (Turkey). International coltation makes it possible to develop case studidseading
different areas of diverse specificity.

2. Current problems with urban freight transport and t he S-mile project

What is characteristic of the current state of erattis the lack of comprehensive solutions. Goadsnaw
typically transported in long distances by planssa vessels and large heavy road vehicles. Numerous
organisational solutions have already been impléeakim this fundamental sphere of transport managémn
the level of the network of trans-European conmesti Another problem which needs to be address#ueis
demand for complete large freight shipments todvenéd (first mile), and primarily for the cargohie divided
into parts and dispatched in an environmentally &ndncially optimised manner between the place of
completion of the primary transfer and individuaistination points (last mile). Where the lattethis case, it
poses a considerable challenge, particularly irvihearbanised areas. Various EU documents highligbar
deficiencies in terms of the solutions and develepistrategies addressing urban freight transpectu@ding
Urban Mobility — Research Theme Analysis Re§ai16)). The foregoing fact stems from numerousofac
including the existence of many small and indepangeivately-owned transport companies whose safpe
operations is limited to the area of a specific noar agglomeration. And this is exactly what digtirshes
global supply chain related solutions from thoséicktted to the last mile problem. Another issubddackled is
the lack of a suitable information system that wiopllovide an interface between large transport @ongs and
local carriers White Paper(2011)), the consequence of which is the declidagy mile transport efficiency.
Large freight operators or production companiesrggotheir goods at logistics centres at the laigt stage are
also faced with other problems, including:

« significant restrictions or transport inaccessibifor large goods vehicles in city centres,

« low level of knowledge about the limitations tydicd the urban transport network, including lochktacles
due to congestion or poor quality of road pavement,

 increase of last mile transport costs due to thk ¢d comprehensive information about the marketetdted
services.

The incompatibility of data exchange standards €dacal carriers to use very different fleet mamaget
support systems. These solutions offer variousufeat including the opportunity to track the looatiof
vehicles, making it easier to plan transport rouldgere are also solutions used by carriers taropdi the last
mile supply chain. For instancély Route Online Route Plann@an determine an optimum sequence of
deliveries for a single vehicle. However, the notegration between carriers leads to the lack ofltedge on
the current distribution of transport streams otter road network. Nevertheless, most carriers gélf no
attention to natural environment, and the only dtonl they apply in freight transport managementhis time

or cost criterion, which becomes particularly ewidevhen analysing how most route planners are built
(including Borkowski (2017), Esztergar-Kiss and<zsir (2015) and Fdldes and Csiszar (2015)).

The third group of stakeholders involved in thecdigrse is that of local authorities. The negatim@r@nmental
impact of transport is among the most serious sg$aeing contemporary cities. It is in cities tlmate may



particularly witness the increase in emission ofnffal substances and noise. Local authorities uaéer
various initiatives to change the modal split @ngport to the benefit of eco-friendly solutionewever, their
actions are mainly focused on passenger transpl@&nwhile, it is the transport of heavy cargo teatuld
mainly be held responsible for degradation of ttengport infrastructure. To control all processmsal
authorities need enough data about freight transpaeity (Kijewska et al. (2016)).

With the foregoing problems in mind, the opportigstrendered by the project entitled “Smart platfaio
integrate different freight transport means, manage foster first and last mile in supply chainsM&E)”
were used to propose an ICT system to be preparedrder to support and interface all three of the
aforementioned stakeholder groups, namely:

« large transport companies (as clients),

 local carriers (as primary users),

« local authorities (as priority users capable ofngsthe system to simulate individual solutions ainte
improve the efficiency of the given area’s transmystem).

Strong emphasis in the S-mile project has beeredlan eco-friendly solutions. The goal of reductadrthe
negative environmental impact may be achieved brioua means, including those suggested in WhiteePap
(2011), Clean Power for Transport (2013), Sustdeabgistics and Supply Chains (2015), Jacyna .eR8l13)
and Tundys (2017)):

« improvement of transport performance conditionsitffooptimisation of routes and supply chains,
 taking the environmental criterion into considesativhen planning individual transfers,

e promotion of environment-friendly carriers,

« infrastructural and organisational changes torifwesport system.

3. S-mileSys as a complex ICT system for the first/lasnile freight transport — methodology description

The main deliverable of the S-mile project is aays(S-mileSys) designed to support the firstitaibe logistics
and multimodal transport, fostering green transpogans and solutions. The system takes environinenta
protection criteria into account at the route plagrstage, making it possible to estimate the impdreight
transport on natural environment and human he@tdmsport quality is one of such criteria. With thdensive
range of functions, S-mileSys covers both the finstl the last mile. This article focuses on theefadispect.
Additional features of the system enable road nekvemality maps to be created and provide comprsilien
knowledge on the availability of individual trangpoompanies to the system clients. The operatingiple of
the system is based on registered access to a, ekdich is managed by web services. Each stakehohdest
first register to the system before they can us€hey are then verified on the system administrsie. There
are six basic system components (Staniek, Sigkpi(2016)), most of which consist of several meduthat
perform different functions:

* S-mile Market Tooprovides an interface between clients (large pariscompanies, manufacturers, logistics
centres etc.) and carriers rendering services stfrtale transport of goods. Having filled in an egriate
electronic form, the client can send a requestnFeolist of available companiellarket Toolselects those
which meet the request criteria and forwards thenfto subsequent system modules. In response to the
client, it finally sends proposals for performarmdehe given contract, as submitted by the carrealable
in the system.

* S-mile Freighter Tools the S-mileSys system’s main component dedicttedarriers, these being also
referred to as freighters. It can monitor the fleetd features an additional communication module.
Consequently, the tool is responsible for maintajniip-to-date information about availability of tberrier's
fleet and location of individual vehicles. It als@mnages the schedule of planned transfers.

* S-mile Fleet Management Tasla solution that supports the carrier’s decisimaking process by means of
algorithms for optimum cargo distribution (distrtton between available vehicles as well as optimum
arrangement of goods in a vehicle depending osé¢lg@ence of deliveries) and calculation of transpasts
(regarding all transport-related costs, including €uel costs, operating costs, personnel cost$. et

* S-mile Transport Planner Toglrovides support for optimum routing of delivedyains. The optimisation is
based on a number of criteria by taking into actotime, distance and costs as well as two other
environmental criteria related to the impact exéda natural environment and human health. At tharpng
stage, this system tool also regards the currest & congestion (using internal information sas@s well
as enabling some external sources to be additionéilised) and the road network quality. The giyabf



roads is monitored by an independent system moduketly based on the transfers performed by the
vehicles managed by carriers.

« S-mile Simulation Todk intended for local authorities. It is a multjemt simulator based d@rmile Market
Tool's current database of carriers. The tool makes isiptes to assess the impact of various changes
introduced in the area subject to analysis in teofthe incentives and restrictions for the perfance of
freight transport, consequently enabling assessnoénthe impact exerted by such changes on the
environment and people.

« S-mile Visualizer Toobffers its full capabilities to local authoritielsut it also supports carriers in a more
limited scope (only with reference to certain dafd)e tool enables visualisation of the informatéaguired
while the system is being operated. The foregoiadamns to both the road quality and the distritnutof
completed transport services over the road netwbhis system component makes it possible to perfarm
full analysis of the area in question with regasdcompleted cargo transport services. Based on daiz)
local authorities can, for example, make a decigianintroducing specific restrictions for heavy i
traffic in individual parts of the city or estaliligones of electric car only access.

Further on in this chapter, a detail descriptiois baen provided to characterise selected featuréiseoS-
mileSys system as well as individual stages optloeesses implemented in the system and interactietween
the system and the three groups of stakeholders.

3.1. S-mileSys and clients’ requests
Enabling interaction between the client (large s@ort companies) and the system may be brought down

actions performed by means bfarket Tool However, submission of a request initiates arremirocess
comprising specific actions handled in the systi¥m basic ones being as follows (Fig. 1):
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Fig. 1. Visualisation of the interactions betweke tlient and the S-mileSys system connected witimétting a query concerning available
goods transport options (only selected elemen&mileSys related to that processes were shown)

« each client fills in a special request form usMarket Tool(defining cargo volumes and types, criteria, time
limits, list of addressees for destination poirits)g1);

« Market Toolfilters the data extracted from the database aflabie carriers according to the parameters
submitted by clients and sends requests to seleatei@rs (2);

« after logging on the S-mileSys system, each caingrates an analysis of the requests receivedgusi
Freighter Tool The requests are added to information aboutuheat status of the carrier’s vehicle fleet and
orders (3);

« further two tools are enabled, namelget Management ToaindTransport Planner Togmaking it possible
to perform a number of calculations and optimisatigrocesses using modules dedicated to optimum
distributive of cargo in a vehicle and across theetf (the dedicated module is referred to\ahicle
assignment optimisation algorithbut also to calculate the costs and emissiovaiad (using thd-reight
transport cost calculating toand theEmission factor toomodules). In each case, the processes consist in
finding an optimum route based on the road netwawrhdition data (including pavement condition and
forecasted volume of traffic streams) (4);

« a selection of potential solutions is summarised neport and returned fereighter TooJ and subsequently
to the carrier (5);



« the decision on the choice of an individual propasaerms of the costs and time limits involved the
freight transport service to be provided basedhergiven request is sentitarket Tool(6);

« Market Toolcollects the proposals concerning individual ckeahd provides them with a comparative report
(7). This solution allows for full information abbtine available freight transport capabilities ®orbndered.

Only two system components, nam&jmulation Tooland Visualizer Toal have not been used in the case
discussed above.

3.2. S-mileSys and freight transport services rendeseddbriers

Every carrier can use the S-mileSys system aftevipusly logging on. Once all the relevant transpervice
parameters have been arranged between a grougotschnd the carrier (and after the transporterdiats been
re-optimised), the last mile transport stage begdiMbere the foregoing is the case, the followingjons are
continuously performed (Fig. 2):

» using Freighter Tool,carriers can monitor the current status of thieietf (location and transport plans for
individual vehicles) as well as undertake corrextiveasures on an ad hoc basis (1);

* Fleet monitoring moduleerforms ongoing vehicle location supervision dimgboptimised routes and
navigation instructions to be sent to on-board teotbévices (2);

» whenever problems occur while freight transpotdaducted (as reported by the driver), e.g. dumntooute
congestion, a road traffic accident or a defecthefcarrier's vehicle, restart procedures areaitgt for the
Fleet Management Toand Transport Planner Toomodules required to complete the process of route
optimisation and assignment of cargo to individeegicles with regard to the additional restrictioaported
3

* as a separate activity, data are acquired frontdinger’s vehicles using thiRoad condition toomodule (4).
The data in question describe pavement conditiorthen road network, and after being appropriately
processed, they provide grounds for further rodémming, taking the transport quality into consatam.
Acquisition of these data requires no interventioom the driver, as the system records and sengis th
remotely. What is also recorded is the speed amdteroute traversed by individual vehicles (regagdi
additional pre-set parameters, such as the vehidehe cargo weight).
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Fig. 2. Visualisation of the interactions betweke tarrier and the S-mileSys system in relatigmetdormance of a freight transport service
(only selected elements of S-mileSys related tophacesses were shown)

3.3. S-mileSys and the need for urban freight transpsesessment

Local authorities form the last group of stakehodddhe S-mileSys system supports decision makinthe
scope of organisational and infrastructural actibpgproviding access to information on the currstatus of
freight transport in the chosen area. Moreover, 3y'tem makes it possible to prepare comparatigerie
concerning the situation following the changesadtrced by local authorities (using the simulatiool}

The former of the system features has been illtestren Fig. 3.Visualizer Tooluses thédata visualizermodule
to store data concerning all the completed freighhsport services with the accuracy down to irchiai
sections of the road network (using Open Street)Miapthis case, the actions performed in the spsiee as
follows:
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Fig. 3. Visualisation of the interactions betweecal authorities and the S-mileSys system in @fetib assessment of the current status
(only selected elements of S-mileSys related tbpghacesses were shown)

* local authorities (having logged on the system)dsemuests for visualisation of a specific typedafa (1).
The data may be filtered out according to a dathdgea time interval or a specific day), a bussheame
(local authorities have full access to the relatath stored in the system) and a vehicle typeczldrom an
available list);

* most data are extracted from tRead condition too{2) module, whereas the information on emissiorts an
noise is estimated usirgmission factor tool

» Visualizer Tooknables graphical presentation (on the road n&tmwaip) of many data types (3), such as road
conditions (regarding pavement condition), congesfin the form of average speed acquired fornbtmee),
number of vehicles and total weight of the cargméported (down to a road network section), eséthat
emission and noise (established depending on sgtbr as vehicle type, speed, road inclinatioad rype
etc.) (incl. Pijoan et al., 2017).

Scenarios related to implementation of diversdaiives by local authorities can be simulated byanseof
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Fig. 4. Visualisation of the interactions betweecal authorities and the S-mileSys system in matetid assessment of the outcomes attained
by introducing changes to the transport systeny(selected elements of S-mileSys related to thatgeses were shown)

« local authorities (having logged on the systemnsitting proposals of individual initiatives (1) &imulation
Tool;

« sending a full database of carriers frdiarket Toolto simulation modules (2). This enables simulatién
freight transfers with regard to existing comparded based on their actual parameters;

« establishing optimum routes according to differeriteria usingTransport Planner Too(taking emission,
noise, road conditions, costs, time and distanimedansideration) (3);

« deployingMulti-agent systenand simulation of freight transport with regardhe current status followed by
re-simulation (using thincentives Simulator for local authoriti@sodule) regarding the changes proposed by



local authorities. Final data analysis makes itsgale to generate a report (4) which supports detinaking
processes.

Simulation of the environment’s reactions to thiéatives planned mainly allows for a quantitateemparison
of the current state of matters with the chosematge. The comparison comprises the environmeritateof
freight transport (emissions and noise) and induftgecasts pertaining to the means of transpat.uBor
instance, a scenario which entails bonuses fortmabing to buy an electric car while specific testions are
introduced, making owners of vehicles with comlrsgngines pay additional charges for entering agtytres,
may force carriers to partially replace their fieet

4. Advantages and expected impact

On account of its specificity and complexity, one@ymhighlight a number of advantages of the system i
question, such as the following:

« S-mileSys combines functions of multiple partiabtgyns. Integration of various tools is the fundatalen
premise of the project and the system’s main adggmt

« the system is easily accessible, as it requiresoftware to be installed on computers (it runs ahoaud and is
accessed via a web-based interface); The only bpenaeeded is one-time installation and configorabf a
mobile application on the smartphones on boarti®fleet vehicles;

« the system facilitates contacts between large pamsompanies (clients) and local carriers, thuabéing
them to solve the first and last mile problem. Muer, featuring a database of carridvsrket Toolenables
pre-filtration of the database, and ultimately thgstem suggests all available options to clientsiq(t
improving competitiveness of businesses);

« through application of criteria related to emissiamd noise, S-mileSys favours eco-friendly soligiom
freight transport in urban areas;

« the advanced optimisation algorithms implementedremsport Planner Tooand Fleet Management Tool
improve transport efficiency (through minimisatiohthe number of vehicles used, emission, routgtlen
time etc.);

< add-on modules (such &oad condition todlincrease the system’s functionality (in this Gaseproving
transport quality by choosing less burdensome s)ute

« Big Data comprising information collected from athnsfers provide local authorities with a rich msuof
data concerning distribution of freight traffic avhe given city’s road network, road pavement Gtma,
total emission, noise, average speed, traffic loatts However, this aspect is usually neglected in
contemporary solutions;

« based on the information thus collected, local auitiles obtain a picture of the current status arel given
opportunities to simulate situations following ttteanges they themselves propose.

However, it should be stressed that the system gailh peak efficiency once it grows in popularitydais
commonly used. A task considered particularly diffi is to promote the system among local cartieas have
already deployed other fleet management toolsesinalways takes time to change one’s habits. fioee
carriers subscribe to the S-mileSys system, theerdata will be available to local authorities ahd more
competitive the services offered to clients will be

Should S-mileSys be implemented on a broader swdlen the chosen urban area, one may consequently
expect an increase in terms of freight transpditiehcy, emission reduction and air quality impeawent. In a
longer time horizon, the expected outcomes willlide carriers changing their vehicle fleets intoreno
environment-friendly ones (by fostering such salnsi in the system and through the changes impledent
local authorities) as well as improved conditiorr@dds, which will then translate into benefits édner users of
the transport network (passenger transport).

5. Conclusions and further research

S-mileSys should clearly support large transpomganies in operations performed within the first/laile of
transport. Points of cargo loading/unloading mayaliports and sea ports as well as warehousesogistits
centres. Integration of tools increases the sysertility value. However, in order to reach fulbhfttionality, it
requires being implemented by many carriers. Toebigw this holistic solution in border scale for ifftet
transport services and delivery operations at sedesrea following steps were assumed:



« building database of airports, sea ports, railwayiens as well as warehouses and logistics celdoegion
(before implementation the S-mileSys at selected)ar

« realization of numerous case studies profiled flected large transport companies (as clients) lacal
carriers (as primary users) to promote the solwiod building database of local carriersNlarket Too};

« system implementation in local authorities (as fityausers);

« start with special benefits programme together wibical authorities (i.e. for carriers using more
environmental friendly fleet).

An alternative solution (in case of only a few @ns will implement proposed system) may be data
standardisation over numerous systems, in whicé SasileSys, being the subject of this paper, ciraet data
from other simultaneously deployed systems (e.g.flieet management and monitoring), thus improving
communication and expanding the range of dataawailto local authorities for analytical purposes.

It has been assumed that further research will c@@pan attempt to integrate the system describéiis paper
with GTPlat (Celhski et al. (2017) and Sietigki (2017)), being a system designed to assistepgess. Full
integration of passenger and cargo transport valhtigbute to improved service effectiveness andebet
distribution of traffic streams over the transpagtwork, while at the same time, a highly-developigdulation
platform will allow for more comprehensive analysgsrtaining to implementation of organisational and
infrastructural changes in the existing transpgstem.
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