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Abstract
This paper explores the issue of the role of design and digital
prototyping in the development of product-service systems in
the smart cities, particularly concerning the spread of wireless
connectivity technologies such as 5G and their use for innova-
tive orientation and displacement purposes in urban contexts.
The first part of the paper reviews the technical and sci-
entific literature to recount the main technological devel-
opments in smart cities with particular attention to the in-
troduction of 5G to navigation systems. The second part
analyzes a short collection of use cases to build smart sys-
tems for navigating, guiding, and orienting people in complex
spaces. The collection and analysis of the cases help to iden-
tify the role of design (in the development of product-service
systems for smart cities. The third part recounts Polaris, an
interdisciplinary project involving design and computer sci-
ence to develop an indoor navigation system designed for a
smart university campus and smart cities. The project aims
to realize tangible outputs that demonstrate the great po-
tential offered by 5G, an intangible technology, which needs
appropriate communication to future users. To do this, an ad-
vanced product/service has been designed, developed, and
implemented capable of fitting into citizens' living spaces
and environments, adapting, and supporting the end users
who “inhabit” them. The conclusions present a critical discus-
sion on the opportunities and limitations encountered when
the design is faced with the conception and implementation
of project outputs to foster the acceptance of technology.
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Introcdluction

Old-world cities are urban conglomerates, resulting from the
stratification over time of cultures and inhabiting structures
of various types and natures. Over time, the general needs
have changed, evolved, and reconfigured, but only since the
last century, at the end of the great world conflicts and thanks

to the spread of large-scale self-aware medicalization, the
implementation of security systems, and the creation of so-
cial, artistic, and cultural networks (Li et al,, 2016), it's unim-
aginable that there should be large empty spaces to be de-
signed and built from scratch to respond to the new modern
demands. An estimated 70 percent of the global population
would be urbanized by 2050 (Lierow, 2014); a percentage
that rises to 80 percent when considering just the European
scale, which faces a prediction that 97 percent of buildings
will have to undergo extraordinary maintenance or heavy
renovation within the next 30 years (Beson et al, 2020). A
transformation of this magnitude can be supported by the
Internet of Things (IoT), which allows us to modify and trans-
form the way we interact with our surroundings. Through the
appropriate use of 10T, indoor and private spaces in homes
already have acquired smart characteristics due to a multi-
tude of small, low-cost, connected computing devices that
can detect, process and report environmental data to cloud/
internet services. However, this enabling dimension offered
by technology (meant in its more confined digital dimension)
when scaled in the urban dimension, clashes with a reality
oversaturated by buildings and infrastructure built accord-
ing to logics no longer in line with the needs of the present
and even less with the ones aimed at for a more sustainable
future. Hence the need to create demonstrators of possible
smart solutions for Smart Cities, which are places where tra-
ditional networks and services are made more efficient with
the use of digital solutions for the benefit of its inhabitants
and business (European Commission, 2023).

Smart Direction in a Smart Campus

University campuses can offer a functional response to this
kind of need, as they appear to be of particular interest for
simulating and testing the effectiveness of projects aimed at
scaling in Smart Cities (Min-Allah & Alrashed, 2020). Indeed,
university campuses imitate cities in many ways: they gen-
erally extend over a large urban area, are composed of many
different types of buildings (administrative buildings, labora-
tories, classrooms, residences, bars/restaurants) and popu-
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lated by different types of people/users (Longo et al., 2021).
At the same time, they turn out to be more controllable and
manageable places at the level of actors involved and from
the point of view of readiness for technology adoption, even
when not fully mature. For this reason, recent studies and
test-level applications have already been carried out to trans-
form these places into Smart Campuses, particularly with:
smart parking systems (Mohandes et al,, 2019; Nagowah et
al, 2019), microgrids (Alrashed, 2020), smart libraries (Ante-
vski et al,, 2016; Chan & Chan, 2018), classroom monitoring
and occupancy estimation systems (Longo et al,, 2020; Tse
et al, 2021), and other sustainable solutions (Villegas-Ch et
al, 2019; Ceccarini et al., 2021). To infuse these places with
intelligence, it isn't enough to equip them with advanced
technology, but it is necessary to develop a meaningful de-
sign around its use. This is where the service dimension plays
acrucial role, not least in making the technology usable (Bret-
tle et al, 2020), because the more it evolves and becomes
performant, the less comprehensible it is if not linked to con-
crete and tangible results that demonstrate its effectiveness.
This is especially relevant when it comes to 5G technology
(Pujol et al, 2020), on which the main innovations in Smart
Cities are expected to be based; however, its markedly in-
tangible dimension makes 5G difficult to understand for the
general public, which often sees it as an invisible enemy to
be opposed. This widespread idea is difficult to eradicate, de-
spite its lack of support from any scientific evidence, which
on the contrary fights to prove exactly the opposite with anal-
yses and reports commissioned by the governments (Cam-
era dei Deputati, 2020). In particular, in the Italian landscape,
evidence-based arguments do not turn out to be effective,
where a large segment of the population (and therefore of the
potential 5G users) does not place trust in this type of narra-
tive stage. Thus, the demonstration of possible applications
of 5G, through use cases of related services and products,
assumes a relevant role in promoting faster and more func-
tional technological development, as well as in countering the
latest social resistance to this technology.

In this framework comes the Polaris project, developed by
Polifactory and AntLab at Politecnico di Milano, which aims to
propose an indoor navigation system capable of guiding us-
ers within complex buildings and structures, orienting them in
horizontal and vertical movements in search of spaces located
in different areas or levels. Polaris is the result of collaborative
and interdisciplinary work, in which researchers with expertise
in Design and Electronic and Information Engineering worked
in synergy to create an efficient and functioning solution both
at the level of system architecture and from the perspective of
user interaction. The phases of conception, development, pro-
totyping and verification, presented in the following sections,
offered relevant insights identified in the final conclusions.

Smart Direction case studies toward bounding
project requirements

This part presents the qualitative analysis of case studies as a
strategy for State-of-the-art mapping and is used to support
the designing part of the final solution. The case study meth-
od enabled the identification of “the “what"” is being observed
and the "how” it is being detected and the reasons why; in or-
der to understand the role of design in the development of
product-service systems for Smart Cities (Cohen, 2015). For
their identification, desk research was conducted in order to

collect tested product solutions or prototypes for navigation
in the city. All projects stuck at the concept stage were not
considered because the parameter of technical feasibility
was given priority. The result are six case studies of projects
that share a digital or service dimension, and sometimes have
proprietary hardware that is functional in optimizing the use
of the entire system. A summary of the six selected projects
can be seenin Figure 1.

SmartDirection_01: THE DYNAMIC STREET ji%} SmartDirection_02: LIVE VIEW AR

=1 Anno: 2019
4 Designer: Google

Year: 2018

Designer: Carlo Ratti Associati
Project: installation
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SmartDirection_03: INDOOR MAPS SmartDirection_04: BEELINE MOTO
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Designer: Dent reality

Project: publicly released app, some features are
in beta
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Designer: Beeline
Project: on the market
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SmartDirection_05: WRIST BAND
FEEDBACK SYSTEM

Year: 2016
Designer: Amazon US
Project: patent

s SmartDirection_06: GARMIN VARIA RVR315

Year: 2020
Designer: Garmin
Project: on the market
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Figure 1. Chart summarizing information about the six case studies investigated.

More in detail, the first case is Dynamic Street (01), a signaling
pavement made of hexagonal modules, equipped with light
actuators. The grid modules can take different configurations
and also host a plug and play element, i.e,, a vertical structure
equipped with accessory functions. This is an innovative pro-
ject that, starting with a static non-wearable element, allows
the spatial rearrangement. However, the lack of smart ele-
ments for transmitting and receiving data, does not allow the
individual user to set customized paths to reach a specific
touchpoint. The second example deals with the implemen-
tation through augmented reality of the Google Maps app
(02) for outdoor walking navigation. To take advantage of this
functionality, the user needs a smartphone compatible with
Google's ARKit and ARCore, through which the association of
the real environment with the digital one previously scanned
by a Google Car takes place. The project is very interesting,
especially in terms of reaching a touchpoint, but at the same
time it has limitations in use because it only works outdoors
and requires constant use of the smartphone with the cam-
era on, which results in high battery consumption. Indoor Map
(03), the third case study, enables the creation of detailed
interactive and customized maps of interiors of public-use
buildings to help visitors locate and reach points of interest.
The interesting aspect revolves around the proprietary soft-
ware that makes it possible to build a new map by following
a few simple instructions, without the need for intervention
by specialized technicians. Unlike the previous one, this case
study works only in indoor environments; moreover, it works
only after the user sets an itinerary. Beeline (04) is a naviga-
tion device for cyclists and motorcyclists, which displays a
kind of compass that points to the destination previously set
via a paired smartphone. While this solution promotes imme-
diate directional readability, it doesn’t optimize the navigation
route, which in any case cannot be changed except via smart-
phone. The patent filed (05) by Amazon of a wearable device
for identifying items inside the multinational corporation’s
warehouses is the fifth case study. Through haptic feedback,
this solution lets the workers know if they are pointing their
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hand to the correct stall. The interesting aspect of this sys-
tem is that it uses a series of sensors located in the ware-
house to locate the picker, who can move without consulting
a screen and thus have maximum prehensility. The latest ex-
ample is Garmin Varia (06), which is a bicycle radar that can
signal the rear approach of vehicles from 200 meters away.
The product also has a function for group pedaling, in which
it bypasses the presence of other cyclists in its slipstream.
This last example is interesting because it combines spatial
feedback with the promotion of road safety.

Case study observations

The presented navigation systems are structured through
three different needs, sometimes in combination: reaching a
point, exploring an area or avoiding something. Remarkably; in
terms of connectivity, none of the selected cases employ 5G
technology, which, however, could be implemented to increase
system stability and reduce data transmission latency times.
Therefore, 5G should be considered as a concrete possibility
for the scalability of the analyzed projects, as well as a solid
base on which to structure proposals for new solutions useful
for indoor navigation. Thanks to the outcomes of this recon-
naissance, it was possible to conceive, design, prototype and
test an indoor navigation system based on the use of 5G tech-
nology with the goal of simultaneously guiding multiple users
to a customized touchpoint (unlike the 01 case), without the
constant use of their smartphones (02 & 03 cases) as well as
other personal (04 & 06) or corporate (05) devices.

Polaris: the Smart Direction System

Using the insights gathered from this reconnaissance, the
Polaris indoor navigation system was designed and fabri-
cated at Politecnico di Milano throughout “Base 5G" project,
and then installed and tested on its Leonardo Campus, in
order to provide a tangible demonstration of an intangible
technology (Capdevila & Zarlenga, 2015). Polaris makes it
possible to guide users within complex structures by ori-
enting them in horizontal and vertical movements to search
for spaces located in different areas or levels. This is pos-
sible thanks to a system consisting of a series of devices
placed in the environment, the anchor nodes, capable of
locating users as they move through the location. Such de-
vices communicate via 5G technology with a control center
that implements machine learning algorithms to continu-
ously track users and, based on the users’ location, controls
beacons that guide them to their final destination. These
beacons of light, the effector nodes, are also connected to
the control center via 5G technology. Researchers from the
area of Design and the area of Electrical and Information
Engineering collaborated among themselves in the crea-
tion of the entire system, realizing: the logic at the control
center, the technological infrastructure of the array devices
(anchor and effector nodes), the study of their design ac-
cording to versatility in different installation environments,
the production by additive manufacturing of the necessary
components, and the subsequent assembly.

Polaris system operation

Polaris is made up by a series of 10T devices spread through-
out the indoor space interconnected through 5G technology.
After an initialization phase in which the user signs in to the
smart direction service, the system locates and tracks the

user’s position in indoor spaces through anchor nodes and
returns navigation information to him/her through light in-
dicators placed in the environment (effector nodes); hence,
the person can be guided to his/her final destination without
having to continuously observe a map on the smartphone.
The anchor nodes operate through Raspberry Pl4 equipped
with BLE and WiFi communication interfaces to enable loca-
tion and tracking of the user on the move. They scan Blue-
tooth Low Energy beacons sent by the user application, send
messages to the control center through the communication
system regarding the current location of the user(s). The ef-
fector nodes are composed of Raspberry PIO and LED arrays,
displaying navigation directions for users on the move. They
receive commands from the control center to activate/de-
activate the LED interfaces, on which specific indications are
generated and recognizable by each user. The nodes are con-
nected via WiFi technology with 5G CPEs. The 5G CPEs lev-
erage 5G connectivity to connect the field network (anchors
and effectors) with the control center. The control center
receives messages from the anchor nodes notifying the cur-
rent location of the users to be tracked, calculates the loca-
tion of the users, works out the best path for each user based
on his or her final destination and other context information,
then commands the turn on/off of the effectors.

The service design part of Polaris

The architecture of the Polaris communication system is re-
alized through a modular product to be placed in spaces, and
an application through which to access the overall service.
Polaris activation requires initialization through a user inter-
face, which consists of an application installed on the person-
al smartphone.

The app allows users to register for the smart directions
service by indicating their required destination and if need-
ed other contextual information. The Polaris app can be inte-
grated with the one for accessing university services (Figure)
by then importing information from the associated database
(calendars, exams, student/faculty profile, academic platform,
floor plan of classrooms and common spaces, etc.) to which it
then adds the smart indoor navigation system. The app allows
the user to select his or her destination through three search
modes: a default search (the user knows his or her destina-
tion), an automatic search (the user has an event saved on his/
her calendar scheduled at a certain location), and finally a sug-
gested search (when the user is looking for a particular type of
service along the way).

IDENTIFICATIVE COLOR

SIMPLE ONBOARDING INTUITIVE TUTORIALS DIVERSIFIED DIRECTION.
TO LEARN HOW TO USE SEARCH To
POLARIS USERS NEEDS

ALLIN ONE APP THAT

TOREACHMANY  TOLEARNHOWTOUSE  SEARCHACCORDINGTO THROUGH: GROUPS ALLTHE
‘CATEGORIES OF USERS BUILDINGS UNIVERSITY SERVICES

Figure 2. Some screenshots from Polaris’ Smart Direction app.
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The product design part of Polaris

As mentioned before, the hardware part of Polaris consists
on a modular product to be installed within the spaces to be
navigated. The final design of the installed object (Figure 3)
was designed for maximum flexibility and adaptability to very
different spaces as well. Indeed, instead of making different
objects for the anchor and effector nodes, the choice was
made to design a structure of interconnected tubulars via
tetrapod-shaped hollow joints, at the ends of which to place
and orient the number of anchors and effectors necessary
for the system’s operation. In this way, we designed a prod-
uct capable of adapting to the different layouts of buildings,
and of being able to be flexibly fixed according to the material
and architectural constraints. Thus, the density and type of
hardware nodes to be placed in the space can be optimized.
All nodes are designed to allow maximum accessibility to in-
ternal electronic components for updating and maintenance.
The use of interconnected tubular elements to make up the
entire system occurred to facilitate the wiring of all elements
and can be sized in length to suit specific space needs. The
usage choice of a connection via tetrapod joints was guided
by the need to be able to provide directions both in architec-
tural interiors with orthogonal grids and with more organic
layouts. Attachment of the structure can be to ceiling, wall,
stand/ground, and in all cases by means of screws/dowels or
clamps, depending on the characteristics of the support and
whether or not irreversible action can be taken on it.

Figure 3. Polaris installed and tested at Building 11 of the Politecnico di Milano,
Campus Leonardo, covering an indoor area of about 500 square meters on two floors.

All of these design choices were made with the clear goal in
mind of making a working prototype through the technolo-
gies available in the university makerspace. Therefore, the
product development phase was made by relying on the con-
straints of FDM and SLS 3D printing and laser cutting tech-
nologies. The design aspect, however, was developed to make
the product also manufacturable by more traditional manu-

Figure 4. Polaris’ prototyping phase.

facturing technologies, such as injection molding, to facilitate
the possible industrial scalability.

The content of the pop-up indication on the LED matrix
was also the subject of design, to ensure good readability of
information, taking into account multi-user. The control center,
recoghizes the number of users searching for a different des-
tination simultaneously and, thanks to machine learning, as-
signs a different color or symbol to each user upon login.

Conclusion

This project was positively evaluated by the grant commit-
tee as being able to comprehensively address and solve
the challenges of both implementing a new technology in a
working prototype and managing simultaneous muilti-user
navigation with a product/service that doesn't force users
to use advanced information through a smartphone screen.
During this experimentation, it was possible to see how, in
the development of technologically advanced devices, a de-
sign-driven approach takes a central role due to the design-
er's ability to manage complexity and become an interpreter
and translator of languages and processes. An advanced sys-
tem architecture has taken a flexible and functional form to
the needs of different indoor spaces and especially the users
with whom it interacts. The developed service and app put
usability at the center, as a technology must be immediately
understandable and able to respond to user needs effectively
through interactions that avoid slowing down people’s lives in
order to be accepted (Arthur, 2009). Hence, we can state that
the outcomes of this challenge have shown how important
is that the designers be recognized as a possible enabler of
techno-innovation due to their distinctive interpretive ability
and sensitivity.

Acknowledgments

We thank all the WP2 participants in “Base 5G” (Broadband In-
terfAces and services for Smart Environments enabled by 5G
technologies) project, that make possible the realization of
Polaris. All the authors also gratefully acknowledge the grant
number E41B20000080007 of the POR FESR 2014-2020 /
INNOVAZIONE E COMPETITIVITA call.




DESIGNING SMART PRODUCT-SERVICE SYSTEMS FOR SMART CITIES WITH 5G TECHNOLOGY: THE POLARIS CASE STUDY

References

Alrashed, S. (2020). Key performance indicators for Smart Campus and Microgrid.
Sustainable cities and society, 60, 102264.

Antevski, K, Redondi, A. E., & Pitic, R. (2016, July). A hybrid BLE and Wi-Fi localization
system for the creation of study groups in smart libraries. In 2016 9th IFIP wireless
and mobile networking conference (WMNC) (pp. 41-48). IEEE.

Arthur, W. B. (2009). The nature of technology: What it is and how it evolves. Simon and
Schuster.

Brettle, O, Greenacre, N, Hickman, T, Liivak, A, Orzechowski, D, & Pierson, A. (2020).
Accelerating Change: From Smart City to Smart Society. The Journal of Robotics,
Artificial Intelligence & Law, 3.

Camera dei Deputati (2020). Indagine conoscitiva sulle nuove tecnologie nelle tele-
comunicazioni, con particolare riguardo alla transizione verso il 5G e alla gestione
dei big data. XVIIl LEGISLATURA — IX COMMISSIONE — Seduta del 9 LUGLIO 2020.
Document approved: 9 July 2020. Retrived at: http://documenti.camera.it/
legl8/resoconti/commissioni/stenografici/pdf/09/indag/cO9_telecomunicazio-
Nni/2020/07/09/leg.18.stencomm.data20200709.U1l.com09.indag.cO9_telecomu-
nicazioni.0025.pdf

Capdevila, I, & Zarlenga, M. I. (2015). Smart city or smart citizens? The Barcelona case.
Journal of Strategy and Management.

Ceccarini, C, Mirri, S,, Salomoni, P, & Prandi, C. (2021). On exploiting data visualization
and |oT for increasing sustainability and safety in a smart campus. Mobile Net-
works and Applications, 26(5), 2066-2075.

Chan, H. C, & Chan, L. (2018). Smart library and smart campus. Journal of Service
Science and Management, 11(6), 543-564.

Cohen, B. (2015). The 3 generations of Smart Cities: inside the development of the
technology driven city. Fast Company. Recuperado em, 20.

European Commission, (2023, January). Smart cities. https://commission.europa.eu/
eu-regional-and-urban-development/topics/cities-and-urban-development/
city-initiatives/smart-cities_en

Li, F, Nucciarelli, A, Roden, S, & Graham, G. (2016). How smart cities transform oper-
ations models: a new research agenda for operations management in the digital
economy. Production Planning & Control, 27(6), 514-528.

Longo, E. Redondi, A. E, Bianchini, M., Bolzan, P, & Maffei, S. (2020, September). Smart
gate: A modular system for occupancy and environmental monitoring of spaces.
In 2020 5th International Conference on Smart and Sustainable Technologies
(SpliTech) (pp. 1-6). IEEE.

Longo, E, Sahin, F. A, Redondli, A. E, Bolzan, P, Bianchini, M., & Maffei, S. (2021). A 5G-
Enabled Smart Waste Management System for University Campus. Sensors,
21(24), 8278. https://doi.org/10.3390/s21248278

Min-Allah, N, & Alrashed, S. (2020). Smart campus—A sketch. Sustainable Cities and
Society, 59,102231.

Mohandes, M., Deriche, M., Abuelma‘atti, M. T, & Tasaddug, N. (2019). Preference-based
smart parking system in a university campus. IET Intelligent Transport Systems,
13(2), 417-423.

Nagowah, S. D, Sta, H. B, & Gobin-Rahimbux, B. A. (2019, October). An ontology for
an loT-enabled smart parking in a university campus. In 2019 IEEE International
Smart Cities Conference (1SC2) (pp. 474-479). IEEE.

Pujol, F, Manero, C, Carle, B, & Remis, S. (2020). 5G Observatory Quarterly Report 8.
European 5G Observatory. European Commission - internal identification;
contract number: LC-00838363 SMART number 2019/009.

Tse, R, Mirri, S, Tang, S. K, Pau, G, & Salomoni, P. (2021, September). Modelling and
Visualizing People Flow in Smart Buildings: A Case Study in a University Campus.
In Proceedings of the Conference on Information Technology for Social Good
(pp. 309-312).

Villegas-Ch, W, Palacios-Pacheco, X, & Lujan-Mora, S. (2019). Application of a smart
city model to a traditional university campus with a big data architecture:

A sustainable smart campus. Sustainability, 11(10), 2857.



http://documenti.camera.it/leg18/resoconti/commissioni/stenografici/pdf/09/indag/c09_telecomunicazioni/2020/07/09/leg.18.stencomm.data20200709.U1.com09.indag.c09_telecomunicazioni.0025.pdf
http://documenti.camera.it/leg18/resoconti/commissioni/stenografici/pdf/09/indag/c09_telecomunicazioni/2020/07/09/leg.18.stencomm.data20200709.U1.com09.indag.c09_telecomunicazioni.0025.pdf
http://documenti.camera.it/leg18/resoconti/commissioni/stenografici/pdf/09/indag/c09_telecomunicazioni/2020/07/09/leg.18.stencomm.data20200709.U1.com09.indag.c09_telecomunicazioni.0025.pdf
http://documenti.camera.it/leg18/resoconti/commissioni/stenografici/pdf/09/indag/c09_telecomunicazioni/2020/07/09/leg.18.stencomm.data20200709.U1.com09.indag.c09_telecomunicazioni.0025.pdf
https://www.mdpi.com/1424-8220/21/24/8278

