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A Strategic Approach for implementing A Smart
Pedestrian Network (SPN) System
proach to systems analysis and design. In addition, emphasis should be given on project management and implementation issues considering application in a variety of
Abstract: This paper presents a strategic approach for imcontexts. Especially, if we aim at developing systems for
plementing a Smart Pedestrian Network (SPN) navigation
smart cities which involve changing end-user behaviour, it
System that is geared towards promoting sustainable mobilis imperative that implementation issues should be given
ity. The SPN system is being designed to reach multiple margreat attention. For successful system development and
ket segments by providing information on suitable walking
implementation we need to bring together multiple stakeroutes aiming to satisfy potential users’ needs, but also mulholders, so that we integrate views and gain acceptance. In
tiple stakeholder demands. The paper presents the main
this context, software development becomes a co-creation
objectives of the SPN system as well as its system structure,
process that could borrow techniques from Open Innovaapplication features, functions, and relevant data sources.
tion, Customer Involvement, and co-creation [3, 11]. Such a
The proposed strategic implementation framework deems
software development process case is the Smart Pedestrian
necessary for scaling up so that the SPN system is successNetwork System (SPN) [14–16]. In this way, SPN software
fully implemented in a variety of urban conditions. The
should consider aspects of urban planning and developframework emphasizes the element of adaptability, so that
ment. Specifically, the SPN system should be analyzed on
SPN can be adjusted where and when necessary, to deal
the social, economic and environmental levels.
with a variety of contexts and specific sustainable mobility
In the case of SPN, a clear problem statement is necesissues, depending on the particular municipality condisary so that the extent of its domain is properly analysed.
tions. The proposed framework combines elements of both
The SPN system development can then be justified with the
the waterfall and agile software development methods, as
fact that Information and Communication Technology (ICT)
well as, aspects of Open Innovation, Customer Involvement
can act as a catalyst for promoting active mobility. Clearly
and Co-Creation taking a multiple stakeholder approach.
active mobility could alleviate problems with air pollution.
Keywords: Information and Communication Technology It is estimated that there are 4.2 million deaths each year
(ICT), Software development, Sustainable mobility, Smart directly attributed to air pollution [20]. With over half a milPedestrian Network, Open Innovation
lion premature deaths in Europe it is evident that there is a
huge problem to deal with. As air pollution mainly stems
from high levels of vehicle use alternative modes of transport such as walking and cycling would have a significant
1 Introduction
impact in tackling the situation. Further, current ecosystems and ocean life are also being adversely affected by CO2
Software development for large scale applications must
emissions and the resulting climate change. Via a Smart
take into account the long term and adopt a strategic apPedestrian Network system we can develop and promote
sustainable transport modes in order to reduce pollution
and global warming. In this way, we can significantly mitigate the climate change crisis by maintaining cleaner air
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torised vehicles [10]. Sustainable urban transport policies
2 Methods
can be enhanced with the use of ICT to substitute vehicle
use with active means of transport. On the other hand, this
According to research studies, as of 2018 [12], a majority of
is not an easy solution to implement as people still opt to
smartphone owners use a navigation application to help
take the presumed more convenient and easier route, which
them in tracking a suitable route for their journey. The Manis using a motorized vehicle instead of engaging in active
ifest study [9] surveyed more than 500 smartphone owners
mobility. This can be attributed to lack of awareness of apto understand how people are relying on technology more
propriate walking routes, as well as the lack of knowledge
to get from point A to point B. Their findings were as folof the many benefits that active mobility can have both to
lows:
ourselves, and to our planet. There is a lot to be gained if we
– Over three-fourths (77%) of smartphone owners regembark on more active means of transport, such as simply
ularly use navigation apps.
walking. With walking, we can have a plethora of benefits
– Google Maps (67%) is the most popular navigation
for ourselves and the environment. The key to this sustainapp by a wide margin. It is the preferred navigaable mobility transformation, is not only to encourage and
tion app for nearly 6x more people compared to the
convince, but also support people when engaging in active
second-most popular app Waze (12%).
mobility. All of these can be supported by the provision of
– One-quarter (25%) of smartphone owners say they
relevant information.
use their preferred navigation app because they beCurrent advancements in ICT and Artificial Intelligence
lieve it offers better directions.
(AI), create a significant opportunity to support the active
– Over one-third (36%) of smartphone owners use navmobility vision [2]. For example, a smartphone application
igation apps prior to leaving their location.
system could be developed so that people are informed
– 34% use them en route, and 30% use them both prior
about appropriate walking routes, but also give feedback
to leaving and en route equally.
via crowd-sourcing, to municipal authorities on issues re– An overwhelming number of respondents (87%) use
garding the pedestrian network conditions. Even though
navigation apps for driving directions.
several applications may give general information on the
– People use navigation apps for non-driving direcpedestrian network environment, they are not necessarily
tions such as public transportation, walking, or cygeared towards suggesting appropriate and enjoyable walkcling twice as much in the Northeast than in other
ing routes, and thereby encouraging people to walk more.
U.S. regions. This might be due to cultural reasons
Also, they do not provide information on safer routes, and
and better infrastructure conditions.
are unable to inform users about amenities such as water
fountains, public toilets or resting places that certain user
From the above, we can derive several implications for
groups such as elderly people may particularly need.
the development of navigation systems suitable for pedesEven though SPN presents an innovative proposal, that trian use. The fact that an overwhelming 87% of responon its own does not guarantee a successful implementa- dents use navigation applications primarily for driving dition. It is important to consider the use of an appropriate rections, is a disturbing fact. This fully supports our arguframework for properly implementing SPN. As shown later ment that there is an extremely high level of vehicle use in
in the literature review, current methods for software devel- our cities. Furthermore, it provides evidence that vehicle
opment, which include the Waterfall Model and the Agile use is proving to be a major contributing factor to environModel, do not adequately address these implementation mental detriment and the deterioration of human health.
issues. We investigate such issues and suggest a road map
As a result, there is a lot of potential for people to use
for successfully implementing our SPN system.
navigation systems for active transportation such as walkIn the next section we examine past literature and soft- ing and cycling. This showcases that indeed not only is
ware development methods and the potential for mobility there demand for such products, but that this demand
navigation systems. We also discuss the effectiveness of could be enhanced further if an appropriate smartphone
methods to support the successful development of software app is developed that appeals to the public. Hence, there is
systems.
a potential market granting our SPN app the opportunity
to achieve its goal in promoting higher walking levels and
reducing air pollution.
Such findings may suggest that the reason so many
individuals use navigation applications for vehicle use,
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is because there currently does not exist in the market a requirement, which enables other members of the team
satisfactory application designed specifically to promote to review it for validation. Once the design is approved,
sustainable mobility. Even though some applications have technical implementation begins. This is often the shortbeen developed for this purpose, these failed to take off est phase because research and design have been done
and become widely used. Table 1 provides an analysis of in advance. Upon completion of full implementation, testthe main applications found in Google Play. Existing ap- ing needs to occur before the product can be released to
plications fail to completely satisfy particular pedestrian customers. The software testing team will use the design
user needs such as getting information on amenities, safe documents, personal and user case scenarios delivered by
routes, comfortable mobility etc., when engaging in active the product manager in order to create their test cases.
transportation.
Very early on, Royce [17] in a study about managing
Further, in a market research and concept study for development of large software systems criticized the seSPN [13], it was shown that there is demand for such a quential nature of the waterfall method. It was asserted
smartphone pedestrian network app so that people are in- that software should not be developed like an automobile
formed about the various aspects of the pedestrian network on an assembly line, in which each piece is added in seincluding comfortable mobility, safety, convenience, and quential phases. In such sequential phases, every phase of
connectivity. Furthermore, it was found that successfully the project must be completed before the next phase can
implementing SPN would be challenging, as high levels of begin. There are criticisms against this approach in which
investment and commitment from the side of the municipal developers first gather all of a project’s requirements, then
authorities are required. Therefore, new business models complete all of its architecture and design, then write all of
that involve the element of sponsorship and co-creation the code, and so on. Specifically, this approach has been
should be considered.
opposed due to the lack of communication between the
Therefore, what is important to also stress in this sec- specialized groups that complete each phase of work.
tion, is that for the SPN system to be a success, it must
This is where the agile method comes in to fill in the
be properly implemented using an appropriate framework. gap, as an improved method of software development. AcThis is discussed in the following paragraphs by reviewing cording to McConnell [6], the agile methodology is an iterathe most widely used methodologies for developing infor- tive approach to software development that is performed
mation systems. These include the waterfall approach and in a collaborative environment by self-organizing teams
the agile method.
which produce the final product version in a sequence of
The waterfall methodology model [6] is a sequen- multiple product releases. The methodology produces hightial software development process where progress flows quality software in a cost-effective and timely manner to
steadily toward the conclusion - like a waterfall - through meet stakeholders’ changing needs.
the phases of a project. That is, analysis, design, developEvery product release begins with a list called a “backment and testing. The nature of the Waterfall methodology log”, which consists of a list of prioritized requirements
insists that each phase be completed and perfected before which are dynamic and can change at any time. Determinthe start of the next phase. This involves fully documenting ing the next product release, a smaller number of requirea project in advance, including the user interface, user re- ments can be chosen from the backlog list. The work inquirements, and all the features’ variations and outcomes. volved in the next product release is called “iteration (or
A detailed investigation and full research into a product sprint)”. Each iteration has a short time frame which usufeature are conducted up front, eliminating (most) project ally lasts from one to four weeks, depending on the team’s
risks. With the bulk of the research done in advance, esti- experience. A key element of an iteration, is that the priorimates of the time required for each stage are more accurate, ties regarding which requirements should be built, do not
thus providing a more predictable release date.
change within the iteration; this list should only change
During the analysis stage, the product development from one iteration to another.
team analyses the requirements, and fully understands the
The Agile methodology accepts that project change is
problems. This is a research phase that includes no building. inevitable. The use of small iterations allows changes to
The team attempts to ask all the questions and secure all be absorbed quickly without inflicting significant project
the answers they need to build the product requirements. In risk. The system to be developed can be adjusted as busithe design stage, the software developers create a technical ness priorities evolve. With the next iteration, the software
solution to the problems set out by the product require- development team can adapt to the new priorities.
ments, including scenarios, layouts and data models. This
It is easy to see how the “waterfall” methodology is far
phase is usually accompanied by documentation for each from optimizing the final software solution compared to
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the agile methodology. First of all, it assumes that every
3 Results
requirement of the project can be identified before any design or coding occurs. But in truth, this is seldom the case.
We are currently in the process of developing the SPN sysThis is an impossible task that makes the waterfall model
tem which provides real time analysis of the actual physical
inadequate for effectively developing software solutions.
and virtual environment that exists in a specific area within
On the other hand, the waterfall model provides structure
the pedestrian network. Furthermore, the SPN system asto software development which is essential for complex
sists pedestrians in formulating their interests, preferences
projects such as SPN.
or goals at any given moment in time regarding walking
Therefore, a combination of the waterfall and agile
routes, specific attributes, objects of interest and their propmethodologies would be ideal for the case of developing
erties. SPN is able to calculate alternative routes based on
the SPN information system and smartphone app. We have
pedestrian preferences, topography, and actual status of
attempted to follow the waterfall methodology in outlining
the objects in the physical and virtual environment in real
a roadmap in order to analyse the SPN structure, and future
time and present a holistic vision of the route options to
goals we hope to achieve within a given period of time. This
pedestrians on-demand. Additionally, it records walking
was also done for the SPN design, implementation and
routes, measures relevant statistics, collects updates retesting phases. In order to add flexibility and effectiveness
garding actual status and properties of route objects, and
in developing SPN, we incorporated the dynamic approach
presents it to pedestrians.
as suggested by the agile methodology model. Therefore,
SPN offers re-routing upon calculation of (unfavorable)
an integrated approach that combines the waterfall and
changes in the status of particular objects along the route
agile models is proposed as shown in Figure 1. Note that
and deviations from the initial route plan and schedule by
the approach involves multiple iterations with elements of
time, distance, physical condition, health, degree of fatigue,
co-creation and open innovation.
etc. It has also been devised to support final assessment
of route results by the pedestrian. This is achieved by collecting important data for statistics, analytics, prediction
and feedback. Finally, SPN could process the results and
update statistics regarding the particular city condition,
and pedestrian experience based on personal profiles.

3.1 SPN System Structures & Data Sources

Figure 1: Integrating the Waterfall and Agile methods with elements
of Co-Creation and Open Innovation

Further, we see that current methods for developing
software interactive systems, such as SPN fail to effectively
consider implementation issues. As we see further on in
this paper, we explain how the proposed approach can
deal with such matters, which involves making the system
ready for the market via testing, adaptation, feedback and
adjustments, to improve the chances of successful implementation.

The SPN system structure comprises of the pedestrian profile, preferences, filters on key journey information, rules
for route suggestions, data sources and specific smartphone
app functions.
There are static data and dynamic data that we can
utilize. Static data comprise of attributes such as distance,
land metrics, traffic infrastructure and so on. Dynamic data
on the other hand, comprises of things that are changing
over time such as on-going events, maintenance work and
changes in weather conditions. Most static data are currently available from open sources such as MAPS.ME [5] and
OpenStreetMap [8]. Both static and dynamic data sources
could also be given from the local city mapping services.

3.2 SPN System Features
The SPN system has some important features which are
discussed as follows. For example, the SPN app takes into
consideration weather conditions, available amenities in
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the area and safety conditions during the night. In addition,
the SPN app is able to calculate the number of steps and
provide rewards when the user achieves specific milestones.
There is to be an audio option for those who are visually
impaired. A sharing journey option creates a sense of community which is available through the smartphone app. In
this direction, a chatting service could also be available in
order to promote walking together with friends.
Further, in collaboration with local cafes, restaurants
and retail stores, rewards would be given to those who walk
more. Also, information about the effect of walking on CO2
reduction is to be provided. Moreover, the SPN system is
able to handle the uploading of information by the endusers, thus implementing crowd-sourcing schemes. For the
promotion of a sense of community, it could easily be linked
to Facebook or other social media platforms. We outline in
further detail the main features the SPN system as follows:
– Time of Day, Weather & Location Detection: The SPN
accounts for weather conditions and time of day
when considering appropriate walking routes. It also
detects the user’s location.
– Amenities: The SPN is able to suggest appropriate
walking routes depending on a list of amenities users
wish to have along their journey.
– Safety: The application provides the safest routes
especially for those travelling alone or during the
night.
– Number of Steps: Users are able to view the number
of steps they have made on a journey per day or week.
They could also track their progress over time. The
number of steps could also be combined with a free
drink in a local café, or other rewards.
– Audio Guidance: Users would have the option for
audio guidance, particularly for those who may be
visually impaired.
– Save Option: For frequent journeys taken, users
would be able to save their journey and store it. They
would also be able to share these saved journeys with
others.
– Group Walks & Chats: This option would enable users
to form groups with friends and families to walk together. A chat would also be available for people to
interact with each other. They can use this to arrange
meeting points etc.
– Estimating CO2 Levels: It should be able to estimate
levels of CO2 reduction from walking.
– Point Collection: To give incentives to individuals
for walking more, the proposed SPN application can
potentially collaborate with cafes, stores and other
enterprises to reward individuals who walk more. For

instance, for every so many steps taken in a month,
individuals may be entitled to discounted drinks or
food specific products such as discounted pair of
shoes from sponsor companies.
– Crowd-Sourcing: The SPN system would be able
to collect information after users upload data and
inform municipalities on problematic areas of the
pedestrian network. Users would be able to upload
such information via images or location tags.
– Linking SPN system to Social Media: For easier use
and to share between friends and family SPN can be
linked to social media platforms, such as Facebook
or WhatsApp.

3.3 SPN Application & Functions
The user would be able to first state their preferences and
make their identity known (i.e. if they are a tourist or local,
or perhaps disabled). The SPN application system collects
pedestrian preferences using the User Interface functions.
Once the information is submitted by the potential user, the
application would respond according to the user’s profile.
The system then identifies the user’s location. Based on
this, the proposed SPN application will list the best routes
for users along with media data such as metrics, analytics,
pictures, video and recommendations. In this way, the SPN
can reveal to the user, the most suitable route options for
them. The user then is presented with an “option” button
where they are able to choose the walking route they wish
to take. The SPN system enables pedestrians to download
and store their local routes as well as trace them. This also
allows the users to re-open any saved walking routes whenever they wish even when they are off-line. This of course,
would be particularly useful for those who have difficulty
accessing their mobile data or have no internet connection.
If any changes are to take place - either along the selected route or from user preferences, then the SPN system
would be able to notify the user of these changes and provide alternative routes. In addition, SPN would provide
continuous updates to users so that they will be notified
of any changes that occur and hence, affects their selected
walking route. These updates would be carried out in real
time, so that accurate and reliable information is given to
users. In such a case, an alternative walking route would
also be provided. If the user deviates from their selected
route, SPN would inform users about this deviation.
Furthermore, users will be able to evaluate routes and
the quality of objects, such as amenities along their walking routes. Such feedback can then be collected by SPN, via
the Smart City Monitor (SCM), which collects information
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from all data sources in real time. This is an important component not only for the users but also for the developers. In
this way, we will be made aware of any shortcomings of SPN.
By collecting such constructive feedback, any issues can
then be rectified. What is more, the data collected can also
provide us with great insight into what particular services
or features our potential users want to see in the navigation
system. Therefore, evaluating such data can also allow us
to incorporate these desired features, and thereby, improve
SPN.

3.4 Developing SPN prototypes
Prototyping is very important for understanding user experience, monitoring the user’s journey from point A to point
B, their reactions and taking notes on any feedback. The
prototype would include main features of SPN such as:
–
–
–
–
–
–
–
–
–
–
–
–

Time of day, weather and location detection
Amenities
Safety levels
Number of steps
Audio guidance
Save option
Group walks & chats
Point collection/Incentives
Point redemption for coupons and free goods
CO2 reduction levels from journey taken
Linking SPN to social media platform
Calories burnt

For the prototype, the IT team would also provide a
visual representation with a given example of how a pedestrian would get from point A to point B. This will include:
– Instructions and images showing to register/login
– How the user can input information about the destination they want to reach
– How the user can choose from and view the various
SPN features as mentioned above
– How the SPN will direct the user along their journey
– How the user can view their amenities and sites
around them.
– How the user can provide feedback and rate the SPN
app.
The SPN prototype can then be given to testers who can
experience first-hand the SPN app. We as developers can
also use it to evaluate SPN performance, observe any drawbacks or improvements that can be made to SPN. Prototyping is an excellent method to assess SPN, how pedestrians
react to it, if they feel it is useful, if we have correctly identi-

fied our market audiences, and if we have managed to add
value to the market by satisfying pedestrian needs. We can
then organize a co-creation workshop to test the reaction of
the users to the prototype. We will also be able to monitor
the user experience and observe how pedestrians interact
with the SPN app. This will be an important workshop that
will give us a lot of insight and a strong indication of what
the prospect of SPN is for a successful launching. Therefore,
we must also ensure that the prototype is as close to the
final SPN app as possible.
As the experience prototype is used in any medium to
understand, explore and communicate what it might be
like to engage with the SPN system, we would organize a
workshop that can involve asking people to use the prototype to get from a point A (allocated by us) to point B (again
allocated by us). This will also make the workshop more
fun and get the potential users more involved. We can offer
a prize to add to the enjoyment of the workshop. In this
way, by designing a scenario of sorts where we set the scene
with props, we are observing how the users will also adopt
the SPN app in practice and heighten user experience.

3.5 The Proposed Strategic Implementation
Framework for Scaling Up
The proposed framework for implementing SPN is based on
an integration of the waterfall model and the agile methodology. It is comprised of two phases. Phase 1 presents aspects of implementing SPN in one particular city, while
Phase 2, examines the issues of implementing SPN in multiple cities. In Figure 2 which depicts Phase 1, we show the
very beginning of implementing the SPN system. To secure
funding and support from municipalities and investors, it
is necessary to properly present our business plan. Explanations should be given to our potential stakeholders, why
SPN is worth investing in, how it will benefit society and
our environment, and how we will get people interested in
using SPN. Also, explanations should be given on how the
budget is prepared and utilized. Once having attained the
necessary support and funding, part of it, would be allocated for all the necessary tools, equipment and technology
that is needed to make SPN successful.
Once an initial version of the SPN system is agreed
upon with stakeholders, the next step is to test it. Testing
is to be carried out with the cooperation of the municipal
authorities in order to adapt SPN to the context and needs
of the particular city. Municipal authorities and a group of
end users would be required to use the system for a given
number of weeks, after which they will provide their feedback. We can use any positive feedback to further promote
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SPN. For any shortcomings, we will make the necessary
adjustments and changes to satisfy particular needs of end
users and municipal authorities.

Figure 2: Roadmap Phase 1

Figure 3: Roadmap Phase 3

Having had first-hand experience with implementing
SPN in Phase 1, we will proceed to Phase 2 as depicted in
Figure 3. In Phase 2, the SPN system is ready to be launched
in the multiple municipalities that are interested. Priority
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would be given to municipalities in various European countries. We could begin with the countries of the associated
organizations/institutions, which are part of the SPN partnership. These countries are: Austria, Cyprus, Italy and
Portugal. In this way, we can better monitor the SPN system’s performance.
All necessary data and feedback from stakeholders
should be collected. This will be used to assess various
factors including:

a co-creation approach should be implemented as in the
case of SPN, where developers, stakeholders and end users
will meet in organized workshops to share their views on
the current prototype. Such views and opinions could then
easily be integrated in an improved prototype until the final
system development.
Further, the need to take a multi-stakeholder approach
in software development becomes even more important
nowadays. In the current critical situation with the COVID19 pandemic, ICT and software development take a new,
– how frequently the SPN app is being used on average;
prominent role in our lives. Urban interactive systems de– SPN application performance;
velopment, such as the case of SPN could be further devel– which markets are using the SPN app more;
oped into integrated social smart city systems to manage
– number of weekly/monthly downloads, ratings;
the COVID-19 crisis. However, software development be– if the market is increasing via widespread use;
comes a very complex process, that requires new tools and
and other factors that deem necessary for monitoring approaches, such as the ones presented in this paper.
a successful SPN implementation.
Finally, software development should make use of
This information is to be used in order to notify govern- ideas and concepts of open innovation. Open innovation
ments and municipalities about various issues regarding principles would enhance the requirements engineering
the pedestrian network. Successful collaboration with gov- process but also system analysis and design. In the case
ernments and municipal authorities is essential in order of SPN, such an approach is implemented to emphasize
to invest in improving infrastructural conditions, walking testing, adaptability and feedback in order to give room for
paths, providing amenities etc. It is important to consider adjustments to be made based on future demands.
feedback from stakeholders as this will help in improving
the SPN system. Feedback will be taken into consideration Acknowledgement: The research presented in this paper
and any necessary changes or adjustments will be made to is co–funded by the Republic of Cyprus and the European
meet and satisfy users’ needs.
Regional Development Fund as part of ERANET Cofund

4 Discussion
This paper presents our experiences from developing a
smart pedestrian network (SPN) system, which aims at promoting walkability in urban spaces. Even though the system considers effectively the variety of user needs, that
does not guarantee its successful implementation. Going
through a literature review on the main methods of developing information systems, we found that there are gaps when
it comes to supporting the implementation of interactive
information systems, such as the SPN case. As a result, we
have developed an implementation framework for SPN that
would also be useful for other similar interactive systems
development. The proposed framework integrates aspects
of the waterfall model and the agile software development
method.
Especially by means of prototyping, valuable information may be collected ensuring that the system to be developed is in accordance to end user needs. In addition,
stakeholders’ views could be taken into consideration with
the use of an appropriate prototyping method. Moreover,

Smart Urban Futures (ENSUF) Joint Programming Initiative
(JPI) Urban Europe, through the Research Promotion Foundation, protocol no. KOINA/ΠKΠ URBAN EUROPE/1215/11.
This framework is supported by the European Commission
and funded under the HORIZON 2020 ERANET Co–fund
scheme
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